NAVIGATING THIS PDF DOCUMENT

In this pdf, you are able to tumn pages as in a traditional book,
change the magnification of the page you are viewing, and

refurn easily o previous page views.

BOOKMARKS — Bookmarks are located in the navigation
panel on your left hand-side. They are special links that can
serve as a fable of contents. Simply click on the designated

section and it will link you directly to this location.

CONTENTS - If you would like to go to a specific page in
each chapter, click Confents in the Bookmark panel. The
contents page consists of sections within each chapter and the
corresponding page number is located on the right hand-side.
Click on the page number to go to the corresponding page

within the document.



SOILS
CONSTRUCT

H/

Volume 1

4th Edition, March 2004

Managing Urban Stormwater



Llandcom

First published 1990

Second edition, January 1993
Third edition, August 1998
Fourth edition, March 2004

© New South Wales Government, 2004

Except as permitted under various copyright laws,
no part of this publication may be reproduced

or distributed in any form or by any means,

or sfored in a database refrieval system

without the prior writlen permission of the publisher.

National Library of Australia
Cataloguingrin-publication data

Llandcom
Managing Urban Stormwater: Soils and Construction

4th edition
Bibliography
ISBN 0-2752030-3-/

1. land use, urban — New South Wales. 2. Soil management — New
South Wales. 3. Water pollution — New South Wales.

4. Construction industry — environmental aspects — New South VWales.
Llandcom. Managing Urban Stormwater: Soils and Construction.

Printed March, 2004

DISCLAIMER

Any representation, sfafement, opinion or advice, expressed or implied in this
document is made in good faith. The State of New South Wales, its agents and
employees are not liable (whether due to negligence, lack of care or otherwise| to
any person for any damage or loss that has or has not occurred or might occur in
relation to taking or not faking action in respect of any representation, statement or
advice referred fo in this document.



FORWARD

Attitudes to stformwater pollution and the environment have changed significantly. Today,
both the community and the Government expect a greater commitment fo environmental
protection.

Sustainable development is an essential tool for protection of our waterways. Housing
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(al

(b)

(c)

(d]

Changes in land uses from rural, open space or bushland seftings to other forms have
the potential fo:

e cause dramatic disturbances to the soil

e desfroy vegefation

e alter natural drainage pathways

e affect the environmental and amenity values adversely, not only at the site,
but areas downsfream of it.

During the land disturbance phase of development, hundreds of tonnes of soil can be
eroded from each hectare of land disturbed in a development process and
be deposited onto nearby lands or into downstream waterways and  estuaries.
Of particular concern is the fine, dispersible sediment that can carry other pollutants
"piggyback” and do not setile until they reach saline waters. Inadequate planning
and design for land disturbance activities can impart major ongoing management
costs fo future communities for the removal of this sediment, to reduce stormwater
pollution to acceptable levels, to reinstate the ecological values of streams and
estuaries, and to enhance the values of recreational areas.

Improved environmental management is needed from all secfors of the development
industry to control soil erosion and consequent sediment pollution to lands and
waterways downslope.

The development and construction indusfries have the major responsibility for the
confrol of erosion of soils and pollution from sediment, construction waste and the
like during land disturbance activities and immediately afferwards. Land developers
must fulfil their various responsibilities under the planning and legislative frameworks
that have been established to ensure that works are undertaken in an environmentally
sensitive manner. All operators should have o practical understanding of the
principles of good soil and water management before being allowed on site.

Local councils should ensure that those who disturb lands fulfil their roles relating to
stormwater management and the control of stormwater pollution. To this end, they
have developed and are implementing Stormwater Management Plans that describe
the specific requirements and outcomes to be achieved with development activities.
Outcomes and objectives are defined in these plans for specific types and stages of
urban development [i.e. construction and post construction).

If implemented, these guidelines will help mitigate the impacts of land disturbance
activities on soils, landforms and receiving waters by focussing on erosion and
sediment control. They will help:
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e reduce pollution fo downstream areas and receiving waters

e reduce land degradation

e raise an awareness of ecologically sustainable development (ESD) principles
and their application to development.

(b) The guidelines are an important element of the New South Wales (NSW)

(c)

Government's urban stormwater program, which aims to improve the health, ecology
and amenity of urban streams, rivers, estuaries and beaches through better
management of sformwater. They:

(i) are intended for use by all those involved in non rural land disturbance activities
where more than 250 square mefres of land will be affected, including
developers, consultants and council officers;

(i) are based on the premise that land degradation associated with land
disturbance activities can be avoided or minimised, largely through appropriate
planning before commencement of earthworks and by applying the best
management practices (BMPs) available. Each BMP can be regarded as
a “carriage” in a “treatment frain” that should be implemented completely to
ensure that the desired degree of soil and water management is achieved;

(iii) propose costeffective BMPs based on the best available technology appropriate
to particular land disturbance activities;

(iv) allow the user flexibility to make choices reflecting the BMP most appropriate to
the individual site. These minimum goals should:

« control erosion of soil materials

e control sediment and other particulate matter as near to the source
as practicable

e achieve stability of soil and water management structures in the design sform
event

e achieve outcome-based performance levels relafing to the control of sediment
pollution and turbidity in a specified storm event; and

(v] do not preclude the use of sound judgment, especially in unusual situations.

Generally, the guidelines do not describe most of the background to their technical
confent. This can be found in other literature.

The Department of Environment and Conservation (DEC), incorporating the former
Environment Protection Authority (EPA), has been given primary responsibility for the
implementation of the NSW Government's Urban Stormwater Program. To help
councils and industry fo improve sformwater management, the Managing Urban
Stormwater (MUS) series of guidance documents, including the first edition of MUS:
Soils and Construction, was published in 1997-98.

The MUS series of documents are currently being updated and revised, with the
following series of documents to be published in 2004:



(i)

Managing Urban Stormwater: Council Handbook — the revised document will
provide an updated framework and process that local councils can use to
improve their stormwater planning and decision-making systems. The framework
will allow managers to compare the effectiveness and efficiency of different
stormwater management strategies, outlined in other MUS documents.

Managing Urban Stormwater: Treatment Techniques — the revised edition will
provide more defailed guidance in the selection, assessment, design and
construction of a range of non-proprietary stormwater freatment measures, such
as gross pollution fraps, bioretention and infiliration systems, vegetated swales
and constructed wetlands.

(i) Managing Urban Stormwater: Urban Design — this new document will provide

guidance to councils and the development indusiry in the implementation of
water sensifive urban design (WSUD) including how fo support and implement
WSUD through the environmental planning framework, conceptual design of a
range of urban development types, at both the subdivision and allotment scale,
and brief guidance in relation fo water reuse and stream remediation. More
detailed guidance on these latter aspects of VWWSUD will be provided in separate,
supplementary documents.

(iv)] Managing Urban Stormwater: Soils and Construction

(v)

o Volume 1 — this document that focuses on stormwater management, primarily
erosion and sediment control during the construction-phase of urban
development.

o Volume 2 — a supplementary document to Volume 1, which will provide
guidance fo industry, consent authorities and regulators in relation fo erosion
and sediment control for other (non-urban] development activities. This
document will guide users in the application of processes and techniques
defailed in Volume 1, to other development activities for which erosion and
sediment control is a significant issue, such as mines and quarries, road and
highway consfruction, waste landfill sites, construction and maintenance of
unsealed roads and the installation of services.

Managing Urban Stormwater: Pollution Prevention — several guidance
documents or products will be prepared to help stormwater managers employ
pollution prevention strategies, such as education and auditing. These will
include:

e Council Operations Toolkit — to help local councils operations staff,
supervisors and managers improve the environmental performance of their
own council operations from a stormwater perspective;

e Community education planning tool and resources — to help those with
community education project management responsibilifies;

e Council Industry Assessment Kit — a business assessment mentoring sysfem and
case studies of industry assessment and education, to build the capacity of
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local government officers to undertake environmental assessment and
audifing; and

e Guidance for local councils to identify and address impediments to the
implementation of adequate erosion and sediment controls for developments
undertaken or approved by local councils.

Chapter 1, this introductory chapter, includes:

(i) a description of the general principles of soil and water management and an
outline of the principles of ecologically sustainable development (ESD;

(i) a brief outline on how to plan for soil and water management;
(iii) a statement on the causes of land degradation and ifs costs; and

(iv] o summary of the current legislation and policy requirements of the NSW
Government and its agencies that control and guide urban land developments.

Chapter 2 outlines the preparation of plans for control of soil erosion, pollution of
waterways and links site affributes to the required BMPs.

Chapter 3 contains guidelines on identifying and addressing constraints and
opportunities fo soil and water management.

Chapter 4 describes soil and water management aspects of clearing of lands, stripping
and sfockpiling of soil materials, and management and reuse of topsoil for use in site
rehabilitation.

Chapter 5 provides practical erosion control information covering both sheet and
concentrated water flow conditions and subsoil drainage.

Chapter 6 contains applied information relating fo the control of waste and sediment
pollution from both water and wind.

Chapter 7 discusses soil conservation aspects of vegefative stabilisation of recently

disturbed lands.

Chapfer 8 outlines maintenance measures to be employed on all land disturbance sites.

Chapter @ addresses the application of the information contained in Chapters 4 to 8 in
urban development areas.

Chapter 10is a bibliography for Volume 1.

Appendixes are included with Volume 1 that confain significant additional background
data to the design of soil and water management works.



1.4.1 Causes of Urban Land Degradation

(a)

(b)

(c)

(d]

Most land degradation associated with land disturbance activities in the Central and
Eastern Divisions of NSW results from erosion by water, salinity and acid sulfate
soils. Wind is the main agent of degradation in the Western Division and on sandy
soils on the coast. Degradation can result in sediment pollution to lands and
waterways elsewhere. In particular, rates of erosion are likely to be high wherever
the vegetative cover has been disturbed and/or water artificially concentrated. For
example, the erosion hazards can increase by more than one hundred fold simply by
removing the profective vegetative cover. Other pollutants are often associated with
the sediment, including nutrients, pesticides and other contaminants.

Rates of erosion are likely to be particularly high wherever the vegetative cover has
been disturbed and/or water artificially concentrated. The problem has increased
markedly in the last 10 years as more “marginal” lands have been developed for
urban purposes.

Salinity is emerging as a significant problem in some urban areas causing damage
to building foundations, service facilities and road pavements. Salinity results from
the accumulation of soluble salts on the soil surface. Commonly these salts are
chlorides, sulfates, or carbonates of sodium, calcium and magnesium. Rising water
tables will bring these salts to the surface where they will cause vegetation to die and
result in severe damage fo property and the environment.

Acid sulfate soils are a major environmental problem affecting areas of land in the
coastal region of NSW. They form when soils naturally containing iron sulfides are
dug up or exposed to air, forming sulphuric acid. largesscale drainage of coastal
floodplains for flood mitigation, urban expansion and agriculture has exposed large
areas of acid sulfate soils.

1.4.2 Cost of Degradation

(al

While the direct costs of erosion damage are easily measured and have been well
documented, the indirect costs, including those of an environmental nature are often
more important, but rarely recognised and analysed. Environmental domage, for
example, offen accumulates slowly and produces dramatic effects only after many
years. Indirect costs commonly arise from such factors as:

(i) degradation of urban bushland, riparian, aquatic and marine habitats often
resulting in:
e immediate and ongoing imbalances and deterioration in the local
ecosystem
e reduced aesthetic values of bushland and waterways;
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(i) increased incidences of unacceptable levels of turbidity in drainage works,
streams and other water bodies;

(iii) increased levels of salinity on lands and in water bodies elsewhere;

(iv) increased frequency and damage caused by flooding downstream and
increased frequency of smaller flood events;

(v) erosion damage to natural channels, earthworks and constructed drainage lines;

and

(vi) increased “down time" for developers following intense and/or extended
periods of wet weather.

(b) Research of Lake lllawarra shows that recent urban development and associated
activities have caused the sedimentation rate to increase six times and the nutrient
pollution rate to jump 10 times (lllawarra TCM Committee, 1989), resulting in
infiling and olgal blooms. Studies of lake Macquarie conclude that sediment
loadings (Table 1.1) are likely to alienate approximately 10 to 20 hectares of the
lake each vyear. This sediment loading will have a substantial and possibly
imeversible effect on this aquatic ecosystem.

Table 1.1 Estimates of sediment loadings entering lake Macquarie (SPCC, 1983)

Sediment load (tonnes/year)

Year  Urban area Catchment
(ha) population Urban Rural Point Totall
/ forest sources
pre 1800 - na - 6,600 - 6,600
1940 1,460 na 7,700 19,000 - 26,700
1983 110,000 102,000 58,000 16,500 500 75,000

2000 [est)] 140,000 129,000 74,000 15,000 500 20,000

(c) Another example shows the impact of urban development on water quality at a
7 4-hectare a site at Albion Park, despite the installation of what were regarded then
as acceplable erosion and sediment controls. At the site (figure 1.1), sediment
concenfrations increased by up to 3,000 times during the subdivision consfruction
phase. The largest increase resulted from channel reconstruction work undertaken in
late February and March, a period of very high rainfall erosivity.
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Figure 1.1 Sediment concentrations and daily rainfall at one site at Albion Park (Goldrick
and Armstrong (1994))

(d]

(a)

(b)

This manual provides information on planning and management of soil and water
resources during any land disturbance activity. It can act as a basis for a substantial
reduction in the cost of land degradation resulting from urban and rural residential
development. IF implemented, the guidelines facilitate maintenance and potential

enhancement of the environment for current and future generations.

The ESD definition that is the most relevant here is that developed by the ESD
Steering Committee (1992), namely: ESD uses, conserves and enhances the
community’s resources so that ecological processes, on which life depends, are
maintained and the total quality of life now and in the future can be increased. This
definition of ESD can be broken info four objectives:

e sustainable quality of life

e biodiversity conservation

e pollution minimisation

e resource conservation.
The principles of ESD have been adopted by all Australian governments as the basis
for policy and program development info the future.

The major challenge in applying environmental policies to land identified for
development is fo combine the multitude of secforal policies that affect our quality of
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(c)

(d]

e

(f)

(gl

life and the ecological balances effectively. If implemented, ESD policies can help
realise the goals of a sustainable quality of life by:

e providing good opportunities for open space

e preserving the landscape and cultural values

e avoiding reductions in biologically significant resources of any given site

e conserving biodiversity

e reducing energy consumption

e reducing pollution discharges in a local and regional perspective. These

policies apply to all land, mining and infrastructure developments.

Furthermore, the cumulative impacts of all individual activities are important.
Principles need fo be focused so that the full importance of sustainable economic and
social development for resource use and environmental quality can be encouraged.

ESD is about process as well as product. This means that the ways in which
decisions are made are as important as the decisions themselves. ESD should be
pursued by planners, consultants, project managers and council officers, when
designing, construction and assessing new developments.

ESD can be pursued through the following initiafives:

(i) Community participation in decision-making, especially where specific doubts
might occur in relafion fo the environmental consequences of a project. The best
examples are where communities are involved from the earliest stages in a
parficular planning process.

(ii) Life cycle costing that ensures that ESD benefits are not disadvantaged. In this,
capital and recurrent costs of a particular project help decide the most
appropriate alternatives on both the project and materials/technology levels.

(iii) Adoption of the precautionary principle. If threafs of serious or irreversible envi-
ronmental domage are possible, lack of full scientific certainty should not be
used as a reason for postponing measures to prevent environmental degradation.

(iv) Environmental monitoring of key indicators [e.g. soil loss, water quality, asset
deferioration, biodiversity, noise, air quality) on an ongoing basis to measure the
impacts of the development on key elements of the environment.

The ESD challenge is to view local areas holistically and, in this manual, catchment
and downstream impacts. It should link related physical, environmental, economic,
social and cultural issues, rather than treating them separately. This creates urban
forms that are more sustainable in terms of environmental impact and use of natural
resources.

In planning for greater sustainability, o multilayered response to various issues is
necessary (i.e. think globally, act locally, respond individually) in relation to energy
consumption, air and water quality and species conservation. Ideally, the local issues



will include the confrol of soil degradation and soil loss during land disturbance
activities and an improvement in the water quality and ofter they are complete.

(h) The following are some examples of ESD that could be implemented by project
managers. They are provided to make ESD more understandable:

e create buffer zones between areas of development and remnant habitats

o remediate all contaminated land

e profect exposed soil surfaces from degradation

e use raw materials that have a minimal impact on human health and the
environment

e use materials that create minimal pollution and use energy efficient processes
in their production

e use materials that are recycled, renewable, recyclable or durable

e recycle stormwater runoff to reduce the consumption of mains water

e intercept and manage stormwater before discharge info natural watercourses

e rehabilitate the site fo increase the quality and quantity of the natfive habitat

e use ecologically benign vegetation for site stabilisation

e use locally indigenous vegetation for landscaping

e ensure site personnel and subcontractors are inducted into the proper
procedure for the site and create contractual bonds with penalties to ensure
compliance with any soil and water management plan.

1.6.1 Background

(a) Generally, effective soil and water management during a land disturbance phase
involves the following seven principles:

(i) assess the soil and water implications of development at the subdivision or site
planning stage, including those relating to ESD. Investigate the salinity and, on
coastal lands, the acid sulphate potentials of the soils where their disturbance is
likely to expose and/or exacerbate this problem;

(i) plan for erosion and sediment control concurrently with engineering design and
before earthworks begin, ensuring proper assessment of site constraints and
infegration of the various components;

(iii) minimise the area of soil disturbed and exposed fo erosion;
[iv) conserve topsoil for later site rehabilitation/revegetation;
(v] control water flow from the top of, and through the development areq;

(vi) rehabilitate disturbed lands quickly; and

1-Q



(vii) maintain soil and water management measures appropriately during the
construction phase.

(b) Accordingly, it is desirable that works proceed as outlined in Figure 1.2.

Review the development proposal with the project manager.

v

Identify necessary physical constraints and opportunities to the development.

v

Discuss with the project manager methods for:

— addressing physical constraints

— taking advantage of opportunities.

Prepare the conceptual Plan.

<4 |«

Review the conceptual Plan with the development team. Make necessary changes.

<

Where appropriate, submit the conceptual Plan to the consent authority for approval.

<

Make changes fo the Plan as required.

v

Where required, prepare the detailed Plan and submit it fo the relevant authorities for
review. Make changes fo the Plan as required.

v

Undertake development of the site on a phase-by-phase basis (if appropriate), partic-

ularly ensuring:

— minimum vegetation is cleared

— upslope and clean waters are diverted from disturbed londs and the sediment
control sysfem

— major sediment control works are installed

— progressive rehabilitation

— the Plan is subject to ongoing review.

\ 4

Construct permanent sediment or nutrient control structures, where appropriate.

v

Remove temporary sediment control structures.

Figure 1.2 Suggested works sequence



1.6.2 The Work's Program

(al

(b)

(c)

Implementation of the principles of ESD means that planning for soil and water
management will be based on an assessment of the physical consfraints present af
the site. These are described further in Chapters 2 and 3 and include assessments of:

e rainfall erosivity

e flooding liability

* fopography

e soils (erodibility, dispersibility, salinity, shrink swell capacity, drainage

characteristics, mass movement po‘ren‘rio|, efc.).

Only after such assessments have been completed at an appropriate scale is it
possible fo plan for soil and water management in o practical and constructive
manner, and ensure adequate erosion and sediment control standards.

The preparation of site development plans should:

(i) offer solutions that ensure that any development is ecologically sustainable, being
considerate of the immediate and eventual effect of development on;
o the quality and quantity of both surface water and ground water
o waterfront (riporion) ecosystems;
(i) consider the cumulative effect of each particular development program to other
developments within the cafchment areg;

(iii) enable a choice of soil and water management structures and strategies that
should consider aspects other than just capital outlays, e.g. environmental
considerations, costs relating to maintenance and replacement;

(iv] consider the nature of any specific plan for control of soil erosion, sedimentation
and pollution;

(v] be undertaken in concept before and at the development application stage; and
[vi] be undertaken in detail at the final engineering plan stage.

It is not sufficient to refrofit erosion and pollution management strategies fo
developments that have essentially completed the engineering plan stage.

(d) Elements to be included in plans for soil and water management include:

(i) The phasing of works so that land disturbance is confined to minimum areas of
workable size, but consistent with the scale and economics of the development.

(i) Ensure correct stockpiling of topsoil (Section 4.3.2).

(iii) Minimise the impact of runoff water on the site (Chapter 5).

(iv) Give priority to those BMPs that mitigate soil erosion in the first place, rather than
to those that capture sediment downslope or at the catchment outlet [i.e.

concenfrate on source confrols). Diverting upslope waters around works is
especially important (Chapter 5).



(v Insfall erosion and sediment confrol measures as a first step in the work's program

and maintain these in an effective condition until earthworks are completed and
the site rehabilitated (Chapters 5, 6 and 7).

(vi) Integrate soil erosion and sediment confrol, stormwater and pollution control
works (Chapter 6).

(vii) Where appropriate, reduce the effects of wind erosion (Chapter 6).

(viii)Rehabilitate the site to ensure that disturbed lands are stabilised and integrity is
maintained (Chapter 7).

(ix) Reduce maintenance needs and other ongoing costs by integrating all soil and
water management works in the construction phase (Chapter 8).

(x) Ensure that all erosion and sediment control measures are kept in a functioning
condition until all site disturbance works are completed and the site is

rehabilitated (Chapter 8.

(a) The NSW planning framework under the Environment Planning and Assessment Act
(EP&A Act) contains three levels of planning documents. These are:

(i) State Planning Policies that bring together State Government policies relating to
environmental planning fo:

e provide a state confext for Regional Planning

e provide a whole of government issues based , outcomefocussed policies

e provide the social, economic and environmental policies relevant to planning
under the EP&A Act

e provide the vision, policies and regulatory provisions to be included in local
plans.

They are prepared and approved by the NSW Government in consultation

with the community.

(i) Regional Environmental Plans that confain the regional strategy and direction for
the coordination of regional policies fo:

e provide the context for regional actions and local planning

e provide a whole of government sirategy involving sfate and local government,
business and the community

e provide guidelines for the future development of a region, linking social,
economic and environmental issues relevant to planning under the EP&A Act

e provide the vision, policies and action plan.

They are prepared by a regional forum in consultation with the community.

Further, they are approved by the NSW Government and can be amended

only by the Minister.



(i) Local Environmental Plans that relate to a single local government area. They
coordinate acfions and confain all land use controls relating to any particular
site. They provide:

e the context for local actions and development assessment

e o whole of council plan, coordinating goals, policies and activities

ea guide to the future of a local area, linking social, economic and
environmental issues relevant to planning under the EP&A Act

e a vision, policies, an action plan and regulatory provisions.

The plans are drawn up by the local council in consultation with the community.

Further, they are approved by the local council with concurrence of the Minister

for Planning.

(b) Table 1.2 contains a listing of NSW Government key policy objectives for

managing natural resources.

(c) Table 1.3 outlines the principal roles and responsibilities of the various NSW
Government agencies.



Table 1.2 Key Policy Objectives of the NSW Government and its Agencies

State Policy Key Policy Objectives References
Biodiversity  To protect the native biological diversity e Environmental Planning
Strategy of NSW and maintfain ecological and Assessment Act, 1979
processes and systems.The sirafegy ° Threo‘rened Species
. o . Conservation Act, 1995
includes initiatives relating to water :
e National Parks and
reform, vegetation management and the Wildlife Act, 1974
development of a comprehensive and « Native Vegetation
representative reserve system Conservation Act, 1997
e Fisheries Management
Act, 1994
(See Appendix H)
Coastal e Protection, rehabilitation and improvement e Coastal Protection Act,
Policy of the natural environment of coastal 1098
areas o NSW Coastal Policy
e Protection and enhancement of the (1997)
aesthetic qualities of the coastal areas
e Protection and conservation of the
cultural heritage of the coastal areas
e Ecologically sustainable development
and use of resources
e Appropriafe public access and use
e Provision of information to enable effec-
five management of coastal areas
e Infegrated planning and management
of coastal areas
Waterfront e Habitat profection Rivers and Foreshores
Lands » Stability of River channels Improvement Act, 1948

(Riparian Land

and foreshores
 Water quality

until November 2003

Management] ) . when it will be repealed

» Recreation activities I

e Permits are required for activities within by the Water Management

40 metres of the bank of a river Act, 2000
(See Appendix H)

Sediment o Prevent the loss of the soil resources Soil Conservation Act, 1939
and Erosion from a site. Promotion of sustainable Protection of the
Control use of this resource. Environment Operations

o Control of sediment into creeks, rivers
and lakes

o That the biodiversity values of the
locality be maintained and enhanced

Act, 199/




Table 1.2 Key Policy Objectives of the NSW Government and its Agencies (continued)

State Policy Key Policy Obijectives References
Soil Salinity e To minimise the impact of salinity on e Taking the Challenge -
Strategy human land use and ecological systems NSW Salinity Strategy
e To prevent potfential damage fo build- (DIPNR, 2001}
ings roads and services, and protect e Soil landscape mapping
human health handbooks for various
regions in NSWV (DIPNR)
¢ WSROC: Salinity Code
of Practice (WSROC)
Acid « To prepare local plans that identifies o Guidelines for the use of
Sulphate land as having a probability of acid Acid Sulphate Soil Risk
Soils sulfate soil. Maps (DIPNR)
Guidelines  ® To encourage the adoption and e Acid Sulfate Soils Manual
implementation of acid sulfate soil (NSW Acid Sulfate Soil
guidelines in any developments Management Advisory
Committee, 1998)
Wetlands Encourage the management of wetlands ~ NSW Wetlands
Management  fo halt loss of wetland vegetation, Management Policy
Policy biological diversity, declining water (DIPNR, 19906)

quality, productivity and natural flood
mitigation. Encourage the resforation
and rehabilitation of wetlands

State Rivers
and Estuary
Policy

Protection of estuarine habitats and
ecosystems in the long term including the
mainfenance of the necessary hydraulic
regime. Preparation of management
plans for the sustainable use of each
estuary

Estuary Management
Policy (DIPNR)

Estuary Management
Manual (DIPNR, 1992)

Urban
Stormwater
Program

e Stormwater Trust Grants Scheme to
improve urban stormwater quality

e Urban Stormwater Education Program

o Stormwater Management Plans
prepared by Councils to identify
problems and propose cost effective
solutions

e Managing Urban
Stormwater: Council
Handbook (EPA, 1997)

e Managing Urban
Stormwater: Treatment
Techniques (EPA, 1997)

e Managing Urban
Stormwater: Source
Control (EPA, 1997)

e Managing Urban
Stormwater — Soils and
Construction (Landcom,

2003)




Table 1.2 Key Policy Objectives of the NSW Government and its Agencies (continued)

State Policy Key Policy Obijectives References
Flood Prone  Preparation of Floodplain Management Floodplain Management
land Policy  Plan and strategies of the local council Manual: The Management

that addresses each of the three flooding
hozards that affect flood prone lands.
These are:

of Flood Liable Land (NSW
Government, 2001)

e The existing risk faced by existing
developments on flood prone land

e The future risk which any new
development will face

® The continuing risk that remains after
flood mitigation actions has been

completed

Table 1.3 Principal Roles and Responsibilities of the Various NSW Government Agencies

Government Agency

Role and Responsibility

Department of
Environment and
Conservation
incorporating the former
Environment Protection
Authority, National Parks
and Wildlife Service and

others

WWW.epd.NSw.gov.du,;

WWW. NPWS.NSW.gov.au

Legislation: Profection of the Environment Operations
Act, 1997 Contaminated Lland Management Act,
1997: National Parks and Wildlife Act, 1974
Threatened Species Conservation Act, 1995.

Role & responsibility: Licensing for pollution control,
various water quality guidelines, Urban Stormwater
Management Program; care and management of native
flora and fauna, threatened species, and Aboriginal
places and relics. Can provide information on likely
occurrence or location where threatened species of
plants or animals can occur.




Table 1.3 Principal Roles and Responsibilities of the Various NSW Government Agencies  (continued)

Government Agency

Role and Responsibility

Department of
Infrastructure Planning
and Natural Resources

www.dipnr.nsw.gov.au

Legislation: Environmental Planning and Assessment
Act, 1979, Heritage Act, 1977; Water Management
Act, 2000:; Soil Conservation Act, 1938; Native
Vegetation Conservation Act, 1997; Rivers &
Foreshores Improvement Act, 1948.

Role & responsibility: NSW Planning Framework,
State Planning Policies, approving regional strategies
and local environmental plans, NSW Coastal Policy,
providing development consent. Management and
protection of the water resources of the State including:
licensing of extraction of water, diversions or damming
of a river, wetlands; management of riparian land and
issue of Part 3A Permits; erosion and sediment control
plans; floodplain management plans; native vegetation
management and issue of development consent for
clearing. Provides expertise on erosion control,
revegetation, dryland salinity and acid sulfate soils

NSW Fisheries

www.fisheries.nsw.gov.au

Legislation: Fisheries Management Act, 1994

Role & responsibility: Protect aquatic habitats and
species; prevent the destruction of fish habitat, the
alteration of natural flow regimes of streams, insfallation
of in sfream structures that modify flow and restrict fish
passage, the removal of large woody debris; the
protection of aquatic and riparian vegetation; the
reconstruction of habitats including wetlands; and
esfuary management

Local Councils

Legislation: Local Government Act, 1993; Local
Government Amendment (ESD) Act, 1997 Noxious
Weeds Act, 1993; Environmental Planning and
Assessment Act, 19/9.

Role & responsibility: Exercise controls over urban
development through the implementation of state
environmental policies promulgated in REPs, LEPs DCPs
and making development application approvals. Local
Govermnment has an increasing role in natural resource
management, e.g. preparation of noxious weeds lists
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2. Plan Preparation

2.1 Background

(al

(b)

(c)

(d)

Building and development/subdivision works usually require plans or other
documents that describe the measures to be undertaken at development sites that, if
carried out, should mitigate soil erosion and control discharge of sediment, ‘nutrients
and other pollutants to lands and/or waters during works. Typically,\ these plans
contain:

e one or more drawings on which are delineated the layout of appropriate soll
and water management works

e a commentary that might be presented as a separate report and/or on one or
more plan sheefs that contain supporting text, calculations and diagrams.

One of two kinds of plans should be prepared before land disturbance activities
occur on any non rural lands where more than 250 square metres are involved.
These are either an Erosion and Sediment Control Plan (ESCP) or a Soil and Water
Management Plan (SWWMP).

The focus of these Plans is erosion and sediment control during the land disturbance
phase of development. A separate Plan (e.g. an Integrated Water Cycle Plan) is
typically required to address postconstruction stage stormwater management.
Clearly, these Plans need to be developed in a complementary and integrated

manner.

Where less than 250 square metres are being disturbed, no formal plan is required
(Table 2.1). However, developers should check with their local consent authority
and, in any case, exercise reasonable care where land degradation or pollution to
receiving waters or drainage channels might occur.

Table 2.1 Suggested Plan Type

Area of
disturbance Nominal type of activity Suggested type of plan
)

< 250 house extensions, small driveways, check with local council
garages

250-2,500  most houses, long driveways, ESCP addressing soil
commercial developments, small erosion and sediment
subdivisions, small medium/high- pollution only
density housing, small civil works

> 2,500 large subdivisions, large SWMP addressing soil
medium/high- density housing, large erosion and sediment
civil works. pollution, including a

calculation as to the
need for a sediment basin




2-2

(e] ESCPs should be prepared on smaller sites, such as, where more than 250 but less
than 2,500 square metres of land will be disturbed. This can include:

(i) minor developments where approval is required from the consent authority; and

(i) minor civil infrastructure works, including:
e urban and rural road construction and reconstruction
e sformwater pipelines, including culverts
e sewerage pipelines
e water pipelines
e bulk earthworks, including retention basins and sports fields
e electricity, telephone and natural gas lines.

Nevertheless, the consent authority might vary this requirement especially where,
in their view:

e a high risk of polluting receiving waters exists, i.e. require a SWMP or

e a very low risk of polluting receiving waters exists, i.e. waive the need for an
ESCP.

() SWMPs generally should be prepared for all development works where more than
2,500 square metres of land will be disturbed and/or where development consent
is required!'].

(g) Also, several Councils have prepared their own guidelines for the preparation of
ESCPs and SWMPs that should be followed. These Guidelines can confain proctices
that are specific to addressing special situations that exist in their area, such as highly
erodible sandy soils or preventing pollution to coastfal lakes.

2.2 Erosion and Sediment Control Plans (ESCPs)

(a) All ESCPs should confain a drawing that clearly shows the site layout and, where
appropriafe, the approximate locations of BMPs and other matters listed in (b) and
(c), below. Where these drawings are fo scale, the scale should be at 1:500 or
larger. A narrative should accompany the drawing that describes how erosion
control and soil and water management will be achieved on site, including ongoing

maintenance of structures.

(b) The following background information should be presented on the drawing(s):
e location of site boundaries and adjoining roads
e approximate grades and indications of direction(s) of fall
e approximate location of frees and other vegetation, showing items for removal
or retention [consistent with any other plans attached to the application)

1. Many smaller sites requiring SWMPs do not require sediment control basins or wetlands. Nevertheless,
the need or otherwise should be investigated and conclusions should be clearly documented.



e location of site access, proposed roads and other impervious areas
(e.g. parking areas and site facilities)

e existing and proposed drainage patterns with stormwater discharge points

e north point and scale.

[c) On the drawing or in a separate commentary, show how the various soil
conservation measures will be carried out on site, including:

e fiming of works

e locations of lands where a protective ground cover will, as far as is
practicable, be maintained

e access protection measures

e nature and extent of earthworks, including the amount of any cut and fill

o where applicable, the diversion of runoff from upslope lands around the
disturbed areas

e location of all soil and other material stockpiles including topsoil storage,
protection and reuse methodology

e location and type of proposed erosion and sediment control measures

e site rehabilitation proposals, including schedules

e frequency and nature of any maintenance program

e other site-specific soil or water conservation structures.

(d) Further information on the preparation of ESCPs for particular land disturbance
activities is detailed in Chapters @ and Volume 2 of these guidelines and in
a separate field guide giving an example of an ESCP for the construction of single
dwellings.

2.3 Soil and Water Management Plans (SWMPs)

2.3.1 Important Considerations

(a) The design objectives of any SWMPs should be influenced by competing land use
requirements or sensitivities, such as those of other members of the development feam
(e.g. designers, engineers, town planners, landscapers, ESD consultants, efc.) and
others affected by the development, including:

e council policies (e.g. DCPs)

e council's stormwater plan and/or visions for stormwater management
e community requirements

e various government policies and initiatives (e.g. SEPPs, REPs, efc.).

Consequently, any consultant(s) involved in SWWMP preparation should ligise closely
with the project manager or development coordinator fo identify the planning needs,
constraints and choice of BMPs. Undertake such liaison at the design concept stage
and, where appropriate, concurrently with frunk drainage investigations. It is
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(b)

(d]

(e)

expected that the requirements of each of these factors will modify the planning for
the others so that soil and water management needs are clearly infegrated into the
development process.

Procedures should provide a mechanism for feedback between those preparing
SWMPs and those preparing many other plans for the works. In an urban situation,
for example, this might include:

e works in or close to a watercourse

e layout of lots, roads, cycle and pedestrian access corridors

e provision of recreation facilities, public open space, or natural heritoge

reservations

e drainage of stormwater

e provision of services

« rehabilitation of the site.

In planning for an integrated development, these and other requirements will
influence and modify planning for each other; soil and water management should
not be an ad hoc add-on option. This is particularly important on larger sites
(>1,000 square metres to be disturbed). The integration of soil and water
management works with the construction program might result in a reduction in
mainfenance needs.

Further, the various development design processes should infegrate engineering and
soil and water management planning. Prepare the SWMPs at the same time as
engineering design for all construction works and include them as part of the final
engineering plans. Once engineering plans are complete, infegration can be very
difficult to achieve. Cross referencing soil and water management planning with site
rehabilitation is also important.

Generally during construction, any SWMP should seek to achieve adequate control
for:

(i) pollution of sediment and other coarse material up fo the maximum permitted
suspended solid concentration for a defined storm or rainfall event as specified
by relevant local government authority in a Stormwater Management Plan and
discussed in Managing Urban Stormwater: Council Handbook (EFA 1997a);
and

(ii) stability of soil and water management structures for all up to the design sform
events.

The design storm event for the stability of structures is usually taken as the 10-year ARI
fime of concentration storm event. Clearly, larger design events can be more
appropriafe where, for example, the costs of failure of structures warrant it or where
required by a local council. Smaller design events are not recommended and should
be fully justified. Justification can include situations where the risk of sediment
pollution should failure occur is offset by other measures.



() Any SWMPs should reflect maintenance considerations, especially:

tel)

(h)

(i) those that might preclude the use of certain soil and water management
measures (e.g. provision of adequate access, likely uses of mechanical
equipment, efc.);

(ii) flocculation:

(iii) performance and review; and

(iv) ongoing needs throughout and beyond the development phase.

SWMPs should reflect the need for changes or modifications fo their requirements as
development progresses. Revised SVWMPs might be required where:

(i) changes occur in slope gradients and drainage paths, with their exact form
frequently unpredictable before works start;

(i) works continue over an extended period, with revisions being required at the
beginning of the second year of operations and further revisions at 2-yearly
infervals affer that. Of course, any revised SWMPs should reflect reasonable
new standards applying then; and

(iii) the desired outcome [e.g. protection of receiving waters) is clearly not being
achieved. The SWMP is only part of the management strategy with other aspects
being appropriate implementation, monitoring and corrective action.

Normally, changes are not expected. Where required, only a suitably qualified
person, ideally the person who prepared the original SWMP, should undertake such
changes.

The SWMP should:

(i) be submitted to the relevant authorities for review and comment before
appropriate development consent, building approval or other permits/approvals
are received:

(i) contain both a report and a plan of works and should link directly with other
P P Y
plans, reports and documents as appropriafe;

(i) form part of the final engineering design drawings; and

(iv)] be documented in the:
e consfruction plans and/or
e Schedule of Rates or Bill of Quantities.

Plans are normally submitted at two levels: conceptual and detailed. Conceptual
plans contain all criteria necessary for a consent authority o make a reasonable
decision about whether a proposal could be supported or not. Normally, conceptual
plans do not contain engineering drawings of structures. Once the development is
approved, a defailed plan should be prepared and submitted before works start,
showing clearly all necessary engineering information.  The SVWMPs shown in
Chapter @ are conceptual.
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2.3.2 Data Input
(a) SWMPs should be based on an assessment of:

(i) the physical consfraints and opportunities to development af the particular site,
including those for soil, landform type and gradient, and hydrology (Chapter 3).
Accordingly, the soil and water management team should include members with
relevant terfiary qualifications or proven skills recognised by the appropriate
authorities:

(i) appropriate measures to overcome those constraints and take advantage of
opportunities, including options for:
e staging of works
e mitigation/control of on site soil erosion
e movement of water onto, through, and off the site
o rehabilitation/maintenance of the works area; and

(iii) the way that works will modify the landscape and surface and subsurface
drainage patterns (adding new, or modifying existing constraints). In this regard,
the SWMPs should result from a consideration of layout options, each of which
harmonise with the overall planning strategy and with each assessed for
economy, aesthetics, function, and ESD criteria.

(b) In addition fo all the data required for ESCPs (Section 2.2), SWMPs require:

(i) the following information:
e the location of lots, public open space, stormwater drainage systems, schools,
shopping,/community centres
e the location of land designated or zoned for special uses
« exisfing site confours(?;
(ii) the location and general diagrammatic representations of all necessary:
e crosion and sediment control BMPs:

(i) location and engineering details with supporting design calculations for all
necessary:
e sediment basins; and

(iv) location and basic details of any other facilities proposed to be included as part
of the development or works, such as:
e constructed wetlands
e gross pollufant traps
e trash racks or frash collection/separator units
e "water sensitive” stormwater treatment measures, such as bioretention systems,
vegetated swales and infiliration measures.

2. Recommended confour interval is 0.5 metres on gradients of less than 15 percent, 1 metre on gradients
of 15 to 30 percent and 2 metres for slopes >30 percent.



(c)

(d]

Defailed design criteria for these latter facilities should be sourced from other
manuals/reports and are not an integral part of a construction phase SWMP.
Usually they are considered as a separate function of the development approval

process.

Note that the above listed works should not be located in or very near to
watercourses. This is fo avoid compromising the values and functions of the
watercourses and their current or future riparian zones.

Inspection and Test Plans (ITPs] should be presented as an element of all SWAMPs.
ITPs are documents that detail the inspection, testing and acceptance requirements
for specific activities such as those associated with land development. They help with
the management and overall control of the work's program. TPs should:

o relafe to specific works at particular locations
o reflect the needs of individual organisations
e reflect the requirements nominated in specific confracts.

Within this confext, they should identfify:

o the activity to be undertaken

o the standard or specification compliance that is being sought

e the relevant acceptance criteria the method of inspection and/or test and the
frequency at which it is to be performed

e who is responsible for carrying out the inspection and/or test

e what documentation is to be produced as a record of the inspection
and/or test.

They should also identify any “witness” or “hold points” required during the works.
Witness points are sfages at which activities are to be observed while hold points
are stages beyond which work must not proceed without authorisation. Figure 2.1 is
a sample [TP produced for the construction of a typical residential dwelling and its
format should only be regarded as a guide.

Further information on the preparation of SWMPs for urban subdivisions is defailed in
Chapter @ of this document. Guidance in the development of SWMPs for other
development types or activities e.g. mines, quarries, waste landfills, consfruction of
highways and main roads, insfallation of services, is provided in Volume 2 of
Managing Urban Stormwater: Soils and Construction.
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3. Assessment of Constraints and Opportunities

3.1 Introduction

(a) Proper assessment of site constraints and opportunities is a prerequisite to any Soil
and Water Management Plan (SWMP). These constraints and opportunifies can be
classified into two groups:

(i) those at the site, relating to the soil, landform, ecology, pollutants and hydrology;

and

(ii) those downstream, relating to aquatic ecosystem sensitivity and the social_and
aesthefic values of the community.

(b) The assessment:

(i) identifies the nature and degree of the constraints and opportunities relevant o
the specific form(s) of intended land use;

(i) suggests general sitematched measures that address those constraints and
opportunities and can be incorporated into plans for soil and water
management; and

(iii) offers recommendations to maximise ESD outcomes and prevent degradation of
the soil and water resources, and the aesthetic and other environmental assets.

(c) Accordingly, in the study team that undertakes the assessment, one or more members
should have appropriate tertiary qualifications or proven skills. These skills should be
recognised by the relevant authorities and most likely will include soil science,
geomorphology, civil engineering and ecology. Members of the team should have
an understanding of ESD.!!]

(d) Generdlly, the assessment is undertaken at the design concept stage because it helps
identify the best soil and water management pracfices necessary to achieve water
quality goals. Some of these practices are structures that require space for optimum
function and can require minor modification to the development layout.

(e) At larger “green field” sites, the site assessment information might also be used to
derive land capability (Section 3.4). Land capability is the systematic arrangement of
land info various cafegories according to their capability to sustain particular uses
without degradation. It gives the planner resource information to opfimise the
development opportunities of a site, fo infegrafe solutions fo overcome constraints,
and tfo implement water sensitive urban design principles to manage stormwater
effectively. It is important fo cross reference soil and water management planning
with site rehabilitation. Further information on the application of water sensitive urban

1. Various accreditation programs are now available. Three examples are:
e Chartered Professional Engineer (CPEng) offered by the Insfitution of Engineers, Australia
o Cerlified Professional in Erosion and Sediment Control (CPESC) offered by the International
Erosion Control Association
o Certified Professional Soil Scientist (CPSS) offered by the Australian Society of Soil Science.
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design principles in response to identified site consfraints is provided in the
Managing Urban Stormwater: Urban Design document.

3.2 Site Constraints

Some important constraints that should be assessed at nearly all land disturbance sites

are listed below. The list should not be considered complete, but does identify those

constraints necessary to the interpretation of these guidelines that can help minimise land

degradation and water pollution at any particular site.

3.2.1 Waterfront (riparian) Lands

(a)

(b)

Waterfront Lands (formally known as Riparian Lands under the Rivers and Foreshores
Improvement Act 1947 (to be repealed)) are those vegetated lands immediately next
fo waterbodies such as rivers, creeks, estuaries, lakes and wetlands (Appendix J).
The vegetation is usually different fo that growing further away and reflects the
different soils {usually alluvial or littoral) and moisture regimes. The distance the
Waterfront Land occurs away from a waterbody varies greatly, depending on factors
such as the nature of the waterbody, the local geology and landform. Developments
proposed on these lands will require a Controlled Activity Approval under the VWater
Management Act 2000.

Development on Waterfront Land should be constrained:

(i) to protect and enhance the social, economic, cultural, spiritual and heritage
values of waterfront land for Aboriginal groups and the wider community; and
(i) to avoid or minimise land degradation, including soil erosion, compaction,

geomorphic instability, contamination, acidity, waterlogging, salinity hazards
and decline of native vegetation.

Where lands were degraded before development, they should be rehabilitated
if practical to do so.

3.2.2 Flooding

(a)

At the planning stage for urban developments, it is essential that the flood prone
lands are identified as a component of the site assessment process. Flood
assessments should distinguish between local overland flooding and mainstream
flooding. In general terms, the assessments should identify the 2-year ARI flood level
(Section 5.2) to help planning for erosion control, especially if an area might be
subject to high velocity flows during the land disturbance process.



3.2.3 Rainfall Erosivity

(al

(b)

The rainfall erosivity factor, R, is a measure of the ability of rainfall to cause erosion.
It is the product of two components: total energy and maximum 30-minute intensity
for each storm. In New South Wales, it varies from about 750 in parts of the
Western Division to over 10,000 on parts of the far North Coast. This means
erosion hazard varies more than 13-old across the State, all else being equal.
Relatively large variations can occur over quite short distances. Near Kiama, for
example, it varies from 9,000 on the escarpment fo 4,000 on the coast only 25
kilometres away. Rainfall erosivity is described in defail ot Appendix A.

In some areas in eastern Australia, rainfall erosivity does not vary much throughout
the year. Such areas usually have quite low rainfall erosivities (Appendix B) so, in
relative terms, erosion hazards are low. However, local rainfall statistics in many
other areas show marked seasonal frends, somefimes accompanied by quite high
rainfall erosivities. In such areas, land disturbance programs should toke advantage
of this statistical information and encourage activities on lands with high erosion
hazards or within the 2-year flood line to be underfaken in “drier “ months. This
riskbased approach recognises that unseasonable rainfall events might occur
at unexpected times, both from one year to another and seasonally and is described
in more detail in Section 4.4.2.

