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1 INTRODUCTION 

 

The Cowal Gold Operations (CGO) is located approximately 38 kilometres (km) north-east of West 

Wyalong in New South Wales (NSW) (Figure 1).  Evolution Mining (Cowal) Pty Limited (Evolution) is the 

owner and operator of the CGO.  All mining activity occurs within Mining Lease (ML) 1535 and ML 1791. 

 

Development Consent no. 14/98 (DA 14/98) for the CGO (including the Bland Creek Palaeochannel 

Borefield water supply pipeline) was granted by the Minister for Urban Affairs and Planning under Part 

4 of the Environmental Planning and Assessment Act, 1979 (EP&A Act) on 26 February 1999. 

Development Consent (DA 2011/64) for the operation of the Eastern Saline Borefield was granted by 

the Forbes Shire Council on 20 December 2010. 

 

The Minister for Planning granted approval for the Cowal Gold Operations Underground Development 

Project as State-significant Development No. 10367 (SSD 10367) under Section 4.38(2) of the EP&A 

Act on 30 September 2021 and to modify DA 14/98 through Modification No.16 (herein referred to as 

Mod 16) under Section 4.55(2) of the EP&A Act.  SSD 10367 was modified on 7 November 2022, to 

reflect minor changes in the underground mining method, through Mod 1 (Optimisation Modification). 

 

DA 14/98 generally allows: 

• Mining operations until 2040. 

• Ore processing at a rate of 9.8 Mtpa. 

• Tailings and waste rock emplacement on site. 

• Operation of a range of ancillary mining infrastructure. 

 

SSD 10367 generally allows: 

• Underground stope mining until 2040. 

• Backfilling the stopes with cemented paste made from tailings. 

• Development of ancillary infrastructure including a box-cut to the underground mine and a 

paste fill plant. 

The general arrangement of the approved CGO is provided in Figure 2. 

 

This ESCMP has been developed as a best practice approach for responsible CGO water management 

(Commonwealth of Australia, 2016), and has been developed in-line with best practice erosion and 

sediment control measures listed in Managing Urban Stormwater Soils and Construction Volume 1 

(Landcom, 2004), Managing Urban Stormwater Soils and Construction Volume 2E – Mines and quarries 

(NSW Department of Environment and Climate Change [DECC], 2008), and the International Erosion 

Control Association (IECA) Australasian guidelines, Best Practice Erosion & Sediment Control 

guidelines (IECA, 2008). 

 

This revised ESCMP has been prepared to reflect the conditions of DA 14/98 and SSD 10367, as 

approved on 30 September 2021 and 7 November 2023, and supersedes all former versions of the 

ESCMP. Copies of the approved development consents for Mod 16 and SSD 10367 are available on 

Evolution’s website (www.evolutionmining.com.au).   

 

http://www.evolutionmining.com.au/
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1.1 OBJECTIVES 

The objective of this ESCMP is to minimise the adverse impacts of soil erosion at the CGO through the 

effective design and implementation of sediment control strategies throughout the life of the CGO. This 

includes: 

 

• the protection of water quality in Lake Cowal (via the separation of flows into the Internal Catchment 

Drainage System and the Up-catchment Diversion System);  

• the prevention of sediment-laden runoff from the mine site; and 

• compliance with regulatory conditions of approval 

 

The preparation of this ESCMP is a requirement of DA 14/98 condition 3.5(a)(iii) (Section 2.1.1) and 

also addresses certain Conditions of Authority for ML 1535 (Section 2.2). 

 

1.2 SCOPE  

In accordance with the requirements for this ESCMP under DA 14/98 condition 3.5(a) (Section 2.1), this 

ESCMP:  

• will be applied to all mine-related activities within ML 1535 and ML 1791, water supply borefields, 

pipelines and civil infrastructure (roads, tracks and travelling stock reserves) modified as a result of 

the approval of the activities at the CGO from time to time; 

• details of temporary and permanent sediment and erosion control systems to be used during both 

mine construction and operation, including for earthworks associated with landscaping; 

• details of salinity management; and  

• includes a programme for reporting on the effectiveness of the sediment and erosion control 

systems and performance against objectives contained in this ESCMP.   

 

The remainder of this ESCMP has the following structure: 

 

Section 2 Discusses the relevant legislation and associated conditions of approval, Australian 

Standards and industry guidelines. 

Section 3 Details the specific erosion and sediment control systems for the mine area, Saline  

Borefield, relocation of the Travelling Stock Reserve (TSR) and the realignment of 

Lake Cowal Road and the Bland Creek Palaeochannel borefield and pipeline. 

Section 4 Provides details for management of salinity issues. 

Section 5 Details soil management measures including soil stripping scheduling, techniques 

and stockpile management. 

Section 6 Provides an overview of the CGO’s rehabilitation principles and objectives. 

Section 7 Summarises stakeholder consultation and complaint receipt processes. 

Section 8 Outlines CGO’s auditing requirements and review requirements for this ESCMP. 

Section 9 Details the CGO’s reporting requirements for the performance of erosion and 

sediment control systems . 

Section 10 References cited in this document. 

Appendices. 
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2 STATUTORY REQUIREMENTS 

 

This ESCMP has been prepared in response to the requirements of various conditions of approval under 

State legislation. Other relevant policies and guidelines are also outlined in the sections below. 

 

2.1 ENVIRONMENTAL PLANNING AND ASSESSMENT ACT 1979 

2.1.1 DA 14/98 

DA 14/98 condition 3.5(a) is a key influence on the ESCMP (see Table 1).  

 

Table 1 

DA 14/98 Requirements for this Plan 

 

Condition Corresponding 
Section of this Plan 

3.5 Prevention of Soil Erosion  

 The Applicant shall prepare and implement the following plans to the satisfaction of the Planning 
Secretary: 

 

 (a) an erosion and sediment control management plan for the site which shall include, but not 
be limited to: 

 

 (i) details of temporary and permanent sediment and erosion control systems to be 
used during both mine construction and operation, including for earthworks 
associated with landscaping; 

Sections 3, 4, 5  
and 6 

 (ii) details of salinity management; and Section 4 

 (iii) a program for reporting on the effectiveness of the sediment and erosion control 
systems and performance against objectives contained in the approved erosion 
and sediment control management plan, and EIS; and 

Section 9 

 

In addition to DA 14/98 condition 3.5(a) above, other development consent conditions relevant to this 

ESCMP include: 

 

• DA 14/98 condition 3.4(c)(iv), which requires the preparation of a Biodiversity Offset program 

including the detailed description of the measures to control erosion. 

• DA 14/98 condition 9.1(b), which requires the preparation of an Annual Review. This condition is 

addressed in Section 9.2. 

• DA 14/98 condition 9.1(c), which outlines the revision requirements for the CGO’s environmental 

management plans, strategies and programs, including this ESCMP. This condition is addressed 

in Section 8.2. 

• DA 14/98 condition 9.1(d), which requires the establishment of a Community Environmental 

Monitoring and Consultative Committee (CEMCC). This condition is addressed in Section 7.1. 

• DA 14/98 condition 9.2(a), which requires Independent Environmental Audits to be conducted. 

These conditions are addressed in Section 8.1.1. 

• DA 14/98 condition 9.3, which outlines incident and non-compliance reporting requirements. This 

condition is addressed in Sections 9.3 and 9.4. 

• DA 14/98 condition 9.4(a)(v), which requires the maintenance of a complaints register. This 

condition is addressed in Section 7.2. 

 

2.1.2 SSD 10367 

With its focus primarily on underground activities, SSD 10367 has only a few relevant conditions to this 

plan. They are: 

• Condition B8 (Table 1) which requires that: 

Storages are suitably designed, installed and maintained to ensure no discharge of mine 
water or sediment-laden water outside the ICDS  
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• Condition C9, which requires the preparation of an Annual Review. This condition is addressed in 

Section 9.2. 

• Condition C5, which outlines the revision requirements for the CGO’s environmental management 

plans, strategies and programs, including this ESCMP. This condition is addressed in Section 8.2. 

• Condition A11, which requires the establishment of a Community Environmental Monitoring and 

Consultative Committee (CEMCC). This condition is addressed in Section 7.1. 

• Condition C11, which requires Independent Environmental Audits to be conducted. These 

conditions are addressed in Section 8.1.1. 

• Conditions C7 and C8 which require incident and non-compliance reporting requirements. These 

conditions are addressed in Sections 9.3 and 9.4. 

• Condition C14(a)(ix), which requires the maintenance of a complaints register. This condition is 

addressed in Section 7.2. 

 

2.2  MINING ACT 1992 

The principal regulatory instrument under the Mining Act 1992 are the conditions of authority on CGO’s 

mining leases; ML 1535 and ML 1791. Those on ML 1535 include requirements relevant to soil erosion 

and pollution prevention, maintenance of roads and rehabilitation requirements.  The Authority for ML 

1535 also includes reporting requirements, including preparation of a Mining Operations Plan (MOP) 

and Annual Review (AR).  Relevant Conditions of Authority for ML 1535 include: 
 
Prevention of Soil Erosion and Pollution 
14. Operations must be carried out in a manner that does not cause or aggravate air pollution, water 

pollution (including sedimentation) or soil contamination or erosion, unless otherwise authorised by 
a relevant approval, and in accordance with an accepted Mining Operations Plan.  For the purpose 
of this condition, water shall be taken to include any watercourse, waterbody or groundwaters.  The 
lease holder must observe and perform any instructions given by the Director-General in this regard.  

 

This Condition of Authority is addressed in Sections 3 to 6 of this ESCMP.  

 
Rehabilitation 
12.  (a) Land disturbed must be rehabilitated to a stable and permanent form suitable for a subsequent 

land use acceptable to the Director-General and in accordance with the Mining Operations Plan 
so that: 

• there is no adverse environmental effect outside the disturbed area and that the land is 
properly drained and protected from soil erosion. 

• the state of the land is compatible with the surrounding land and land use requirements. 

• the landforms, soils, hydrology and flora require no greater maintenance than that in the 
surrounding land. 

• in cases where revegetation is required and native vegetation has been removed or 
damaged, the original species must be re-established with close reference to the flora 
survey included in the Mining Operations Plan. If the original vegetation was not native, 
any re-established vegetation must be appropriate to the area and at an acceptable 
density. 

• the land does not pose a threat to public safety. 
 
(b) Any topsoil that is removed must be stored and maintained in a manner acceptable to the 

Director-General.  
 
13.  The lease holder must comply with any direction given by the Director-General regarding the 

stabilisation and revegetation of any mine residues, tailings or overburden dumps situated on the 
lease area.   

 

These Conditions of Authority are addressed in Sections 3 to 6 and 9 of this ESCMP. 

 

 

Mining Operations Plan 
25(4)  The Plan must present a schedule of proposed mine development for a period of up to seven 

(7) years and contain diagrams and documentation which identify 
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  … 

(i) Surface and groundwater management systems including monitoring (including integrated erosion 
and sediment controls); 

 

This Condition of Authority is addressed in Sections 3 to 6 and 9 of this ESCMP.  

 

2.3 OTHER LEGISLATIVE REQUIREMENTS 

The following Acts contain provisions relevant to erosion and sediment control for the CGO: 

 

Soil Conservation Act, 1938 

Under this Act, where the Commissioner of the Soil Conservation Service of NSW considers that any 

act (or failure to carry out an act) has caused or is likely to cause soil erosion or land degradation, the 

Commissioner may issue a notice upon the owner or occupier of the land requiring the owner or occupier 

to abstain from doing the act or to carry out the act as specified in the notice.  It is an offence to fail to 

comply with the notice.   

 

Water Management Act, 2000 

Under the Water Management Act, 2000, water use, drainage activities and floodplain management 

should avoid or minimise land degradation, including soil erosion, compaction, geomorphic instability, 

contamination, acidity, waterlogging, decline of native vegetation or, where appropriate, salinity, where 

possible, land should be rehabilitated.  

 

Local Land Services Act, 2013 

The Local Land Services Act 2013, provides a regulatory framework for native vegetation and land 

management activities in NSW. The Local Land Services Act, 2013 also establishes a statutory 

corporation (i.e. Local Land Services) with responsibility for management and delivery of local land 

services in the social, economic and environmental interests of the State in accordance with any State 

priorities for local land services. The role of Local Land Services is to provide programs and advisory 

services associated with agricultural production, biosecurity, natural resource management and 

emergency management. The CGO is located within the Riverina Local Land Services division.  

 

Protection of the Environment Operations Act, 1997 

The Protection of the Environment Operations Act, 1997 (PoEO Act) and the Protection of the 

Environment Operations (General) Regulation, 2009 set out the general obligations for environmental 

protection for development in NSW, which is regulated by the Environment Protection Authority (EPA). 

 

Offences and duties under the PoEO Act relevant to this ESCMP include a person who pollutes any 

waters is guilty of an offence (s120). Substances that may cause water pollution includes any ashes, 

soil, earth, mud, stones, sand, clay or similar inorganic matter (Schedule 5 of the Protection of the 

Environment (General) Regulation, 2009).  It is a defence in a prosecution under section 120 that the 

pollution was regulated by an environment protection licence, the conditions of which had not been 

contravened.   

 

Under section 148 of the PoEO Act, a duty is imposed on certain persons to notify the EPA or local 

council where a pollution incident occurs in the course of an activity so that material harm to the 

environment is caused or threatened.  The persons upon whom the duty is imposed include the person 

carrying on the activity and the occupier of the premises on which the incident occurred. 

 

 

2.4 POLICIES AND GUIDELINES 

Presented below is a summary of government policies and guidelines that may be of relevance to this 

ESCMP.  These documents are referenced within the relevant sections of this ESCMP where 

appropriate.  It is the responsibility of Evolution employees and its contractors to maintain up to date 

versions of these documents on file and be cognisant of their content. 
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Wetlands Policy, 2010 

The NSW Wetlands Policy, (DECCW, 2010) aims to minimise any further loss or degradation of 

wetlands and to restore degraded wetlands through the improvement of wetland management by 

providing guidance and support to wetland managers, including individual land holders.  Goals and 

principles relevant to this ESCMP are that water entering natural wetlands will be of sufficient quality so 

as not to degrade the wetlands, and land use and management practices that maintain or rehabilitate 

wetland habitats and processes will be encouraged.  The Policy is addressed by the implementation of 

the erosion and sediment control systems outlined in Section 3 to 6 of this ESCMP.  

 

A Resource Guide for Local Councils: Erosion and Sediment Control, Department of 

Environment and Conservation (DEC), 2006 

This document provides for the implementation of erosion and sediment control measures, the 

preparation of erosion and sediment control plans, the management of stormwater and outlines 

principles and techniques for revegetating sites during development. Diagrams, formulae and tables are 

given including for the design and construction of sediment basins, traps and filters, and banks and 

channels linings. Design information relevant to this ESCMP is dealt with further in the body of the plan. 

An extract of this handbook is provided in Appendix B. 

 

Managing Urban Stormwater – Soils and Construction Volume 1, Landcom, 2004 

The manual focuses on the minimisation of erosion and prevention of sediment movement off site during 

the construction phase of land and building development. Relevant to this ESCMP, the manual: 

 

• assists in identifying and addressing the various soil and water management issues at the design 
concept stage; 

• outlines the preparation of erosion and pollution control plans; 

• describes soil and water management aspects of land clearing and topsoil stripping, stockpiling 
and reuse in rehabilitation; and 

• provides information on control of soil erosion sheet and concentrated flow and subsoil drainage 
in respect to construction and maintenance of site drainage works. 

 
Design information relevant to this ESCMP is dealt with further in the body of the plan. An extract of 
this manual is provided in Appendix C. 
 
Managing Urban Stormwater – Soils and Construction Volume 2E: Mines and Quarries, DECCW, 

2008 

Volume 2E of the Managing Urban Stormwater manual guides the user in the application of the 

principles and practices of erosion and sediment control described in Volume 1 (Landcom, 2004) to 

mines and quarries, specifically by: 

 

• outlining an erosion and sediment control strategy development approach;  

• summarising the considerations of mine and quarry design relevant to operational erosion and 
sediment control; 

• providing information on rehabilitation relevant to minimising site erosion; 

• providing guidance on applicable erosion and sediment control techniques at mines and quarries; 
and 

• outlining the documentation strategy for erosion and sediment control plans. 
 

Best Practice Erosion and Sediment Control Guidelines, IECA, 2008  

The IECA’s Best Practice Erosion and Sediment Control Guidelines contain clearly defined erosion and 

sediment control guidelines, recommended standards, erosion and sediment control plan development 

procedures, erosion and sediment control techniques, field guides and guidance on the design, 

construction and operation of sediment basins. 
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Guidelines for Erosion and Sediment Control on Building Sites, DLWC, 2001 

This handbook provides a guide to best practice to reduce storm water pollution from building sites. The 

guidelines provide for legislative requirements, suggested erosion and sediment controls, the 

preparation of erosion and sediment control plans and soil and water management plans and a number 

of fact sheets providing for soil erosion and sediment prevention and control, clean-up and rehabilitation. 

 

Draft Guidelines for the Design of Stable Drainage Lines on Rehabilitated Minesites in the Hunter 

Coalfields, Department of Infrastructure, Planning and Natural Resources (DIPNR), undated (the 

Draft Guidelines) 

The Draft Guidelines provide for the long-term stability of drainage lines on mine sites. Drainage lines 

require the application of control structures to mitigate against erosion and sediment discharge. The 

Draft Guidelines outline the elements of drainage design that include specific erosion control techniques 

and revegetation of areas adjacent to the drainage lines to control soil erosion of spill over areas. A copy 

of the Draft Guidelines is provided in Appendix E. 

 

Erosion and Sediment Control on Unsealed Roads (NSW Office of Environment and 

Heritage, 2012) 

This guide provides practical guidance on soil erosion and sediment control practices to minimise the 

amount of sediment entering waterways and for routine maintenance of unsealed roads using best 

practice standards. 

 

Guide to Road Design (Austroads) 

The Austroads Guide to Road Design is intended to provide designers with a framework that promotes 

efficiency and economy in design and construction, and consistency and safety for road users.   

 

The Lake Cowal Road realignment (Section 6.2) was constructed in accordance with the Austroads 

Guide to Road Design, under DA 14/98 condition 7.1(b). 

 

Controlled Actions on Waterfront Land Guidelines for Laying Pipes and Cables in Watercourses 

on Waterfront Land 

This guideline provides the design and installation considerations for the laying of pipes and cables on 

waterfront land.  In general, the guideline details measures that should be implemented such that 

disturbance associated with the laying of cables and pipes across a watercourse or on waterfront land 

is minimised, and rehabilitation of disturbed areas restores bed and bank stability and the integrity of 

any existing vegetation on the waterfront.  

 

2.5 LOCAL AND REGIONAL MANAGEMENT PLANS 

The Cowal Gold Project Commission of Inquiry  Commissioners Report (COI) (Commissioners of Inquiry 

for Environment and Planning, 1999) stated that as part of its ongoing consultative process, the 

Applicant must ensure that the development remains compatible with the Floodplain Management Plan, 

the Lake Cowal Land and Water Management Plan, the Bland Creek Land and Water Management 

Plan, and the Mid Lachlan Regional Vegetation Plan (Commissioners of Inquiry for Environment and 

Planning, 1999), all of which were in draft form at the time of writing of the COI report.   

 

Evolution will continue to consider the aims of these plans, where practical to facilitate a whole of 

catchment management objective. 

 

Presented below is a summary of vegetation, land and water management plans relevant to the CGO. 

These documents are referenced within the relevant sections of this ESCMP where appropriate.  
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Lachlan River (Jemalong Gap to Condobolin) Floodplain Management Plan, NSW Office of 

Environment and Heritage and NSW Office of Water, 2012 

The Lachlan River (Jemalong Gap to Condobolin) Floodplain Management Plan defines the 

requirements for managing floodwaters within floodplains. The floodplain management principle relevant 

to this ESCMP seeks to minimise the velocity of flood flow to avoid erosion or increased siltation in a 

flood event. The plan also provides a list of recording measures to be undertaken after a flood event 

and specifies that any floodplain management measures implemented must avoid or minimise land 

degradation, including soil erosion. 

 

Jemalong Land and Water Management Plan, Steering Committee, 2000 

The Jemalong Land and Water Management Plan (Jemalong Land and Water Management Plan 

Steering Committee, 2000) provides for the alleviation of land and water degradation, improvement of 

natural resource management and sustainability of agriculture and the environment in the Jemalong 

Irrigation District. Relevant to this ESCMP, the plan recommends the remediation of any degraded lands 

and the reduction of water erosion and sedimentation to reduce salinisation of land and water bodies 

including Lake Cowal and to protect Lake Cowal wetlands.  

 

Performance indicators include reductions in visible salinity and improved health of wetlands and 

remnant vegetation. Routine soil salinity surveys are recommended to indicate whether adverse effects 

on soil and water quality by current land management practices are being minimised. Performance 

indicators are to be monitored in accordance with a programme based on Jemalong Irrigation Limited’s 

Irrigation Corporation Water Management Works Licence and the CGO Environment Protection Licence 

(EPL). Issues relating to the effect of erosion and sedimentation on wetlands are proposed to be 

addressed in more detail in a Jemalong Irrigation District Wetlands Management Plan. 

 

Lake Cowal Land and Water Management Plan, Australian Water Technologies Pty Ltd, 1999 

This plan identifies environmental issues relevant to Lake Cowal including evidence of soil erosion, 

declining soil structure and increasing salinity. It recommends that land holders, including Evolution, 

restrict new scrub clearance to minimise impacts on soil structure and encourage the revegetation of 

the Lake and margins to slow the rate and volume of runoff, thereby reducing sedimentation of the Lake. 

It also suggests that landholders participate in, and monitor, trials to develop management options for 

improving vegetation cover and revegetation. 

 

Lachlan Catchment Action Plan (2013-2023), Lachlan Catchment Management Authority, 2013 

The Lachlan Catchment Action Plan (2013 – 2023) is a strategic regional plan that builds on the past 

and addresses the key future natural resource management issues for the catchment (Lachlan 

Catchment Management Authority [LCMA], 2013).  The Lachlan Catchment Action Plan sets out to 

deliver triple bottom line outcomes for the five social-ecological systems in the catchment and in doing 

so maintain or improve their resilience (LCMA, 2013).   

 

The CGO sits within the Lachlan Plains social-ecological system.  There are no specific ‘Priority 

catchment scale targets’ to maintain or increase the Lachlan Plains social-ecological system. However, 

general strategic priorities for the greater catchment area of relevance to the ESCMP include targets 

T17 and T18, viz,  
 

T17. Improved water quality 

 

T18. Improved condition of riparian areas, wetlands, flood dependent ecosystems and groundwater 

dependant ecosystems 

 

The construction and use of sediment and erosion control systems at the CGO (both temporary and 

permanent) are considered to address Target 17 of the Lachlan Catchment Action Plan (2013-2023).  

The erosion and sediment control strategies are presented in Sections 3 to 6 of this ESCMP and will be 

designed to reduce sediment and erosion surface water runoff from within the CGO (ML 1535 and 
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ML 1791).  These strategies are considered consistent with target T17 and T18 of the Lachlan 

Catchment Action Plan (2013-2023).   

 

The revegetation strategies for the CGO in particular the New Lake Foreshore described in the CGO’s 

Rehabilitation Management Plan and CWMP are considered to be consistent with target T18 of the 

Lachlan Catchment Action Plan (2013-2023).  

 

Bland Creek Catchment Plan, Bland Creek Catchment Committee, 2002 

The Bland Creek Catchment covers an approximate area of 940,950 hectares and is the southern 

portion of the Lachlan Catchment containing Lake Cowal. There are six sub-catchments within the Bland 

Creek Catchment, of which the CGO is located in the north of the Barmedman sub-catchment. 

 

The Bland Creek Catchment Plan (Bland Catchment Committee, 2002) is divided into two stages. Stage 

one was developed to address local natural resource and land management issues and an economic 

analysis of the issues, presenting a ‘no-plan’ scenario. The Catchment Plan developed by stage one 

has collated existing information on the Catchment, provides an overview of the Catchment’s physical 

features and socio-economic status and gives an account of the extent and severity of each issue at a 

sub-catchment level. Stage two was developed from the findings of stage one and provides a Catchment 

Action Plan, in which priorities are set for future ‘on-ground’ activities.  

 

The Bland Creek Catchment Action Plan identifies a number of proposed actions to overcome threats 

and barriers to natural resource management. Actions are provided for soils, water, native vegetation 

and biodiversity, and salinity.  
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3 EROSION AND SEDIMENT CONTROL SYSTEMS 

3.1 MINE AREA 

Details of erosion and sediment control systems for the mine site area (i.e., ML 1535 and ML 1791), for 

both the construction and operation phases of the CGO are provided in the following subsections.  These 

systems have been developed to meet the objectives of this ESCMP (Section 1.1) include monitoring, 

ameliorative responses and maintenance activities.   

 

The CGO’s initial construction phase included the establishment of major components of the CGO’s 

water management system (i.e. construction of the Temporary Isolation Bund, Lake Protection Bund, 

Internal Catchment Drainage System, Up-catchment Diversion System and pit dewatering system), 

process plant and tailings storage facilities.  With the exception of the ongoing IWL construction, the 

CGO is currently in its Operational Phase, which includes all activities associated with resource 

extraction and development of the approved project.  

 

The CGO has been operational since 2005 however, periodically, parts of the site will be subject to new 

construction activities such as the new surface facilities associated with the Underground Development 

approved in September 2021. Further developments of various scales and duration are expected to 

occur from time to time until the mine eventually closes. 

3.1.1 Landscape, Topography and Soils 

The general landscape of the approved CGO (Figure 2) area is flat to very gently undulating land with 

occasional rocky outcrops that slope from west to east towards Lake Cowal.  It is entirely located within 

the Bland Creek catchment.  

 

The original suitability assessment of soil types at the CGO was included in North’s 1998 EIS (North 

Limited, 1998a).  Appendix B1 (CALM, 1994) and Appendix B2 of the EIS (Resource Strategies, 1997).  

This assessment included descriptions of soil types, general characterisation of suitable stripping depths 

for revegetation/rehabilitation activities and formulation of soil stripping and soil stockpiling strategies. 

The major soil types identified (CALM, 1994) were:   

• hard pedal red duplex soils; 

• grey, brown and red cracking clays; 

• hill soils; and 

• lacustrine (lake) sediments. 

 

The soils map units at the CGO are shown on Figure 3.  

 

Descriptions of the soil profile are included in the Soil Stripping Management Plan (SSMP).  Soil 

management measures implemented at the CGO as described in the SSMP are summarised in 

Section 5 of this ESCMP. 
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3.1.1 Relevant Standards and Design Criteria 

General design criteria for the erosion and sediment control structures used at the CGO are presented 

below and are largely derived from Managing Urban Stormwater – Soils and Construction (Landcom, 

2004) (Appendix C).  Other references are included in Sections 3 to 6 and 10 of this ESCMP.  Where 

there is any contradiction between these other guidelines and the guideline Managing Urban Stormwater 

– Soils and Construction (Landcom, 2004), the latter has taken precedence in the preparation of this 

document. 
 

Design Average Recurrence Interval 

The design average recurrence interval (ARI) used to size individual components of the erosion and 

sediment control systems presented in this ESCMP is shown in Table 2. 
 

Table 2 
Suggested Design Average Recurrence Intervals for Erosion and  

Sediment Control Measures in Urban Areas 

 

Control Measure 

Estimated Design Life 

0 – 12 Months > 12 Months 

Design ARI (Years)** 

Diversion Bank 1 – 10 * 

Level Spreader 1 – 10 * 

Waterway 1 – 10 * 

Sediment Basin Primary Outlet 1 – 5 * 

Sediment Basin Emergency Outlet 10 – 20 * 

Sediment Trap 1 – 5 * 

Outlet Protection 1 – 20 * 

Grade Stabilisation Structure 1 – 20 * 

Detention Basin Primary Outlet 1 – 5 * 

Detention Basin Emergency Outlet 10 – 20 * 

Waterway Diversion 1 - 2 * 

Source:   Managing Urban Stormwater – Soils and Construction (Landcom, 2004).   

* Full design required in accordance with major/minor concept (Institute of Engineers Australia, 1987, revised 2001). 

** Designs should generally comply with the upper limit and the ranges specified in the table, unless the consequences 

of failure are considered low. 

 

Rainfall 

Rainfall intensity for the sizing of components of the erosion and sediment control systems uses the 

method outlined in Australian Rainfall and Runoff (Institute of Engineers Australia, 1987, revised 2001) 

(provided in Appendix D) (or as revised) and Technical Handbook No. 5 Design Manual for Soil 

Conservation Works (Soil Conservation Service of NSW, 1982) (Appendix A) using Intensity-Frequency-

Duration (IFD) data.  Table 3 contains IFD data for Lake Cowal.   
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Table 3 
Average Storm Recurrence Interval (mm/h) – Lake Cowal 

 

Duration Average Storm Recurrence Interval (years) 

(minutes) 1 2 5 10 20 50 100 

5 59.54 78.38 106.20 123.03 145.87 177.40 202.62 

6 55.68 73.28 99.23 114.91 136.20 165.59 189.09 

7 52.47 69.04 93.42 108.16 128.17 155.77 177.85 

8 49.73 65.42 88.48 102.41 121.33 147.42 168.28 

9 47.35 62.28 84.20 97.43 115.40 140.19 160.00 

10 45.26 59.52 80.44 93.06 110.20 133.84 152.73 

11 43.40 57.07 77.10 89.17 105.58 128.20 146.27 

12 41.74 54.87 74.10 85.69 101.44 123.15 140.49 

13 40.23 52.89 71.39 82.54 97.70 118.59 135.27 

14 38.86 51.08 68.93 79.68 94.29 114.44 130.52 

15 37.61 49.42 66.68 77.06 91.19 110.65 126.18 

16 36.45 47.90 64.61 74.66 88.33 107.16 122.20 

17 35.39 46.50 62.69 72.44 85.69 103.95 118.52 

18 34.40 45.20 60.92 70.38 83.25 100.97 115.11 

20 32.62 42.85 57.73 66.68 78.85 95.61 108.98 

25 29.05 38.15 51.34 59.25 70.04 84.87 96.71 

30 26.34 34.57 46.48 53.62 63.35 76.73 87.40 

35 24.18 31.73 42.63 49.16 58.06 70.30 80.05 

40 22.43 29.42 39.50 45.53 53.76 65.07 74.07 

45 20.97 27.50 36.89 42.51 50.17 60.71 69.09 

50 19.72 25.86 34.67 39.94 47.13 57.01 64.87 

55 18.65 24.45 32.76 37.73 44.51 53.83 61.24 

60 17.71 23.22 31.10 35.80 42.23 51.05 58.07 

75 15.18 19.86 26.50 30.44 35.83 43.21 49.08 

90 13.36 17.46 23.20 26.60 31.26 37.64 42.69 

Duration Average Storm Recurrence Interval (years) 

(hours) 1 2 5 10 20 50 100 

2.0 10.89 14.20 18.77 21.45 25.14 30.18 34.17 

3.0 8.14 10.58 13.87 15.78 18.43 22.03 24.87 

4.0 6.61 8.58 11.18 12.68 14.77 17.61 19.83 

5.0 5.63 7.29 9.46 10.71 12.44 14.80 16.64 

6.0 4.94 6.38 8.25 9.32 10.82 12.84 14.42 

8.0 4.01 5.18 6.66 7.50 8.68 10.27 11.51 

10.0 3.42 4.40 5.64 6.33 7.32 8.64 9.67 

12.0 3.00 3.86 4.92 5.52 6.36 7.50 8.38 

14.0 2.70 3.47 4.42 4.95 5.71 6.72 7.51 

16.0 2.46 3.16 4.02 4.50 5.19 6.11 6.82 

18.0 2.26 2.91 3.70 4.14 4.77 5.61 6.27 

20.0 2.10 2.70 3.43 3.84 4.42 5.20 5.81 

22.0 1.97 2.52 3.21 3.59 4.13 4.86 5.42 

24.0 1.85 2.37 3.01 3.37 3.88 4.56 5.09 

36.0 1.38 1.77 2.24 2.50 2.87 3.37 3.76 

48.0 1.11 1.42 1.79 2.00 2.30 2.69 3.00 

60.0 .93 1.19 1.50 1.67 1.92 2.25 2.50 

72.0 .80 1.02 1.28 1.43 1.64 1.92 2.14 

Source:  Gilbert and Associates Pty Ltd (September 2003). 

mm/h – millimetres per hour. 

 



Cowal Gold Operations – Erosion and Sediment Control Management Plan 

 

 

Erosion and Sediment Control Management Plan (June 2023)Clean

 16 Evolution Mining (Cowal) Pty Limited 

The depth of rain generated by a rainfall event is determined by multiplying the rainfall intensity of a 

given ARI event by the duration of the event.  For example a 1 in 100 year rainfall event of 48 hours 

duration corresponds to a rainfall intensity of 3 mm/h, which in turn corresponds to 144 millimetres (mm) 

of rainfall.   

 

Runoff 

Peak flow calculations for components of the erosion and sediment control systems are made using a 

combination of the Statistical Rational Method (SRM), and the Deterministic Rational Method (DRM) as 

outlined in Chapter 1, Section 2.2 of the Technical Handbook No. 5 Design Manual for Soil Conservation 

Works (Soil Conservation Service of NSW, 1982) (Appendix A).   

 

The SRM estimates time of concentration as a function of catchment size, and the coefficient of runoff 

is determined as a function of catchment size, locality and annual exceedance probability (AEP).  This 

method is used on “natural” or untreated catchments to estimate peak discharge.  The DRM is used to 

estimate peak discharge from treated catchments.  Time of concentration for the DRM is estimated 

using flow routing procedures which estimate flow time for individual structures.  The runoff coefficient 

for the DRM is a function of land use, relief, depression storage effects, infiltration and soil factors, and 

the design AEP, and will be modified using an area correction factor based on catchment size.   

 

Culverts 

All culverts are designed and constructed in accordance with details provided in Chapter 5.3.5 of 

Managing Urban Stormwater – Soils and Construction Volume 1 (Landcom, 2004) (Appendix C).  

Culvert crossing capacities are designed in accordance with the methods stated above.  Culverts under 

roads are designed and constructed in accordance with the Austroads Guide to Road Design.   

 

Culvert design and construction takes into account a range of factors including purpose, location and 

materials available.  The design storm event is selected based upon an assessment of catchment 

characteristics and consequence of failure.  At a minimum, culverts are designed to convey the 

1 in 10 year ARI critical duration flow (i.e. minimum criterion for waterways contained in Table 2).   