3.2.4 Soil Erodibility

(al

(b)

Soil erodibility is a measure of the susceptibility of individual soil particles to
defachment and fransport by rainfall and runoff. Soil fexture is the principal
component affecting soil erodibility, but structure, organic matter and permeability
also contribute (Appendix A). Usually, soil erodibility is a quantitative value
experimentally defermined from a soil sample in a laboratory. In Eastern Australia,
it varies commonly from 0.005 to 0.075 - a factor of 15.

In Eastern Australia, soil erodibility commonly varies by a factor of 4 or 5 over very
short distances — as litle as two or three kilometres. Such changes are usually
accompanied by changes in soil types. Because sfructure, organic matter and
permeability contribute fo it, soil erodibility can change significantly on any particular
soil over a few months through changes in management practices.

3.2.5 Soil Erosion Hazard

(a)

Soil erosion hazard refers to the susceptibility of a parcel of land to the prevailing
agents of erosion. The control of the soil erosion hazard af a construction site should
be a primary fool in the local council’s Stormwater Management Plan. The “Soil Loss
Class” is a measure of erosion hazard that underpins the erosion control aspects of
these guidelines and is described in defail in Table 4.2.

3-3
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(b)

(c)

Sail erosion hazard must be distinguished from soil erodibility. Soil erodibility is
measured only on a sample of soil taken from the field to a laboratory and put
through certain fests; soil erosion hazard is considerate of field conditions and is
dependent on a number of factors, including climate (rainfall erosivity), landform,
soils {soil erodibility), ground cover and land management.

Effective identification of erosion hazards by a soil survey or other site assessment
will enable good planning and land disturbance practices to be implemented. Such
practices minimise costs to the developer and, in the longer term, to the wider
community. Major costs from soil erosion following storm events over disturbed lands
are borne by the community through council rates used to repair adversely affected
faciliies. For example, sediment, the byproduct of soil erosion, blocks stormwater
pipes, reduces the capacity of drainage channels, and exacerbates the impact of
other pollutants, especially where it contains significant quantities of dispersible fines
(Section 3.2.6). At many sites, individual land owners offen have to bear
considerable cost by importing topsail for landscaping or fo establish gardens where
these have been denuded by soil erosion.

3.2.6 Dispersibility

(a)

(b)

(c)

(d]

Dispersible soils are sfructurally unstable in water and readily split into their
constituent particles resulting in turbid water that never seems to clear. The particles
can stay in suspension for very long periods, mainly because of negative electrical
charges on the surfaces of particles finer than 0.005 mm diameter that cause them to
repel each other. Some clay types have relatively few negative charges on their
surfaces; some have moderate amounts while others have many charges. Many
NSW clays have these charges and, consequently, are dispersible.

The negative surfoce charges also attract cations (including heavy metals), and
phosphorous and ammonium ions. The dispersed clays and silts can carry these
pollutants “piggyback” through sediment control structures unless flocculation
occurs first.

Those soils regarded as significantly dispersible are those where more than
10 percent of the whole soil fraction is affected. That is, where the percentage of
clay (materials < 0.002 mm) plus half the silt (roughly those materials between
0.002 and 0.005 mm) multiplied by the dispersion percentage (Ritchie, 1963)
is equal to or greater than 10 (Section 6.3.3(e)).

The process of dispersion can be reversed by shifting the electrical balance through
the application of positive ions to the water. This causes the dispersed fines to come
together into larger units or “flocs” that can either seffle in a reasonable time or be
filtered — a process called flocculation. Flocculation occurs naturally under certain
condifions, such as are found in estuaries, saline springs and wetlands; chemical



(e]

(f

flocculants can be added to sediment basins to help settfle dispersed fines
(Appendix E).

While both the Emerson Aggregate Test (Emerson, 1967) and Dispersion Percentage
fests suggest whether a soil material will disperse, the Emerson fest also provides
insight o the conditions under which it will disperse. For example, some soil
aggregates disperse affer being gently placed in water, while others require
remoulding or shaking in a 1:5 aggregate:water suspension. In the field, soils that
require remoulding to disperse are not usually a major problem unless found in
positions where they might be pulverised when wet, such as on access roads.

Further, the Emerson fests shows whether soils slake whereas the Dispersion
Percentage fest does not. Soils that slake break down in water but do not go info
suspension as do dispersible soils, i.e. the particles setile relatively quickly. Soils that
slake are much more erodible than those that do not and require special attention in
erosion control programs.

3.2.7 Soil Texture Group

(al

(b)

(c)

(d]

Soil fexture group is defermined by the size distribution of mineral particles finer than
2 mm. There are various methods commonly used fo derive particle size, however
the one recommended here involves:

e crushing

e endHoend shaking with a dispersant {usually Calgon)

e sieving

e sedimenfation, measured with a hydrometer.
Particle size influences several aspects related to management of soil and surface
waters. For example, the effectiveness of sediment refention structures at any
particular site is greatly influenced by the nature of the soil materials at the sediment
source, e.g.:

e the finer particles (<0.02 mm) can pass through most sediment fences

e clays and silts take much longer to seftle than sands in sediment refention

basins, if at all.

Parficle size ranges are based on the infernational scale (Hazelton and Murphy,
1992)-

e less than 0.002 mm - clay

¢ 0.002 mm to 0.02 mm — silt

¢ 0.02 mm to 0.2 mm — fine sand

¢ 0.2 mmto 2.0 mm — coarse sand.

Subsoils can be grouped into three categories according fo the fofal of the dispersed
soil percenfage and the proportion in the clay and silt sizes (i.e. <0.02 mm) (it is the
subsoils that are most available for erosion on construction sites) as follows:
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(] “Type D" soils that contain a significant proportion of fine (<0.005 mm]
"dispersible” materials that will never settle unless flocculated.

The other two categories cover those soils that are not dispersible:

(i) “Type C” soils, the bulk of which are coarse-grained (less than 33 percent are
finer than 0.02 mm) and will setile relatively quickly in a sediment refention
basin: and

(iii) “Type F” sails, the bulk of which are fine grained (33 percent or more are finer
than 0.02 mm) and require a much longer “residence “ fime fo seffle in a
sediment refention basin.

Section 6.3.3 requires designs for sediment basins where the soils are Type F and
Type D to be based on fotal storm capture, while those for Type C have much simpler
criferia and can normally surcharge. Sediment basins on Type D soils require
flocculation, while those on Type F soils do not.

Sediment confrol on Type F soils is more complicated and greater emphasis should
be placed on erosion control. Section 7. 1.2 provides guidelines on how this can be
achieved.

Some soils are strongly stabilised by iron, meaning that many particles, especially
the finer ones, clump fogether as small aggregates under natural conditions. This
reduces the proportion of clay-sized materials and increases the proportion of silts
and fine sands in the particle size analysis. Such soils should be mechanically
dispersed when undertaking particle size analysis — chemical dispersants such as
Calgon should not be used. Remember, too, that chemical dispersants do not
normally fall with rainfall, so always use mechanically dispersed data in erosion and
sediment control considerations, e.g. fo derive the Kfactor and assessing whether the
soils are Type F or Type C.

3.2.8 Expansive or Reactive Soils

(al

(b)

Most soils shrink or swell depending on changes in their moisture content. Soils that
significantly shrink on drying and swell on wetting can cause problems for many
structures, including earth-walled sediment basins, buildings, services and roads.
They are called expansive or reactive soils. Whether soils are expansive or reactive
depends upon their clay content and mineral types.

Day-fo-day variations in shrinkage and swelling can be affected by any factor that
changes soil moisture levels including:

e rainfall

e evaporation demands

e the presence of tree roots, leaking pipes and groundwater seepages.

Of course, the effect of each of these at any particular time is constrained by
anfecedent soil moisture conditions.



(c)

(d]

linear shrinkage is one way of measuring the one-dimensional shrinkage of a soil
placed in a mould at ifs liquid limit, then ovendried at T050OC for 24 hours. It is
expressed as a percenfage of the original dimension and suggests the relafive
shrink-swell potential of a soil. Problems can occur in interpreting results where the
soil is dispersible (Mills et al., 1980) (Section 3.2.5). General information on
interpreting linear shrinkage is in Charman and Murphy {2000).

In the field, expansive or reactive soils can be identified when dry by surface features
such as cracks that are & mm or more wide, 300 mm or more deep and at least one
crack occurs per square mefre. Usually, such soils have medium to heavy clay
subsoils and depths greater than 500 mm.

3.2.9 Runoff Coefficient

(a)

(b)

Accurately predicting the coefficient of runoff from construction sites is essential
because the information is used in several key calculations, including sizing of
sediment basins. Two types of runoff coefficient may need to be considered.
Conventional “peak flow” runoff coefficients apply to the design of certain structures,
such as stormwater conveyance systems and sediment basins on Type C solils.
"Volumetric” runoff coefficients, which express the fraction of rainfall expected to run
off, are employed in the design of sediment basins on Type F and Type D soils. Each
of these parameters vary from siteto-site and from time-tofime in response to:

e cafchment shape, size and slope

e drainage patterns

e surface condition, soil type and vegetative cover
e rainfall depth and/or intensity.

Different ways of estimating coefficients of runoff have developed to deal with
different applications. These apply to natural (rural) catchments, urbanised
catchments and highly disturbed catchments, including construction sites. These are
outlined at Appendix F.

3.2.10 Unified Soil Classification

(a)

(b)

The Unified Soil Classification System (USCS) is an engineering classification based
on the particle size distribution and the characteristics of the soil's fine fraction (Corps
of Engineers, 1947). It is partficularly relevant when applied to those materials used
in engineering structures, such as sediment retention basins and other soil
conservation structures.

The USCS has a major advantage over many other systems in that soils can be easily
classified by experienced persons in the field. However, it does require an
understanding of soil properties that are beyond the scope of these guidelines. For
further information on the system, refer to Charman and Murphy (2000).

3/



3-8

3.2.11 Soil pH

(al

(b)

(c)

(d]

Soil pH is @ measure of the acidity or alkalinity of a soil. It relates to the concentration
of the hydrogen ions [H*] in the soil solution measured on a negative logarithmic
scale of 1 1o 14. The concentrations of hydrogen ions are equal to the hydroxyl ions
(OH) ot pH 7, greater below pH 7 (acid) and fewer above (alkaline).

In the urban environment, the importance of pH is usually confined to its effect on the
availability of elements in the soil and, therefore, possible deficiencies and/or
toxicities. Whether these elements are available to plants depends on their
solubilities, being available only when in soluble forms. Solubilities of different
elements vary according to pH. Most “essential” plant nutrients are in their most
soluble forms around pH 6 to 7.

Soils in NSW commonly have pH levels from 4.5 to 5.5. At these levels, Hazelton
and Murphy (1992) suggest that many nutrients essential for plant growth have very
low solubilities. However, native plant species have adapted fo these conditions and
can obtain sufficient nutrients to sustain growth; most exotic plant species do not have
this ability and cannot survive. Consequently, altering the pH by artificial methods
can result in an “invasion” by exofic weeds.

lime can be used to amend low soil pH problems. However, this might not solve
other nufrient concerns if the elements are deficient anyway — it simply ensures that
the elements are in a form available to plants for growth. Note, too, that lime is a
flocculent (Section 3.2.6, Appendix E).

3.2.12 Woatertables

(a)

(b)

In Australia, permanent watertables are found in most places if one bores deep
enough. They are easily identified because free water flows into the bore hole.
Many plants cannot grow in the watertable or the 500 to 800-mm capillary fringe
above them because of reduced aeration and, often, the presence of high levels of
soluble salts.

However, another type of watertable can also occur that is not so easy to identify
because free water is not always present. The movement of water in upper soil layers
can be impeded by relatively impermeable layers of clay or rock fairly close to the
surface. Here, perched watertables can form, sometimes seasonally following
weather patterns, other times more regularly following changes in land uses and
vegetative cover. Soil scientists can identify the presence of these perched
watertables, even if they are intermittent or seasonal. More offen, they are identified
by various soilrelated features such as cerfain soil colours and the presence of
mottles rather than by free water.



(c)

The design of various soil and water management works can be influenced by the
presence of watertables near the surface, no matter whether seasonal or permanent.
This is especially important for consideration of management practices that rely on
vigorous plant growth because many plants will not grow well where salt levels are
relafively high or in reducing conditions, even if such conditions are only seasonal. In
addition, the foundations for many structures can be affected adversely if excessive
moisture fluctuations occur in their vicinity.

3.2.13 Salinity

(a)

(b)

(c)

Salinity results from the accumulation of soluble salts on the soil surface. Commonly
these salfs are chlorides, sulfates or carbonates of sodium and magnesium. The
source of the salts is variable, but can be affributed usually to mineral weathering of
marine sedimentary rocks and fo saline wind-borne particles. Watertables either
natural or induced can increase the potential of salinity to occur. When changes in
land uses result in an impediment to drainage in the soil profile or an overall upward
movement of water in the soil profile, these salts are brought into the root zone.[?!

Salt accumulation in soils can have a profound and devastating effect on urban land
developments, causing damage to building foundations, the breaking up of road
pavements, and the corrosion of pipes and underground services. It can cause non
saltolerant vegetation to die and, because of the greatly reduced ground cover,
result in a dramatic lowering of the Cactor [Appendix A] with consequent increases
in erosion hazards. Erosion hazard increases can also come about through high
levels of salts in the soil changing soil structural characteristics, thereby preventing
water infiliration and leading, in turn, fo increased levels of runoff. Ecosystem health
in streams downslope from saline lands can be adversely affected.

To identify lands that are potentially at risk from salinity, refer to Appendix C listing
constraints fo many soil landscapes identified in the Department of Infrastructure
Planning and Natural Resources (DIPNR) 1:100 000 soil landscape mapping
program. In addition, salinity potential mops are available from the DIPNR. These
documents enable developers and councils to assess potential salinity for particular
areas as a basis for the design and implementation of preventive and remedial

actions.

2.

Such circumstances can arise, for example, when frees are cleared on hillslopes with a marine-based
lithology.  Where this reduces transpiration and promotes rises in watertables, dryland salinity can be
instigated.
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3.2.14 Acid Sulfate Soils

(al

(b

(c)

(d

e

Acid sulfate soils are a major environmental problem affecting lands on Australia’s
coast. They form when soils naturally containing iron sulfides are oxidized, forming
sulfuric acid. Oxidation can occur when they are exposed to the air after having
been dug up or drained. largescale drainage of coastal flood plains for flood
mitigation, urban expansion and agriculture has exposed many areas of acid sulfate

soils in NSWV.

The high acid levels in water and the heavy metals consequently released from the
exposed or drained soils cause significant environmental problems such as poor
water quality and large fish kills, and economic costs to communities through
degradation of roads and corrosion of pipes and footings.[3] A major problem with
acid sulfate soil is that they lower the pH to levels where aluminium becomes soluble
(AI3+). While aluminium is the second most abundant element found naturally in
soils, it is usually found in an insoluble form because soil pH is usually between 5.5
and 8.0. The soluble forms are toxic to most plant and animal life.

The occurrence of potential acid sulfate soils in New South Wales can be identified
by reference to either the local Acid Sulfate Soil Risk Map prepared by and
available from the DIPNR, and/or by reference to the local council's Acid Sulfate
Soil Planning Map if developed and adopted by them as part of their Local
Environmental Plan. Accompanying assessment guidelines provided by some
councils help persons proposing activities likely to disturb potential acid sulfate soils.

The Acid Sulfate Soil Manual (Stone, et al, 1998) has been prepared by the Acid
Sulfate Soil Management Advisory Committee (ASSMAC) providing comprehensive
information on planning, assessment and management of acid sulfate soils. The
Manual forms part of a “whole of government” approach to the management of acid
sulfate soils in New South Wales. The manual is available from the DIPNR.

If acid sulfate soils are suspected of being present on the site an Acid Sulfate Soil
Assessment should be carried out in accordance with the Acid Sulfate Soil Manual.
These guidelines provide recommendations on the type and nature of the site
investigations, the number of soil profiles required for assessment and the
recommended laboratory analysis techniques and inferpretation of results.

If acid sulfate soils are confirmed to be present and are to be disturbed by a
proposed activity, an Acid Sulfate Soil Management Plan should be developed in
accordance with the Acid Sulfate Soil Manual. The Acid Sulfate Soil Management
Plan should outline all potential environmental impacts and include any potential

The solubilities of most elements (and their ovoi|obi|1ty fo \iving orgonisms) are greoﬂy affected by pH. For
example, aluminium becomes progressively more soluble af pH levels less than about 5.5 and, conse-
quently, available for ingestion by living organisms. In its soluble form, aluminium is highly foxic.
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impacts to the proposed development/infrastructure, and detail appropriate
mifigation strategies.

The Acid Sulfate Soil Manual also provides information regarding the assessment
and approval process and matters that should be included in an application for
approval of works. The Manual also addresses matters that approval authorities
should consider in making a decision in relation to works disturbing acid sulfate soils.

3.2.15 Soil Contamination/Toxicities/Pollution in Soils

(al

(b)

(c)

Soil confamination can result from the actions associated with previous land uses
where chemical concentrations have accumulated over time and, now, pose
significant health risks o potential new occupiers and to the environment. These sites
include catlle and banana dip sites, timber preservation processing sites, and
chemical and petfroleum product manufacturing and distribution sites.

The management of confaminated land is shared by the EPA, DIPNR and local
councils. Under this framework, the EPA is empowered under Part 3 of the
Contaminated Land Management Act (1997) fo regulate contaminated sites that
pose a significant risk of harm to human health or the environment. Other
contaminated sites that do not pose significant risks to health or the environment and
might be suitable for other land uses are managed by local councils through the land
use planning process.

A series of guidelines prepared by the EPA set out considerations for those who
encounfer confamination and outline a process for proceeding where uncertainty
exists. The EPA has now been incorporated info the Department of Environment and
Conservation [DEC), and these guidelines are available from the DEC website in the
publications section. The DEC website is at:

Www.environment.nsw.gov.au

3.2.16 Mass movement

(a)

Two general types of mass movement are common: movement of colluvial material
down sfeep slopes and movement of deep subsoils on slopes of various gradients.



Figure 3.1 Landslip in the Picton area of New South Wales.

(b)

(c)

(d]

The most common triggering agent for mass movement is water in the slip zone that
reduces shear strength and increases slope loads. Studies suggest that most landslips
occur in very wet periods following long dry spells, especially on hillslopes facing
the rain bearing winds.!4l Other common human induced landslip generating factors
include:

e removal of material from the toe of a slope (especially on or below a former
slip plane)

e concentration of surface water or groundwater in slip-prone areas

eremoval of frees and other plants that might “pump” the watertable
downwards.

The identification of existing and pofential areas of mass movement, including
landslip and earthflow, is an important part of the soil survey process. Areas with risk
of failure have particular combinations of slope gradient, aspect, site drainage, soil
type, geology and climatic features. Identification of these parometers enables
erosion control planners to decide which areas should be avoided and are suitable
for construction of soil and water management works.

Specialised geotechnical investigations should be undertaken if earthwork
construction is proposed on landslipprone lands.

Slip zones usually have very low shear strengths and often have plasfic clays (e.g. CL or CH soils). When
dry, the profile often cracks because of high shrink-swell ratios allowing water to quickly enter the slip zone.



3.3 Data Collection

3.3.1 Soil Data

(o) Commonly in New South Wales, existing soils’ information is adequate and a
separate soil survey is not necessary, e.g. soil landscape information published by
the DIPNR. In cerfain circumstances, more defailed levels of information might be
required, such as, where sites are upslope from lands or receiving waters considered
"sensitive”, where a defailed land capability survey is required or where further
sitespecific information is required, e.g. suitability for on site domestic waste water
disposal. In these circumstances, where appropriate guidelines for collection of site
data exist, they should be followed. Such information can include:

(i) site characteristics, e.g. topography (slope gradient and aspect), landform
affributes (sife morphology, slope morphology, landform elements), site condition
([percentage ground cover, current condition, expected dry condition), lithology
[rock outcrop, identification method, substrate material, lithology), hydrology
([presence and depth of free water, permeability, profile drainage), erosion
hazards, salinity, erosion, efc.;

(i) soil and regolith characteristics, e.g. layer depth, colour, mottles, pH, layer
boundary, soil water status, field texiure, structure (grade, size, shape), ped
coating, fabric, coarse frogmems (T\/pe, amount, size), pans, segregations,
consistence, lithology of parent material, efc ;

(iii) laboratory data, including; particle size analysis {<0.002 mm, 0.002 to 0.02
mm, 0.02 to 0.2 mm, 0.2 to 2.0 mm and 2 to /5 mm) (AS 1289 C6.2)
dispersion percentage (Ritchie, 1963) and Emerson Aggregate Test [AS 1289
C8.1). Note: with strongly subplastic soils (generally, those stabilised by iron
and red in colour, e.g. Krasnozems) particle size analysis for defermination of
erodibility should be undertaken without the use of dispersing agents, such as
Calgon;

(iv] other information at the discretion of the soil scienfist fo support designation
of constraints and in consideration of any land use requirement’s table,
e.g. electrical conductivity (Rayment and Higginson, 1992), USCS, efc.; and

[v] various derived data including Principal Profile Form (Northcote, 1979) and/or
Australian Soil Classification (Isbell, 19906), profile permeability class, and other
affributes chosen af the discretion of the soil scientist, e.g. soil wet strength, mass
movement hazard, etc.

(b) A separate soil survey might be necessary where information detailed in (a) above
does not exist. In this case:

(i) Examine soil profiles to a depth of at least 1.5 mefres or maximum depth of
proposed disturbance and/or to bedrock; and



(i) Use the New South Wales Soil Data Cards available from SALS for recording
field daota and enter the complefed cards into the NSW Soil and land
Information System (SALIS). Field methods and terminology are given in

McDonald et al. {1990) and Abraham & Abraham (1996).

(iii) Specify sampling infensity in consultation with the project manager. Nevertheless,
as a general guide on sites larger than five hectares:

e Record at least five site observations and one defailed soil profile description
(including completfion of Soil Data Cards| for each landform element within
each lithology or regolith unit, or at least five detailed soil profile descriptions
(ond Soil Data Cards| for each unique soil unit identified, whichever is the
more infensive

e Sampling infensity should also reflect mapping scale with recommended
densities in the range of 10 to 20 detailed soil profile descriptions per hectare
at 1:1,000 scale, 0.5 to 1 per hectare at 1:5,000 scale, and 1 to 2 per 10
hectares at 1:10,000 scale. (If sampling sites are evenly spread, they will be
generally no more than 30 millimetres apart on the map)

e About 20 percent of the detailed soil profile descriptions should also be
subject to laboratory analysis and this should include at least one analysis of
each major soil horizon in each unique soil unit identified.

(iv)] Where ecologically sensitive areas are likely to be affected, a detailed land
capability assessment can be necessary. Alternatively, other more site-specific
issues (e.g. on site domestic waste water disposal) must be considered, in which
case the minimum sampling infensity described above might not be sufficient. In
this case, sampling infensity should be based on the appropriate specific issue
guideline, or otherwise determined in consultation with the project manager.
Sampling intensity is likely to be less on smaller sites, particularly those smaller
than 1 hectare.

3.3.2 Other Data

Separate mapl(s) of the following data are not usually required. Nevertheless, the
information should be available for presentation, if requested for example, as part of
a land capability assessment (Section 3.4) and at a scale of 1:10,000 or larger.

(i) lithology or regolith features if available from existing dato;

(ii) slope — classes chosen af the discretion of the soil scientist, but with @ minimum of
three between zero and 30 percent gradient and meeting Soil loss Class
requirements (Section 4.4.2(b));

(iii) landform element {[McDonald, et al., 1990) — classes chosen from Table 3.1;
(iv) soil type — soil units chosen at the discretion of a soil scientfist;

[v] where appropriate, ground water resources/aquifer recharge areas; and



Table 3.1 Landform Elements (Abraham and Abraham, 1996)
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[vi] other appropriate affributes that might affect locations of stockpiles, fill zones,
efc. especially from an ESD perspective.

3.3.3 Some Data Sources

Various sources of soils, climatic and geomorphic data that might be applicable to
particular lands in New South Wales include:

(il Appendix C of this manual;
(i) the local council:

(iii) various handbooks, manuals and reports published by the DIPNR, e.g.
e the soil landscapes of some of the 1:100,000 and 1:250,000 topographic
sheets for New South Wales — contact:
Information Centre
DIPNR
GPO Box 39
SYDNEY NSW 2001 — phone: (02) 9228 6415
e defailed soil profile information for various places throughout New South
Wales — contact:
The Manager, SALIS
DIPNR
PO Box 3720
PARRAMATTA NSW 2124 — phone: (02) 9895 6204.

http: //www.dipnr.nsw.gov.au/care/soil /salis

Data is free for regular contribufors.

3.4 Data Application

(a) More offen than not, the data collected through application of Sections 3.1 to 3.3 is
not presented formally in separate documents. Nevertheless, the data underpins the

choice of management practices described in any Soil and Water Management
Plan (Section 2.3.2).

(i) At some larger (usually “green field “) sites, the local consent authority might
require the above information to be presented as part of a land capability study.
Apart from helping defermine various planning issues, site information collected
by such studies can also help confirm the suitability of lands for the application of
various BMPs. Further guidance is provided in this regard in the Managing
Urban Stormwater: Urban Design document.



Table 3.2

Class

Description

The particular land use is acceptable, with any land, soil or water constraints
occurring only at a low degree. Standard design, construction and
management techniques can be used

The particular land use is acceptable. However, one or more land, soil or
water constraints exist at a moderate (but not high) degree that are likely to
require specialised management and/or construction techniques

The particular land use might not be acceptable. One or more land, soil or
water constraints occur af a high degree that should be the subject of further
detailed investigations into the appropriate geotechnical /engine_er_ing,
and/or soil /water conservation matter

This special class includes areas with a very high variability of land, soil or
water constrainfs that are unable to be delineated adequately at the scale of
mapping and/or where further detailed site investigations are necessary

The Lland Capability Classes

(b) Present maps of capability separately for each form of intended land use that clearly

(d)

identify:
(i) the capability classes (Table 3.2); and

(ii) other appropriate consfraining properties relating to the site. A possible listing of

label each similar land unit in the mapping process with a mapping code. For
consistence, it is recommended that the first code in each homogenous mapping unit

some relevant climatic, geomorphic and pedologic constraints that might apply,
with the degree of each constraint categorised.

on the:

(i

(i)

Provide a plain-English report with various maps, ensuring the main body is presented
in a format that can be understood by people who do not necessarily have a

land unit map/overlay be the geological code, followed in order by codes for

slope, landform element and soil type

land capability map/overlay/table should be the land capability class,
followed by codes representing the constraints. Show these lafter symbols only
where the degree of constraint is high (listed first and in uppercase) or moderate
(listed second and in lowercase). Symbols do not need to be presented where

the degree of consraint is low.

scientific background, and include:



(i) an oufline of the study aims;

(i) a synopsis of the physical affributes of the site, including dafa to support the

various maps;

(iii) o description of any landscape, water and soil constraints, including:
o identification of lands best/least suited to the proposed development
e alternatives/options available
e location of likely buffer areas and drainage reserves;

(iv)] address suggestions about how those constraints, including possible options
might be incorporated into a Soil and VWater Management Plan (Section 3), for:

e sfaging of works

e mifigation/ control of onsite erosion

« movement of water onto, through and off the site

e mitigation/ control of flooding/pollution to downslope lands and waterways
o rehabilitation/maintenance of lands; and

(v) recommendations that ensure sustainable development and prevent unaccept-
able degradation of the soil and water resources, and the aesthetic and other
environmental resources.

(e] The appendixes should contain:

(i) detailed soils information including copies of the Soil Data System'’s “Plain-English
Reports”, and complete laboratory results;

(i) a brief description of any laboratory fechniques used; and

(iii) rainfall intensity frequency duration (IFD) tables.



FROSION CONITROL:
MANAGEMENT OF SOILS



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 mefres 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 mueh soil
is exposed fo erosive elements through loss of vegetative cover. Vegetation:

(i) binds the soil parficles together and reduces the erosive effects of rain splash
impact, surface water flow and wind;

(i) 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);l11 and

(iv) helps refain sediment and nutrients on site.

The combined effect of these qualities of vegetation can result in a reduction in potential
erosion fo less than 1 percent of that with no vegetative cover (i.e. CHactors of less
than 0.01 (Appendix A)). Other ground covers and soil surface protective measures
can also reduce erosion, but fo varying degrees of effectiveness (Section 7.4).

Channel precipitation

Surface runoff

Figure 4.1 Division
of storm rainfall into

Depth per unit of time

its component parts
assuming constant

precipitation
0 (Morisawa, 1968)

Time from start of rainfall —=

1. Note:
o soil structural decline and consequent reduction in soil permeability commonly results from loss of
vegetative cover
e increased infiltration does not necessarily result in rises in the watertable where corresponding
increases in evapotranspiration from plant growth occurs
o to avoid soil salinisation, the watertable needs 1o be closely monitored for saline content in areas
used to increase infiltration or surface runoff.
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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. Llands next to waterways should

remain undisturbed for as long as possible and af least until the installation of

culverts.

(b) Where possible, do not extend land disturbance activities beyond five (preferably

two) mefres from the edge of any essential construction activity other than in access

areas (Table 4.1). These zones of restfricted access might require clear identification

with barrier mesh, sediment fencing, or other appropriate materials.

Table 4.1 Works limitations

Land use Limitation

Comments

Construction  Disturbance to be no
areas further than 5 (prefer-
ably 2) metres from
the edge of any
essential construction
activity as shown on
the engineering plans

Access areas  Limited fo a maximum
width of 10 metres

Remaining  Eniry prohibited

lands except for essential
thinning of plant
growth

All site workers should clearly recognise these
zones that, where appropriate, are identified
with barrier mesh (upslope) and sediment
fencing ([downslopel, or similar materials

The site manager should defermine and mark
the location of these zones on site. They can
vary in position fo best converse the existing
vegefation and profect 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

All site workers clearly recognise this land by
marking boundary with barrier fence, efc.




4.3 Handling Soils

4.3.1 General erosion control guidelines

(o) 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
fo 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).

Diversion

bank Y
Cross fall to batter ) 72

to be 6(H): 1(V)

Siope length/gradient
determined from figures
4.70r4.8

to be <10%

Minimum
width
1.5 metres

Figure 4.2 Construction of a berm drain.

4.3.2 Topsoil handling procedures

(a) Ideally, handle topsoil only when it is moist (not wet or dry) fo 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 frees 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.
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(gl

)

(i

(k]

designated for berm drains, roadworks, inferallotment drainage, etc. and stock-
pile the cut vegetative materials for mulching on site. Separafe other debris
including fence posts, wire, rocks, efc.; or alternatively

(ii) Slash or graze the site where vegetative growth is dense 1%

Where necessary, thin plant growth outside the construction zone by hand or rubber-
tyred implement. Refain small branches, leaf liter and other residues as mulch.

Take particular care when handling noxious plants that viable parts are not
fransported offsite by machines.

See Section 5.3.4 regarding the constfruction of temporary culverts or causeways
that might be necessary to cross drainage reserves during the stripping or stockpiling
process.

Strip topsoil usually to a depth of 100 to 150 millimetres.

Where maintaining seed viability is desirable, ensure stockpiles of topsoil and leaf
litter from remnant native bushland areas are no greater than 2 mefres deep and kept
weedree. Structural decline in topsoil is likely in deeper stockpiles.

Ensure stockpiles (Standard Drawing 4-1) are:

(i) consfructed on the confour 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, efc.;

(ii) stabilised if they are to be in place for more than 10 days (Section 7.1.2 (d));

(ii) 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)).

Use topsoil on all lands to be rehabilitated by vegetative means.

Normally, rehabilitate constructed slopes steeper than 2(H): 1(V) by non vegetative
means such as riprap.

Before spreading topsoil, scarify the ground surface along the line of the confour to
break any compacted and/or smooth materialst*! and enable key bonding of the
materials to one another.!? Do not apply topsoil to batters where keying is not

possible (Standard Drawing SD 4-2).

Consider stockpiling some or all of any slashed materials for later redistribution to the site as mulch
(Section 7.4.1).

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 fo 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).

Keying binds fopsoil and substrate layers and, so, mitigates the possibility of sheet erosion and/or creep
or slump of fopsoil; and enhances water infiliration to the upper subsoil layers, increasing moisture stor-
age within the roof zone.



Stabilise stockpile
surface

Earth bank

(k) 2 \
Flow N

.

AIANASNNAVASAVAVA N A D

Sediment fence

Construction Notes

1. Place stockpiles more than 2 (preferably 5) metres from existing vegetation, concentrated
water flow, roads and hazard areas.

2. Construct on the contour as low, flat, elongated mounds.
3. Where there is sufficient area, topsoil stockpiles shall be less than 2 metres in height.

4. Where they are to be in place for more than 10 days, stabilise following the approved
ESCP or SWMP to reduce the C-factor to less than 0.10.

5. Construct earth banks (Standard Drawing 5-5) on the upslope side to divert water around
stockpiles and sediment fences (Standard Drawing 6-8) 1 to 2 metres downslope.

\‘o‘a,
\f

20 NSNS

STOCKPILES

SD 4-1




Surface stabilisation

N\ N\ NI o
Subsoil serrated v g \I/\
along contour by \
grader or ripper N N
% N2

Topsoil depth: 75 mm min. if batter flatter than 4(H):1(V)
40 mm to 60 mm if batter steeper than 4(H):1(V)
Specialised techniques required if batter
slopes steeper than 2(H):1(V)

Construction Notes

1. Scarify the ground surface along the line of the contour to a depth of 50 mm to 100 mm
to break up any hardsetting surfaces and to provide a good bond between the respread
material and subsoil.

2. Add soil ameliorants as required by the ESCP or SWMP.

3. Rip to a depth of 300 mm if compacted layers occur.

4. Where possible, replace topsoil to a depth of 40 to 60 mm on lands where the slope
exceeds 4(H):1(V) and to at least 75 mm on lower gradients.

REPLACING TOPSOIL SD 4-2




(I Apply fopsoil fo a depth of:
(i) about 40 to 60 mm on lands where the slope exceeds 4(H): 1(V);1°l and
(i) atleast 75 mm on sites where the slope is less than 4(H): (V).

(m)] On completfion of the respreading process, leave disturbed lands with a scarified
surfacel’! to inhibit soil erosion, encourage water infilration and help with keying
fopsoil lafer (figure 4.3).

(n) Respread mulched vegetative material to provide soil stability on bare areas and
parficularly on those areas where landscape tree planting or bushland is to be
esfablished after works are complefe.

(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.

Figure 4.3(a)
A ftrack-walked slope
(see footnote 4)

6. Topsoil creep/slump is likely with greater topsoil depths, especially where keying is not safisfactory.
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, infiliration can be refarded, efc.
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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




Figure 4.5 Recently rehabilitated lands at an urban subdivision near Sydney. Note the
barrier mesh and sediment fencing still in position.

4.4 Special Considerations for SWMPs

4.4.1 Assessment of Erosion Hazard

(a) A simple procedure is provided fo 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
defermined from figure 4.6, based on:
o the Rfactor (rainfall erosivity) that relates to your site location, defermined from
the maps provided in Appendix B; and
o the typical upper slope gradient (measured in percent) of the site landform.

(i) Sites below the Aline 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 underfake the fasks
ouflined in the remainder of Section 4.48].

(i) Sites above the Aline have high potential erosion hazards and designers should
apply the guidelines in Section 4.4.2, below.

8. Figure 4.6 has been derived assuming a typical maximum K-actor of 0.05, slope length of 80 metres,
P-factor of 1.3 and Cfactor of 1.0.
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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 af Appendix A, read it now.

(al

(b

On constructed slopes ensure that slope length!”! and gradient relationships do not
exceed those shown in figures 4.7 and 4.8.1'91 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
fo extended periods where evaporation exceeds rainfall (i.e. nearly all areas except
the North Coast and Snowy Mountains regions).

Calculate the erosion hazard on all lands to be disturbed according to the Soil Loss
Class (Table 4.2).1"1! These classes should be based on local R, K and LSfactors
with 80 metre slopes. Typical of most construction areas, also assume Pfactors of

Here, slope length includes any batters and all upslope lands 1o a subcatchment boundary, either natural
le.g. cresfs) or built (e.g. roads or cafch drains).

. The graphs in figures 4.7 and 4.8 are based on LS = 750/1.3(R x K).
. The Soil loss Class has been used traditionally to compare apples with apples in relation to soil erosion

hazard. Increasing the Rfactor in the calculation of the Soil Lloss Class by, say, factors of 1.4 and 2.3
where the receiving waters are highly or exiremely 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 Rfactor AEP (Appendix Al, 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 Rfactor 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 Rfactor is 3,400, 5,200, 9,000 and 25,000 (adapted

from Morse and Rosewell, 1993) (Appendix A
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Table 4.2 The Soil loss Classes (adapted from Morse and Rosewell, 1996)

Soil Loss Class Calculated soil loss Erosion hazard
(tonnes/ha/yr)
1 Oto 150 very low
2 151 10 225 low
3 22610 350 low-moderate
4 351 to 500 moderate
5 501 to 750 high
6 75110 1,500 very high
7 >1,500 extremely high

(c)

1.3 (i.e. the soils are hard and compact) and Cfactors of 1.0 [i.e. no vegetative
cover, probably being removed with a scraper). Planners can apply different slope
lengths, P or Cactors if these are properly justified. Application of shorter slope
lengths, for example, can put a site info a lower Soil loss Class. However, the
management of these variations should be clearly explained in any plans for erosion
control (Chapter 2).

Having identified the applicable Soil Loss Class, ideally schedule activities on highly
sensifive lands to periods when rainfall erosivity is low. Highly sensitive lands occur:

(i) Always on Soil loss Class 7 lands; and

(i) Af cerfain times of the year:
e on Soil loss Classes 5 or ¢ lands in all rainfall zones (figure 4.8)
e on Soil Lloss Class 4 lands in Rainfall Zones 5 and 11.

Here, waterfront lands (Appendix ) should be regarded as Soil Loss Class 6 always.

Table 4.3 identifies those times of the year that do not contribute significantly fo 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



(d]

(e)

required (marked "no"). Of course, this assumes that the regular suite of BMPs is
installed as outlined elsewhere in these guidelines).['?]

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
Ciactors 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.[!3]

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.

12.

13.

Efforts should be made 1o keep the calculated soil loss less than 50 fonnes per hectare in any one half
month, i.e. the product of percentage average annual Ef 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:
e Special measures are required on Soil loss Class 3 lands when more than 14 percent of the
average annual £l normally occurs in a half month
e Special measures are required on Soil Loss Class 4 lands when more than 10 percent of the
average annual El normally occurs in a half month
e Special measures are required on Soil loss Class 5 lands when more than ¢ percent of the
average annual £/ normally occurs in a half month
e Special measures are required on Soil loss Class 6 lands when more than 3 percent of the
average annual £/ normally occurs in a half month
e Special measures are always required on Soil Loss Class 7 lands.
Ciactors 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 Cfactor of 0.1 can be achieved with a 60
percent grass cover where, previously, the soils were stripped or deeply cultivated; altemnately, Table A3
shows it can be achieved temporarily by application of a hydraulic soil stabiliser.



Table 4.3 Lands where special erosion control measures apply
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FROSION CONITROL:
MANAGEMENT OF VWATER



5. Erosion Control: Management of VWater

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:

e Managing Urban Stormwater: Council Handbook (DEC, in prep.)

e Managing Urban Stormwater: Treatment Techniques [DEC — 2nd edition, in prep.)
e Managing Urban Stormwater: Urban Design (DEC, in prep.)

e Constructed Wetlands Manual (DIWC, 1988)

o Australian Rainfall and Runoff [AR&R) (Pilgrim, 1998)

e 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:
e an increase in impervious surfaces, e.g., roofs and paved areas
e concentration of water through artificial drainage works
« alteration fo the natural drainage pattern; and

(i) The effect of these hydrological changes varies, but unless suitable control
measures are in place, usually results in:
e a reduction in time of concentration
e a reduction in the duration of floods
e an increase in erosion hazards
e 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 crifical.

(d) Naturally, all works must comply with the various Acts (Appendix K), including:
o Water Act, 1912
« Soil Conservation Act, 1938
e Rivers and Foreshores Improvement Act (1948) (note Part 3A)
e Dam Safety Act, 1978
e Fisheries Management Act, 1994
o Protection of the Environment Operations Act, 1997
o Water Management Act, 2000.



5.2 Classification of Waterbodies Based on Obijectives
for Riparian Land

Riparian lands form the transition between terrestrial and aquatic environments ']
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!?]

Maximise the protection of terrestrial and aquatic habitats to:
e provide a continuous corridor for the movement of flora and fauna
e provide extensive habifats (and connectivity between habitat nodes) for
ferrestrial and aquatic fauna
e maintain the viability of native riparian vegetation
 manage edge effects at the riparian/urban inferface
e provide bank sfability
e profect water quality.

This is achieved by:

(i) where applicable, providing a continuous riparian corridor that links stands of
remnant vegetation;

(i) providing a “core riparian zone" (CRZ) with a minimum width of 40 mefre from
the top of the bank;

(iii) providing sufficient (additional) riparian corridor width based on geomorphological
and environmental considerations:

(iv] providing a suitable environmental profection zoning to the riparian land that
recognises ifs 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 vegefation in the CRZ is af a density that would occur naturally (but see
Section 5.3);

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 aesthefic values, e.g. open space and the visual break up of lands.
2. Also note the importance of corridor connections between adjoining watercourses.



Table 5.1 Summary of Riparian Management Objectives

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 protfection

Provide a minimum core

riparian zone width

Provide additional width
fo counter edge effects
on the urban interface

Provide continuity for
movement of terrestrial

and aquatic habifat

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

40m from
fop of bank

10m

Yes (including

piered crossings)

Yes

Yes

Yes

Yes

Yes

20m from
fop of bank

10m

Yes

Yes

Yes

Yes

Yes

Not required

No minimum
— pipes last resort

Generally not
required

Where
appropriate

Where
appropriate

Yes
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(b)

(vii) placing services [power, water, sewerage, and water quality freatment ponds)
outside the CRZ. Encroachment into the non core riparian area may be possible
if the impact on riparian functions is minimal and infegrity 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) mainfain riparian connectivity by using peered crossings in preference fo 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 info 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.

Category 2 — Terrestrial and Aquatic Habitat

Maintain/restore as much as possible the natural functions of a stream fo:

e maintain the viability of native riparian vegetation
e provide suitable habitat for ferrestrial and aquatic founa
e provide bank stability

e profect water quality.
This is achieved by:
(i) providing a CRZ with a minimum width of 20 metre from the top of the bank;

(i) 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) condifion;

(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 fo 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 freatment 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 info the riparian zone or the
watercourse.

Category 3 = Bank Stability and Water Quality

Minimise sedimentation and nutrient transfer to:

e provide bank sfability
« protect water quality
e protect native vegetation.

This is achieved by:
(i)  where possible, emulating a naturally functioning stream;

(i) where possible, providing opportunity for vegetated habitat refuges (ferrestrial
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)

(b)

(c)

Works within the CRZ should maximise the retention of any existing native vegetation
and minimise site disturbance.

Where practical, ensure that constructed grassed batters have gradients no steeper
than 6(H):1(V) if below the 2-year ARl flood level and following the recommendations
in figures 4.3 and 4.4. Waterways and spillways should be designed
following Section 5.4.

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 caftchments should be considered as single functioning
units with inferchange between aquatic and riparian ecosystems, floodplains
and tributaries;

(i) 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
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maintained as continuous corridors that allow living organisms to move and
spread;

(iv] Variety — mainfain the existing habitat variety (including any living and dead
vegetation, and the litter layer, soil and landform) to ensure continued biodiversity;

(v] Refention of existing habitats — existing habitats should be refained 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, efc.)
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) Muliidisciplined approach — the design approach should seek input from different
professional disciplines fo cover a wide range of multi-objective approaches.

(d) To protect and enhance various vegetation and ecological properties:

(i) Retain natural wetlands;

(i) Where vegetation must be disturbed:

o first, assess the natural habitat and species to help design a reformed
environment confaining most of the features of a natural ecosystem

e avoid clearing aquatic and semi-aquatic plants

e investigate and incorporate suitable planting techniques for rehabilitation

e do not use invasive species in rehabilitation (e.g. kikuyu)

e include a broad range of endemic vegetation types (aquatic grasses, other
groundcovers, shrubs and trees) in the species mix for permanent revegetation

e do not use herbicides where they might pollute the waterbodies; and

(iii) Overall design should include:

e a vegefated “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

e a diverse and sfable environment in and near the waterbody

e an oufer buffer zone of grass or appropriate pollution interception strategy
(WSUD system, constructed wetland, or other approved system) to protect the
waterbody and ifs riparian zone.

(e] When designing individual catchment configurations:

(i) Refain naturally functioning streams and, if necessary, engineer drainage lines to
reflect natural functions, including the maintenance of fish passage;



(f)

tel)

(h)

(i)

(i) Avoid the aggregation of several subcatchments to a common discharge point;

and

(i) Clearly define maintenance requirements before design sfarts to reduce
needs/ costs associated with clearing and mowing.

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,

offen considerably so %]

Where works are to be undertaken within the 2-year flood level, measures should be
incorporated that ensure the CHactors are always below 0.05 during possible
erosion events. Further, measures to reduce the Cactors 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]

Critical aspects of in-stream works should be scheduled for forecasted dry weather
periods.

Where works occur in or close to watercourses, the Site Supervisor or someone
nominated by him/her, should record in a notebook each day:

e the Cfactor status at various positions along the watercourse
e publicised weather forecasts.

5.3.2 Profection 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;

(i) During construction activities, sfockpile or store materials away from the
40-metre zone, where practical, and cerfainly outside the interfidal areq;

(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;

3.
4.

Foreshore lands are between the high and low watermarks.
Works should be undertaken, preferably, in the period when the rainfall erosion index (E/) is likely to be
low and lands in Soil Lloss Classes 5, 6 and 7 can be disturbed (Table 4.2).

S5/
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(b)

(c)

(d)

(iv) Note and avoid any areas of seagrasses or kelp; and

(v)] Store suitable spill control materials in easily accessible locations at all fimes
during construction works.

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
infertidal zones, management measures should be designed to adapt to different
influences.

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.

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;

(i) In shallow water, only use selFpropelled barges at suitably high tides where
adequate clearances are available fo prevent disturbances to seabeds and
prevent damage fo subtidal and intertidal rocks, kelp or seagrasses;

(i) Where barges might collide with seawalls due to wave and wash conditions,
use profective 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 fransferred on and off barges to provide secondary
containment for any spills; and

(vi) Materials being fransported 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.

(i) In emulating the natural form, watercourse design should include floodplains,



(b

terraces and other features typical of the natural systems;

(i) 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 fry to mimic the predevelopment
flow regimes.

(iv)] Detfention basins/wetland systems:
e should be designed to handle any increased runoff associated with the
development so that no impact on watercourses occurs
e should be built away from:
e watercourses
e natural weflands
e where possible, remnant natural vegetation;

(v Drainage discharge points [outlet pipes and spillways) should follow the
requirements of Section 5.3.5, below.