 

Sediment Basins 

Sediment basins are designed in accordance with procedures detailed in Section 6.3.3 of Managing 

Urban Stormwater – Soils and Construction (Landcom, 2004) (Appendix C).  Design particle size and 

USLE “K” factor are determined from particle size analysis and laboratory testing previously conducted 

by CALM in 1994.   

 

Attachment 7.1 of Appendix B of the EIS (North Limited, 1998a) provides further advice in relation to the 

application of USLE “K” factors (CALM, 1994): 

 
Erodibility (USLE K factor) 
 
The Unified Soil Loss Equation includes a soil erodibility factor known as K (Wischmeier and Smith 1978). K 
factor is a derived index of the susceptibility of a soil to sheet and rill erosion. The formula used to derive the 
K factor is USLE modified for Australian conditions and based on that used in SOILOSS (Rosewell and 
Edwards 1988) with profile permeability modified to follow that used by Soil and Water Conservation Society 
(1993).  
 
Silt and fine sand percentages are derived from fine earth fraction particle size results.    
 
Note: K factor of itself has a very limited value unless used in conjunction with all other factors in USLE.   

 

Attachment 7.3 of Appendix B of the EIS (North Limited, 1998a) indicates that USLE “K” factors range 

from 0.006 to 0.051 across soil map units A, B, C and K (CALM, 1994).  These values correspond to 

low to moderate erodibility (Attachment 7.3 of Appendix B of the EIS [North Limited, 1998a]).  The data 

presented in Appendix B of the EIS (North Limited, 1998a) is taken into consideration by the design 

hydrologist when determining sediment basin containment capacities.   
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As presented in Section 3.1.1 below, containment storages D1 to D10 are, and will continue to be, sized 

to contain rainfall events ranging from a 1 in 100 year, 48 hour rainfall event to a 1 in 1000 year, 48 hour 

rainfall event.  As a minimum, all other sediment basins have been designed to contain the runoff 

generated by the 75th percentile 5-day rainfall event as suggested in Section 6.3.3 of Managing Urban 

Stormwater – Soils and Construction (Landcom, 2004) for Type F soils.   

 

The C10 coefficient of runoff used in the Rational Method to estimate average discharge in designing 

sedimentation basins would be calculated using Table 3.2 in Urban Erosion and Sediment Control 

Handbook (CALM, 1992) (Appendix B) and equations 14.11 and 14.12 in Australian Rainfall and Runoff 

(Institute of Engineers Australia, 1987, revised 2001) (Appendix D) (or as revised).   

 

Diversion Bank Channels and Grassed Waterways 

Diversion bank channels and grassed waterways have been designed in accordance with details 

provided in Chapter 2 of Design Manual for Soil Conservation Works Technical Handbook No. 5 (Soil 

Conservation Service of NSW, 1982) (Appendix A) and Section 5.4.4 of Managing Urban 

Stormwater - Soils and Construction (Landcom, 2004) (Appendix C).   

 

Sodicity 

Investigations into the dispersivity/stability of CGO soil types (Knight Piesold, 1995) indicated moderate 

dispersion potential.  Further tests conducted using lake water and saline groundwater indicated stability 

of all water containment structures (including tailings embankments and the temporary isolation bund) 

would not be compromised by soil dispersion (North Limited, 1998a).  Attachment 7.3 of Appendix B of 

the EIS (North Limited, 1998a) indicates that USLE “K” factors range from 0.006 to 0.051 across soil 

map units A, B, C and K (CALM, 1994).   

 

Attachment N4 of Appendix N of the EIS (North Limited, 1998a) contains the following in relation to 

potential soil loss: 

 
The estimate of soil loss due to erosion has been based on the Universal Soil Loss Equation.  It is estimated 
that after rehabilitation the total soil loss from the TSF, waste emplacements and perimeter bund should not 
exceed 450 tonnes per year. Expressed as an average unit rate this is equivalent to 0.7 tonnes per hectare 
per year, which is considered to be low. A loss of 1 mm depth of surface soil would equate to about 14 tonnes 
per hectare. 

 

Measures that have been adopted to mitigate potential impacts on soils at the CGO include (North 

Limited, 1998a): 

 

• minimising the area disturbed by the CGO and restricting access to non-disturbed areas; 

• ripping and rehabilitation of hardstand areas and roads no longer required for access; 

• avoidance of soil stripping operations during particularly wet or dry periods, minimising compaction 

during soil excavation and movement and the use of ameliorants where required (e.g. gypsum 

application to dispersive soils); 

• use of silt fences and temporary sediment traps to minimise sediment movement; 

• use of diversion banks, channels and rip-rap structures to divert surface water around disturbed 

areas and control runoff velocity; 

• maintaining soil stockpile slopes at or below maximum acceptable angles to resist erosion; 

• constructing all access roads at an appropriate slope along the contour, where practicable; 

• the use of spoon drains, table drains and concrete culverts to control surface runoff from access 

roads; and 

• leaving the more saline and dispersive soil horizons in-situ beneath mine landforms, where 

possible. 
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3.1.2 Construction Phase 

The initial construction phase of the CGO has been completed and involved the development of major 

infrastructure components of the mine in preparation for actual mining of the orebody including (but not 

limited to): 

• internal main access road; 

• boundary fences; 

• ore stockpile and process plant area; 

• soil stockpiles; 

• internal mine roads; 

• contractors’ areas; 

• borrow pits; 

• earthworks associated with landscaping (earth mounds); 

• Up-catchment Diversion System; 

• Internal Catchment Drainage System; and 

• Lake Isolation System (temporary isolation bund, lake protection bund and perimeter waste 

emplacement). 

 

The major components of the water management system during the construction pre-production phase 

included the following:   

 

(i) Up-catchment Diversion System;   

(ii) Lake Isolation System (including the temporary isolation bund and lake protection bund);   

(iii) Internal Catchment Drainage System ;   

(iv) Integrated Erosion, Sediment and Salinity Control System; and   

(v) Pit Dewatering System.  

 

The Up-catchment Diversion System, Lake Isolation System (including temporary isolation bund, lake 

protection bund and perimeter waste emplacement) and Internal Catchment Drainage System are 

described in Section 3.1.2.2 of this ESCMP.  The integrated erosion, sediment and salinity control 

system is described throughout this ESCMP. The pit dewatering system is described in detail in the 

CGO Water Management Plan (WMP). 

 

Nine contained water storages (D1 to D9) (Figure 4) have been constructed at the CGO to date, with 

contained water storage D10 yet to be built.  A summary of the function, design criteria and capacity of 

each of the CGO contained water storages is provided in Table 4.   
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Table 4 
Summary of Contained Water Storages 

 

Storage Number Catchment/Function Design Criteria 

Approximate 

Storage 

Capacity 

(ML)** 

Contained Water Storage  

D1 (Existing) 

Runoff from northern perimeter of the 

northern waste rock emplacement 

and the IWL.  Collected water is 

pumped to D6. 

Runoff from contributing catchment 

resulting from a 1 in 100 year ARI 

rainfall event of 48 hours duration 

57.8 

Contained Water Storage  

D2 (Existing) 

Runoff/seepage from run-of-mine 

(ROM) and low grade stockpile areas 

from the northern waste rock 

emplacement and IWL areas, the 

southern and eastern batters of the 

IWL and other areas within the 

Internal Catchment Drainage 

System.  Collected water is pumped 

to D6 or D9. 

Runoff from contributing catchment 

resulting from a 1 in 100 year ARI 

rainfall event of 48 hours duration 

198.2 

Contained Water Storage  

D3 (Existing) 

Runoff from perimeter catchment 

surrounding the open pit and the 

perimeter waste rock emplacement 

areas.  Collected water is pumped to 

D6. 

Runoff from contributing catchment 

resulting from a 1 in 100 year ARI 

rainfall event of 48 hours duration 

38.1 

Contained Water Storage  

D4 (Existing) 

Runoff from the southern perimeter of 

the southern waste rock 

emplacement.  Collected water is 

pumped to D6 or D9. 

Runoff from contributing catchment 

resulting from a 1 in 100 year ARI 

rainfall event of 48 hours duration 

62.3 

(Process Plant Contained 

Water Storage) D5A 

 

Process plant area drainage 

collection.  Water is pumped to D6. 

Runoff from a 1 in 1,000 year ARI 

storm of 48 hours duration 
78.6 

(Process Plant Contained 

Water Storage) D6 

(Existing) 

Process water supply storage.  Main 

source of process plant make-up 

water requirements. 

Runoff from a 1 in 1,000 year ARI 

storm of 48 hours duration above 

normal operating level 

19.3 

(Contained Water Storage)  

D8B  

(Existing) 

Runoff from southern waste rock 

emplacement, the batters of the 

southern TSF and other areas within 

the ICDSInternal Catchment 

Drainage System.  Water is pumped 

to D9. 

Runoff from contributing catchment 

resulting from a 1 in 100 year ARI 

rainfall event of 48 hours duration 

4330.4 

(Process Plant Contained 

Water Storage) 

D9  

(Existing) 

Process water supply storage.  

Storage for raw water.  Water is 

pumped to D6.  Some water used for 

TSFs lift construction. 

Runoff from a 1 in 1,000 year ARI 

storm of 48 hours duration above 

normal operating level 

726730 

(Process Plant Contained 

Water Storage) 

D10 (not yet constructed) 

Process water supply storage.  

Storage for raw water.  Water is 

pumped to D9. 

Runoff from a 1 in 1,000 year ARI 

storm of 48 hours duration above 

normal operating level 

1,6371,500 

Source: After Hydro Engineering & Consulting (2018). 

** Calculated from as-built plans and confirmed by Evolution (HEC, 2018). 

ML  megalitres.  

 

The potential for erosion and sediment migration in site runoff is high during any construction phase.  

Given the CGO's proximity to Lake Cowal and the ecological status of the lake, prevention of sediment-

laden runoff from the mine site discharging into the lake was, and continues to be, the primary objective 

of the erosion and sediment control system. 

 

Specific sediment control protection works are put in place prior to initiation of any earthworks at the 
CGO.  Immediately upon completion of earthworks, batter stabilisation and revegetation of disturbed 
areas commenced.   
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The CGO water management system includes both permanent features that will continue to operate 

post-closure (e.g. diversions of surface water around the site, creation of new catchment divides and 

isolation of the lake from the open pit), and temporary structures (servicing the life of mine requirements 

only) (North Limited, 1998a).   

 

3.1.2.1 Details of Temporary Erosion and Sediment Control Systems 

Soil conservation and water management features that were implemented during the construction 

phase, where practicable, included (Resource Strategies, 1997): 

 

• Use of silt fences and sediment traps to minimise soil movement. 

Temporary sediment traps and sediment filters are installed downslope of soil stockpiles where the 

potential for significant sediment migration was identified in accordance with details provided in 

Sections 3.4.2 and 3.4.3 of the Urban Erosion and Sediment Control Handbook (CALM, 1992) 

(Appendix B) Straw bales are considered more appropriate where a degree of ponding/energy loss 

is required, while sediment fences are suited to low energy flows where filtration was the primary 

objective.  

 

• Use of diversion banks, channels and rip-rap structures to divert surface water around disturbed 

areas and control runoff velocity. 

Temporary diversion banks are designed and constructed upslope of disturbance areas where the 

potential for significant runoff from the upslope undisturbed area to the disturbed area is expected 

so as to minimise runoff to soil stockpile areas in accordance with details provided in Section 3.3.4.2 

of the Urban Erosion and Sediment Control Handbook (CALM, 1992) (Appendix B).   

 

Rip-rap structures are designed and constructed to stabilise concentrated water flow paths where 

the potential for erosion of flow paths by high energy flows is identified in accordance with details 

provided in Chapter 5.4.5 of Managing Urban Stormwater – Soils and Construction (Landcom, 

2004) (Appendix C).  Rip-rap structures were typically used to dissipate energy where flow paths 

traversed relatively steep slopes and/or as waters exit constructed channels and enter natural 

drainage lines.   

 

The CGO disturbance areas have been minimised by using the footprints of other approved disturbance 

areas for temporary stockpiling of soils during the CGO mine life (SSMP, Section 4.4).  

 

Soil stockpiles from soil stripping operations at the CGO have been constructed in accordance with 

details provided in Chapter 4.3.2 of Managing Urban Stormwater – Soils and Construction (Landcom, 

2004) (Appendix C). 

 

Long-term topsoil stockpiles are constructed up to 3 m in height with slopes at a maximum acceptable 

angle to resist erosion.  Subsoil stockpiles vary in height as determined by storage volumes and 

available space within the footprint of approved disturbance areas. Soil stockpile batters are generally 

revegetated in accordance with details provided in Section 3.3.6 of the Urban Erosion and Sediment 

Control Handbook (CALM, 1992) (Appendix B). 

 

Measures to control wind-borne dust and soil sediment runoff from soil stockpiles are presented in the 

CGO Air Quality Management Plan (AQMP). Measures that are implemented during any construction 

phase include the following: 

 

•  avoiding stripping and placement of soil stockpiles during particularly wet or dry periods whenever 

possible; 

• watering of soil stockpiles during construction when conditions indicated the need (i.e. dry 

conditions when excessive dust is being generated); 
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• the stabilisation of completed soil stockpiles and monitoring the revegetation of soil stockpiles 

(either unassisted or assisted, via the application of seed, fertiliser and water) to promote cover 

and, as a consequence, erosion control; 

• use of silt fences and sediment traps to minimise soil movement;  

• construction of soil stockpiles of appropriate height and batter angles; and 

• minimisation of runoff to soil stockpile areas by using diversion channels or banks to divert surface 

water around soil stockpiles. 

 

Monitoring and maintenance activities that is undertaken during any construction phase are described 

in Section 3.4 of this ESCMP. 

 

• Constructing all access roads at an appropriate slope along the contour, where practicable. 

Internal mine roads were constructed at an appropriate slope along the contour (with the exception 

of roads within the pit limits) in order to avoid steep grades where practicable.  The length of 

unavoidable steep grades was minimised.  

 

• The use of spoon drains, table drains and concrete culverts to control surface runoff from access 

roads. 

Runoff from the road surface was transferred via road side table drains.  All drains were designed 

and constructed in accordance with Section 3.1.1 of this ESCMP and details provided in 

Chapters 5.4.3 and 5.4.4 of Managing Urban Stormwater – Soils and Construction 

(Landcom, 2004) (Appendix C). 

 

Where the internal mine roads traverse natural drainage lines, culverts were designed and 

constructed where the potential for significant upslope runoff was identified in accordance with 

Section 3.1.1 of this ESCMP and details provided in Chapter 5.3.5 of Managing Urban Stormwater 

– Soils and Construction (Landcom, 2004) (Appendix C).  Culvert crossing capacities were 

designed as detailed in Section 3.2 of this ESCMP.  

 

• Ripping and rehabilitation of roads no longer required for access. 

Decommissioning of the roads no longer required for access involved the ripping, topsoiling and 

revegetation of the disturbed areas with a cover crop in accordance with details provided in Chapter 

7 of Managing Urban Stormwater – Soils and Construction (Landcom, 2004) (Appendix C).  

Rehabilitation was undertaken progressively as described in Section 6 of this ESCMP. 

 

3.1.2.2 Details of Permanent Erosion and Sediment Control Systems 

The permanent water management systems/structures which have been constructed for the CGO 

(thereby providing permanent erosion and sediment control systems) include the following: 

 

(a) Up-catchment Diversion System; 

(b) Internal Catchment Drainage System; and 

(c) Lake Isolation System (temporary isolation bund, lake protection bund and perimeter waste 

emplacement).   

 

These permanent water management systems/structures as constructed during the CGO construction 

phase are shown on Figure 4 and will continue to operate post-closure (e.g. diversions of surface water 

around the site, creation of new catchment divides and isolation of the lake from the open pit), albeit as 

modified as a result of approved operations (Section 3.1.3). The operational arrangement of permanent 

water management systems is also outlined in Figure 4. 
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(a) Up-catchment Diversion System  

The Up-catchment Diversion System is designed to convey upper catchment water around the western 

edge of the CGO area (near the existing tailings storages) and into the existing drainage lines to the 

north and south of the CGO site (North Limited, 1998a).  The system is designed to manage peak 

discharge from enhanced “green house” 1 in 1,000 year ARI rainfall event (Gilbert and Sutherland, 

1997).  

 

The Up-catchment Diversion System maintains the natural flows of surface runoff to Lake Cowal from 

the up-catchment (North Limited, 1998b). 

 

Further details are provided in the CGO WMP. 

 

Erosion and Sediment Control System 

The erosion and sediment control strategy for the construction of the Up-catchment Diversion System 

required specific sediment control protection works to be put in place prior to initiation of other 

earthworks.  The key element was the installation of sediment control measures (capable of intercepting 

and retaining on-site sediment) prior to any surface disturbance associated with construction of the Up-

catchment Diversion System occurred (Gilbert and Sutherland, 1997).   

 

The erosion and sediment control measures included the installation of silt fences and hay bale weirs 

downslope of all disturbed areas (Gilbert and Sutherland, 1997).  Temporary sediment traps and 

sediment filters were installed downslope of all disturbed areas where the potential for significant 

sediment migration was identified in accordance with details provided in Sections 3.4.2 and 3.4.3 of the 

Urban Erosion and Sediment Control Handbook (CALM, 1992) (Appendix B). 

 

In order to reduce the erosion risk during construction of the Up-catchment Diversion System, dispersive 

soils (e.g. Gilgai areas commonly associated with Soil Map Unit B [Figure 3]) were excavated and 

replaced with non-dispersive soils where the potential for significant sediment migration was identified 

(North Limited, 1998a).   

 

All soils stripped during the construction of the CGO have been managed in accordance with the 

procedures presented in Section 8 and the SSMP.  As described in Section 8.3 of this ESCMP, soils 

may be treated with gypsum to reduce dispersiveness during stockpiling (North Limited, 1998a).  As 

described in the SSMP and Section 5.2 of this ESCMP, infill testing of soil profiles will be undertaken to 

confirm the precise depths of soil in a particular area (North Limited, 1998a) and any requirements for 

amelioration at the time of soil stockpiling.   

 

Immediately upon completion of construction and earthworks associated with the Up-Catchment 

Diversion System, batter stabilisation and revegetation of disturbed areas was undertaken.  As indicated 

in the former Mid-Lachlan Regional Vegetation Management Plan – Mid Lachlan Vegetation Guides – 

Section 3.4 Soils and Soil Conservation, establishment and/or regeneration of native vegetation in and 

alongside gullies and creeks is perhaps the most effective use of vegetation for erosion control.  

Vegetative stabilisation  was undertaken generally in accordance with details provided in Chapter 7 of 

Managing Urban Stormwater – Soils and Construction (Landcom, 2004) (Appendix C).  Rehabilitation 

was undertaken progressively. 

 

The Up-catchment Diversion System was designed and rehabilitated generally in accordance with the 

Draft Guidelines for the Design of Stable Drainage Lines on Rehabilitated Mine Sites in the Hunter Coal 

Fields (DLWC, undated) (Appendix E). 

 

Monitoring and maintenance activities for the Up-catchment Diversion System that were undertaken 

during the construction phase are described in Section 3.4. 
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(b) Internal Catchment Drainage System 

The Internal Catchment Drainage System is a permanent water management feature which will operate 

during and after the life of mine.  The Internal Catchment Drainage System components constructed 

during the CGO construction phase included a series of contained water storages (D1 to D9) which were 

used to contain runoff and sediment from different construction and operational areas, and store water 

for use in process operations (Figure 4) (North Limited, 1998b).   

 

A key objective of the Internal Catchment Drainage System is that during mining operations water 

collected within the Internal Catchment Drainage System containment storages is retained within CGO’s 

enclosed water catchment and directed to the Process Water Storage (D6) (Figure 4).   

 

(c) Lake Isolation System 

The original Lake Isolation System was designed and constructed to hydrologically isolate and provide 

a barrier between the open pit and Lake Cowal during CGO development, mining and post-closure.  The 

Lake Isolation System consists of three components that combine to provide a permanent arc around 

the open pit area, viz. the temporary isolation bund, lake protection bund and perimeter waste rock 

emplacement.  A cross section of the Lake Isolation System is shown on Figure 5.  Future developments 

of the Lake Isolation System may or may not include a perimeter waste rock emplacement. 

 

3.1.2.3 Monitoring and Maintenance 
Weekly inspections will be conducted during the course of construction works to ensure that erosion 

and sediment controls have been installed and performing effectively (i.e. preventing erosion and 

containing sediment) to minimise erosion and sediment migration.  Site inspections will be undertaken 

by systematically walking around the site to relevant works areas and recording: 

 

• condition of the erosion and sediment control structures; 

• maintenance requirements (if necessary) including instructive actions; 

• volume of sediment removed (e.g. from sediment basins to retain capacity requirements); and 

• sediment disposal locations. 

 

Stockpile areas will also be inspected and where the potential for excessive sediment migration 

(including dust generation) is identified, remedial/response measures will be enacted as described in 

the SSMP.   

 

Inspections of sediment control structures and monitoring of water quality and inspections following 

rainfall events of 20 mm or more in a 24 hour period (within 48 hours of the event) are conducted during 

construction activities.  Rainfall is monitored by the onsite meteorological station and recorded in 

accordance with DA 14/98 condition 6.2.  Sediment control structures aree inspected for capacity (i.e. 

sediment build-up consequently reducing capacity), structural integrity (i.e. stability) and effectiveness 

(i.e. sediment containment).   

 

A comprehensive water quality monitoring programme (including total suspended solids, total dissolved 

solids, electrical conductivity, major cations/anions and other key parameters) is maintained in 

accordance with the Surface Water, Groundwater, Meteorological and Biological Monitoring Programme 

(SWGMBMP) as required by DA 14/98 condition 4.5(a).  Data from water quality monitoring (notably 

total suspended solids (TSS) indicating settlement of the sediment is occurring) and inspections 

(sediment build-up) is used to assess the success of sediment control structures and evaluate whether 

ameliorative or maintenance action is required. 

 

Ameliorative responses and maintenance activities typically used during any construction phase include 

(from Chapter 8.2 of Managing Urban Stormwater – Soils and Construction [Landcom, 2004] [Appendix 

C]): 
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• cleaning out of containment structures, diversion drains, etc. where sediment/sand/soil/vegetation 

builds up; 

• repairing of areas of erosion (e.g. lining with a suitable material which may include use of grasses, 

plastic, geotextile, rock, concrete); 

• further application of seed/fertiliser in areas of minor soil erosion and/or inadequate vegetative 

establishment; and 

• installation of additional erosion and sediment control structures. 

 

Ameliorative responses and maintenance activities as described above are conducted generally in 

accordance with details provided in Chapter 8 of Managing Urban Stormwater – Soils and Construction 

(Landcom, 2004) (Appendix C). 

 

Water quality monitoring of sediment control structures (suspended solids, electrical conductivity 

and pH) occurs following overflow events (i.e. rainfall events greater than the prescribed design criteria 

– Section 3.4).  Details of monitoring of the Up-catchment Diversion System, contained water storages 

and temporary storages (e.g. sediment basins) are contained in the SWGMBMP.  Generally, water 

quality monitoring is undertaken monthly in these storages and drains.  

 

Monitoring results are entered into a database and included in the Annual Review. 

 



ML1791

Site Arrangement and Water 
Management Infrastructure

  CGO EROSION AND SEDIMENT 
CONTROL MANAGEMENT PLAN

                     Figure 5

ML1791
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3.1.3 Operational Phase 

3.1.3.1 Temporary Erosion and Sediment Control Systems 

Temporary erosion and sediment controls for the approved operational phase of the CGO are presented 

below. 

 

(a) Soil Stockpiles  

The temporary systems installed during the construction phase (Section 3.1.2) for soil stockpiles within 

the Up-catchment Diversion System will continue to function during the operational phase of the CGO.  

Ongoing monitoring and maintenance will be undertaken as described in Section 3.4. 

 

Additional soil stockpiles will be constructed both in the south of ML 1535, and in north of ML 1535 and 

in the south of ML 1791 (Figure 4).  These soil stockpiles would be located outside of the Up-catchment 

Diversion System.  As such, prior to placement of soil, upslope runoff would be directed around the 

stockpile area via a system of diversions/drains/bunds.  

 

Runoff from the northern soil stockpile areas would be captured by toe drains (or other suitable 

structures) and directed to a sediment basin constructed at the eastern boundary of the northern 

stockpile within ML 1535 (Figure 4).  Runoff from the southern soil stockpile area would be captured by 

toe drains and directed to the Up-catchment Diversion System (also facilitated by an existing internal 

access road located east of the soil stockpile) and collected by the Stilling and Outfall Basin located to 

the south-east of the southern waste rock emplacement (Figure 4).  

 

The upslope stockpile diversions and the northern soil stockpile sediment basin would be constructed, 

operated and maintained in accordance with Landcom’s (2004) Managing Urban Stormwater – Soils 

and Construction Volume 1 and the Department of Environment and Climate Change (DECC) (2008) 

Managing Urban Stormwater – Soils and Construction Volume 2E Mines and Quarries.  In addition, the 

construction and management of the soil stockpiles will be undertaken in accordance with the measures 

detailed within the SSMP, WMP and Section 5. 

 

3.1.3.2 Details of Permanent Erosion and Sediment Control Systems 

Details of permanent erosion and sediment controls used in the operational phase of the CGO are 

presented below. 

 

(a) Up-catchment Diversion System  

As described in Section 3.1, the Up-catchment Diversion System is a permanent feature designed to 

direct drainage around the CGO site.   

 

Any future realignment of the Up-catchment Diversion System will be constructed in accordance with 

the same long-term design criteria as for the existing Up-catchment Diversion System (Table 4) and the 

design concepts as described in the WMP.  Rehabilitation will be undertaken progressively as described 

in Section 9 of this ESCMP. 

 

Ongoing monitoring and maintenance of the Up-catchment Diversion System including modified 

sections will be undertaken as described in Section 3.4. 

 

(b) Internal Catchment Drainage System 

The Internal Catchment Drainage System comprises a series of cut-off drains and catchment dams that 

capture potentially contaminated (or sediment-laden) water that falls as rainfall or collected as seepage 

within the disturbance area of the CGO. After it is collected, the water is pumped to a process water 

dam for reuse. 

 

When the CGO is finally decommissioned and rehabilitated, the water within the Internal Catchment 

Drainage System will be directed to any remaining open pit void(North Limited, 1998a).  
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A decommissioning strategy for the temporary components of the Internal Catchment Drainage System 

(i.e. the contained water storages) has been developed in accordance with DA 14/98 condition 4.4(b) 

and is presented in the WMP.   

 

The strategy is during closure, the contained water storages (i.e. D1 to D10) would be dewatered and 

liners removed.  Alternatively, the contained water storages may be retained for local landholder use 

upon agreement by Evolution and in consultation with Department of Industry – Lands and Water (DoI 

L&W) and the DRG. 

 

Rehabilitation concepts for the CGO including the Internal Catchment Drainage System are described 

in the RMP.  

 

(c) Open Pit 

The Lake Isolation System (Section 3.1) provides a permanent barrier around the open pit area (Gilbert 

and Sutherland, 1997), and prevents erosion and sediment flow toward the lake (Figure 4). 

 

The catchment area draining to the open pit during operations will be restricted to the pit itself and to a 

small perimeter area enclosed by an external bund.  Water management structures will be installed to 

divert water from other areas of the site outside of this bund to site runoff collection ponds (i.e. D3).  The 

pit will also act as a final water containment point in extreme rainfall events (North Limited, 1998a). 

 

The open pit design includes water management structures (face seepage collection drains) and in-pit 

sumps in the floor of the pit.  The in-pit sumps will be sized to store runoff from a medium sized (1 in 

10 year) rainfall event (North Limited, 1998a). 

 

Sediment fluxes are expected to reduce as a result of the CGO.  Whilst the soil loss rate is likely to be 

higher from the disturbance areas than under pre-mining conditions, the final void will intercept a large 

proportion of runoff, preventing a large proportion of suspended sediment from entering the lake (North 

Limited, 1998b).   

 

(d) Tailings Storages/IWL 

Erosion and Sediment Control System 

An interceptor drain will be constructed under the outer lower embankment of the IWL to capture any 

runoff or seepage through the embankment. Water collected in these drains is directed to external 

sumps and then pumped directly back to the plant. External areas outside the IWL will either run into 

these interceptor drains and or water runoff will make its way to D1 and D2 (Table 4).   

 

Erosion control of the tailings storages/IWL during operations is designed so that the outer batters are 

constructed with surface roughness (through addition of cover such as rock mulch or pasture cover) and 

with reverse grading berms which longitudinally “drain” to low depressions within the berms.  Coupled 

with a deep cover (of subsoil and topsoil) on the top surfaces, the IWL landform will eventually act to 

absorb and store rainfall. 

 

Rehabilitation Objectives 

The rehabilitation objectives for the IWL are (Evolution, 2018): 

• to establish permanently stable landforms; 

• during operations, stabilise batters so that they provide minimal habitat value for bird life (i.e. rock 

mulch or pasture cover); 

• post-operations, to establish vegetative communities (including Eucalypt and Riverine woodland 

species and understorey species such as Rush species and grass species) which are suited to the 

hydrological features and substrate materials of the landforms; 



Cowal Gold Operations – Erosion and Sediment Control Management Plan 

 

 

Erosion and Sediment Control Management Plan (June 2023)Clean

 29 Evolution Mining (Cowal) Pty Limited 

• post-operations, to establish vegetation communities (including native and/or endemic Eucalypt 

Woodland, shrubland and grassland species) similar to those remnants in the surrounding 

landscape which are suited to the substrate materials and slope of the embankments; and  

• to exclude grazing and agricultural production. 

 

Consistent with the rehabilitation concepts for the outer batters of the waste rock emplacements, benign 

primary waste rock mulch will be incorporated into the rehabilitation cover system for the outer batters 

of the IWL to provide long-term stability, control surface water runoff downslope and reduce erosion 

potential.  The rock mulch will be cross-ripped with gypsum-treated topsoil along the contour of the slope 

to create ‘troughs and banks’ to further minimise the potential for erosion downslope and enhance 

vegetation establishment within the troughs. Revegetation would be undertaken with select native 

and/or endemic Eucalypt Woodland, shrubland and grassland species suited to the slope and substrate 

materials of the embankment. The depth of soil cover applied would be informed by rehabilitation trial 

results. 

 

Rehabilitation of the IWL top surface will only be undertaken at the completion of deposition of tailings.  

The top surface of the IWL would form a low, internally draining landform, with drainage affected by 

controlled placement of cover materials and a number of shallow swales.  The IWL surface would form 

lower and upper internally draining catchments to minimise surface water runoff from the top surface 

down the batters of the IWL.   

 

(e) Northern and Southern Waste Rock Emplacements 

Waste rock will be placed in a continuous waste emplacement surrounding the open pit consisting of 

three areas: 

 

• northern waste rock emplacement; 

• southern waste rock emplacement; and 

• perimeter waste rock emplacement (part of the Lake Isolation System - Section 3.1) of this 

ESCMP). 

 

Rehabilitation Objectives 

The rehabilitation objectives for the waste rock emplacements are to (Evolution, 2018):  

 

• stabilise batter slopes with rock armour (primary waste rock mulch) to control surface water runoff 

downslope and reduce erosion potential in the long-term; 

• provide a stable plant growth medium able to support long-term vegetation growth, including native 

and/or endemic Eucalypt Woodland, shrubland and grassland species suited to slope and elevated 

positions similar to those remnants in the surrounding landscape; and 

• exclude grazing and agricultural production. 

 

Based on the results of rehabilitation trials and research conducted to date, the rehabilitation cover 

system for the outer batters of the waste rock emplacements will include benign primary waste rock 

mulch to provide long-term stability, control surface water runoff downslope and reduce erosion 

potential.  The rock mulch will be cross-ripped with gypsum-treated topsoil along the contour of the slope 

to create ‘troughs and banks’ to further minimise the potential for erosion downslope and enhance 

vegetation establishment within the troughs. 

 

The approved operations include the processing of mineralised material and would therefore remove 

the mineralised material stockpile as a component of the northern waste rock emplacement landform 

(dependent on market conditions).  Should the mineralised material emplacement remain as a final 

landform, the rehabilitation objectives and concepts for the waste rock emplacements described in this 

section would be applied to the mineralised material emplacement and temporary ore stockpiles. 
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Erosion and Sediment Control System 

The northern and southern waste rock emplacements have been designed to meet the long-term goal 

of containing potentially saline seepage generated from waste rock emplacement areas during operation 

and post-closure.   

 

Drainage on the top surfaces of the waste rock emplacements would be managed via a series of small 

shallow basins (depressions) and would include a rehabilitation cover system that absorbs rainfall and 

comprises woodland vegetation (Evolution, 2018).  The use of depressions would be aimed at 

maximising internal drainage without creating permanent ponding during normal and heavy rainfall 

events. A bund around the perimeter of the top surfaces of the waste rock emplacement would also be 

constructed to provide a contained catchment and minimise surface water runoff from the top surface 

down the batters. 

 

(f) Lake Isolation System 

As described in Section 3.1.2.2, the Lake Isolation System has been designed to hydrologically isolate 

and provide permanent mutual protection between the open pit and Lake Cowal during CGO 

development, mining and post-closure.   
 

Temporary Isolation Bund 

 The temporary isolation bund was designed as a short-term feature that was used to isolate the pit from 

the lake during the construction phase while the lake protection bund was constructed.  Accordingly, 

since the lake protection bund was constructed and revegetated, the isolation function of the temporary 

isolation bund has been superseded and breached in several locations to allow water flow (North 

Limited, 1998a).  However, the bulk of the temporary isolation bund structure has been retained 

throughout operations due to the added protection provided from wave erosion and the provision of 

diverse constructed habitat features. 

 

Lake Protection Bund 

The lake protection bund forms part of the new lake foreshore (Figure 5).   

 

Rehabilitation of the New Lake Foreshore will be an iterative process and revegetation species will 

continue to be selected in consideration of:  

 

• Lake Cowal’s hydrological regime (wetting and drying cycles);  

• species occurring in relevant reference sites (including lake and slope woodland communities);  

• species performance during revegetation trials; and  

• suitability to substrate conditions. 

 

Subject to these parameters, species may be selected from the following vegetative suites: 

 

• fringing lake vegetation on foreshore batters (i.e. Eucalypt dominated woodland including River 

Red Gum [Eucalyptus camaldulensis], River Cooba [Acacia stenophylla], Wilga [Geijera parviflora], 

Kurrajong [Brachychiton populneus], Green Wattle [Acacia deanei] and Grey Box [Eucalyptus 

microcarpa]); and 

• freshwater habitats (i.e. Foxtail [Austrostipa densiflora], Rush, Cane Grass [Eragrostis australasica] 

and Lignum).  

 

Revegetation concepts and methods for the New Lake Foreshore are described in detail in the CWMP 

and RMP. 

 

Erosion and sediment control for the lake protection bund will be affected by the temporary isolation 

bund.  As described above, during the decommissioning phase, the temporary isolation bund will be 
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reworked and breached once the lake protection bund is stabilised and revegetated (i.e. once 

stabilisation measures are effectively performing to prevent erosion and contain sediment).  

 

Ongoing monitoring and maintenance is described in Section 3.4. 

 

Perimeter Waste Rock Emplacement 

The first batter of the perimeter waste rock emplacement is now part of the new lake foreshore 

(Figure 5).  As stated earlier, any future redevelopment of the Lake Isolation System may or may not 

include a waste rock emplacement. 

 

Erosion and sediment control for the perimeter waste rock emplacement is linked to the temporary 

isolation bund and lake protection bund.  Consistent with the rehabilitation concepts for the outer batters 

of the waste rock emplacements and IWL, benign primary waste rock mulch has been incorporated into 

the rehabilitation cover system for the outer batters of the perimeter waste rock emplacement to provide 

long-term stability, control surface water runoff downslope and reduce erosion potential.  The rock mulch 

has been cross-ripped with topsoil along the contour of the slope to create ‘troughs and banks’ to further 

minimise the potential for erosion downslope and enhance vegetation establishment within the troughs. 

 

Ongoing monitoring and maintenance of the perimeter waste rock emplacement is described in Section 

3.4. 

 

Earthworks Associated with Landscaping 

As described in Section 3.3.2 of this ESCMP, the earth mounds constructed for landscaping/screening 

purposes will remain as permanent features.  Vegetative stabilisation will be generally undertaken in 

accordance with details provided in Chapter 7 of Managing Urban Stormwater – Soils and Construction 

(Landcom, 2004) (Appendix C).  Rehabilitation will be undertaken progressively as described in 

Section 9 of this ESCMP. 

 

Ongoing monitoring and maintenance is described in Section 3.4. 

 

3.1.3.3 Monitoring and Maintenance 

During any future construction phases, regular inspections of erosion and sediment control systems will 

be conducted by the Sustainability Manager (or delegate) to ensure the systems are performing as 

designed and that any revegetation areas have properly established. Site inspections will be undertaken 

by systematically walking around the construction areas to relevant areas and recording: 

 

• condition of the erosion and sediment control structures; 

• maintenance requirements (if necessary), including instructive actions; 

• volume of sediment removed (e.g. from sediment basins to retain capacity requirements); and 

• sediment disposal locations. 

 

Stockpile areas will also be inspected and where the potential for excessive sediment migration 

(including dust generation) is identified, remedial/response measures will be enacted as described in 

the SSMP. 

 

Inspections of sediment control structures and monitoring of water quality and inspections following 

rainfall events of 20 mm or more in a 24 hour period (within 48 hours of the event) will be conducted 

during the operational phase by the Sustainability Manager (or delegate).  Rainfall events will be 

monitored as part of the meteorological monitoring programme and recorded in accordance with DA 

14/98 condition 6.2.  Sediment control structures will be inspected for capacity (i.e. sediment build-up 

consequently reducing capacity), structural integrity (i.e. stability) and effectiveness (sediment 

containment).   
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A comprehensive water quality monitoring programme (including total suspended solids, total dissolved 

solids (TDS), electrical conductivity (EC), major cations/anions and other key parameters) will be 

undertaken in accordance with the SWGMBMP and DA 14/98 condition 4.5(a) across the site.  Data 

from monitoring of water quality (i.e. low total suspended solids [TSS] indicating settlement of the 

sediment is occurring) and inspections (sediment build-up) will be used to assess the design of sediment 

control structures and will be used to evaluate necessary ameliorative responses and maintenance 

activities (North Limited, 1998a). 

 

Ameliorative responses and maintenance activities may include (from Chapter 8.2 of Managing Urban 

Stormwater – Soils and Construction (Landcom, 2004)) (Appendix C): 

 

• cleaning out of containment structures, diversion drains, etc. where sediment/sand/soil/vegetation 

build up; 

• repairing of areas of erosion (e.g. lining with a suitable material which may include use of grasses, 

plastic, geotextile, rock, concrete); 

• further application of seed/fertiliser in areas of minor soil erosion and/or inadequate vegetative 

establishment; and 

• installation of additional erosion and sediment control structures. 

 

Ameliorative responses and maintenance activities as described above will be conducted generally in 

accordance with details provided in Chapter 8 of Managing Urban Stormwater – Soils and Construction 

(Landcom, 2004) (Appendix C). 

 

Maintenance of soil conservation works and revegetated areas is undertaken periodically as part of the 

rehabilitation programme (Sections 8 and 9 of this ESCMP).  Monitoring of previously stabilised and 

revegetated areas associated with the lake isolation system is part of the rehabilitation programme.  

Ameliorative responses and maintenance activities as detailed above are carried out when problems 

are identified.   

 

Water quality monitoring of sediment control structures (including TSS, EC and pH) occurs following 

overflow events (i.e. rainfall events greater than the prescribed design criteria – Section 3.2 of this 

ESCMP).  Details of monitoring of the up-catchment diversions, contained water storages and temporary 

sediment storages are contained in the SWGMBMP.  Generally, water quality monitoring is undertaken 

monthly in these storages and drains.  

 

Monitoring results are entered into a database and reported in the Annual Review as described in the 
SWGMBMP.  
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3.2 SALINE BOREFIELD (ML 1535) 

CGO’s saline groundwater supply borefield is situated within ML 1535 and supplies low quality for 

CGO’s process water needs.  In accordance with DA 14/98 condition 4.2(a)(i) and (ii), the pipelines from 

the saline groundwater supply borefield to the site were constructed to the satisfaction of the Department 

of Primary Industries – Fisheries and the Office of Water; and specifically, laid in such a way as to not 

impede the passage of fish or other animals, interfere with flood behaviour or the passage of boats and 

vehicles. 

 

As the pipeline is buried, the erosion and sediment control systems are limited to ongoing monitoring 

and maintenance activities described in Sections 3.2.1 and 3.2.2 below. 

3.2.1 Monitoring and Control Systems 

In accordance with DA 14/98 condition 4.2(a)(iii), the water supply pipeline was installed with an 

automatic shut-down device so water pumping is immediately stopped in the event of any pipe rupture. 

The water supply will not be restarted until the rupture is located and repaired. The saline groundwater 

supply borefield is only operated when Lake Cowal is dry and, in this way, negates the risk of any 

potential impacts on lake water quality (Gilbert and Associates, 2008). 

3.2.2 Monitoring and Maintenance 

Maintenance activities will be conducted generally in accordance with details provided in Chapter 8 of 

Managing Urban Stormwater – Soils and Construction (Landcom, 2004) (Appendix C). 

 

Maintenance of revegetated lake bed areas will be undertaken periodically as part of the rehabilitation 

programme (Section 6). 

 

3.3 BOREFIELD AND PIPELINES 

CGO’s four production bores in the Bland Creek Palaeochannel are located approximately 20 km to the 

east north-east of the CGO site (Figure 6).   

 

The borefield reticulation system includes (North Limited, 1998a): 

 

• a break pressure/balancing storage after the final bore; and 

• a buried 600 mm (approximately) diameter pipeline to the CGO. 

 

The Eastern Saline Borefield is located approximately 10 km east of Lake Cowal’s eastern shoreline, 

and north-east of the Bland Creek Palaeochannel borefield (Figure 6).  It has five production bores. 

 

In general, borefields operate in drier times and are rested in wetter times when the site water supply 

would make-up the supply from this source.  Water from the Eastern Saline Borefield is pumped via the 

Bland Creek Palaeochannel borefield water supply pipelines to the CGO.  

 

As the existing pipeline is buried, the erosion and sediment control systems are limited to ongoing 

monitoring and maintenance activities during lake dry conditions. 

 

The water supply pipeline from the Bland Creek Palaeochannel Borefield (up to Bore 4) has been 

duplicated and has similar surveillance and control systems as the original. Construction of the new 

pipeline and rehabilitation of disturbance areas within the existing pipeline corridor was undertaken in 

consideration of the DoI L&W’s Controlled Activities on Waterfront Land - Guidelines for Laying of Pipes 

and Cables in Watercourses on Waterfront Land, and in accordance with the CGO’s RMP, SSMP and 

WMP. 

 

Decommissioning of the water supply pipelines will be undertaken in accordance with the CGO’s 

Strategy for the Decommissioning of Water Management Structures and Long-term Management of 

Final Void and Lake Protection Bund described in the WMP.  
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3.4 MONITORING AND MAINTENANCE 

Once construction of the new pipeline was completed, inspections of the pipeline corridor were 

undertaken by the Sustainability Manager (or delegate) as required to ensure revegetation areas along 

the pipeline corridor have properly established.  Inspections are undertaken systematically to record: 

 

• condition of  any temporary erosion and sediment control structures temporarily retained after 

construction; and 

• maintenance requirements (if necessary) including instructive actions or supplementary seeding. 

 

Ameliorative measures for the borefields and pipelines may include (from Chapter 8.2 of Managing 

Urban Stormwater – Soils and Construction (Landcom, 2004) (Appendix C): 

 

• cleaning out of containment structures, diversion drains, etc. where sediment/sand/soil/vegetation 

builds up; 

• repairing of areas of erosion (e.g. lining with a suitable material which may include use of grasses, 

plastic, geotextile, rock, concrete); 

• further application of seed/fertiliser in areas of minor soil erosion and/or inadequate vegetative 

establishment; and 

• installation of additional erosion and sediment control structures. 

 

Maintenance activities as described above are conducted generally in accordance with details provided 

in Chapter 8 of Managing Urban Stormwater – Soils and Construction (Landcom, 2004) (Appendix C). 

Maintenance of revegetated areas is undertaken periodically as part of the rehabilitation programme 

(Section 6). 

  



Temporary Isolation BundToe DrainLake Protection Bund

1
5

RL 206.5mRL 208.25m

New Lake Foreshore
Rehabilitation

Inert oxide waste
and lake sediments

Low salinity lake sediments
(open pit pre-stripping)

1

4

5m 5m 9m20m 10m (min) 11m

5

1

RL 223.0m

RL 218.0m

Perimeter Waste Rock Emplacement

Oxide waste rock

Surface Rehabilitation Zone Low Salinity Lake Sediments
(open pit pre-stripping)

Waste Rock in zone placed in layers not exceeding 300mm

Not to Scale

FIGURE 6

Lake Isolation System
Construction Details

HAL-02-07 CGO MP 2017_ESC MP_002A

E R O S I O N A N D S E D I M E N T C O N T R O L

M A N A G E M E N T P L A N



Cowal Gold Operations – Erosion and Sediment Control Management Plan 

 

 

Erosion and Sediment Control Management Plan (June 2023)Clean

 36 Evolution Mining (Cowal) Pty Limited 

4 SALINITY MANAGEMENT  
 

Many saline areas in NSW (e.g. inland salt pans, brackish streams, coastal salt marshes and naturally 

saline soils) are the result of entirely natural processes. Most newly salinised areas however, are often 

the result of particular land use practices, such as over-clearing, river regulation, irrigation or the 

cultivation of crops (DLWC, 2003b). 

 

Salinity is often divided into several different categories including: 

(a) Dryland Salinity; 

(b) Irrigation Salinity; 

(c) Urban Salinity; 

(d) River Salinity; and 

(e) Industrial Salinity. 

 

Irrigation salinity (i.e. due to over-irrigation of farmland, inefficient water usage and poor drainage) and 

urban salinity (i.e. due to dryland salinity processes and over-watering of towns and urban areas) are 

not relevant to the CGO. 

 

The three different types of salinity relevant to the CGO (i.e. dryland, river and industrial salinity) are 

described in the following subsections and include details of salinity management measures, where 

relevant. These measures are provided to meet the objectives relating to salinity management of the 

relevant local and regional management plans (e.g. Floodplain Management Plan Steering Committee, 

2000], Lake Cowal Land and Water Management Plan [Australian Water Technologies Pty Ltd, 1999], 

the Bland Creek Catchment Plan [Bland Creek Catchment Committee, 2002] and Lachlan Catchment 

Action Plan (2013-2023) [Lachlan Catchment Management Authority, 2013]) described in Section 2.5. 

 

4.1 DRYLAND SALINITY 

Dryland salinity is the build-up of salt in the soil, usually as a result of a rising water table. Evaporation 

of saline water at the soil surface tends to concentrate salts to the point where they affect the 

environment (DLWC, 2003b). 

 

In rural areas, dryland salinity associated with rising water tables is often caused by the loss of 

deep-rooted perennial trees, shrubs and grasses. The loss of vegetation is often caused by factors such 

as clearing, soil acidity, overgrazing or erosion (DLWC, 2003b). 

 

The Lake Cowal Foundation (2013) states that Lake Cowal is under threat by dryland salinity induced 

by poor catchment management practices.  The lake (outside of ML 1535) is subject to grazing and 

cropping below the lake full storage line when the lake recedes in dryer times (Lake Cowal Foundation, 

2013).  No grazing of areas occurs within ML 1535 and ML 1791.  

 

Measures that have been adopted to manage the factors that affect dryland salinity as discussed above 

include:  

 

• Minimising the areas disturbed by the CGO components and restricting access to non-disturbed 

areas 

Clearing of areas for the CGO components during the construction and operational phases will be 

limited and clearly delineated, where appropriate, with barrier mesh (upslope) and sediment fencing 

(downslope) or similar materials in accordance with details provided in Chapter 4.2 of Managing 

Urban Stormwater – Soils and Construction (Landcom, 2004) (Appendix C).  Unrestricted vehicular 

plant access to undisturbed areas will not be permitted. Vegetation in close proximity to works areas 

will be demarcated with flagging tape (or similar) so as to prevent disturbance.  All employees 
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undertaking the site induction/training programme will be made aware of the importance of 

remaining within the defined works areas. 

 

• Identification of saline soils (infill testing) and selective soil resource management 

As described in the SSMP and summarised in Section 8.1 of this ESCMP, infill testing of soil profiles 

will be undertaken to confirm the precise depths of soil and any requirements for amelioration at 

the time of soil stripping. Where possible, the more saline and dispersive soil horizons are left in-

situ beneath mine landforms (North Limited, 1998a).  Topsoil and subsoil resources are stripped 

and stored in separate stockpiles comprising topsoil; low salinity subsoil; gypsum treated subsoil; 

and native seed topsoil.  Stripped non-saline soils are stored in dedicated stockpile areas for re-

use during construction and progressive rehabilitation works.  Low salinity topsoils/soils are 

selectively placed on the outer face of the waste rock emplacement.  Stripped soils not suitable for 

construction or rehabilitation are placed in the waste rock emplacements (North Limited, 1998a) or 

ameliorated as described within the SSMP. 

 

• Identification of low salinity construction material (construction fill testing) and selective resource 

management 

Fill used for construction is tested for geochemical and geotechnical suitability prior to construction 

commencing.  Suitable fill will be sufficiently impermeable, low dispersion, low salinity and not acid 

forming.  Where possible, the more saline and dispersive soil horizons are left in-situ beneath mine 

landforms (North Limited, 1998a). The lake protection bund has been constructed with low salinity 

lake sediments. 

 
• Fencing ML 1535 and ML 1791 to restrict stock and prevent overgrazing and erosion 

A fence has been constructed around the perimeter of ML 1535 and ML 1791 (except for the portion 

of the shared boundary) . The fence is currently inspected on a weekly basis for integrity and pest 

livestock by the Sustainability Manager (or delegate). 

 

• Implementation of appropriate erosion and sediment control systems and ongoing monitoring and 

maintenance 

Erosion and sediment control systems as described in Sections 3, 4, 5 and 6 will be implemented 

to minimise erosion and the loss of vegetation and hence minimise salinity. The monitoring and 

maintenance activities for erosion and sediment controls described in Sections 3.4 is also 

undertaken during the life of the CGO in order to manage salinity related issues. Specifically, water 

quality monitoring of water contained in sediment control structures (i.e. suspended solids, 

electrical conductivity and pH) will occur following overflow events (i.e. rainfall events greater than 

the prescribed design criteria – Section 3.1.1).  Details of monitoring of the up-catchment 

diversions, contained water storages and temporary storages are contained in the SWGMBMP. 

Generally, water quality monitoring is undertaken monthly in these storages and drains. 

 

4.2 RIVER SALINITY  

Surface water runoff from areas of dryland, irrigation and urban salinity may flow into creeks and rivers, 

raising their salinity. According to the Murray-Darling Basin Commission Salinity Audit, salinity is likely 

to rise to high levels in future in the Bogan, Castlereagh, Lachlan, and Macquarie and Namoi Rivers 

(DLWC, 2003b). 

 

Measures adopted for the CGO to manage river salinity include: 

 

• Containment and management of saline surface water runoff 

Soil and waste rock characterisation programmes have identified materials to be disturbed during 

the construction and development of CGO that have the potential to generate salinity (CALM, 1994; 

Resource Strategies, 1997; EGi, 1997). Accordingly, the CGO water management strategy 

incorporates design elements to contain surface runoff or seepage likely to contain increased salt 

concentrations (Gilbert and Sutherland, 1997). This includes some waste rock and subsoil 
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materials that have moderately to highly saline runoff and seepage that has the potential to retard 

revegetation and affect local water resources if not controlled. The CGO’s water management 

systems therefore incorporates interception drains (toe drains) and collection storages (temporary 

sediment basins and contained water storages) around all stockpile areas, waste rock 

emplacements, tailings emplacements and structures containing saline materials. Water that 

accumulates in these storages is captured for reuse in the process water supply. Furthermore, 

contained water storages D1 and D4 are fitted with pumps capable of transferring the first flush of 

initial captured runoff waters (typically saline and containing sediment) from the outer batters of the 

northern and southern waste rock emplacements and IWL to the designated process water 

contained water storages. 

 

• Open pit/final void salinity sink 

During CGO operations, water will accumulate within the open pit as a result of controlled drainage 

of surface water runoff during wet weather and groundwater inflows (Evolution, 2018). This water 

is managed in accordance with a pit dewatering programme described in the WMP.  A large 

proportion of runoff is directed to the final void will intercept, preventing sediment from entering 

Lake Cowal. As a result, salt loads entering the lake from the CGO are expected to marginally 

decrease post-mining as salt will also be trapped by the void (North Limited, 1998b). 

 

In accordance with DA 14/98 condition 4.4(b), a strategy for the long-term management of the final 

void has been developed in consultation with the DoI L&W, EPA, Division of Resources and 

Geoscience and the Community Environmental Monitoring and Consultative Committee (CEMCC), 

and to the satisfaction of the Planning Secretary. The strategy is described in the WMP and includes 

long-term monitoring of the water quality in the final void and the stability of the void walls.   

 

4.3 INDUSTRIAL SALINITY 

Industrial salinity is often related to industrial processes, whereby salt is concentrated in the water used 

over time.  Mine workings often need to manage saline water from groundwater seepage and from 

rainwater coming into contact with saline mined materials.  Abandoned mines are also a major source 

of salinity in some areas (DLWC, 2003ab). 

 

Measures to be adopted for the CGO to manage industrial salinity include: 

 

• Isolation of saline groundwaters by the open pit. 
Isolation of groundwaters within the Internal Catchment Drainage System (Section 3.1.2.2) will be 

achieved by virtue of the permanent groundwater sink that will be formed as a result of open pit 

dewatering (Gilbert and Sutherland, 1997).  Waters that accumulate within the open pit will be 

managed in accordance with a pit dewatering programme described in the WMP.  The effect of the 

open pit will be to locally depress the groundwater table (potentiometric surface) such that all 

groundwater movement in the surrounding area will be towards the void (Gilbert and Sutherland, 

1997).  This effect will also reduce salinity associated with the rising groundwaters which is the 

greatest long-term threat to the values of the lake and the surrounding area (Williams, 1993 and 

ERIC, 1996 in Australian Water Technologies Pty Ltd, 1999). More recent groundwater modelling 

by Coffey (Coffey 2020a,b) predicts no overspill and no connection between the lake and the mine 

void. 

 

• Containment of potentially saline seepage generated from waste rock emplacement and IWL 
areas 

The northern and southern waste rock emplacements have been designed to meet the long-term 

goal of containing potentially saline seepage generated from waste rock emplacement areas during 

operation and post-closure.  Construction will involve surface preparation works to facilitate the 

direction of any permeating waters towards the open pit.  The existing topography of the footprint 

has been altered by stripping topsoil and subsoil from the waste rock emplacement footprints.  In 

addition, oxide waste rock has been placed and compacted (using haul truck movements) across 
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the footprints.  The resulting basement for the emplacements slopes towards the open pit to provide 

drainage control.  Any waters permeating through the emplacement are expected to be intercepted 

by this layer and preferentially flow towards the open pit (North Limited, 1998a). 

 

Similar to the existing tailings storage facilities, the IWL will be constructed with a low permeability 

basement layer to control seepage. There are a series of interceptor drains and fingers under the 

rock embankment designed to capture stormwater that permeate through the rock embankment. 

This water is directed to an external sump and sent back to the mill for reuse. This water is also 

tested periodically for contaminants. A detailed description of the IWL design is provided in the 

WMP.   

 

• Containment and management of saline surface water runoff 

As described above to manage river salinity, the CGO’s water management strategy incorporates 

interception drains (toe drains) and collection storages (temporary sediment basins and contained 

water storages) around all stockpile areas, waste rock emplacements and IWL to contain saline 

materials. 

 

• Final void management and monitoring  

As described above to manage river salinity, a strategy for the long-term management of the final 

void has been developed and will include long-term monitoring of the water quality in the final void. 
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5 SOIL MANAGEMENT  

 

The principal strategy in soil resource management at the CGO is to strip suitable soil resources from 

all proposed disturbance areas within ML 1535 and ML 1791 and directly replace on rehabilitation areas 

or store in dedicated stockpiles for re-use during progressive rehabilitation works. 

 

The strategies/objectives for management of the CGO soil resources include (Evolution, 2018): 

 

• characterisation of the suitability of the material for rehabilitation purposes prior to stripping; 

• soil resources are stripped, stored selectively and managed according to their suitability for 

rehabilitation purposes; 

• sufficient subsoil and stable topsoil are available for rehabilitation purposes; 

• progressive rehabilitation of final landforms is conducted as soon as practicable after completion 

of the landforms or when areas are no longer required; and 

• soil resources are stripped and stored in such a manner that their long-term viability is maintained. 

 

5.1 SOIL STRIPPING SCHEDULING 

Disturbance areas are stripped progressively, to reduce potential erosion and sediment generation, and 

to minimise the extent of topsoil stockpiles and the period of soil storage.   

 

Prior to soil stripping, testing of soil profiles is undertaken to confirm the precise depths of suitable soil 

and any requirements for amelioration at the time of soil stockpiling.  Stakes may be used to delineate 

soil boundaries and to identify suitable stripping depths for equipment operators.   

 

Soil stripping scheduling and details regarding the volume of topsoil proposed to be stripped will continue 

to be provided in the MOP. 

 

The SSMP provides further detail. 

 

5.2 SOIL STRIPPING PRACTICES  

5.2.1 Pre-Stripping Activities  

Cultural Heritage Inspection 

Soil stripping activities within ML 1535 and ML 1791 (including preliminary soil testing) are managed to 

comply with the existing requirements of the NPWS Section 87 permits and Section 90 consents granted 

under the National Parks and Wildlife Act, 1974 (NPW Act).  These permits and consents allow both the 

collection of visible artefacts prior to soil stripping and also the collection of unknown artefacts that may 

be contained within the soil profile.  In accordance with Condition 11 of the Section 87 permit, “all areas 

where soil stripping occurs shall be further inspected following this operation in the event that datable 

materials might be revealed”. 

 

An Aboriginal Heritage Impact Permit (AHIP) application for the ML 1791 area has been lodged with the 

NSW Office for Environment and Heritage under Section 90A of the NPW Act.  Once the AHIP has been 

approved, all disturbance activities within ML 1791 will be undertaken in accordance with requirements 

of the AHIP. 

 

A comprehensive Ground Disturbance Permit process is in place at the CGO.  All land disturbance 

activities will only take place in approved surface disturbance areas.  The permit clearly defines the 

location and nature of the earthworks activity, with steps required to enable ground survey by Wiradjuri 

monitors and/or an archaeologist.  There are two steps to the process: 

• A surface cultural heritage clearance survey, which is designed to inspect the relevant land and 
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identify surface objects from which a representative sample would be collected. 

• A sub-surface cultural heritage clearance survey, which allows for inspection once the grass layer 

has been removed. Typically at the CGO, this is accomplished by grading several centimetres of 

topsoil to enable identification of objects and other items (kept with the soil) for collection and 

storage. 

 
The rationale for this is based on the original archaeological assessments, where it was deemed 
necessary to verify that no sites or features might be unwittingly destroyed.  Standard test-pit 
excavation by hand was not considered a feasible strategy to deliver this certainty for Wiradjuri.   
 

In accordance with DA 14/98 condition 3.2(c), a Vegetation Clearance Protocol and Threatened Species 

Management Protocol have been developed for the CGO and are detailed in the Flora and Fauna 

Management Plan.  The clearance protocols outline measures to be undertaken prior to clearing of 

vegetation within the CGO.  Measures include: 

 

• pre-clearance survey for flora, including a targeted survey for any threatened species recorded in 

the mine site area; and 

• preliminary and secondary fauna habitat assessments. 

 

Prior to undertaking soil stripping, the Vegetation Clearance Protocol and Threatened Species 

Management Protocol will be employed.   

 

5.2.2 Stripping Activities  

As required by DA 14/98 condition 3.2(a)(i),  the removal of trees and other vegetation from the mine 

site is restricted to the approved disturbance areas only. Once cleared of woody vegetation, soils are 

typically stripped using a grader, scraper or bulldozer. Scrapers may be used to strip soils where areas 

become too large for effective dozer or grader stripping. 

 

Soil is stripped by firstly removing grasses. This is followed by the separate removal of topsoil and 

subsoil, where required.  Stripped soils will be either directly replaced on rehabilitation areas or stored 

in separate topsoil and subsoil stockpiles where practicable.  Where rehandling is necessary, this will 

typically be undertaken using excavators and dump trucks.   

 

The SSMP provides further detail. 

 

5.3 SOIL STOCKPILE MANAGEMENT 

In accordance with DA 14/98 condition 3.5(b)(i), the general protocol for the management of soil 

stockpiles is provided below. It includes soil handling measures that optimise the retention of soil 

characteristics (in terms of nutrients and micro-organisms) favourable to plant growth: 

• leave the surface of the completed soil stockpiles in a “rough” condition to help promote water 

infiltration and minimise erosion prior to vegetation establishment;  

• deep-rip soil stockpiles and seed (if necessary) to maintain soil organic matter levels, soil structure 

and microbial activity;  

• treat soil stockpiles with gypsum to reduce dispersiveness during stockpiling;  

• install signposts for all soil stockpiles with the date of construction and type of soil; and  

• record details of all soil stockpiles on a site database which includes the location and volume of 

each stockpile and the stockpile maintenance records (e.g. ameliorative treatment, weed control, 

seeding) (Section 5.3). 
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Where practicable, soil is stripped from one area and immediately transferred to an active rehabilitation 

area for direct placement.  This reduces the size of soil stockpiles and optimise soil fertility for 

rehabilitation (Section 6).   

 

Following construction, and if adequate unassisted revegetation has not occurred, soil stockpiles are 

sown with suitable annual or select grass and legume species to maintain soil condition for future 

revegetation/rehabilitation works to minimise erosion and wind-blown dust and discourage opportunistic 

weed growth. Soil treatment/amelioration methods undertaken as necessary prior to the use of soil for 

rehabilitation.  
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6 REHABILITATION  

 

The approved CGO rehabilitation philosophy is to operate as a non-intrusive land user and to create 

stable rehabilitated landforms that increase the areas of endemic vegetation in the mine area and the 

status of land-lake habitats (Evolution, 2018).  This philosophy has led to the rehabilitation principles 

and objectives as described below.   

 

The rehabilitation programme will be undertaken in accordance with the following general principles 

(Evolution, 2018): 

 

• The rehabilitation of landforms is to be progressive (where possible) and conducted in accordance 

with approved, verified plans. 

• Final landforms are to be stable in the long-term and include native and/or endemic vegetation 

characteristic of remnant vegetation within the surrounding landscape. 

• Native and/or endemic groundcover, understorey, and tree species are to be cultivated and used 

in the rehabilitation programme. 

• Rehabilitation concepts are to be flexible to allow for adjustments, based on investigations, to 

improve the rehabilitation programme. 

• The annual rehabilitation programme and budget is to be prepared by a site team incorporating 

senior management representatives. 

 

The rehabilitation objectives for the CGO include (Evolution, 2018): 

 

• The water quality of Lake Cowal is not detrimentally affected by the new landforms. 

• Revegetating the new landforms with selected native and/or endemic vegetation that is suited to 

the physiographic and hydrological features of each landform, and which expand on the areas of 

remnant endemic vegetation in the surrounding landscape. 

• Designing final landforms so that they are stable and include revegetation growth materials that are 

suited to the landform and support self-sustaining vegetation. 

• The placement (wherever possible) of soils on final landforms to enable the progressive 

establishment of vegetation.   

• The expansion of habitat opportunities for wetland and terrestrial fauna species.  This includes the 

design and implementation of rehabilitation works at the New Lake Foreshore in a manner 

consistent with the NSW Wetlands Policy (Department of Environment, Climate Change and Water, 

2010). 

• The selection of revegetation species in accordance with accepted principles of long-term 

sustainability (e.g. genotypic variation, vegetation succession, water/drought tolerances). 

• Grazing of land within ML 1535 and ML 1791 to be excluded during operations and during 

rehabilitation of the site.  At lease relinquishment, rehabilitated final landforms are conserved (with 

grazing excluded), with some areas suitable for grazing surrounding the rehabilitated final 

landforms. 

 

As described in Section 3.1.2.2 and consistent with the approved CGO Rehabilitation Proposal 

described in the Cowal Gold Operations Underground Development Project EIS (Evolution, 2020), 

rehabilitation concepts for the outer batters of the waste rock emplacements, IWL and the lake protection 

bund will include rock armouring with primary waste rock mulch to provide long-term slope stability, 

control surface water runoff downslope and reduce erosion potential. 
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Rehabilitation concepts and measures are described in detail in the CGO’s RMP.  Progressive 

rehabilitation works and proposed soil stripping works and areas are detailed and progressively updated 

in the MOP as required by the Conditions of Authority for ML 1535.  As described in Section 2.2 of this 

ESCMP, a MOP is prepared to reflect the near-term development plans at the CGO, in accordance with 

the requirements of the DRG’s ESG3: Mining Operations Plan (MOP) Guidelines. 
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7 COMMUNITY CONSULTATION 

 

7.1 COMMUNITY ENVIRONMENTAL MONITORING AND CONSULTATIVE COMMITTEE 

A CEMCC has been set up for the CGO in accordance with DA 14/98 condition 9.1(d) and SSD 10367 

condition A11.   Condition 9.1(d) is reproduced below: 

 
9.1 Environmental Management 

(d)  Community Environmental Monitoring and Consultative Committee 

(i) The Applicant shall establish and operate a Community Environmental Monitoring and 

Consultative Committee (CEMCC) for the Coal Gold Operations to the satisfaction of the 

Planning Secretary. This CEMCC must:  

• be comprised of an independent chair and at least 2 representatives of the 

Applicant, 1 representative of BSC, 1 representative of the Lake Cowal 

Environmental Trust (but not a Trust representative of the Applicant), 4 community 

representatives (including one member of the Lake Cowal Landholders 

Association); 

• be operated in general accordance with the Department’s Community Consultative 

Committee Guidelines: State Significant Projects (2019 or its latest version); and  

• monitor compliance with conditions of this consent and other matters relevant to the 

operation of the Cowal Gold Operations during the term of the consent. 

Note: The CEMCC is an advisory committee. The Department and other relevant 

agencies are responsible for ensuring that the Applicant complies with this consent. 

(ii) The Applicant shall establish a trust fund to be managed by the Chair of the CEMCC to 

facilitate the functioning of the CEMCC, and pay $2000 per annum to the fund for the 

duration of gold processing operations. The annual payment shall be indexed according 

to the Consumer Price lndex (CPl) at the time of payment. The first payment shall be 

made by the date of the first Committee meeting. The Applicant shall also contribute to 

the Trust Fund reasonable funds for payment of the independent Chairperson, to the 

satisfaction of the Planning Secretary 

 

As required by DA 14/98 condition 9.1(d)(i), the CEMCC comprises an independent chair and 

representatives of the BSC, Forbes Shire Council, Lachlan Shire Council, Lake Cowal Foundation, the 

Wiradjuri Condobolin Corporation, two Evolution representatives and four community representatives 

including one from the Lake Cowal Landholders Association. 

 

The CEMCC provides opportunities for members of the community to attend CEMCC meetings to 

discuss specific issues relevant to them, including any concerns relating to erosion and sediment control.  

A landholder can make a request to the CEMCC regarding a particular issue, or the landowner can 

register a complaint in the complaints register.  Landowners who register complaints may be invited to 

join in discussion of the issue at the next CEMCC meeting.   

 

Items of discussion at these meetings will include mine progress, reporting on environmental monitoring, 

complaints, rehabilitation activities and any environmental assessments undertaken.   

 

The CEMCC meets quarterly and the minutes from CEMCC meetings are provided on Evolution’s 

website (www.evolutionmining.com.au). 
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7.2 COMPLAINTS REGISTER AND RECORDS 

A process for the handling of complaints is provided below in accordance with the requirements of 

CGO’s EPL and DA 14/98 conditions and to facilitate prompt and comprehensive responses to any 

community concerns.  

 

As required by EPL Condition M6.1, a dedicated Community Complaints Line has been established (via 

phone [02] 6975 3454 or email community.cowal@evolutionmining.com.au) that is available 24 hours, 

seven days a week for community members who have enquiries or who wish to lodge complaints in 

relation to Evolution’s activities at the CGO. A complaints register will be maintained by the Sustainability 

Manager (or relevant equivalent) in accordance with EPL condition M5 and will be made available on 

Evolution’s website in accordance with DA 14/98 condition 9.4(a)(v). 

 

Information recorded in the complaints register with respect to each complaint will include: 

 

• the date and time of the complaint; 

• the method by which the complaint was made; 

• any personal details of the complainant which were provided by the complainant or, if no such 

details were provided, a note to that effect; 

• the nature of the complaint; 

• the action taken by Evolution in relation to the complaint, including any follow-up contact with the 

complainant; and 

• if no action was taken by Evolution, the reasons why no action was taken. 