Apply the following geomorphic design guidelines fo 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;

(i) Channel form, shape and crosssection at different sections of the river should
mimic the natural stable conditions — channel dimensions should not be enlarged
fo cater for bigger flood events;

(iii) Design should be based on simulated stream hydrology to allow design of

in-stream features, such as pooliffle sequences, and not just peak flows;®!

(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 crosssections and in-stream features can be
determined from the existing stream, if it is sfill present. VWhere 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
fo 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

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-iffle pairs occur every five to seven
channel widths along a stream channel.
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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 affer flood events. Note that
meandering channels are never permanently stable and their shape will change
in time;
(vii) In relation to riffle zones:
e calculate fractive forces for conditions o 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
e ensure slopes do not exceed the 20(H): 1(V) gradient
e ensure crests follow the average slope of the stream reachl®]
e 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

6. Riffle crests are elevated pools that extend upstream fo the midpoint of the upstream riffle slope. They form
stilling basins that improve fish passage and reduce scour.
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Figure 5.2 Use of rock fo stabilise a stream bank (DIWC, 1994)

(d)

(viii) The average radius of the curvature of meander bends should be 2.4 times the

bank full width.

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
fo 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:

(i) At 1-metre centres, plant:
o shrubs behind the wall and along the upper part and fop of the bank
e frees along the fop 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.

Planting the Common Reed, Phragmites australis. With this technique, a dense
growth of Phragmites australis is esfablished 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



(e]

(f

confrol 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 fo 2 mefres 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;

i) 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.

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:

e angled 10 to 25 degrees upstream |info the flow)

e built of well-graded stones with an upper weight limit of 300 to 450 kilograms;

e built in sefs spaced 20 to 30 metres apart

e built 0.6 metres high at the stream end, rising to 1.2 metres at the bank end
and keyed info 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, pooliffle regimes can be
reesfablished and any existing vegetation can be stabilised.

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 reconsfruction of meander bends and pool and riffle sequences, the



shape and dimensions of which can be determined from aerial photographs, parish

maps, portion plans, fopographic maps, efc. Construction should begin upstream af

the junction of the remaining infact meandering channel and the straight channel and

continue downstream. Channel units that could need to be constructed include:

(i

(i)

(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;

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

Pools and riffles.

5.3.4 Temporary Waterway Crossings

(a) Temporary waterway crossings are usually formed using culverts or pipes to carry

(b]

flow under a raised gravel carriageway that allows vehicles to cross the stabilised

waterway safely without causing damage and erosion.

The following standard design criferia (Standard Drawing 5-1) should be followed:

(i
(i)

(iii)
(iv)
v)
(vi)

(vii)

prohibit fraffic until the access way is constructed;

Use a clean, rigid, non polluting aggregate or gravel (100 to 150 mm
aggregate);

Support the gravel on needle-punched geotexiile;

Have a minimum depth of 200 mm of gravel;

Provide a 3-mefre wide carriage way and sufficient length of culvert pipe fo
allow less than a 1(V):3(H) slope on side batters;

Provide a lower section fo act as an emergency spillway in greafer than the
design sform events (Section 2.3.1 [e]]; and

Ensure that culvert outlets extend beyond the toe of the fill embankments.

(c) The following maintenance issues should be nofed:

(d]

(i

Iy
(i)

(iv)

Keep the pipe culvert clear fo avoid bypassing by storm flows less than the
design storm event due to blockages from debris or sediment;

Recover gravel to maintain minimum depth of 200 mm;
Remove the crossing when it is no longer required; and

Rehabilitate the area following the vegetation management plan or other site
rehabilitation plan.

In addition, consideration should be given to the following limitations:

(i

Qils or other potentially hazardous materials should not be used as surface
treatment;



Spillway or lowered cross—section
to minimise likelihood of overbank
flows

Batter 1(V):3(H) or
otherwise supported

Needle—punched
geotextile

Construction Notes

1. Prohibit all traffic until the access way is constructed.

2. Strip any topsoil and place a needle-punched textile over the base
of the crossing.

3. Place clean, rigid, non polluting aggregate or gravel in the
100 mm to 150 mm size class over the fabric to a minimum depth of 200 mm.

4. Provide a 3-metre wide carriageway with sufficient length of culvert pipe to
allow less than a 3(H): 1 (V) slope on side batters.

N

Install a lower section to act as an emergency spillway in greater than
design storm events.

6. Ensure that culvert outlets extend beyond the toe of fill embankments.

TEMPORARY WATERWAY CROSSING SD 5-1




(i) Upstream flooding problems need to be assessed;
(iii) Downstream flooding in times of overtopping needs fo 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)

(b)

(d]

(e]

When working in creeks or rivers, careful planning is required to limit the impact of
sediment pollution occurring because of works.

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.

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 profrude. VWhere possible, all ouflets to water-
courses should be of a natural form, using riprap packed with soil and planted with
sedges, rushes and grasses as scour profection. The use of concrete headwalls

should be avoided.

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 domage
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.

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 fo convey stormwater safely through and away from the
site, particularly those affecting possible erosion of soil and subsequent pollution by
sediment and frash. Preferably, prioritise drainage works with the most important
confrol measures insfalled first.



(b) Where possible, divert run-on water from lands upslope around the site while land

(c)

disturbance activities are going on. Note Secfion 5.4.3, below, in relafion to
concentrating flows and “soft” outlets.l”]

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:

(e)

(i) division of the site info smaller, more manageable catchments;
(ii) installation of simple structures constructed from local materials;[”]

(iii) taking advantage of permanent stormwater facilities that can double as
tfemporary 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.

Works should not:

e adversely affect upstream or downstream properties

e cause new seepage areas through a rise in the watertablel 0]

e eliminate existing seepage areas that affect remnant natural ecosystems
e increase the hazards of dryland salinity within the catchment.

5.4.2 Sheet Flows

(a)

(b)

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 vegetfation or an erosion
confrol product — note the influence of the Cfactor on the erosion hazard

(Appendix A);
(i) reducing the volumes of water flows; and
(iii) reducing the velocities of water flows.

Reduce runoff volumes by leaving scarified soil surfaces (or similar] or installing

Do not divert stormwater onfo nearby lands without obtaining earlier written approval from the affected
landholder.

This guideline applies to both sheet flows and where water is concentrated by works, such as catch
drains, waterways, drop structures, outlet structures, efc.

Soft local rock might not be suitable for permanent structures.

. 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.



(c)

(d]

contour banks to keep slopes less than 80 mefres in rainfall events — nofe the
influence of the LSfactor on the erosion hazard (Appendix A).

Protect the ground surface by encouraging infiliration of water through progressive
revegefation of the site (Chapter 7), installing various erosion confrol products
(Appendix D), cellular confinement systems, etc. Note that:

(i) Under certain conditions, rolled erosion control products (RECPs) can exceed the
sheer stress rafing 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 “soffer”, more aesthefically pleasing appearance. However, proper
installation of RECPs is critical for their success (Standard Drawing 5-2); and

(i) Cellular confinement systems are available with or without perforated sides.
Perforated sides are preferred because they ollow drainage and reduce the
hydrostatic loads in the cells (Standard Drawing 5-3).

Reduce water velocities by:
(i) keeping gradients as low as possible (Section 4.4.2 (a);
(i) ensuring a good ground cover that promotes infiltration; and

(i) installing banks upslope to divert flows away from the site (Section 5.4.4) and
reducing slope length.

5.4.3 Concentrated Flows

(a)

(b)

Waters are concentrated in drains for interception/diversion of surface or subsurface
flows and to convey these fo stable outlets, for example:

(i) to intercept offsite run-on water;

(i) 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 shorfen 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.

Construct temporary channels/drains and their inlet and ouflet works fo convey
water at least up fo 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 sform events might be necessary, e.g. to prevent damage of environmentally



Insert staples through the blanket
in @ 150 mm x 150 mm trench
with each pattern of three staples
being about 500 mm apart

As an alternative to trenching,
when top of slope is relatively flat
extend material about 1000 mm
on top of the ground and
randomly insert staples through
the material about 600 mm apart

Blanket material must overlap
at least 150 mm with staples
inserted through both fabrics
at a maximum spacing of
1000 mm

Construction Notes

Backfill and compact dirt
in the 150 mm x 150 mm
trench after inserting
staples through the

material

Staples must be
inserted through
overlap material

Maximum staple
spacing as
specified by

the manufacturer

At end of slope, secure blanket
material by inserting staples
about 500 mm apart

through the fabric

Blanket material must overlap
at least 150 mm with staples
inserted through both fabrics
at a maximum spacing of
500 mm apart

1. Remove any rocks, clods, sticks or grass from the ground surface before laying the matting.

2. Spread topsoil to at least 75 mm depth.

3. Where aéJ%ropri_ate, complete fertilising and seeding on a properly prepared seedbed

(Standard Drawing 7-1) before laying t%e matting.

4. Ensure the fabric can be continuously in contact with the soil by grading the surface

carefully first.

5. Lay the matting in "shingle-fashion" with the ends of each upstream roll overlapping

the next roll downslope.

6. Ensure sufficient staples are used to maintain a good contact between the soil

and the matting.

RECP : SHEET FLOW SD 5-2




Anchor cables

Direction of
expansion

Cellular confinement
A A system installed on a slope.

Temporary or
permanent anchor

varies

Non woven
geotextile

Temporary or
permanent anchors

Slope Protection System

_xlorieli_ i

50-300mm
T Cellular confinement system

installed in a channel.

it
i
i
"
I
1

Non woven .
geotextile Section AA

Non woven
geotextile

Permanent
anchors

Channel Protection System

Construction Notes

1. Undertake design only with the help of a suitably qualified geotechnical
engineer.

2. Anchor systems on steep slopes to prevent sliding or movement under
gravitational forces. This might include the use of high tensile, low creep
cables made of polyester (not polypropylene), rope or steel wire.

3. Place thick, non woven geotextiles under the cellular confinement system
to allow for lateral drainage.

4. Filt the cells with soil, rock or concrete depending on the application.

CELLULAR CONFINEMENT SYSTEMS | SD 5-3
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(c)

(d]

(e]

sensitive areas and/or where failure is likely fo result in substantial loss of property or
a danger fo life.

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
ARl time of concentration sform event. However, follow council's guideline where
different to this.

For all water conveyance structures, adopt the recommendations shown at Appendix
F for calculation of peak flow runoff coefficients (C1o) 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).

Reduce the erosive energy levels of concentrated water in constructed channels by:

e constructing channels/drains with a parabolic or tfrapezoidal cross-section
(rather than V-shaped)

e widening the drain invert

e installing check dams (figure 5.3 and Standard Drawing 5-4)

e installing appropriate channel linings (Section 5.4.4 (d))

« installing energy dissipaters at outlets.

Figure 5.3(a)  Use of rock check dams fo reduce the erosive energy of flow



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)

(g) Outlets from all water conveyance structures should discharge water such that the
erosion hazard to downslope lands and waterways is no greafer than in the
predevelopment condition up fo the design sform event (Section 2.3.1 (e)). This can
be achieved through use of water defention basins, waterways that increase the time
of concentration, energy dissipaters, level spreaders, efc. VWhere permanent outlets
discharge to watercourses, works should be of a “soft” design.

(h) Where appropriate, preparation for grassed waterway construction should involve:

e removal of trees, stumps and other debris that might impede flow of water or
earthworks

e stripping and stockpiling of topsoil (Section 4.3.2)

e shaping the channel (to eliminate irregularities that would interfere with flow of
water and provide a stable crosssection) and respreading topsoil

e applying appropriate ameliorants and/or fertilisers if rehabilitating by
vegefative means (Section /.2)

e applying ground covers.
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Spillway
150 mm min.

150 mm min.

NP Rock trenched 200 mm into ground

Aggregate or recycled concrete.

Spacing of check dams along centreline
and scour protection below each check
dam to be specified on SWMP/ESCP

Construction Notes

1. Check dams can be built with various materials, including rocks,
logs, sandbags and straw bales. The maintenance program
should ensure their integrity is retained, especially where constructed
with straw bales. In the case of bales, this might require their replacement
each two to four months.

2. Trench the check dam 200 mm into the ground across its whole width.
Where rock is used, fill the trenches to at least 100 mm above the
ground surface to reduce the risk of undercutting.

3. Normally, their maximum height should not exceed 600 mm above
the gully floor. The centre should act as a spillway, being at least
150 mm lower than the outer edges.

4. Space the dams so the toe of the upstream dam is level with the
spillway of the next downstream dam.

ROCK CHECK DAM SD 5-4
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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 creafe 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)

(b)

(d]

(f)

Water diversion sfructures can be consfructed from a wide range of substances, such
as compacted earth, plastic sheeting, shofcrefe, asphalt and pipes.

As a first step in the design process, ensure that the roufe fo be faken is considerate
of all opportunities and constraints present at the site (Chapter 3). Select a route that
avoids frees, preferably beyond their drip line, service infrastructure, efc.

Where water diversion structures will outlet to downstream receiving waters (Section
5.3.5), ensure suitable water quality and quantity confrol structures are insfalled 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 inferceptors, sediment traps/basins, litter fraps, constructed wetlands and
detention basins.

Velocities should not exceed those recommended in Table 5.2 for the design storm
event (Section 2.3.1 [e]).

The design of earth-based diversion structures should not exceed those recommended
in Table 5.1 in the design sform 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:

e additional lands that might be disturbed
e siructures that need to be stabilised immediately
e downstream flow changes that need to be carefully assessed.

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, profect the surface with @
biodegradable mat; and

(i) Ensure that grass cover is total and permanent, particulorly in all areas of
possible concentrated flow. Reestablishment might be necessary in bare areas,
including replacement of any lost topsail.
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Table 5.2 Maximum Design Flow Velocities in VWaterways (compiled from various sources)
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Gradient of drain Can be constructed with
1% to 5% or without channel All batter grades
2(H):I(V) max.

Direction
of flow

300 mm min.

150 mm min.

‘o

I

2 metres min. >

NOTE: Only to be used as temporary bank
where maximum upslope length is 80 metres.

Construction Notes

1. Build with gradients between 1 percent and 5 percent.
2. Avoid removing trees and shrubs if possible - work around them.

3. Ensure the structures are free of projections or other irregularities that could
impede water flow.

4. Build the drains with circular, parabolic or trapezoidal cross sections, not V
shaped.

5. Ensure the banks are properly compacted to prevent failure.

6. Complete permanent or temporary stabilisation within 10 days of construction.

EARTH BANK (LOW FLOW) SD 5-5
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™ °"" Dimensions to be

Lo specified on SWMP v M
- v
f [ | f J 9,
¢ }70/»@0(. v v \f\?
v N2 v 0 o0 &N
v <<‘°*.
<« AN
v (LQ(\\'
S ~N
0%®
\\\ ¢ Q(
@
\\Q\/ SN
N7 Bank” compacted in
layers no more than
. s 300 mm thick
Soil stabilisation >
as required ¢ RS
Bank keyed /%//B}///\\///\
in to subsoil X
Detail through
< bank as shown
N4

Level Spreader (or Sill)

Channel  Stable disposal

Construction Notes IITRIRRGR,

1. Construct at the gradient specified on the ESCP or SWMP, normally
between 1 and 5 percent

2. Avoid removing trees and shrubs if possible - work around them. Section AA

3. Ensure the structures are free of projections or other irregularities that
could impede water flow.

4. Build the drains with circular, parabolic or trapezoidal cross sections, not
V-shaped, at the dimensions shown on the SWMP.

5. Ensure the banks are properly compacted to prevent failure.

6. Complete permanent or temporary stabilisation within 10 days of construction
following Table 5.2 in Landcom (2004).

7.  Where discharging to erodible lands, ensure they outlet through a properly
constructed level spreader.

8. Construct the level spreader at the ?radient specified on the ESCP or SWMP,
normally less than 1 percent or level.

9. Where possible, ensure they discharge waters onto either stabilised or
undisturbed disposal sites within the same subcatchment area from
which the water originated. Approval might be required to discharge
into other subcatchments.

EARTH BANK (HIGH FLOWS) SD 5-6
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(g) Grassed waterways should not be confused with grass swales. Rather than being

(h)

)

simple water conveyance structures, grass swales are used to infilirate sformwater 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 sedimentladen water because their infiliration
abilities can be greatly reduced by it.

Consideration might be given to the use of other fabrics, including jute mesh and
other biodegradable blankets to line waterways. These can provide temporary
profection to earth-based drains infended to be removed or upgraded within six
months, or grassed waterways that have only recently been established from seed or
runners. Nevertheless:

(i)  Ensure fopsoil is atf least 75 mm deep; and

(i) 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 ]

Gravel or rocks form one of the simplest kinds of linings [figure 5.4) and can be
made fo 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 geofextile and, where necessary, properly graded layers of sand and
gravel. Rocks are parficularly 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 info locking positions. Soil should be packed in all layers fo:

e enable moisture fransfer from the substrate to the waterway itself

e allow sedges and grasses to be planted in the rock voids.

The roofs of the vegetation will be protected by rocks and will enhance the locking
effect. Also, vegetation will add fo the ecological values and impart a more pleasing
aesthetic effect.

concrete, concrefefilled matiresses, shotcrefe and asphalt can be used fo line
waterways, form chutes or fo 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.

(i) Their impermeable, smooth surfaces usually result in higher velocities in drains
and consequent erosion of natural waterways downsfream unless protective

measures are installed: and

. In this situation, omit cover crop species from the mix because they have a higher refardance effect and

might cause overfopping of the drain in large storm evenfs.
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> T T FE
Staple blankets at grid — /;—
of 1 metre centrelines — A

Staple outside edges
—— at 300 mm centres

)

/___— After seeding and laying

-~ 2 erosion control blanket,
\ T~gLl — apply a soil binder in
—  areas of high erosion

[
Overlap blankets 150 mm hazard

where two or more widths
are required and staple
along joins at 300 mm
centres.

Bury the top of the blanket in
a trench 300 mm or more in
depth and staple at 150 mm
centres. Tamp soil over blanket

Fill the trench with soil

and compact
Overlap — bury upper end of lower e

blanket as in 'A’. Overlap end of
top blanket 300 mm and staple

at 150 mm centres Staples: 8 gauge

4mm) wire

150 mm to 300 mm

Centreline section at points "B”.
Construction Notes
1. Remove any rocks, clods, sticks or grass from the surface before laying matting
2. Ensure that topsoil is at least 75 mm deep.
3. Complete fertilising and seeding before laying the matting.
4. Ensure fabric will be continuously in contact with the soil by grading the surface carefully first.
5

Lay the fabric in "shingle-fashion", with the end of each upstream roll overlapping those
downstream. Ensure each roll is anchored properly at its upslope end (Standard Drawing 5-7b).

6. Ensure that the full width of flow in the channel is covered by the matting up to the design storm
event, usually in the 10-year ARI time of concentration storm event.

7. Divert water from the structure until vegetation is stabilised properly.

RECP : CONCENTRATED FLOW SD 5-7
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Figure 5.4
A rock-lined

waterway

(iiij Concrete linings tend to be more durable than asphalt and require less
mainfenance.
(k] Chutes (figure 5.5) should have a minimum depth of 300-mm. In addition:
e bends should be avoided

e anchor lugs should be provided at a maximum of 3-mefre infervals
e inlet and outlet sections should be at least 1.5 metres long

e energy dissipaters should be provided at the outlet to bring the flow fo non
erosive velocities.

Concrete chutes should never be used in watercourses. Use riprap instead.
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5-30

Width of
embankment

Reinforcement y '. Height of
fabric

12 mm dia. bars
at 150 mm centres
Min. length 425 mm

Anchor point.

i 12 mm dia. bars at
100 mm spacing.

‘ Min. length 350 mm

-
round level4— .
2 Curtain wall

450 mm :
- - 3000 mm
150 mm Maximum typical spacing between

anchor points is 3.0 metres

Figure 5.5 Crosssection of a typical paved chute (adapted from Virginia
SWCC, 1980)

Length as necessary to go

through embankment or bund Standard

culvert inlet

H =D +300 mm
Corrugated

metal pipe 150 mm

Slope 3%
or steeper

Figure 5.6 Cross-section of a typical pipe drain (adapted from USDA, 1975).




Figure 5.7 Use of heavy-duly flexible pipe to carry water down a batfer

(I

Pipes. Halfround corrugated metal or concrefe 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. batfers. Install them progressively as construction proceeds and their design
criferia 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 Profection

(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, concrefe, grouted riprap, recycled concrete and mesh structures should not
be used in watercourses. Rather, they should be constructed of riprap consisting of
angular run-ofquarry durable rock and designed to mimic the natural function and
appearance of the watercourse.

(b) Drains should discharge water to stable disposal areas including:
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Figure 5.8
A riprap outlet
on a steep slope.

o wellvegetated or otherwise stable lands (figure 5.8
e other temporary diversions, drop-down structurest'?) or culverts
e watercourses.

(c) Where structures outlet to a watercourse, ensure they:

e do not protrude beyond the stream bank and align evenly with it
e are placed af the invert level of the stream
e point downsfream.

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.

12. Usually formed where the catch drains cross depressions or other waterways.
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(d]

(e]

(f)

(gl

Sometimes, upstream control works can reduce velocities at stormwater outlefs. This
can have a positive effect by reducing the sizes of energy dissipaters below.

Design criteria for energy dissipaters (Standard Drawing 5-8) should ensure:
e downslope conditions post development are not less stable than those
prevailing predevelopment up to the design storm event (Section 2.3.1 (e])
e minimum mainfenance requirements, preferably self-cleaning natures
e drainage by gravity when not in operation.

Energy dissipaters can be categorised info 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 af 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 fo the following:

(i) Decide whether minimum or maximum tailwater conditions apply using Qpeck in
the receiving channel;[3]

(i) Enter the appropriate chart (figures 5.9 and 5.10) to find riprap size and apron
length; and

(i) Where both minimum and maximum tailwater conditions apply, design the
apron to cover both conditions (figure 5.11).

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 nafive grasses, sedges and rushes. In
disturbed areas in riparian zones (e.g. spoil areas, access tracks, etc.), plant local
native shrubs, frees and groundcover species. Ensure these matters are properly
addressed in a separate Vegetation Management Plan (Appendix ).

5.4.6 Subsoil Drainage

Subsoil drains provide a means for confrolled flow of water through the soil. They
must be designed and installed only affer any salinity issues have been addressed

(i) strip drains, comprising geofextile filters over non corroding, rotproof, plastic

(al
fully. Types of subsoil drains include:
cores;
(i) rubble drains; and
(iii) perforated or slotted pipes.
13

. Caleulate the depth of flow in the receiving channel and compare with the pipe diameter (Do)

—minimum fail water conditions are <0.5Do, while maximum conditions are >0.5Do. Note that:

- Where a welldefined channel does not occur, minimum fail 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 welldefined channel occurs immediately downstream, the width of the downstream end of
the apron should be equal to the width of that channel.
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La
Dimensions to be supplied on SWMP
PLAN VIEW
Discharge pipe.
A 150 mm  Existing
— A n stabilised

channel

Needle—punched geotextile

PLAN VIEW

Needle punched geotextile

75 mm min. aggregate

. CROSS SECTION AA
Construction Notes

Compact the subgrade fill to the density of the surrounding undisturbed material.

2. Prepare a smooth, even foundation for the structure that will ensure that the

needle—;l)(unched geotextile does not sustain serious damage when covered
with rock.

Should any minor damage to the geotextile occur, repair it before spreading any

aggrerc[uate. For repairs, patch one piece of fabric over the damage, making sure
that all joints and patches overlap more than 300 mm.

4. Lay rock following the drawing, according to Table 5.2 of Landcom (2004) and with
a minimum diameter of 75 mm.

5. Ensure that any concrete or riprap used for the ener%/ dissipater or the outlet protection
conforms to the grading limits specified on the SWMP.

ENERGY DISSIPATER SD 5-8
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Limax. TW)

Limun, TW)

W (max. TW)
W (min. TW)

Figure 5.11 Riprap configuration for outlet protection under both maximum and minimum

tailwater conditions (Bohan, 1970)

(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

(i) provide drainage of ground water on steep slopes to improve stability.

(c) Line rubble drains and perforated pipes with geofextile 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 ¢.3.3 (c) and following secfions).

(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 slofted pipes at a
minimum depth of 0.6 metres below the soil surface while extending rubble
drains to a depth of af least 0.6 metres; and

(i) ideally, designed to provide a minimum gradient of 1 percent.



Chapter
SEDIMENT AND
WASTE CONTROL




6.1.1 Background

(al

(b)

(c)

(d]

(e]

This chapter has been writtlen 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 longterm pollution control where this is appropriate.

Stormwater freatment measures installed affer construction is complefed are not
highlighted in this chapfer. Specific information on this fopic can be found in
Managing Urban Stormwater: Treaiment Techniques (EPA, 1997b; DEC, in prep.)
and relafing to such matters as:

e swales and "bioretention” measures
o infiltration measures

e constructed wetlands

e gross pollutant fraps and frash racks
o litter baskets and litter booms

« oil /grit separators

o other treatment measures.

Additional information on constructed wetlands is provided by The Constructed

Wetlands Manual (DIWC, 1998).

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.
The form that diffuse pollution takes is usually defermined by:

e climate, particularly local rainfall patterns

e geomorphic aspects and soil characteristics of the source area
e human and other activities in the cafchment.

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 seffled on impervious surfaces.

The quality of runoff also depends on the stage of works. For example:

(i) where much of the cafchment lacks a suitable profective ground cover while
development is going on, a potential exists for significant soil erosion of any
exposed surfaces; and



(i)

6.1.2

where a significant proportion of the catchment has been developed and rates
of runoff are high due to many impervious areas, a potfential exists for pollution
to downslope lands and waterways by nutrients, heavy metals, various
chemicals and the like.

Pollutants

(a) The pollutants discussed and/or referred to in this document include:

(i

(i)

(i)

(iv)

suspended solids, especially sediment, that might carry nufrients “piggyback”
and reduce:

e light penetration in water and affect growth of aquatic plants

e suitability of habitats for some aquatic flora and fauna

o the aesthetic appeal of water;

nufrients that can promote the rapid growth of aquatic plants, particularly algae.

Where algal growth becomes too dense:

e reduction occurs in light penetfration of water

e oxygen levels of water can drop (see [iii], below|

e suitability for recreation, irrigation, etc. diminishes, particularly if toxic algoe
are present;

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.[!]
These materials are usually measured in water as biochemical oxygen demand
(BOD), and include biodegradable organic debris, such as decomposing litter
and vegetation;

litter that is commonly washed from pavements and can be at high levels,
especially in “first flush” waters; and

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 Llake lllawarra show that, where associated with new urban
development for example, sediment pollufion levels can be five to 20 times
greater than those from developed urban areas and three fo 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.



(i) 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.

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
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6.

(al

(b)

(d)

(e]

1.3 General Recommendations

Where it is an option, erosion and sediment control at land development sites is the
least expensive and the single most effective way fo reduce waterborne pollution.
It should be regarded as a major priority.

Works should not cause either new seepage areas through rises in the watertable or
pollution of aquifers.[?]

Some aspects of sediment and nufrient management structures should not be
deliberately combined, e.g. nutrient removal ponds (e.g. wetlands) should not be
required fo 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, nufrient removal ponds
can be used for temporary sediment control during the construction phase when few
nutrients are generated.

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 ifs velocity,
especially on unprotected land surfaces; and

(i) system controls that reduce the quantity of suspended solids reaching receiving
waters, such as sediment refention basins, sediment traps and constructed

wetlands.

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.
>Q0%) 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.

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 VWales 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 fo 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 concentrafion event.
Design should take info consideration the implications of larger storm events and
emergency spillways should be constructed where appropriafe.

6.2 Waste Control

(a) Safe management of waste materials, such as paint, concrete slurry, acid, foilet

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 af the design stage:
e design fo standard sizes
e specify recycled and recyclable products
e specify reusable, repairable materials and fittings
e renovate or refurbish, rather than rebuild
e incorporate a composting area info the landscape design.

(i) It practical during the demolition/extraction phase:
» separate reusable materials for reuse on or off site
o sell reusable materials to second-hand dealers
e reuse rock, topsoil and vegetation on the site
o stockpile materials for use elsewhere.

(ii) If practical during the construction phase:
e reuse materials from the demolition/extraction phase
e mulch and reuse as much green waste as you can
e order materials to size
e do not over order
e order precut or prefabricated materials
e purchase materials with minimal packaging
e separate reusable or recyclable materials from waste
e look out for and participate in recycling opportunities
e organise onsite sorfing and/or collection systems for reprocessing
e frain 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 sfored in a designated area, under cover where possible.
Containment bunds should be constructed with provision for collection and
restorage of any spilt material.
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(v] Wash down materials and equipment away from the foreshore and infertidal

areas.

(vi) Waste receptacles should also be placed away from the foreshore and infertidal
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 surfoces like roadways and vehicle hard
stand areas is properly treated before discharge to the stormwater system.

(viii) Place sfaff facilities so that any effluent, including wash-down water, can be
fotally 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 vegefation:
« preferably reuse wasfe materials onsite by chipping, mulching or composting,
parficularly where they can be used in rehabilitation programs
e otherwise:
— gain necessary approvals from the local consent authority to remove it
fo 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 concrefe and mortfar 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 appropriafe bunds or containers
and mainfain 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 pefroleum products. Sediment controls should be
established and testing of ground water should be undertaken before
commencement of dewatering acfivifies.

(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



should be underfaken 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:
e require correct handling for dusty or hazardous wastes
e impose price penalfies for mixed loads
o 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.

6.3.1 Preamble

(al

(b)

(c)

(d)

Sediment refention basins are dams or impoundments designed to intercept
sedimentladen runoff and refain most sediment and other materials, thereby
profecting downstream waterways from pollution. The retention is generally achieved
by the seftling of the suspended sediment from the stormwater flow, combined with
the inferception of bedload material.

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 tfeam — 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 feam or treatment frain.

The choice of sediment control measures is not limited fo those nominated in this
document. Credtivity, 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.

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:

o/
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e partficular difficulty with the site
e specific or general problems in carrying out the ESCP/SWMP
o 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:

(al

(b)

(c)

(d]

(e]

(g

Design structures to minimise land disturbance.

Pass any potential sedimentladen stormwater runoff through a trap or basin designed
fo minimise pollution to lands, waterways and services placed further downslope.
Keep sediment as close to its source as possible.

Where possible, do not consfruct sediment basins on line on a watercourse.

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 mefres 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 refention basin can be
considered unnecessary. In such circumstances, alternate measures may
be employed to protect the receiving waters.

Design of sediment refention basins should ensure that water is not diverted from its
infended flow path if structures become filled with sediment in the nominated storm

event.
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);

i) offline, so that frunk drainage carries only relatively clean water;

(i) away from normal construction operations (to minimise the need for regular
repair); and

(iv) upstream of any wetf ponds, constructed wetlands or receiving waters. %

Soil erosion and any resultant sediment pollution are largely dependent on sform size
and nature of the soils. Ensure that the design:

Here, “waters” mean:
® street gutters
e natural waterbodies, including lakes, lagoons or wetlands, rivers or streams, and fidal waters,
e.g. bays, estuaries, inlefs, etc.
e constructed waterbodies, including lakes, wetlands, dams, ponds, waterways, channels or
canals.



(h)

(i) allows adequate time for seftling of the desired particle sizes; and
(i) has adequate capacity to trap and sfore sediment eroded from the site.

Where practical, do not decommission femporary sediment retenfion basins and
fraps until the works for which they were designed are completed and fully stabilised
on more than 90 percent of the confributing catchment. Address the financial and
other implications in the planning phase where this involves other developers or site
operafors.

6.3.3 Design of Sediment Basins

(a)

(b

(c)

When designing sediment retention basins, two principal criteria should be
considered at the outset — the structures must have an ability to meet:

e appropriafe water quality standards — discussed further below
e 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 mefre 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/dscO1.pdf.

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 info them. Profection of downstream lands and waterways demands an
approach to basin design that recognises the settling behaviour of different soil particles
in water. Clearly, coarsegrained sediment will seffle quicker than finergrained
sediment, whereas some clay particles seemingly never seffle unaided.

Soil materials that can erode and find their way to a sediment refention basin can be
clossified info three “texture” groups based on how effectively they are likely to settle:

e “Type D" soils that confain a significant proportion of fine (<0.005 mm|
"dispersible” materials that will never seftle unless flocculated!!

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 o aluminium ratfios
are:

e 1:1 (kaolinite type) clays

e 2:1 low expansion (illite) clays

e 2:1 high expansion (montmorillonite, bentonite, smectite) clays.
The structural grouping of the clay minerals can influence important soil properties, e.g. cafion exchange
capacity, shrink/swell potential, fertility and dispersibility. lllite structures can become dispersible if
deformed while wet while montmorillonite structures fend to be dispersible always.
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The other two categories cover those soils that are not dispersible:

e “Type C” soils, the bulk of which are coarse-grained (less than 33 percent
finer than 0.02 mm) and will setile relatively quickly in a sediment refention
basin

e “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 fo setile in
a sediment retention basin.

(d) When deciding which soil type applies to a particular land disturbance activity,
consider the following matters:

()  Where soils of more than one type are present af a specific site, sediment
basins should be designed fo meet the most stringent criterion applicable. In this,
note that soils that are essentially coarse-grained can be Type D.

(i) 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,
freated 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 sformwater management plan. Of course, all practical
measures o reduce pollution should be taken for storm events beyond the design
event.[°]

(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) muliiplied by

dispersion percentage (Ritchie, 1963 is equal to or greater than 10. L]

() 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.

5. The actual discharge load should be considerate of the loads normally carried in the receiving waters,
including those during and following sform 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. Nofe that:

o clays are finer than 0.002 mm (2 microns)

o silts range from 0.002 to 0.02 mm (2 to 20 microns)

e fine sands from 0.02 to 0.2 mm (20 to 200 microns)

e 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 refention.

(h) The actual capacity of sediment refention basins is the sum of two components

(Table 6.1):

(i) A setlling zone, within which water is stored allowing the setlement 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.

(i) A sediment storage zone, where deposited sediment is sfored 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 retenfion basins that might discharge sedimentladen stformwater more
than once per year should have minimum length to width ratios of 3 to 1 to reduce
shortcircuiting and, preferably, af 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 refention basin must take info 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.

100
90 L
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80 //
70 //
60 /

. /
40 /
30 /
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o /]

o] 1 2 3 4 5 6 7 8 9 10
Ratio of minimum flow-path length to effective width

Apparent effectiveness (%)

Figure 6.3 Apparent effectiveness of a sediment confainment system (Fifield, 2001a)



Table 6.1 Summary of selected sediment basin types and design criteria
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Figure 6.4 (a) fo (c] — diagrammatic examples of placement of baffles in sediment basins fo increase the
ratio of length to width, and (d) — baffle detail, elevation (adapted from USDA, 1975)
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(i

(k]

Sediment retention basins should be built to incorporate:

(i) o primary outlet designed:
e fo have a capacity to pass the peak flow from the design storm event
e with an invert level at least 300 mm below any emergency outlet (where it is
a separate structure);

(i) 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 fo the risk of pipe blockages during high flows.l”]
Nevertheless, any riser structures should be baffled or fitted with anti vortex

devices;

(iii) infernal batter gradients that are consistent with personal safety and, generally,
within the following upper limits:
e 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!®!
e where water depth is between 150 and 1,500 mm when unprotected and
surcharging, a maximum slope of 5(H): 1{V)”]
e where water depth is between 150 and 1,500 mm when profected (e.g.
fenced) and surcharging or greater than 1,500 mm:
e 2.5(H):1(V) to 4{H): 1(V) on earth structures!®]
e 0.5(H):IV) on rock gibber structures
e 1{H):4(V) on gabion basket structures
e 1{H): 4{V) on stacked (rough squared) rock structures;

(iv)] appropriafe outlet profection to ensure minimisation of scour as described in

Section 5.3.3.

Sediment basins can be constructed from earth, rock or suitable crushed concrete
products where formed as aboveground ponds, or plastic or metal for underground
fanks (see Standard Drawings SD 6-1, SD 62, SD 6-3, SD &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 geotfextile 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.!1°]

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.

The actual gradient adopted depends on various soil characterisfics.

The actual maximum gradient is defermined 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.

. Geotextile can become blocked in time. So, dry basins can become wet if it is not replaced or reverse-

flushed.



(I

The lower level of the sefiling 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
fime to dry fo a level where it can be handled with relative ease.

6.3.4 Capacity of Basins for Type D and Type F Soils

(a)

(b)

(c)

(d]

Sediment refention basins for Type D and Type F soils are wet basins (SD ¢-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.

The traditional approach to design of sediment retention basins is based on the
seffling of o design particle. However, this seffling methodology is generally
ineffective where the sediment contains significant quantities of fine (<0.02 mm) or
dispersible materials because of very long seftling 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
fotal 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 setiling agents such as gypsum (Appendix E).
They are then pumped out or allowed to drain under gravity.

However, other methodologies are available that enable constant flocculation of
sedimentladen 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 sform. Use of such
alfernative approaches should not vary the design capacity from that described here.

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, sefiling and subsequent discharge of the supernatant stormwater
(Appendix E and Section 6.3.3(d)).

In cerfain conditions, basins can be designed for rainfall depths and management
periods of between 2 and 20 days, to accommodate a range of site consfraints and
opportunities that may be present
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Plan View

embankment

Length/width
ratio 3:1 min. Needle punched

geotextile

Needle punched geotextile placed over
rock wall with ends covered by rock

Sediment settling zone 1 Crest of spillway
/nf,ow Sediment storage zone | [/ )
- Graded rock
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geofabric £ J \?
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hold geotextile in place SeCt'On Outle

protection
50mm to 75 mm aggregate
100 mm dia. graded rock

Spillway
500 mm min.

NOTE:
Spillway width and depth, wall crest
width and downstream outlet protection

measures to be specified on SWMP. Needle—punched

geofabric placed
over rock wall

Downstream Elevation
Construction Notes

1. Remove all vegetation and topsoil from under the dam wall and from within the
storage area.

2. Excavate to 300 mm depth for base of the dam wall.

3. Line the excavation with a needle-punched geotextile allowing sufficient to line
below the wall, and over the upstream rock and the spillway to 500 mm below
the spillway exit on the downstream face.

4. Make up the wall profile and outlet protection with100 mm (min.) diameter graded
rock. Spread a layer of 50 mm to 75 mm diameter aggregate over the upstream
batter for a more even surface, and add 100 mm to 150 mm of 20 mm to 30 mm
gravel over the 50 mm to 75 mm diameter aggregate.

5. Lay geotextile over the upstream batter and through the spillway, fixing in place
with 100 mm rock.

6. Place a "Full of Sediment" marker to show when less than design capacity
occurs and sediment removal is required.

7. Replace the upstream geotextile layer each time sediment is removed

ROCK SEDIMENT BASIN SD 6-1

(APPLIES TO 'TYPE C' SOILS ONLY)
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Section
Spillway
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I NOTE: Spillway width and depth, wall crest width
| and downstream outlet protection measures

to be specified on SWMP.

Downstream Elevation

Construction Notes

(Applies to Type C soils only)
1. Remove all vegetation and topsoil from under the dam wall and from within the storage area.
2. Excavate to 300 mm depth for the base of the dam wall and form a level platform for the gabions.

3. Line the excavation with a needle-punched geotextile allowing sufficient to line below the wall,
and over the upstream gabions and spillway to 500 mm below the spiliway exit on the downstream face.

4. Make up the wall profile and outlet protection with gabion units filled with graded rock as specified
on the SWMP.

Construct a spillway 500 mm below the crest of the dam and for the width specified on the SWMP.

6. Lag_the geotextile over the upstream face and through the spillway and fix it in place with the top row of
gabions.

7. Cover the upstream face of the wall with 20 mm to 30 mm gravel and geotextile (Standard Drawing 6-2b)

8. Place a "Full of Sediment' marker to show when less than design capacity occurs
and sediment removal is required.

9. Replace the upstream geotextile layer when sediment is removed if a dry basin is required.

GABION SEDIMENT BASIN

(APPLIES TO 'TYPE C' SOILS ONLY) s D 6"2
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Construction Notes

1.  Remove all vegetation and topsoil from under the dam wall and from within the storage area.

2. Form a cut off trench under the centreline of the embankment 600 mm deep and 1,200 mm
wide, extending to a point on the watercourse wall above the riser sill level.

3. Maintain the trench free of water and recompact the materials with equipment as specified
In the SWMP to 95 per cent Standard Proctor Density.

4. Select fill according to the SWMP that is free from roots, wood, rock, large stone or foreign
material.

5. Prepare the site under the embankment by ripping to at least 100 mm to help bond the
compacted fill to the existing substrate.

6. Spread the fill in 100 mm to 150 mm layers and compact it at optimum moisture content
following the SWMP.

7. Install the pipe outlet with seepage collars as specified in the SWMP and Standard
Drawing 6-3b.
8. Form batter grades at 2(H):1(V) upstream and 3(H):1(V) downstream or as specified

in the SWMP

EARTH BASIN - DRY

(APPLIES TO 'TYPE C’ SOILS ONLY) SD 6'3




Spillway
Sediment storage zone 7//_\\
L

ength
£
Rl
=
Earth
% embankment

Length/width

ratio 3:1 min. ~ Plan View
2
Original ground level 1|7
Sediment settling zone 3
Infg,, Sediment storage zone {‘ 750 mm min. : 1
\ { ________
R e R el I ——
R )
SN 600 mm min.
//\\,,\3} ------------------------------------------
(\\>//\\//

Water depth
1 500 mm min.

— 1 Cut—off trench 600 mm
CrOSS SeCtIon min. depth backfilled with

impermeable clay and
compacted

Construction Notes

1. Remove all vegetation and topsoil from under the dam wall and from within the storage area.

2. Construct a cut-off trench 500 mm deep and 1,200 mm wide along the centreline of the
embankment extending to a point on the gully wall level with the riser crest.

3. Maintain the trench free of water and recompact the materials with equipment as specified
in the SWMP to 95 per cent Standard Proctor Density.

4. Selectfill following the SWMP that is free of roots, wood, rock, large stone or foreign material.

5. Prepare the site under the embankment by ripping to at least 100 mm to help bond compacted
fill to the existing substrate.

6. Spread the fill in 100 mm to 150 mm layers and compact it at optimum moisture content
following the SWMP.

7. Construct the emergency spillway.

8. Rehabilitate the structure following the SWMP.

EARTH BASIN - WET

(APPLIES TO 'TYPE D' AND 'TYPE F' SOILS ONLY) S D 6-4




Observation opening

/ Cover

Inflon | M %\
—_— i
N Outflow
! e
Removable baffle —_—
: 500 mm
min,
Non—perforated tank — o | ] * o 1 500 mm

min.

Collected runoff to be dosed
where soils are 'Type D’
before disposal

Construction Notes

1. Join the inlet to the stormwater, taking any suitable steps to remove bulky or coarse material
before it can enter the tank.

2. Connect the outlet to a safe disposal area following the SWMP.

3. Install a removable baffle, central to the inflow/outflow and normal to the direction of flow,
ensuring that it reaches 500 mm below the invert of the outlet pipe.

4. Install a cover over the pit with an observation port and access cover.

LINED TANK SD 6-5

620




(f)

g

(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, setlement and discharge can be achieved in that time.
However, this will usually require the use of a special range of flocculants and
specialised fechniques that will achieve sufficiently fast seftling (Section E4.2).
Many such flocculants can cause environmental harm if not managed properly
and the plans for sediment control must also include a defailed plan of
management of these.

(i) Where site conditions permit the consfruction 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, seftling and discharge.

Unless Council’s Stormwater Management Plan states differently:[' ]

(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;

(i) where receiving waters are considered particularly sensitive, either by the
development proponent/designer, local council or other consent authority, @
higher level of protection can be provided, e.g.: the 80th percentile storm depth
is recommended for use if the duration of disturbance s 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.

Llonger 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.

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 notin 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

(i) have CHactors higher than O.1 only when the 3-day forecast suggests that rain is
unlikely."?] In this case, management regimes should be established that
facilitate rehabilitation within 24 hours should the forecast prove incorrect.

. Note that increasing the design criteria from the 75th percentile, 5-day depth to the Q0th percentile,

5-day depth more than doubles the size of the settling zone and sometimes friples it.

. CHactors 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 -facfor of 0.1 can be achieved with @
60 percent grass cover where, previously, the soils were stripped or deeply cultivated; alternately, Table
A3 shows it can be achieved femporarily by application of a hydraulic soil stabiliser.
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(h) Figure 6.5 shows the y-percentile 2, 5, 10 and 20-day rainfall depths (mm) for

Sydney’s Observatory Hill, while Tables ©.3a and 6.3b shows the 75th, 80th 85th,
Q0th 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 af Appendix L. Rainfall depths at locations not
shown, or for time periods not shown [between 2 and 20 days) can be estimated by
inferpolation 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 ot
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. Nofe that rainfall events smaller
than 0.2 mm have been omitted in the calculations of all graphs.

Normally, sediment basins where the soils are Type D or Type F are sized as follows:
V = setiling zone + sediment sforage zone (Table 6.1)

(i) The seftling zone capacity designed to capture Type D and Type F soils can be
defermined from the y-percentile, 5-day rainfall depth, i.e.

Settling Zone Tpe 0/F = 10 x Cv x A x R (y %ile, 5 day)

where:

e 10 is a unit conversion factor

e Cv is a volumetric runoff coefficient, defined as that proportion of
rainfall that runs off as stormwater[ 13!

e A is the catchment area of the basin (hectares)

o Riy %ie, 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 fo 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.