 

The record of a complaint will be kept for at least four years after the complaint was made. The record 

will be available for inspection by the EPA. 
 

 

mailto:community.cowal@evolutionmining.com.au
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8 AUDITING AND REVIEW 

 

8.1 EXTERNAL AUDITS 

8.1.1 Independent Environmental Audit 

An Independent Environmental Audit will be conducted in accordance with DA 14/98 condition 9.2(a) 

and SSD 10367 condition C11. Condition 9.2(a) is reproduced below: 

 
9.2 Independent Auditing and Review 

 

(a) Independent Environmental Audit  

(i) By the end of July 2016, and every 3 years thereafter, unless the Secretary directs 

otherwise, the Applicant shall commission and pay the full cost of an Independent 

Environmental Audit of the development.  This audit must: 

• be prepared in accordance with the Independent Audit Post Approval Requirements 
(2020 or as amended from time to time);  

• be led and conducted by a suitably qualified, experienced and independent team of 
experts (including ecology and rehabilitation experts, and in field’s specified by the 
Planning Secretary) whose appointment has been endorsed by the Secretary;  

• be carried out in consultation with the relevant agencies, BSC and the CEMCC;  

• assess whether the development complies with the relevant requirements in this 
consent, and any strategy, plan or program required under this consent; and  

• recommend appropriate measures or actions to improve the environmental 
performance  

 

This process provides a mechanism by which environmental management and monitoring at the CGO 

can be assessed against relevant Development Consent, mining lease and licence conditions. 

 

8.2 REVIEW OF THIS ESCMP 

In accordance with condition 9.1(c) of DA 14/98, this ESCMP will be reviewed within three months of: 

 

• the submission of an Annual Review under Condition 9.1(b); 

• the submission of an non-compliance or incident notification under Condition 9.3(a) or 9.3(b); 

• the submission of an audit under Condition 9.2(a); 

• the approval of any modification to the conditions of this consent; or 

• any direction of the Planning Secretary under Condition 1.1(b) of this consent. 

 

Where this review leads to revisions of this plan, then within six weeks of the review, the revised ESCMP 

will be submitted for the approval of the Planning Secretary of the DPE (unless otherwise agreed with 

the Planning Secretary). The revision status of this ESCMP is indicated after the title page of this 

ESCMP. 

 

This ESCMP will be made publicly available on Evolution’s website (www.evolutionmining.com.au) in 

accordance with DA 14/98 condition 9.4(a)(iii). A hard copy of the ESCMP will also be kept at the CGO. 

 

http://www.evolutionmining.com.au/
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9 REPORTING 

 

9.1 EROSION AND SEDIMENT CONTROL SYSTEMS REPORTING 

In accordance with DA 14/98 condition 3.5(a)(iii), the effectiveness of the erosion and sediment control 

systems and the performance of those systems are reported against the objectives contained in the 

ESCMP to: 

 

• control of the movement of sediment and salinity migration from areas disturbed by mining and 

construction activities; and 

• maintain downstream (lake) water quality. 

 

The programme for reporting on the effectiveness and performance of the erosion and sediment control 

systems includes: 

 

• Maintaining a site erosion, sediment and salinity database recording the condition of erosion and 

sediment control systems, maintenance requirements (where maintenance has been conducted) 

including instructive actions, and how/when the instructive actions had been implemented.  The 

database will be maintained by the environmental department. 

• Ongoing monitoring and review of water quality results from the SWGMBMP (i.e. total suspended 

solids). 

• Reporting of the site erosion, sediment and salinity performance and water quality monitoring 

results in the Annual Review. 

 

The programme enables the assessment of the effectiveness and performance of the erosion and 

sediment control systems against the objectives contained in the ESCMP by: 

 

• recording the erosion and sediment control systems to control of the movement of sediment and 

salinity migration from areas disturbed by mining and construction activities; and 

• monitoring the downstream (lake) water quality (as part of the SWGMBMP). 

 

9.2 ANNUAL REVIEW 

In accordance with condition 9.1(b) of DA 14/98 and condition C9 of SSD 10367, Evolution prepares an 

Annual Review to report on the environmental performance of the CGO by the end of March each year, 

or other timing as may be agreed by the Secretary of the DPE.  The Annual Review is made publicly 

available on Evolution’s website (www.evolutionmining.com.au) in accordance with DA 14/98 condition 

9.4(a)(vii). The Annual Review also addresses the Annual Review requirements of ML 1535 Condition 

of Authority 26. 

 

9.3 INCIDENT NOTIFICATION AND REPORTING 
An incident is defined in DA 14/98 as: 

 

A set of circumstances that causes or threatens to cause material harm to the environment. 

 

SSD 10367 uses a similar, albeit slightly different, definition. 

 

In accordance with DA 14/98 condition 9.3(a) and SSD 10367 condition C7, Evolution will notify the 

Planning Secretary in writing via the Major Projects website (https://pp.planningportal.nsw.gov.au/major-

projects) immediately after becoming aware of any incident related to the CGO.  Evolution will provide 

the DPE with a detailed report on the incident in accordance with the conditions.  

 

http://www.evolutionmining.com.au/


Cowal Gold Operations – Erosion and Sediment Control Management Plan 

 

 

Erosion and Sediment Control Management Plan (June 2023)Clean

 49 Evolution Mining (Cowal) Pty Limited 

In addition, in accordance with EPL 11912 Condition R2, Evolution will notify the EPA (and all other 

relevant authorities) of incidents causing or threatening material harm to the environment immediately 

after becoming aware of the incident.  Evolution will provide written details of the notification to the EPA 

within seven days of the date on which the incident occurred.  Evolution maintains a record of/and report 

on any cyanide-related incidents. 

 

9.4 NON-COMPLIANCE NOTIFICATION AND REPORTING 
A non-compliance is defined within DA 14/98 as: 

 

An occurrence, set of circumstances, or development which is a breach of this consent but is not an incident.  

 

Again, SSD 10367 has a similar, albeit slightly different, definition for a non-compliance. 

 

In accordance with DA 14/98 condition 9.5(b) and SSD 10367 condition C8, Evolution will notify the DPE 

in writing via the Major Projects website (https://pp.planningportal.nsw.gov.au/major-projects) within 

seven days after becoming aware of any non-compliance.  Evolution will provide in writing a detailed 

report of the non-compliance which identifies, the development application number for the CGO, the 

development consent condition of which the CGO is non-compliant, the way in which the CGO does not 

comply and the reason for the non-compliance.  Evolution will also provide details around any actions 

which have been or will be taken to address the non-compliance. 
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DESIGN MANUAL FOR SOIL CONSERVATION WORKS  
TECHNICAL HANDBOOK NO. 5  

(Soil Conservation Service of NSW, 1982) 
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(Department of Conservation and Land Management, 1992) 





















































































































































































































Chapter 4

EROSION CONTROL:

MANAGEMENT OF SOILS
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4. Erosion Control: Management of Soils

In this chapter, Section 4.1, Section 4.2 and Section 4.3 apply to all works where more
than 250 square metres of land will be disturbed and requires the preparation of either
an ESCP or a more detailed SWMP (Chapter 2). Section 4.4 applies only to sites where
2,500 square metres of land or more will be disturbed and a SWMP is required. 

4.1 Introduction

The risk of erosion at land development sites is usually proportional to how much soil
is exposed to erosive elements through loss of vegetative cover. Vegetation:

(i) binds the soil particles together and reduces the erosive effects of rain splash
impact, surface water flow and wind;

(ii) can decrease wind and water velocity on the ground surface;

(iii) decreases the quantity of surface water runoff through an increase in interception
water, depression storage and infiltration (figure 4.1);[1] and

(iv) helps retain sediment and nutrients on site. 

The combined effect of these qualities of vegetation can result in a reduction in potential
erosion to less than 1 percent of that with no vegetative cover (i.e. C-factors of less
than 0.01 (Appendix A)). Other ground covers and soil surface protective measures
can also reduce erosion, but to varying degrees of effectiveness (Section 7.4). 

1. Note:
� soil structural decline and consequent reduction in soil permeability commonly results from loss of

vegetative cover
� increased infiltration does not necessarily result in rises in the watertable where corresponding

increases in evapotranspiration from plant growth occurs
� to avoid soil salinisation, the watertable needs to be closely monitored for saline content in areas

used to increase infiltration or surface runoff.

Figure 4.1 Division
of storm rainfall into
its component parts
assuming constant
precipitation
(Morisawa, 1968)
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4.2 Planning Considerations

(a) Where practicable, schedule the construction program so that the time from
commencement of land disturbance activities to rehabilitation is less than six months.
Restrict land disturbance to areas of workable size. Lands next to waterways should
remain undisturbed for as long as possible and at least until the installation of
culverts. 

(b) Where possible, do not extend land disturbance activities beyond five (preferably
two) metres from the edge of any essential construction activity other than in access
areas (Table 4.1). These zones of restricted access might require clear identification
with barrier mesh, sediment fencing, or other appropriate materials.

Land use Limitation Comments

Construction
areas

Disturbance to be no
further than 5 (prefer-
ably 2) metres from
the edge of any
essential construction
activity as shown on
the engineering plans

All site workers should clearly recognise these
zones that, where appropriate, are identified
with barrier mesh (upslope) and sediment
fencing (downslope), or similar materials

Access areas Limited to a maximum
width of 10 metres

The site manager should determine and mark
the location of these zones on site.  They can
vary in position to best converse the existing
vegetation and protect downstream areas
while being considerate of the needs of effi-
cient works’ activities.  All site workers should
clearly recognise their boundaries which,
where appropriate, are marked with barrier
mesh, sediment fencing, or similar materials

Remaining
lands

Entry prohibited
except for essential
thinning of plant
growth

All site workers clearly recognise this land by
marking boundary with barrier fence, etc.

Table 4.1 Works limitations



4.3 Handling Soils

4.3.1  General erosion control guidelines

(a) Where possible and where more than 1,000 square metres of land are to be
disturbed, ensure that slope lengths do not exceed 80 metres immediately before
forecast rainfall or during shutdown periods. Any temporary diversions should outlet
to stable discharge areas. On highly erodible lands, constructing earth banks (catch
drains) at intervals of less than 80 metres might be necessary to reduce erosion
hazards further. 

(b) Where necessary, shorten steeper slopes through construction of mid-slope berms
(figure 4.2) or other water diversion structures (Section 5.4.4).

4.3.2 Topsoil handling procedures

(a) Ideally, handle topsoil only when it is moist (not wet or dry) to avoid decline of soil
structure.[2]

(b) Undertake stripping and stockpiling of topsoil immediately before starting bulk 
earthworks. Before stripping:

(i) Identify and mark out those areas of vegetation or trees that are to be retained on
the site. Commence clearing of trees and shrubs that are within the areas 

2. Many types of topsoil are liable to be pulverised if they are too dry when handled and/or pug (set very
hard in large clods when dry) if they are too wet when handled. 

4. Erosion Control: Management of Soils
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Figure 4.2 Construction of a berm drain.



3. Consider stockpiling some or all of any slashed materials for later redistribution to the site as mulch
(Section 7.4.1).

4. On constructed slopes less than about 3(H):1(V), scarify with tined implements or excavators to depths of
50 to 100 mm. On gradients steeper than about 3(H):1(V), chain or harrow to break any surface seals
and fill any minor rills; alternatively, surfaces can be track-walked (using a crawler tractor driven up and
down the slope leaving tread imprints parallel to the contour) (figure 4.3).

5. Keying binds topsoil and substrate layers and, so, mitigates the possibility of sheet erosion and/or creep
or slump of topsoil; and enhances water infiltration to the upper subsoil layers, increasing moisture stor-
age within the root zone.

designated for berm drains, roadworks, interallotment drainage, etc. and stock-
pile the cut vegetative materials for mulching on site. Separate other debris
including fence posts, wire, rocks, etc.; or alternatively

(ii) Slash or graze the site where vegetative growth is dense.[3]

(c) Where necessary, thin plant growth outside the construction zone by hand or rubber-
tyred implement. Retain small branches, leaf litter and other residues as mulch. 

(d) Take particular care when handling noxious plants that viable parts are not 
transported offsite by machines. 

(e) See Section 5.3.4 regarding the construction of temporary culverts or causeways
that might be necessary to cross drainage reserves during the stripping or stockpiling
process. 

(f) Strip topsoil usually to a depth of 100 to 150 millimetres. 

(g) Where maintaining seed viability is desirable, ensure stockpiles of topsoil and leaf
litter from remnant native bushland areas are no greater than 2 metres deep and kept
weed-free. Structural decline in topsoil is likely in deeper stockpiles. 

(h) Ensure stockpiles (Standard Drawing 4-1) are:

(i) constructed on the contour at least 2 (preferably 5) metres from hazard areas,
particularly likely areas of concentrated water flows, e.g. waterways, roads,
slopes steeper than 10 percent, etc.;

(ii) stabilised if they are to be in place for more than 10 days (Section 7.1.2 (d)); 

(iii) protected from run-on water by installing water diversion structures upslope
(Section 5.4.4); and 

(iv) formed with sediment filters placed immediately downslope to protect other lands
and waterways from pollution (Section 6.3.7 (e)). 

(i) Use topsoil on all lands to be rehabilitated by vegetative means. 

(j) Normally, rehabilitate constructed slopes steeper than 2(H):1(V) by non vegetative
means such as riprap.

(k) Before spreading topsoil, scarify the ground surface along the line of the contour to
break any compacted and/or smooth materials[4] and enable key bonding of the
materials to one another.[5] Do not apply topsoil to batters where keying is not 
possible (Standard Drawing SD 4-2).
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(l) Apply topsoil to a depth of: 

(i) about 40 to 60 mm on lands where the slope exceeds 4(H):1(V);[6] and

(ii) at least 75 mm on sites where the slope is less than 4(H):1(V). 

(m) On completion of the respreading process, leave disturbed lands with a scarified
surface[7] to inhibit soil erosion, encourage water infiltration and help with keying
topsoil later (figure 4.3).

(n) Respread mulched vegetative material to provide soil stability on bare areas and
particularly on those areas where landscape tree planting or bushland is to be 
established after works are complete. 

(o) Select plant species that are consistent with the existing soil conditions at the site.
Where practical, ensure the plants are consistent with any indigenous vegetation. 

(p) Follow the stabilisation recommendations in Chapter 7.

6. Topsoil creep/slump is likely with greater topsoil depths, especially where keying is not satisfactory.
7. The practice (especially on batters) of leaving surfaces in a glazed condition with hard, smooth surfaces

is not acceptable for several reasons, e.g. topsoils can slump, infiltration can be retarded, etc. 

Figure 4.3(a) 
A track-walked slope 
(see footnote 4)
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Figure 4.3(b) A track-walked slope (see footnote 4)

Figure 4.4 Phasing of rehabilitation is clearly evident on this batter
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Figure 4.5 Recently rehabilitated lands at an urban subdivision near Sydney. Note the
barrier mesh and sediment fencing still in position.

8. Figure 4.6 has been derived assuming a typical maximum K-factor of 0.05, slope length of 80 metres, 
P-factor of 1.3 and C-factor of 1.0.

4.4 Special Considerations for SWMPs

4.4.1 Assessment of Erosion Hazard

(a) A simple procedure is provided to identify those sites of low erosion hazard, where
the normal suite of erosion control measures, defined in earlier sections of this
Chapter, is considered adequate.

(b) The potential erosion hazard associated with a specific site can be simply 
determined from figure 4.6, based on:

� the R-factor (rainfall erosivity) that relates to your site location, determined from
the maps provided in Appendix B; and

� the typical upper slope gradient (measured in percent) of the site landform. 

(i) Sites below the A-line on figure 4.6 have low potential erosion hazards and the
standard erosion control measures defined in earlier sections of this Chapter are
considered adequate. Planners of such sites need not undertake the tasks
outlined in the remainder of Section 4.4[8]. 

(ii) Sites above the A-line have high potential erosion hazards and designers should
apply the guidelines in Section 4.4.2, below.



Figure 4.6 Assessment of potential erosion hazard

4.4.2 Management of Sites of High Erosion Hazard

Important Note: If you are not thoroughly familiar with the information on the Revised
Universal Soil Loss Equation (RUSLE) presented at Appendix A, read it now. 

(a) On constructed slopes ensure that slope length[9] and gradient relationships do not
exceed those shown in figures 4.7 and 4.8.[10] Note that rehabilitating steeper
slopes (>2.5(H):1(V)) by vegetative means can be difficult, especially where the soils
are highly permeable, irrigation is not available and on sites with northerly or wester-
ly aspects. The problem is greatest in the parts of New South Wales that are prone
to extended periods where evaporation exceeds rainfall (i.e. nearly all areas except
the North Coast and Snowy Mountains regions). 

(b) Calculate the erosion hazard on all lands to be disturbed according to the Soil Loss
Class (Table 4.2).[11] These classes should be based on local R, K and LS-factors
with 80 metre slopes. Typical of most construction areas, also assume P-factors of
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9. Here, slope length includes any batters and all upslope lands to a subcatchment boundary, either natural
(e.g. crests) or built (e.g. roads or catch drains).

10. The graphs in figures 4.7 and 4.8 are based on LS = 750/1.3(R x K).
11. The Soil Loss Class has been used traditionally to compare apples with apples in relation to soil erosion

hazard. Increasing the R-factor in the calculation of the Soil Loss Class by, say, factors of 1.4 and 2.3
where the receiving waters are highly or extremely sensitive, respectively, might be desirable. Highly and
extremely sensitive receiving waters might include those requiring significant or comprehensive protection
in Healthy Rivers Commission (2002), or those mapped as Classes P and S in SPCC (1980). Any
increases should be considerate of the R-factor AEP (Appendix A), where the 20 percent AEP is suggest-
ed for highly sensitive waters and the 5 percent AEP for extremely sensitive waters.
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Figure 4.7 Maximum batter gradient (H:V) where the R-factor is 1,100, 1,400, 1,800 and 2,400 (adapted
from Morse and Rosewell, 1993) (Appendix A)
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Figure 4.8 Maximum batter gradient (H:V) where the R-factor is 3,400, 5,200, 9,000 and 25,000 (adapted
from Morse and Rosewell, 1993) (Appendix A)
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Soil Loss Class Calculated soil loss Erosion hazard
(tonnes/ha/yr)

1 0 to 150 very low

2 151 to 225 low

3 226 to 350 low-moderate

4 351 to 500 moderate

5 501 to 750 high

6 751 to 1,500 very high

7 >1,500 extremely high

Table 4.2 The Soil Loss Classes (adapted from Morse and Rosewell, 1996) 

1.3 (i.e. the soils are hard and compact) and C-factors of 1.0 (i.e. no vegetative
cover, probably being removed with a scraper). Planners can apply different slope
lengths, P or C-factors if these are properly justified. Application of shorter slope
lengths, for example, can put a site into a lower Soil Loss Class. However, the
management of these variations should be clearly explained in any plans for erosion
control (Chapter 2).

(c) Having identified the applicable Soil Loss Class, ideally schedule activities on highly
sensitive lands to periods when rainfall erosivity is low. Highly sensitive lands occur: 

(i) Always on Soil Loss Class 7 lands; and

(ii) At certain times of the year:
� on Soil Loss Classes 5 or 6 lands in all rainfall zones (figure 4.8)
� on Soil Loss Class 4 lands in Rainfall Zones 5 and 11. 

Here, waterfront lands (Appendix I) should be regarded as Soil Loss Class 6 always. 

Table 4.3 identifies those times of the year that do not contribute significantly to the
rainfall erosivity (Appendix A) for different rainfall zones (figure 4.9). It shows those
lands where land disturbance activities can be undertaken only with the application
of special measures (marked "yes") and those where special measures are not
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12. Efforts should be made to keep the calculated soil loss less than 50 tonnes per hectare in any one half
month, i.e. the product of percentage average annual EI for any particular half month (Rosewell and
Turner, 1992) and calculated average annual soil loss should be less than 50 tonnes. So, Table 4.4
shows that:

� Special measures are required on Soil Loss Class 3 lands when more than 14 percent of the
average annual EI normally occurs in a half month

� Special measures are required on Soil Loss Class 4 lands when more than 10 percent of the
average annual EI normally occurs in a half month

� Special measures are required on Soil Loss Class 5 lands when more than 6 percent of the 
average annual EI normally occurs in a half month

� Special measures are required on Soil Loss Class 6 lands when more than 3 percent of the 
average annual EI normally occurs in a half month

� Special measures are always required on Soil Loss Class 7 lands.
13. C-factors of 0.1 can be achieved in various ways as shown at Appendix A, note especially figure A5,

Table A3 and Table A4. For example, figure A5 shows that a C-factor of 0.1 can be achieved with a 60
percent grass cover where, previously, the soils were stripped or deeply cultivated; alternately, Table A3
shows it can be achieved temporarily by application of a hydraulic soil stabiliser. 

required (marked "no"). Of course, this assumes that the regular suite of BMPs is
installed as outlined elsewhere in these guidelines).[12]

(d) Where scheduling activities on highly sensitive lands to periods when rainfall erosivity
is low is not possible or is impractical, ideally ensure that any disturbed lands have
C-factors higher than 0.1 only when the 3-day forecast suggests that rain is unlikely.
In this case, management regimes should be established that facilitate stabilisation
within 24 hours should the forecast prove incorrect.[13]

(e) The kinds of other special erosion control measures that might be invoked in any erosion
control plans are usually site specific and beyond the scope of these guidelines. 
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Table 4.3 Lands where special erosion control measures apply



Figure 4.9 Rainfall distribution zones in New South Wales (Rosewell and Turner, 1992)
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Chapter 5

EROSION CONTROL:

MANAGEMENT OF WATER
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5. Erosion Control: Management of Water

This chapter discusses erosion control through management of surface water flows. Being
the pre-eminent consideration, works in and within core riparian zone are discussed first.
Then, issues relating to sheet water flows and concentrated water flows outside the trunk
drainage are addressed. 

5.1 Introduction

(a) This chapter considers the selection, design and operation of water control structures
that might be built during a development or land disturbance stage, including 
permanent drainage systems. Additional aspects are found in other texts 
(Chapter 10), including:

� Managing Urban Stormwater: Council Handbook (DEC, in prep.)
� Managing Urban Stormwater: Treatment Techniques (DEC – 2nd edition, in prep.)
� Managing Urban Stormwater: Urban Design (DEC, in prep.)
� Constructed Wetlands Manual (DLWC, 1988) 
� Australian Rainfall and Runoff (AR&R) (Pilgrim, 1998)
� Australian Rainfall Quality (draft) (IEA, 2003).

(b) The process of land development often results in substantial modification to both the
hydrological and topographical characteristics of a catchment. Note that:

(i) The hydrological characteristics usually undergo most change and result from:
� an increase in impervious surfaces, e.g., roofs and paved areas
� concentration of water through artificial drainage works
� alteration to the natural drainage pattern; and

(ii) The effect of these hydrological changes varies, but unless suitable control 
measures are in place, usually results in:

� a reduction in time of concentration 
� a reduction in the duration of floods 
� an increase in erosion hazards
� a considerable increase in the magnitude and frequency of peak flows. 

(c) Erosion hazards and consequent risks of sediment pollution usually reach their highest
levels during the land disturbance phase and the effects of soil and water 
management on disturbed sites are critical.

(d) Naturally, all works must comply with the various Acts (Appendix K), including:
� Water Act, 1912
� Soil Conservation Act, 1938 
� Rivers and Foreshores Improvement Act (1948) (note Part 3A)
� Dam Safety Act, 1978
� Fisheries Management Act, 1994
� Protection of the Environment Operations Act, 1997
� Water Management Act, 2000. 
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1. Riparian lands are those lands immediately next to and along or around waterbodies. They act as buffers
and/or filters between the waterbodies and lands nearby. Also, they:
– help with maintenance or improvement of water quality through stabilising banks
– are important wildlife corridors that maintain biodiversity
– improve aesthetic values, e.g. open space and the visual break up of lands.

2. Also note the importance of corridor connections between adjoining watercourses.

5.2 Classification of Waterbodies Based on Objectives 
for Riparian Land 

Riparian lands form the transition between terrestrial and aquatic environments.[1]

As riparian environments are very diverse, defining a standard width for riparian lands is
difficult. Nevertheless, three broad categories for riparian land are identified by the
Department of Infrastructure, Planning and Natural Resources to reflect the relative 
importance of watercourses. Different management regimes apply to each of these 
categories (Table 5.1):

(a) Category 1 – environmental corridor[2]

Maximise the protection of terrestrial and aquatic habitats to:
� provide a continuous corridor for the movement of flora and fauna
� provide extensive habitats (and connectivity between habitat nodes) for 

terrestrial and aquatic fauna
� maintain the viability of native riparian vegetation
� manage edge effects at the riparian/urban interface
� provide bank stability
� protect water quality.

This is achieved by:

(i) where applicable, providing a continuous riparian corridor that links stands of
remnant vegetation;

(ii) providing a “core riparian zone” (CRZ) with a minimum width of 40 metre from
the top of the bank;

(iii) providing sufficient (additional) riparian corridor width based on geomorphological
and environmental considerations;

(iv) providing a suitable environmental protection zoning to the riparian land that
recognises its environmental significance;

(v) as far as practicable, restoring/rehabilitating the riparian zone by returning the
vegetation, geomorphic structure, hydrology and water quality to the original
(pre European) condition;

(vi) ensuring vegetation in the CRZ is at a density that would occur naturally (but see
Section 5.3);
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Minimum environmental 
objectives for 
riparian land

Category 1:
Environmental 

corridor

Category 2:
Terrestrial and
aquatic habitat

Category 3:
Bank stability and

water quality

Delineate riparian zone 
on a map and zone 
appropriately for 
environmental protection

Provide a minimum core
riparian zone width

Provide additional width
to counter edge effects
on the urban interface

Provide continuity for
movement of terrestrial
and aquatic habitat

Rehabilitate/reestablish
local provenance native
vegetation

Locate services outside
the core riparian zone
wherever possible

Locate playing fields and
recreational activities
outside core riparian
zone

Treat stormwater runoff
before discharge into
riparian zone or the
watercourse

Yes Yes Not required

40m from 
top of bank

20m from 
top of bank

No minimum 
– pipes last resort

10m 10m Generally not
required

Yes (including
piered crossings)

Yes Where 
appropriate

Yes Yes

Yes Yes

Yes Yes

Yes Yes Yes

Where 
appropriate

Table 5.1 Summary of Riparian Management Objectives
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(vii) placing services (power, water, sewerage, and water quality treatment ponds)
outside the CRZ. Encroachment into the non core riparian area may be possible
if the impact on riparian functions is minimal and integrity is maintained;

(viii) providing a suitable interface between the riparian area and urban 
development (roads, playing fields, open space) to minimise edge effects;

(ix) minimising the number of road crossings;

(x) maintain riparian connectivity by using peered crossings in preference to pipes
or culverts

(xi) minimise the impact of walkways, cycleways and general access points by
using ecologically informed design principles;

(xii) locating flood compatible activities (playing fields) outside the CRZ.
(Encroachment into the riparian area may be possible if the impact on riparian
functions is minimal and integrity maintained); and

(xiii) treating stormwater runoff before discharge into the riparian zone of the 
watercourse.

(b) Category 2 – Terrestrial and Aquatic Habitat

Maintain/restore as much as possible the natural functions of a stream to:
� maintain the viability of native riparian vegetation
� provide suitable habitat for terrestrial and aquatic fauna
� provide bank stability
� protect water quality.

This is achieved by:

(i) providing a CRZ with a minimum width of 20 metre from the top of the bank;

(ii) wherever possible, providing sufficient (additional) riparian corridor width based
on geomorphological and environmental considerations;

(iii) as far as practicable, restoring/rehabilitating the riparian zone by returning the
vegetation, geomorphic structure, hydrology and water quality of the original
(pre European) condition;

(iv) ensuring vegetation in the CRZ is at a density that would occur naturally (but see
Section 5.3);

(v) whenever possible, providing appropriate zoning that recognizes the environ-
mental significance of the riparian land;

(vi) minimising the number of road crossings;

(vii) ensuring that road crossings are designed to maintain riparian connectivity;

(viii) providing a suitable interface between the riparian area and urban 
development (roads, playing fields, open space) to minimise edge affects;

(ix) minimising the extent of open parkland beside a stream; 



(x) locating services (power, water, and sewerage water quality treatment ponds)
outside the CRZ. Encroachment into the riparian area may be possible if the
impact on riparian functions is minimised; and

(xi) treating stormwater runoff before discharge into the riparian zone or the 
watercourse.

(c) Category 3 – Bank Stability and Water Quality

Minimise sedimentation and nutrient transfer to:
� provide bank stability
� protect water quality
� protect native vegetation.

This is achieved by:

(i) where possible, emulating a naturally functioning stream;

(ii) where possible, providing opportunity for vegetated habitat refuges (terrestrial
and aquatic);

(iii) using pipes or other engineering devices as a last resort; and

(iv) treating stormwater runoff before discharge into the riparian zone or the 
watercourse.

5.3 Works Within the CRZ

5.3.1  Introduction

(a) Works within the CRZ should maximise the retention of any existing native vegetation
and minimise site disturbance. 

(b) Where practical, ensure that constructed grassed batters have gradients no steeper
than 6(H):1(V) if below the 2-year ARI flood level and following the recommendations
in figures 4.3 and 4.4. Waterways and spillways should be designed 
following Section 5.4.

(c) Generally, the design for works in or near waterbodies should ensure the retention
and enhancement of their natural functions and maintenance of fish passage. Design
of permanent works should consider the following nine principles:

(i) Interdependence – all catchments should be considered as single functioning
units with interchange between aquatic and riparian ecosystems, floodplains
and tributaries; 

(ii) Individuality – drainage designs should recognise that each catchment has 
individual characteristics with unique qualities;

(iii) Continuity – the linear nature of many ecosystems near waterbodies should be

5. Erosion Control: Management of Water
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maintained as continuous corridors that allow living organisms to move and
spread;

(iv) Variety – maintain the existing habitat variety (including any living and dead
vegetation, and the litter layer, soil and landform) to ensure continued biodiversity;

(v) Retention of existing habitats – existing habitats should be retained because the
original habitat cannot be redeveloped in the short term;

(vi) Protection of potential habitat links – degraded section of linear habitat systems
should not be further degraded and, where possible, should be rehabilitated;

(vii) Adding resilience – where possible, existing or potential linkages between
waterbody systems and habitat areas or sinks (e.g. parks, reserves, forests, etc.)
distant from the waterbody should be protected and/or rehabilitated; 

(viii) Use of natural materials – designs should incorporate indigenous vegetation
propagated from seed collected from the local area and natural materials. Hard
engineering designs should be applied only in exceptional circumstances; and

(ix) Multi-disciplined approach – the design approach should seek input from different
professional disciplines to cover a wide range of multi-objective approaches.

(d) To protect and enhance various vegetation and ecological properties:

(i) Retain natural wetlands;

(ii) Where vegetation must be disturbed:
� first, assess the natural habitat and species to help design a reformed 

environment containing most of the features of a natural ecosystem
� avoid clearing aquatic and semi-aquatic plants
� investigate and incorporate suitable planting techniques for rehabilitation
� do not use invasive species in rehabilitation (e.g. kikuyu)
� include a broad range of endemic vegetation types (aquatic grasses, other

groundcovers, shrubs and trees) in the species mix for permanent revegetation
� do not use herbicides where they might pollute the waterbodies; and

(iii) Overall design should include:
� a vegetated “core riparian zone” on the banks or shore according to the 

category of riparian land (see Section 5.2) or to the flood limit, whichever 
is greatest

� a diverse and stable environment in and near the waterbody
� an outer buffer zone of grass or appropriate pollution interception strategy

(WSUD system, constructed wetland, or other approved system) to protect the
waterbody and its riparian zone.

(e) When designing individual catchment configurations:

(i) Retain naturally functioning streams and, if necessary, engineer drainage lines to
reflect natural functions, including the maintenance of fish passage;
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(ii) Avoid the aggregation of several subcatchments to a common discharge point;
and

(iii) Clearly define maintenance requirements before design starts to reduce
needs/costs associated with clearing and mowing.

(f) Hay bales should never be used for sediment control where seed from them can
wash into waterways or foreshore areas promoting weed growth. Straw bales
consisting of crop stubble do not contain seed and do not have this problem. Both
straw and hay bales are less durable than many other sediment control products,
often considerably so.[3]

(g) Where works are to be undertaken within the 2-year flood level, measures should be
incorporated that ensure the C-factors are always below 0.05 during possible
erosion events. Further, measures to reduce the C-factors to this level should remain
stable under concentrated water flow conditions where appropriate. Above all,
works should not result in or be likely to cause sediment pollution, either directly or
indirectly.[4]

(h) Critical aspects of in-stream works should be scheduled for forecasted dry weather
periods.

(i) Where works occur in or close to watercourses, the Site Supervisor or someone
nominated by him/her, should record in a notebook each day:

� the C-factor status at various positions along the watercourse
� publicised weather forecasts.

5.3.2  Protection of Riparian/foreshore/intertidal Areas

(a) Riparian/foreshore/intertidal areas support unique and delicate ecosystems and
works here should be undertaken with the least impact possible. A special problem
here is caused by unpredictable flood events or high tides that can wash equipment
and materials away, polluting waters and, in some instances, causing navigational
hazards. The following general management measures should be applied:

(i) Minimise land disturbance activities to those absolutely necessary to complete
the works;

(ii) During construction activities, stockpile or store materials away from the 
40-metre zone, where practical, and certainly outside the intertidal area;

(iii) Ensure that no damage occurs to watercourse or intertidal rocks and the 
organisms that live on them by equipment, machinery or any other activity;

5. Erosion Control: Management of Water
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3. Foreshore lands are between the high and low watermarks. 
4. Works should be undertaken, preferably, in the period when the rainfall erosion index (EI) is likely to be

low and lands in Soil Loss Classes 5, 6 and 7 can be disturbed (Table 4.2).



(iv) Note and avoid any areas of seagrasses or kelp; and

(v) Store suitable spill control materials in easily accessible locations at all times
during construction works.

(b) Generally, the philosophies and techniques for erosion and sediment control on 
foreshore lands are similar to those applied to any site where erosion can occur
(Section 5.3). However, where works are being undertaken close to waterways or
intertidal zones, management measures should be designed to adapt to different
influences.

(c) Wherever possible, erosion and sediment control measures should be located above
high tide marks and the 2-year ARI flood to prevent impacts from concentrated water
flows, or tidal or wave action. 

(d) Barges are commonly used to get to waterfront sites during construction because of
limited landward access. Management measures that relate to use of barges in the
foreshore environment for construction purposes include:

(i) Only use barges where, in the context of the overall development, they offer the
best environmental outcome;

(ii) In shallow water, only use self-propelled barges at suitably high tides where
adequate clearances are available to prevent disturbances to seabeds and
prevent damage to subtidal and intertidal rocks, kelp or seagrasses;

(iii) Where barges might collide with seawalls due to wave and wash conditions,
use protective measures such as fenders or rubber tyres to prevent damages to
the seawall.

(iv) Do not use screw piles in waters where a potential occurs to encounter rock;

(v) Floating sediment curtains should be deployed while materials and/or 
equipment are being transferred on and off barges to provide secondary
containment for any spills; and

(vi) Materials being transported on and off barges must be adequately secured.

5.3.3  Works in Watercourses

(a) Apply the following general hydrological design guidelines:

(i) Maintain the “natural” channel and floodplain form. If a watercourse has been
modified already, any channel works proposed should be based on designs
that resemble the natural forms of that channel. In modified systems, the advice
of a suitably qualified and experienced fluvial geomorphologist should be
sought. In some cases, a natural system in a similar catchment nearby can be
used as a guide for channel design. 

(ii) In emulating the natural form, watercourse design should include floodplains,
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terraces and other features typical of the natural systems; 

(iii) Where possible, runoff characteristics associated with high runoff coefficient
land uses should be modified to as near to the natural condition as practicable
before entering a watercourse. The aim is to try to mimic the predevelopment
flow regimes. 

(iv) Detention basins/wetland systems:
� should be designed to handle any increased runoff associated with the 

development so that no impact on watercourses occurs
� should be built away from:

� watercourses 
� natural wetlands
� where possible, remnant natural vegetation;

(v) Drainage discharge points (outlet pipes and spillways) should follow the 
requirements of Section 5.3.5, below. 

(b) Apply the following geomorphic design guidelines to streams:

(i) Construction and maintenance activities should to be designed to avoid erosion
of waterways through removal of vegetation or sediment from beds or banks;

(ii) Channel form, shape and cross-section at different sections of the river should
mimic the natural stable conditions – channel dimensions should not be enlarged
to cater for bigger flood events;

(iii) Design should be based on simulated stream hydrology to allow design of 
in-stream features, such as pool-riffle sequences, and not just peak flows;[5]

(iv) Watercourses should include characteristics typical of natural watercourses in
the area. These might or might not include meanders, wet, low flow channels
with pools and riffles, or bars and benches;

(v) The dimensions of watercourse cross-sections and in-stream features can be
determined from the existing stream, if it is still present. Where it is not present,
the nearest similar stream should be used as a guide; 

(vi) Include pools and riffles (figure 5.1), where the length of reaches should be five
to seven times the observed bank full width. Pool areas might need to be 
excavated with the removed sediment being used to build up the bank around
the outside of a bend. Riffle areas can be restored with gravel or rock placed
within the channel between the pools. The appropriate type of rock or gravel
and its placement can be determined by viewing similar riffles upstream and

5. Erosion Control: Management of Water

5. Riffles are shallow areas between pools. They are important for fish passage and aeration due to
hydraulic jump (figure 5.1). Usually, pools are within the curves of meander bends while riffles are within
straighter sections, but they can simply be depressions in streams. Mostly, pools have fine-grained sedi-
ment beds while riffles have rocky or gravely beds. Generally, pool-riffle pairs occur every five to seven
channel widths along a stream channel. 



6. Riffle crests are elevated pools that extend upstream to the midpoint of the upstream riffle slope. They form
stilling basins that improve fish passage and reduce scour. 

Figure 5.1 Pool and riffle zone sequence

downstream, or in similar nearby intact meandering systems. Adjustments might
need to be undertaken to the structural works after flood events. Note that 
meandering channels are never permanently stable and their shape will change
in time;

(vii) In relation to riffle zones:
� calculate tractive forces for conditions to determine the minimum rock size for

riffles where:
– the average channel slope and bank full depths occur throughout 

the reach
– critical flows are assumed to occur on riffle faces at 20(H):1(V) slopes

� ensure slopes do not exceed the 20(H):1(V) gradient
� ensure crests follow the average slope of the stream reach[6]

� ensure the largest boulders are placed on the channel bottom at the crest of
the riffle while the smallest boulders are set aside until the downstream slope is
nearly complete; and
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(viii) The average radius of the curvature of meander bends should be 2.4 times the
bank full width.

(c) Revetment and Vegetation. Various techniques are available to help stabilise stream-
banks. This one, which involves placing rock that cannot be washed away against
the base of the bank to hold it in place (figure 5.2), must be designed by an 
appropriately skilled person. The rock needs to be hard, angular in shape, resistant
to weathering and water action, and free from soil and vegetation. The practice is 
suitable for most situations except very narrow streams where the rock could block a
large part of the channel. The procedure for implementing this technique is:

(i) Place the rock directly on the site, taking care to ensure that the range of sizes
remains well mixed. If the eroded bank is high, form an access track to get to
the base of the bank;

(ii) At 1-metre centres, plant:
� shrubs behind the wall and along the upper part and top of the bank
� trees along the top of the bank starting at a distance back from the bank

equal to three times the bank height. 

Establish groundcover over all areas at densities of four plants per square metre.
Water all plants until they are established. 

(d) Planting the Common Reed, Phragmites australis. With this technique, a dense
growth of Phragmites australis is established along the bank. The reeds slow the flow
and trap sediment, minimising scour and undercutting of the bank, while providing
improved riparian and aquatic habitats. Groynes might be necessary if active
erosion is already occurring. The technique is suitable for most situations where grazing

5. Erosion Control: Management of Water

Figure 5.2 Use of rock to stabilise a stream bank (DLWC, 1994)



control can be provided. However, it should not be used for very narrow streams
(where flow might be obstructed) or where streams are perched above the floodplain
and a breakout and course change is possible. Phragmites australis is effective
because of its ability to grow in 1 to 2 metres of water and up steep banks above
normal water level to provide bank protection against variable water levels. This
technique is excellent for water quality improvement in tributaries and to build up the
floor of gullies. The procedure for implementing this technique is:

(i) If necessary, construct groynes to provide bank stability;

(ii) Collect reeds for planting, either by transplanting them from an existing stand,
harvesting seed and growing seedlings, or by taking cuttings in early spring.
Plants might be available commercially;

(iii) Planting position and time depends on the bank shape and stream hydrology.
Plant where and when moisture is consistent, without long periods of inundation
of greater than 300 mm until the seedlings are established (generally one year).
Plant at spaces of 300 to 500 mm if sufficient material is available, or in
clumps. If bank shape allows, plant several rows; and

(iv) Use slow release fertiliser tablets in planting holes if the nutrient levels of the soils
are low.

(e) Bendway Weirs. These should be designed by an appropriately experienced
person. They are low level, upstream angled, stone sills attached to the outer banks
of bends in smaller rivers or watercourses (Derrick, 1996). Typically, the weirs are:

� angled 10 to 25 degrees upstream (into the flow)
� built of well-graded stones with an upper weight limit of 300 to 450 kilograms;
� built in sets spaced 20 to 30 metres apart
� built 0.6 metres high at the stream end, rising to 1.2 metres at the bank end

and keyed into the bank with lengths varying from one-quarter to one-half the
width of the river at base flow.

They redirect water flowing over the weir at an angle perpendicular to the axis of the
weir and break up the stream's strong secondary currents in bends. Consequently,
flow is directed away from the outer bank of the bend towards the point bar 
reducing near bank velocities and erosion. Other benefits include improved aquatic
habitats with the overall increase in stream depths, stable scour holes and velocity
redistribution (even during low flow). In addition, pool-riffle regimes can be 
reestablished and any existing vegetation can be stabilised.

(f) Reconstructing Vegetated Meander Bends in Straightened Channels. This technique
is used to restore the natural meandering streambed pattern where these have been
artificially straightened or have eroded into straight channels. Consequently, it
requires the reconstruction of meander bends and pool and riffle sequences, the
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shape and dimensions of which can be determined from aerial photographs, parish
maps, portion plans, topographic maps, etc. Construction should begin upstream at
the junction of the remaining intact meandering channel and the straight channel and
continue downstream. Channel units that could need to be constructed include:

(i) The outside of curved banks of the meander bends. Some form of armouring
should protect the toe of the bank until vegetation (grasses and shrubs planted
with the structural works) becomes established. These works are placed outside
the meander bends from just above the upstream point of inflection, around the
bend, to just below the downstream point of inflection;

(ii) The inside of the bends (point bars). When flows start going around the new
bends, point bars will naturally start to deposit on the insides of the bends; and

(iii) Pools and riffles.

5.3.4  Temporary Waterway Crossings 

(a) Temporary waterway crossings are usually formed using culverts or pipes to carry
flow under a raised gravel carriageway that allows vehicles to cross the stabilised
waterway safely without causing damage and erosion.

(b) The following standard design criteria (Standard Drawing 5-1) should be followed:

(i) prohibit traffic until the access way is constructed;

(ii) Use a clean, rigid, non polluting aggregate or gravel (100 to 150 mm 
aggregate);

(iii) Support the gravel on needle-punched geotextile;

(iv) Have a minimum depth of 200 mm of gravel;

(v) Provide a 3-metre wide carriage way and sufficient length of culvert pipe to
allow less than a 1(V):3(H) slope on side batters;

(vi) Provide a lower section to act as an emergency spillway in greater than the
design storm events (Section 2.3.1 (e)); and

(vii) Ensure that culvert outlets extend beyond the toe of the fill embankments.

(c) The following maintenance issues should be noted:

(i) Keep the pipe culvert clear to avoid bypassing by storm flows less than the
design storm event due to blockages from debris or sediment;

(ii) Recover gravel to maintain minimum depth of 200 mm; 

(iii) Remove the crossing when it is no longer required; and

(iv) Rehabilitate the area following the vegetation management plan or other site
rehabilitation plan.

(d) In addition, consideration should be given to the following limitations:

(i) Oils or other potentially hazardous materials should not be used as surface 
treatment;

5. Erosion Control: Management of Water
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(ii) Upstream flooding problems need to be assessed;

(iii) Downstream flooding in times of overtopping needs to be assessed;

(iv) Activities that might affect water quality should be addressed.

(v) Also, see Section 5.2 regarding special requirements for working closer than 
40 metres from waterways.

5.3.5  Construction of Culverts and Bridges

(a) When working in creeks or rivers, careful planning is required to limit the impact of
sediment pollution occurring because of works.

(b) Where possible, divert water (by pipe or bank) around culverts and/or bridges
during construction so that the entire system is stable at least up to the 2-year ARI
storm event. The formation of temporary dams and draining or pumping of water
around the site to control polluted waters should be undertaken with all care.

(c) Where culverts intercept table drain flows, construct culvert headwalls with sufficient
height and width to ensure flows in the drains do not bypass or overtop the inlet
headwall. Culvert outlets should normally extend beyond the toe of fill embankments.
Further, outlets should be designed and constructed so that they align evenly with
surrounding landforms and do not protrude. Where possible, all outlets to water-
courses should be of a natural form, using riprap packed with soil and planted with
sedges, rushes and grasses as scour protection. The use of concrete headwalls
should be avoided. 

(d) Care should be exercised in the construction of sediment basins (Section 6.3.3) on
waterways below these works. While sediment control is important, sometimes the
effect of disturbance of waterways for basin construction can cause more damage
than can be gained by their presence. Innovative techniques are encouraged, such
as using floating booms, turbidity curtains and similar devices. Sediment basins
should not be constructed in line on a watercourse. 

(e) See Section 5.2 regarding special requirements for working closer than 40 metres
from waterways.

5.4 Regular Site Drainage Works

5.4.1  General Recommendations

(a) Install site drainage works to convey stormwater safely through and away from the
site, particularly those affecting possible erosion of soil and subsequent pollution by
sediment and trash. Preferably, prioritise drainage works with the most important
control measures installed first.

5. Erosion Control: Management of Water
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7. Do not divert stormwater onto nearby lands without obtaining earlier written approval from the affected
landholder.

8. This guideline applies to both sheet flows and where water is concentrated by works, such as catch
drains, waterways, drop structures, outlet structures, etc.

9. Soft local rock might not be suitable for permanent structures. 
10. Often watertables in eastern Australia are saline. Where these watertables are raised into the root zone,

most plant species will die and the erosion hazard rises substantially. 

(b) Where possible, divert run-on water from lands upslope around the site while land
disturbance activities are going on. Note Section 5.4.3, below, in relation to
concentrating flows and “soft” outlets.[7]

(c) Direct water across the site at non erodible velocities in the design storm event
(Section 2.3.1 (e)).[8]

(d) Water management programs should favour:

(i) division of the site into smaller, more manageable catchments;

(ii) installation of simple structures constructed from local materials;[9]

(iii) taking advantage of permanent stormwater facilities that can double as 
temporary soil or water control measures; and

(iv) the use of porous zones (e.g. grassed waterways) within the limitations of (e),
below, to help natural assimilation of water pollutants and reduce runoff.

(e) Works should not:
� adversely affect upstream or downstream properties
� cause new seepage areas through a rise in the watertable[10]

� eliminate existing seepage areas that affect remnant natural ecosystems
� increase the hazards of dryland salinity within the catchment.

5.4.2  Sheet Flows

(a) Sheet erosion is the removal of a relatively uniform layer of soil from the land surface
by rain-splash and/or water runoff. The energy in rainfall is often sufficient to loosen
exposed soil particles that can be subsequently transported by water. Where 
practicable, reduce the sheet erosion hazard by: 

(i) protecting the ground surface with a cover of suitable vegetation or an erosion
control product – note the influence of the C-factor on the erosion hazard
(Appendix A); 

(ii) reducing the volumes of water flows; and

(iii) reducing the velocities of water flows. 

(b) Reduce runoff volumes by leaving scarified soil surfaces (or similar) or installing
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contour banks to keep slopes less than 80 metres in rainfall events – note the 
influence of the LS-factor on the erosion hazard (Appendix A). 

(c) Protect the ground surface by encouraging infiltration of water through progressive
revegetation of the site (Chapter 7), installing various erosion control products
(Appendix D), cellular confinement systems, etc. Note that: 

(i) Under certain conditions, rolled erosion control products (RECPs) can exceed the
sheer stress rating of rock rip rap and can be less expensive (Lancaster, et al.,
1997). A further benefit of RECPs is that they allow vigorous vegetation growth,
offering a “softer”, more aesthetically pleasing appearance. However, proper
installation of RECPs is critical for their success (Standard Drawing 5-2); and

(ii) Cellular confinement systems are available with or without perforated sides.
Perforated sides are preferred because they allow drainage and reduce the
hydrostatic loads in the cells (Standard Drawing 5-3). 

(d) Reduce water velocities by: 

(i) keeping gradients as low as possible (Section 4.4.2 (a); 

(ii) ensuring a good ground cover that promotes infiltration; and

(iii) installing banks upslope to divert flows away from the site (Section 5.4.4) and
reducing slope length. 

5.4.3  Concentrated Flows

(a) Waters are concentrated in drains for interception/diversion of surface or subsurface
flows and to convey these to stable outlets, for example:

(i) to intercept offsite run-on water;

(ii) to intercept spring water, especially in areas with moderate or high hazards of
landslip;

(iii) to divert water from cut or fill slopes;

(iv) to shorten long lengths of slope, particularly on lands with high soil erosion
hazards, such as earth batters, unpaved roads and newly seeded areas
(Section 4.4.2 (a); 

(v) to carry water down the face of a cut or fill slope; and

(vi) to provide the general stormwater conveyance system.

Choice of channel/drain type should depend on its purpose, materials 
available and cost.

(b) Construct temporary channels/drains and their inlet and outlet works to convey
water at least up to the design peak flow and remain stable, usually in the 10-year
ARI time of concentration storm event. In some situations, designing it for flows from
larger storm events might be necessary, e.g. to prevent damage of environmentally

5. Erosion Control: Management of Water



5-18



5-19

5. Erosion Control: Management of Water



sensitive areas and/or where failure is likely to result in substantial loss of property or
a danger to life. 

(c) Also, design any permanent channels/drains and inlet and outlet works to convey
water at least up to the design peak flow and remain stable, usually in the 10-year
ARI time of concentration storm event. However, follow council’s guideline where
different to this. 

(d) For all water conveyance structures, adopt the recommendations shown at Appendix
F for calculation of peak flow runoff coefficients (C10) where the lands are disturbed
by removal of vegetation and topsoil (common on construction sites and mining
sites). Where the lands are not so disturbed, apply the criteria shown in Pilgrim
(1998). 

(e) Reduce the erosive energy levels of concentrated water in constructed channels by:
� constructing channels/drains with a parabolic or trapezoidal cross-section

(rather than V-shaped)
� widening the drain invert
� installing check dams (figure 5.3 and Standard Drawing 5-4)
� installing appropriate channel linings (Section 5.4.4 (d))
� installing energy dissipaters at outlets.

5-20

Figure 5.3(a) Use of rock check dams to reduce the erosive energy of flow
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(g) Outlets from all water conveyance structures should discharge water such that the
erosion hazard to downslope lands and waterways is no greater than in the 
predevelopment condition up to the design storm event (Section 2.3.1 (e)). This can
be achieved through use of water detention basins, waterways that increase the time
of concentration, energy dissipaters, level spreaders, etc. Where permanent outlets
discharge to watercourses, works should be of a “soft” design. 

(h) Where appropriate, preparation for grassed waterway construction should involve:
� removal of trees, stumps and other debris that might impede flow of water or

earthworks
� stripping and stockpiling of topsoil (Section 4.3.2)
� shaping the channel (to eliminate irregularities that would interfere with flow of

water and provide a stable cross-section) and respreading topsoil
� applying appropriate ameliorants and/or fertilisers if rehabilitating by 

vegetative means (Section 7.2)
� applying ground covers.

5. Erosion Control: Management of Water

Figure 5.3(b)
Alternate check dam
system. Where products
like these are used, they
should be installed with 
an appropriate erosion
control blanket below
them and covering at 
least 0.7 metres each 
side (c.f. SD 5-4)
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(i) Where practical to do so, ensure that the design of permanent waterways mimics
natural ecosystems. Use of rock and gravel, and planting out with local native 
vegetation can create waterways that are functional both for conveying discharges
and as habitats and biological linkages. More information on the design of 
permanent waterways is contained in Managing Urban Stormwater: Urban Design
(DEC, in prep.).

5.4.4  Temporary Water Diversion Structures

(a) Water diversion structures can be constructed from a wide range of substances, such
as compacted earth, plastic sheeting, shotcrete, asphalt and pipes.

(b) As a first step in the design process, ensure that the route to be taken is considerate
of all opportunities and constraints present at the site (Chapter 3). Select a route that
avoids trees, preferably beyond their drip line, service infrastructure, etc. 

(c) Where water diversion structures will outlet to downstream receiving waters (Section
5.3.5), ensure suitable water quality and quantity control structures are installed so
that discharges meet the relevant guidelines. Ideally, discharge rates should mimic
natural flows in terms of magnitude, seasonality, frequency and variability. Place any
water quality and quantity control structures above the riparian zone, such as
oil/grease interceptors, sediment traps/basins, litter traps, constructed wetlands and
detention basins.

(d) Velocities should not exceed those recommended in Table 5.2 for the design storm
event (Section 2.3.1 (e)). 

(e) The design of earth-based diversion structures should not exceed those recommended
in Table 5.1 in the design storm event (Section 2.3.1 (e)). The structures should be
built following Standard Drawings 5-5 and 5-6. In addition, the following issues
should be considered:

� additional lands that might be disturbed
� structures that need to be stabilised immediately
� downstream flow changes that need to be carefully assessed.

(f) Construct grassed waterways following processes that ensure an adequate root zone
(Section 7.3). Note that:

(i) Where concentrated flows cannot be avoided immediately after planting, either
initiate the grass lining with turf or where seed is used, protect the surface with a
biodegradable mat; and

(ii) Ensure that grass cover is total and permanent, particularly in all areas of 
possible concentrated flow. Reestablishment might be necessary in bare areas,
including replacement of any lost topsoil.

5. Erosion Control: Management of Water
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Table 5.2 Maximum Design Flow Velocities in Waterways (compiled from various sources)
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(g) Grassed waterways should not be confused with grass swales. Rather than being
simple water conveyance structures, grass swales are used to infiltrate stormwater to
the watertable where the soils are Soil Hydrologic Groups A or B and the floor of the
structure is at least two metres from any seasonal or permanent watertable. Grass
swales should not be used to convey sediment-laden water because their infiltration
abilities can be greatly reduced by it. 

(h) Consideration might be given to the use of other fabrics, including jute mesh and
other biodegradable blankets to line waterways. These can provide temporary
protection to earth-based drains intended to be removed or upgraded within six
months, or grassed waterways that have only recently been established from seed or
runners. Nevertheless:

(i) Ensure topsoil is at least 75 mm deep; and

(ii) Install the fabric following Standard Drawing 5-7 after grading, seeding and
fertilising is completed (Chapter 7) so that it is continuously in contact with the
soil.[11]

(i) Gravel or rocks form one of the simplest kinds of linings (figure 5.4) and can be
made to withstand most velocities in waterways if the proper sized materials are
selected (Table 5.2). Where rocks are used, place them above a filter layer of 
suitable geotextile and, where necessary, properly graded layers of sand and
gravel. Rocks are particularly useful in critical sections of waterways, such as bends
and outlets. Gravel layers are useful for protecting any geofabric from tearing as the
rocks are juggled into locking positions. Soil should be packed in all layers to: 

� enable moisture transfer from the substrate to the waterway itself
� allow sedges and grasses to be planted in the rock voids. 

The roots of the vegetation will be protected by rocks and will enhance the locking
effect. Also, vegetation will add to the ecological values and impart a more pleasing
aesthetic effect. 

(j) concrete, concrete-filled mattresses, shotcrete and asphalt can be used to line 
waterways, form chutes or to convert concentrated flow into sheet flow. Note that:

(i) These structures should be used only in situations where ecological functions are
non existent or have no potential. Even so, these materials should never be used
in watercourses. 

(ii) Their impermeable, smooth surfaces usually result in higher velocities in drains
and consequent erosion of natural waterways downstream unless protective
measures are installed; and

5. Erosion Control: Management of Water
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11. In this situation, omit cover crop species from the mix because they have a higher retardance effect and
might cause overtopping of the drain in large storm events.
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(iii) Concrete linings tend to be more durable than asphalt and require less 
maintenance.

(k) Chutes (figure 5.5) should have a minimum depth of 300-mm. In addition:
� bends should be avoided
� anchor lugs should be provided at a maximum of 3-metre intervals
� inlet and outlet sections should be at least 1.5 metres long
� energy dissipaters should be provided at the outlet to bring the flow to non

erosive velocities.

Concrete chutes should never be used in watercourses. Use riprap instead. 

5. Erosion Control: Management of Water
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Figure 5.4 
A rock-lined 
waterway



5-30

Figure 5.5 Cross-section of a typical paved chute (adapted from Virginia 
SWCC, 1980)

Figure 5.6 Cross-section of a typical pipe drain (adapted from USDA, 1975). 



(l) Pipes. Half-round corrugated metal or concrete pipes or heavy-duty flexible pipes
(figures 5.6 and 5.7) can be used as drains to transport water down steep slopes,
e.g. batters. Install them progressively as construction proceeds and their design 
criteria should include an inlet section with a slope of greater than 3 percent. Ensure
any embankment over the inlet of the pipe is a minimum of 300 mm higher than the
soffit, and the soil around and under it compacted at least by hand and in half metre
layers.

5.4.5  Energy Dissipaters and Outlet Protection

(a) Energy dissipaters can be used to mitigate erosion of drains and their outlets through
reductions in water velocity. They are usually permanent structures and constructed
with riprap, grouted riprap, gabions, recycled concrete or concrete. Where 
possible, concrete, grouted riprap, recycled concrete and mesh structures should not
be used in watercourses. Rather, they should be constructed of riprap consisting of
angular run-of-quarry durable rock and designed to mimic the natural function and
appearance of the watercourse. 

(b) Drains should discharge water to stable disposal areas including:

5. Erosion Control: Management of Water
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Figure 5.7 Use of heavy-duty flexible pipe to carry water down a batter
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Figure 5.8 
A riprap outlet 
on a steep slope. 

12. Usually formed where the catch drains cross depressions or other waterways.

� well-vegetated or otherwise stable lands (figure 5.8)
� other temporary diversions, drop-down structures[12] or culverts
� watercourses. 

(c) Where structures outlet to a watercourse, ensure they:
� do not protrude beyond the stream bank and align evenly with it
� are placed at the invert level of the stream
� point downstream.

Further 

(i) stockpile any excavated litter, topsoil and subsoils materials separately for later
site rehabilitation; 

(ii) if scour is likely, ensure the bed is properly protected (see below); 

(iii) protect the opposite bank from scour as might be necessary, in consideration of
the bank materials and the “jet” effect; and

(iv) if salinity is an issue, ensure the pipe/culvert specifications conform to Australian
standards. 
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13. Calculate the depth of flow in the receiving channel and compare with the pipe diameter (Do) 
– minimum tail water conditions are <0.5Do, while maximum conditions are >0.5Do. Note that:
– Where a well-defined channel does not occur, minimum tail water conditions apply and the width of

the downstream end of the apron should be equal to the pipe diameter plus the length of the apron
– Where a well-defined channel occurs immediately downstream, the width of the downstream end of

the apron should be equal to the width of that channel.

(d) Sometimes, upstream control works can reduce velocities at stormwater outlets. This
can have a positive effect by reducing the sizes of energy dissipaters below.

(e) Design criteria for energy dissipaters (Standard Drawing 5-8) should ensure:
� downslope conditions post development are not less stable than those 

prevailing predevelopment up to the design storm event (Section 2.3.1 (e))
� minimum maintenance requirements, preferably self-cleaning natures
� drainage by gravity when not in operation.

(f) Energy dissipaters can be categorised into groups where energy is either absorbed
by impact through an obstruction in the flow path, and/or dissipated through a
hydraulic jump in a large stilling pool. Riprap aprons at the outlet of a pipe or culvert
of diameter D, should be at least 300 mm deep, 3D wide at the pipe end, underlain
by needle-punched geotextile, and constructed according to the following:

(i) Decide whether minimum or maximum tailwater conditions apply using Qpeak in
the receiving channel;[13]

(ii) Enter the appropriate chart (figures 5.9 and 5.10) to find riprap size and apron
length; and

(iii) Where both minimum and maximum tailwater conditions apply, design the
apron to cover both conditions (figure 5.11).

(g) Stabilise lands at and beyond outlets with a protective ground cover (Chapter 7).
Within watercourses, ensure all rocks and cobbles in any permanent structures are
packed with topsoil and planted with local native grasses, sedges and rushes. In
disturbed areas in riparian zones (e.g. spoil areas, access tracks, etc.), plant local
native shrubs, trees and groundcover species. Ensure these matters are properly
addressed in a separate Vegetation Management Plan (Appendix I). 

5.4.6  Subsoil Drainage

(a) Subsoil drains provide a means for controlled flow of water through the soil. They
must be designed and installed only after any salinity issues have been addressed
fully. Types of subsoil drains include: 

(i) strip drains, comprising geotextile filters over non corroding, rot-proof, plastic
cores;

(ii) rubble drains; and

(iii) perforated or slotted pipes.
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Figure 5.9 Design of riprap outlet protection - maximum tailwater conditions apply
(MWRA, 1983)

Figure 5.10 Design of riprap outlet protection – minimum tailwater conditions 
(MWRA, 1983)



(b) Subsoil drainage can be installed to:

(i) improve the soil environment for vegetative growth by regulating ground water
flow, especially in grassed waterways and other low lying areas, recreation
areas (such as ovals), and dry detention basins; and

(ii) provide drainage of ground water on steep slopes to improve stability.

(c) Line rubble drains and perforated pipes with geotextile to act as both filters and
separators. This is critical where permanence is required and the subgrade is finer
than 0.02 mm and/or more than 10 percent of the whole soil material consists of
dispersible fines (Section 6.3.3 (c) and following sections).

(d) When rubble drains or slotted pipes are used, they should be:

(i) placed at a horizontal spacing that is consistent with the soil permeability and
the desired surface amenity. As a general guide, place slotted pipes at a 
minimum depth of 0.6 metres below the soil surface while extending rubble
drains to a depth of at least 0.6 metres; and

(ii) ideally, designed to provide a minimum gradient of 1 percent.
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Figure 5.11 Riprap configuration for outlet protection under both maximum and minimum
tailwater conditions (Bohan, 1970)
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6. Sediment and Waste Control

6.1 Introduction

6.1.1 Background

(a) This chapter has been written as an aid to professional designers to allow for better
consideration of sediment pollution from disturbed lands such as urban construction
sites, mining sites and the like. As with the rest of these guidelines, though, it does not
consider farming lands. While the chapter's main focus is the control of erosion of
soils and pollution from sediment and waste during the land disturbance phase, very
brief discussion is also provided for long-term pollution control where this is appropriate.

(b) Stormwater treatment measures installed after construction is completed are not 
highlighted in this chapter. Specific information on this topic can be found in
Managing Urban Stormwater: Treatment Techniques (EPA, 1997b; DEC, in prep.)
and relating to such matters as: 

� swales and “bioretention” measures
� infiltration measures
� constructed wetlands
� gross pollutant traps and trash racks
� litter baskets and litter booms
� oil/grit separators
� other treatment measures.

Additional information on constructed wetlands is provided by The Constructed
Wetlands Manual (DLWC, 1998).

(c) Stormwater runoff from disturbed lands has become a major source of pollutants in
New South Wales’ waterways, particularly as some of the more marginal urban
lands have been developed around Sydney, Newcastle and Wollongong. This
chapter concentrates on diffuse or non point source pollution from land development
activity. 

(d) The form that diffuse pollution takes is usually determined by:
� climate, particularly local rainfall patterns
� geomorphic aspects and soil characteristics of the source area
� human and other activities in the catchment.

Contaminants are mainly transported by wind, rainfall or overland flow. Overland
flow is especially relevant in areas with unprotected land surfaces or associated with
particles that have settled on impervious surfaces.

(e) The quality of runoff also depends on the stage of works. For example:

(i) where much of the catchment lacks a suitable protective ground cover while
development is going on, a potential exists for significant soil erosion of any
exposed surfaces; and 
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(ii) where a significant proportion of the catchment has been developed and rates
of runoff are high due to many impervious areas, a potential exists for pollution
to downslope lands and waterways by nutrients, heavy metals, various 
chemicals and the like.

6.1.2  Pollutants

(a) The pollutants discussed and/or referred to in this document include:

(i) suspended solids, especially sediment, that might carry nutrients “piggyback”
and reduce:

� light penetration in water and affect growth of aquatic plants
� suitability of habitats for some aquatic flora and fauna
� the aesthetic appeal of water;

(ii) nutrients that can promote the rapid growth of aquatic plants, particularly algae.
Where algal growth becomes too dense:

� reduction occurs in light penetration of water
� oxygen levels of water can drop (see (iii), below)
� suitability for recreation, irrigation, etc. diminishes, particularly if toxic algae

are present;

(iii) oxygen-demanding materials that deplete levels of dissolved oxygen in the water
causing conditions to become anaerobic and, in turn, resulting in either decay
or death of submerged plants and other benthic (bottom-dwelling) organisms.[1]

These materials are usually measured in water as biochemical oxygen demand
(BOD), and include biodegradable organic debris, such as decomposing litter
and vegetation;

(iv) litter that is commonly washed from pavements and can be at high levels, 
especially in “first flush” waters; and

(v) microorganisms that frequently occur at high levels, especially in urban runoff,
and associated with sewage/septic outfalls, animal faeces, soil, decaying
vegetation and putrescible matter. Microorganisms that might make the water
unsuitable for swimming or drinking are not discussed further here.

(b) Two features of sediment pollution are:

(i) studies at Lake Illawarra show that, where associated with new urban 
development for example, sediment pollution levels can be five to 20 times
greater than those from developed urban areas and three to five times greater
than those from undisturbed bushland; and

1. This situation often occurs when the available oxygen is used up by microorganisms that help in the
decay process when plant materials die or an influx of other organic matter occurs. Various pollutants
stored in sediment can be released under these conditions including phosphorus and some heavy metals.
Some of these pollutants can promote further algal growth and a cycle is formed that is difficult to break. 



(ii) many pollutants such as nutrients, are absorbed on and transported by suspended
sediment particles, especially the finer (<0.005 mm) colloidal materials.
Relatively coarse particles (>0.02 mm) hold very few pollutants.

6. Sediment and Waste Control

6-3

Figure 6.1 Sediment deposition below a housing construction site. As a result, the bitumen
road and kerb and gutter are barely distinguishable – only a drop inlet is clearly visible

Figure 6.2 Sediment resulting from unsatisfactory rehabilitation following roadworks



6.1.3  General Recommendations

(a) Where it is an option, erosion and sediment control at land development sites is the
least expensive and the single most effective way to reduce water-borne pollution. 
It should be regarded as a major priority.

(b) Works should not cause either new seepage areas through rises in the watertable or
pollution of aquifers.[2]

(c) Some aspects of sediment and nutrient management structures should not be 
deliberately combined, e.g. nutrient removal ponds (e.g. wetlands) should not be
required to play a major role in removal of sediment. Nevertheless, each of these
structures should be expected to remove various pollutants, but with varying degrees
of effectiveness and with implications for design. However, nutrient removal ponds
can be used for temporary sediment control during the construction phase when few 
nutrients are generated.

(d) The approach should be implemented completely to ensure that the desired degree
of soil and water management is achieved. To be effective, it should address
control/mitigation of pollution of suspended solids through reduction of soil erosion
and minimisation of sediment pollution using:

(i) drainage systems designed to minimise both the quantity of flow and its velocity,
especially on unprotected land surfaces; and

(ii) system controls that reduce the quantity of suspended solids reaching receiving
waters, such as sediment retention basins, sediment traps and constructed
wetlands.

(e) Be pragmatic in application of design criteria. Lower standards might be negotiable
if the location and design of a particular structure meet a significant majority (e.g.
>90%) of requirements and costs for the remaining parts are excessively high (in
terms of capital and/or increasing the erosion hazard elsewhere). However,
approval for any lower standards should be sought first with the consent authority. 
It is expected that application of lower standards will:

(i) be offset through application of more stringent erosion controls, i.e. modification
to BMPs elsewhere; and

(ii) ensure that the viability of ecosystems downslope and aesthetic values are not
compromised.
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2. Rises in watertables through poor stormwater management practices are never encouraged and, especial-
ly, where the soils tend to have saline ground water. Many examples exist in New South Wales where
extensive land degradation and damage to works have occurred because of what is now known as
dryland salinity. While the principles of water sensitive urban design are strongly supported, the implica-
tions of encouraging water to infiltrate the ground should be thoroughly investigated always. 