(i) On lands of low erosion hazard (determined through the simple procedure
described in Section 4.4.1) , the capacity of the sediment sforage zones on
Type D and Type F soils can be defermined as either:

e 50 percent of the setiling zone capacity, or
e two months soil loss as calculated with the RUSLE

13. This figure differs from the peak flow runoff coefficient used in the defermination of peak flows according

fo 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 6.3a 75th, 80th, 85ih, Q0th and PSth-percentile 2 and 5-day rainfall depths for 59 sites in New South Wales

Location 2-day rainfall depths (mm) 5-day rainfall depths (mm)
75" %ile 80" %ile 85" %ile 90" %ile 95" %ile 75" %ile 80" %ile 85" %ile 90" %ile 95" %ile

North Coast
Coffs Harbour 18.3 23.6 31.8 44.4 70.8 33.6 427 55.8 74.9 117.6
Dorrigo 221 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 1.4 65.3 32.0 401 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 234 29.5 37.6 50.8 78.7 39.6 48.5 62.5 82.5 126.8
Central Coast/Hunter
Cessnock 134 16.5 211 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 124 15.3 19.3 25.0 37.8 19.0 22.6 21.7 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 1.4 14.5 19.6 27.0 42.0 19.4 24.4 315 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 26.9 421 19.3 23.9 30.6 43.2 63.3
Hornsby 15.7 20.6 274 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 1.4 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 26.2 329 43.2 59.6 91.5
Parramatta North 1.7 15.2 20.6 28.2 455 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 10.2 135 18.0 249 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 23.0 314 48.8 22.1 27.6 36.6 48.8 76.2
Wilberforce 114 14.9 19.8 21.7 46.4 19.8 24.6 33.2 46.7 69.4
Illawarra/South Coast
Albion Park 16.5 211 27.9 3941 67.4 25.2 31.8 41.9 59.8 101.2
Batemans Bay 13.7 17.8 241 34.2 54.9 221 28.0 374 52.4 84.4
Bega 12.6 16.1 21.3 30.5 51.1 19.5 24.6 325 46.2 77.2
Cooma 7.6 9.8 13.0 17.8 27.2 125 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 19.1 249 355 57.2 25.5 32.2 421 58.3 90.7
Kangaroo Valley 16.8 21.4 29.2 1.7 70.6 26.8 34.2 457 67.0 115.6
Mittagong 14.7 18.3 23.4 31.8 491 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
Northern Tablelands and Northwestern Slopes
Armidale 124 15.2 19.3 25.0 35.3 19.8 241 29.2 37.4 52.9
Gunnedah 14.2 17.3 21.3 27.7 39.2 20.0 241 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
Central Tablelands and Central Western Slopes
Bathurst 10.7 13.2 16.5 214 30.4 16.8 20.6 249 314 43.7
Cowra 12.0 147 18.0 229 32.8 18.1 21.6 26.1 325 44.9
Dubbo 12.7 16.0 20.2 26.1 36.0 18.8 22.8 28.4 35.6 50.7
Southern Tablelands and Southwestern Slopes
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 33.0 451
Wagga 9.2 114 14.4 19.3 27.6 15.6 18.8 234 294 40.2
Northwestern, Southwestern and Far Western Plains
Bourke 1.7 14.6 18.3 24.8 35.6 15.3 19.0 23.9 30.9 445
Broken Hill 71 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
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Table 6.3b 75th, 80th, 85th, 90th and @5th-percentile 10 and 20-day rainfall depths for 59 sites in New South Wales

10-day rainfall depths (mm)

20-day rainfall depths (mm)

Location 75" %ile 80" %ile 85" %ile 90" %ile 95" %ile 75" %ile 80" %ile 85" %ile 90" %ile 95" %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 394 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 1481 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 28.7 339 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 61.6 711 87.4 118.7 149.9
Hornsby 44.4 54.9 711 91.9 139.4 86.2 100.8 122.8 156.7 2149
Katoomba 50.1 62.2 78.4 103.8 157.6 101.6 121.4 146.4 183.4 260.0
Lithgow 329 38.9 475 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 354 44.2 56.1 76.4 112.3 70.6 87.0 103.2 131.6 178.5
Penrith 33.8 1.7 52.9 714 104.9 61.7 74.1 91.3 118.4 160.4
Richmond 30.7 374 475 63.4 924 59.5 711 86.5 108.5 146.9
Ryde 38.4 48.0 61.4 80.6 116.8 726 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
lllawarra/South Coast
Albion Park 41.0 51.7 66.1 93.3 147.8 771 95.6 120.6 158.0 226.2
Batemans Bay 374 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 58.2 715 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 457 58.8 76.4 107.5 166.4 92.8 112.8 141.3 181.6 254.5
Mittagong 37.1 451 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 2175 310.7
Wollongong 48.1 58.6 75.2 99.2 150.4 96.2 115.4 138.7 176.4 252.2
Northern Tablelands and Northwestern Slopes
Armidale 327 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 73.0 539 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
Central Tablelands and Central Western Slopes
Bathurst 27.2 31.6 37.8 46.3 60.7 495 55.7 63.4 74.0 94.3
Cowra 28.0 322 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
Southern Tablelands and Southwestern Slopes
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 26.9 315 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
Northwestern, Southwestern and Far Western Plains
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 26.7 324 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
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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

caleulated with RUSLE, the following equation (Appendix A):

Sediment Zone Type F / Type D = 0.1/ xARxKxLSx1.3x1.0)
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-mefre slope length
[other slope lengths can be chosen but should be properly justified in
erosion confrol 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:
e reducing the catchment areas

e 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.

()  Management of Sediment Basins on Type D and Type F Soils:

(i

(i)

With basins that capture runoff from Type F soils, stormwater in the seftling 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.

Because Type D soils contain a significant level of dispersible materials, dosing
the captured stormwater with a chemical agent to facilitate sefling and help
manage the turbidity of discharged sformwater is necessary (Appendix E). For
larger land disturbance activities, consideration should be given to establishing
a sitesspecific relationship between suspended solids concentration (also
reporfed as mg/L nonilirable residue (NFR) and turbidity (measured in
nephelometric turbidity units (NTU)) to allow a more rapid assessment of
stormwater quality af the site. Samples collected for this purpose should be taken

following a reasonable seftling period.t'4]

14. Most Australian streams naturally carry sediment loads at some fime or another and have reached
equilibrium under such condifions. Excessively reducing these loads for extended periods can cause such
streams to become "hungry” and erode their own bed and banks.
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(iii) Ensure only the clear (<50 mg/L suspended solids| supernatant waters are
discharged from the sefiling zones of these structures. To help in this, use a floafing
inlet fo any pump fo reduce the opportunity for picking up any seftled 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)

(b)

(c)

(d

(e]

Sediment retention basins on Type C soils can be wet or dry basins (SD &-1, SD ¢-2,
SD 6-3, SD 6-4 and SD 6-5).

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 seftling of a design particle (usually 0.02 mm) (Table 6.1).

The design sform 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 T-year ARl flow unless the local consent authority specifies differently.l°]

In determining peak rates of flow, the minimum critical duration (or time of concentration
(ic)) 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 vegetfation and
topsoil (common on building and road construction sites and mining sites). VWhere
the lands are not so disturbed, apply the criteria shown in Pilgrim (1998).

Three components need to be determined for the seffling zone of a sediment basin

on Type C soils, namely: the surface area, depth, and length:width ratio.['¢]

(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 mml!”]

. Generally, more than Q0 percent of average annual runoff occurs as flows with an ARl of three months or less.
. Most laboratory studies that have investigated sediment basin design have occurred in environments

where such factors as shortcircuiting, turbulence, bottom scour, outlet design and temperature had
minimal if any effect on their efficiencies. The reality is such an ideal basin is never consfructed, 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.

. A basin surface area of 4,100 square meres is based on the equafion A = 1.2 Q / Vs where A is the

required basin surface area (m?), Q is the peak flow rate in the design storm (m3/sec) and Vs is the setling
velocity of the design particle (0.00029 m/s for a particle of 0.02 mm diameter (Goldman et al (1986)).



e 635 square metres per cubic metre of discharge waters per second where
itis 0.05 mm

e 170 square mefres per cubic mefre of discharge waters per second where
itis O.1 mm.

In most cases, the design particle should be taken as 0.02 mm. However, the
larger sizes can be considered where af least Q0 percent of those particles
coarser than 0.02 mm are, in fact, coarser than 0.05 or 0.1 mm.

(i) The depth of the settling zone should be at least 0.6 metres, sufficient fo provide
a cross-sectional flow area that limits flow velocities to values unlikely to scour
seffled sediment in a 1-year ARl flow, namely 0.07 metres per second for a
parficle 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 fo 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.['8]

(iii) Llength:width ratios should be 3 to 1 or greater as discussed above at

Section 6.3.3li).

(iv) On lands of low erosion hazard, as defermined 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 setiling zone capacity.
On lands of high erosion risk (typically Soil Lloss Classes 5, 6 and 7}, or as an
altfernative in any case, designers can derive a more specific capacity using the
following equation (Appendix A):

Sediment Zone Type F / Type D = 017 x ARxKxISx 1.3x1.0)
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-mefre 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:

e reducing the catchment areas

18. Metcalf and Eddy [1991) suggest a scour velocity of 0.07 m/s for a particle of 0.02 mm diameter.
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e reducing effective slope lengths
e 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.

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 fillering 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);

(i) on 50 to 75 mm aggregate (maximum batter gradient |.5(H):(V)) placed on the
upstream side of a wall constructed from local rock materials (figure ©.8); or

(iii) around a perforated riser structure. An air gap is essential between the riser
P gap
structure and the geotextile to ensure free drainage of “dry” basins. The
geotextile should not be in close contact with the riser (SD ¢-3).

(g) Whichever method is used, reverse flush or replace the geotextile each time sediment

(h)

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.

Operation of basins on Type C soils should ensure that, where possible, water has
drained from the sefiling zone by the beginning of the next sform 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) Infiliration 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:

e construction of regular sfructures can be impractical, (e.g. where most of the
site will be disturbed for building purposes)

e the soils are well drained (Soil Hydrologic Groups A or B)

o the watertable (seasonal or permanent] is more than 2 metres below the floor
of the structure (Chapter 3|

e addition of water to the watertable will not affect salinity levels — festing soils
for the presence of soluble salts is essential (Chapter 3)

e groundwater cannot be contaminated

e cafchment areas are very small.

Infiltration technology is not supported by the DIPNR unless the soils and groundwater
have been properly assessed for their capability.



Figure 6.7 A sediment refention 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 refention basin constructed on Type C soils from local sandstone
gibbers
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Construction Notes

1. Join the inlet to the polluted supply taking any suitable step to remove bulky material before
it can enter the sump.

2. Connect the outlet to a safe disposal area following the ESCP/SWMP.
3. Place a geotextile liner on the outside of the pit.

4. Install a removable baffle, central to the inflow/outflow and normal to the direction of flow,
ensuring that it reaches 500 mm below the invert of the outlet pipe.

5. Install a cover over the pit with an observation port and access cover.

INFILTRATION SUMP SD 6-6
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(b]

(c)

(d)

(e

Generally, infiliration sumps are constructed from floorless plastic or metal tanks with
perforated sides and surrounded with geotextile fo 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).

The capacity of the sump should accord with that for basins on Type C soils, but
should have a setiling zone depth greater than 1.5 metres.

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 affer every sform event large enough to produce runoff. Pump them out
36 to 48 hours affer each sform event if:

e fines block the geotextile and/or floor of the structure

e the infiltration rafe drops below 15 mm per hour.

Of course, flocculation might be necessary first.

Maintain design capacity always through regular removal of sediment.

6.3.7 Sediment Filters

(a)

(b)

(c)
(d)

(e]

Sediment filters (also called sediment retention traps) are temporary measures used in
mitigation of sediment pollution to downslope lands and waterways. They are
relafively 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,
relafively inexpensive and easily moved as development proceeds.

Materials used in their construction include one or more of straw bales, woven
geofextile, earth, rock or suitable crushed concrete products. Generally, actual
choice is dependent on constraints imposed by the design criferia (including
mainfenance needs), availability of materials, cost and site conditions. Straw bales
should not be used where they cannot be properly embedded into the ground unless
alfernative measures are taken to prevent polluted water passing under them.

Place them to keep sediment as close fo ifs source as possible.

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 wasfe material in an approved manner and
where further pollution to downslope lands and waterways should not occur.

Some filters are constrained by external design criteria, including sediment fences
and straw bale barriers (Standard Drawings SD ¢-7 and SD ¢-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
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placed in areas of concentrated water flows. Catchment areas of sediment fences
can be constrained by building them along the contour with periodic small refurns
(figure 6.10) creating several subcatchments. Because these systems are prone to
failure in relatively small storm events, subcatchment areas should be sufficiently small
fo constrain maximum flows fo 50 litres per second in the design storm event should

all water discharge at one point.

Figure 6.9 Sediment fence constructed below a fill batter — the sediment pollution is the

result of a recent storm event

Direction
of fall

Preferred trap /

configuration
with small returns
at regular intervals

™~

Figure 6. 10 Preferred sediment fence configuration
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Construction Notes

1. Construct the straw bale filter as close as possible to being parallel to the contours of the site.

2. Place bales lengthwise in a row with ends tightly abutting. Use straw to fill any gaps between
bales. Straws are to be placed parallel to ground.

3. Ensure that the maximum height of the filter is one bale.

4. Embed each bale in the s%round 75 mm to 100 mm and anchor with two 1.2 metre star pickets
or stakes. Angle the first star picket or stake in each bale towards the previously laid bale.
Drive them 600 mm into the ground and, if possible, flush with the top of the bales. Where

star pickets are used and they protrude above the bales, ensure they are fitted with
safety caps.

5. Where a straw bale filter is constructed downslope from a disturbed batter, ensure the
bales are placed 1 to 2 metres downslope from the toe.

6. Establish a maintenance program that ensures the integrity of the bales is retained - they
could require replacement each two to four months.

STRAW BALE FILTER SD 6-7
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Construction Notes

1. Construct sediment fences as close as possible to being parallel to the contours of the site,
but with small returns as shown in the drawing to limit the catchment area of any one section.
The catchment area should be small enough to limit water flow if concentrated at one point to
50 litres per second in the design storm event, usually the 10-year event.

2. Cuta 150-mm deep trench along the upslope line of the fence for the bottom of the fabric to
be entrenched.

3. Drive 1.5 metre long star pickets into ground at 2.5 metre intervals (max) at the downslope edge
of the trench. Ensure any star pickets are fitted with safety caps.

4. Fix self-supporting geotextile to the upslope side of the posts ensuring it goes to the base of the
trench. Fix the ?eotextile with wire ties or as recommended by the manufacturer. Only use
geotextile specifically produced for sediment fencing. The use of shade cloth for this purpose
is not satisfactory.

5. Join sections of fabric at a support post with a 150-mm overlap.

Backfill the trench over the base of the fabric and compact it thoroughly over the geotextile.

SEDIMENT FENCE SD 6-8
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() Special measures must be installed for trapping sediment in infertidal zones,
e.g. sediment fences as shown in Standard Drawing SD 69.

(g) Floating sediment fences can be constructed below the interfidal 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 af 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 &-12). They are among the
least effective of all BMPs at mitigating sediment pollution because their design does
not take info account runoff volume. Their installation at any particular location is @
matter for the site manager on a dayfo-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.

Figure 6. 11 Filter roll at kerb-side sump
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CE

Construction Notes

1. Install this type of sediment fence when use of support posts is not desirable or not possible. Such
conditions might apply, for example, where approval is granted from the appropriate authorities to
place these fences in highly sensitive estuarine areas.

2. Use bent trench mesh to support the F82 welded mesh facing as shown on the drawing above. Attach
the geotextile to the welded mesh facing using UV resistant cable ties.

3. Stabilise the whole structure with sandbag or rock anchoring over the trench mesh and the leading edge
of the geotextile. The anchoring should be sufficiently large to ensure stability of the structure in the
design storm event, usually the 10 year event.

ALTERNATIVE SEDIMENT FENCE SD 6-9
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Construction Notes

1. Use turbidity barriers only where high flows are unlikely to remove accumulated sediment
and/or move the curtain significantly.

2. Where the barrier is to remain in place for more than one month, ensure the floatation cover
is a UV-resistant, durable material.

3. Use only closed cell foam or foam-filled PVC piping as floatation elements. Do not use unfilled pipes.
4. Use only woven or heat-set non woven geotextiles. Needle-punched, non woven geotextiles

can become fouled with debris that fray and delaminate them as they move with the waves

or currents.

5. Remove éaptured sediment before the barrier is decommissioned.

6. Intidal areas, ensure the barrier can rise and fall without being moved from its position.

TURBIDITY BARRIER SD 6-10
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NOTE: This practice only to be used where specified in an approved SWMP/ESCP.

Construction Notes

1. Install filters to kerb inlets only at sag points.

2. Fabricate a sleeve made from geotextile or wire mesh longer than the length of the inlet pit and fill it
with 25 mm to 50 mm gravel.

Form an elliptical cross-section about 150 mm high x 400 mm wide.

4. Place the filter at the opening leaving at least a 100-mm space between it and the kerb inlet.
Maintain the opening with spacer blocks.

5. Form a seal with the kerb to prevent sediment bypassing the filter.

6. Sandbags filled with gravel can substitute for the mesh or geotextile providing they are placed so
that they firmly abut each other and sediment-laden waters cannot pass between.

MESH AND GRAVEL INLET FILTER SD 6-11
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Construction Notes

1. Fabricate a sediment barrier made from geotextile or straw bales.

Follow Standard Drawing 6-7 and Standard Drawing 6-8 for installation procedures for the straw bales

2.

or geofabric. Reduce the picket spacing to 1 metre centres.
3. In waterways, artificial sag points can be created with sandbags or earth banks as shown in the drawing.
4. Do not cover the inlet with geotextile unless the design is adequate to allow for all waters to bypass it.

GEOTEXTILE INLET FILTER SD 6-12
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Developed areas, especially inner city areas with space constraints, need careful
management of acfivities fo prevent sediment pollution. This is parficularly 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 insfances, 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 waming
devices should be erected.

6.3.8 Filter Strips

(a)

(b)

(c)

(d)

Strips of vegetation left or constructed downslope from earthworks provide a simple
method of frapping 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 sedimentladen water enters the site.

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

(i) the width of vegetation in the filter:
e required fo filter coarse sediment (usually the upper section)
e required filter some of the finer sediment (usually the lower section).

Native vegetation in riparian zones should not be used as filter strips. Only separate
dedicated buffer zones upslope from riparian lands should be used.

Karssies and Prosser (2001) suggest that the following amounts of sediment can be
stored above the filter:

e where slopes are less than 4 percent, up to 50 fonnes per hectare per 100
metres length

e where slopes are between 4 and 7 percent, up to 15 tonnes per 100 metres
length

e 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.

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 sirips 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



Table 6.4 Recommended Crass Filter Strip Widlths for Typical Values of Calculated
Annual Soil loss (Karssies and Prosser, 2001)

Soil loss Filter strip gradient (%)

(thalyr) 4 2 3 4 5 6 7 8 9 10
1 2m 2m 2m 2m 2m 2m 2m 2m 2m 2m
2 2m 2m 2m 2m 2m 2m 2m 2m 2m 2m
5 2m 2m 2m 2m 3m 3m 3m 4 m 4m 4m
10 2m 2m 2m 5m 6 m 6m 7m 7m 7m 7m
20 3m 9m 11m 12m 12m 13 m 183 m 13 m 183 m 14 m
30 9m 15m 17 m 18 m 19m 19m 19m 20m 20m 20m
40 15m 21m 23 m 24 m 25m 25m 26 m 26 m 26 m 26 m
50 22m 28m NR NR NR NR NR NR NR NR
60 28m NR NR NR NR NR NR NR NR NR
70 NR NR NR NR NR NR NR NR NR NR

more than about 40 tonnes per hectare per year and/or the sediment is
relafively fine.

() The best vegetation cover is one that provides a relafively uniform dense ground
cover, e.g. swardforming grasses about 150 mm high.

(gl 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 allweather
eniry/exit. Such areas should be at least 3 metres wide (or 2.4 mefres per lane) and
consfructed with maximum 75 mm aggregate at least 15 metres long and 200 mm
thick, underlain by needle-punched geotextile.

(b) Itis very important that:

e surface water flows are diverted from the area

o the structures are placed so that bypassing them is not possible for vehicles

e 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 &-14 where fracking of sediment onfo local

public roads is likely to be a problem is the use of catfle grids installed under water
(figure 6.13).

643



i j "’nmlim//h“/""’““"
il i »

S
it

Construction Notes

1. Install a 400-mm minimum wide roll of turf on the footpath next to the kerb and at the same level as
the top of the kerb.

2. Lay 1.4 metre long turf strips normal to the kerb every 10 metres.

3. Rehabilitate disturbed soil behind the

KERBSIDE TURF STRIP | SD 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.
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(d) In addition, the following limitations should be considered:
(i)  Wash-down areas and sfabilised accesses require collection and treatment of
waste water;
(i) Ideally, both should be built on level areas; and

(iii) Supplementary, sireet 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 rafes of
over 2.5 fonnes per hectare per month occur at urban construction sites.

(b) Various measures are available fo minimise such emissions, including:

(i) limiting the area of lands exposed to erosive forces through:
e phasing works (Chapter 4)
e provision of a protective ground cover including mulches, vegetfation
(Chapter 7), organic binders or dust retardants
e keeping the ground surface damp (not wet)
e leaving the surface in a rough cloddy condition to increase roughness and

slow surface wind speed;
(i) limiting traffic movement on any disturbed areas;

(i) applying a suitable hydraulic soil stabiliser to the soil surface to reduce the

Cactor [Appendix A); and
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Figure 6. 14 Effect of distance from windbreak on soil loss, wind blowing at less than
Q0° fo the windbreak (leys, 1991)



(iv)] on building sites where 1,500 to 5,000 square metres are to be disturbed,
installing o 40 percent porous, openweave barrier fence (Standard Drawing
SD 6-15) on the windward side.[1?]

6.4.1 Preamble

(a)

(b)

(c)

(d]

(e

This section has been included to help decide:

e whether or not a constructed wetland might be required on a site
e where it might be placed
e its approximate capacity and dimensions.

Such information might affect choice, location and design criteria for BMPs fo be
used during the construction phase, e.g. sediment refention basins. Further, if a
wetland is required on site affer a land disturbance phase, its use as a temporary
sediment refention basin during the disturbance phase should be considered. This
section is not infended to aid the detailed design of constructed wetlands, nor does it
discuss in sufficient detail their ecology, aesthetics or economics. Information on these
fopics can be found in DIWC (1998).

Note that neither sediment basins nor wetlands should be built on line on
watercourses.

The design criteria and construction details for constructed wetlands are sfill in an
evolutionary phase. Consequently, several nafional and State-based organisations
are involved in the collection of information and investigations info 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.

Nevertheless, constructed wetlands should be considered, especially when
undertaking the structure planning of new urban release areas. Their incorporation
info infill developments should also be considered, although design opportunities are
offen limited. Constructed wetlands are most appropriate in areas where receiving
water quality problems are, or are likely to result from high nutrient levels.

. Such fences are effective fo 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 parficles become airborne at surface wind
speeds of about 10 mefres per second (36 kilometres per hour] and exceed acceptable limits for
airborne dust above 40 kilometres per hour.
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Construction site

Runoff directed to
sediment trap/fence

DGB 20 roadbase or
30 mm aggregate

Existing roadway

Geotextile fabric designed to

prevent intermixing of subgrade

and base materials and to maintain
good properties of the sub—base layers.

Geofabric may be a woven or needle—punched

roduct with a minimum CBR
urst strength (AS3706.4—90) of 2500 N

Construction Notes

1. Strip the topsoil, level the site and compact the subgrade.

2. Cover the area with needle-punched geotextile.

3. Construct a 200-mm thick pad over the geotextile using road base or 30-mm aggregate.

4. Ensure the structure is at least 15 metres long or to building alignment and at least 3 metres

wide.

5. Where a sediment fence joins onto the stabilised access, construct a hump in the stabilised
access to divert water to the sediment fence

STABILISED SITE ACCESS SD 6-14
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Four 3.15 mm plain wires
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timber posts holes in star pickets with 40% porosity
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Construction Notes
1. Install the fence to the height specified in the ESCP/SWMP.

2. Cuta channel 200 mm deep along the fence line.

3. Place wire and light resistant, open-weave polymer mesh with 40 percent porosity on the prevailing
wind side of fence.

4. Fasten the mesh to all wires using ring fasteners at 100 mm to 150 mm intervals on top wire and
300 mm intervals on other wires.

5. Use one 75-mm to100-mm diameter treated round timber post every 20 metres.

6. Where star pickets are used, ensure they are fitted with safety caps.

CONTROL OF WIND EROSION SD 6-15
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6.4.2 Introduction

(al

(b)

(c)

(d]

Consfructed 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 fo 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 fo 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.

The term “constructed wefland” is considered as the fofal entity of a project and
infegrated with surrounding elements of the natural environment.

Although using natural processes, constructed wetlands are not natural systems.
Further, they require ongoing monitoring and management for continued
performance over their design life.

Before water enters a wetland, it is desirable to:

(i) reduce sediment loads, particularly dispersible fines, organic debris and other
floating materials;

(i) aftenuate stormwater flows so that the wetfland's refention time is not adversely
affected: and

(iii) attenuate stormwater velocities to ensure ecological viability, as scour and
erosion can damage planted areas and resuspend sediment leading to
downstream pollution.

6.4.3 Planning

(al

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 infegrated with the local
Council's stormwater planning process (see (b), below);

(i) consfruction offline 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 mulii 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 downsiream 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.



(b)

(c)

(d)

(e

(f

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 af a particular site, consideration should be given fo the control of pollution
of nufrients, etc. further down the cafchment (i.e. in a regional wetland).

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:

e water quality improvements for various parameters
o wildlife habitafs

o flood mitigation

e passive recreation

e visual amenities (landscape features)

e water supply (i.e. park irrigation)

e educational and research value.

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.

Consfructed weflands for stformwater management are usually within the urban
residential environment. Therefore, the local community offen has a personal stake,
particularly where they are to be refrofitted info 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:

e engender community support and ownership for projects

e help incorporation of community wishes and concerns in the planning and
design phases

e provide community education on environmental issues.

Cenerally, the use of wetlands during the construction phase should not be
necessary — during this phase, confrol 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 prefreatment is provided.
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6.4.4 Wetland Design

Configuration

(a)

(b)

Where practicable, water entering wetlands should be relatively free of sediment.
Prefreatment 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.

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
sysfem 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:

e their integrity can be damaged in large storm events

e they interrupt the stream or continuum, including the hydrology and the

hydraulics, sediment transport and geomorphic processes
e they inferrupt the wildlife corridor
e they replace a riparian/aquatic habitat with a wetland habitat.
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/. Site Stabilisation

7.1 Introduction

7.1.1 Background

(a) Stabilisation can be achieved with vegefation, paving, armouring or any other cover
that protects the ground surface from erosive forces, i.e. reduces the Cdactor to-an
acceptable level (Appendix A). It is essential on all disturbed lands where works are
complete or in femporary 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 complefe 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 soll
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:

e absorbing the impact of raindrops

« reducing volume and velocity of runoff

e binding the soil with roofs

e profecting 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 affer about six or eight months. VWhere
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 facfors necessary to promote and
sustain plant growth levels are adequate, including sunlight, temperature, soil fertility
and structure, and moisture levels.

() Where land disturbance activities occur in riparian zones or watercourses, prepare a
separate Vegetation Management Plan (Appendix 1). This plan is to cover dll
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 imporfed topsoil
must be weed free.
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(9]

If non indigenous plants are fo be used as a femporary 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)

(b

(c)

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 Cactor of less than 0.15 and keep it there by vegefation, paving,
armouring, efc.!l' 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 El occurring per month (Table .2 — derive the
zone from figure 4.9).17]

(i) In periods of moderate to high rainfall erosivity during the rehabilitation period,
achieve a Cdacfor of less than 0.1 and set in motfion 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 fimes.

In addition, schedule works above the 2-year ARl 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
(i) site stabilisation measures are progressively installed throughout the development

phase.

However, where works are within the 2-year ARl flood level, ensure that the CHactors
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

Cacors 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 CHactor 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 Cactor of 0.05 can be achieved with about 55 percent and 70 percent cover on undisturbed and
disturbed soils respectively.

Fortnightly El 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

availoble 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 ef 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 Cactors are likely to rise to 1.0 during the work’s program, they should not
exceed those given in Table 7.1.

Table 7.1 Maximum acceptable Cactors at nominated times during works.

Lands Maximum Remarks

Cactor
Waterways and other 0.05 Applies after 10 working days from
areas subjected to complefion of formation and before they
concentrated flows are allowed to carry any concentrated
(Section 5.2.3), post flows. Also, note the requirements of Table
construction 5.1 (Note: a CHactor 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 0.10 Applies after 10 working days from completion
4.2.2), post construction of formation (Note: a Cfactor of 0.10 is
acheved with about 60% groundcover)

All lands, including 0.15 Applies after 20 working days of inactivity,
waterways and stock- even though works might confinue lafer
piles during construction (Note: a CHactor of 0.15 can be acheived

various ways, including with about 50%
groundcover. See Appendix A, especially
figure A5 and Tables A3 and A4)

(e) Successful revegetation of lands requires:

e availability of acceptable soil materials

e correct site preparation

o selection of the most suitable establishment technique

e selection of appropriate plant species, ferfiliser(s) and ameliorant(s)

o application of sufficient water for germination and to sustain plant growth if
rainfall is insufficient

e an adequate maintenance program.

Proper invesfigation of each of these matters on a sitespecific basis is usually
required.
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() Investigate areas not safisfactorily revegefated to defermine the reason for failure.
Then underfake appropriate remedial action, including replacing any lost fopsoil and
resowing the site.

(g) Maintain any erosion and sediment confrol measures until all earthworks are completed
and the site rehabilitated. Where appropriate, remove soil conservation structures as

the last activity in the site sfabilisation program.

7.2 Revegetation: Lands Subjected to Sheet Flow

7.2.1 Introduction

(a) On lands subjected fo sheet flow, consider revegetation programs over two sfages:

(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

i) Secondary revegefation, which might follow fo create an aesthetically more
pleasing environment through natural or artificial addition of permanent
endemic/native species.[]

(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.

/.2.2 Primary Revegetation

(a) Primary revegetation usually includes the use of exotic species,[*) in particular pasture
grasses.[l In most cases:

(i) use annuals where a quick, temporary cover is required (for up to about six
months), and perennials for long ferm protection; and

(i) use warm season species where summer rainfall is dominant, and cool season
species where winfer rainfall is dominant and/or winters are cold.

3. Primary revegetation might be omitled 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 nof foxic fo the desired plant species
o they are mainfained 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 exofic species is regarded as undesirable.
5. Exofic pasiure species are preferred for primary revegefation 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 relafively 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.



Figure 7.1 Unsatisfactory site stabilisation has resulted in substantial quantities of sedi-
ment leaving the sife

Figure 7.2 Primary revegetation of an earih batter with straw mulching (Section 7.4.1).
Notice the sediment fence and barrier mesh to minimise soil erosion and sediment pollution
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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

(c)

establishment of plants, respreading of topsoil (Section 4.3) over the disturbed area
is recommended. Avoid incorporation of subsoil material info the topsoil.

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.

Plants can be established (figure 7.3) by:

(i) broadcasting, particularly on very small areas (<one hectare) or lands that are
(i) conventional implements”) including direct drilling or sod seeding to a depth of
(iii) laying turf such as couch or kikuyu, particularly where immediate vegetative

cover is required for stabili-sation or aesthetic reasons; and!’]

(iv] hydraulic seeding, especially on steep or inaccessible areas (figure 7.2).

Add sand to the seed fo help achieve an even spread. Where grasses are being established, harow the
surface immediately after the seed and fertiliser have been applied. With the establishment of bushland

Use of conventional implements is usually the most costeffective method of establishing plants from seed.
Plants with small seeds, grasses in particular, establish on a fine seedbed best. However, a relafively
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).

o fertiliser is placed below the soil surface reducing the possibility of it being washed into waterways
e precision planting of seed and fertiliser is achieved (if appropriate]

le)
inaccessible to conventional implements;[©]
about 10 mm to 15 mm;![8]

6.

plant species, undertake the harrowing first.
7.
8. These methods are preferred and have three advantages:
e higher germination rafes usually occur.
9. Turf should be:

e placed on a bed of fertilised topsoil of a minimum depth of 75 mm

e laid parallel to the confour on sites with steep slope gradients

e normal fo direction of flow in waterways

e 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

o rolled or tamped immediately as it is laid

® where necessary, pegged fo the soil at 1 to 2 metre centres, e.g. with 4 mm (No. 8 gaugel
wire approximately 200 mm in length

e watered immediately to enhance establishment

o watered regularly for the first seven days or as required fo effect establishment

e mowed as required under the maintenance contract for the site.



Seed and fertiliser sown at specified
rate directly into topsoil or broadcast
on surface and harrow into soil

Seedbed surface left in Surface mulching can improve
roughened uncompacted germination and establishment
condition while protecting the soil surface

—)I max. spacing T m L—

Rip to a depth of
300 mm where a
compacted layer occurs

Topsoil depth: 75 mm min. if slopes flatter than 4(H):1(V
40mm to 60 mm if slopes steeper than 4(H):1(V)
Specialised techniques required if slopes
steeper than 2(H):1(V)

Construction Notes

1. Loosen compacted soil before sowing any seed. If necessary, rip the soil to a depth of 300 mm.
Avoid rotary hoe cultivation.

2. Work the ground only as much as necessary to achieve the desired tilth and prepare a good seedbed.
3. Avoid cultivation in very wet or very dry conditions.

4. Cultivate on or close to the contour where possible, not up and down the slope.

SEEDBED PREPARATION SD 7-1
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Figure /.3 Seed placement with different sowing methods

() In addition fo identifying the best species mix, establishing the best fertiliser and
ameliorant mix for plant growth is essential.[1)

(g) Establishment of plants should not be affempted during hot, dry periods unless
sufficient water can be applied arfificially.

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 nafive species propagated fo enhance ecological values and creafe an
aesthetically pleasing environment after the soil erosion hazard has been reduced.
Near watercourses, use native plants propagated from seeds collected from the local

ared.

(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 fo profect the ground surface from the forces of erosion.['!]

10. For opfimum esfablishment and growth of exofic species, many soils require ameliorants to alter the soil
pH and/or improve the sail structure. Details on specific requirements can be obtained from appropriate
government deporfmenfs or Through |oborotory testing of the soil materials.

11. Most exofic pasture species have difficulty competing with taller nafive plants when more than about 70
percent shading occurs.



(d) Effective establishment of natfive species, particularly those endemic to the region,
usually requires an environment where the ongoing nutrient and moisture regimes are
close to the natural status.l'?] Avoid the use of fertilisers and/or ameliorants except in
situations where they are likely to leach from the soil relafively quickly, and any
modified conditions are unlikely to be refained. These factors are often crifical when
reestablishing or retaining native bushland downslope from an urban subdivision, for
example, where drainage from welltended gardens can creafe an environment
where exofic 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 confrol 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 fo 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;

(i) they can filler pollufants from the water, including sediment and nutrients; and
(iii) usually, they are aesthefically 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

(i) they are more effective than native species in binding the soil material and
reducing the soil erosion hazard.

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 exireme fluctuations in available moisture.
Exofic species usually do not grow well in such environments without modification o one or more of these
factors.
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(d) Do not use reinforced turf near watercourses unless the mesh is biodegradable.

If exposed, it can:

e be a threat to wildlife
e 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 fo 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

freatment 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 Secfion 5.3.3(c) and

Table 5.2 in the design storm event (Section 2.3.1 [e]).

7.4 Special Considerations

/4.1

Aids to Establishment

(a) Mulches:

(i

(i)

(i)

usually provide a protective cover for the soil surface fo 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 infilirafion;

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

in bushland areas, should be:

e comprised of local native species where available

e mainfained until the vegetative cover can provide adequate protection against
the erosive forces (figure 7.4; cf. figure 7.3).

(b) Straw mulches:

(i

(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);

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;



(c)

(d]

(e

(f)

g

(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.

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;

(i) should be applied parallel to the contour; and
(iii) should be stockpiled with care since sponfaneous 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.

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
acceplable if taken from forest frimmings and not from primary forest timber trees.

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!!3] Jute mesh should be sprayed with an anionic bitumen emulsion at
about 1 to 3 litres per square mefre for extra stability in areas where concentrated
runoff might occur.

Bitumen emulsion can be applied by ifself 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.

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]

13.

14.

They can provide femporary profection 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).
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 esfablishment. 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.



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

(al

(b)

(d]

(e]

(f)

(9]

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.

Salinity occurs when salts found in the soil or groundwater mobilise, allowing
capillary rise and evaporation fo concentrate salts at the ground surface. Usually,
such movements are brought about by changes to the natural water cycle through:

e arfificially adding water o the watertable, causing it fo rise

e removing deep-rooted vegetation

e impeding subsoil drainage.

Some developers in western Sydney have unwittingly confributed to the problem by
following watersensitive urban design principles developed in other places where
salinity is not a problem. Specifically, they have followed procedures designed to
encourage excessive infiliration fo the watertable without a full appreciation of the
consequences. Infiltration measures, while encouraged, should incorporate a
subsurface drain and liner where infiliration to groundwater might exacerbate salinity
problems.

If the watertable within the root zone becomes saline, the vegetative cover is likely to
die and expose the soil fo erosive forces. Salinity also can affect built infrastructure,
affecting detrimentally concrete, bricks and metal, and resulting in structural damage
and unnecessary repair cosfs.

Salinity problems are usually overcome by lowering the watertable through:

(i) reducing infiliration rates, e.g. lining waterways with impervious materials
(i) improving drainage, e.g. installation of subsoil drains;

(iii) planting deeprooting salttolerant plants to act as “pumps”.

Choose plant species for rehabilitated lands that are more tolerant of any likely high

salt levels.[19]

Where necessary, implement building controls and/or other engineering responses
to salinity problems.

. 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).



/.4.3 Maintenance

(a) Maintenance (Chapter 8) of both soil conservation works and revegetfated 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;

(i) further application of seed and fertiliser in areas of minor soil erosion and/or
inadequate vegetative establishment; and

(iii) regular mowing, especially in waterways, fo confrol weeds and fo maintain a
cover that does not impede flows and cause flooding or accumulation of pools
of stagnant water.

(b) Establish salt+olerant 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.[1€]

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. Affer 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 impertant, but
especially before times when works are unlikely to proceed for any teason.
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
accepfable standard. Penalties apply where pollution to downslope lands and
waterways occurs. The law does not recognise:

o whether or not the site is difficult
e problems that might be encountered in implementing the plan
e 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

(i) assume the site development works will proceed according to a specific sef 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 longterm
works, where authority for maintenance passes from the developers/site operators
and their confractors 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 af 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 caich drains, diversion banks, table drains, berm drains and
dropdown  structures (including inlet and outlet works) that have become
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(c)

(d)

(e)

blocked through sediment pollution, sand/scil/spoil being deposited in or too
close to them, breached by vehicle wheels ! etc.
(i) check that drains are operating as intended (Section 5.4), especially that:
e no low points exist which can overtop in a large storm eventl?]
e areas of erosion are repaired (e.g. lined with a suitable material®! and/or
velocity of flow is reduced appropriately through construction of small check

dams or installing additional diversions upslope);

(iii) construct small additional earth diversionsl4) 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 fraps.

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
profection to receiving waters from any such materials placed more than 2 metres
from hazard areas by implementing the required soil and water management

practices.

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 esfablishment on turfed areas and/or in hot, dry weather; and

(i) further applications of seed and fertiliser might be necessary in areas of minor
soil erosion and/or inadequate vegetative esfablishment.

Establish salttolerant species or apply other corrective measures where bare
areas arise because of salinity in surface or ground water.

Control excessive vegetative growth through mowing,[®! slashing or judicious use of
biodegradable herbicides. This is especially important with waterways to control
weeds and fo 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.

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 vegefation parfs makes this not viable. less
preferred options include fransport to a landfill facility, or trenchburing using
licensed equipment.

hwn

Redesigning any crossings fo permit confinued vehicle access without affecting the function of the drain
might be necessary.

Either raise low points or, temporarily, line the downslope side with sandbags, straw bales, etc.
Including use of grass, plastic, geotexile, rock or concrete.

A single pass with a grader, constructing a diversion drain about 300 mm deep is usually adequate.
Set mower height no lower than 75 mm above the ground surface.



[g) Control emission of dust from unsealed roads and other exposed surfaces, such as

(h)

)

(k]

(I

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.

Keep all sediment defention systems in good, working condition. Ensure:

(i) recent works have not resulted in the diversion of sedimentladen water away

from them:
(i) degradable products (e.g. straw bales) are replaced as required;
(iii) sediment is removed if the design capacity or less remains in the seftling zone;

iv) refention basins on Type C soils have a minimum settling zone depth of at least
0.6 metres over two-hirds 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.[4) VWhere
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 shorfer treatment and dewatering
periods may apply if rainfall events of duration other than 5 days has been
adopted in the design of the basin;"l 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 fo stop offsite movement of pollutants.

To determine the effectiveness of any sediment retention basins, the consent authority
might require the sife manager to undertake sampling and subsequent analysis of
non fillerable 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.

Dispose any pollutants removed from sediment basins in areas where further pollution
to downslope lands and waterways should not occur.

Construct additional erosion and/or sediment control works as might become
necessary fo ensure the desired protection is given to downslope lands and
waterways, i.e. make ongoing changes fo the Plan.

Maintain erosion and sediment control measures until all earthwork activities are
completed and the site rehabilitated.

Where necessary, a suitably sized stockpile of flocculating agent should be kept onsite for the treatment
of wastewater impounded in sediment refention systems.

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 setfling zone for containment of runoff.
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(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 licise with the relevant local government
body where works:

e are likely to continue in the cafchment and are not associated directly with the
development
e include sediment refention basins.

This is to defermine whether the local consent authority is prepared to take over
confrol 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
fo take such responsibility, the developer/site operator is expected to ensure that they
are in good working order and design capacity is available.

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:

e at least weekly, and

e immediately before site closure, and

o immediately following rainfall events that cause runoff.

Undertake the self-audit by:

e walking around the site systematically (e.g. clockwise]

e recording the condition of every BMP employed

e recording mainfenance requirements (if any) for each BMP

e recording the volumes of sediment removed from sediment refention systems,
where applicable

e recording the site where sediment is disposed

e forwarding a signed duplicate of the completed Check Sheet to the project
manager/ developer/ site operator for their information.

In particular, inspect:

e locations where vehicles enter and leave the site

e all insfalled erosion and sediment confrol measures, ensuring they are
operating correctly

e areas that might show whether sediment or other pollutants are leaving the site
or have the potential to do so

e all discharge points, to assess whether the erosion and sediment control meas-
ures are effective in preventing impacts fo the receiving waters.



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 infended to
be complefe 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.

Table 8.1 Example of a Selfaudit Check Sheet (part only)

Site Location:

Date Inspected:

Name:
Signature:
BMP Condition Remarks
Basin 1 OK No maintenance required
Basin 2 Contains Sediment (about 30 m 3) Instructed J. Smith to remove it and dispose at
the fill site
Silt fence 1 OK No maintenance required
Silt fence 2 Breached for access Instructed D. Brown to repair it
Etc.




Table 8.2 Guidelines that might apply fo inspection of structural measures

Sediment retention basins

has sediment settling zone sufficient capacity?
is the outflow structure installed as illustrated in the ESCP or SWMP ?
are the embankments protected against erosion?

Sediment filters

Straw bales

Sediment fences

Continuous berms

are they installed in trenches?

are they tightly abutting, with material stuffed between the bales?
are they staked?

has backfill material been placed on the upstream side?

is runoff water running around, below, or between the bales?

is the filter fabric buried in a trench and backfilled?

are the stakes installed correctly with proper spacing?

has sediment accumulated to within 300 mm of the top?

is runoff water running around, below, or between the fabric joins?
have the berms been installed correctly?

is the fabric adequately stapled?

Other are barriers causing local flooding problems?

Check dams

Straw bales are the bales staked and tight with each other?
have the bales been installed in a trench and backfilled?
will water be forced to run over a centre bale and not around the end bales?
is the ground below where water flows over the bales eroding?

Rock is the correct-size rock being used?

will water flow over the middled instead of around the edges?
Has movement of the rock occurred?

Drains/inlet protection

Straw bales

Filter fabric

Inserts

8-6

are the bales staked and tight with each other?

have the bales been installed in a trench and backfilled?

will water be forced to run over a centre bale and not around the end bales?
is the ground below where water flows over the bales eroding?

is the filter fabric buried in a trench and backfilled?

is it staked correctly with proper spacing?

has sediment accumulated to within 300 mm of the top?

is runoff water running around, below, or between the fabric joins?

has the insert been installed correctly?

will the insert prevent runoff water from entering the stormwater system?
has sediment filled the structure? When will the sediment be removed?



Table 8.3 Guidelines that might apply to inspection of non-structural measures

Diversion and
containment banks

are they protected against erosion?
have they been constructed to control and divert anticipated flows?
should the bottom be lined with any material to prevent erosion?

Slope drains will runoff water be diverted into the pipe?
does sufficient protection exist to prevent failure of piping?
is the pipe anchored?
does erosion protection exist where water charges?
are they functioning in the manner they were designed?
Staging of does all the ground need to be disturbed?
construction how much land is being disturbed and how much can remain in vegetation?
Planting of are drill marks evident that are parallel or perpendicular to land contours?

perennial seed

has seed tag been checked and the mixture verified?

if seed was applied hydraulically, how much was used?
if seed was broadcast, was the ground raked?

what time of year was the seed planted?

are weeds becoming established?

Planting of
temporary, nursery,
Or cover crop

what type of seed was used?
how long will the vegetation be in place before planting perennial grass?
when was the seed planted?

Dry/hydraulic

does the mulch cover 80-100% of the bare ground?

mulch if dry mulch is applied, how is it held in place?
has wind removed the dry mulch and is this a problem?
Soil binder what type of material was used?

when was it applied?
does the material still control erosion?

Hillside protection
by RECP

is the material properly installed at the top?
are sufficient staples used?

does the material overlap along the edges?
does the material need to be repaired?

Channel protection
by ECBS, TRMS,
and C-TRMS

is the material properly installed at the top?

are sufficient staples used?

is the material properly stapled or trenched along the edges?
should a rock check structure be installed on top of the material?

8/



Table 8.4 Guidelines that might apply to the control of wind-borne particles

Soil roughening

how deep are the furrows?
are the furrows filling up with soil?
are the furrows perpendicular to the prevailing wind?

Wind barriers

have they been installed perpendicular to what is accepted as the
prevailing wind direction?

are they in need of repair or replacement?

have the structures been placed where maximum deposition of wind-borne
particles can occur?

Vegetation is the ground bare?
how tall and/or dense is the vegetation?
Hydraulic has sufficient material been applied?

mulch/soil binder

how long will the material be expected to control erosion?
has the material broken down, and is it still effective?
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8.3 Post Construction Issues

(a) Whereas this manual deals in the main with the consfruction phase, there are some

(b)

post construction issues that should be considered fo ensure the construction phase is

concluded in a responsible manner. This will apply to both subdivision works and

building works.

Issues to be considered include:

(i

(i)

(i)

(iv)

Ensure revegefation and planting areas have been properly established, including
areas occupied by all temporary erosion and sediment control structures.

Liaise with the local consent authority to determine whether the ownership and
ongoing responsibility for any structures (e.g. sediment basins) can fransfer fo if.

Remove all treatment techniques or structures that are no longer required in a

way that complies with:

e safety standards

e consent conditions

e requirements that sediment and other materials are disposed in an approved
manner

e sound consfruction principles.

Ensure site access is refurned to its original condition or approved final layout
depending on sitesspecific circumstances.