(f) Construct temporary works for control of pollution to be stable in runoff from the
design storm event, usually taken to be the 10-year ARI time of concentration event.
Design should take into consideration the implications of larger storm events and
emergency spillways should be constructed where appropriate.

6.2   Waste Control

(a) Safe management of waste materials, such as paint, concrete slurry, acid, toilet 
effluent, cleared vegetation, garbage and various chemicals, should be applied at
all land disturbance sites. The Protection of the Environment Operations Act, 1997
makes it an offence to allow any of the above materials to leak, spill or escape from
the site or to place it where it might harm the environment. 

(b) The following waste management practices should be applied:

(i) If possible at the design stage:
� design to standard sizes
� specify recycled and recyclable products
� specify reusable, repairable materials and fittings
� renovate or refurbish, rather than rebuild
� incorporate a composting area into the landscape design.

(ii) If practical during the demolition/extraction phase:
� separate reusable materials for reuse on or off site
� sell reusable materials to second-hand dealers
� reuse rock, topsoil and vegetation on the site
� stockpile materials for use elsewhere.

(iii) If practical during the construction phase:
� reuse materials from the demolition/extraction phase
� mulch and reuse as much green waste as you can
� order materials to size
� do not over order
� order precut or prefabricated materials
� purchase materials with minimal packaging
� separate reusable or recyclable materials from waste
� look out for and participate in recycling opportunities
� organise onsite sorting and/or collection systems for reprocessing
� train site workers not to damage or contaminate materials or off cuts so they

can be reused elsewhere.

(iv) Store all possible pollutant materials well clear of any poorly drained areas,
flood-prone areas, streambanks, channels and stormwater drainage areas. Such
materials should be stored in a designated area, under cover where possible.
Containment bunds should be constructed with provision for collection and
restorage of any spilt material.

6. Sediment and Waste Control
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(v) Wash down materials and equipment away from the foreshore and intertidal
areas. 

(vi) Waste receptacles should also be placed away from the foreshore and intertidal
areas. Where this is impractical, they can be placed there providing they are
not overloaded and are watertight. Further, they should be provided with 
suitable waterproof covers for use during rain and site shutdown (e.g. weekends
and nights) to prevent entry of water and vermin, and litter being blown around
the area.

(vii) Ensure that runoff from polluted hard surfaces like roadways and vehicle hard
stand areas is properly treated before discharge to the stormwater system.

(viii) Place staff facilities so that any effluent, including wash-down water, can be
totally contained and treated within the site management area. Inform staff of the
nature of each facility and of their obligation to use them. 

(ix) For vegetation:
� preferably reuse waste materials onsite by chipping, mulching or composting,

particularly where they can be used in rehabilitation programs
� otherwise: 

– gain necessary approvals from the local consent authority to remove it
to an approved landfill; or

– gain necessary approvals from the local council before burning waste
in the open or by trench burning. 

(x) Shift sorted waste only in an approved manner by means of suitable transport to
licensed landfill sites.

(xi) Clear any bins of concrete and mortar slurries, paints, acid washings, light-
weight waste materials and litter at least weekly or more frequently if they fill.

(xii) Provide designated waste collection areas with appropriate bunds or containers
and maintain waste disposal and collection systems to operate within their
capacity.

(xiii) Be careful in the disposal of used chemical containers and in the management
of runoff and sediment loss from areas treated with pesticides (where possible
use less hazardous or alternate material and comply with manufacturer’s
safety/usage directions).

(xiv) Dewatering activities should be closely monitored to prevent pollution in the form
of sediment, toxic materials or petroleum products. Sediment controls should be
established and testing of ground water should be undertaken before
commencement of dewatering activities.

(xv) Prevent the discharge of pollutants to stormwater because of vehicle and 
equipment maintenance. This can involve using offsite maintenance facilities 
or undertaking work in designated and bunded areas only. Regular checks
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should be undertaken to ensure leaks and spills are rectified and cleaned 
immediately. Employees and subcontractors should be trained in this regard.

(xvi) Dispose of waste to landfill only as a last resort. Landfill sites and waste transfer
stations will:

� require correct handling for dusty or hazardous wastes
� impose price penalties for mixed loads
� offer discounts for sorted wastes, such as bricks, metals and timber. 

(xvii)Depending on the size of the job, the local council might require a waste
management and minimisation plan. This will set out the type and volumes of
any waste materials generated on the job, and explain reuse, recycle and
disposal processes.

6.3 Sediment Control

6.3.1  Preamble

(a) Sediment retention basins are dams or impoundments designed to intercept 
sediment-laden runoff and retain most sediment and other materials, thereby 
protecting downstream waterways from pollution. The retention is generally achieved
by the settling of the suspended sediment from the stormwater flow, combined with
the interception of bedload material.

(b) Like other measures employed to control erosion and sediment at construction sites,
sediment basins should be regarded as one component (or “carriage”) in a properly
planned “treatment train” (Section 1.2(b) (ii)). As previously stated, the control of soil
erosion is the best way of minimising sediment pollution of receiving waters, an 
especially important principle with fine-grained soils. Sediment basins should be
regarded like a fullback in a football team – a final control to be used when all
others fail. However, as all construction activities inevitably disturb or expose soil
materials, sediment basins (together with filters and traps) are frequently an important
component of soil and water management on disturbed lands. As with a fullback,
they are an essential part of the team or treatment train. 

(c) The choice of sediment control measures is not limited to those nominated in this
document. Creativity, combined with a sound understanding of the principles presented
here, should allow other measures to be adopted to suit circumstances, provided
those measures can be justified properly.

(d) Be aware that current legislation requires that the quality of runoff water leaving any
work site must be of an acceptable standard and that this legislation does not make
allowance for:

6. Sediment and Waste Control
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� particular difficulty with the site
� specific or general problems in carrying out the ESCP/SWMP
� whether the site manager is familiar with site-work management.

6.3.2  General Recommendations

The following issues should be considered in relation to the control of sediment:

(a) Design structures to minimise land disturbance. 

(b) Pass any potential sediment-laden stormwater runoff through a trap or basin designed
to minimise pollution to lands, waterways and services placed further downslope.
Keep sediment as close to its source as possible.

(c) Where possible, do not construct sediment basins on line on a watercourse. 

(d) Some small and/or flat sites might not warrant construction of a sediment basin,
including those for which an ESCP (rather than a SWMP) is required (<2,500
square metres disturbed area). If in doubt, the average annual soil loss from the total
area of land disturbance can be estimated (Appendix A). Where this is less than
150 cubic metres per year, the building of a sediment retention basin can be 
considered unnecessary. In such circumstances, alternate measures may 
be employed to protect the receiving waters. 

(e) Design of sediment retention basins should ensure that water is not diverted from its
intended flow path if structures become filled with sediment in the nominated storm
event.

(f) Where practical, place sediment control structures:

(i) so that only waters polluted because of site land disturbance activities enter them
(i.e. waters from off-site sources and/or those from the site that are clean should
be diverted elsewhere);

(ii) off-line, so that trunk drainage carries only relatively clean water; 

(iii) away from normal construction operations (to minimise the need for regular
repair); and

(iv) upstream of any wet ponds, constructed wetlands or receiving waters.[3]

(g) Soil erosion and any resultant sediment pollution are largely dependent on storm size
and nature of the soils. Ensure that the design:
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3. Here, “waters” mean:
� street gutters
� natural waterbodies, including lakes, lagoons or wetlands, rivers or streams, and tidal waters,

e.g. bays, estuaries, inlets, etc.
� constructed waterbodies, including lakes, wetlands, dams, ponds, waterways, channels or

canals.
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(i) allows adequate time for settling of the desired particle sizes; and

(ii) has adequate capacity to trap and store sediment eroded from the site.

(h) Where practical, do not decommission temporary sediment retention basins and
traps until the works for which they were designed are completed and fully stabilised
on more than 90 percent of the contributing catchment. Address the financial and
other implications in the planning phase where this involves other developers or site
operators.

6.3.3  Design of Sediment Basins

(a) When designing sediment retention basins, two principal criteria should be 
considered at the outset – the structures must have an ability to meet: 

� appropriate water quality standards – discussed further below
� necessary structural integrity and stability standards.

Normally, sediment basins and their outlets should be designed to be stable in the
peak flow from at least the 10-year ARI time of concentration event. However where
individual circumstances dictate, adopting higher design standards for basin outlets
might be necessary. Basins might need to be referred to the Dam Safety Committee if
the wall is more than 15 metre high and/or failure could adversely affect the 
community’s interests or the environment downstream. Further details on prescribed
dams and surveillance requirements are at:

www.damsafety.nsw.gov.au/ftp/publications/pdf/dsc01.pdf.

(b) The effective design and operation of sediment retention basins from a water quality
perspective depends primarily on the nature of the soil materials likely to be eroded
and washed into them. Protection of downstream lands and waterways demands an
approach to basin design that recognises the settling behaviour of different soil particles
in water. Clearly, coarse-grained sediment will settle quicker than finer-grained 
sediment, whereas some clay particles seemingly never settle unaided. 

(c) Soil materials that can erode and find their way to a sediment retention basin can be
classified into three “texture” groups based on how effectively they are likely to settle:

� “Type D” soils that contain a significant proportion of fine (<0.005 mm)
“dispersible” materials that will never settle unless flocculated[4]

6. Sediment and Waste Control

4. Not all particles finer than 0.005 mm are dispersible. Clays are complex laminated structures comprising
alternating sheets of alumina and silica. Typical structural groupings based on silica to aluminium ratios
are:

� 1:1 (kaolinite type) clays 
� 2:1 low expansion (illite) clays 
� 2:1 high expansion (montmorillonite, bentonite, smectite) clays. 

The structural grouping of the clay minerals can influence important soil properties, e.g. cation exchange
capacity, shrink/swell potential, fertility and dispersibility. Illite structures can become dispersible if
deformed while wet while montmorillonite structures tend to be dispersible always. 



The other two categories cover those soils that are not dispersible:
� “Type C” soils, the bulk of which are coarse-grained (less than 33 percent

finer than 0.02 mm) and will settle relatively quickly in a sediment retention
basin

� “Type F” soils, the bulk of which are fine grained (33 percent or more finer
than 0.02 mm) and require a much longer “residence” time to settle in 
a sediment retention basin. 

(d) When deciding which soil type applies to a particular land disturbance activity,
consider the following matters:

(i) Where soils of more than one type are present at a specific site, sediment
basins should be designed to meet the most stringent criterion applicable. In this,
note that soils that are essentially coarse-grained can be Type D. 

(ii) No matter whether soils are classified as Type D, Type C or Type F, ensuring that
pollution does not occur to downslope receiving waters is essential. To this end,
treated discharge waters should not contain more than 50 milligrams per litre of
suspended solids in the design rainfall event. More stringent requirements might
be necessary in particularly sensitive environments or, where applicable, can be
required by Council’s stormwater management plan. Of course, all practical
measures to reduce pollution should be taken for storm events beyond the design
event.[5]

(e) Soils that are dispersible (Type D) and require flocculation (Appendix E) are those where
more than 10 percent of the materials are dispersible. That is, where the percentage
clay plus half the percentage silt (roughly the fraction <0.005 mm) multiplied by 
dispersion percentage (Ritchie, 1963) is equal to or greater than 10. [6]

(f) A simple field test is available that can eliminate the need for laboratory testing for
dispersibility. This is the “field” Emerson Aggregate Test and is described further at
Appendix E. However, soils that fail this test are not necessarily dispersible to the
extent that flocculation is obligatory and laboratory analysis of dispersion percentage
might still be required. 
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5. The actual discharge load should be considerate of the loads normally carried in the receiving waters,
including those during and following storm events. Any fluvial processes within these waters will have
reached equilibrium considerate of those loads. Reducing them significantly below these levels can cause
streams to become “hungry” and erode their own bed and banks; while increasing them significantly can
result in degradation to ecosystems.

6. Hazelton and Murphy (1992) provide a means of using Soil Texture Class as a guide to particle size
distribution. Note that: 

� clays are finer than 0.002 mm (2 microns) 
� silts range from 0.002 to 0.02 mm (2 to 20 microns) 
� fine sands from 0.02 to 0.2 mm (20 to 200 microns) 
� coarse sands from 0.2 to 2.0 mm (200 microns to 2.0 mm). 

Most fine sands need a magnifying lens to see them. 



(g) With dispersible and fine-grained soils, place far greater emphasis on erosion
control measures to offset lower efficiencies achieved with sediment retention. 

(h) The actual capacity of sediment retention basins is the sum of two components 
(Table 6.1):

(i) A settling zone, within which water is stored allowing the settlement of 
suspended sediment. The settling zone is designed to capture most sediment in a
nominated design rainfall event and, in turn, a specific discharge water quality. 

(ii) A sediment storage zone, where deposited sediment is stored until the basin is
cleaned out – or for the life of the project where land disturbance is of a short
duration (<two months). 

(i) All sediment retention basins that might discharge sediment-laden stormwater more
than once per year should have minimum length to width ratios of 3 to 1 to reduce
short-circuiting and, preferably, at least 5 to 1. Figure 6.3 shows the influence of the
ratio of the minimum flow-path length to the effective width on the apparent 
effectiveness of a sediment retention basin for one particular soil type. The 
actual effectiveness of a sediment retention basin must take into account its apparent
effectiveness and the proportion of the design-size particles in the sediment load.
Baffles can be employed to maximise the effective flow path within sediment basins
as shown in figure 6.4. 

6. Sediment and Waste Control
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Figure 6.3 Apparent effectiveness of a sediment containment system (Fifield, 2001a)
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Table 6.1 Summary of selected sediment basin types and design criteria
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6. Sediment and Waste Control

Figure 6.4 (a) to (c) – diagrammatic examples of placement of baffles in sediment basins to increase the
ratio of length to width, and (d) – baffle detail, elevation (adapted from USDA, 1975)



(j) Sediment retention basins should be built to incorporate:

(i) a primary outlet designed: 
� to have a capacity to pass the peak flow from the design storm event 
� with an invert level at least 300 mm below any emergency outlet (where it is

a separate structure); 

(ii) an emergency spillway designed to have a capacity to pass the peak flow from
the applicable storm event. Generally, this should be of open construction rather
than a pipe outlet due to the risk of pipe blockages during high flows.[7]

Nevertheless, any riser structures should be baffled or fitted with anti vortex
devices;

(iii) internal batter gradients that are consistent with personal safety and, generally,
within the following upper limits:

� where water depth is less than 150 mm when surcharging, 2.5(H):1(V) to
4(H):1(V) on earth structures and vertical on rock or gabion structures[8]

� where water depth is between 150 and 1,500 mm when unprotected and
surcharging, a maximum slope of 5(H):1(V)[9]

� where water depth is between 150 and 1,500 mm when protected (e.g.
fenced) and surcharging or greater than 1,500 mm:

� 2.5(H):1(V) to 4(H):1(V) on earth structures[8]

� 0.5(H):l(V) on rock gibber structures
� 1(H):4(V) on gabion basket structures
� 1(H): 4(V) on stacked (rough squared) rock structures;

(iv) appropriate outlet protection to ensure minimisation of scour as described in
Section 5.3.3.

(k) Sediment basins can be constructed from earth, rock or suitable crushed concrete
products where formed as aboveground ponds, or plastic or metal for underground
tanks (see Standard Drawings SD 6-1, SD 6-2, SD 6-3, SD 6-4, SD 6-5). Choice of
materials generally depends on constraints imposed by the design criteria, site 
conditions and local maintenance/cleaning criteria. Rock and gabion basket 
structures should be lined on the inside with a geotextile material (dry basins) to
ensure removal of sediment particles from the system, or a suitable impermeable
material for wet (Type D or Type F) basins.[10]

6-14

7. If a piped outlet is adopted as an emergency spillway, appropriate measures should be employed to
minimise the risk of blockages, and/or the pipe outlet should be significantly over designed to reduce the
risk of blockage.

8. The actual gradient adopted depends on various soil characteristics.
9. The actual maximum gradient is determined by the “slipperiness” of the saturated sediment – whether or

not a person can achieve a firm footing on it. Slippery sediments should have less steep gradients, in the
order of 8:1 or even 10:1.

10. Geotextile can become blocked in time. So, dry basins can become wet if it is not replaced or reverse-
flushed.



(l) The lower level of the settling zone should be identified with a peg or other marker
that shows clearly the level above which the design capacity is available. Stored
sediment should not encroach into the settling zone. 

(m) Sediment removed from sediment basins should be disposed in places that will not
result in a future erosion or pollution hazard (see Section 4.3.2 (h)). Note that fine
and/or flocculated sediment removed from wet basins might require considerable
time to dry to a level where it can be handled with relative ease. 

6.3.4  Capacity of Basins for Type D and Type F Soils

(a) Sediment retention basins for Type D and Type F soils are wet basins (SD 6-4 and 
SD 6-5). Their design criteria are the same. They differ only in management 
and, specifically, the recommended methods of dewatering and in the likely use 
of flocculants. 

(b) The traditional approach to design of sediment retention basins is based on the
settling of a design particle. However, this settling methodology is generally 
ineffective where the sediment contains significant quantities of fine (<0.02 mm) or
dispersible materials because of very long settling times that require extraordinarily
large structures and, even then, might not achieve the desired result. Both Type D and
Type F soils are very fine and Type D soils are dispersible as well. So, generally, a
total storm containment system is adopted here for a nominated design rainfall depth,
a risk-based approach that is considerate of local daily rainfall patterns. Such basins
are normally empty. They fill after rainfall events with water remaining in them long
enough to be properly treated with settling agents such as gypsum (Appendix E).
They are then pumped out or allowed to drain under gravity. 

(c) However, other methodologies are available that enable constant flocculation of
sediment-laden waters derived from Type D soils. One such method is described at
Section E4.2 (Appendix E). Such basins do not require pumping out, so long as they
can achieve an acceptable suspended solid’s concentration of less than 50
milligrams per litre in the residence time provided in the design storm. Use of such
alternative approaches should not vary the design capacity from that described here. 

(d) A 5-day rainfall depth can be adopted as standard in the design of the settling zone
where the soils being disturbed are Type D or Type F. This assumes that five days or
less are required following a rainfall event to achieve effective flocculation if 
necessary, settling and subsequent discharge of the supernatant stormwater
(Appendix E and Section 6.3.3(d)). 

(e) In certain conditions, basins can be designed for rainfall depths and management
periods of between 2 and 20 days, to accommodate a range of site constraints and
opportunities that may be present : 

6. Sediment and Waste Control
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(i) Where the site area is insufficient to allow building structures as required for the
y-percentile 5-day criterion, a 2, 3 or 4-day rainfall depth can be adopted
providing flocculation, settlement and discharge can be achieved in that time.
However, this will usually require the use of a special range of flocculants and
specialised techniques that will achieve sufficiently fast settling (Section E4.2).
Many such flocculants can cause environmental harm if not managed properly
and the plans for sediment control must also include a detailed plan of 
management of these. 

(ii) Where site conditions permit the construction of extremely large structures, a 6 to
20-day rainfall depth can be adopted. These large structures allow longer periods
for reuse (e.g. dust suppression) or flocculation, settling and discharge. 

(f) Unless Council’s Stormwater Management Plan states differently:[11]

(i) on most sites the 75th percentile storm depth is recommended for use if the 
duration of disturbance is likely to be six months or less, while the 80th
percentile storm depth is recommended if the duration of disturbance is likely to
be more than six months; 

(ii) where receiving waters are considered particularly sensitive, either by the 
development proponent/designer, local council or other consent authority, a
higher level of protection can be provided, e.g.: the 80th percentile storm depth
is recommended for use if the duration of disturbance is likely to be six months or
less, while the 85th percentile storm depth is recommended if the duration of
disturbance is likely to be more than six months. 

Longer term land disturbances, such as waste depots, extractive sites and some
road construction activities, warrant alternate levels of protection, as defined in
relevant sections of Volume 2.

(g) Where space does not permit the use of structures designed for the 80th percentile
or larger x-day rainfall depths and these are desirable, additional erosion controls
can be considered instead, e.g. ensuring that the lands: 

(i) are not in a condition of high erosion hazard during those half months when 5
percent or more of the average annual erosion index occurs (Table 6.2); or

(ii) have C-factors higher than 0.1 only when the 3-day forecast suggests that rain is
unlikely.[12] In this case, management regimes should be established that 
facilitate rehabilitation within 24 hours should the forecast prove incorrect. 

6. Sediment and Waste Control
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11. Note that increasing the design criteria from the 75th percentile, 5-day depth to the 90th percentile, 
5-day depth more than doubles the size of the settling zone and sometimes triples it.

12. C-factors of 0.1 can be achieved in various ways as shown at Appendix A, note especially figure A5,
Table A3 and Table A4. For example, figure A5 shows that a C -factor of 0.1 can be achieved with a
60 percent grass cover where, previously, the soils were stripped or deeply cultivated; alternately, Table
A3 shows it can be achieved temporarily by application of a hydraulic soil stabiliser. 



(h) Figure 6.5 shows the y-percentile 2, 5, 10 and 20-day rainfall depths (mm) for
Sydney’s Observatory Hill, while Tables 6.3a and 6.3b shows the 75th, 80th 85th,
90th and 95th percentile 2, 5, 10 and 20-day rainfall depths for 58 sites 
throughout New South Wales. Similar graphs to figure 6.5 are shown for 57 other
sites throughout New South Wales at Appendix L. Rainfall depths at locations not
shown, or for time periods not shown (between 2 and 20 days) can be estimated by
interpolation or from graphs of rainfall depth estimated from the annual mean rainfall,
whichever is the most conservative. Estimation of the 75th, 85th and 95th percentile
5-day rainfall depth from annual mean rainfall is shown in figure 6.6 and also at
Appendix L for other locations and situations. Rainfall depths smaller than the 75th
percentile depth are shown in figures 6.5 and 6.6 and at Appendix L for illustration
purposes only and should not be used in design. Note that rainfall events smaller
than 0.2 mm have been omitted in the calculations of all graphs. 

(i) Normally, sediment basins where the soils are Type D or Type F are sized as follows: 

V = settling zone + sediment storage zone (Table 6.1)

(i) The settling zone capacity designed to capture Type D and Type F soils can be
determined from the y-percentile, 5-day rainfall depth, i.e. 

Settling Zone Type D/F = 10 x Cv x A x R (y %ile, 5 day)

where: 
� 10 is a unit conversion factor
� Cv is a volumetric runoff coefficient, defined as that proportion of 

rainfall that runs off as stormwater[13]

� A is the catchment area of the basin (hectares)
� R(y %ile, 5 day) is the 5-day total rainfall depth (mm) that is not exceeded

in y percent of rainfall events. This figure can be determined from
Appendix L. Rainfall depths corresponding to management periods
more and less than 5 days can be adopted, as site characteristics
allow and as detailed previously 

The volumetric runoff coefficient should be derived from Appendix F.

(ii) On lands of low erosion hazard (determined through the simple procedure
described in Section 4.4.1) , the capacity of the sediment storage zones on
Type D and Type F soils can be determined as either:

� 50 percent of the settling zone capacity, or
� two months soil loss as calculated with the RUSLE 
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13. This figure differs from the peak flow runoff coefficient used in the determination of peak flows according
to Pilgrim (1998) (Appendix F). The volumetric coefficient of runoff is used for calculations for the sizing of
sediment basins on Type D and Type F soils only.
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Table 6.2 Percentage of average annual EI that normally occurs in the first and second half of each month
for each Rainfall Zone (figure 4.9) (Rosewell and Turner, 1992)

Figure 6.5 Y-percentile 2, 5, 10 and 20-day rainfall depths at Sydney’s Observatory Hill
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Table 6.3a 75th, 80th, 85th, 90th and 95th-percentile 2 and 5-day rainfall depths for 59 sites in New South Wales

75th %ile 80th %ile 85th %ile 90th %ile 95th %ile 75th %ile 80th %ile 85th %ile 90th %ile 95th %ile
North Coast
Coffs Harbour 18.3 23.6 31.8 44.4 70.8 33.6 42.7 55.8 74.9 117.6
Dorrigo 22.1 27.9 36.4 49.0 77.0 40.3 49.3 63.7 84.8 132.0
Grafton 14.0 17.8 22.9 31.2 48.9 23.3 29.0 37.2 50.1 75.4
Lismore 16.3 20.6 26.4 36.3 57.0 28.6 35.3 45.2 60.2 95.3
Port Macquarie 18.0 22.9 29.8 41.4 65.3 32.0 40.1 51.8 70.0 106.2
Taree 15.0 19.0 24.9 35.5 56.4 25.0 31.7 41.2 55.9 90.6
Tweed Heads 23.4 29.5 37.6 50.8 78.7 39.6 48.5 62.5 82.5 126.8
Central Coast/Hunter
Cessnock 13.4 16.5 21.1 28.5 45.0 20.3 24.4 31.0 42.8 63.0
Gosford (Narara) 16.7 21.3 28.4 39.8 63.0 27.9 35.0 45.8 62.2 99.3
Nelson Bay 17.5 22.3 28.9 39.4 58.9 30.4 38.1 48.3 63.5 91.5
Newcastle 13.7 17.6 23.0 31.8 48.1 24.4 30.5 38.9 51.8 76.7
Scone 12.4 15.3 19.3 25.0 37.8 19.0 22.6 27.7 35.9 51.3
Wyong 16.8 20.8 26.9 37.2 58.8 26.8 33.8 43.2 58.7 90.1
Sydney/Blue Mountains
Bankstown 11.4 14.5 19.6 27.0 42.0 19.4 24.4 31.5 42.6 66.6
Blacktown 12.0 15.0 20.3 28.0 43.6 19.0 24.6 32.2 43.2 70.8
Camden 13.6 16.8 21.6 29.2 44.8 20.2 25.1 32.0 43.4 66.3
Campbelltown 12.2 15.2 19.0 26.9 42.1 19.3 23.9 30.6 43.2 63.3
Hornsby 15.7 20.6 27.4 38.1 61.0 25.9 32.8 43.3 60.0 92.5
Katoomba 16.5 20.6 26.7 37.6 60.2 28.0 35.2 45.4 63.0 99.6
Lithgow 11.4 14.0 18.3 24.2 35.3 19.5 23.6 29.4 37.8 56.4
Liverpool 12.2 15.5 20.0 28.4 43.2 19.2 24.4 32.2 43.8 70.2
Mona Vale 19.0 23.6 29.2 38.7 62.0 29.0 35.2 44.0 61.2 92.0
Mosman 15.2 19.3 25.4 35.8 57.7 26.2 32.9 43.2 59.6 91.5
Parramatta North 11.7 15.2 20.6 28.2 45.5 20.3 25.8 33.1 45.8 74.1
Penrith 14.0 18.2 23.6 31.5 49.5 21.8 27.4 35.0 47.6 74.6
Richmond 10.2 13.5 18.0 24.9 39.2 17.5 22.4 29.5 39.7 61.4
Ryde 14.7 18.3 24.9 34.3 53.5 23.4 29.5 38.8 53.6 80.5
Springwood 15.5 20.1 25.9 35.0 55.6 25.2 31.4 40.4 55.0 84.1
Sutherland 15.0 18.8 24.9 34.8 55.0 23.4 29.7 38.9 54.6 85.1
Sydney 12.7 16.6 22.4 31.6 52.1 23.3 29.7 38.8 55.2 84.3
Wallacia 14.0 17.8 23.0 31.4 48.8 22.1 27.6 36.6 48.8 76.2
Wilberforce 11.4 14.9 19.8 27.7 46.4 19.8 24.6 33.2 46.7 69.4
Illawarra/South Coast
Albion Park 16.5 21.1 27.9 39.1 67.4 25.2 31.8 41.9 59.8 101.2
Batemans Bay 13.7 17.8 24.1 34.2 54.9 22.1 28.0 37.4 52.4 84.4
Bega 12.6 16.1 21.3 30.5 51.1 19.5 24.6 32.5 46.2 77.2
Cooma 7.6 9.8 13.0 17.8 27.2 12.5 15.8 20.0 25.8 39.1
Helensburgh 23.1 28.7 38.1 53.0 81.3 35.6 45.0 57.4 78.2 124.6
Kiama 14.7 19.1 24.9 35.5 57.2 25.5 32.2 42.1 58.3 90.7
Kangaroo Valley 16.8 21.4 29.2 41.7 70.6 26.8 34.2 45.7 67.0 115.6
Mittagong 14.7 18.3 23.4 31.8 49.1 22.9 28.0 36.2 49.0 75.2
Robertson 15.8 20.3 27.9 38.2 67.3 28.4 36.0 46.1 67.3 113.0
Wollongong 13.8 18.0 24.8 36.6 61.3 25.4 33.0 43.5 60.8 95.6

Armidale 12.4 15.2 19.3 25.0 35.3 19.8 24.1 29.2 37.4 52.9
Gunnedah 14.2 17.3 21.3 27.7 39.2 20.0 24.1 30.2 38.4 53.0
Tamworth 15.2 18.3 22.2 27.7 39.6 21.6 25.2 30.8 39.2 54.2
Tenterfield 18.8 22.3 26.7 33.8 46.0 26.7 31.4 38.1 47.4 63.3

Bathurst 10.7 13.2 16.5 21.4 30.4 16.8 20.6 24.9 31.4 43.7
Cowra 12.0 14.7 18.0 22.9 32.8 18.1 21.6 26.1 32.5 44.9
Dubbo 12.7 16.0 20.2 26.1 36.0 18.8 22.8 28.4 35.6 50.7

Albury 11.8 14.4 17.4 22.4 31.6 20.0 23.7 28.4 35.2 45.2
Goulburn 7.8 10.0 13.2 18.0 27.4 14.2 17.8 22.2 28.6 40.8
Jindabyne 11.9 14.2 17.3 22.6 33.4 17.3 20.6 24.9 32.0 46.8
Queanbeyan 12.7 15.2 18.8 24.2 34.3 18.0 21.3 25.8 33.0 45.1
Wagga 9.2 11.4 14.4 19.3 27.6 15.6 18.8 23.4 29.4 40.2

Bourke 11.7 14.6 18.3 24.8 35.6 15.3 19.0 23.9 30.9 44.5
Broken Hill 7.1 9.1 12.0 16.8 25.9 9.7 12.2 16.2 21.6 33.0
Griffith 9.5 11.7 14.0 18.5 26.2 13.8 16.4 20.6 25.4 34.6
Moree 12.6 15.8 19.3 25.1 36.8 18.0 21.9 26.8 36.3 51.4
Nyngan 12.2 15.2 19.1 25.6 37.3 16.5 20.4 25.8 33.8 47.8

Location
2-day rainfall depths (mm) 5-day rainfall depths (mm)

Northwestern, Southwestern and Far Western Plains

Northern Tablelands and Northwestern Slopes

Central Tablelands and Central Western Slopes

Southern Tablelands and Southwestern Slopes
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Table 6.3b 75th, 80th, 85th, 90th and 95th-percentile 10 and 20-day rainfall depths for 59 sites in New South Wales

75th %ile 80th %ile 85th %ile 90th %ile 95th %ile 75th %ile 80th %ile 85th %ile 90th %ile 95th %ile
North Coast
Coffs Harbour 62.2 75.0 94.0 125.9 181.6 127.0 148.7 174.6 215.0 281.6
Dorrigo 71.2 87.5 108.8 141.4 213.1 142.2 169.1 203.5 257.8 366.2
Grafton 39.4 48.6 60.2 78.3 112.8 76.2 88.9 106.4 130.5 175.2
Lismore 49.8 60.2 75.3 100.4 148.1 98.0 115.6 138.2 176.2 242.0
Port Macquarie 57.9 70.6 88.4 115.0 159.9 116.6 135.4 158.6 193.0 249.0
Taree 43.5 53.5 68.0 91.8 135.8 85.6 101.6 124.6 157.7 207.0
Tweed Heads 67.0 81.0 99.3 130.8 186.8 124.6 147.0 178.6 219.2 288.5
Central Coast/Hunter
Cessnock 31.0 38.3 48.3 62.3 87.3 57.0 67.0 80.1 99.0 133.4
Gosford (Narara) 49.2 59.7 76.5 100.7 148.6 96.1 113.4 137.0 173.4 239.2
Nelson Bay 53.3 63.8 77.7 99.2 136.7 100.2 117.0 135.2 165.4 219.0
Newcastle 43.9 52.8 64.6 83.3 113.6 85.6 98.6 115.3 139.5 182.4
Scone 28.7 33.9 41.2 52.0 70.6 50.6 57.9 67.7 82.8 109.2
Wyong 45.2 55.4 69.4 89.2 130.9 85.8 100.2 119.9 150.9 208.2
Sydney/Blue Mountains
Bankstown 33.0 41.4 52.6 69.2 99.5 66.0 80.6 96.0 116.4 161.0
Blacktown 32.6 40.4 51.2 70.2 102.8 64.8 76.2 94.4 117.7 159.4
Camden 31.0 38.2 48.6 63.8 95.0 57.4 67.6 82.7 104.9 143.7
Campbelltown 32.0 39.2 49.9 64.9 100.3 61.6 71.1 87.4 118.7 149.9
Hornsby 44.4 54.9 71.1 91.9 139.4 86.2 100.8 122.8 156.7 214.9
Katoomba 50.1 62.2 78.4 103.8 157.6 101.6 121.4 146.4 183.4 260.0
Lithgow 32.9 38.9 47.5 60.7 84.4 63.9 74.0 86.6 104.4 134.3
Liverpool 33.2 41.0 52.4 70.4 102.0 66.4 79.0 95.8 118.6 156.8
Mona Vale 45.8 56.6 71.2 91.8 129.2 87.1 100.6 120.0 150.1 198.4
Mosman 47.0 57.5 72.8 95.8 137.4 93.2 110.2 131.0 160.9 218.6
Parramatta North 35.4 44.2 56.1 76.4 112.3 70.6 87.0 103.2 131.6 178.5
Penrith 33.8 41.7 52.9 71.4 104.9 61.7 74.1 91.3 118.4 160.4
Richmond 30.7 37.4 47.5 63.4 92.4 59.5 71.1 86.5 108.5 146.9
Ryde 38.4 48.0 61.4 80.6 116.8 72.6 87.0 105.4 130.3 185.3
Springwood 41.4 50.8 63.4 84.8 130.0 77.8 93.4 115.6 148.0 206.1
Sutherland 39.1 48.9 63.0 83.6 124.3 75.9 90.2 109.2 139.7 197.0
Sydney 43.6 54.5 68.6 89.5 132.3 88.0 105.0 125.9 158.1 211.2
Wallacia 35.6 43.6 55.4 75.4 113.1 66.4 81.1 98.7 125.8 173.5
Wilberforce 34.6 43.4 54.6 71.2 107.9 68.6 80.7 96.8 120.6 182.0
Illawarra/South Coast
Albion Park 41.0 51.7 66.1 93.3 147.8 77.1 95.6 120.6 158.0 226.2
Batemans Bay 37.4 47.3 59.7 81.3 124.8 72.0 87.6 107.5 135.7 187.7
Bega 31.8 39.6 51.6 72.4 111.6 61.4 74.8 93.0 119.1 178.9
Cooma 21.2 25.0 31.0 40.4 59.2 40.6 48.0 57.4 72.2 92.4
Helensburgh 58.2 71.5 89.2 121.7 178.4 105.9 126.1 153.8 200.2 291.1
Kiama 46.0 56.0 71.6 93.1 136.5 90.7 106.7 130.1 161.3 220.7
Kangaroo Valley 45.7 58.8 76.4 107.5 166.4 92.8 112.8 141.3 181.6 254.5
Mittagong 37.1 45.1 56.4 74.6 110.4 69.2 82.1 99.6 122.8 164.6
Robertson 52.2 63.8 101.8 116.2 190.6 108.8 133.3 166.2 217.5 310.7
Wollongong 48.1 58.6 75.2 99.2 150.4 96.2 115.4 138.7 176.4 252.2

Armidale 32.7 38.3 45.7 56.8 76.5 60.5 68.0 79.2 93.9 119.5
Gunnedah 29.7 35.1 42.2 52.5 69.6 50.2 57.6 66.7 80.1 102.9
Tamworth 31.6 37.3 44.4 54.4 73.0 53.9 61.8 70.8 84.2 107.2
Tenterfield 39.6 46.1 54.4 66.0 88.6 67.6 76.5 89.4 105.4 128.0

Bathurst 27.2 31.6 37.8 46.3 60.7 49.5 55.7 63.4 74.0 94.3
Cowra 28.0 32.2 38.1 46.8 62.2 48.7 55.4 63.6 74.2 93.8
Dubbo 28.4 33.2 40.0 50.5 66.6 47.5 54.4 64.0 77.0 98.7

Albury 32.8 38.6 44.0 52.4 66.1 60.5 66.5 74.4 85.7 102.4
Goulburn 26.4 30.2 36.4 44.8 60.8 49.0 54.8 64.3 75.6 97.1
Jindabyne 26.4 31.2 37.6 47.8 64.3 48.2 55.4 64.7 76.7 96.4
Queanbeyan 26.9 31.5 37.6 45.8 62.3 47.0 53.0 61.6 73.7 93.2
Wagga 26.0 30.2 36.0 43.6 56.8 46.4 52.6 59.8 70.4 86.2

Bourke 20.4 25.2 30.6 39.9 56.8 31.2 37.1 44.8 56.5 79.2
Broken Hill 13.4 16.8 21.4 28.9 41.4 21.8 26.7 32.4 40.6 59.7
Griffith 21.0 24.4 28.4 35.3 46.6 34.4 38.8 45.4 53.6 67.4
Moree 26.4 31.8 39.1 50.6 70.0 46.0 53.4 63.3 78.0 104.1
Nyngan 23.1 27.9 34.8 44.8 61.2 36.6 43.6 52.8 66.3 90.4

20-day rainfall depths (mm)

Northern Tablelands and Northwestern Slopes

Central Tablelands and Central Western Slopes

Northwestern, Southwestern and Far Western Plains

Southern Tablelands and Southwestern Slopes

Location
10-day rainfall depths (mm)
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Figure 6.6 The 75th, 85th and 95th percentile 5-day rainfall depth 
estimated from the annual mean rainfall
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14. Most Australian streams naturally carry sediment loads at some time or another and have reached 
equilibrium under such conditions. Excessively reducing these loads for extended periods can cause such
streams to become “hungry” and erode their own bed and banks. 

On lands of high erosion hazard (typically Soil Loss Classes 5, 6 and 7), designers
should always derive a more specific capacity based on two month soil loss as
calculated with RUSLE, the following equation (Appendix A):

Sediment Zone Type F / Type D = 0.17 x A (R x K x LS x 1.3 x 1.0)

1.3

where:
0.17 = one sixth of the computed average annual soil loss 
1.3 = the bulk density of the deposited sediment
A = the disturbed catchment area (hectares)
R and K are the RUSLE factors for the site
LS is the RUSLE factor for the site assuming an 80-metre slope length
(other slope lengths can be chosen but should be properly justified in
erosion control plans).

(iii) In cases where these criteria yield excessively large sediment storage zones, the
application of one or more of the following options can help reduce their sizes: 

� reducing the catchment areas
� reducing effective slope lengths
� increasing the frequencies of sediment removal. 
Standard Worksheets for calculating the size of sediment basins on Type F and
Type D soils are provided in Appendix J.

(j) Management of Sediment Basins on Type D and Type F Soils:

(i) With basins that capture runoff from Type F soils, stormwater in the settling zone
should be drained or pumped out within that time period adopted in the design
of the basin (5 days in most cases, but in the range of 2-20 days as site 
conditions allow) following rainfall if the nominated water quality targets can be
met. Flocculation should be employed where extended settling is likely to fail to
meet this objective within the nominated time period.

(ii) Because Type D soils contain a significant level of dispersible materials, dosing
the captured stormwater with a chemical agent to facilitate settling and help
manage the turbidity of discharged stormwater is necessary (Appendix E). For
larger land disturbance activities, consideration should be given to establishing
a site-specific relationship between suspended solids concentration (also 
reported as mg/L non-filtrable residue (NFR) and turbidity (measured in 
nephelometric turbidity units (NTU)) to allow a more rapid assessment of
stormwater quality at the site. Samples collected for this purpose should be taken
following a reasonable settling period.[14]



(iii) Ensure only the clear (<50 mg/L suspended solids) supernatant waters are
discharged from the settling zones of these structures. To help in this, use a floating
inlet to any pump to reduce the opportunity for picking up any settled sediment

(iv) Sediment removed from sediment storage zones where the soils are Types D or
Type F often requires a long time to dry out before it can be handled properly.
Consideration should be given to this matter well before maintenance is
required. Sediment must be stored, even temporarily, in ways that will not result
in sediment pollution to downslope lands and waterways. 

6.3.5  Capacity of Basins for Type C Soils

(a) Sediment retention basins on Type C soils can be wet or dry basins (SD 6-1, SD 6-2,
SD 6-3, SD 6-4 and SD 6-5). 

(b) The basic premise of sediment retention basins on Type C soils is that an acceptable
discharge water quality can be achieved by providing a relatively short residence
time for the settling of a design particle (usually 0.02 mm) (Table 6.1). 

(c) The design storm event for basins on Type C soils is taken as the 3-month ARI flow,
unless specified differently in the local Council’s “Stormwater Management Plan”. This
design flow should be estimated for individual basin designs, but is commonly about
half of the 1-year ARI flow unless the local consent authority specifies differently.[15]

(d) In determining peak rates of flow, the minimum critical duration (or time of concentration
(tc)) likely to apply throughout the construction period should be adopted. Adopt the
recommendations shown at Appendix F for calculation of peak flow runoff 
coefficients (C10) where the lands are disturbed by removal of vegetation and
topsoil (common on building and road construction sites and mining sites). Where
the lands are not so disturbed, apply the criteria shown in Pilgrim (1998). 

(e) Three components need to be determined for the settling zone of a sediment basin
on Type C soils, namely: the surface area, depth, and length:width ratio.[16]

(i) The basin surface area should be equal to or greater than the following:
� 4,100 square metres per cubic metre of discharge waters per second in the

design storm event where the design particle is 0.02 mm[17]
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15. Generally, more than 90 percent of average annual runoff occurs as flows with an ARI of three months or less.
16. Most laboratory studies that have investigated sediment basin design have occurred in environments

where such factors as short-circuiting, turbulence, bottom scour, outlet design and temperature had 
minimal if any effect on their efficiencies. The reality is such an ideal basin is never constructed, despite
very good intentions. Further, the particles being tested are usually perfectly spherical, have uniform 
densities and cannot interact with one another, factors that do not occur with real soils.

17. A basin surface area of 4,100 square metres is based on the equation A = 1.2 Q / Vs where A is the
required basin surface area (m2), Q is the peak flow rate in the design storm (m3/sec) and Vs is the settling
velocity of the design particle (0.00029 m/s for a particle of 0.02 mm diameter (Goldman et al (1986)).
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18. Metcalf and Eddy (1991) suggest a scour velocity of 0.07 m/s for a particle of 0.02 mm diameter. 

� 635 square metres per cubic metre of discharge waters per second where 
it is 0.05 mm

� 170 square metres per cubic metre of discharge waters per second where 
it is 0.1 mm.

In most cases, the design particle should be taken as 0.02 mm. However, the
larger sizes can be considered where at least 90 percent of those particles
coarser than 0.02 mm are, in fact, coarser than 0.05 or 0.1 mm. 

(ii) The depth of the settling zone should be at least 0.6 metres, sufficient to provide
a cross-sectional flow area that limits flow velocities to values unlikely to scour
settled sediment in a 1-year ARI flow, namely 0.07 metres per second for a
particle of 0.02 mm diameter. If a less frequent storm event has been adopted
(greater than the 1-year ARI) or if site constraints limit the depth of the sediment
retention basin, a check should be made to ensure that the average flow velocity
in the design storm event does not exceed the scour velocity for a particle of
0.02 mm diameter.[18]

(iii) Length:width ratios should be 3 to 1 or greater as discussed above at 
Section 6.3.3(i). 

(iv) On lands of low erosion hazard, as determined by the simple procedure
described in Section 4.4.1, the capacity of the sediment storage zones on Type
C soils can be determined simply as 100 percent of the settling zone capacity.
On lands of high erosion risk (typically Soil Loss Classes 5, 6 and 7), or as an
alternative in any case, designers can derive a more specific capacity using the
following equation (Appendix A):

Sediment Zone Type F / Type D = 0.17 x A (R x K x LS x 1.3 x 1.0)

1.3
where:
0.17 =  one sixth of the computed average annual soil loss 
1.3 =  the bulk density of the deposited sediment
A =  the disturbed catchment area (hectares)
R and K are the RUSLE factors for the site
LS is the RUSLE factor for the site assuming an 80-metre slope length
(other slope lengths can be chosen but should be properly justified in
erosion control plans).

(v) On Soil Loss Classes 5, 6 and 7 lands, designers should derive the specific
capacity using the above equation only.

(vi) In cases where these criteria yield excessively large sediment storage zones, the
application of one or more of the following options can help reduce their sizes: 

� reducing the catchment areas



� reducing effective slope lengths
� increasing the frequencies of sediment removal. 

Standard Worksheets for calculating the size of sediment basins on Type F and 
Type D soils are provided in Appendix J. 

(f) Techniques for dewatering Type C sediment basins commonly involve the use of
needle-punched geotextile, sand or gravel as mediums near the outlet. The use of
sand or gravel as a filtering medium is not encouraged because it is more difficult to
maintain. Geotextile should be placed:

(i) on the upstream side of gabions (figure 6.7);

(ii) on 50 to 75 mm aggregate (maximum batter gradient l.5(H):l(V)) placed on the
upstream side of a wall constructed from local rock materials (figure 6.8); or

(iii) around a perforated riser structure. An air gap is essential between the riser
structure and the geotextile to ensure free drainage of “dry” basins. The 
geotextile should not be in close contact with the riser (SD 6-3).

(g) Whichever method is used, reverse flush or replace the geotextile each time sediment
is removed from the basin to reduce the likelihood of the pores blocking and becoming
essentially a wet basin. Consequently, do not sandwich the fabric between gabion
baskets. 

(h) Operation of basins on Type C soils should ensure that, where possible, water has
drained from the settling zone by the beginning of the next storm event. This can be
achieved with dry, above-ground basins, through use of geotextile filters or similar
mechanisms.[10]

6.3.6  Infiltration sumps

(a) Infiltration sumps (Standard Drawing SD 6-6) are subsurface facilities that collect
stormwater for filtration of sediment and infiltration of stormwater to the watertable.
They are used as an alternative to the regular sediment retention structures described
above where:

� construction of regular structures can be impractical, (e.g. where most of the
site will be disturbed for building purposes)

� the soils are well drained (Soil Hydrologic Groups A or B)
� the watertable (seasonal or permanent) is more than 2 metres below the floor

of the structure (Chapter 3)
� addition of water to the watertable will not affect salinity levels – testing soils

for the presence of soluble salts is essential (Chapter 3)
� groundwater cannot be contaminated 
� catchment areas are very small.

Infiltration technology is not supported by the DIPNR unless the soils and groundwater
have been properly assessed for their capability. 
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Figure 6.7 A sediment retention basin constructed on Type C soils with gabion baskets
in very steep country. The structure has recently been converted to a constructed
wetland.

Figure 6.8 A sediment retention basin constructed on Type C soils from local sandstone
gibbers
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(b) Generally, infiltration sumps are constructed from floorless plastic or metal tanks with
perforated sides and surrounded with geotextile to filter the water before it enters the
soil. The perforations should comprise at least 2.5 percent of the total surface area
(preferably 7.5 percent), and be evenly placed to ensure water is delivered over the
entire facility. Provide an aggregate bed at least 600 mm wide between the tank
and the surrounding soil materials (aggregate coarser than the perforations). 

(c) The capacity of the sump should accord with that for basins on Type C soils, but
should have a settling zone depth greater than 1.5 metres.

(d) Provide an accessible observation point to allow estimates to be made about how
quickly the tank will dewater following a storm event and to measure sediment levels.
Inspect them after every storm event large enough to produce runoff. Pump them out
36 to 48 hours after each storm event if:

� fines block the geotextile and/or floor of the structure
� the infiltration rate drops below 15 mm per hour.

Of course, flocculation might be necessary first.

(e) Maintain design capacity always through regular removal of sediment.

6.3.7  Sediment Filters

(a) Sediment filters (also called sediment retention traps) are temporary measures used in
mitigation of sediment pollution to downslope lands and waterways. They are 
relatively effective at retaining suspended solids coarser than 0.02 mm. Many finer
particles and most soluble materials pass through them. They are simple to construct,
relatively inexpensive and easily moved as development proceeds.

(b) Materials used in their construction include one or more of straw bales, woven 
geotextile, earth, rock or suitable crushed concrete products. Generally, actual
choice is dependent on constraints imposed by the design criteria (including 
maintenance needs), availability of materials, cost and site conditions. Straw bales
should not be used where they cannot be properly embedded into the ground unless
alternative measures are taken to prevent polluted water passing under them.

(c) Place them to keep sediment as close to its source as possible.

(d) Maintain sediment filters so that no more than 30 percent of their design capacity is
lost to accumulated sediment and construction materials are replaced when 
functionality is lost. Dispose of any waste material in an approved manner and
where further pollution to downslope lands and waterways should not occur.

(e) Some filters are constrained by external design criteria, including sediment fences
and straw bale barriers (Standard Drawings SD 6-7 and SD 6-8 and figure 6.9).
They should be able to withstand the erosive forces from the design storm event,
usually the 10-year ARI time of concentration event and, therefore, should not be



placed in areas of concentrated water flows. Catchment areas of sediment fences
can be constrained by building them along the contour with periodic small returns
(figure 6.10) creating several subcatchments. Because these systems are prone to
failure in relatively small storm events, subcatchment areas should be sufficiently small
to constrain maximum flows to 50 litres per second in the design storm event should
all water discharge at one point. 
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Figure 6.9 Sediment fence constructed below a fill batter – the sediment pollution is the
result of a recent storm event

Figure 6.10 Preferred sediment fence configuration
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(f) Special measures must be installed for trapping sediment in intertidal zones, 
e.g. sediment fences as shown in Standard Drawing SD 6-9.

(g) Floating sediment fences can be constructed below the intertidal zone, providing
sufficient water depth is always available for the boom to float (Standard Drawing
SD 6-10). They can be used to surround barges when transferring materials to and
from the shore or when carrying out dredging activities. Maintenance of fixed of
floating sediment fences should be undertaken only at low tides.

(h) Other filters are not constrained by external design criteria, including inlet filters
(figure 6.11 and Standard Drawing SD 6-11 and SD 6-12). They are among the
least effective of all BMPs at mitigating sediment pollution because their design does
not take into account runoff volume. Their installation at any particular location is a
matter for the site manager on a day-to-day basis as an informal part of the sediment
control program and not normally detailed on any P1an. Nevertheless, they should
be placed so that they are unlikely to divert water from its intended course in a very
large storm event.

6. Sediment and Waste Control
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Figure 6.11 Filter roll at kerb-side sump
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(i) Developed areas, especially inner city areas with space constraints, need careful
management of activities to prevent sediment pollution. This is particularly evident
where building materials such as sand, fill material and topsoil, etc. are deposited
near areas of concentrated water flows, e.g. on footpaths or side of the roads. In
such instances, it is essential that stormwater flows in gutters and other surface drains
are not impeded nor can they result in materials being washed into drainage
systems. Downstream pit protection should be implemented and ongoing 
maintenance should be provided; pedestrian and vehicular safety and warning
devices should be erected.

6.3.8  Filter Strips

(a) Strips of vegetation left or constructed downslope from earthworks provide a simple
method of trapping coarse sediment in most storm events other than very large ones.
This assumes that, where this vegetation is to be retained, it will have sufficient time
to “recover” before the next load of sediment-laden water enters the site. 

(b) The following factors should be considered in their design:

(i) the amount of sediment that might be stored in the area above the filter; and 

(ii) the width of vegetation in the filter:
� required to filter coarse sediment (usually the upper section)
� required filter some of the finer sediment (usually the lower section). 

(c) Native vegetation in riparian zones should not be used as filter strips. Only separate
dedicated buffer zones upslope from riparian lands should be used.

(d) Karssies and Prosser (2001) suggest that the following amounts of sediment can be
stored above the filter:

� where slopes are less than 4 percent, up to 50 tonnes per hectare per 100
metres length

� where slopes are between 4 and 7 percent, up to 15 tonnes per 100 metres
length

� where slopes are between 8 and 10 percent, up to 10 tonnes per 100
metres length. 

That significant amounts of sediment are stored in the area above the filter is shown
in Figure 6.12. 

(e) The suggested widths of grass filters for calculated values of annual soil losses
(Appendix A) are in Table 6.4. Note that, generally, vegetated filter strips are most
effective where the average annual soil losses are low and the sediment is relatively
coarse; they are least effective where the calculated average annual soil losses are
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Table 6.4 Recommended Grass Filter Strip Widths for Typical Values of Calculated
Annual Soil Loss (Karssies and Prosser, 2001)

more than about 40 tonnes per hectare per year and/or the sediment is 
relatively fine. 

(f) The best vegetation cover is one that provides a relatively uniform dense ground
cover, e.g. sward-forming grasses about 150 mm high. 

(g) A 400-mm wide grass strip can be installed next to a kerb to stabilise the interface
between the kerb and footway (Standard Drawing SD 6-13). Also, it can provide
worthwhile sediment trapping value in very small storm events. 

6.3.9  Stabilised Site Access

(a) Access to sites should be stabilised (Standard Drawing 6-14) to reduce the likelihood
of vehicles tracking soil materials onto public roads and ensure all-weather
entry/exit. Such areas should be at least 3 metres wide (or 2.4 metres per lane) and
constructed with maximum 75 mm aggregate at least 15 metres long and 200 mm
thick, underlain by needle-punched geotextile.

(b) It is very important that:
� surface water flows are diverted from the area
� the structures are placed so that bypassing them is not possible for vehicles
� they are maintained in an effective condition through removal of sediment

and/or addition of extra aggregate.

(c) A variation on the design shown in SD 6-14 where tracking of sediment onto local
public roads is likely to be a problem is the use of cattle grids installed under water
(figure 6.13).
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Figure 6.12 A kerbside turf strip showing sediment stored in the area above the filter. 

Figure 6.13 A simple wash-down system.



(d) In addition, the following limitations should be considered:

(i) Wash-down areas and stabilised accesses require collection and treatment of
waste water;

(ii) Ideally, both should be built on level areas; and

(iii) Supplementary, street sweeping on adjacent roads might still be required.

6.3.10  Control of Wind Erosion

(a) Research (Livingston, et al., 1988) has shown that average dust emission rates of
over 2.5 tonnes per hectare per month occur at urban construction sites.

(b) Various measures are available to minimise such emissions, including:

(i) limiting the area of lands exposed to erosive forces through:
� phasing works (Chapter 4)
� provision of a protective ground cover including mulches, vegetation 

(Chapter 7), organic binders or dust retardants
� keeping the ground surface damp (not wet)
� leaving the surface in a rough cloddy condition to increase roughness and

slow surface wind speed;

(ii) limiting traffic movement on any disturbed areas; 

(iii) applying a suitable hydraulic soil stabiliser to the soil surface to reduce the 
C-factor (Appendix A); and
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Figure 6.14 Effect of distance from windbreak on soil loss, wind blowing at less than
90° to the windbreak (Leys, 1991)
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(iv) on building sites where 1,500 to 5,000 square metres are to be disturbed,
installing a 40 percent porous, open-weave barrier fence (Standard Drawing
SD 6-15) on the windward side.[19]

6.4 Constructed Wetlands

6.4.1  Preamble

(a) This section has been included to help decide:
� whether or not a constructed wetland might be required on a site
� where it might be placed
� its approximate capacity and dimensions.

(b) Such information might affect choice, location and design criteria for BMPs to be
used during the construction phase, e.g. sediment retention basins. Further, if a
wetland is required on site after a land disturbance phase, its use as a temporary
sediment retention basin during the disturbance phase should be considered. This
section is not intended to aid the detailed design of constructed wetlands, nor does it
discuss in sufficient detail their ecology, aesthetics or economics. Information on these
topics can be found in DLWC (1998). 

(c) Note that neither sediment basins nor wetlands should be built on line on 
watercourses. 

(d) The design criteria and construction details for constructed wetlands are still in an
evolutionary phase. Consequently, several national and State-based organisations
are involved in the collection of information and investigations into various 
alternatives for improvement in water quality. Unfortunately, their task is made difficult
by the scarcity and variability of existing Australian data. The information presented
here should be interpreted in this light. 

(e) Nevertheless, constructed wetlands should be considered, especially when 
undertaking the structure planning of new urban release areas. Their incorporation
into infill developments should also be considered, although design opportunities are
often limited. Constructed wetlands are most appropriate in areas where receiving
water quality problems are, or are likely to result from high nutrient levels.
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19. Such fences are effective to a distance of 15 times their height, assuming an acceptable soil flux of five
grams per metre per second (figure 6:14). Sand and silt particles become airborne at surface wind
speeds of about 10 metres per second (36 kilometres per hour) and exceed acceptable limits for
airborne dust above 40 kilometres per hour. 
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6.4.2  Introduction

(a) Constructed wetlands are purpose-built structures, predominantly constructed with
natural materials of soil, water and biota. They mimic the desired processes and
functions of natural systems to achieve specific objectives, such as retention or
removal of various pollutants including nutrients, heavy metals, pathogens, 
hydrocarbons and colloidal particles. Typically, their design criteria aim to ensure
that the levels of these pollutants after a land disturbance phase is complete are not
worse than those before works began under average annual runoff conditions, 
especially on “greenfields” subdivisions.

(b) The term “constructed wetland” is considered as the total entity of a project and 
integrated with surrounding elements of the natural environment.

(c) Although using natural processes, constructed wetlands are not natural systems.
Further, they require ongoing monitoring and management for continued 
performance over their design life.

(d) Before water enters a wetland, it is desirable to:

(i) reduce sediment loads, particularly dispersible fines, organic debris and other
floating materials;

(ii) attenuate stormwater flows so that the wetland's retention time is not adversely
affected; and

(iii) attenuate stormwater velocities to ensure ecological viability, as scour and
erosion can damage planted areas and re-suspend sediment leading to 
downstream pollution.

6.4.3  Planning

(a) General principles that should be adopted for constructed wetland projects include:

(i) development with due consideration of any existing catchment or subcatchment
stormwater management plan – they should be easily integrated with the local
Council's stormwater planning process (see (b), below);

(ii) construction off-line from watercourses and, preferably, outside the riparian
zone; 

(iii) the application of a multi objective planning process (see (c), below);

(iv) the use of a multi disciplinary team in the planning process that includes an
ecological perspective and the likely eventual owner;

(v) where possible, maintenance or improvement of the predevelopment water 
quality of the downstream receiving water body; and

(vi) adoption of an operation and maintenance plan for the ongoing management
of the wetland that considers both the biological and physical processes.
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(b) Consider wetlands as part of a comprehensive stormwater management system that
involves the whole catchment. Therefore, constraints should be assessed on a site-by-site
basis (Chapter 3). Where these constraints limit opportunity for construction of
wetlands at a particular site, consideration should be given to the control of pollution
of nutrients, etc. further down the catchment (i.e. in a regional wetland).

(c) Constructed wetlands should be designed to meet multiple objectives to lengthen
their effective life span and improve community usage of the area. Multiple 
objectives include:

� water quality improvements for various parameters
� wildlife habitats
� flood mitigation
� passive recreation
� visual amenities (landscape features)
� water supply (i.e. park irrigation)
� educational and research value.

(d) Use of constructed wetlands and their surroundings for active recreational purposes
should be dependent on an assessment of the risk to human health and of the potentiall
for vandalism. The DEC does not recommend water-based activities or fishing unless
contaminants in the waters meet the relevant national water quality criteria
(ANZECC, 2000 and Dunkerley, 1995). Note that birds can be a major source of
faecal contamination, creating conflict between water quality and habitat objectives.

(e) Constructed wetlands for stormwater management are usually within the urban 
residential environment. Therefore, the local community often has a personal stake,
particularly where they are to be retrofitted into an existing area. As a result, best
management practice should include a community involvement program incorporating
community awareness, consultation and, perhaps, participation (Brown, et al.,
1996). Community involvement programs can:

� engender community support and ownership for projects
� help incorporation of community wishes and concerns in the planning and

design phases
� provide community education on environmental issues.

(f) Generally, the use of wetlands during the construction phase should not be 
necessary – during this phase, control of sediment pollution is the major issue.
Control of pollution of materials other than sediment usually only becomes necessary
after landscaping has started and traffic levels have increased (i.e. in the landscaping
and post development phases). However, commissioning wetlands during the
construction phase might be convenient if sediment pretreatment is provided.
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6.4.4  Wetland Design

Configuration

(a) Where practicable, water entering wetlands should be relatively free of sediment.
Pretreatment for sediment control is achieved before water enters the reed bed zone
(containing emergent macrophytes) by designing a sedimentation zone. The 
sedimentation zone or sediment forebay removes coarse sediments from the water
column through settling. 

(b) Wetlands should be constructed only as offline systems. These are built outside the
main flow channel, usually being fed by very small catchments where the drainage
system in not of “watercourse” status. In some cases, a diversion structure that allows
runoff from large storm events to bypass the system can be considered, but these are
problematic in terms of maintaining the connectivity of the watercourse. Online
systems built within the flow channel are not appropriate because all runoff flows
through them and, consequently: 

� their integrity can be damaged in large storm events
� they interrupt the stream or continuum, including the hydrology and the

hydraulics, sediment transport and geomorphic processes
� they interrupt the wildlife corridor 
� they replace a riparian/aquatic habitat with a wetland habitat. 
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7. Site Stabilisation

7.1 Introduction

7.1.1  Background

(a) Stabilisation can be achieved with vegetation, paving, armouring or any other cover
that protects the ground surface from erosive forces, i.e. reduces the C-factor to an
acceptable level (Appendix A). It is essential on all disturbed lands where works are
complete or in temporary abeyance to mitigate sediment pollution to downslope
lands and waterways. This is because potential soil loss can often be reduced to
about 1 percent or less of the prestabilisation level through the application of a 
suitable protective cover. In addition, stabilisation can improve the operational 
efficiency of the complete soil and water management program, and enhance the
aesthetic values of the site. Nevertheless, sediment control works are necessary on all
sites until stabilisation is complete.

(b) Sections elsewhere in these guidelines highlight the importance of giving priority to
those BMPs that mitigate soil erosion in the first place rather than to those that clean
up the mess downslope or at the catchment outlet. This is because the control of soil
erosion is the simplest and most economical way of minimising sediment pollution. 

(c) Vegetation is an ideal and usually inexpensive method of stabilisation because it
reduces soil erosion hazards by:

� absorbing the impact of raindrops
� reducing volume and velocity of runoff
� binding the soil with roots
� protecting the soil from the erosive effects of wind.

(d) It is common practice to use annual species as a fast growing and highly effective
temporary ground cover. However, these plants die within one season, providing
almost no residual surface protection after about six or eight months. Where 
protection is required beyond six or eight months, using a mixture of perennial and
annual species is best. While the perennial species are usually slower to establish,
they will grow under the annual species and succeed them to provide a permanent
surface protection.

(e) Effective revegetation is possible only where the factors necessary to promote and
sustain plant growth levels are adequate, including sunlight, temperature, soil fertility
and structure, and moisture levels. 

(f) Where land disturbance activities occur in riparian zones or watercourses, prepare a
separate Vegetation Management Plan (Appendix I). This plan is to cover all
disturbed lands to at least 10 metres beyond the works. It should address revegetation,
bush regeneration and weed control. It should ensure that previously stored topsoil is
respread over disturbed lands and the litter layer is restored. Any imported topsoil
must be weed free. 
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(g) If non indigenous plants are to be used as a temporary measure in natural areas,
sterile hybrid species are preferred. Invasive species, such as Kikuyu and Rhodes
Grass should not be used if not already common in the immediate vicinity. 

7.1.2  General Principles

(a) Where practicable, schedule the land disturbance program so that the time from
starting activities to completion of the final rehabilitation program is less than six
months. Special erosion and sediment control measures should be considered where
such staging of land disturbance activities is not possible. Here, rehabilitation is
defined two ways, depending on the local rainfall erosivity:

(i) In periods of expected low rainfall erosivity during the rehabilitation period,
achieve a C-factor of less than 0.15 and keep it there by vegetation, paving,
armouring, etc.[1] Low rainfall erosivity is a month with an erosivity of less than
100. The erosivity for a month at a location is calculated by:

R-factor X percentage of annual EI occurring per month (Table 6.2 – derive the
zone from figure 4.9).[2]

(ii) In periods of moderate to high rainfall erosivity during the rehabilitation period,
achieve a C-factor of less than 0.1 and set in motion a program that should
ensure it will drop permanently, by vegetation, paving, armouring, etc. to less
than 0.05 within a further 60 days. Of course, local water restrictions might
affect this in drought times.

(b) In addition, schedule works above the 2-year ARI flood level so that the duration from
the conclusion of land shaping to completion of final stabilisation is less than 
20 working days. Where practical, phase works so that:

(i) minimal lands are exposed to the forces of soil erosion at any one time; and

(ii) site stabilisation measures are progressively installed throughout the development
phase.

(c) However, where works are within the 2-year ARI flood level, ensure that the C-factors
are higher than 0.1 only when the 3-day forecast suggests that rain is unlikely. In this
case, management regimes should be established that facilitate rehabilitation within

1. C-factors of 0.15 can be achieved in various ways as shown at Appendix A, note especially figure A5,
Table A3 and Table A4. For example, figure A5 shows that:
(i) A C-factor of 0.15 can be achieved with about 30 percent ground cover where the soils have not been

disturbed recently and 50 percent cover where they have been disturbed (as at most construction sites); 
(ii) A C-factor of 0.05 can be achieved with about 55 percent and 70 percent cover on undisturbed and

disturbed soils respectively. 
2. Fortnightly EI data are available for some locations in New South Wales (Rosewell and Turner, 1992)

(Table 7.1) and monthly data in Queensland (Rosenthal and White, 1980). Monthly estimates are 
available for some locations in South Australia (Yu and Rosewell, 1996) and Western Australia
(McFarlane et al. 1986). A method for estimating half monthly values of erosivity from monthly data 
is provided by Renard et al. (1997).



24 hours should the forecast prove incorrect. Of course, this assumes that the regular
suite of BMPs is installed as outlined elsewhere in these guidelines. 

(d) While C-factors are likely to rise to 1.0 during the work’s program, they should not
exceed those given in Table 7.1. 

(e) Successful revegetation of lands requires:
� availability of acceptable soil materials
� correct site preparation
� selection of the most suitable establishment technique
� selection of appropriate plant species, fertiliser(s) and ameliorant(s)
� application of sufficient water for germination and to sustain plant growth if

rainfall is insufficient
� an adequate maintenance program.

Proper investigation of each of these matters on a site-specific basis is usually
required.

7. Site Stabilisation
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Lands Maximum Remarks
C-factor

Waterways and other
areas subjected to
concentrated flows
(Section 5.2.3), post
construction

0.05 Applies after 10 working days from 
completion of formation and before they 
are allowed to carry any concentrated
flows.  Also, note the requirements of Table
5.1 (Note: a C-factor of 0.05 can be
acheived various ways, including with about
70% groundcover.  See Appendix A, 
especially figure A5 and Tables A3 and A4)

Stockpiles (Section
4.2.2), post construction

0.10 Applies after 10 working days from completion
of formation (Note: a C-factor of 0.10 is
acheved with about 60% groundcover)

All lands, including
waterways and stock-
piles during construction

0.15 Applies after 20 working days of inactivity,
even though works might continue later
(Note: a C-factor of 0.15 can be acheived
various ways, including  with about 50%
groundcover. See Appendix A, especially
figure A5 and Tables A3 and A4)

Table 7.1 Maximum acceptable C-factors at nominated times during works.



(f) Investigate areas not satisfactorily revegetated to determine the reason for failure.
Then undertake appropriate remedial action, including replacing any lost topsoil and
resowing the site. 

(g) Maintain any erosion and sediment control measures until all earthworks are completed
and the site rehabilitated. Where appropriate, remove soil conservation structures as
the last activity in the site stabilisation program.

7.2 Revegetation: Lands Subjected to Sheet Flow

7.2.1  Introduction

(a) On lands subjected to sheet flow, consider revegetation programs over two stages:

(i) Primary revegetation, which normally does not include native species and is
designed to reduce the erosion hazard to an acceptable level rapidly 
(figure 7.2); and

(ii) Secondary revegetation, which might follow to create an aesthetically more
pleasing environment through natural or artificial addition of permanent 
endemic/native species.[3]

(b) The landscape analysis for the site will identify a suitable strategy for revegetation,
reflecting a specific theme such as mown grass, bushland regeneration, etc.