Transfer of any temporary works to permanent works. This might include the
removal of sediment from a sediment basin that is fo be transferred fo the confrol
of the local consent authority as either a permanent sediment basin or upstream
section of a permanent wetland.
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Q. Urban Construction Sites

9.1 Preamble

Information of particular relevance to urban consfruction sites is contained in this Chapter.
It highlights relevant issues confained elsewhere in Chapters 1 to 8 of these guidelines
that should be consulted. Specialised information relating to quarries and open-cut
mining sites, waste disposal sites, major road and highway construction, access fracks in
bushland, and installation of services is in Volume 2 of these guidelines.

Q.1.1 Purpose, Scope and Obijectives

(a) This chapter helps land developers to apply the information contained in Chapters |
to 8 of this document to urban development activities in New South Wales where
more than 250 square mefres will be disturbed. While it focuses on both the
subdivision and subsequent building construction stages, the information applies to
all similar activities. It integrates best practice techniques to ensure that any land
disturbance activities cause minimal harm to the environment, especially the receiving
waters. Guidance in relation to the planning and implementation of post construction
(permonem) stormwater management measures, inc|uo|ing water sensitive urban
design’ techniques, is provided in Managing Urban Stormwater: Urban Design.

(b) Not all relevant planning, design, construction, rehabilitation and maintenance
information is confained here, but it does contain an overview of many more
commonly applied practices and model plans for guidance. The infention is not o
hinder individual intuitive approaches that might apply to specific situations.

[c) All those involved in land disturbance activities should consider the relevant
legislative requirements (Appendix K], local Environmental Plans, Development
Control Plans, Regional Environmental Plans and State Environmental Planning
Policies before beginning the planning process.

@.1.2 Temporary Measures

(a) Often, urban construction sites have limited space and, consequently, developing full
soil and water management programs can be difficult. Despite this, measures should
still be undertaken for control of pollution of waterst'] by:

e sediment

e concrete slurry, acid washes, paints, solvents, adhesives
e pesficides

o litter.

1. Here, "waters” means any river, stream, lake, lagoon, swamp, wetlands, unconfined surface water,
natural or artificial watercourse, dam or fidal waters [including the sea), or part thereof, and includes
water sfored in artificial works, water in water mains, water pipes and water channels, and any
underground or artesian water, or any part thereof.
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(b)

(c)

This is in addition fo the presence of any soil and water management works put in

place elsewhere by other developers fo profect the subdivision sfage.

Urban construction sites in fully developed, inner city areas (infill development] can

provide difficulties in confrolling pollution of stormwater systems. Offen, avoiding

destruction of the protective ground cover over the enfire site is exiremely difficult

(figure @.1). Works on these sites need careful management of activities to prevent

sediment pollution. However, specific measures can be taken to mitigate the threat of

pollution, such as:

(i)

(i)

(ifi)

(iv)

(V)

(vi)

Stockpiling materials on site where possible and confaining the material with a
sediment fence;

Covering materials with plastic sheeting, geosynthetic materials or soil binders to
reduce the impact of wind and water if other protective measures are impractical;

Where material can only be stored on the footpath and/or road area and

Council approval is received, ensuring:

e a gutter flow bypass is provided with pipes laid in the gutter to convey water
past the material

e downstream pit protection is provided to prevent material from entering the
drainage system

e pedestrian and vehicular safety and warning devices are erected where
appropriate

o the above measures are regularly mainfained.

Limiting the amount of material on site to that required for the tasks immediately

at hand. Delivery of smaller quantities of materials will make managing the site

easier;

Ensuring all material is immediately removed from the site when practical to do
so and atf the completion of work; and

Instructing site workers on the need fo prevent materials from washing or
blowing into the stormwater system or elsewhere.

Other temporary site management techniques that should be applied during

construction include:

(i

(i)

advising site workers, subcontractors and delivery drivers of their responsibilities
fo minimise the potfential for soil erosion and pollufion to downslope lands and
waterways;

where possible, requiring any sfaff, contractors or subcontractors to maintain all
erosion and sediment control devices in good order and replacing damaged
sections as appropriate;



Figure 9.1 Typical medium-density, innerity construction sife.

(i)

(iv)

(v)

(vi)

(vii)

placing non erodible materials (e.g. timber) in the gutter to help entry fo the site [“]

permitting only approved machinery for travel within watercourses and drainage
lines:

where practical to do so, requiring utility groups to undertake common trenching,
conduit installation and backfilling for the whole project area continuously until
completion;

ensuring all staff facilities are properly installed and maintained so that
pollutants, including wash water, are not conveyed from the site in stormwater.
Urge staff to use proper foilet facilities provided;

controlling discharge of sediment and/or other pollutants from dewatering (site
pump-out) activities. Polluted water may need to be freated onsite before being
discharged to the stormwater system. Special care is needed where groundwater
is or could be confaminated:

(viii) providing approved bins for concrete and mortar slurries, paints, acid washes,

(ix)

(x)

lightweight waste and litter, and ensuring their regular clearance;

ensuring that any poisons are applied according to their registration and
instructions carried on the label (e.g. for termite control);

ensuring safeguards are in place fo prevent residue paint and other chemicals
from enfering the stormwater system. Spray painting, high-pressure washing and

2. The placement of erodible materials [e.g. spoil) in the gutter is contrary fo the Protection of the

Environment Operations Act, 1997, and is not permitted.

Q-3
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other activities that may permit airborne particles to dissipate to waterways
should be carefully confrolled. Use of less hazardous material is encouraged;

(xi) applying sound material management practices in relation to the sforage and
handling. Sound practices include storing materials in designated locations,
installing secondary confainment bunds, regularly inspecting storage areas and
fraining site personnel in correct practices. Procedures should also be
established to clean up any spills correctly and considerate of the appropriate
legislation, e.g. Profection of the Environment Operations Act, 1997
(Appendix KJ;

(xii] instigating responsible vehicle and equipment maintenance and servicing
practices. Washing of vehicles and equipment should be restricted with offsite
commercial facilities favoured. Any necessary washing on-site should be
confained fo specific bunded wash areas. Biodegradable detergents should be
used. Care should be exercised with steam cleaning operations that might
discharge pollutants to the air; and

(xiii) ensuring safe vehicle and equipment refuelling procedures are instigated. Fuel
storage areas should be covered and spills should be prevented with proper
containment areas established. Equipment leaks should be eliminated as part of
a regular equipment maintenance program.

@.1.3 Permanent Measures.

(al

(b)

(c)

Generally, permanent soil conservation measures should be carried out as part of the
landscape design and specification af the conclusion of works. These should result in
bringing potential soil losses to extremely low levels (<10 t/ha/yr) and ensure high
levels of profection from the effects of sheet flow, concentrated flow and mass
movement. They should incorporate any flood mitigation measures required by
council and integrate landscape and hydraulic design to optimise stability and
amenity values.

Conlfrol the erosive effects of sheet flow by:

(i) paving permanent driveways and parking areas as soon as possible after their
construction: and

(i) stabilising other areas as soon as possible after final shaping, with plants,
mulches, geosynthetic materials, soil binders or similar techniques.

Rehabilitating slopes steeper than 2(H): 1{V) by vegetative means is very difficult and
alfernate methods are usually required, particularly to contfrol the movement of soil
materials by gravitational colluvial action. However, control can be achieved in
various ways, including through:

e regular irrigation (controlled application to prevent slumping)

e cellular containment systems



e riprap
e consfruction of refaining walls (using rock, or geosynthetic materials discussed
at Appendix D), efc.

A qualified engineer should design any retaining wall more than 1 metre in height.

9.2 Residential Dwelling Requiring an ESCP

Q.21 Introduction

(o) ESCPs are plans showing how to minimise erosion and trap sediment resulting from

minor construction or building activities. They are required on all sites where between
a fotal of 250 square metres and 2,500 square mefres are to be disturbed in urban
construction programs (Chapter 2).

(b) The complexity of ESCPs will vary with the nature and scale of the development,

particularly the likely amount of ground disturbance. They should be “stand alone”
documents, consisting of drawings and notes that can be easily understood by site
personnel and the consent authority. Section 2.2 contains listings of information
required on the drawings and commentary that comprise ESCPs.

Figures 9.2 and 9.3 show two patterns for house construction that might help guide
the preparation of an ESCP. Of course, these drawings are not intended to cover all
situations and variations from them are expected in many cases. For example, leaving
the rear of many residential blocks in a vegetated condition is offen not possible
because of lack of space, so the enfire block might need to be disturbed.
Nevertheless, the footpath and adjacent blocks should rarely be disturbed and, then,
only when essential, e.g. drainage works on the footpath. Where they are disturbed,
they should remain in a condition of a high erosion hazard for as short a period as
pracficable.

9.2.2 Model ESCP for a Residential Dwelling
The ESCP Commentary:

1.

Site works will not start until the erosion and sediment control works outlined in
clauses 2 to 4, below, are installed and functional.

The ingress to and egress from the site will be confined to one stabilised point.
Sediment or barrier fencing will be used to restrict all vehicular movements to that
point. Stabilisation will be achieved by either:

e constructing a sealed [e.g. concrefe or asphalf] driveway to the street
e constructing a sfabilised site access, according to Standard Drawing SD 6-14
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or other suitable technique approved by the Council.

. Sediment (SD 6-8) and barrier fences will be installed as shown on the attached

drawing.

. Mesh and gravel “sausage” protection (SD &-11) will be provided to protect gutter

inlets near the allotment.

5. Topsoil will be stripped and stockpiled (SD 4-1) for later use in landscaping the site.

. All stockpiles will be placed in the location shown on the ESCP and af least 2 metres

clear of all areas of possible areas of concentrated water flow, including driveways.

. lands to the rear and sides of the allotment and on the footpath will not be disturbed

during works except where essential, e.g. drainage works across the footpath.
Where works are necessary, they will be undertaken in such o way to leave the
lands in @ condition of high erosion hazards for as short a period as practicable.
They will be rehabilitated as soon as possible. Stockpiles will not be placed on these
lands and they will not be used as vehicle parking areas.

. Approved bins for building waste, concrete and morfar slurries, paints, acid

washings and litter will be provided and arrangements made for regular collection
and disposal.

. Guttering will be connected to the stormwater sysfem (or rainwater tank, if present] as

soon as practicable. If a rainwater tank is installed, the tank overflow should be
connected fo the stormwater systfem as soon as practicable.

10.Topsoil will be respread and all disturbed areas will be rehabilitated within 20

working days of the complefion of works.

11.All erosion and sediment controls will be checked at least weekly and after rain fo

ensure they are mainfained in a fully functional condition.

12 .Photocopies of the following Standard Drawings are appended to this commentary:

e SD 4-1 Stockpile Management
¢ SD 55 Earth Bank, Low Flow
«SD 68 Sediment Fence

e SD 611 Mesh and Gravel Inlet
eSD 614 Stabilised Site Access.

13.A drawing of the site showing the erosion and sediment control works is attached fo

this commentary (figure 9.4):
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9.3 Medium-density Development Requiring a SWMP

Q.3.1 Introduction

(al

(b)

(c)

(d]

Plans showing how erosion and sediment will be controlled on larger (>2,500
square metres disturbed) sites require a SWMP as outlined in Chapter 2.

All' SWMPs should include the relevant calculations of capacities for any sediment
basins and other structures. These calculations should be:

e based on an assessment of site-specific dafa
e account for the pollution potential of the site
e consider the sensifivity of receiving waters and other ESD mafers.

The example here has been prepared for a site with landscape, soil and rainfall
characteristics typical of suburban Sydney. It:

e deals with the construction of eight fown houses on 4,500 square metres

e involves disturbing about 3,000 square mefres of land

eis based on dafa that is readily available from government and local
government agencies throughout Sydney.

The model SWMP below was chosen because the site falls above the Adine in figure
4.6 and shows the complexity expected where the erosion hozard is high. Had
slope gradients not exceeded 6 percent, the site would have fallen below the Adline
and much of the detail that follows would not be required, including some relating to
or derived from the RUSLE (Section 4.4.2).

9.3.2 Model SWMP for a Medium-density Development

Background

1.
2.

Site constraints and characteristics criteria are identified in Table 9.1.

The likely soil loss is calculated with the Revised Universal Soil Loss Equation (RUSLE).
The values of the other RUSIE factors are: LS range of 0.31 to 1.75 [assuming a
slope length of 40 m and a gradient range of 2 to 10%), P of 1.3, and the C is
assumed fo be 1.0 for bare soil. The site is on the Gymea Soil Landscape with Gy,
Gy2 and Gy3 soil materials (Chapman and Murphy, 1989) being identified through

a preliminary investigation.

. The design capacity for possible sediment basins for the fofal site is 85 cubic metres

(Attachment). However, the estimated annual average soil loss is calculated to be 78
cubic metres using the RUSLE, which is less than 150 cubic metres; so a sediment
basin is not required at this site.

Given that the site is Soil loss Class 3 and these are not waterfront lands, no
consfraints on the fiming of development occur at this site.



Table 9.1 Constraints and characteristics

Constraint/opportunity Value
Rainfall erosivity moderate (Rfactor = 3,690)
Slope gradients moderate (up to 10%)

Potential erosion hazard  high (from figure 4.6 in landcom (2004))

Rainfall Zone Zone |

Soil erodibility low to moderate (highest Kfactor = 0.026)

Calculated soil loss 260 tonnes/ha/yr

Soil Loss Class Class 3

Soil texture group Type C (11 to 30% <0.02 mm|

Percent dispersible (subsoil) insignificant (O to 2% dispersible, Emerson Classes 6, 7 and 8)
Runoff coefficient 0.5 adopted

Disturbed site area 3,000 m2

General Instructions

5. The SWMP (Drawing 922969 will be read with the engineering plans and any
other plans or written instructions that may be issued and relating to development at
the subject site.

6. Contractors will ensure that all soil and water management works are undertaken as
instructed in this specification and constructed following the guidelines stated in
Managing Urban Stormwater: Soils & Construction (Landcom 2004).

7. All subcontractors will be informed of their responsibilities in reducing the potential for
soil erosion and pollution to downslope areas.

land Disturbance Conditions

8. Where practicable, the soil erosion hazard on the site will be kept as low as
possible and as recommended in Table 9.2.

Q. Works will be undertaken in the following sequence:

(i) Install all barrier and sediment fencing where shown on Drawing 922969 fo

defail on Standard Drawing (SD) 6-8;

(i) Construct the stabilised site access next to the eastern boundary fo defail shown

on SD 6-14;

(iii) Construct the rock lined drain on the western boundary;



Table 9.2 limitations to access

Land use Limitation

Comments

Construction  Disturbance to be no

areas further than five
(preferably two) metres
from the edge of any
essential engineering
activity as shown on
the plans

All site workers will clearly recognise these
zones that, where appropriate, are identified
with barrier fencing (upslope) and sediment
fencing ([downslope], or similar materials

Access areas  Limited to a maximum
width of 10 metres

The site manager will determine and mark
the location of these zones onsite. They can
vary in position fo best conserve the existing
vegetation and profect downstream areas
while being considerate of the needs of
efficient works' activities. All site workers
will clearly recognise their boundaries that,
where appropriate, are marked with barrier
mesh, sediment fencing, or similar materials

Remaining Entry prohibited except
lands for essential thinning of
plant growth

Thinning of growth might be necessary for
fire hazard reduction

(iv)] Construct low flow earth banks where shown on Drawing 922969 and to

detail on SD 5-5;

(v) Install wind break fencing (SD 6-15) where shown on the Drawing 922969;

(vi) Install mesh and gravel filters (SD 6-11) at downslope kerb inlets;

(vii) Install geotextile inlet filters (SD ¢-12) around all drop inlets onsite;

(viii) Clear the site and strip and stockpile the topsoil in the locations shown on
Drawing 922969 following SD 4-1;

(ix) Underfake all essential construction works ensuring that roof stormwater systems

are connected to permanent drainage as soon as practical;

(x) Grade lot areas to final grades and apply permanent stabilisation (landscaping)

within 20 days of completfion of construction works; and
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(xi) Remove temporary erosion confrol measures affer the permanent landscaping
has been completed.

Soil Erosion Control Conditions

10.Clearly visible barrier fencing will be installed where shown on Drawing 922969
and elsewhere at the discretion of the site superintendent fo ensure fraffic control and
prohibit unnecessary site disturbance.

11 .Earth batters will be constructed with as low a gradient as practicable but no steeper
than:
o 2(H): 1{V) where slope length is less than 13 metres
e 2.5(H):1(V) where slope length is between 13 and 17 metres
e 3(H): 1{V) where slope length is between 17 and 20 metres
o 4[H): 1{V) where slope length is greater than 20 metres.

12.All waterways, drains spillways and their outlets will be constructed to be stable in at
least the 10 year AR, time of concentration storm event.

13.Protection from erosive forces will be undertaken on all lands to meet the
requirements of Table 9.3.

14.A suggested listing of plant species for temporary cover in areas of sheet flow is
shown in Table 9.4. Reinforced Kikuyu turf is suggested for use in waterways.
Wherever practicable, foot and vehicular traffic will be kept away from rehabilitated

areas.

15.Permanent rehabilitation will achieve a Cactor of less than 0.1 and sef in motion a
program that should ensure it will drop permanently, by vegetation, paving,
armouring, etc. fo less than 0.05 within a further 60 days. Local water restrictions
permifting, lands that have been newly planted with grass species will be watered
regularly until an effective cover has established and plants are growing vigorously.
Follow-up seed and fertiliser will be applied as necessary in areas of minor soil
erosion and/or inadequate vegefative profection.

16.The revegetation will be aimed at reestablishing natural species. Therefore, the
natural surface soils will be replaced and non persistent annual cover crops will

be used.

Sediment Control Conditions

17.Sediment fences (SD 6-8) will:

(i) be installed where shown on Drawing 922969 and elsewhere at the discretion
of the site superintendent to confain the coarser sediment fractions (including
aggregated fines) as near as possible fo their source; and



Table 9.3 Maximum C+actors at Nominated Times During VWorks

Lands Maximum Remarks
Clactor
Waterways and other 0.05 Applies after ten working days from completion
areas subjected to of formation and before they are allowed to
concentrated flows, carry any concentrated flows. Flows will be
post construction limited to those shown in Table 5.1 of
Managing Urban Stormwater — Soils &
Construction, landcom (2004). Foot and
vehicular traffic will be prohibited in these
areas (/0% ground cover)
Stockpiles, 0.1 Applies after ten working days from completion
post-construction of formation. Maximum CHactor of 0.10
equals 60% ground cover
All lands, including 0.15 Applies affer 20 working days of inactivity,

waterways and
stockpiles during
construction

even though works might continue lafer.
Maximum Ciactor of 0.15 equals 50%
ground cover

Table 9.4 Plant Species for Ground Cover

Sowing season

Seed mix

Autumn / Winter

Spring / Summer

oats @ 40 kg/ha
Japanese millet @ 10 kg/ha
Japanese millet @ 20 kg/ha
oats @ 20 kg/ha




(i) have cafchment areas not exceeding Q00 square metres, a sforage depth
(including both sefiling and seffled zones) of at least 0.6 metres, and internal
dimensions that provide maximum surface area to passage of stormwater
(i.e. very low gradient).

18.Sediment removed from any trapping device will be relocated where further pollution
to downslope lands and waterways cannot occur.

19.Stockpiles (SD 4-1) will be placed where shown on Drawing 922969 and not
within 5 metres of hazard areas including likely areas of high velocity flows such as
waterways, paved areas and driveways.

20.Water will be prevented from directly entering the permanent drainage sysfem with
inlet fillers (SD &-11 or SD 6-12) unless it is relatively sediment free, ie. the
catchment area has been permanently landscaped and/or any likely sediment has
been treated in an approved device. The actual locations of the inlet filters will be
chosen by the Site Superintendent fo profect the receiving waters best and, therefore,
are not shown on Drawing 922969.

21.Temporary sediment traps will be retained until affer the lands they are profecting,
are completely rehabilitated.

Other Matters

22.Acceptable bins will be provided for any concrete and mortar slurries, paints, acid
washing, lightweight waste materials and litter. Clearance services will be provided
weekly.

Site Inspection and Maintenance Conditions

23.Waste bins will be emptied as necessary. Disposal of waste will be in a manner
approved by the site superintendent.

24 .The site superintendent will inspect the site at least weekly and will:

(i ensure that drains operate properly and fo effect any necessary repairs;

i) remove spilled sand or other materials from hazard areas, including lands closer
than five metres from areas of likely concentrated or high velocity flows especially
waterways and paved areas;

(iii) remove frapped sediment whenever less than design capacity remains within the
structure;

(iv) ensure rehabilitated lands have effectively reduced the erosion hazard and to
initiafe upgrading or repair as appropriate;

[v) construct additional erosion and/or sediment control works as might become
necessary fo ensure the desired profection is given fo downslope lands and



waterways, i.e. make ongoing changes to Drawing 922969 where it proves
inadequate in practice or is subjected fo changes in conditions on the worksite
or elsewhere in the catchment:

(vi] maintain erosion and sediment control measures in a fully functioning condition
until all earthwork activities are completed and the site is rehabilitated; and

(vii) remove temporary soil conservation structures as the last activity in the
rehabilitation program.

25.As a part of the statutory "diligence and care” responsibilities, the site superintendent
will keep a logbook, making entries at least weekly, immediately before forecast rain
and after rainfall. Entries will include:

(i the volume and intensity of any rainfall events;

(i) the condition of any soil and water management works;
(iii) the condition of vegetation and any need to irrigate;
(iv) the need for dust prevention strategies; and

(v] any remedial works fo be undertaken.

The book will be kept onsite and made available to any authorised person on
request. It will be given to the project manager at the conclusion of works.

Attachment: Sediment Basin Volume Calculation
Basin volume = sefiling zone volume + sediment storage volume
Settling Zone Volume

The settling zone volume for Type C Soils is calculated to provide capacity to allow the
design particle (i.e. 0.02 mm)] fo sefile in the peak flow expected from the design storm
(i.e. the 3-month storm). The volume of the basin’s seftling zone (V) can be determined as
a function of the basin’s surface area and depth to allow for particles fo settle.

Peak flow for the 3-month storm is given by the Rational Formula:

Q tc, 0.25 =0.5x(0.00278 x Crox F 1 x l1yr x A} m3/sec
where:
Q e, 0.25 = flow rate (m3/sec) for half the one year storm event (Section 6.35(c|)
0.5 = a conversion factor to derive half 1-year event
Cio = runoff coefficient ([dimensionless) for ARl of 10 years (=0.8)
F1 = frequency factor for 1 year (= 0.62)
Nys tc = average rainfall intensity (mm/hr) for the 1 vear, storm event (= 92.2)
A = area of catchment in hectares (ha) (= 0.45)

Qi 025 =0.5%x0.00278 x C1ox F1 x liyr, ic x A [m3/sec)
Qi 025 =0.5%x0.00278 x0.8 x0.62 x 92.2 x 0.45 (m3/sec)
= 0.0286 m3/sec



The basin surface area is dependent on the flow rate info the basin (0.0286 m3/sec]
and the size of the design sediment particle, taken here as 0.02 mm.

Basin surface area = 4,100 x 0.0286
=120 m?
The basin seffling volume can be calculated using @ minimum depth of 0.6 metres.
Setiling zone volume = basin surface area x depth
=120x0.6
=72m3
Sediment Storage Volume

The sediment sforage zone is calculated as the largest of 100 percent of the capacity of
the settling zone and two months soil loss as calculated by the RUSLE. The settling zone
volume is 72 m? while two months soil loss is:

Sediment storage zoneTpe C =0.17xARxKxISx1.3x1.0)/1.3
=0.17x0.45(3,690x0.026 x 1.75x 1.3x1.0) / 1.3
=13md

Total basin volume = seftling zone volume + sediment storage volume
=/2+7/2
=144 m3

The calculated average annual soil loss of 78 m3 (13 x 6) is less than the limiting size of
150 m3. Therefore, on this site a sediment basin is not required. Successful containment
and control of sediment is to be attained through the use of other on site freatment
fechniques.

Photocopies of the following Standard Drawings are appended to these notes:
SD 4-1 Stockpiles
SD 5-5 Earth bank (low flows)
SD 5-8 Energy dissipater
SD 64 Stabilised site access
SD 68 Sediment fence
SD&11  Mesh and gravel inlet filter
SD 612 Geotextile inlet filter

SD 615  Control of wind erosion.



9.4 Subdivision Development Requiring a SWMP

9.4.1 Model SWMP for a Subdivision Development

Infroductory Notes

(al

(b)

(c)

The model SWMP below is based on a development proposal in the Sydney area.
Here, we have given the site the fictitious name of Sunshine Heights. It included the
subdivision of building allotments, construction of road access and bridge works and
installation of underground services. The total area affected by this development was
4 hectares with 2.1 hectares to be disturbed.

The original proposal for soil and water management included several post
development water quality control systems, e.g. installing the wetland component of
a water quality control pond (WQCP) and gross pollutant trap. However, these
guidelines only address the control of soil erosion and sediment pollution during the
construction and site rehabilitation phases and not to work post development. In line
with this focus, the model SYWWMP included here only addresses the construction and
rehabilitation phase works.

The model SWMP below was chosen because the site falls above the Adine in figure
4.6 and shows the complexity expected where the erosion hazard is high. Had
slope gradients not exceeded @ percent, the site would have fallen below the Adine
and much of the defail that follows would not be required, including some relating to
or derived from the RUSLE (Section 4.4.2).

Model Soil & Water Management Plan (SWMP|

1.

This is a conceptual SWMP only. It provides sufficient detail to show clearly that the
works can proceed without undue pollution fo receiving waters. A detailed Plan will
be prepared once consent is given and before works start.

Important site constraints and characteristics criteria are identified in Table 9.5.
The values of RUSLE factors not listed in Table 9.5 are:

(i) LSfactor is 2.81, assuming slope length of 80 metres and typical upper slope
gradients for works areas of 10 percent;

(i) Pfactoris 1.3; and

(iii) the CHactor is assumed to be 1.0 for bare soil.

The site is on the Lambert Soil landscape (Chapman and Murphy, 1989) with laT,
la2 and la3 soil materials being identified through a preliminary soil survey. While

lab was not found in the soil survey, investigations were not detailed enough to
preclude its existence and it is assumed fo be present throughout.

The seftling zone volume of the sediment basin will be calculated using the
containment of the 5-day, 75th percentile rainfall event.

A volumetric runoff coefficient of 0.5 is adopted, in this instance, a conservative value.



Table 9.5 Constraints and characteristics

Constraint/characteristic

Value/rating

Rainfall erosivity

Slope gradient

Potential erosion hazard
Rainfall Zone

Soil erodibility subsoil]
Caleulated soil loss

Soil Loss Class

Soil fexture group
Percent dispersble (subsoil)
Runoff coefficient

Total site area

Disturbed site area

75th %ile, 5day rainfall event

moderate (Rfactor is 2,500)
moderate (up to 10 percent)

high (from figure 4.6 in Landcom (2004))
Zone 1

low to moderate (0.016 to 0.036)
up to 330 t/ha/yr

Closs 3

Type D

3 to 12 percent

0.5 adopted

4.0 ha

2.1 ha

Sunshine Heights = 18.6mm

General Instruction Conditions

0.

The SWMP will be read with the engineering plans and any other plans or written

instructions issued in relation fo development at the subject site.

Contractors will ensure that all soil and water management works are undertaken as

instructed in this specification and following the guidelines outlined in Managing
Urban Stormwater: Soils & Construction (Landcom, 2004).

8. All subcontractors will be informed of their responsibilities in minimising the potential

for soil erosion and pollution to downslope areas.

land Disturbance

Q. Where practicable, the soil erosion

hazard on the site will be kept as low as

possible and as recommended in Table 9.6.

Work Schedule Conditions

10.Works will be undertaken in the following sequence. Each subsequent stage is not fo

commence until the previous one is complefed.

@-20
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Table 9.6 limitations to access

Land use Limitation Comments
Construction  Disturbance to be no All site workers will clearly recognise these
areas further than five zones that, where appropriate, are identified

(preferably two| metres
from the edge of any
essential engineering
activity as shown on
the plans

with barrier fencing (upslope) and sediment
fencing [downslope), or similar materials

Access areas

Llimited to a maximum
width of 10 metres

The site manager will defermine and mark
the location of these zones onsite. They can
vary in position fo best conserve the existing
vegetation and profect downstream areas
while being considerate of the needs of
efficient works' activities. All site workers
will clearly recognise their boundaries that,
where appropriate, are marked with barrier
mesh, sediment fencing, or similar materials

Remaining
lands

Entry prohibited except
for essential thinning of
plant growth

Thinning of growth might be necessary for
fire hazard reduction

Work on
waterfront
londs

Cenerally, restricted fo
the period 1 June to 15
November

Where work is to occur outside the period

1 June to 15 November, Cfactors will be
above 0.1 only when the 3-day forecast
suggests that rain is unlikely. Further,
sufficient 350 gsm jute matting (or equivalent)
will be available to reduce the Cfactor to
less than 0.1 should the forecast prove
incorrect or rapid rehabilitation is required
for any other reason




Stage 1 Conditions [refer to Drawings 922970-1 and 922970-2)

11.Construct stabilised site accesses (SD 6-14).
12 Install all barrier fencing to exclude access to the nominated restricted areas.

13.Construct Earth Banks 1, 2, 10, 11, and 12 (SD 5-6) to direct overland flow to
lands beyond the site.

14 Provide temporary access fo the four sediment basins on the alignment of the
permanent roadways and protect this with sediment fencing (SD 6-8) or barrier
fencing and Earth Bank 3 (SD 5-5). Note that it is not intfended fo start the road
works set down for Stage 2 here.

15.Place sediment fences (SD 6-7) downslope of lands to be disturbed for construction
of the sediment basins.

16.Construct Sediment basins 1, 2, 3, and 4 (SD 6-4). These basins do not need to be
constructed in earth as shown in SD 6-4 but they must be constructed in impervious
materials.

17.Construct Energy Dissipaters 1, 2, 3 and 4 (SD 5-8) ot the outlet of each sediment
basin.

18.Stabilise land surfaces disturbed by construction of the four sediment basins as soon
as final levels are established.

19.Construct Earth Banks 4, 5, 6, 7, 8 and @ (SD 5-6) to direct overland flow to the
sediment basins.

20.Install Stormwater Pipes 1 and 2 and Energy Dissipaters 5 and 6. The passage of
Stormwater Pipe 1 under the road and down the southern boundary of Lot 22 is
tfemporary — it will join the road drainage in Stage 4 (pipe design parameters not
included here).

Stage 2 Conditions [refer to Drawings 922970-1 and 922970-2).

21.Strip and stockpile topsoil (SD 4-1) from those lands to be exposed to construction
acfivities.

22 .Undertake road and drainage works according to the engineering plans — but see
Condition 25, below and note the need to connect Earth Banks 5 to 8 and 6 to 7 in
Stage 4 temporarily.

23.0Once the access road shown upslope of Sediment Basin 1 has been consfructed
and the site stabilised, Stabilised Access 1 and Earth Banks 3 and 4 can be
removed.

24.Once the road system east of the creek line has been complefed and surrounding
lands stabilised, Stabilised Access 2 can be removed.

Q22



25 Ensure all allotment and roadway stormwater drains to a sediment retention basin.

26.Where practical to do so, complete road and drainage works within the restricted
area next to the creek (assumed to be waterfront lands) totally within the period
1 June to 15 November (see Condition 27, below where this is not practical). This
includes installation of a WQCP, gross pollutant trap (GPT) and associated road-
works (separate plans are available for completion of the WQCP and insfallation of
the CDS device)]. Do not complete roadworks to the eastern
abutment of the southern bridge until Stage 4. Ensure the road works do not hinder
the flow in Earth Banks 7 and 8 — possibly requiring the construction of temporary
culverts.

27 Where completfing the requirements of Condition 26, above, is not practical, ensure
all lands within the restricted area next to the creek, have Cfactors above 0.1 only
when the 3-day forecast suggests that rain is unlikely. Ensure provision of sufficient
350 gsm jute matting or equivalent (SD 5-2 and SD 5-7), to reduce the Ciactor fo
less than 0.1 on all disturbed lands should the forecast prove incorrect or rapid
rehabilitation is required for another reason.

Stage 3 Conditions (refer to Drawings 922970-3 and 922970-4)
28.Conditions 26 and 27 for Stage 2, above, apply to the whole of Stage 3.

29 Remove all sediment from Sediment Basins 3 and 4. Decommission Sediment Basins
3 and 4 and the associated energy dissipaters.

30.Construct the creek diversion around the eastern side of the proposed WQCP.

31.Construct Phase 1 of the WQCP (details are provided in a separate sef of plans).
Note that the wetland component of this structure is to operate as Sediment Basins
5 and 6 until Stage 6 and replace Sediment Basins 1, 2, 3 and 4. This requires:

(i) modified inlefs to ensure that polluted waters enter the sediment basins directly
and not the WQCP sediment fore-bay;
(i) temporary spillway outlets to the open water zone; and

(iii) extra depth to the structures fo achieve capacities in:
e Sediment Basin 5 greater than the combined design capacities of Sediment
Basins 1 and 3
e Sediment Basin & greater than the combined design capacities of Sediment
Basins 2 and 4.

32.Upon completion of Sediment Basin 5 and stabilisation of disturbed lands, divert
waters into it that had previously entered Sediment Basin 3.

33. After Sediment Basin 5 has been commissioned, remove the creek diversion around

the eastern side of the WWQCP.
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34.Constfruct Phase 2 of the WQCP (Sediment Basin 6) and stabilise any disturbed

lands.

35.Upon completion of Sediment Basin 6 and stabilisation of all remaining disturbed
lands, divert waters into it that had previously entered Sediment Basin 4.

Stage 4 Conditions [refer to Drawings 922970-3 and 922970-4).
36.Conditions 26 and 27 for Stage 2, above, apply to the whole of Stage 4.

37.Complete the roadworks east of the southern bridge, ensuring they do not hinder the
flow of waters to Sediment Basin 6. This will probably require the construction of a

culvert.

38.Connect Earth Banks 5 and 8, and 6 and 7 so that waters drain to Sediment Basins
5 or 6. Also, adjust the location of Earth Bank @ to ensure that waters enter Sediment
Basin 5.

39.Remove all sediment from Sediment Basins 1 and 2 and decommission them.

Stage 5 Conditions

40.Building works can be undertaken in this stage. It concludes affer the lesser of:

e a period of four years from the completion of Stage 4
e 90 percent of the building works have been completed with associated

disturbed lands stabilised.

During this Stage, the developer's responsibilities are limited to maintenance of the CDS
device and Sediment Basins 5 and 6.

Stage 6 Conditions [refer to Drawing 922970-3).

41 Remove sediment from Sediment Basins 5 and & and decommission them.
Decommission other temporary soil conservation works.

42.Where necessary, complefe connections fo the sformwater system (some aspects of
this have been connected fo femporary paths in earlier stages).

43.Complete works on the WQCP as shown on separate engineering drawings. This
involves converting Sediment Basins 5 and 6 info wetlands, reconfiguring the inlets
and outlets to the wetlands to meet the design criteria, and ensuring all site stormwater
enters the GPT device (up to the design flow) and the WQCP sediment forebay.

44 Undertake final site stabilisation.

Erosion Control Conditions

45 Clearly visible barrier fencing shall be insfalled as shown on the SWMP and
elsewhere at the discretion of the site superintendent to ensure fraffic control and
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prohibit unnecessary site disturbance. Vehicular access to the site shall be limited to
only those essential for construction work and they shall enter the site only through the
stabilised access points.

46. Soil materials will be replaced in the same order they are removed from the ground.
It is particularly important that all subsoils are buried and topsoils remain on the
surface at the complefion of works.

47 Where pracficable, schedule the construction program so that the time from starting
land disturbance activities to stabilisation is a duration of less than six months. Here
stabilisation means achieving a Cactor of less than 0.1 and sef in mofion a
program that should ensure it will drop permanently, by vegetation, paving,
armouring, efc. fo less than 0.05 within a further 60 days. Of course, local water
restrictions might affect this in drought times.

48.Notwithstanding this, schedule works so that the duration from the conclusion of land
shaping to completion of final stabilisation is less than 20 working days.

49 While Cactors are likely to rise to 1.0 during the work’s program, they should not
exceed those given in Table 9.7 in the long term. The requirements of Table 9.7 can
be achieved as follows:

(i) In areas of sheet flow, with a temporary vegefative cover and a suggested listing of
suitable plant species is shown in Table 9.8 (nofe, these plants only profect the
ground surface for up fo six months). Where the plants suggested in Table 9.8 are
used, lime amendments at rates of 4.0 kg/tonne of topsoil and 7.5 kg/tonne of
subsoil will help surface stabilisation. Alternately, the area can be sprayed with a soil
binder for profection up to 3 months duration using Terra-Confrol® or equivalent

(i) In areas of concentrated water flow, with 350 gsm jute matting or equivalent,
installed following SD 5-7 — see also Table 5.1 in Llandcom (2004).

50.lands recently established with grass species will be watered regularly until an
effective cover has properly esfablished and plants are growing vigorously. Further
application of seed might be necessary lafer in areas of inadequate vegetation
establishment.

51.Where practical, foot and vehicular traffic will be kept away from all recently
stabilised areas.

52 .Earth batters shall be constructed with as low a gradient as practical but not steeper
than:

e 2(H): 1{V) where slope length is less than 7 metres
e 2.5[H):1{V) where slope length is between 7 and 10 metres
o 3(H): 1(V) where slope length is between 10 and 12 metres



Table 9.7 Maximum acceptable CHfactors at Nominated Times During Works

Llands Maximum Remarks

Clactor
Waterways and other 0.05 Applies after fen working days from complefion
areas subjected to of formation and before they are allowed to
concentrated flows, carry any concentrated flows. Flows will be
post construction limited to those shown in Table 5.1 of Landcom

(2004). Foot and vehicular traffic will be
prohibited in these areas (70% ground cover)

Stockpiles, 0.1 Applies after ten working days from complefion
post-consiruction of formation. Maximum CHactor of 0.10
equals 60% ground cover

All lands, including 0.15 Applies after 20 working days of inactivity,
waterways and even though works might continue later.
stockpiles during Maximum Cactor of 0.15 equals 50%
construction ground cover

Table 9.8 Plant species for temporary cover

Sowing season Seed mix

Autumn / Winter oats @ 40 kg/ha
Japanese millet @ 10 kg/ha
Spring / Summer Japanese millet @ 20 kg/ha
oats @ 20 kg/ha
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e 4(H): 1(V) where slope length is between 12 and 18 metres
e 5(H): 1(V) where slope length is between 18 and 27 metres
e 6(H): 1(V) where slope length is greater than 27 metres.

Slope length can be shortened by using low flow earth banks (SD 5.5) as catch
drains.

53. Stockpiles [SD 4-1) will be located as shown on Drawings 9229702 and 922970-3.

54 Al earthworks, including waterways/drains/spillways and their outlets, will be
constructed fo be stable in af least the 10-year AR time of concentration storm event.

55.During windy weather, large, unprotected areas will be kept moist (not wef] by
sprinkling with water to keep dust under confrol. In the event water is not available in
sufficient quantities, soil binders and/or dust retardants will be used or the surface
will be left in a cloddy state that resists removal by wind.

Pollution Control Conditions

56.Notwithstanding Condition 54, stockpiles will not be located within 5 metres of
hozard areas, including likely areas of high velocity flows such as waterways, paved
areas and driveways.

57.Sediment fences (SD 6-8) will:
(i) be installed where shown on Drawings 922970-1, 922970-2 and 922970-3

and elsewhere at the discrefion of the site superintendent to contain the coarser
sediment fraction (including aggregated fines| as near fo as possible fo their

source;
(i) have catchment areas not exceeding 1,030 square metres,

(iii) have retumns of 1 meftre upslope at intervals along the fences where the
catchment areas exceed 1,030 square metres, to limit the discharge reaching
each section to 50 litres per second in @ maximum 10-year tc discharge.

58.The sediment retention basins (SD &-4) will:
(i) be constructed where shown on Drawings 9229702 and 922970-3. They

have been designed to a formula based on a design sform event (Attachment);

(i) be flocculated [Appendix E, landcom (2004)) before discharge occurs (unless
the design sform event is exceeded); and

(iii) have one or more pegs placed on the floor to indicate clearly the level at which
design capacity occurs and when sediment will be removed.

Note: Capacities include an additional calculated amount to cater for sediment

build up.
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59.Stored contents of the basins will be freated with gypsum (Appendix E, Landcom
(2004)) or other flocculating agents where they contain more than 50 mg/L of
suspended solids. Treatment will be as follows:
e freat the waters and allow at least 24 hours fo settle within four days from the
conclusion of a rainfall event
o drain the basins so that full sforage capacity is regained without discharging
sediment from the site within five days from the conclusion of a rainfall event.

60.Sediment removed from any trapping device will be disposed in locations where
further erosion and consequent pollution to downslope lands and waterways will not
occur.

61.Water will be prevented from directly entering the permanent drainage system unless
it is relatively sediment free (i.e. the catchment area has been permanently
landscaped and/or any likely sediment has been treated in an approved device).
Nevertheless, sformwater inlets will be protected (SD 6-11 and SD 6-12).

62.Temporary soil and water management structures will be removed only after the lands
they are profecting are stabilised.

Waste Management Condition

63.Acceptable bins will be provided for any concrete and mortar slurries, paints, acid
washings, lightweight waste materials and litter. Clearance services will be provided
at least weekly.

Site Inspection and Maintenance
(a) During Stages 1, 2, 3, 4 and 6
64.A selfauditing program will be established based on a Check Sheet. A site

inspection using the Check Sheet will be made by the site manager:
e at least weekly
o immediately before site closure
o immediately following rainfall events greater than 5-mm in any one 24-hour
period.
The self audit will include:
e recording the condition of every BMP employed
« recording maintenance requirements (if any) for each BMP
e recording the volumes of sediment removed from sediment refention systems,
where applicable
e recording the site where sediment is disposed
o forwarding a signed duplicate of the completed Check Sheet to the project
manager/ developer for their information.
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65.In addition, a suitably qualified person will be required to oversee the insfallation

and maintenance of all soil and water management works on the site. The person
will be required to spend a minimum of:

(i) two hours onsite each fortnight during Stages 1, 2, 3, 4 and 6 and to provide a
short monthly written report; and

i) one-hour onsite each two months during Stage 5 to provide a short written report
each four months.

The responsible person will ensure that:

e the Plan is being implemented correcily
e repairs are underfaken as required
e essential modifications are made fo the Plan if and when necessary.

The report shall carry a cerfificate that certifies that works have been carried out
following the approved plans.

66.Waste bins will be emptied as necessary. Disposal of waste will be in a manner

approved by the Site Superintendent.

67 .Proper drainage of the site will be maintained. To this end drains (including inlet and

outlet works) will be checked to ensure that they are operating as intended,
especially that:

(i) no low points exist which can overtop in a large storm event;

(i) areas of erosion are repaired (e.g. lined with a suitable material) and/or veloc-
ity of flow is reduced appropriately through construction of small check dams or
installing additional diversions upslope; and

(iii) blockages are cleared (these might occur because of sediment pollution,
sand/soil/spoil being deposited in or too close to them, breached by vehicle
wheels, efc.).

68.Sand/soil /spoil materials placed closer than 2 mefres from hazard areas will be

removed. Such hazard areas include any areas of high velocity water flows
(e.g. waterways and gutters), paved areas and driveways.

69 .Recently stabilised lands will be checked to ensure that the erosion hazard has been

effectively reduced. Any repairs will be initiated as appropriate.

70.Excessive vegetative growth will be confrolled through mowing or slashing.

7 1.All sediment detention systems will be kept in good, working condition. In parficular,

aftention will be given to:

(i)  recent works to ensure that they have not resulted in diversion of sediment laden
water away from them;

(i) degradable products to ensure they are replaced as required; and



(iii) sediment removal, fo ensure the design capacity or less remains in the seftling

zone.

72.Any pollutants removed from sediment basins or littler traps will be disposed in areas
where further pollution to downslope lands and waterways should not occur.

73.Additional erosion and/or sediment control works will be consfructed as might
become necessary to ensure the desired protfection is given to downslope lands and
waterways, i.e. make ongoing changes fo the SWMP where it proves inadequate in
pracfice or is subjected to changes in conditions at the work site or elsewhere in the
catchment.

74 Erosion and sediment control measures will be maintained in a funcfioning condition
until all earthwork activities are completed and the site stabilised.

(b) During Stage 1, 2, 3, 4, 5 and 6

75.Waters in sediment retenfion basins that occupy more than one quarter of the design
capacity will be:
(i) treated with a flocculating agent (Appendix E of Llandcom (2004)); and

(i) discharged within five days from the conclusion of any storm event large enough
o fill the basin fo that level.

76 litter, debris and coarse sediment will be removed from the gross pollufant traps and
frash racks as required.
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Attachment: Sediment Basin Calculations (construction phase)

This site in question has been divided info four subcatchments fo befter manage the
control of erosion and sediment.

Sediment Basin 1 [northwest basin)

Catchment Characteristics

Total catchment area = 0.72 ha
Disturbed cafchment area = 0.20 ha
RUSLE Rfactor = 2,500
Slope length = 80m
Slope gradient = 10%

Basin Volume

Basin volume = setiling zone volume + sediment storage volume

Settling Zone Volume

The settling zone volume for Type D soils is calculated to contain all runoff expected from
the 75th percentile, 5-day rainfall depth.

Volume = 10 x Cv x A x R75th ile, 5 day

Where:
10 is @ unit conversion factor
Cv is the volumetric runoff coefficient, defined as that portion of rainfall that runs off

as sformwater over the 5-day period (0.5)

R is the 5-day fofal rainfall depth (mm) that is not exceeded in 75 percent of
rainfall events (18.6)

A is area of catchment in hectares (ha) (0.72)

Volume = 10 xCvx A xR75thile, 5 day
= 10x0.5x0.72x 18.6
= 6/ md
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Sediment Storage Zone Volume

The sediment storage volume is normally taken as 50 percent of the capacity of the
seffling zone or as two months soil loss as calculated by the RUSLE, whichever is the
larger. The seftling zone volume is 67 m® giving a potential sediment storage volume of
34 m3. However, two months (0.17 years) soil loss is:

Sediment storage zonefyped = 0.17 ARxK x LS x P x C)/1.3 m?