7.2.2  Primary Revegetation

(a) Primary revegetation usually includes the use of exotic species,[4] in particular pasture
grasses.[5] In most cases:

(i) use annuals where a quick, temporary cover is required (for up to about six
months), and perennials for long term protection; and

(ii) use warm season species where summer rainfall is dominant, and cool season
species where winter rainfall is dominant and/or winters are cold.
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3. Primary revegetation might be omitted where the erosion hazard has been brought under control through
use of mulches and/or various fabrics (Section 7.4.1). Exercise care in ensuring that: 

� materials are not toxic to the desired plant species 
� they are maintained until the secondary species are producing their own mulch (can be three to

five years).
4. This recommendation does not hold in bushland areas if the use of exotic species is regarded as undesirable.
5. Exotic pasture species are preferred for primary revegetation because they are more easily established,

provide rapid cover, and root growth quickly binds the soil surface. In addition, the seed is commercially
available, seed viability is usually high and sowing methods are relatively simple. Legumes, in spite of the
beneficial addition of nitrogen to the soil, are rarely used in urban revegetation programs because of their
specialised management requirements.
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7. Site Stabilisation

Figure 7.1 Unsatisfactory site stabilisation has resulted in substantial quantities of sedi-
ment leaving the site

Figure 7.2 Primary revegetation of an earth batter with straw mulching (Section 7.4.1).
Notice the sediment fence and barrier mesh to minimise soil erosion and sediment pollution



In the Sydney Region, Appendix G might help in the choice of plant species,
fertilisers and ameliorants. Elsewhere, seek advice from local seed merchants or
appropriate government departments for listings of species, sowing rates and
fertiliser requirements suitable for rehabilitation.

(b) As the physical and chemical characteristics of many subsoil materials inhibit the
establishment of plants, respreading of topsoil (Section 4.3) over the disturbed area
is recommended. Avoid incorporation of subsoil material into the topsoil.

(c) Where practical to do so, a seedbed should be cultivated before sowing seed
(Standard Drawing 7-1). This should include deep ripping to at least 300mm. 

(d) Where possible, ensure any cultivation of the soil is parallel to the contour.

(e) Plants can be established (figure 7.3) by:

(i) broadcasting, particularly on very small areas (<one hectare) or lands that are
inaccessible to conventional implements;[6]

(ii) conventional implements[7] including direct drilling or sod seeding to a depth of
about 10 mm to 15 mm;[8]

(iii) laying turf such as couch or kikuyu, particularly where immediate vegetative
cover is required for stabili-sation or aesthetic reasons; and[9]

(iv) hydraulic seeding, especially on steep or inaccessible areas (figure 7.2).
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6. Add sand to the seed to help achieve an even spread. Where grasses are being established, harrow the
surface immediately after the seed and fertiliser have been applied. With the establishment of bushland
plant species, undertake the harrowing first.

7. Use of conventional implements is usually the most cost-effective method of establishing plants from seed.
Plants with small seeds, grasses in particular, establish on a fine seedbed best. However, a relatively
rough seedbed might be required where the soil is dispersible or the erosion risk is high (e.g. on Soil Loss
Classes 5 to 7 lands). It can be formed by scarifying to a depth of about 50 mm to 75 mm. A rough
seedbed is less likely to "surface seal" and will absorb moisture more readily (SD 7-1).

8. These methods are preferred and have three advantages:
� fertiliser is placed below the soil surface reducing the possibility of it being washed into waterways
� precision planting of seed and fertiliser is achieved (if appropriate)
� higher germination rates usually occur.

9. Turf should be:
� placed on a bed of fertilised topsoil of a minimum depth of 75 mm
� laid parallel to the contour on sites with steep slope gradients
� normal to direction of flow in waterways
� under or over a pegged artificial mesh (e.g. a light polypropylene, UV stabilised mesh with

about 20-mm openings) in areas of very high water velocity
� rolled or tamped immediately as it is laid
� where necessary, pegged to the soil at 1 to 2 metre centres, e.g. with 4 mm (No. 8 gauge)

wire approximately 200 mm in length
� watered immediately to enhance establishment
� watered regularly for the first seven days or as required to effect establishment
� mowed as required under the maintenance contract for the site.
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(f) In addition to identifying the best species mix, establishing the best fertiliser and
ameliorant mix for plant growth is essential.[10]

(g) Establishment of plants should not be attempted during hot, dry periods unless 
sufficient water can be applied artificially.

7.2.3  Secondary Revegetation

(a) Secondary revegetation normally follows the primary revegetation program,
although species can be established at the same time.

(b) Include native species propagated to enhance ecological values and create an
aesthetically pleasing environment after the soil erosion hazard has been reduced.
Near watercourses, use native plants propagated from seeds collected from the local
area. 

(c) Establishment can be from seed, tube stock or invasion from the surrounding 
bushland. Where possible, choose species that will rapidly provide an adequate
mulch to protect the ground surface from the forces of erosion.[11]
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Figure 7.3 Seed placement with different sowing methods

10. For optimum establishment and growth of exotic species, many soils require ameliorants to alter the soil
pH and/or improve the soil structure. Details on specific requirements can be obtained from appropriate
government departments or through laboratory testing of the soil materials. 

11. Most exotic pasture species have difficulty competing with taller native plants when more than about 70
percent shading occurs. 
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(d) Effective establishment of native species, particularly those endemic to the region,
usually requires an environment where the ongoing nutrient and moisture regimes are
close to the natural status.[12] Avoid the use of fertilisers and/or ameliorants except in
situations where they are likely to leach from the soil relatively quickly, and any 
modified conditions are unlikely to be retained. These factors are often critical when
reestablishing or retaining native bushland downslope from an urban subdivision, for
example, where drainage from well-tended gardens can create an environment
where exotic plants can compete effectively with native plants.

(e) Where primary revegetation is omitted in bushland areas, protect the ground surface
against erosion with mulch or a biodegradable blanket until adequate mulch is
produced naturally by local plants (Section 7.4.1). This can also reduce weed
competition, depending on depth or thickness.

7.3 Revegetation: Lands Subjected to Concentrated Flow

7.3.1  Introduction

(a) While most erosion control techniques are satisfactory under sheet flows conditions
(e.g. wood chip mulches), special measures are essential under concentrated flow
conditions. Some of these are identified in Table A4 (Appendix A). These special
measures should be considered on all lands within the 10-year ARI flood level. 

(b) Generally, use plants as a protective measure to bind the surface together. This is
especially important in waterways because:

(i) their growth pattern usually results in lower water velocities (therefore, increased
time of concentration, lower peak flows and fewer outlet problems);

(ii) they can filter pollutants from the water, including sediment and nutrients; and

(iii) usually, they are aesthetically more pleasing than non vegetative materials.

(c) In most situations, use only non invasive exotic species for revegetation of lands
subjected to concentrated water flow because:

(i) seed is more likely to be available in commercial quantities when required; and

(ii) they are more effective than native species in binding the soil material and
reducing the soil erosion hazard.

7. Site Stabilisation

12. Most native species have evolved adaptations to a harsh environment that often include soils deficient in
nutrients, and/or that have extremes of pH, and/or that have extreme fluctuations in available moisture.
Exotic species usually do not grow well in such environments without modification to one or more of these
factors.



(d) Do not use reinforced turf near watercourses unless the mesh is biodegradable. 
If exposed, it can: 

� be a threat to wildlife 
� lead to mass failure of the turf if snagged. 

7.3.2  Vegetation Establishment

(a) Establishment of plants on lands subjected to concentrated flows can be undertaken
using similar methods to those described in Section 7.2.2 for Primary Revegetation.

(b) Areas of frequent channelised flow are best stabilised with reinforced turf.

(c) Where water flow is saline or relatively continuous, suitable species and channel
treatment should be planned to avoid establishment failure and channel damage.

(d) Permanently established vegetated waterways should provide protection to the soil
against the erosive action of flowing water as described in Section 5.3.3(c) and
Table 5.2 in the design storm event (Section 2.3.1 (e)).

7.4 Special Considerations

7.4.1  Aids to Establishment

(a) Mulches:

(i) usually provide a protective cover for the soil surface to prevent erosion of loose
soil/fertiliser particles (Table A3, Appendix A), especially on lands with 
moderate to steep slopes, and help establishment of plants by reducing 
evaporation and increasing water infiltration;

(ii) should be 20 mm to 40 mm thick – thicker mulches (75 mm to 100 mm) inhibit
germination and can be applied to control weeds; and

(iii) in bushland areas, should be:
� comprised of local native species where available 
� maintained until the vegetative cover can provide adequate protection against

the erosive forces (figure 7.4; cf. figure 7.3).

(b) Straw mulches:

(i) are particularly effective where soils are dispersible, on sites with a high soil
erosion hazard, or where soil moisture is likely to be inadequate for successful
plant establishment (e.g. batters);

(ii) such as wheat or oaten straw are suitable at about 250 bales per hectare, other
than in bushland areas, and should be dry when applied and have a low leaf
content;
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(iii) should be free of non endemic seed in bushland areas; and

(iv) should be sprayed with an anionic bitumen emulsion at 2,500 litres per hectare
or other suitable binder.

(c) Brush mulches:

(i) are preferred on lands where regeneration of native plants is wanted as it can
provide an additional source of seed — of course, using endemic plant 
materials;

(ii) should be applied parallel to the contour; and

(iii) should be stockpiled with care since spontaneous combustion can occur.

Care should be exercised to ensure the cutting of local brush does not damage
adjoining ecosystems. Brush should only be taken from approved cleared areas.

(d) Wood chip mulches are useful for weed control. Mulched street tree loppings and
pine flakes are preferred from an ESD standpoint. Processed hardwood is ESD
acceptable if taken from forest trimmings and not from primary forest timber trees.

(e) Biodegradable blankets (see Appendix D), including jute mesh and plant fibre
matting, are alternatives to mulches and particularly useful in areas of high water
concentration[13] Jute mesh should be sprayed with an anionic bitumen emulsion at
about 1 to 3 litres per square metre for extra stability in areas where concentrated
runoff might occur.

(f) Bitumen emulsion can be applied by itself as mulch and is suitable for areas where
cool season plants will be sown and soil moisture is not a major constraint to plant
establishment.

(g) Hydroseeding is particularly useful in the higher rainfall, coastal areas. Supplementary
watering is advisable if weather conditions are unfavourable for germination or 
establishment. Include polymers or bituminous binders on steep lands. [14]

7. Site Stabilisation
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13. They can provide temporary protection to earth drains intended to be removed or upgraded within six
months, or grassed waterways that have only recently been established from seed or runners (figure 4.4). 

14. Hydroseeding involves the mixing of seed, fertiliser and a paper or wood pulp with water to form a slurry
sprayed over the area to be revegetated. The seed generally sticks to the pulp that improves the microcli-
mate for germination and establishment. Hydromulching is a different operation to hydroseeding in that it
uses a higher rate of cellulose fibre to act as mulch by itself. Hydroseeding and straw mulching are
normally concurrent operations and achieve superior results to hydromulching.
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Figure 7.4 Lack of site stabilisation of a drainage line following installation of services

Figure 7.5 Effective mulching of a service easement using local brush



7.4.2  Saline Areas

(a) A Western Sydney Salinity Code of Practice has been prepared by the 13 relevant
Councils through the Western Sydney Salinity Working Party. This is a useful 
document to help all those working in saline areas, but especially in western Sydney
and should be consulted wherever salinity is expected, especially on soils derived
from marine sediments such as the Wianamatta Shales. Read the Code together with
the Salinity Hazard Map prepared by the Department of Infrastructure, Planning and
Natural Resources.

(b) Salinity occurs when salts found in the soil or groundwater mobilise, allowing 
capillary rise and evaporation to concentrate salts at the ground surface. Usually,
such movements are brought about by changes to the natural water cycle through:

� artificially adding water to the watertable, causing it to rise
� removing deep-rooted vegetation
� impeding subsoil drainage. 

(c) Some developers in western Sydney have unwittingly contributed to the problem by
following water-sensitive urban design principles developed in other places where
salinity is not a problem. Specifically, they have followed procedures designed to
encourage excessive infiltration to the watertable without a full appreciation of the
consequences. Infiltration measures, while encouraged, should incorporate a 
subsurface drain and liner where infiltration to groundwater might exacerbate salinity
problems. 

(d) If the watertable within the root zone becomes saline, the vegetative cover is likely to
die and expose the soil to erosive forces. Salinity also can affect built infrastructure,
affecting detrimentally concrete, bricks and metal, and resulting in structural damage
and unnecessary repair costs. 

(e) Salinity problems are usually overcome by lowering the watertable through:

(i) reducing infiltration rates, e.g. lining waterways with impervious materials

(ii) improving drainage, e.g. installation of subsoil drains;

(iii) planting deep-rooting salt-tolerant plants to act as “pumps”.

(f) Choose plant species for rehabilitated lands that are more tolerant of any likely high
salt levels.[15]

(g) Where necessary, implement building controls and/or other engineering responses
to salinity problems. 

7. Site Stabilisation
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15. Including (from highly salt tolerant to moderately tolerant) puccinellia, tall wheat grass, couch, Wimmera
rye grass, Rhodes grass, phalaris, strawberry clover and lucerne (Hamilton and Lang, 1978).



7.4.3  Maintenance

(a) Maintenance (Chapter 8) of both soil conservation works and revegetated areas is
an essential part of any rehabilitation program and should be addressed in the
ESCP/SWMP. It can include:

(i) periodic application of water, especially in the first seven days from 
establishment on turfed areas and/or in hot, dry weather;

(ii) further application of seed and fertiliser in areas of minor soil erosion and/or
inadequate vegetative establishment; and

(iii) regular mowing, especially in waterways, to control weeds and to maintain a
cover that does not impede flows and cause flooding or accumulation of pools
of stagnant water.

(b) Establish salt-tolerant species or apply other corrective measures where bare areas
arise because of salinity in surface or ground water and soils. 

(c) Control excessive vegetative growth through mowing, slashing or judicious use of
herbicides. Do not mechanically grade vegetated waterways and road verges
unless part of a further stabilisation program.[16]
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16. Set mower height no lower than 75 mm above the ground surface.
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8. Maintenance

8.1 Introduction

(a) Proper maintenance of soil and water conservation works plays a vital part in their
management and operation. After a storm event, the effectiveness of the established
controls can be readily seen with any shortcomings and damage.

(b) Always keep the potential hazards of soil erosion at the site and consequent 
sediment pollution to downslope areas to a minimum. This is always important, but
especially before times when works are unlikely to proceed for any reason.
Accordingly, the site manager should check the operation of all soil and water
management works each day and initiate repair or maintenance as required.

(c) Current legislation requires the quality of run off water leaving each site to be of an
acceptable standard. Penalties apply where pollution to downslope lands and 
waterways occurs. The law does not recognise:

� whether or not the site is difficult
� problems that might be encountered in implementing the plan
� whether or not you are familiar with good soil and water standards.

(d) An effective maintenance program should include ongoing modification to any Plan
as development progresses. This is because such Plans:

(i) are usually based on a specific landform shape. However, as development
proceeds, changes occur in slope gradients and drainage paths with their exact
form frequently unpredictable before works begin; and

(ii) assume the site development works will proceed according to a specific set of
engineering plans. However, these are often modified as part of the 
development process.

(e) Address ongoing maintenance of all permanent soil and/or water control structures
in the planning phase. This is likely to be relevant, especially for some long-term
works, where authority for maintenance passes from the developers/site operators
and their contractors to, e.g. the local consent authority.

8.2 Maintenance Program

(a) Empty bins for concrete and mortar slurries, paints, acid washings, lightweight waste
materials and litter at least weekly and otherwise as necessary. Dispose of any waste
in an approved manner.

(b) Ensure proper drainage of the site. To this end:

(i) clean any catch drains, diversion banks, table drains, berm drains and 
drop-down structures (including inlet and outlet works) that have become



8-2

1. Redesigning any crossings to permit continued vehicle access without affecting the function of the drain
might be necessary.

2. Either raise low points or, temporarily, line the downslope side with sandbags, straw bales, etc.
3. Including use of grass, plastic, geotextile, rock or concrete.
4. A single pass with a grader, constructing a diversion drain about 300 mm deep is usually adequate.
5. Set mower height no lower than 75 mm above the ground surface.

blocked through sediment pollution, sand/soil/spoil being deposited in or too
close to them, breached by vehicle wheels,[1] etc.;

(ii) check that drains are operating as intended (Section 5.4), especially that:
� no low points exist which can overtop in a large storm event[2]

� areas of erosion are repaired (e.g. lined with a suitable material[3] and/or
velocity of flow is reduced appropriately through construction of small check
dams or installing additional diversions upslope); 

(iii) construct small additional earth diversions[4] at distances of less than 80 metres
across the works to keep slope lengths short and dispose of water without 
causing channel erosion; and

(iv) regularly clean out sediment trapped behind sediment fences and other traps.

(c) Ensure removal of any sand/soil/spoil materials placed closer than 2 metres from
hazard areas, such as waterways, gutters, paved areas and driveways. Provide
protection to receiving waters from any such materials placed more than 2 metres
from hazard areas by implementing the required soil and water management 
practices.

(d) Check that rehabilitated lands have established sufficient ground cover to reduce the
erosion hazard effectively and initiate repair as appropriate (Chapter 7). Note that:

(i) periodic applications of water are essential, especially in the first seven days
from establishment on turfed areas and/or in hot, dry weather; and

(ii) further applications of seed and fertiliser might be necessary in areas of minor
soil erosion and/or inadequate vegetative establishment.

Establish salt-tolerant species or apply other corrective measures where bare
areas arise because of salinity in surface or ground water.

(e) Control excessive vegetative growth through mowing,[5] slashing or judicious use of
biodegradable herbicides. This is especially important with waterways to control
weeds and to maintain a cover that does not impede water flow, thereby causing
flooding or accumulation of pools of stagnant water. Do not grade existing 
waterways and road verges unless part of a further rehabilitation program.

(f) Do not dispose of cleared vegetation by open burning on site. Preferred disposal
options include chipping or mulching for future rehabilitation purposes, unless the
presence of weed seed or viable vegetation parts makes this not viable. Less
preferred options include transport to a landfill facility, or trench-burning using
licensed equipment.
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6. Where necessary, a suitably sized stockpile of flocculating agent should be kept onsite for the treatment
of wastewater impounded in sediment retention systems.

7. Place a marker peg within each sediment retention basin to indicate the design capacity of the sedimen-
tation zone and level above which capacity is available in the settling zone for containment of runoff.  

(g) Control emission of dust from unsealed roads and other exposed surfaces, such as
unprotected earth or soil stockpiles, by use of surface sealants and/or water spray
carts or other appropriate equipment. Keep the surfaces moist rather than wet.

(h) Keep all sediment detention systems in good, working condition. Ensure:

(i) recent works have not resulted in the diversion of sediment-laden water away
from them;

(ii) degradable products (e.g. straw bales) are replaced as required;

(iii) sediment is removed if the design capacity or less remains in the settling zone;

(iv) retention basins on Type C soils have a minimum settling zone depth of at least
0.6 metres over two-thirds of the surface area when surcharging;

(v) water in retention basins on Type D soils is treated with a flocculating agent
following the requirements of Section 6.3 and Appendix E if the soils at the 
sediment source contain more than 10 percent dispersible materials.[6] Where
basins require pumping out, the necessary dosing should occur within 24 hours
of the conclusion of each storm event and the basin should be drained once
suspended solids levels are less than 50 milligrams per litre, usually 36 to 48
hours later if gypsum is used. Longer or shorter treatment and dewatering 
periods may apply if rainfall events of duration other than 5 days has been
adopted in the design of the basin;[7] and

(vi) pollutants, sediment and/or waste removed from sediment basins, gross 
pollutant traps and trash racks are disposed in stabilised dumps where soil and
water measures have been implemented to stop offsite movement of pollutants.

(i) To determine the effectiveness of any sediment retention basins, the consent authority
might require the site manager to undertake sampling and subsequent analysis of
non filterable residue (NFR) concentrations of waste water. Such sampling and 
analysis is likely to be required periodically or for a nominated period, usually the
first three months after commissioning the basins.

(j) Dispose any pollutants removed from sediment basins in areas where further pollution
to downslope lands and waterways should not occur.

(k) Construct additional erosion and/or sediment control works as might become 
necessary to ensure the desired protection is given to downslope lands and 
waterways, i.e. make ongoing changes to the Plan.

(l) Maintain erosion and sediment control measures until all earthwork activities are
completed and the site rehabilitated.



(m) Temporary soil conservation structures/measures are to be removed and surfaces
restored to the final landform as the last activity in the works program. Then, 
vegetative rehabilitation of these areas can begin following the requirements of the
site rehabilitation/landscaping plan. First liaise with the relevant local government
body where works:

� are likely to continue in the catchment and are not associated directly with the
development

� include sediment retention basins.

This is to determine whether the local consent authority is prepared to take over
control and responsibility for any such structures. Ongoing maintenance of sediment
basins can be desirable where later works in the catchment not associated with this
development are likely to produce sediment. If the local consent authority does agree
to take such responsibility, the developer/site operator is expected to ensure that they
are in good working order and design capacity is available.

(n) A self-auditing program should be established based on a Check Sheet (Table 8.1)
developed for the specific site – note that every site will be different. A site inspection
using the Check Sheet should be made by the site manager:

� at least weekly, and
� immediately before site closure, and
� immediately following rainfall events that cause runoff.

Undertake the self-audit by:
� walking around the site systematically (e.g. clockwise)
� recording the condition of every BMP employed
� recording maintenance requirements (if any) for each BMP
� recording the volumes of sediment removed from sediment retention systems,

where applicable
� recording the site where sediment is disposed
� forwarding a signed duplicate of the completed Check Sheet to the project

manager/ developer/ site operator for their information.

In particular, inspect:
� locations where vehicles enter and leave the site
� all installed erosion and sediment control measures, ensuring they are 

operating correctly
� areas that might show whether sediment or other pollutants are leaving the site

or have the potential to do so
� all discharge points, to assess whether the erosion and sediment control meas-

ures are effective in preventing impacts to the receiving waters.
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Tables 8.2, 8.3 and 8.4 are adapted from Fifield (2002b) and contain listings of
suggested inspection guidelines that might apply. These listings are not intended to
be complete and issues raised might vary from one site to another.

Keep a complete set of the Self-audit Check Sheets onsite and make them available
to any officer of the local council, NSW DEC or other authorised person on request.

8. Maintenance
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Table 8.1 Example of a Self-audit Check Sheet (part only)
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Table 8.2 Guidelines that might apply to inspection of structural measures
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8. Maintenance

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

                

Table 8.3 Guidelines that might apply to inspection of non-structural measures



8.3  Post Construction Issues

(a) Whereas this manual deals in the main with the construction phase, there are some
post construction issues that should be considered to ensure the construction phase is
concluded in a responsible manner. This will apply to both subdivision works and
building works.

(b) Issues to be considered include:

(i) Ensure revegetation and planting areas have been properly established, including
areas occupied by all temporary erosion and sediment control structures.

(ii) Liaise with the local consent authority to determine whether the ownership and
ongoing responsibility for any structures (e.g. sediment basins) can transfer to it.

(iii) Remove all treatment techniques or structures that are no longer required in a
way that complies with:

� safety standards
� consent conditions
� requirements that sediment and other materials are disposed in an approved

manner
� sound construction principles.

(iv) Ensure site access is returned to its original condition or approved final layout
depending on site-specific circumstances.

(v) Transfer of any temporary works to permanent works. This might include the
removal of sediment from a sediment basin that is to be transferred to the control
of the local consent authority as either a permanent sediment basin or upstream
section of a permanent wetland.
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Table 8.4 Guidelines that might apply to the control of wind-borne particles
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Purpose 
•  The establishment of long-term stability of drainage lines is an essential component of successful 

rehabilitation of minesites. Stable drainage lines protect the integrity of the post-mining landform and 
satisfy an important component of Ecological Sustainable Development for the minesite. 

•  Drainage of long steep slopes on emplacement areas or drainage of large catchment areas on 
rehabilitated minesites is now more common due to the increasing economic and physical constraints on 
minesites. These situations require mining companies to carefully plan their drainage systems in order to 
achieve stability both physically and ecologically in the long term. 

•  Suitable design is the starting point of establishing stable drainage lines on minesites. The purpose of 
this guideline is to provide direction at the design stage of the drainage program to maximise the 
opportunities for long term stability. 

•  The guideline identifies the elements of drainage design and assessment to achieve the necessary 
rehabilitation outcomes at mine closure. 

•  The guideline complements existing technical documented material on the topics of mine rehabilitation 
and drainage design,  including the following key references: 

•  Hannan, J.C. 1995 Mine Rehabilitation - A Handbook for the Coal Mining Industry. New 
South Wales Coal Association, Sydney. 

•  Department of Housing. 1998. “Managing Urban Stormwater, Soils and Construction”. 
NSW Department of Housing, Sydney 

•  Standing Committee on Rivers and Catchments Victoria. 1991. Guidelines for Stabilising 
Waterways. Rural Water Commission, Armadale, Victoria. 

•  AR&R. 1998. Australian Rainfall and Runoff, a Guide to Flood Estimation. Institution of 
Engineers, Australia. Canberra. 

•  Rutherfurd,I.D. Jerie, K & Marsh, N. 2000 A Rehabilitation Manual for Australian Streams 
Vol 1 & 2. Cooperative Research Centre for Catchment Hydrology. Land and Water 
Resources Research and Development Corporation. 

•  Koehn, J.D. Brierley, G.J. Cant, B.L. & Lucas, A.M. 2001. River Restoration Framework 
Land and Water Australia. 

Scope 
•  Mining development in NSW is required to establish long-term hydrologic stability on rehabilitated 

minesites. The scope of this guideline is to provide considerations for the design of stable drainage lines 
on minesites.  

•  Standard rehabilitation conditions of a mining lease include the requirements for prevention of soil 
erosion. Drainage lines are sensitive areas with a high risk of soil erosion which require special 
consideration and planning to ensure stability. Stable drainage lines are therefore an essential component 
of any rehabilitation plan which should integrate with the erosion and sediment control plan. 

•  Rehabilitation conditions for mining in NSW are determined under the Mining Act 1992 by the 
Department of Mineral Resources in consultation with the Department of Land and Water Conservation. 
This guideline identifies the process of agency assessment of drainage design for mine site 
rehabilitation. 

•  Drainage design is reviewed by these agencies sequentially during development approval in the EIS and 
during the mine life in the Mining Operations Plans (MOP). The MOP addresses in detail the design of 
the mine’s water management and drainage system.  

•  This guideline applies to drainage lines and control structures on rehabilitated mine lands with 
catchments ranging from a few hectares to hundreds of hectares. Drainage lines are areas to which 
runoff water flows from adjacent areas of rehabilitation on minesites. Control structures apply to these 
drainage lines to mitigate against erosion and discharge of sediment. The design and assessment of large 
storage structures and dams on mine sites which are prescribable under the Dam Safety Act 1978 are not 
addressed in this guideline. 

•  A stable drainage system requires consideration of geomorphic considerations, design methodology, 
selection of appropriate input parameters, risk assessment of critical components in the drainage design 
and application of necessary construction and maintenance techniques. . The guideline avoids a 
prescriptive approach to drainage design. It presents the elements of drainage design and provides for 
flexibility in the selection of specific techniques which are dependent on site conditions and 
management practices.  



•  The design of drainage works should also required to consider the implications of other legislation and 
government policy including the Protection of the Environment Operations Act 1997 and the Water 
Management Act 1999. 



Reference 
•  Mining Act 1992 
•  Soil Conservation Act 1938 
•  NSW Department of Mineral Resources. Mining Operations: Environmental Policy Implementation 

Principles. EDP04. September 1998. 
•  NSW Department of Mineral Resources. Rehabilitation and Mine Closure Environmental Policy 

Implementation Principles. EDP05. September 1998. 

Design Process and Outputs 
 
The planning of a drainage design system involves: 
•  stage 1: the development of a ‘concept’ drainage system and/or 
•  stage 2: the development of a ‘detailed’ drainage plan prior to its implementation. 
 
The following details are adapted from Young, R. al et 1998. 

Concept Development 
The Concept Development can be part of strategic planning in order to provide a feasibility study of 
viability and estimates of costs or a formalised exercise for major project developments. This stage is 
generally part of the EIS/development application and the Mining Operation Plan process on plans 5 and 6. 
There is the opportunity to modify the mining plan to ensure that the drainage plan is feasible. 
 
Stages: 
•  setting initial objectives for the drainage design 
•  identifying potential constraints within the drainage catchment area  
•  consideration of features of pre-mining drainage system, including the location of final discharge points 

exiting the boundary area and significant channel features (including locations of pools and riffles, 
channel meanders, channel slope) 

•  integrating drainage design into the mine plan and examining the range of design options available 
•  considering the identified constraints and modifying the drainage and/or mine plan 
•  developing preliminary design options for a drainage plan integrated with the mine plan 
Outputs: 
•  conceptual plan indicating design components, catchment areas and any other relevant features 

including continuous drainage flow paths to their exit from the lease area or internal drainage to the final 
void. 

•  comparison with pre-mining drainage pathways and features 
•  identification of design constraints 
•  preliminary information for detailed design plan including estimates of catchment areas, drainage 

density, peak discharges, channel slopes and configuration(including hydraulic and habitat variability) 
•  preliminary location and design of any major instream structures 
•  assessment of feasibility regarding long term stability of the channel, including the requirement for bed 

control structures. 

Detailed Concept Design 
This stage is beyond the concept stage in the Mining Operation Plan process where drainage works will be 
implemented. The development of final landforms in the mining plan will trigger the requirement for 
drainage plans to be developed to this stage. 
 
The detailed concept design develops the drainage concepts to the stage where the individual components of 
the drainage system are identified, assigned dimensions, documented on plans, costed and ready for 
subsequent implementation.  
 
At the closure stage of the mine, the detailed design will provide essential support in the assessment of the 
final drainage system regarding its long-term stability and ecological sustainability. 



Stages: 
•  refining objectives of the drainage design 
•  quantifying constraints through site and catchment investigations 
•  identifying drainage pathways and flow lines 
•  comparison with pre-mining drainage system for the area 
•  designing the drainage system to remain stable through projected storm events 
•  designing the channel to adequately provide sustainable habitats for instream fauna 
•  identifying individual components and quantifying dimensions prior to implementation 
Outputs: 
•  a plan with detailed contours identifying the proposed channel configuration including: 

•  lease boundaries 
•  continuous drainage flow paths from upper catchment to the drainage exits 
•  lease/property discharge points 
•  important instream structural works 
•  catchment boundaries of major drainage lines 
•  hydraulic and instream habitat features 

•  a comparison with the pre-mining drainage system particularly for configuration, natural controls, 
discharge points, drainage density and peak discharges (see risk assessment) 

•  design details of peak discharges, runoff volumes and duration of flows for the following ARI flows: 
•  1:1 year ARI (5% for trickle flows), 
•  1:2 year ARI (for the dominant flows), 
•  1:100 year ARI 

•  details of relevant input data and assumptions used for all calculations 
•  stages of drainage works including details of any temporary works and “sacrifice” areas 
•  plan details and cross sections of typical channel sections and critical structures indicating: 

•  cross sectional areas of the channel and spill-over areas adjacent to the channel banks 
•  pool and riffle sequences 
•  instream channel controls such as Large Woody Debris 
•  rock bed controls which consider fish passage if applicable 
•  general features of underlying soil material including details of any soils limitations regarding 

sodicity, salinity and wet strength 
•  construction materials and 
•  depths of flow for the different ARI peak discharges 
•  the exit point and mitigating measures to reduce the impact of the constructed channel on any 

existing natural water courses 
•  native riparian revegetation to  take place along the reconstructed channels so that an adequate 

riparian zone can be established with emphasis placed on establishing a vegetation succession of 
ground covers through to trees. This will assist with the : 

•  long term stability of the waterway 
•  biodivesity both terrestrial and aquatic 
•  complementary works where appropriate including: 
•  specific erosion control techniques 
•  revegetation of adjacent areas with suitable native grass and ground cover species specifically to 

control soil erosion of spill-over areas 
•  energy modifiers within the drainage system including: 

•  energy dissipators, drop and bed control structures  
•  Large Woody Debris such as Log Deflectors etc 
•  geomorphic considerations including specific reference to the creation of pool and riffle 

sequences and adequate channel sinuosity and habitat variability. 
•  details for each critical structure including: 

•  maintenance requirements 
•  contingency plans to mitigate risk of failure in worst case scenarios and  
•  preliminary information on monitoring requirements. 

•  risk assessment 
•  refer to Australian Rainfall and Runoff 1999 – section 1 of Book 3 
•  risk analysis of the drainage alterations to the pre-mining drainage system 
•  risk analysis on critical structures in the drainage plan 



•  estimate of likely maintenance requirements and costs 
 
The above list provides a range of considerations for the design of drainage systems.  

Assessment Process 
The process indicated in Figure 1 below provides opportunities for review and assessment to ensure that 
proper consideration is given to the initial stage of drainage design. The review of drainage design plans will 
assess the adequacy of design detail and the basis for selecting different drainage options. 



Figure 1. Assessment Process of Drainage Design Works 
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Requirements 
 
The outputs of the design process for a minesite drainage system are required to: 



•  provide essential background information and plan details clearly indicating the location of all drainage 
system features at a suitable scale (maximum of 1:4,000) 

•  verify the sustainability and long term stability of the proposed drainage system for a range of 
conditions including:  

° the peak flow 1:100 yr ARI event 
° the dominant flow equivalent to the 1:2yr ARI event and 
° prolonged trickle flows equivalent to a continuous flow of 5% of the 1:1yr ARI 

event, particularly its impact on ground cover and soil stability within the drainage system 
•  assess the risk of any adverse impact on downstream drainage systems to ensure that it is minimised.  
•  include design parameters which conservatively reflect the potential site conditions and provide 

discharge calculations which meet an acceptable professional standard. 
•  identify the location of critical structures in the drainage design and provide background design 

calculations that verify adequate capacity for long term stability 
include contingency in the drainage system to minimise damage where flow levels exceed design parameters 
•  assess the risk of failure of critical components of the drainage system and the impact of site limitations 

like unstable soil conditions and steep slopes 
•  minimise maintenance requirements within the drainage system without jeopardising long term stability 
•  provide detail appropriate for either: 

•  a preliminary 'concept plan' or 
•  a 'detailed plan' for the implementation of the final works. 