Where:

0.17 is a factor to convert the annual calculated soil loss to the 2-month soil loss
A is the disturbed area

R is the RUSLE Rfactor (2,500)

K is the RUSLE Kfactor (0.036)

LS is the RUSLE LSfactor (2.81)

P is the RUSLE PHactor (1.3)

C is the RUSLE Cfactor (1.0)

1.3 is a factor fo convert tonnes to cubic metres, assuming a typical density of

saturated sediment of 1.3

0.17x0.2 x 2500 x 0.036x 2.81 x 1.3x 1.0/1.3

Sediment sforage zoneType D

= 85md
Total Basin Volume
Total basin volume = setiling zone volume + sediment storage volume
_ 67+ 34
= 101 m3
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Sediment Basin 2 (northeast basin)

Catchment Characteristics

Total catchment area = 0.85 ha
Disturbed cafchment area = 0.30 ha
RUSLE Rfactor = 2,500
Slope length = 80m
Slope gradient = 10%

Basin Volume

Basin volume = Seftling zone volume + sediment storage volume

Settling Zone Volume

The settling zone volume for Type D soils is calculated to contain all runoff expected from
the 75th percentile, 5-day rainfall depth.

Volume = 10 x Cv x A x R75thile, 5 day

Where:
10 is a unift conversion factor
Cv is the volumetric runoff coefficient, defined as that portion of rainfall that runs off
as sformwater over the 5-day period (0.5)
R is the 5-day fofal rainfall depth (mm) that is not exceeded in 75 percent of
rainfall events (18.6)
A is area of catchment in hectares (ha) (0.85)
Volume = 10 x Cvx A x R75thile, 5 day
= 10x0.5x0.85x18.6
= /9md

Sediment Storage Zone Volume

The sediment storage volume is normally taken as 50 percent of the capacity of the
seftling zone or as two months soil loss as calculated by the RUSLE, whichever is the
larger. The settling zone volume is 79 m3 giving a potential sediment storage volume of
40 m3. However, two months (0.17 years) soil loss is:



Sediment storage zoneType D = 0.17 ARxKxLSxPxC)/1.3 m3

Where:

0.17 is a factor to convert the annual calculated soil loss to the 2-month soil loss
A is the disturbed area

R s the RUSLE Rfactor (2,500)

K is the RUSLE K-factor (0.036)

LS is the RUSLE [Sfactor (2.81)

P is the RUSLE PHactor (1.3)

C is the RUSLE Cfactor (1.0)

1.3 is a factor fo convert fonnes fo cubic metres, assuming a typical density of

saturated sediment of 1.3

Sediment storage zonefped = 0.17x0.3 x 2500 x 0.036x 2.81 x 1.3 x 1.0/1.3

= 127 md
Total Basin Volume
Total basin volume = settling zone volume + sediment storage volume
_ 79440
= 119m3
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Sediment Basin 3 (southwest basin)

Catchment Characteristics

Total catchment area = 1.14 ha
Disturbed cafchment area = 0.60 ha
RUSLE Rfactor = 2,500
Slope length = 80m
Slope gradient = 10%

Basin Volume

Basin volume = setiling zone volume + sediment storage volume

Settling Zone Volume

The settling zone volume for Type D soils is calculated to contain all runoff expected from
the 75th percentile, 5-day rainfall depth.

Volume = 10 x Cv x A x R75th ile, 5 day

Where:

10 is a unit conversion factor

Cv is the volumetric runoff coefficient, defined as that portion of rainfall that runs off
as sformwater over the 5-day period (0.5)

R is the 5-day tofal rainfall depth (mm) that is not exceeded in 75 percent of
rainfall events (18.6)

A is area of catchment in hectares (ha) (1.14)

Volume = 10 xCvx A xR75thile, 5 day

10x0.5x1.14%x18.6
106 m3

Sediment Storage Zone Volume

The sediment storage volume is normally taken as 50 percent of the capacity of the
seftling zone or as two months soil loss as calculated by the RUSLE, whichever is the
larger. The setiling zone volume is 106 m? giving a potential sediment sforage volume of
53 m3. However, two months (0.17 years| soil loss is:



Sediment sforage zonefyped = 0.17 AR xKxISxPxC)/1.3 m3

Where:

0.17 is a factor to convert the annual calculated soil loss to the 2-month soil loss
A is the disturbed area

R s the RUSLE Rfactor (2,500)

K is the RUSLE Kfactor (0.036)

LS is the RUSLE LSfactor (2.81)

P is the RUSLE PHactor (1.3)

C is the RUSLE Cfactor (1.0)

1.3 is a factor fo convert fonnes fo cubic metres, assuming a typical density of

saturated sediment of 1.3

0.17x0.6x2,500x0.036x2.81x1.3x1.0/1.3
25.3 m?

Sediment sforage zoneType D

Total Basin Volume
Total basin volume seftling zone volume + sediment sforage volume

106 + 53
= 159 m?
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Sediment Basin 4 (southeast basin)

Catchment Characteristics

Total catchment area = 1.29 ha
Disturbed cafchment area = 1.0ha
RUSLE Rfactor = 2,500
Slope length = 80m
Slope gradient = 10%

Basin Volume

Basin volume = setiling zone volume + sediment storage volume

Settling Zone Volume

The settling zone volume for Type D soils is calculated to contain all runoff expected from
the 75th percentile, 5-day rainfall depth.

Volume = 10 x Cv x A x R75th ile, 5 day

Where:

10 is a unit conversion factor

Cv is the volumetric runoff coefficient, defined as that portion of rainfall that runs off
as sformwater over the 5-day period (0.5)

R is the 5-day tofal rainfall depth (mm) that is not exceeded in 75 percent of
rainfall events (18.6)

A is area of catchment in hectares (ha) (1.29)

Volume = 10x0.5x1.29x 18.6

120 m?

Sediment Storage Zone Volume

The sediment storage volume is normally taken as 50 percent of the capacity of the
seftling zone or as two months soil loss as calculated by the RUSLE, whichever is the
larger. The setiling zone volume is 120 m? giving a potential sediment storage volume of
60 m3. However, two months (0.17 years) soil loss is:



Sediment storage zoneType D = 0.17 ARxKxLSxPxC)/1.3 m3

Where

0.17 Is a factor to convert the annual calculated soil loss to the 2-month soil loss
A is the disturbed area

R is the RUSLE Rfactor (2,500)

K is the RUSLE Kfactor (0.036)

LS is the RUSLE LSfactor (2.81)

P is the RUSLE PHactor (1.3)

C is the RUSLE Cfactor (1.0)

1.3 is a factor fo convert fonnes fo cubic metres, assuming a typical density of

saturated sediment of 1.3

Sediment storage zonefped = 0.17 x 1.0 x 2500 x 0.036 x 2.81 x 1.3 x 1.0/1.3
42.2 m3

Total Basin Volume

Total basin volume

seftling zone volume + sediment storage volume
120 + 60
180 m?

Q-42
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Appendix-A

Al  Revised Universal Soil Loss Equation

While assessment of runoff is commonplace in the urban planning process, estimating
possible soil loss is not. Nonetheless, estimates of soil loss have four important
applications fo soil and water management. These are to:

e assess the erosion risk at a site

e identify suitable measures to overcome the erosion risk

« estimate the required capacity of sediment retarding basins

e compare the effectiveness of various erosion control measures.

Therefore, by estimating likely soil loss levels, land planners can gear erosion and
sediment control measures fo each part of any development site. Consequently, they can
mitigate possible soil erosion and consequent sediment pollution to downslope lands and
waterways.

The Revised Universal Soil Loss Equation (RUSLE) is designed to predict the long term,
average, annual soil loss from sheet and rill flow at nominated sites under specified
management conditions. The predicted losses are empirically derived and it is anticipated
that the monitoring and comparison of actual soil loss onsite measured against that
calculated will lead to a substantiation of the equation. Further validations of this
methodology on construction sites are sfill being investigated. The original application is
described by Wischmeier and Smith (1978] and revised by Renard, Foster, VWeesies
and Porter (1991) and Renard, Foster, Weesies, McCool and Yoder (1997). It has been
adapted to urban sites by Goldman ef al., (1986) and modified for Australian conditions
in a computer program called SOILOSS (Rosewell, 1993b). The equation is represented by:

A=RKLSPC................ Equation (1)
where, A = computed soil loss (fonnes/ha/yrl!]
R = rainfall erosivity factor

K = soil erodibility factor
S = slope length/gradient factor
P

C = ground cover and management factor.

erosion control practice factor

Because the RUSLE takes into consideration all major components likely to affect sheet
erosion, it is the most widely used [and abused) soil loss equation available. While it
does have great practical value, its limitations should be recognised and understood.

1. In the urban confext, it can be assumed that soil loss derived from the RUSLE is equal to the sediment flux
into a sediment retardation basin located on, or immediately next fo a site, and the volume of sediment
entering within a year is:

Volume (m¥) = mass of dry delivered sediment

density of saturated sediment

Al



A2

The main limitations of the RUSLE are that:

(i) It only predicts sediment entrained in the erosion process and does not predict
sediment yields info particular sediment basins; %]

(ii) It predicts average annual soil loss and not that for a partficular storm event;

(iii) It is effective for erosion through sheet and rill flow only on short slopes {<300m)
and not for concentrated flow or long slopes; and

(iv] It does not adequately take info account soil dispersibility in assessment of the
Kfactor.

Despite these matters, the RUSLE has its benefits and should be applied at all urban
development sites, even at a cursory level.

A2 Rainfall Erosivity Factor — R

The rainfall erosivity factor, R, is a measure of the ability of rainfall to cause erosion. It is
the product of two components: total energy (E] and maximum 30-minute infensity for
each sform (I130). So, the total of El for a year is equal to the Rfactor.

Rosewell and Turner (1992) have identified a strong correlation between the Rfactor and
the 2-year ARI, &hour storm event. Data in Appendix B has been based on this
phenomenon. It includes a small-scale map of the Rfactor for all New South Wales and
more defailed information for some coastal locations where contours are very tight.
Where Appendix B sfill does not give sufficient detail, the Rfactor can be obtained from
Equation 2.

R=164.74(1.1177)580:6444 . ... Equation (2)
where S is the 2-year ARI, &-hour ARI rainfall event (mm) (Rosewell and Turner, 1992).

lsoerodent maps showing lines of equal erosivity were published for Queensland
(Rosenthal and White, 1980), Western Australia (McFarlane et al. 1986), New South
Wales (Rosewell and Turner 1992), South Australia (Yu and Rosewell, 1966b), and
Victoria (Sheridan and Rosewell, 2003). In addition, a relationship between the Rfactor
and 2-year, 6-hour rainfall intensity has been developed for many sites in Australia
(Rosewell and Tumer 1992, Rosewell 1993a). Such a relationship has been used to
estimate rainfall erosivity for all states and ferritories based on rainfall intensity datfa
published in Pilgrim (1998), Rosewell (1993b and 1997), and Sheridan and Rosewell
(2003). High resolution, Australicwide maps of Rfactor are in the Australian Natural
Resources Atlas (figure AT).

2. In most situations, not all the sediment entrained on eroding lands is transported away from the site.
However, af most construction sites where sediment trapping devices are very close to areas of erosion
and the fine particles are flocculated, it can be assumed that most sediment entrained can be trapped.



Figure A1 Rfactors for Australia (Australian Natural Resources Atlas, 2001)

The quality of the estimated Rfactor depends on the quality of the limited pluviograph
data. To overcome the problem with limited pluviograph data and to estimate the seasonal
distribution of rainfall erosivity, a model using daily rainfall data has been tested for both
tfemperate and tropical regions of Australia (Yu and Rosewell 1996a and 1996b,
Yu 1998). Also, regional relationships of model parameters were developed fo allow
prediction of the Rfactor and its monthly distribution from daily rainfall anywhere in

Australia [Yu, 1998).

Based on average rainfall data, the high Rfactor for Caims (16,950) is particularly
relevant because 77 percent of it occurs in the fourmonth monsoon season between
December and March. Conversely, Adelaide has a very low Rfactor (330) with a much
more non seasonal rainfall that is very much lower in fofal.
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Where there is any significant seasonality fo the Rfactor, monthly or fortnightly dafa
should be used fo identify those times of the year when lands with very high erosion
hazards should:

e either not be developed, or
e have special erosion control measures put in place to compensate.

Fortnightly El data are available for some locations in New South Wales (Rosewell and
Turner, 1992) (Table 7.1) and monthly dafa in Queensland (Rosenthal and White,
1980). Monthly estimates are available for some locations in South Australia (Yu and
Rosewell, 1996b) and Western Australia (McFarlane et al., 1986). A method for
estimating half monthly values of erosivity from monthly data is provided by Renard ef al.

(1997).

Noting that data on the Rfactor in the RUSLE are derived from average annual rainfall
information is important. Consequently, it does not account for seasonality or hydrology,
especially anfecedent conditions affecting peak flow and total runoff. Other methods are
available to help where more defailed data are required (Section A7).

In some areas in eastern Australia, rainfall erosivity does not vary much throughout the
year. Such areas usually have quite low Rfactors, so erosion hazards are relatively low.
However, local rainfall statistics in other areas show marked seasonal trends and some of
these have quite high Rfactors. In these areas, development and construction works
programs should take advantage of the statistical information and encourage works on
lands with high erosion hazards to be undertaken in “drier” months. This risk-based
approach recognises that unseasonable rainfall events might occur at unexpected fimes,
both from one year to another and seasonally.

Rosewell and Tumer (1992) provide dafa for 29 sites in NSW on the “annual
exceedence probability” [AEP) for rainfall erosivity. The annual exceedence probability is
the probability of exceedence of a given Rfactor in any one year. Figure A2 illusirates
the effect of rainfall variation at a site af Richmond, NSW. It shows computed average
annual soil loss for different slopes using:

o the Rfactor for the site (1,772): and

e the 50 percent, 20 percent and 5 percent AEP for rainfall erosivities (1,397,

2,247 and 3,536, respectively) instead of the Rfactor.

The Richmond site has a Kfactor of 0.038, a Pfactor of 1.3, a C—factor of 1.0 and
slope length is 80 metres. Most importantly, the data shows that the calculated average
annual soil loss based on:
e the 5 percent AEP rainfall erosivity is higher than data based on the Rfactor
by 1.99
o the 20 percent AEP is higher by 1.27
e the 50 percent AEP is lower by 0.79.
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Figure A2 Average annual soil losses calculated for a site near Richmond, NSWV, based
on the usual Rfactor, and the 50 percent, 20 percent and 5 percent AEP

Note that the variations illustrated in Figure A2 are not consfant from one location to
another. For example, a similar analysis at Port Kembla, NSV, shows the 5 percent AEP
higher by 3.28, the 20 percent AEP higher by 1.52 and the 50 percent AEP lower by 0.68.

Also, nofe that at Richmond, there is a 20 percent probability that a single sform can
yield a rainfall erosivity (erosion index) of 1,021 compared with the Rfactor (longferm
average annual sum of erosion index| of 1,772. likewise, there is a 10 percent and 5
percent probability that it can yield rainfall erosivities of 1,453 and 2,258 respectively.
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A3  Soil Erodibility Factor — K

The soil erodibility factor, K, is a measure of the susceptibility of soil particles to
defachment and transport by rainfall and runoff. Scil fexture is the principle component
affecting K, but soil structure, organic matter and profile permeability also contribute. In
the RUSLE, it is a quantitative value experimentally determined.

K should be derived for each particular site and based on laboratory analysis,
parficularly af sensitive sites. The method for estimating the Kfactor is described by
Rosewell and Loch (2002). Figure A3 or the SOILOSS program (Rosewell, 1993b) or
can help deriving K from raw laboratory data.l¥l Generally, the Kfactor ranges from
0.005 (very low) to 0.075 (very high).

When using figure A3, note the following:

(a) “Texture grading” is described in the following classes — only parficles finer than
2 mm are entered here:

e Coarse sand — 0.2 to 2.0 mm diameter (200 to 2,000 microns)
e Fine sand = 0.1 to 0.2 mm (100 to 200 microns)

e Very fine sand — 0.02 to 0.1 mm diameter (20 to 100 microns]
e Silt — 0.002 10 0.02 mm diameter (2 to 20 microns)

e Clay = < 0.002 mm diameter (<2 microns).

(b) “Organic matter” — to convert percenfage organic carbon to percent organic matter,
multiply by 1.72.

(c) “Soil structure” is described in the following grades:

e 1 — very fine granular where particles are mostly less than 1 mm diameter

e 2 — fine granular where particles are mostly 1 to 2 mm diameter

e 3 —medium or coarse granular where particles are mostly 2 to 10 mm
diameter

e 4 — blocky, platy or massive.

(d) “Profile permeability” refers to the rate of infiltration of water (Ksat) into the whole soil
profile as follows:

e 1 —rapid, greafer than 130 mm per hour (includes most Soil Hydrologic
Group A (Table F2))

e 2 —moderate to rapid, 60 to 130 mm per hour (incudes some Soil
Hydrologic Group B and some Group A

e 3 —moderate, 20 to 60 mm per hour (includes some Soil Hydrologic

Group B)

3. Rosewell (1993b) is an excellent program for estimating the K-factor in Australia. However, the program
was developed for use in agricultural situations and should not be used on other lands except fo derive
the Kfactor.
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e 4 — slow to moderate, 5 to 20 mm per hour (incudes some Soil Hydrologic
Group B and some Group C)

e 5 —slow, 1 to 5 mm per hour (includes some Soil Hydrologic Group C)

e 6 — very slow, <1 mm per hour [includes all Soil Hydrologic Group D).

In addition, Rosewell {1993) suggests that:

(i)  Soils where the subsoil structure grade is moderate or strong or where the texture
is coarser than silty clay are usually Class 3;

(i) Soils that have moderately permeable topsoils underlain by silty clays or silty
clay loams with weak subangular or angular blocky structures are usually Class 4;

(iii) Permeable surface soils overlying massive clays or silty clays are usually
Class 5; and

(iv] Al soils with hardpans or other impervious layers near the surface (see figure F1)
are usually Class 6.

(e} "Gravel” describes those particles from 2 to 60 mm diameter. Do not enter dafa here
it the permeability class already includes an allowance for the effect of rock
fragments. Rocks on the surface should be treated as surface cover and allowed for
in the CHactor.

Probable conservative values for subsoil Kfactors of many New South Wales soils are
provided af Appendix C. Here, various soil landscape data prepared by the Department
of Infrastructure Planning and Natural Resources (DIPNR) are listed. The DIPNR data are
derived from 1:100 000 scale mapping and, consequently, might not apply to any
parficular site especially on highly variable Soil landscapes, e.g. alluvial units. On
highly variable units and/or on sensitive sites and/or where Appendix C does not
contain soils information for a site, obtain K from data derived for the local soils and
applied to figure A3 or the SOILOSS program.

Arguably, the Kfactor is the least accurate component of the RUSLE. It has special
weaknesses on soils that are strongly sfabilised by iron and on those that are highly
dispersible.[*] The problem of sfrongly stabilised soils can be addressed by ensuring that
a chemical dispersion agent (e.g. Calgon) is not used before particle size analysis, i.e.
dispersion is achieved only through mechanical means. However, there is very litle data
fo show the effect of soil dispersion on the Kfactor. Nevertheless, it is suggested that the
Kfactor be increased by 20 percent for all Emerson Aggregate Class 1 and 2 soils. No

further advice can be given at this time.[]

4. Usually, soils that are strongly stabilised by iron are red and well aggregated (e.g. Krasnozems). Some of
their clay fraction exists as very small aggregates in the silt and fine sand-size range, the most erodible size.
Dispersible soils usually have high levels of exchangeable sodium on the clay fraction, and low levels of
soluble salls in the soil (see Section ©.3.3 and Appendix E).

5. Research by Singer ef al., (1982) suggests that K-factor values determined using the methods outlined here
should be increased by 20 percent where the exchangeable sodium percentage exceeds 2.



A4  Slope Length/Gradient Factor — LS

The slope length—gradient factor, LS, describes the combined effect of slope length and
slope gradient on soil loss. It is the ratio of soil loss per unit area at any particular site to
the corresponding loss from a specific experimental plot of known length and gradient.
Take typical upper values for slope length (metres) and gradient (percent) for the site in
question and apply them to Table AT.

In the RUSLE, different LSfactors apply to low, moderate and high ratios of rill to inferill
erosion:

e low ratio applies to undisturbed grazing/pasture lands with good cover
(e.g. many construction sites before works start] — Option 1

e moderate applies to moderately consolidated crop lands with litile to
moderate cover (the default used in SOILOSS) — Option 2

e high applies fo highly disturbed lands with litfle or no cover (e.g. most
operational construction sites| — Option 3.

No experimental data exist fo support the [Sfactor for undisturbed soils (Option 1) on
slopes steeper than 60 percent. Further, only limited data are available for disturbed soils
(Option 3) on slopes of less than 5 metres length and steeper that 84 percent. Because
SOILOSS defaults to Option 2 and construction sites should be using Option 3, any LS
data from SOILOSS should be adjusted according to Table AT. Note that, generally,
LS should be kept below 10.00 on construction sites.

Table A1 [Sfactors on construction sites using the RUSLE

Slope SIope Slope length (m)
ratio gradient

(%) 5 10 20 30 4 50 60 70 80 90 100 150 200 250 300
100:1 009 011 013 015 016 047 018 019 019 020 020 023 024 026 027
50:1 014 018 024 028 031 034 036 039 041 043 044 052 058 064 069
33.3:1 017 024 034 041 047 052 057 061 065 069 072 087 100 1.11 1.22

20:1 024 036 054 068 080 091 1.01 110 119 127 135 170 2.00 228 253
16.6:1 028 042 064 081 097 111 124 136 147 158 168 214 254 291 3.25

12.5:1 8 034 053 083 1.08 131 151 170 1.88 205 221 237 3.07 370 428 4.82
10:1 10 042 068 1.09 144 175 204 231 256 281 3.04 327 406 494 575 6.52
8.3:1 12 052 085 139 185
7.11 14 062 1.02 169 226
6.3:1 16 071 119 198 267
5.5:1 18 080 135 227 3.07

51 20 0.89 150 255 3.47
41 25 1.09 1.88 323 443
3.3:1 30 128 223 386 532
251 40 161 283 498 6.92
21 50 1.88 3.33 589 8.22

1
2
3
25:1 4 021 030 044 054 063 071 078 085 091 097 1.03 126 1.47 165 1.82
5
6

AQ
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Table A1 assumes that on Soil loss Classes 3, 4, 5, 6 or / lands where more than
1,000 square metres of land are to be disturbed, slope lengths do not exceed 80 metres
immediately before forecast rainfall or during shutdown periods (Section 4.3.1). Longer
slopes might be acceptable where the calculated average annual soil loss from the total
area of land disturbance is maintained af low levels (e.g. <150 cubic metres per year).

A5  Erosion Control Practice Factor — P

The erosion control practice factor, P, is the rafio of soil loss with a nominated surface
condition ploughed up and down the slope. It is reduced by practices that reduce both
the velocity of runoff and the fendency of runoff to flow directly downhill. At construction
sites, it reflects the roughening or smoothing of the soil surface by machinery (figure A4).

Table A2 suggests appropriate values for P for consfruction sites. While changing the
surface condition does not greatly affect P, roughening of the surface greatly increases the
chances of establishment of a vegetative cover that does substantially reduce soil loss.

Figure A4 Smooth and compact ground surface typical of an urban construction site,
raising the Pfactor as high as 1.3



Table A2 Pfactors for construction sites (Goldman et al., 1986)

Surface condition P-factor
Compacted and smooth 1.3
Track-walked along the contourl! 1.2
Track-walked up and down the slopel”] 0.9
Punched straw(®! 0.9
loose to 0.3 metres depth 0.8

A6 Cover Factor — C

The cover factor, C, is the ratio of soil loss from land under specified crop or mulch
conditions fo the corresponding loss from continuously filled, bare soil. The Cfactor is
different from the runoff coefficient used in hydrologic calculations.

The most effective method of reducing the CHactor is maintenance, or formation of a
good ground cover such as ouflined in Chapter 7. The best practices (Table A3, figure
A5) are those that reduce both the soil exposed to raindrop impact and the erosive
effects of runoff. Figure A6 shows the effect of different land uses on calculated average
annual soil loss where the Rfactor is 2,500, the Kfactor is 0.035, the gradient is 10
percent and the slope length is 100 mefres. The P and Cactors were:

o the defaults used in the SOILOSS program (Rosewell, 1993) for cultivation,

forest and pasture
o those presented here at Sections A5 and A6 for a construction sife.

Note that the CHactor provides gross information only. It does not give a true indication
as fo the fraction refained. Table A4 provides dafa on this matter based on University of
Washington research. The fable assumes proper installation and maintenance of the
practice.

6. Track marks are orienfated normal to the contours.
7. Track marks orientated parallel to the contour.
8. Straw mulch has been punched into a loose ground surface with a disc harrow.
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Table A3 Soil Stabilisation Confrol Matrix (adapted from various sources, including Meyer and Ports (1976), Israelson et al. (1980), Goldman et al. (1986), URS Greiner Woodward Clyde (1999) and the North American Green website).

Notes
§ = £ £ 1 Whether vegetation is required and its type if so, will affect the technique used. Biodegradable mulches, RECPs and
. o - & g E &g 5 © hydraulic soil stabilisers can all be used on their own to provide short term protection. However, their effectiveness
- 2 2 B = = v by n v © A is less when used in isolation than when used with vegetative growth. Most techniques are used to help establish
Class Type g 5 £ % g o o\; & & § § § vegetative growth using sown grasses. Should the client specify shrubs (primarily planted as tubestocks), then
= 13 S = b s ¢ :og :og -] -] B thicker mulches, RECPs or biodegradable mulches should be used. Non biodegradable RECP’s are used to reinforce
S¢c @ 2 2 S E o) \ \ b bS] 3 grasses (turf) permanently. They are not suitable for use with individual shrubs. They can work synergistically with
@ 2 = 3 E ® ] § § § _§ _§ _§ the established grass to increase its resistance to shear stress and, therefore, increase its resistance to erosion by
s -g % £ = £ é E 8 8 8 § B concentrated flow.
32 8 3 L 2 & 6 6 o o o o
BIODEGRADABLE MULCHES ™
2 Products might or might not be suitable for use in areas of concentrated flow. All products are suitable for sheet
Straw (anchored) 4.5 tonnes per hectare Grass 1106 No < bdays Low Moderate 017 017 020 0.20 0.20 0.20 flow conditions, although some would be over designed in such cases.
Wood Chip 16 tonnes per hectare Grass/Shrubs 1t06 No < bdays Low Moderate 0.08 0.08 0.08 No data
Wood Chip 27 tonnes per hectare Shrubs 1to6 No <bdays Low Moderate 0.05 0.05 0.05 No data
) 3 Whether or not a product is readily available is critical to the selection process. Many RECP and hydraulic soil
Wood Chip 56 tonnes per hectare Shrubs 1106 No  <b5days Low Moderate 002 002 002 002 002 002 stabiliser techniques use products that might be “off the shelf” and available from several suppliers. Biodegradable
. ) ) mulches can be affected by seasonal variation, although they might also be available on site after initial clearing and
HydrOmUIChlng 1.5 tonnes mulch + 300 litres binder per hectare Grass 1103 No < 5dayS Low Low 0.00 0.03 0.07 0.03 0.06 0.10 grubbing. Temporary Seeding m|ght also be seasonal.
Bonded Fibre 5 tonnes fibre per hectare Grass 1t06 No < bdays Low Moderate 0.00 0.03 0.07 0.03 0.06 0.10
ROLLED EROSION CONTROL PRODUCTS (RECPs) [
) 4 For any given technique, cost can vary greatly depending on geographic location, size of project and installation
Biodegradable Jute mesh Grass 61012 Yes <b5days Low Moderate 010 020 040 020 040 060 requirements. In addition, costs can vary over time. Because of these factors, giving accurate installed costs is not
. possible. However, if a product is relatively inexpensive to purchase and install close to its point of manufacture, it
Coconut fibre mesh Grass 6t012 Yes < 5days Low Moderate 0.10 020 040 020 0.40 0.60 will still be re|ative|y inexpensive to purchase and install remote from it.
Curled wood fibre Grass 6t012 Yes <b5days Medium Moderate 0.01 0.05 0.10 0.10 0.5 0.20
Jute matting (~350 gsm) Grass 61012 Yes <b5days Medium  Moderate 0.00 0.03 0.07 0.03 0.06 0.10
. ) 5 This criterion relates to the impact that a particular practice might have on construction activities once they are
Jute matting (~600 gsm) Shrubs 6t012 Yes < b5days Medium Moderate 0.00 0.03 0.07 0.03 0.06 0.10 resumed on an area that was temporarily stabilised.
Coconut fibre matting (~450 gsm) Grass 6t012 Yes < bdays Medium Moderate 0.00 0.03 0.07 0.03 0.06 0.10
i ) ) 6 The performance of an erosion control technique is quantified by assigning it with a C-factor (Appendix A). The C-
Coconut fibre matting (~900 gsm) Shrubs 61012 Yes <b5days Medium  Moderate 0.00 003 007 003 006 010 factor will vary from close to zero for full cover, to 1.0 for no cover on highly disturbed soils. The C-factor strongly
. affects the soil loss calculation (RUSLE) and users need to be careful in specifying its value, particularly when values
Photodegradable Mesh (< 5 mm openings) Grass 1t06 Yes <bdays Low Moderate 0.01 0.05 0.0 0.10 0.15 0.20 <0.01 are quoted. Note that the C-factor does not apply to conentrated flow.
Non Biodegradable Plastic fibres with netting Grass >12  Yes < bdays High High 0.00 0.05 0.10 0.03 0.05 0.10
S ] ) Values for the C-factor are given for various slopes gradients and lengths and show that it can change
Composite with biodegradable Grass/Shrubs >12  Yes  <bdays High High 0.00 003 007 003 006 010 dramatically with them. The values given are compiled from existing data and from inference between products of a
m similar nature. They are given as a guide only and do not profess to be accurate in all respects. Overall, accurate C-
HYDRAULIC SOIL STABILISERS factors are only available for manufactured products, primarily from the USA (RECP’s in particular) where extensive
. independent testing has been undertaken. Unfortunately, very little data is available for the “lower cost” options
Polymers/Polyacrylamide (rate depends on type) Grass 1t06 No < bdays Low Low 001 005 0.10 0.10 No data such as biodegradable mulches, jute mesh and hydraulic soil stabilisers. Wherever possible, the manufactures
. . should be contacted for their latest data on acceptable C-factors.
Bitumen emulsion (12,000 /ha) Grass 106 No  <bSdays Low Low 0.01 005 0.10 010  Nodata For the RECP’s in particular, the C-factors given here are for the product as installed with no vegetation. Note
TEMPORARY SEEDING however that lower C-factors can be expected if vegetation is promoted with many RECP’s. Indeed, non
biodegradable RECP’s are designed to work synergistically with turf and must be used with it.
Annual NA 6t012 No < bdays Low Low 0.05 0.05 0.10 0.10 No data
Perennial NA >12 No < bdays Low Low to moderate 0.05 0.05 0.10 0.10 No data
INSTANT TURF [
. ) 7 For information on trade names and suppliers of these products, please phone the office of Australasian Chapter of
Kikuyu Grass >12  Yes <5days Medium  Low <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 the International Erosion Control Association on 1800 354 322 or (+61 2) 4677 0901.
Reinforced turf (pregrown) Grass >12 Yes 5-15days High High <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

A-13




Practice CAactor Turbidity factor Loss factor
for phosphorus

Open-weave jute mesh 0.4 0.97 0.7
Wood fibre mulch 0.01 0.04 0.4
Straw mulch 0.06 0.2 0.2
Woven straw blanket 0.08 0.2 0.13

Table A4 Factors for practices fested in University of VWashington research

A7 Sediment Yields

A7.1 Sediment Delivery Ratio

The ratio of sediment yield at a given location to the sediment entrained in the erosion
process is the sediment delivery rafio. The RUSLE can calculate the sediment entfrained in
the erosion process. Other factors influencing the sediment delivery ratio include:

e the drainage area

e the topography and channel density

o the relief and length of the watershed

e the presence of natural or built sediment traps

e rainfall characteristics

o coefficient of runoff.
Once a value has been defermined for the sediment delivery rafio, sediment yield can
be determined.

A7 .2 The Modified USLE (MUSLE)

The Modified USLE (MUSLE) eliminates the need for a sediment delivery rafio in many
situations. It is based on work by Williams [1975), who replaced the Rfactor in the USLE
with a term for runoff intensity to eliminate the need for a delivery ratio. This modified

USLE (MUSLE) is shown in Equation 3.
Sy=a(VQp)bKLSCP............. Equation (3)
where: Sy is the sediment yield in tonnes
a and b are coefficients
Vis the volume of runoff for the event in cubic metres

Qp is the peak runoff rate for the event in cubic metres per second
K LS, P and C are normal USLE factors.
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The equation is identical to the USLE except that:

e Sy is sediment yield instead of soil loss
* (VQpb is a runoff factor for sediment fransport instead of the USLE rainfall
erosivity factor R.

Studies in the USA, mainly for rainfall events, have produced coefficients of a = 89.6
and b = 0.56. Some references show the value of a = 11.8, which is for K in metric
units rather than the SI units quoted here. A comparison on agricultural soils in southern
Queensland  (Freebaim et al., 1989) shows that MUSLE explained better than 80
percent of the variance in the measured sediment yield.

A7.3 Water Erosion Prediction Project (VWEPP)

The Water Erosion Prediction Project (WEPP) has been a major program of several US
agencies to develop soil erosion prediction technology that will advance, and possibly
replace the USLE in a few years. It is a physically based model, based on algorithms that
simulate physical processes such as infiliration, detachment, sediment transport, etc. This
contrasts with the USLE, which is based largely on empirical relationships.

The WEPP model operates by running a continuous simulation of most of the components
of the water cycle on a daily time step. It contains components that model hydrology,
plant growth and residue production, and erosion.

WEPP predicts runoff volume from a rainfall event using a water balance submodel.
Depending on soil and cover conditions, this runoff may enfrain soil particles.
It defermines:

e the tofal runoff volume

e average and maximum sediment yields (annual or storm-based)

e whether erosion is by rill and/or interill erosion processes

e where eroded sediment might be deposited

e the particle size composition of the eroded sediment

o whether further sediment might be entrained.

Unfortunately, WEPP requires a large data input, much more than the USLE. Evaluation of
WEPP at Gunnedah, New South Wales, (Yu and Rosewell, 2001) shows that it has a

good potential to provide a quantitative basis for further development of erosion hazard.
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Appendix-B

B  R-factor Maps

Information relating to the Rfactor is taken from data supplied by the Department of Land
and Water Conservation, but under agreement with the copyright owners, The Insfitution
of Engineers, Australia and the Australian Bureau of Mefeorology. The data were
captured af scale 1:1,000,000, so positional accuracy cannot be guaranteed at larger
scales. In coastal areas, maps have been prepared to coincide with existing
1:250,000 fopographic sheets published by National Mapping. For areas outside
New South Wales, refer to figure A1 in Appendix A.

Base mapping was provided by NSW Department of Housing and adapted to the
standard 1:250,000 map sheet areas. Map produced on Universal Transverse
Mercator Projection with Geographical and Australian Map Grid coordinate reference
systems. All mapping is subject to copyright.
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Map 1: Rainfall Erosivity of the Warwick 1:250,000 topographic Sheet
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Map 3: Rainfall Erosivity of the Grafton 1:250,000 topographic Sheet
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Map 4: Rainfall Erosivity of the Maclean 1:250,000 topographic Sheet
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Map 5: Rainfall Erosivity of the Dorrigo 1:250,000 topographic Sheet
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Map 6: Rainfall Erosivity of the Tamworth 1:250,000 topographic Sheet
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Map 7: Rainfall Erosivity of the Hastings 1:250,000 topographic Sheet
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Map 8: Rainfall Erosivity of the Singleton 1:250,000 topographic Sheet
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Map @: Rainfall Erosivity of the Newcastle 1:250,000 topographic Sheet
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Map 10: Rainfall Erosivity of the Sydney 1:250,000 topographic Sheet
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Map 11: Rainfall Erosivity of the Wollongong 1:250,000 topographic Sheet
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Map 12: Rainfall Erosivity of the Canberra 1:250,000 topographic Sheet
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Map 13: Rainfall Erosivity of the Ulladulla 1:250,000 topographic Sheet
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Map 14: Rainfall Erosivity of the Bega 1:250,000 topographic Sheet
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Map 15: Rainfall Erosivity of the Mallacoota 1:250,000 topographic Sheet
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Appendix-C

C  Constraints to Development

In the following tables, soil landscape names and other information have been taken
from the current 1:100,000 soil landscape mapping prepared by the NSW Depariment
of Infrastructure Planning and Natural Resources (DIPNR). Some information about
constraints is presenfed here and can be used in fulfilment of the requirements of Chapter 3,
other than on very sensitive or confentious sites. Sitespecific information ‘should be
collected for these.

Understanding that these parameters are relevant to a mapping scale of 1:100 000-is
important and, consequently, the described soil landscapes can include significant
variations when considered at a particular location. These variations occur because
mapping unit boundaries at scales of 1:100 000 allows errors of up to 250 metres of
their frue position, while the minimum mapping unit is about 30 hectares.

Further, the topographic position of a particular site and the specific soil forming factors
that apply there can affect the soil characteristics. Variations can affect texture, structure,
depth, permeability and drainage among others and so have a key role in runoff,
erosion and pollution potential of exposed soil surfoces.

To improve the relevance and representativeness of the various parameters, experienced
soil technicians can interpret these landscape attributes with published laboratory test
results. These inferprefations can give balanced assessments of soil hydrologic group,
K-factor, sediment type and constraints to earthwork construction.

Arriving af the Parameters Presented in the Tables

Soil landscape
Soil landscape names and the twoletter soil layer nomenclature are drawn directly from
DIPNR's 1:100 000 soil landscape maps and accompanying handbooks for NSW.

Where given, the common consiraints” listing is derived directly from the published
DIPNR soil landscape handbooks. Constraints selected are considered the most relevant
fo protecting the environment from the negative impacts of land disturbance.

Where given, the fypical slope gradient is drawn directly from the published DIPNR soll
landscape handbooks.

Soil Hydrologic Group

Soil Hydrologic Group refers to the parameters used in calculating runoff coefficients for
different fextural soil groups (Appendix F). To arrive at individual groups we have
reviewed each soil landscape looking specifically at the published Ksat and layer depth
data together with layer arrangements illustrated in the schematic cross sections. Rfactor
maps [Appendix B) and depths derived from figure F1 have been used fo estimate
crifical layer depths. Weighting of the results has been applied based on a professional

C



C2

understanding of in situ landscape limitations where, probably, these would override the
influence of sample-based laboratory measurements.

Acid sulfate risk

Acid sulfate risk has been derived directly from the frequency with which possible acid
sulfate soil [PASS) indicators have appeared in DIPNR'’s samples of each landscape. The
groupings correspond to the combined high and low PASS frequencies in the following

way:
none  ......... no PASS samples defected
sporadic .. ... ..., PASS indications in <20% of samples
common . ........ PASS indications in 20-39% of samples
frequent ... ... PASS indications in 40-59% of samples
widespread . ... ... .. PASS indications in 60-80% of samples
endemic . ... .. ... PASS indications in >80% of samples

Subsoil USCS and K-factor

Subsoil USCS and Kfactor Data are transferred directly from the published DIPNR soil

landscape handbooks.

Sediment type

Sediment type is a parameter to help in the design of sediment refention basins as
described at Section 6.3.3. It is calculated from grading and dispersion data from the
published DIPNR soil landscape handbooks

Sediment basin wall construction (earth)

Sediment basin wall construction [earth) Recommendations have been derived from the
published DIPNR soil landscape handbooks based on information presented in
Charman and Murphy (2000). While the recommendations can apply to most sediment
basins, users should be aware that they are based on experience with farm dams in
central and eastern New South Wales. Usually, these dams have capacities of less than
10,000 cubic metres and have top water levels less than three to four metres above the
original ground surface at the upstream side of the wall. Charman and Murphy (2000)
list other matters that users should consider.

The rafings are:

A. This soil is suitable for normal use. Take care to achieve good compaction,
preferably with the soil in a moist condition. If the soil is too dry (cannot be moulded
without breaking), reduce the layer thickness to less than 150 mm. The
recommended minimum batter grades are 1:2.5 upstream and 1:2 downstream,
except CH and MH classifications when they should be decreased to 1:3 and
1:2.5, respectively.



This material is similar to A, but with high compaction requirements to at least 85
percent of maximum dry density. To achieve this, the soil should be close to the
opfimum moisture confent for the compaction plant, be placed in layers less than
150 mm thick and compacted with four complete passes of a crawler tractor or roller
(or equivalent). As a general guide, the soil should be sufficiently moist to be made
into a thread 10 mm thick, but not moist enough to be rolled thinner than 3 mm
without breaking. The recommended minimum batter grades are 1:3 upstream and
1:2.5 downstream.

Note: the following soils in groups C to | should be assessed in terms of:
e zonal use
e mixing with other local materials and/or ameliorants.

An additional option is the imporfation of lining materials, such as a stable,
impervious membrane or incorporating benfonite into it.

. This is aggregated material that might not hold water. Compact to 95 percent of
maximum with at least four passes of a sheepsfoot roller when the soil is slightly wet
of optimum (can be rolled into a 3-mm diameter thread). Use a vibrating roller on dry
soils. An ameliorant — STPP or sodium carbonate — could be required. If the EAT is
Class 6 or the dispersion percentage is less than 10, then the dam is likely to leak
unless sealed with better clay or treated with an ameliorant to induce dispersion.
A permeameter test may be required.

. This soil is highly susceptible to tunnelling or piping failure. It must be well compacted
throughout to reduce permeability and saturation sefflement. The soil should be
compacted to af least 90 percent maximum dry density by ensuring adequate
moisture contfent. If drier than optimum, gypsum or hydrated lime should be
incorporated into the soil at rates based on laboratory testing — the method to be
defermined by site and equipment constraints. For additional stability, the structure
should be designed to hold no more than 1 metre of water against the wall and
batter grades should be decreased to 3.5:1 (H:V) upstream and 3:1 (H:V)
downstream.

This soil is very susceptible to tunnelling or piping failure. In addition to
Recommendation D, the structure must hold no more than 1 metre depth above the
original ground surface af the upstream side of the wall and not be subject to more
than 0.3 metres per day draw down (trickle pipes must not be more than 0.3 metres
below top water level). Gypsum or hydrated lime should be incorporated in the
upstream side of the wall. The recommended upstream batter grades should be
decreased to 4:1 (H:V), following compaction to 95 percent of maximum dry density.

This soil is very susceptible to tunnelling or piping failure. Because of the high
shrink-swell potential, the batter grades must be decreased. In addition to
Recommendation D, the freeboard must be increased to at least 1 metre above the

C3



C4

surcharge level and hydrated lime or gypsum should be applied at rates determined
in the laboratory. The batter grades should be decreased to 4:1 (H:V) upstream and
3:1 (H:V) downstream where compaction at 95 percent maximum dry density
cannot be assured.

. The high shrink-swell potential of this soil can result in cracks extending through the

wall below top water level. To reduce this possibility, a compacted central core (at
least 95 percent maximum compaction) must be obtained by constructing it when the
soil is af near optimal soil moisture confent. The freeboard must be increased fo at
least 1 metre above the surcharge level to prevent surface cracks extending below
the waterline. The recommended batter grades are 3.5:1 (H:V) upstream and 3:1
(H:V) downstream. The structure must be designed to refain sufficient water to keep
the wall moist and minimise crack development.

. These soils are highly susceptible to failure and the recommendations in G are more

crifical to prevent failure. Compaction should be to 95 percent of maximum dry
density af least, and batter grades further reduced.

These soils are pervious and not recommended for general use. However, they can
be used in a zoned embankment or mixed with other materials. The recommended
batter grades are 3:1 (H:V) upstream and 3:1 (H:V) downstream.

The use of these soils is not recommended.

Usually, these soils are unsuitable for use in consfruction.
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Table C1. Murwillumbah Soil landscapes

Table 1 Murwillumbah Soil Landscapes

Sediment
Soil Soil hydrologic Percent area of high Acid sulfate K-factor Sediment basin wall
landscape group acid sulfate soil risk risk USCS class USLE type construction
(earth)

Angels Beach (ab) Group A 1.50 sporadic SP 0.010 Type C |
SP 0.014 Type C |

Brays Creek (bc) 0.00 none ML 0.036 Type F A
Group B SM 0.025 Type F |

ML 0.042 Type F J

Billinudgel (bi) 0.88 sporadic oL 0.017 Type F J
Group C ML 0.040 Type D J

CL 0.034 Type D D

CL >0.085 Type F C

Bald Mountain (bm) Group C/D 0.00 none ML 0.027 Type F J
Burringbar (bu) Group B/C 0.31 sporadic oL 0.026 Type D J
CL 0.030 Type D D

CL >0.081 Type F C

Group D ML 0.041 Type D B

Group C ML 0.048 Type D B

ML 0.054 Type D D

CL >0.087 Type F C

Byrrill (by) 0.00 none CH 0.014 Type D G
Group B ML 0.025 Type D J

CL 0.089 Type F C

CL 0.018 Type D G

Group D oL 0.029 Type D J

CH 0.015 Type F A

CL 0.023 Type D A

Carool (ca) Group D 0.00 none oL Peaty Type F J
Group C oL 0.006 Type F J

CL 0.065 Type F G

CL 0.067 Type F C

Cobaki (cb) 49.22 endemic ML >0.075 Type F C
CL >0.089 Type F G

Groupo D PT Peaty Type F J

oL Peaty Type F J

Cudgera (cd) Group C 11.63 frequent ML 0.048 Type D J
ML 0.057 Type D B

ML >0.089 Type F C

CL >0.090 Type F C

Crabbes Creek (cr) Group B 0.32 sporadic SC 0.038 Type F B
SC 0.032 Type F B

ML 0.034 Type F A

ML 0.036 Type D A

CL 0.025 Type D A

Cudgen (cu) Group C/D 0.68 sporadic cL 0.006 Type F K
CL 0.015 Type F C

Disputed Plain (dp) Group D 0.00 none CH 0.019 Type F J
CH 0.023 Type D F

Frogs Hollow (fh) 0.00 none CL 0.026 Type D B
Group C oL Peaty Type F J

CL 0.024 Type D A

ML 0.036 Type F J
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Table C1. Murwillumbah Soil landscapes (continued)

Table 1 Murwillumbah Soil Landscapes

Sediment
Soil Soil hydrologic Percent area of high Acid sulfate K-factor Sediment basin wall
landscape group acid sulfate soil risk risk USCS class USLE type construction
(earth)
CL 0.085 Type F C
Georgica (ge) Group C/D 0.00 none CH 0.036 Type D F
ML 0.031 Type F J
Green Pigeon (gp) Group B/C 0.00 none oL 0.001 Type F J
CH 0.065 Type F C
oL 0.009 Type F J
ML 0.038 Type F A
Kingscliff (ki) Group A/B 32.02 endemic SP 0.009 Type F J
SP 0.016 Type F J
SP 0.009 Type C |
CL 0.024 Type D G
Kunghur (ku) Group C/D 0.00 none SC 0.029 Type F J
CL 0.021 Type F G
CL 0.069 Type F C
CL 0.026 Type D A
CL 0.021 Type D A
SC 0.031 Type D B
Group D SW 0.022 Type F J
SC 0.029 Type F B
Limpinwood (li) Group C 0.00 none CL 0.030 Type D J
CL 0.028 Type F J
CH 0.032 Type D H
Group C/D oL 0.009 Type F J
CL 0.064 Type F C
Group C ML 0.049 Type F A
Group D oL 0.020 Type F J
CH 0.057 Type F G
MH 0.071 Type F K
Mebbin (me) Group D 0.00 none SM Peaty Type F J
ML 0.044 Type F A
Mount Terragon 0.00 none CL 0.069 Type F C
(mt) CL 0.050 Type F C
Group C ML 0.045 Type F C
CL 0.027 Type F A
oL 0.009 Type F J
CL 0.022 Type F A
CL 0.069 Type F G
Group C/D SM 0.033 Type F J
CL 0.034 Type D G
Mount Warning Group C 0.00 none ML 0.022 Type F J
(mw) CL 0.062 Type F C
Group D oL 0.009 Type F J
CL 0.023 Type F J
Nobbys Creek (no) Group D 0.24 sporadic ML 0.034 Type F A
ML 0.045 Type F A
ML 0.041 Type F J
ML 0.044 Type F C
SP 0.011 Type C J
Nullum (nu) Group B 0.00 none oL 0.017 Type F J
ML 0.054 Type F I
CL 0.041 Type D B
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Table C1. Murwillumbah Soil landscapes (continued)

Table 1 Murwillumbah Soil Landscapes

Sediment
Soil Soil hydrologic Percent area of high Acid sulfate K-factor Sediment basin wall
landscape group acid sulfate soil risk risk USCS class USLE type construction
(earth)

Group D SM-ML 0.017 Type F J
CL 0.042 Type F B
Ophir Glen (og) Group C/D 10.23 common PT Peaty Type F J
ML 0.040 Type D A
oL 0.035 Type D J
CL 0.018 Type F A
ML 0.027 Type D J
CL 0.019 Type D A
ML >0.066 Type D J
ML 0.040 Type D A
Oxley (ox) Group B/C 0.39 sporadic ML 0.049 Type F A
Pottsville (po) Group B 13.39 endemic CL 0.029 Type F J
SP 0.015 Type F I
SP Pan Type F |
Pumpenbill (pu) Group B 0.00 none ML 0.029 Type F J
CL 0.047 Type F G
CL 0.019 Type F C
oL 0.014 Type F J
CL 0.055 Type F C
Rous (ru) Group B 0.02 sporadic ML 0.037 Type F J
SC 0.036 Type F |

SM 0.034 Type F B&l
CL 0.036 Type F B
Tweed (tw) Group C/D 88.07 endemic ML 0.025 Type F J
SC 0.022 Type F C
oL Peaty Type F J
ML 0.050 Type F A
MH 0.048 Type F A
MH 0.030 Type D B
CL 0.041 Type D E
CH 0.035 Type D J
CH 0.039 Type D G
Ukerabagh (uk) inapplicable 96.12 endemic ML 0.047 Type D J
CL 0.048 Type D D
oL 0.028 Type F J
PT Peaty Type F J
SP 0.025 Type F J
Wollumbin (wl) Group C 0.00 none PT Peaty Type F J
ML 0.027 Type D A
CL 0.025 Type F A
CL >0.089 Type F C
Wooyung (wy) Group A 0.80 endemic SP 0.013 Type F J
SP 0.000 Type C |
SP 0.010 Type C |
SP 0.013 Type F I
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Table C2. lismore-Ballina Soil Landscapes
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Table C2. Lismore-Ballina Soil Llandscapes (continued)
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Table C2. Lismore-Ballina Soil Llandscapes (continued)

sadeospuen [10S Buljjeg-aiowsl] g ajqel




Table C3. Woodburn Soil landscapes

Table 3 Woodburn Soil Landscpes

. Percent area K-factor Sediment
Sol . oo " Pemt TR0 pgsufate oflowadd |qoq  USLE  Sediment  basi wal
landscape e risk sulfate soil (t.ha.h/ha. type construction
group sulfate soil risk risk” Class M) (earth)
Angels Beach (ab) Group A 0.02 sporadic 1.42 SM 0016 TypeF J
SM 0.014  TyeF J
SM 0.007  TyeC J
Group A SM 0.009  TyeF J
SM 0.002  TyeC |
Angourie (@n) inapplicable 0.15 common 29.46 SM Pealy Type F J
SM 0.011 Tyoe C J
SP-SM 0.000 TyeC J
Group B/C SP-0OL 0016 TyeC J
SP-SM 0.000 TyeC J
PT Peaty Type F J
PT Peaty Type F J
The Broadwater 99.74 endemic 0.00 ML 0.061 TypeD B
(bd) SM-ML 0056  TyeF B&I/A
ML >0.087  TypeF C
Bundjalung (b) inapplicable 2.18 common 27.46 SM Peaty TypeC J
SP-SM 0.000 TyeC J
OL 0.031 Tyoe F J
CL 0029  TyefF J
SC-CL 0019  TyeF J
SM 0.023  TyeF |
SM 0.000 TypeC |
Bungawaibin (oW) - inapplicable 18.66  widespread 57.16 PT Reat TweF J
OL 0.024  TyeD J
CH 0.018 Type D H
CH 0.016 Type D H
Group C/D SM 0.026  TypeF |
SM 0.029  TyeF B&l
SC 0.036 Type F C
SC 0.038 Type F C
Group B SM 0.032  TypeF J
SM 0.030  TypeF J
SM 0026 TypefF nt
SP-ML 0.057 Type F |
CL 0.044 Type F G
Group B/C OL 0.037  TyeF J
MH 0.038  TypeF J
CH 0.025 Type D A
CH 0.021 Type D G
ML 0.049  TyeF A
Group C/D OL >0.028 Type F J
ML >0.059  TypeD D
ML 0.034  TyeD A
CL 0.027 Type D G




Table C3. Woodburn Soil Landscapes (continued)

Table 3 Woodburn Soil Landscpes

Percent area

K-factor

Sediment

S . oo " Perhcizw TA0 g sulete oflowadd  qog  USLE  Sediment  besin vl
andscape o risk sulfate soil (t.ha.h/ha. type construction
group  sulfate soil risk risk” Class MJ.mm) feart)

Gahills Road (ch Group C 0.15 sporadic 0.01 oL 0.027  TypeF J

CH 0.020 Type D G

ML 0.039 Type F A

CH 0.033 Type D G

CL 0.057 Tyoe D D

Group C/D SM 0.028  TypeF J

SC 0.032 Type F B

CL 0014  TyeD A

CL 0026 TyeD A

Group D SM 0.049  Type F J

SM 0.056  TypeF J

CL 0.031 Tyoe D B

CL 0035  TyeD B

Group C/D SM 0012  TypeF J

CL 0014  TyefF A

CL 0017  TyefF A

SC-CL 0024  TypeF B/A

Group C ML 0032  TyeF A

CL 0024  TyeD G

Coraki (ck) Group B 1.95 sporadic 0.48 SM 0.016  TypeF |

SM 0024  TyefF |

GM 0026  TyeC |

SM 0.051 Type F |

Group B SM 0.015  TyeF J

SM 0.019  TyeF |

SM 0.025  TyeF |

Group B SM 0.019  TypeF J

SM 0.021 Tyoe F |

SM Pan Tyoe F |

Cowper (cw) Group B 99.39 endemic 0.00 ML 0.048 TypeF J

ML 0.048 Type F J

SM 0.052  TypeF |

Group C/D ML 0.050 TyeD J

ML 0.053  TpeD A

Cliff Road (cx) Group C/D 017 sporadic 0.03 SM 0.034 TypeD J

SM 0.042 Type F J

SC 0028  TyeD B

Group D SM 0.000 TyeC |

SM 0.003  TypeC |

Group C/D SM 0.003  TyeC J

SM 0.017 Tyoe C |

SM 0.017  TypeC |

SC 0.019 Tyoe F B

Group D SM 0.017  Type F J




Table C3. Woodburn Soil Landscapes (continued)

Table 3 Woodburn Soil Landscpes

. Percent area K-factor Sediment
Soil n dSolll . Perolent area of Acid sulfate  of low acid USLE  Sediment  basin wall
landscape yarologie high ac.'d. risk sulfate soil USCS (t.ha.n/na. type construction
group  sulfate soil risk e Class MJ.mm) (eart)
SM 0.023 Tyoe F |
ML 0026  TyeD B
CL 0027  TyeD B
Dungarubba (du) Group D 88.69 endemic 8.11 PT Pealy TypeF J
CL 0.027 Type F J
CL >0.089  Type F C
ML 0.055 Type F J
CL 0036  TyeD B
CL 0.036 Tyoe F B
Group C PT Peaty  Type F J
PT Peaty Type F J
OL Peaty Type D J
Devils Pulpit (dv) Group D 0.13 sporadic 0.00 SM 0.009 TypeC J
SM 0.010  TypeC J
SM 0.008  TypeC J
SM 0.017 Type F J
SM 0.026  TypeF J
CL 0.047 Type D D
SM 0.021 Type F J
SM 0.036  TypeF J
SM 0.049  TypeF J
CL 0046  TyeD D
Ellangowan (eg) Group A/B 0.05 sporadic 0.07 SM 0.017 TyefF J
SM 0.037 Tyoe F |
SC 0.025 Tyoe F B
Group B/C SM 0.044  TypeF J
SM 0.047 Type F J
ML 0.076 Tyoe F C
Group D oL Peaty  Type F J
ML 0.047  TyeD B
CL 0.040 Tyoe F B
CL >0.091  TypefF C
Group C SM 0.027  TypeF J
SM 0.049  TypeF J
CL 0.024 Tyoe F G
CH 0020  TyeD A
Group B/C OL 0.019  TypefF J
MH 0.040  TyeD E
CL 0.037 Type D D
SP-CL 0.015  TypeF K/G
Evans River (er) Group C 54.80 endemic 4094  SP-OL  0.020 TypeF J
ML 0.033 Tyoe F C
SM 0.043 Tyoe F |
SC 0.038 Tyoe F C




Table C3. Woodburn Soil Landscapes (continued)

Table 3 Woodburn Soil Landscpes

. Percent area K-factor Sediment
Sol hyd%)l'(') " Peﬁ%ﬂ TR0 g sufete oflowadd g USLE  Sediment  basinvel
landscape e risk sulfate soil (t.ha.h/ha. type construction
group sulfate soil risk risk* Class MJ.mm) (earth)

SC 0.037 Tyoe F C

inapplicable oL 0.031  TyeD J

oL 0.022 Tyoe D J

SC 0.029 Tyoe F C

SC 0.021 Tyoe C |

Everlasting (ev) Group C/D 87.92 endemic 8.65 CL >0.064 Type F G
ML 0.055 Tyoe F C

CH 0.027 Tyoe F C

CH 0.037 Tyoe F C

CH 0.032 Tyoe F C

PT Pealy  dp% not J

inapplicable PT Peaty Type F J

ML >0.077  Type F C

ML >0.088  Type F C

ML >0.084  Type F C

ML >0.072  Type F nt

Gibberagee (gi) Group D 0.00 none 0.00 SM 0.046  TypeF J
SM 0.043 Tyoe F |

CH 0.021 Tyoe D H

CH 0.022 Tyoe D F

SC 0.027 Tyoe D B

Group C/D SM 0.048  TypeF J

SM 0.050 Tyoe F J

CH 0.022 Tyoe F H

CH 0.029 Tyoe D H

CL 0.030 Tyoe D G

Group D SM 0.040  Type F J

SM 0.012 Tyoe F J

SC 0.023 Tyoe F B

SC 0.031 Tyoe D B

Guimarrad (qu) Group C 0.47 sporadic 0.63 SM 0.041  TypeF J
SM 0.040 Tyoe F J

CL 0.023 Tyoe F H

ML 0.058 Tyoe F J

CL 0.041 Tyoe F B

CL 0.024 Tyoe F A

CH >0.094  Type F C

CL 0.023 Tyoe D B

CL 0.043 Tyoe F C

Group C/D oL 0.015  TypeF J

ML 0.031 Tyoe F A

ML 0.047 Tyoe F A

Group B/C SM 0014  TypeF J

SC 0.008 Tyoe F J

CH 0.018 Tyoe D B




Table C3. Woodburn Soil Landscapes (continued)

Table 3 Woodburn Soil Landscpes

. Percent area K-factor Sediment
Soil n dSolll . Perolent area of Acid sulfate  of low acid USLE  Sediment  basin wall
landscape yarologie high ac.'d. risk sulfate soil USCS (t.ha.n/na. type construction
group  sulfate soil risk e Class MJ.mm) (eart)
CL 0026  TyeD B
Group C OL Pealy  TypefF J
OL 0.024 Type F J
CH 0020  TyeD A
CH >0.080 Type F C
CH >0.086  Type F C
Group D PT Pealy  Type F J
ML 0.049 Type D J
CL 0030  TyeD A
CL 0024  TyeD A
CL >0.091  TypefF C
Group C/D OL 0.028  Type F J
SM 0.020  TyeD J
SM 0.024  TyeF B&l
Group D ML 0075  TyeD J
ML 0.059 Type F |
CH 0.031 Tyoe F G
CH 0028  TyeD B
Group B/C SM 0032  TypeF J
SM 0.038 Tyoe F |
SC 0.028 Tyoe F B
SC-CL 0.024  TypeF G
Group C SM 0.007  TypeC J
SM 0.043  TypeF J
SM 0.042 Type F J
SM 0.034  TyeD J
Group C/D ML 0032  TypeF A
CL 0.047 Tyoe F C
ML 0.048 Type F J
CL 0.047 Tyoe F B
CL 0034  TyeD A
lluka (il Group B 9.70 endemic 7167 SM 0.011  TyeF J
SM 0.006  TypeF J
SM 0017 TyeF |
SM 0.009  TypeC |
Group A SC 0.040  TypeF J
SM 0.048 Tyoe F |
SM 0.052 Tyoe F |
SP-SM 0.001 Type C J
SP-SM 0.002  TyeC J
SM 0.003  TypeC nt
Jerusalem Creek Group B 3.58 frequent 66.36 SC Peaty TypeF J
(e) SC 0019  TpeC J
SP-SM 0.000 TyeC |
Group B/C SM 0.003  TyeC |
oL 0.018  TyefF J




Table C3. Woodburn Soil Landscapes (continued)

Table 3 Woodburn Soil Landscpes

Percent area K-factor Sediment

SM 0.017  TyeF

S . oo " Perhcizw TA0 g sulete oflowadd  qog  USLE  Sediment  besin vl
andscape o risk sulfate soil (t.ha.h/ha. type construction
group  sulfate soil risk risk” Class MJ.mm) feart)
PT Peaty Type F J
Kooyong (ky) Group C/D 0.06 sporadic 0.02 SM 0.032 TypeF J
SM 0.039  TypeF J
SC 0.024 Tyoe F B
Group D SM 0.010  Type F J
SM 0013 TypeF J
Group G/D SM 0012  TypeF J
SM 0.034  TypeF J
SC-CL 0016 TypeF B/A
SC 0.018 Tyoe F B
SM 0.006  TypeC J
SM 0013 TyeC |
SM 0.017 Tyoe C |
Lawrence (a) Group B/C 1.77 sporadic 0.83 ML 0.045 TypeF J
ML 0.059 Type F |
CL 0.033  TyeD E
CL 0.038  TyeD D
Group C/D ML 0.028 TyeD J
CL 0.016 Type F A
CL 0022  TyeD B
CL 0023  TyeD B
Group B oL 0025  TypeF J
ML 0.060  TyeD D
CH 0034  TyeD G
CH 0034  TyeD G
ML 0.033  TypeF C
CL >0.088  Type F G
CL 0.060 Type F G
Lockleys Road (lo)  Group A 0.47 sporadic 0.1 SM 0.009 TypeC J
SM 0.009  TypeC J
SM 0.014 Type F J
SM 0.038  TyeF B&l
Group B SM 0.027  TyeF J
SM 0.038  TypeF J
SM 0.039  TypeF J
SM 0.039  TypeF J
SC 0035  TyeD |
Group A SM 0.013  TyeC J
SM 0.013  TpeC J
SM 0.031 Type F J
SM 0.009  TypeF J
|
SM Pan Tyoe F |
SM Pan Tyoe F |
SM Pan Tyoe F |




Table C3. Woodburn Soil Landscapes (continued)

Table 3 Woodburn Soil Landscpes

, Percent area K-factor Sediment
Sol . oo " Pemt TR0 pgsufate oflowadd |qoq  USLE  Sediment  basi wal
landscape e risk sulfate soil (t.ha.h/ha. type construction
group sulfate soil risk risk” Class M) (earth)
Group B SM 0014  TypeF J
SP-ML 0018  TyeF J
SM 0015  TyefF J
SC 0.031 Type F B
McKee (mc Group B 0.00 none 0.00 ML 0.053 TypeF J
CL 0.035 Type F J
CL 0.041 Type F H
CL 0.021 Type F H
SP-ML 0.048  TypeF I/A
Group C/D oL Peaty  Type F J
MH 0.044  TypeF J
CH 0.019 Type D H
CH 0.029 Type F H
MH 0.039  TyeF B
New ltaly (ne) Group D 1.28 sporadic 0.89 oL 0.028 TypeD J
ML 0.052  TyeD B
CL >0.080 TypefF G
CL >0.082 Typef G
CL >0.096  TypefF G
Group G/D oL 0.037  TyeD J
ML 0.065 Type D nt
CL 0.029 Type D A
CL 0.027 Type D G
Group B SM 0025 TyeF J
SM 0.031 Type F J
SM 0042  Tyef J
SM 0.045  TyefF J
Group A ML 0015  TyeD J
ML 0.021 Type D A
CL 0014  TweD B
CH 0.009 Type D A
CH 0.033 Type F G
Olive Gap (ol) Group C/D 0.26 sporadic 0.77 oL Peaty TypeF J
SP-ML 0.054  TyeF J
CL 0.031 Type F A
CL 0.038 Type D B
Group C SM 0.020 TyeF J
SM 0.033  Tyef J
CL 0.026 Type F A
CL 0.027 Type F A
Group C/D SM 0.040 TweF J
SM 0.047  TyeF J
SC 0.035 Type D B
Group D SM 0.033  Type F J
SM 0.035  TypefF J




Table C3. Woodburn Soil Landscapes (continued)

Table 3 Woodburn Soil Landscpes

Percent area K-factor Sediment

, Soll Percent area of , , . ;
\andsscz:”ape hydrologic higr aqd. Ac‘drizllilfate glllfoa\ﬁaas%(ijl usGS (t.#asr%/Eha. Seg/lgqeem cgﬁzlt?u\é/téiign
group  sulfate soil risk risk® Class MJ.mm) feart
SM 0.037  TypeF J
SP-CL 0.026  TypeD J/B
CL 0.038 Type F A
Group C/D SM 0.028  TypeF J
SM 0.043  TypeF J
SP-CH 0.022  TyeD I/A
SC 0.0385  TyeD B
Palmers Island (pa)  Group C/D 99.13 endemic 0.16 CL 0.036  TypeD J
CL 0.043  TyeD B
ML 0.054  TyeD B
ML 0.066  TyeD D
ML 0.071 Type F |
ML 0.067  Tyef A
Physics Lagoon (p) Group C 0.00 none 0.00 ML Peaty  Type F J
ML 0.037  TypeF J
SM 0.047 Type F J
Group C/D PT Pealy  Type F J
CL 0.033  TypeD B
CL 0026 TyeD B
CL 0022  TyeD B
Group G/D PT Pealy  Type F J
OL Peaty Type D J
CH 0.020  Type D G
Group B SP-SM 0.000 TypeC J
SP-SM 0.000 TypeC J
SM 0000 TyeC J
SP-SM 0.000 TypeC J
Group B/C SM 0.025  Type F J
SM 0.037  TyeF nt
SC-CL 0023  TypeF nt
CL 0.027  TyeD nt
Pretty Plain (pp) Group D 0.23 sporadic 9.66 ML >0.064 TypeD J
ML 0074  TyeD E
CL >0.093  TypeF C
Group B SC 0029  TyeF J
MH 0042  TyeD B
CL 0.084  TypeF C
SC 0.071 Type F C
Group D SM 0.041  Type F J
SM 0.042 Type F J
SC 0.046 Tyoe F B
Group B SM 0.025  Type F J
SC 0.029 Tyoe F B
SM 0.038  TypeF J
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Table C3. Woodburn Soil Landscapes (continued)

Table 3 Woodburn Soil Landscpes

. Percent area K-factor Sediment
Soll hy d%j'g gic Perﬁiz?]t :g?da of Acid Isulfate of low aciq USCS USLE  Sediment  basin vva\l
landscape goup  sulfate sol risk risk SUlfrEigi*SO” Class (t’vrﬁ.r?]/rr;]?. type corg:grrutﬁyon

CL 0.047 Type F A

Romiaka (rm) Group D 92.62 endemic 5.92 oL 0.025 Type D J
CL 0.039 Tyoe F B

SM 0.040 Tyoe F |

Group B PT Peaty  TypeD J

CL >0.073  TyeF J

SC 0.015 Tyoe F |

SC 0.034 Tyoe F |

SC 0.010 Tyoe C J

SM 0.008  TyeC |

SM 0.021 Type C |

SC 0032  TyeC |

SC 0.025 Tyoe F |

SC 0.034 Tyoe F |

SP-SC 0002  TypeC |

SC 0010  TyeC |

South Evans Head 1.51 sporadic 11.61 PT Peaty Not tested J
(se) Group D PT Peaty  Type F J
Group B SM Peaty  Type F J

SM 0.009  TyeF J

Group C/D PT Peaty  Type F J

PT Peaty Tyoe F J

ML 0.014  TyeF C

CH 0019  TwefF H

Sportsmans Creek  Group C/D 10.71 common 25.19 SM 0.032 TypeF J
(sp) SP-CL 0019  TyeF I/A
SC 0.021 Type F B

Group B SM 0010  TypeC J

SM 0013  TyeC |

SM 0013  TyeC |

SM 0012  TyeC |

Tabbimoble (tm) Group C/D 0.00 sporadic 319 PT Pealy TypeF J
CL 0029  TyeD A

CL 0036  TyeD A

OL >0.052  Type F J

ML >0.071  TyeD B

CL 0047  TyeD D

CL 0038  TyeD E

CL 0033  TyeD E

Group C/D OL 0.031  TyeF J

ML 0.047  TyeF J

ML 0.064  TyeD B

CL 0042  TyeD D
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Table C3. Woodburn Soil Landscapes (continued)

Table 3 Woodburn Soil Landscpes

. Percent area K-factor Sediment
Sol hydfc‘j'c') " Peﬁ‘;ﬂt TR0 g sufete oflowadd g USLE  Sediment  basinvel
landscape o risk sulfate soil (t.ha.n/ha. type construction
group sulfate soil risk risk* Class MJ.mm) (earth)
CL >0.095  Type F C
CL 0.089 Tyoe F C
CL 0.025 Tyoe D B
CH 0.017 Tyoe D H
CH 0.018 Tyoe F H
Group D PT Pealy  TypeD J
CL 0.037 Tyoe D J
CL 0.033 Tyoe D B
CL 0.037 Tyoe D B
Weapons Range Group A 0.39 sporadic 1.19 SM 0.004 TypeC |
(wn) SM 0.007  TyeC |
SP-SM 0.000 TyeC J
SP-SM 0.000 TyeC J
SP-SM 0.000 TyeC |
SP-SM 0.000 TyeC J
SM 0.002 Tyoe C |
SM 0.017 Type F J
SM 0.007 Tyoe C |
SP-SM 0.000 TyeC |
SP-SM 0.000 TyeC |
SP-SM Pan Tyoe C |
Disturbed Terrain Group D 17.57 common 2.49 SM 0.002 TypeC J
(xx) ML 0062  TypeF J
ML 0.066 Type F E
SP-ML 0.065 TypeF D
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Table C4. Dorrigo Soil landscapes

Table 4 Dorrigo Soil Landscapes

Sediment
Soil Soil hydrologic Acid sulfate Sediment basin wall
landscape g!:'oup ‘ risk USCS class K-factor USLE type construction
(earth)

Arthurs Gap (ag) none SM-SC 0.010 Type F |
CL 0.018 Type D B
SC 0.040 Type F B
Averys Creek Group C none oL 0.030 Type F J
(av) ML >0.094 Type F C
oL 0.032 Type F J
ML 0.053 Type D B
CL >0.093 Type F C
CL 0.083 Type F C
Bagawa (bw) Group C/D none SwW 0.014 Type F J
CL 0.030 Type D B
SC 0.025 Type F B
SC 0.032 Type F B
SC 0.023 Type F C
Bellinger (be) Group B sporadic ML 0.052 Type F A
ML 0.058 Type F J
ML 0.061 Type F A
ML 0.052 Type F B
ML 0.047 Type F |
OL 0.028 Type F J
ML-CL 0.050 Type F B
SM 0.027 Type F |
Bielsdown (bi) Group C none oL 0.023 Type F J
CL 0.058 Type F C
PT Peaty Type F J
ML-CL 0.032 Type F C

Bostobrick (bk) Group D none SC-CL 0.020 Type F B/A
SC 0.027 Type F J
CL 0.024 Type F A
oL 0.025 Type F J
SC 0.023 Type F B
Black Mountain Group B none ML >0.056 Type D B
(bm) ML 0.052 Type D B
ML-CL 0.048 Type F B
ML 0.044 Type F A
ML 0.062 Type F A
ML-CL 0.047 Type D D
Bobo (bo) Group C/D none oL Peaty Type F J
SC 0.025 Type F B
CL 0.031 Type D A
ML 0.041 Type D D
Bakers Plain (bp) Group B/C none SC 0.031 Type F B
SC 0.018 Type F C
SC 0.025 Type F B
ML 0.022 Type F A
CL 0.022 Type F C
Charlmont (ch) Group B/C endemic oL Peaty Type F J
ML >0.047 Type F C
ML >0.087 Type F C
ML 0.054 Type F A
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Table C4. Dorrigo Soil landscapes (continued)

Table 4 Dorrigo Soil Landscapes

Sediment
Soil Soil hydrologic Acid sulfate Sediment basin wall
landscape g‘:'oup ’ risk USCS class  K-factor USLE type construction
(earth)

Cloughers Creek Group B/C none ML 0.052 Type F |
(cq) ML 0.058 Type D E
CL 0.036 Type D E
Group B GM 0.007 Type F J
CL 0.037 Type D B
ML 0.052 Type D D
SC 0.043 Type D D
Dairyville (da) Group C none SM 0.021 Type F J
oL 0.039 Type F J
ML 0.039 Type F A
ML 0.023 Type F A
Deadmans (de) Group D none oL 0.027 Type D J
oL 0.017 Type D J
ML 0.045 Type D D
CL 0.032 Type D D
Dangar Falls (df) Group C/D none oL 0.019 Type F J
CH 0.051 Type F C
CL 0.038 Type F C
MH 0.027 Type D B
Diehappy (di) Group C/D none SM 0.035 Type F J
SM 0.051 Type D J
ML 0.061 Type D D
Dorrigo (do) Group C none oL 0.011 Type F J
GM 0.052 Type F |
CL 0.024 Type F C
Group C/D CL 0.024 Type D A
MH-CH >0.090 Type F D
oL 0.016 Type F J

Dundurrabin (du) Group D none SC-CL 0.019 Type F B/A
SC 0.027 Type F B
SC 0.015 Type F B
SC 0.055 Type F C
Glenreagh (gl) Group B none SM 0.015 Type F J
CH 0.020 Type D A
SM 0.033 Type D J
Group C/D ML-CL 0.028 Type F J
CL 0.038 Type D B
CL 0.036 Type D D
CL 0.044 Type D E
Gleniffer (gn) Group B sporadic CL 0.025 Type F B
none CL 0.019 Type F C
CL 0.079 Type F C
Gap Road (gp) Group B none SP 0.004 Type C J
SC 0.004 Type F [
SC 0.002 Type C |
SP 0.010 Type C |
PT Peaty Type F J
Kellys Creek (kc) Group B none SC 0.035 Type F |
SC 0.028 Type F B
SM 0.016 Type F J
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Table C4. Dorrigo Soil landscapes (continued)

Table 4 Dorrigo Soil Landscapes

Sediment
Soil Soil hydrologic Acid _sulfate USCS class K-factor USLE Sediment basin wal
landscape group risk type construction
(earth)
Kooralbyn (ko) Group C/D none oL 0.013 Type D J
ML 0.046 Type D B
ML-CL 0.044 Type D D
MH 0.042 Type D D
CL >0.093 Type F G
Kremnos (kr) Group C/D none ML 0.036 Type D B
SC 0.010 Type F B
CL 0.084 Type F C
CL 0.050 Type F B
SP 0.016 Type F J
SP 0.000 Type C I
Megan (me) Group B none oL >0.027 Type F J
ML 0.045 Type D B
ML 0.048 Type F C
ML >0.090 Type F C
MH >0.091 Type F |
McGraths Hump Group C/D none oL 0.010 Type F J
(mg) CL 0.022 Type F A
CL >0.077 Type F C
Never Never (nn) Group B none ML 0.042 Type D B
oL 0.019 Type F J
CL 0.030 Type D A
CL 0.090 Type F C
Nymboida Gorge Group C/D none ML 0.051 Type D D
(ny) SC 0.043 Type D D
CH 0.022 Type D D
SM 0.044 Type D J
Orara (or) Group B none ML 0.041 Type F A
ML-CL 0.047 Type D D
ML >0.090 Type F C
SC 0.000 Type C |
Pine Creek (pn) Group C sporadic oL 0.018 Type F J
CL 0.028 Type F C
OL Peaty Type F J
ML-CL 0.047 Type D B
MH 0.060 Type D A
SM 0.050 Type F J
Promised Land Group D none ML >0.090 Type F C
(1)} ML 0.021 Type F A
CL 0.071 Type F C
ML 0.049 Type F C
Paddys Plains Group C none CL 0.014 Type F c
(Pp) CH 0.058 Type F c
oL 0.011 Type F J
Group B OL 0.016 Type F J
CL 0.042 Type F C
Rocky Creek (rc) Group C/D none oL 0.004 Type F J
CL 0.025 Type F C
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Table C4. Dorrigo Soil landscapes (continued)

Table 4 Dorrigo Soil Landscapes

Sediment
Soil Soil hydrologic Acid sulfate Sediment basin wall
landscape group ‘ risk USCS class  K-factor USLE type construction
(earth)
Sherwood (sh) Group C none SM 0.042 Type F |
SC 0.024 Type F |
SC 0.038 Type F |
Suicide (su) Group B none oL 0.023 Type F J
ML 0.041 Type F A
ML >0.086 Type F C
ML >0.091 Type F D
Tallawudjah (tw) none CL 0.074 Type F C
Group C ML >0.058 Type D J
ML >0.064 Type D J
ML 0.050 Type D B
Towallum (to) Group C/D none CL 0.029 Type D A
Group D ML 0.067 Type D |
CL 0.039 Type D E
CL 0.058 Type F B
Timber Top (tt) Group C none SM 0.023 Type F J
SC 0.038 Type F B
CL 0.027 Type F A
SC 0.006 Type F C
ML 0.049 Type F A
ML 0.056 Type F A
Ulong (ul) Group B none oL 0.016 Type F J
CL 0.033 Type F C
CL >0.086 Type F C
ML 0.046 Type F A
Valery (va) Group C/D none oL 0.019 Type F J
CL 0.082 Type F C
CL 0.083 Type F C
SM 0.044 Type F J
SM 0.039 Type C J
Walters Creek Group B none SP 0.007 Type C |
(wc) SP 0.010 Type C J
SC 0.000 Type C I
Group C/D SW 0.019 Type C |
CL 0.020 Type F A
SC 0.018 Type F C
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Table C5. Coffs Harbour Soil landscapes

Table 5 Coffs Harbour Soil Landscapes

Soil Sediment
Soil .. Percent area of high Acid sulfate . Sediment basin wall
landscape hydrologic acid sulfate soil risk risk USCS class K-factor type construction

group (earth)
Arthurs Gap (ag) Group D 0.00 none SW 0.007 Type C J
SC 0.013 Type F J
ML 0.067 Type F A
Barcoongere (bc) Group B 2.16 sporadic CL 0.031 Type F J
CL 0.037 Type F A
CH >0.086 Type F C
CH 0.055 Type F C
CL 0.026 Type D A
Bundagen (bd) Group B 0.63 endemic SM 0.019 Type D J
SP 0.000 Type C J
PT Peaty Type F J
Bobo (bo) Group D 0.00 none CL >0.028 Type F B
CL >0.061 Type D D
CL 0.056 Type D nt
Bucca (bu) Group C 0.00 none ML Peaty Type F A
CL 0.032 Type F A
Group B ML 0.044 Type F C
SM-ML >0.077 Type F |
Bagawa (bw) Group C 0.00 none SM 0.022 Type F J
SC 0.032 Type D D
CL 0.011 Type D A
Group C/D SM 0.027 Type F |
CH 0.029 Type D B
CL 0.030 Type D A
Charlmont (ch) Group B 91.75 endemic oL Peaty Type F J
ML >0.047 Type F C
ML >0.087 Type F C
Group D ML 0.054 Type F A
Dairyville (da) Group B 0.75 sporadic ML 0.040 Type F A
ML 0.055 Type F A
Group B ML >0.052 Type D A
ML >0.063 Type D A
Glenreagh (gl) Group C 0.00 none CL 0.056 Type D D
CL 0.054 Type D B
CL 0.035 Type F C
SW 0.022 Type F J
SC 0.050 Type F B
Group C/D SC 0.036 Type D D
CL 0.028 Type D B
Gap Road (gp) Group B 0.00 none SC 0.004 Type F |
SC 0.002 Type C |
SP 0.010 Type C |
Kremnos (kr) 0.00 none ML 0.036 Type D B
Group C/D SC 0.010 Type F B
CL 0.084 Type F C
CL 0.050 Type F B
SP 0.016 Type F J
SP 0.000 Type C |
Look-At-Me-Now Group B-D 1.85 sporadic SM 0.033 Type F J
(lo) SM 0.030 Type C J
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Table C5. Coffs Harbour Soil landscapes (continued)

Table 5 Coffs Harbour Soil Landscapes

Soil Sediment
Soil .. Percent area of high Acid sulfate g Sediment basin wall
landscape hydrologic acid sulfate soil risk risk USCS class K-factor type construction
group
(earth)

SC 0.017 Type F B

Moonee (mo) Group D 2.56 sporadic ML 0.053 Type F A
ML >0.079 Type D nt

GP 0.023 Type F I

Newry (ne) Group C/D 1.06 sporadic PT Peaty Type F J
ML 0.032 Type D J

ML >0.081 Type F D

oL 0.035 Type D J

Newports Creek inapplicable 46.09 endemic CL >0.086 Type F C
(np) oL Peaty Type F J
CL 0.034 Type D B
Orara (or) Group B/C 0.00 none ML 0.060 Type F nt
oL 0.026 Type D J

oL 0.052 Type D J

ML 0.035 Type F A
Pine Creek (pn) Group C 0.60 sporadic CL-CH 0.037 Type F nt
Raleigh (ra) Group B 9473 endemic ML >0.065 Type D I
CL >0.063 Type D nt

ML >0.063 Type D B
Group C CL 0.059 Type D nt

Sw 0.017 Type F I

Red Range (re) Group B 0.00 none SM-ML 0.039 Type F B&I/A

Sw 0.024 Type F I

SC 0.025 Type F C

GP 0.040 Type C J

SC 0.024 Type F B
Goolawah (go) Group A 3.80 sporadic SP 0.016 Type C nt
SP 0.023 Type C nt

Sherwood Creek Group A 0.00 none oL 0.016 Type F J
(sc) Sw 0.015 Type F I
Sherwood (sh) 0.00 none PT Peaty DP not tested J
SM Peaty Type F |

SM 0.039 Type F I

SM 0.042 Type F I

Group C/D SC 0.024 Type F I

SC 0.038 Type F I

Suicide (su) Group B 0.00 none oL 0.025 Type F J
ML 0.024 Type F A

CL 0.037 Type F B

CL 0.037 Type F B

Toormina (tm) Group D 75.75 endemic PT Peaty Type F J
oL >0.020 Type F J

SM-ML 0.077 Type F D

SM 0.040 Type F J

PT Peaty Type F J

ML 0.053 Type D B

Tallawudjah (tw) Group C 0.00 sporadic ML-CL 0.026 Type D J
CL-SC 0.045 Type F nt
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Table C5. Coffs Harbour Soil landscapes (continued)

Table 5 Coffs Harbour Soil Landscapes

Soil Soil Percent area of high Acid sulfate Sediment bsaesq inmelalltl
1 . | 10 SUl 1 N W
landscape hydrologic acid sulfate soil rigk risk USCS class K-factor type construction
group
(earth)
CL 0.029 Type D A
CL 0.032 Type D A
Ulong (ul) 0.22 sporadic CL 0.032 Type F C
Group C ML >0.038 Type F J
ML 0.040 Type D A
CL 0.024 Type F C
CL 0.082 Type F C
Group B/C oL 0.017 Type F J
CL 0.052 Type F C
CL 0.073 Type F C
CL 0.079 Type F C
CL 0.085 Type F C
ML 0.050 Type D A
Walters Creek Group D 0.00 none SM 0.008 Type F B&l
(wc) SM 0.011 Type F |
SC 0.032 Type F C
Group C/D SM 0.012 Type F B&l
CL 0.025 Type F A
CL 0.014 Type F A
CL 0.024 Type F A
SC-CL 0.055 Type F C
CH 0.015 Type D G
Group C/D CL 0.034 Type D D
SC 0.027 Type C |
CH 0.018 Type D G
CL 0.019 Type D A
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Table C6. Macksville Soil landscapes

Table 6 Macksville Soil Landscapes

Sediment
. . . Percent area of . p
Iangg::lape Soil I;¥:L(:og|c high aqid_sulfate Acid sulfate risk USCS Class K-factor USLE Seg;?: nt cgzzltl:uvgg:)l n
soil risk (earth)
Austral Eden Group B 99.33 endemic ML 0.055 Type F |
(ae) ML 0.065 Type F A
Group D oL >0.019 Type F J
MH 0.048 Type D A
ML 0.080 Type D I
Aldavilla (al) Group C 0.00 none ML 0.046 Type D J
ML 0.058 Type D B
SM-ML 0.042 Type D J/B
Group C/D ML 0.049 Type F B
CH 0.016 Type D A
CH 0.021 Type D B
ML Pan Type F A
ML Pan Type F B
Group C/D ML 0.042 Type F J
ML 0.046 Type D B
CL 0.037 Type F A
CL 0.087 Type F C
Bowra Creek Group D 0.97 sporadic oL 0.050 Type F J
(ba) ML 0.060 Type F A
ML 0.056 Type D B
ML 0.058 Type F C
Group C oL >0.033 Type F J
ML >0.059 Type D B
CL 0.047 Type D B
inapplicable oL 0.028 Type F J
ML 0.056 Type D B
Belgrave Falls Group B 0.00 none SM 0.022 Type F |
(bf) SM 0.056 Type F I
Group A/B SM 0.019 Type F |
SM 0.019 Type F I
Broads Mountain Group C/D 0.00 none SM 0.047 Type F J
(br) SM 0.063 Type F J
SM-ML 0.063 Type D D
SM Peaty Type F J
SM 0.036 Type F D
GM 0.059 Type C J
Big Smoky (bs) Group B 0.06 sporadic SM 0.026 Type F J
SM 0.034 Type F J
CL >0.089 Type F G
CL >0.091 Type F D
Group B SM 0.017 Type F J
SC 0.029 Type F B
CL 0.044 Type F C
CL 0.057 Type F G
Group D SwW 0.007 Type F J
SP 0.031 Type F I
Group D SM Peaty Type F J
ML 0.038 Type F C
CL 0.045 Type F C
Cairncross (ca) Group C/D 3.70 common ML 0.043 Type F A
CL 0.024 Type D G
CL 0.044 Type F B
CL >0.091 Type F H
Group C/D oL 0.017 Type F J
CH 0.036 Type D A
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Table C6. Macksville Soil Llandscapes (continued)

Table 6 Macksville Soil Landscapes

Sediment
. . . Percent area of . "
e " Soil ';‘r’g;"’)"’g'c high acid sulfate Acid sulfate risk g oo K-factor USLE sef;:‘:“t coasin wall
soil risk
(earth)

CH 0.034 Type F A
Clybucca (cy) Group C/D 38.73 endemic oL Peaty Type F J
0.034 Type F nt

0.023 Type F nt
oL Peaty Type F J

CL 0.042 Type D B
PT Peaty Type F J
oL 0.023 Type F J
SM 0.040 Type F |
SM 0.044 Type F |
Diehappy (di) Group C 0.15 sporadic oL Peaty Type F J
ML 0.048 Type D B

ML 0.053 Type D D

Group C SM-ML 0.019 Type F B&I/A

SM 0.028 Type F B&I

Group D SM 0.045 Type F D
SM 0.050 Type F J
Euroka (eu) Group C 0.01 sporadic oL 0.027 Type F J
SM-ML 0.043 Type D D

GC 0.050 Type C E
Group C SM 0.026 Type F J
SM 0.038 Type D J

CL 0.017 Type D B

CL 0.019 Type D D
Goolawah (go) Group A 115 sporadic SP 0.007 Type C I
SP 0.000 Type C |
SP 0.013 Type C J
SP 0.010 Type C J
Hat Head (hh) Group B/C 462 sporadic SM Peaty Type C J
SP 0.000 Type C |
PT Peaty J
PT Peaty Type F J
Group B/C SP 0.007 Type F J
SP 0.010 Type C J
SM Pan Type F J
Huntingdon (hn) Group B/C 0.00 none SM 0.031 Type F J
ML 0.056 Type D B
SM 0.049 Type F J

Kundabung (kg) Group C 0.28 sporadic ML 0.050 Type D D
CH 0.022 Type D G

CL >0.090 Type F C
Group C oL 0.037 Type F J

ML 0.055 Type D A

CL 0.032 Type D G

CL 0.042 Type D B
Killick (ki) Group A 0.15 sporadic SP 0.000 Type C J
SP 0.000 Type C |
Killiekrankie (kk) Group C/D 0.00 none PT Peaty Type F J
oL 0.014 Type D J

ML 0.033 Type F C

SM 0.025 Type F K
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Table C6. Macksville Soil Llandscapes (continued)

Table 6 Macksville Soil Landscapes

Sediment
. . . Percent area of . .
I Soil Soil hydrologic high acid sulfate Acid sulfate risk K-factor USLE Sediment basin wa!ll
andscape group i USCS Class type construction
soil risk (earth)
Macleay Arm Group D 57.26 endemic PT Peaty Type F J
(ma) PT Peaty Type F J
Group A/B PT Peaty Type F J
SP 0.016 Type C J
Mistake (mk) Group C 0.00 none oL 0.010 Type F J
ML 0.050 Type D B
Group C ML 0.021 Type F A
CL 0.032 Type D A
CL 0.031 Type D A
Group B oL 0.020 Type F J
CL 0.040 Type F A
Maria River (mr) Group B 96.79 endemic ML >0.047 Type F A
CL >0.089 Type F C
ML 0.065 Type D B
Group C oL >0.034 Type D J
ML 0.052 Type D D
CL 0.054 Type D D
Group C oL 0.027 Type F J
CL 0.038 Type D D
ML 0.061 Type D D
Mungay Group D 0.00 none SP 0.046 Type F J
Mountain (mu) Group B GP 0.023 Type C J
GP 0.041 Type C J
SC 0.054 Type D D
Newry (ne) Groupo C/D 1.35 sporadic SM Peaty Type F J
SM 0.030 Type F J
SC 0.034 Type C B
Group C oL 0.044 Type F J
ML 0.066 Type F A
CL >0.095 Type F C
CL >0.095 Type F C
Groupo C/D ML 0.043 Type F I
MH >0.075 Type D A
ML 0.074 Type F D
Nambucca River Group C 0.25 sporadic SM 0.017 Type F |
(nn) SM 0.033 Type F |
oL 0.028 Type F J
Group B/C SM-ML 0.042 Type F I
ML 0.067 Type F I
Group B ML 0.063 Type F B
ML 0.068 Type D D
ML >0.094 Type F D
Pine Creek (pn) Group B 0.06 sporadic SM 0.040 Type F J
CL >0.083 Type F C
Group C/D GM 0.018 Type C J
ML 0.046 Type F A
ML 0.052 Type F D
Group C/D oL 0.029 Type F J
CL 0.031 Type D D
Group C/D SM 0.020 Type F |
SM 0.031 Type C J
Raleigh (ra) Group C/D 64.76 widespread oL >0.018 Type F J
MH 0.056 Type D B
ML 0.070 Type D B
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Table C6. Macksville Soil Llandscapes (continued)

Table 6 Macksville Soil Landscapes

Sediment
. . . Percent area of . "
an (?:tl:lape Soil ';‘r’g;‘l’)mg'c high acid sulfate Acid sulfate risk |,qoc . K-factor USLE sef;’;‘:“t cg::;'r‘u":fiﬂn
soil risk

(earth)
Group C ML >0.062 Type F |
ML 0.074 Type F B
ML 0.073 Type D D
Roses Knob (rk) Group D 0.09 sporadic SM 0.048 Type F J
Group D SM 0.019 Type F J
GC 0.029 Type D D
Group C oL 0.027 Type D J
ML 0.040 Type D D
CL 0.043 Type D B
Rosewood Road Group B/C 0.10 sporadic oL 0.025 Type F J
(rw) ML 0.054 Type D A
CH 0.075 Type F C
Group B/C oL 0.025 Type F J
ML 0.053 Type F B
CL >0.085 Type F C
Seven Qaks (se) inapplicable 90.16 endemic PT Peaty Type F J
ML 0.044 Type D A
CL 0.047 Type D B
ML Peaty Type F B
PT Peaty Type F J
PT Peaty Type F J
MH >0.087 Type F D
ML >0.085 Type F D
ML Peaty Type D J
ML 0.051 Type D B

SM 0.024 Type F B&l

ML 0.075 Type F A
Snowy Range Group D 0.00 none oL 0.016 Type F J
(sn) CL 0.082 Type F C
Group D SM Peaty Type F |
Group C/D PT Peaty Type D J
ML 0.064 Type D D
Stuarts Point (sp) Group A 4.75 endemic SP 0.005 Type C J
SP 0.000 Type C J
SP Pan Type C |
Tamban (tb) Group C/D 0.00 none oL 0.041 Type F J
SM 0.055 Type F J
Group C ML 0.031 Type F J
CL 0.033 Type D B
CL 0.020 Type D B
Group D ML 0.066 Type D E
ML 0.058 Type D D
SM-0L 0.028 Type D J
SM 0.041 Type D J
Thumbs Creek inapplicable 0.00 none SM 0.019 Type F J

(tc) SM-ML 0.019 Type F B&I/A
GP-GM 0.007 Type C |
oL 0.035 Type F J
Temagog (tg) Group C 0.00 none GM 0.048 Type F J
GM 0.054 Type D J
GC 0.031 Type C B
Toormina (tm) inapplicable 93.05 endemic PT Peaty Type F J
SM 0.030 Type F |
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Table C6. Macksville Soil Llandscapes (continued)

Table 6 Macksville Soil Landscapes

Sediment
. . . Percent area of - .
Soil Soil hydrologic high acid sulfate Acid sulfate risk K-factor USLE Sediment basin W?"
landscape group i USCS Class type construction
soil risk
(earth)

SM 0.048 Type F I

SM 0.034 Type F J
SP 0.012 Type C |

oL 0.036 Type F J

ML Peaty Type F J

ML 0.038 Type F A

CL 0.033 Type D B

Valla (vl) Group B 0.56 sporadic SM 0.016 Type F J
SC-CL 0.020 Type F C

CL 0.073 Type F G

CL 0.089 Type F G

Warrell Creek Group B 0.14 sporadic oL 0.034 Type F J
(wa) CL 0.072 Type F C
CL 0.041 Type F C

Group C oL 0.014 Type F J

CL 0.030 Type D A

CL >0.088 Type F C
ML >0.092 Type F I

Group B oL 0.017 Type F J

CL 0.078 Type F C

ML >0.087 Type F C

Group D oL 0.032 Type F J

ML 0.059 Type D D

CL >0.089 Type F C

CL >0.091 Type F C

Welshes Creek Group C 0.00 none ML 0.020 Type F A
(we) CL 0.021 Type D A
Group C SM 0.013 Type F J

GM 0.026 Type F B&l

CH 0.018 Type D G

Group C ML 0.033 Type F C

ML 0.036 Type F D

SM 0.027 Type F B&l

Way Way (ww) Group C/D 0.00 sporadic ML Peaty Type F J
ML 0.047 Type D B

CL >0.088 Type F C

Group D SM-ML 0.024 Type F J

Group B oL 0.028 Type F J

ML 0.060 Type F C

ML 0.038 Type F A

Group C/D oL 0.022 Type F J

ML 0.057 Type D D

ML 0.046 Type D B

Yarrahapinni Group C 0.00 none oL 0.019 Type F J
(ya) ML 0.038 Type F A
CL 0.039 Type F C
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Table C7/. Curlewis Soil Llandscapes
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Table C/. Curlewis Soil Llandscapes (continued)
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Table C7. Curlewis Soil Landscapes (continued)
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Table C/. Curlewis Soil Llandscapes (continued)
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Table C8. Tamworth Soil landscapes

Table 8 Tamworth Soil Landscapes

. . Percent area K-factor Sediment
Soil hy o aic h':g;"::fdas’ﬁ; o oM offwacid | co  USLE  Sediment basinwall
landscape group soil risk risk sulf:f\te soil class (t.ha.h/ha.M type construction
risk* J.mm) (earth)

Basin Gully (ba) Group C 0.00 none 0.00 CH 0.017 Type D J
CH 0.025 Type F H
CL 0.035 Type F B
CH 0.016 Type D J
CH 0.016 Type F H
SM 0.038 Type F J
Babinboon (bb) Group C 0.00 none 0.00 SM-ML 0.042 Type F J
CL 0.019 Type F A
CL 0.028 Type F G

SM 0.020 Type F Bal
ML 0.044 Type D J
CL 0.030 Type F A
CH 0.028 Type F G
oL 0.019 Type F J
CL 0.026 Type F B
CL 0.021 Type F G
Brigalows (br) Group C 0.00 none 0.00 CL 0.028 Type F J
CL 0.030 Type D A
Group C/D SM 0.022 Type F J
CL 0.020 Type F G
CL 0.025 Type F A
SM 0.034 Type C |
Group C oL 0.011 Type F J
CH 0.013 Type D H
CL 0.024 Type D H
CL 0.038 Type F B

SM 0.029 Type F Bal
ML 0.024 Type D J
CH 0.014 Type D F
CH 0.016 Type D G
SM 0.022 Type F J
SM 0.027 Type D J
SC 0.019 Type D B
Currabubula Creek Group C/D 0.00 none 0.00 ML 0.040 Type F J
(cc) ML 0.051 Type F A
ML 0.047 Type F A
Group D CL 0.033 Type F J
CL 0.038 Type F B
ML 0.040 Type F A
SM Peaty Type F J
Group B SM 0.024 Type F J
SM 0.035 Type F |
ML 0.064 Type F C
Group B SM-ML 0.033 Type F J
SM 0.019 Type C I

SM-ML 0.038 Type F J/B
CH 0.059 Type F J
CH 0.022 Type F H
CH >0.073 Type F H
Group C CH 0.014 Type F J
CH >0.081 Type F H
Conadilly (cd) Group B/C 0.00 none 0.00 oL 0.007 Type F J
CH 0.010 Type D H
CH 0.009 Type D F
CH 0.009 Type D F
CH 0.046 Type F H
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Table C8. Tamworth Soil landscapes (continued)

Table 8 Tamworth Soil Landscapes

. . Percent area K-factor Sediment
. Soil Percent area of Acid . . .
Soil . - . of low acid USLE Sediment basin wall
landscape hydrologic high aq;d_s:llfate su!fite sulfate soil UIS Cs (t.ha.h/ha.M type construction
group soil ris ris risk* class J.mm) (earth)

CH 0.020 Type D H
CH 0.017 Type D H
CH 0.015 Type D F
CH 0.012 Type D H
CH 0.011 Type D H
CH 0.028 Type F H
Canna Gap (cg) Group C/D 0.00 none 0.00 SM 0.035 Type F J
Group C GM 0.038 Type C |
CH 0.015 Type D H
Group B SM 0.025 Type C J
SM 0.025 Type C J
Daruka (da) Group D 0.00 none 0.00 GM 0.040 Type F J
ML 0.033 Type D A
GM 0.020 Type C J
CL 0.017 Type F A
Duff’s Gully (dg) Group C/D 0.00 none 0.00 CL 0.016 Type F J
CL 0.018 Type D H
CL 0.015 Type D H
CL 0.020 Type D J
CH 0.015 Type D H

CH 0.014 Type D G&F
Group C ML 0.034 Type F J
CL >0.076 Type F H
CL >0.081 Type F G
SM 0.040 Type F J
SC 0.016 Type F K
CL 0.026 Type F H
CH 0.012 Type D H
CH 0.012 Type D H
Group D CH 0.007 Type D J
CH 0.010 Type D H
CH 0.013 Type D H
CH 0.018 Type D H
ML 0.034 Type D A
Dead Horse (dh) Group C/D 0.00 none 0.00 CL 0.029 Type F J
CH 0.012 Type D F
CH 0.016 Type D D
CH 0.016 Type D H
CH 0.014 Type D F
Group D CH 0.016 Type D J
ML 0.044 Type D B
ML 0.026 Type F A
CL 0.027 Type F G
CH 0.018 Type D H
CH 0.018 Type D H
CH 0.017 Type D H
Group C/D SM 0.031 Type F J
CL 0.019 Type D G
CH 0.013 Type D H
Dunover (do) Group C 0.00 none 0.00 ML 0.046 Type F J
ML 0.022 Type F K
oL 0.026 Type F J
ML 0.041 Type F A
CH 0.019 Type F H
Group D SM 0.026 Type F J
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Table C8. Tamworth Soil landscapes (continued)

Table 8 Tamworth Soil Landscapes

. . Percent area K-factor Sediment
. Soil Percent area of Acid . . .
I Soil hydrologic  high acid sulfate  sulfate of low ac'f’ USCS USLE Sediment basin wa!ll
andscape group soil risk risk sulfgte soil class (t.ha.h/ha.m type construction
risk* J.mm) (earth)
SM 0.029 Type F I
Group B SM 0.026 Type F J
SM-ML 0.035 Type F B&I/A
ML 0.040 Type F A
ML 0.054 Type F A
Group C SM 0.033 Type F J
CH 0.016 Type D G
CH 0.016 Type D H
Duri (du) Group C 0.00 none 0.00 SP 0.012 Type C J
SP 0.012 Type C K
CH 0.054 Type F J
CH 0.013 Type F H
ML 0.045 Type D J
CL 0.016 Type F G
Group C/D ML 0.044 Type F J
ML 0.057 Type F A
CL 0.021 Type F G
Group D ML 0.046 Type D J
ML 0.046 Type D A
Escott (es) Group B/C 0.00 none 0.00 SM 0.028 Type F J
SM 0.032 Type F J
CL 0.017 Type D G
Eurunderee (eu) Group B/C 0.00 none 0.00 SM 0.031 Type F J
SM 0.018 Type C I
Group C SM 0.038 Type F J
SM 0.044 Type F |
CL 0.028 Type F A
SC 0.029 Type F B
SM-ML 0.034 Type D J
SM 0.044 Type D J
SC 0.026 Type F A
SC 0.028 Type F B
Fullwoods Hill (fh) Group C 0.00 none 0.00 ML 0.043 Type F J
SC 0.042 Type F C
Group C/D oL 0.028 Type F J
CL 0.015 Type F G
CL 0.017 Type F G
CL 0.017 Type F G
Group B/C SM-ML 0.016 Type F J
ML 0.026 Type F A
Group C ML 0.047 Type F J
ML 0.042 Type D B
CL 0.015 Type D G
CL 0.022 Type D G
The Forest (fo) Group B/C 0.00 none 0.00 CL 0.041 Type F J
CH 0.052 Type F H
CL 0.023 Type F H
CL 0.024 Type F H
Group C ML 0.025 Type F J
CL 0.013 Type D H
CH 0.061 Type F H
oL 0.038 Type D J
ML 0.052 Type D A
CL 0.031 Type D B
ML >0.087 Type F C
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Table C8. Tamworth Soil landscapes (continued)

Table 8 Tamworth Soil Landscapes

. . Percent area K-factor Sediment
. Soil Percent area of Acid . . .
Soil . . . of low acid USLE Sediment basin wall
landscape hydrologic high aq;d_s:llfate su!fa:(te sulfate soil UIS CS (t.ha.h/ha.M type construction
group soil ris ris risk* class J.mm) (earth)

Granny’s Armchair Group D 0.00 none 0.00 SM 0.014 Type C J
(9a) SM 0.018 Type F J
SM 0.026 Type F J
Group B SM 0.013 Type C J
SM 0.021 Type C |
Glenmore (gm) Group C 0.00 none 0.00 ML 0.012 Type F J
CH 0.018 Type D H
CH 0.020 Type D H
ML 0.025 Type F J
CH 0.021 Type F H
CH >0.087 Type F H
CH 0.055 Type F J
CH 0.015 Type F H
CH 0.015 Type D H
Group B ML 0.032 Type F J
CH 0.050 Type F C
ML 0.056 Type F J
Goonoo Goonoo Group D 0.00 none 0.00 oL 0.031 Type F J
(n) SC 0.020 Type C I
CL 0.031 Type F A
CL 0.036 Type F G
CH 0.022 Type F G
SC 0.025 Type F B
Group C none ML 0.035 Type D J
ML 0.020 Type D A
CH 0.015 Type D G
Group B ML 0.037 Type F J
ML 0.047 Type F C
ML 0.039 Type F A
ML 0.036 Type F A

SM 0.023 Type F B&l
CL 0.029 Type D J
CH >0.078 Type F H
CH 0.012 Type D B
oL 0.031 Type D J
oL 0.013 Type D J
CL >0.079 Type F C
CL >0.070 Type F C
Gaspard Road (gr) Group D 0.00 none 0.00 SM-ML 0.032 Type F J
CL 0.015 Type F H
CH 0.016 Type D H
ML 0.027 Type D J
ML 0.045 Type D D
CH 0.012 Type D H
Group C CH 0.013 Type F J
CL 0.018 Type D H
CL 0.014 Type D H
Group D ML 0.025 Type F J
CL 0.014 Type D H
Group C ML 0.021 Type F J
CH 0.016 Type D H
Killphysic Road (k) Group C 0.00 none 0.00 oL 0.025 Type F J
ML 0.039 Type F A
CL 0.021 Type F H
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Table C8. Tamworth Soil landscapes (continued)

Table 8 Tamworth Soil Landscapes

. . Percent area K-factor Sediment
. Soil Percent area of Acid . . .
Soil . . . of low acid USLE Sediment basin wall
landscape hydrologic  high aq:d_s::lfate s"!f“l‘(te sulfate soil Ulscs (t.ha.h/ha.m type construction
group soil ris ris| risk* class J.mm) (earth)

Granny’s Armchair Group D 0.00 none 0.00 SM 0.014 Type C J
(9a) SM 0.018 Type F J
SM 0.026 Type F J
Group B SM 0.013 Type C J
SM 0.021 Type C |
Glenmore (gm) Group C 0.00 none 0.00 ML 0.012 Type F J
CH 0.018 Type D H
CH 0.020 Type D H
ML 0.025 Type F J
CH 0.021 Type F H
CH >0.087 Type F H
CH 0.055 Type F J
CH 0.015 Type F H
CH 0.015 Type D H
Group B ML 0.032 Type F J
CH 0.050 Type F C
ML 0.056 Type F J
Goonoo Goonoo Group D 0.00 none 0.00 oL 0.031 Type F J
(an) SC 0.020 Type C |
CL 0.031 Type F A
CL 0.036 Type F G
CH 0.022 Type F G
SC 0.025 Type F B
Group C none ML 0.035 Type D J
ML 0.020 Type D A
CH 0.015 Type D G
Group B ML 0.037 Type F J
ML 0.047 Type F C
ML 0.039 Type F A
ML 0.036 Type F A

SM 0.023 Type F B&l
CL 0.029 Type D J
CH >0.078 Type F H
CH 0.012 Type D B
oL 0.031 Type D J
oL 0.013 Type D J
CL >0.079 Type F C
CL >0.070 Type F C
Gaspard Road (gr) Group D 0.00 none 0.00 SM-ML  0.032 Type F J
CL 0.015 Type F H
CH 0.016 Type D H
ML 0.027 Type D J
ML 0.045 Type D D
CH 0.012 Type D H
Group C CH 0.013 Type F J
CL 0.018 Type D H
CL 0.014 Type D H
Group D ML 0.025 Type F J
CL 0.014 Type D H
Group C ML 0.021 Type F J
CH 0.016 Type D H
Killphysic Road (kr) Group C 0.00 none 0.00 oL 0.025 Type F J
ML 0.039 Type F A
CL 0.021 Type F H
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Table C8. Tamworth Soil landscapes (continued)

Table 8 Tamworth Soil Landscapes

. . Percent area K-factor Sediment
. Soil Percent area of Acid . . .
Soil . . . of low acid USLE Sediment basin wall
landscape hydrologic high aq;d_s:llfate su!fa:(te sulfate soil UIS CS (t.ha.h/ha.M type construction
group soil ris ris risk* class J.mm) (earth)

CL 0.021 Type F H
Group C ML 0.024 Type F J
CL 0.020 Type D G
Group C SM 0.031 Type F J
SM 0.041 Type F J

SM 0.035 Type F B&l
Quipolly (qu) Group C/D 0.00 none 0.00 SM 0.023 Type F J
GM 0.034 Type C |
SC 0.020 Type F B
CL 0.018 Type F J
CL 0.036 Type D B
CL 0.034 Type D G
ML 0.029 Type D B
Moore Creek (mc) Group B 0.00 none 0.00 ML 0.072 Type F J
ML 0.030 Type F K
SM 0.037 Type F J
Group C ML 0.058 Type F J
SM 0.058 Type F J

SM 0.032 Type F B&l
Group B CL 0.026 Type D J

CH 0.018 Type D H&F

CH 0.017 Type D H&F
GC 0.019 Type D K
SM 0.046 Type F J
SM 0.045 Type F J
SM 0.034 Type F |
ML 0.037 Type F A
SM 0.045 Type F |
CH 0.018 Type F J
CH 0.018 Type F H
Moongabah (mg) Group B 0.00 none 0.00 SM 0.014 Type C J
SP 0.014 Type C J
Group B/C SM 0.034 Type F J
SM 0.038 Type F J
CL 0.021 Type D B
SC 0.014 Type C B
St Mervins (mv) Group B/C 0.00 none 0.00 SM 0.027 Type C J
SM 0.038 Type C J
Group D GM 0.026 Type F J
Group C SM 0.038 Type F J
ML 0.044 Type F J
CL 0.028 Type D A
Narrawolga (na) Group D 0.00 none 0.00 SM 0.030 Type F J
Group D SM 0.020 Type F J
SM 0.023 Type F J
Group C SM 0.025 Type F J
SM 0.032 Type D J
CL 0.018 Type D A
CL 0.022 Type D A
Orchard Creek (oc) Group C 0.00 none 0.00 oL 0.046 Type D J
ML >0.073 Type D D
ML 0.049 Type D A
ML >0.080 Type D |
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Table C8. Tamworth Soil landscapes (continued)

Table 8 Tamworth Soil Landscapes

. . Percent area K-factor Sediment
Soil hy d?gllcl) gic hr;g[r‘c::ildasrﬁ; :tfe sﬁltm;‘ladt e of low acid USCS USLE Sediment basin wall
landscape group soil risk risk sulfate soil class (t.ha.h/ha.M type construction
risk* J.mm) (earth)
Group D GM 0.026 Type F J
CL 0.051 Type F G
Peel (pe) Group B 0.00 none 0.00 PT Peaty Type F J
ML 0.029 Type D B
SC 0.021 Type F B
Group C ML 0.031 Type D J
CH 0.023 Type D G
cL 0.021 Type D G
Group B/C oL 0.014 Type F J
CL 0.029 Type D E
CL 0.026 Type D G
Group B oL 0.027 Type D J
CH 0.017 Type D F
ML 0.032 Type D J
ML 0.044 Type D B
ML 0.024 Type F J
ML 0.045 Type F A
Pine Knob (pk) Group B/C 0.00 none 0.00 SM 0.026 Type F J
SM 0.024 Type F J
SC 0.026 Type F
Parnell (pl) Group C/D 0.00 none 0.00 SM Peaty Type F J
GP-SM 0.035 Type F J
oL 0.020 Type F J
Group C ML 0.044 Type F J
cL 0.022 Type F G
SM Peaty Type F J
SW 0.033 Type F nt
Group C oL 0.012 Type D J
CH 0.014 Type D H
CH 0.018 Type D H
Quirindi Creek (qc) Group C 0.00 none 0.00 CcL 0.066 Type F J
ML 0.039 Type F A
SM-ML 0.034 Type F B&I/A
CL 0.026 Type D J
CH 0.026 Type D H
CH 0.032 Type F H
CH 0.022 Type D H
SM-ML 0.023 Type F K/A
CL 0.044 Type F B
SM 0.017 Type C I
CH 0.033 Type D G
Group C ML 0.024 Type D J
CH 0.015 Type D G
CH 0.012 Type D H
CH 0.016 Type D H
CH 0.012 Type D J
CH 0.013 Type D H
ML 0.034 Type F J
CH 0.017 Type D F
CH 0.017 Type D F
Quipolly (qu) Group D 0.00 none 0.00 SC 0.022 Type F J
Group C/D SC 0.023 Type F J
SC 0.027 Type F B
Group C CH 0.016 Type F J
CH 0.016 Type D H
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Table C8. Tamworth Soil landscapes (continued)

Table 8 Tamworth Soil Landscapes

. . Percent area K-factor Sediment
Soil hy dfgll:) gic h?;;c:::‘itdasrz; :tfe sﬁl(;:lt e of low acid USCS USLE Sediment basin wall
landscape group soil risk risk sulfate soil class (tha.h/ha.M type construction
risk* J.mm) (earth)
CH 0.017 Type D H
Round Hill (rh) Group C 0.00 none 0.00 SM 0.034 Type D J
CL 0.039 Type D K
SC 0.020 Type D K
ML 0.033 Type D J
CL 0.021 Type D B
CL 0.028 Type D B
Group D SC 0.020 Type F J
Group C SC 0.021 Type F J
CH 0.015 Type D G
Spring Creek (sc) Group C 0.00 none 0.00 oL 0.019 Type F J
SC 0.030 Type F B
Group B ML 0.011 Type F J
Group D GM 0.002 Type F J
Group C/D SM 0.016 Type F J
SM 0.014 Type F J
The Siphon (si) Group C 0.00 none 0.00 GC 0.031 Type F J
ML 0.050 Type F C
CH 0.057 Type F C
CL >0.086 Type F G
CH 0.011 Type D J
CH 0.014 Type D H
CH 0.017 Type F J
CH 0.017 Type D H
CH 0.015 Type D F
CL 0.031 Type D B
CL 0.027 Type F G
oL 0.023 Type F J
ML 0.035 Type F A
ML 0.035 Type F A
Slippery Rock (sr) Group B/C 0.00 none 0.00 SM 0.029 Type F J
SM 0.030 Type F B&l
Group D SM 0.026 Type C J
Group B/C SM 0.025 Type F J
SM 0.029 Type F J
SM 0.028 Type D J
Group D GP-SM 0.033 Type F J
Terrible (te) Group D 0.00 none 0.00 SM 0.018 Type F J
Group C SM 0.028 Type F J
SM 0.028 Type F B&l
SM 0.029 Type C J
Thunderbolt’s Group D 0.00 none 0.00 SM 0.027 Type F J
Mountain (th) Group C SM-ML 0.017 Type F J
CL 0.028 Type F H
Group D SM 0.043 Type F J
CH 0.013 Type D J
CL 0.022 Type D B
CL 0.020 Type D B
SC 0.029 Type F J
CL 0.014 Type D H
Taggarts Mountain Group B 0.00 none 0.00 oL 0.026 Type F J
(tm) SM 0.035 Type F B&l
CL 0.016 Type D G
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Table C8. Tamworth Soil landscapes (continued)

Table 8 Tamworth Soil Landscapes

. . Percent area K-factor Sediment
. Soil Percent area of Acid . . .
Soil . . . of low acid USLE Sediment basin wall
landscape hydrologic  high aq:d_s::lfate s"!f“l‘(te sulfate soil Ulscs (t.ha.h/ha.m type construction
group soil ris ris| risk* class J.mm) (earth)
Group C ML 0.019 Type F J
CL 0.018 Type D H
Group B SM 0.021 Type F J
SM 0.031 Type F J
SM 0.029 Type F J
ML 0.037 Type F A
Group C/D SM 0.025 Type F J
ML 0.044 Type D B
SC 0.034 Type F J
ML 0.035 Type D B
Mount Winton (wi) Group C 0.00 none 0.00 CH 0.011 Type D J
CH 0.015 Type D H
CL 0.025 Type F H
CL 0.045 Type F B
CL 0.003 Type F J
CL 0.008 Type F G
Group D SM 0.021 Type F J
SM 0.021 Type F J
Group C/D GM 0.031 Type F J
GC 0.028 Type F B
Wangarang (wn) Group C 0.00 none 0.00 ML 0.037 Type D J
SM 0.039 Type D J
CL 0.038 Type D B
ML 0.040 Type F J
ML 0.032 Type F A
CL 0.028 Type D G
SC 0.015 Type F J
ML 0.047 Type D E
ML 0.071 Type D E
Warral Station (ws) Group C 0.00 none 0.00 CL 0.028 Type F J
CL 0.049 Type F C
CL 0.033 Type F A
CL 0.036 Type F B
ML 0.036 Type D J
CH 0.017 Type D H
CL 0.032 Type F B
CL 0.041 Type F B
CL 0.034 Type D J
ML 0.056 Type D D
CH 0.061 Type F C
CL 0.069 Type F C
CL 0.030 Type F J
CL 0.029 Type F B
SM 0.021 Type C K
SC-CL 0.017 Type F KH
CL 0.025 Type F G
ML 0.028 Type F J
oL 0.016 Type F J
ML >0.075 Type F K
CH 0.021 Type F G
ML 0.025 Type F J
CL 0.017 Type F H
CH 0.014 Type D H
CL 0.017 Type D H
Wyalla Mountain Group C/D 0.00 none 0.00 SM 0.018 Type F J
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Table C8. Tamworth Soil landscapes (continued)

Table 8 Tamworth Soil Landscapes

. . Percent area K-factor Sediment
Soil by o dic h’:g;“:;'dasrﬁff o oM oflowacid oo  USLE  Sediment basinwall
landscape group soil risk risk sulfate soil class (t.ha.h/ha.M type construction
risk* J.mm) (earth)
(wy) CcL 0.015 Type F G
Group D SM 0.017 Type F J
CL 0.019 Type F J
CL 0.017 Type F A
Group C/D SM 0.015 Type F J
SC 0.020 Type F B
CH 0.013 Type F G
CL 0.017 Type F G
Yilgarn (yi) Group B 0.00 none 0.00 SM 0.020 Type F J
SM 0.022 Type F J
SM 0.021 Type F J
SM 0.023 Type C J
SM 0.027 Type C I
SM 0.019 Type C |
SM 0.019 Type C |
SM 0.023 Type C J
SM 0.027 Type C I
SM 0.031 Type C |
Yarramine (yr) Group B 0.00 none 0.00 SM 0.032 Type F J
SM 0.025 Type C J
SM 0.032 Type F I
SC 0.013 Type F B
SM 0.030 Type F J
LUW TISK, UL

n~ vial,s
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Table C9. Kempsey-Korogoro Point Soil landscapes

Table 9 Kempsey-Korogoro Point

. Soil . . Sediment
i ﬁ;’;'ape hydrologic Ac'driss‘l'("a“* USCS Class K-factor USLE sef;:‘:"t cgfl:;'r‘u"“:’:ﬂ ;
group (earth)
Austral Eden (ae) Group C endemic MH >0.053 Type F |
MH 0.056 Type D B
Group B MH >0.054 Type F B
MH 0.060 Type D B
Aldavilla (al) Group B/C sporadic MH 0.053 Type D B
MH 0.059 Type D D
Group B/C CL 0.023 Type D A
CL 0.033 Type D B
SC 0.034 Type D B
MH-CL 0.049 Type D D
Beranghi (be) Group C/D sporadic ML 0.032 Type F B
CL 0.023 Type D B
CL >0.081 Type F C
CL >0.087 Type F C
CL 0.073 Type F C
CL >0.084 Type F C
Group C MH 0.054 Type D B
CL 0.075 Type F C
Belgrave Falls (bf) Group A/B sporadic MH >0.059 Type F |
MH 0.047 Type F I
Group A SP 0.019 Type F J
CL 0.036 Type F D
SP 0.007 Type C J
SC 0.010 Type F I
Belmore (bl) Group D emdemic ML Peaty Type F C
Group C/D CL >0.044 Type F C
MH 0.057 Type F nt
Blackmans Point inapplicable endemic CL Peaty Type F B
(bp) CL 0.038 Type F nt
CL 0.063 Type F nt
CL 0.033 Type F nt
Beechwood (bw) Group B/C none MH 0.042 Type F A
MH 0.038 Type F A
CL 0.031 Type F A
CL-CH 0.068 Type F C
CL-CH 0.078 Type F C
CL 0.038 Type D D
CL >0.086 Type F C
CL >0.086 Type F C
Belangry (by) Group C/D none SwW 0.025 Type F |
SC 0.028 Type F I
SC 0.021 Type F B
ML 0.010 Type F C
CL 0.016 Type F A
CL 0.028 Type F A
Group C SC 0.022 Type F B
SC 0.030 Type F B
CL >0.083 Type F C
Cairncross (ca) Group C/D common 0.047 Type F nt
Type F nt
Type D nt
Group D CL Peaty Type F B

C-51




Table C9. Kempsey-Korogoro Point Soil landscapes (continued)

Table 9 Kempsey-Korogoro Point

. Soil . . Sediment
Ianggtlzlape hydrologic Ac"’risstl'("ate USCS Class K-factor USLE sef;:‘:“t cgﬁzl'r‘u"(':’talg ;
group (earth)

CL 0.047 Type D D

CL 0.031 Type D D
CH 0.022 Type D nt

Group C/D CL 0.029 Type D A

CL 0.038 Type D A

CL >0.098 Type F C

Connection Creek inapplicable endemic ML Peaty Type F A
(cc) MH Peaty Type F |
CL Peaty Type F C

ML Peaty Type F A

CL 0.036 Type D A

Crescent Head Group B/C sporadic ML 0.031 Type F |
(ch) ML 0.029 Type F A
CL 0.024 Type D B

SC 0.030 Type F B

SC-CL 0.042 Type D D

Group C SC-CL 0.040 Type D B

SM 0.031 Type F J
SM 0.043 Type D nt

Christmas Creek Group C endemic MH 0.042 Type D A
(ck) MH 0.045 Type D B
CL Peaty Type F C

MH Peaty Type D |

Group C/D MH 0.080 Type F C

CH Type F A

CH Type D B

CH Type D B

CH Type D B

CH Type D B

CH Type D B

CH Type D A

CH Type F C

Combatine (co) Group C/D none SC 0.033 Type D B
ML 0.036 Type F B

MH 0.058 Type D |

MH-CL 0.037 Type D D

Cooperabung (cp) Group B/C none SM 0.046 Type F J
SM 0.040 Type D J

SM 0.027 Type F J

ML 0.027 Type F A

CL 0.035 Type D B

CL 0.024 Type D A

CL 0.040 Type F B

MH >0.040 Type D B
MH 0.046 Type D nt

CL 0.050 Type D D

Red Hill (rh) Group B/C none CL 0.010 Type F C
CL 0.063 Type F C

CH 0.058 Type F C

CL >0.039 Type F C

CL Peaty Type F C

Delicate (de) Group B endemic ML Peaty Type F |
CL 0.035 Type D B
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Table C9. Kempsey-Korogoro Point Soil Landscapes (continued)

Table 9 Kempsey-Korogoro Point

. Soil sl . Sediment
i ﬁ;’;ape hydrologic Ac'driss‘l'('a“* USCS Class K-factor USLE sef;:‘:"t coain wan
group (earth)
SC 0.042 Type F B
Euroka (eu) Group C sporadic CL 0.037 Type D D
CH 0.011 Type F C
Five Ways (fw) Group B none CL 0.020 Type F C
CL >0.067 Type F C
MH >0.044 Type D B
CL >0.086 Type F C
Group C ML 0.027 Type F |
MH 0.041 Type D B
CL 0.012 Type D A
Group D MH 0.031 Type D A
SM 0.058 Type D J
Gladstone (gd) Group B endemic MH 0.072 Type D D
Group D MH >0.051 Type D A
CL 0.052 Type F C
CL 0.046 Type D D
SC 0.036 Type F C
MH-CL >0.062 Type F C
SC 0.033 Type C I
Gearys Mountain Group D none ML-CL 0.029 Type F B
(gm) MH 0.051 Type D nt
Group B/C ML 0.043 Type F A
CL 0.061 Type D B
CL 0.030 Type D A
ML Peaty Type F A
ML-CL 0.019 Type F B
CL 0.019 Type F A
Goolwah (go) Group A sporadic SP 0.010 Type F |
SP 0.006 Type C J
Hat Head (hh) inapplicable sporadic Sw 0.022 Type C I
SW 0.022 Type C |
SW 0.016 Type F I
SW 0.026 Type C I
PT Peaty Type F J
SW 0.030 Type F I
Huntingdon (hn) Group B sporadic MH 0.034 Type F A
MH-CL 0.048 Type D D
Group C CL 0.042 Type D B
CL 0.037 Type D D
MH 0.044 Type F K
Hursley (hy) Group C sporadic MH 0.037 Type F A
CL 0.042 Type F B
CL >0.081 Type F C
CL-CH >0.085 Type F C
CL 0.078 Type F C
Kundabung (kg) Group D sporadic 0.041 Type F nt
Type D nt
0.033 Type F nt
Type D nt
Type D nt
Group C 0.044 Type F nt
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Table C9. Kempsey-Korogoro Point Soil landscapes (continued)

Table 9 Kempsey-Korogoro Point

; Soil sl . Sediment
Ianggtlzape hydrologic Ac"’risstl'(fate USCS Class K-factor USLE se‘t‘;:‘:“t coagtn el
group (earth)

Type D nt
Type D nt

MH 0.046 Type F A

CL 0.017 Type F C

CL >0.094 Type F C

Killick (ki) Group A sporadic SP 0.003 Type C J
SP 0.005 Type C J

SP 0.031 Type C J

SP 0.006 Type C |

Kogo (ko) Group C/D none ML 0.015 Type F A
SC 0.035 Type D B

Korogoro (kr) Group A common SW 0.005 Type F J
SP 0.009 Type C |

SP 0.016 Type F |

SP 0.011 Type C |

SM 0.026 Type F |

Long Flat (If) Group B/C sporadic SC 0.026 Type F B
ML 0.035 Type F B

MH-CL 0.033 Type D B

SP 0.013 Type F J

Limeburners (li) Group A/B sporadic SP 0.024 Type F J
SC 0.032 Type F |

SC 0.025 Type F |

SP 0.022 Type F J

SP 0.023 Type F J

McGuires Crossing inapplicable endemic PT Peaty Type F J
(mc) SP 0.014 Type C |
nt

Marlo Merrican Group B none MH Peaty Type F |
(mm) CH >0.089 Type F C
Group C MH 0.040 Type F A

CL 0.037 Type F B

SC 0.021 Type F B

ML-CL 0.045 Type D D

CL 0.025 Type D G

MH >0.057 Type D A

CH >0.071 Type F C

Moripo (mo) Group C/D none MH 0.053 Type F B
CL 0.035 Type F A

CL 0.025 Type D B

CL 0.033 Type D B

Maria River (mr) Group D endemic MH 0.036 Type D A
CL 0.048 Type D D

CL 0.052 Type D B
0.053 Type F nt
Type D nt
Group D 0.049 Type F nt
Type F nt
0.041 Type F nt
Group D Type D nt
Type D nt
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Table C9. Kempsey-Korogoro Point Soil Landscapes (continued)

Table 9 Kempsey-Korogoro Point

_ Soil ) ) Sed_iment
Iant?:tlzlape hydrologic Acldr;l:fate USCS Class K-factor USLE Se;l;:l:nt cgﬁzlt'rluvc‘:’;::n
group (earth)
0.018 Type F nt
Type D nt
0.035 Type F nt
Type F nt
Peaty Type F nt
Type D nt
Type D nt
Peaty Type F nt
Type C nt
North Shore (ns) Group A widespread SP 0.004 Type C |
SP 0.000 Type C |
SP 0.002 Type C |
SP 0.000 Type C |
0'Connors (oc) Group D sporadic SW 0.015 Type F J
SP 0.009 Type F |
Group A SP 0.010 Type F |
SP 0.008 Type C |
Pipers Creek (pc) Group B/C common MH 0.047 Type D B
MH >0.078 Type D D
CL 0.033 Type D A
CH >0.092 Type F C
CL 0.033 Type D A
CL 0.032 Type D B
Plomer Road (pr) Group A endemic SC 0.016 Type F |
SP 0.015 Type F |
SP 0.014 Type F I
SP 0.009 Type C |
Redbank (rb) Group B none ML 0.012 Type F C
CL 0.044 Type F B
CL 0.059 Type F C
CL 0.043 Type F C
CL >0.080 Type F C
Group B CL 0.014 Type F C
CL 0.064 Type F G
Rocks Ferry (rf) Group C common MH 0.044 Type F A
CL 0.045 Type D B
Snowy Road (sr) Group C/D none SC-CL 0.023 Type F B/A
SC-CL 0.022 Type F B/A
Group D SC 0.013 Type F C
Group C SP 0.041 Type F I
SP 0.042 Type F J
CL 0.027 Type F A
Group D ML-SC 0.010 Type F B
SC-CL 0.019 Type F B/A
CL 0.058 Type F C
Thrumster (th) Group C sporadic MH 0.009 Type F C
MH 0.032 Type D A
CH 0.040 Type F C
CL 0.063 Type F C
CL 0.041 Type F B
CH 0.046 Type F C
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Table C9. Kempsey-Korogoro Point Soil landscapes (continued)

Table 9 Kempsey-Korogoro Point

Soil Sediment
Soil . Acid sulfate Sediment basin wall
landscape hydlr'gll:)glc risk USCS Class  K-factor USLE type construction

group (earth)
Tinebank (ti) Group B none SC 0.026 Type F B
CL 0.082 Type F C
SC 0.018 Type F C
SC 0.035 Type F C
Group C SC 0.028 Type F C
SC 0.036 Type F B
Torrens (to) Group C/D widespread SC 0.011 Type F B
SC 0.007 Type F C
SP 0.020 Type C J
Disturbed terrain Group A SP 0.006 Type C nt
(xx) SP 0.002 Type C I
Yessabah (ye) Group C/D none ML Peaty Type F A
CL 0.039 Type F B
CL 0.021 Type D G
CL 0.018 Type D A
SC 0.030 Type F B
Group C CL 0.020 Type D A
CL 0.017 Type F A
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Table C10. Blackville Soil landscapes

Table G10 Blackville Soil Landcapes

Soil Slope Soil hydrologic Acid Sulfate Sediment hs:s(:Lmvig;(l
landscape r?;g;e group Risk USCS Class K-factor USLE type construction
o (earth)
Ant Hill_(ah) 81032 Group D none CH >0.047 Type F J
Group C PT Peaty Type F J
oL 0.020 Type F J
CL 0.029 Type F J
oL 0.027 Type F J
CH 0.024 Type F H
CH 0.022 Type F H
CH 0.016 Type F H
CH 0.024 Type F H
CH 0.057 Type F H
CL 0.036 Type F H
CH 0.014 Type F H
CH 0.016 Type F H
Bow (bw) 1t08 ? none GC 0.010 Type F K
CH 0.010 Type F H
CH 0.014 Type F H
oL 0.022 Type C J
oL Peaty Type F J
OH >0.035 Type F J
oL 0.020 Type F J
SC-CL 0.040 Type F J
oL 0.030 Type F J
CL 0.036 Type F C
cL 0.031 Type F G
CH 0.034 Type F H
CH 0.066 Type F H
CH 0.033 Type F H
none CH 0.051 Type F H
Coober Bulga (cb) >33 Group D PT Peaty Type F J
Group C oL 0.016 Type F J
PT Peaty Type F J
Group B/C PT Peaty Type F J
Group C oL Peaty Type F J
oL 0.027 Type F J
ML >0.066 Type F C
ML >0.068 Type F C
cL 0.042 Type F C
CH 0.015 Type F H
CH 0.007 Type F H
CH 0.036 Type F H
CH 0.052 Type F H
Conadilly (cd) <0.5 Group B/C none CH 0.059 Type F J
CH 0.039 Type F J
CL 0.062 Type D K
CH 0.018 Type F H
CH 0.020 Type F H
CH 0.010 Type F F
CH 0.012 Type F H
CH 0.013 Type F H
CH 0.015 Type F F
Group B/C CH >0.056 Type F J
CH 0.016 Type D H
CH 0.026 Type D H
Cranbourne (ce) 11010 Group B/C none oL 0.022 Type F J
PT Peaty Type F J
oL 0.027 Type F J

C-57




Table C10. Blackville Soil Llandscapes (continued)

Table C10 Blackville Soil Landcapes

Soil SIoPe 5.t hydrologic Acid Sulfat Sediment .fa"s‘:l,mv‘v’;'ﬁ
0i 0i rologic Acid Sulfate
landscape ra:}ge gyroup ’ Risk USCS Class K-factor USLE type construction
(%) (earth)
CH 0.033 Type F H
CL 0.043 Type F G
Campions Hill (ch) 11010 Group C none CL 0.038 Type F J
CH 0.022 Type F H
CL 0.038 Type F K
CH 0.059 Type F H
CL 0.026 Type D H
oL 0.013 Type D J
CH 0.033 Type F J
CH 0.022 Type F H
CH 0.013 Type F H
CH 0.012 Type D H
CH 0.017 Type D H
CL 0.007 Type F H
CH 0.016 Type D H
CH 0.020 Type D H
Claremont Swamp <1 Group D none oL Peaty #VALUE! J
(cs) CL 0.021 Type F C
CH 0.018 #VALUE! nt
Erin (er) 1t08 Group B/C none CH 0.037 Type F H
Group B/C CH 0.037 Type F H
CH 0.046 Type F H
CH 0.051 Type F H
CH 0.056 Type F H
Galla Gilla (gg) >33 Group C none PT Peaty Type F J
PT Peaty Type F J
PT Peaty Type F J
CL 0.034 Type F H
CH 0.043 Type F H
SM 0.047 Type F K
Glen Oak (gk) 21010 Group C none oL Peaty Type F J
GM Peaty Type F J
oL 0.029 Type F J
CL 0.016 Type F H
CL 0.016 Type F H
CH 0.049 Type F H
CH 0.056 Type F H
Kindamindi (ki) 11020 Group C/D none oL 0.014 Type F J
PT Peaty Type F J
oL 0.017 Type F J
oL Peaty Type F J
ML 0.030 Type F A
CH 0.020 Type F H
CH 0.017 Type F H
CL 0.035 Type F H
CH 0.065 Type F H
CH >0.064 Type F H
Lever Gully (lg) 2108 Group C none CH 0.043 Type F J
CH 0.045 Type F H
CH 0.008 Type F H
oL 0.023 Type F J
CH 0.020 Type D H
CH 0.019 Type F H
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Table C10. Blackville Soil landscapes (continued)

Table G10 Blackville Soil Landcapes

Soil Slope ol hydrologic Acid Sulfat Sediment ::s(::m:;(l
0i oil hydrologic Acid Sulfate
landscape ra:}ge g!:oup ’ Risk USCS Class K-factor USLE type construction
(%) (earth)
CH 0.011 Type F H
CH 0.012 Type F H
CH 0.047 Type F H
CH >0.086 Type F H
Group B/C CcL Peaty Type F J
Lang’s Neck (In 30 to 200 Group C none PT Peaty Type F J
Group D PT Peaty Type F J
Group B/C oL 0.019 Type F J
Group C oL 0.023 Type F J
SM 0.040 Type F J
CH 0.044 Type F H
CL 0.032 Type F H
Lochaber (/o) <3 Group B none oL 0.017 Type F J
CL 0.020 Type F H
Moan (mn) 10t030  Group B/C none PT Peaty Type F J
Group C PT Peaty Type F J
CH 0.037 Type F H
Group B/C oL 0.028 Type F J
oL 0.017 Type F J
CH 0.048 Type F H
CH 0.055 Type F H
Mt Tamarang (mt) 3010 80 Group C none SM-0L 0.006 Type F J
oL 0.020 Type F J
oL 0.018 Type F J
CH 0.037 Type F H
CH 0.021 Type F H
CH 0.047 Type F H
SC-CL 0.033 Type F A
CL 0.043 Type F K
oL Peaty Type F J
Norfolk (no) <3 Group D none SC Peaty #VALUE! J
oL Peaty Type F J
ML 0.043 Type F J
ML 0.019 #VALUE! J
ML 0.042 Type F A
SC 0.022 Type F A
Nany Rock (nr) 50 10200  GroupD none SM Peaty Type F J
Pigeon Box (pb) 100 30 Group D none oL Peaty Type F J
Group B ML 0.044 Type F J
Group C oL Peaty Type F J
oL Peaty Type F J
CL 0.014 Type F C
ML 0.035 Type F A
Phillip’s Creek (pc <3 Group G/D none ML >0.052 Type F J
Group C oL 0.041 Type F J
Group C/D SC 0.016 Type F J
CH 0.022 Type F H
CL 0.021 Type F H
CH 0.034 Type D H
CH 0.060 Type F H
CH 0.057 Type F H
CH 0.015 Type F H
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Table C10. Blackville Soil Llandscapes (continued)

Table C10 Blackville Soil Landcapes

Soil SIoPe 5.t hydrologic Acid Sulfat Sediment bs ed'imenltl
0i oil hydrologic Acid Sulfate edimen asin wa
landscape ra(u;g;e group Risk USCS Class K-factor USLE type construction
o (earth)
Trinkey Forest (tf) <5 none ML >0.082 Type C K
Group B/C SM 0.016 Type C J
oL 0.021 Type F J
SC 0.020 Type F J
SC 0.021 Type C J
SC 0.016 Type F |
SC 0.018 Type D B
SC 0.024 Type F A
CL 0.026 Type C G
CL 0.026 Type F A
CH 0.009 Type F H
Group C SC 0.022 Type F J
Group D SC Peaty Type F J
SC 0.019 Type F K
Turkey Range (tu) 21010 Group C none SM 0.021 Type F J
Group B SC 0.008 Type F J
Group C/D SC Peaty Type F J
SC 0.007 Type C I
SC 0.026 Type C C
CL 0.023 Type F A
SC-CL 0.027 Type F C
CH 0.022 Type D A
Windy Creek (wc) <3 none CH 0.053 Type F H
Group C/D CH 0.055 Type F H
Group C CL >0.064 Type F K
Group C/D CH 0.044 Type F H
CH 0.048 Type F H
CH 0.022 Type D H
CH 0.007 Type D H
CH 0.015 Type F H
CH 0.028 Type D H
CH 0.020 Type F H
CH 0.014 Type D H
CH 0.008 Type F H
CL 0.044 Type F K
CH 0.021 Type F H
Warung (wg) 11010 Group B/C none oL Peaty Type F J
Group B/C oL Peaty Type F J
Group B oL Peaty Type F J
Group B/C SM Peaty Type F J
CL 0.024 Type F C
CL 0.016 Type F C
CH 0.015 Type F C
CL 0.011 Type F C
SM 0.020 Type F K
GM 0.036 Type C I
Yarraman (ya) <1 Group C none CH 0.037 Type F H
Group C/D CH 0.050 Type F H
CH 0.020 Type F H
CH 0.022 Type F F
CH 0.028 Type D H
CH 0.028 Type D G&F
Yarramoor (ym) <3 Group C none oL 0.027 Type F J
SM-ML 0.025 Type F J
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Table C10. Blackville Soil landscapes (continued)

Table G10 Blackville Soil Landcapes

Soil Sloe it hydrologic Acid Sulfat Sediment bseqimenltl
0i 0i rologic Acid Sulfate edimen asin wa
landscape ra;ge g‘:oup ‘ Risk USCS Class K-factor USLE type construction
(%) (earth)

oL 0.035 Type F J

CL 0.028 Type F K

CL 0.026 Type F K

CL 0.040 Type F K

cL 0.035 Type F K

oL 0.015 Type F J

SC 0.044 Type F K

cL 0.037 Type F H
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Table C11. Murrurundi Soil Landscapes

Table 11 Murrurundi Soil Landscapes
Soil Soil ) Ifercen_t area of ) ] K-factor USLE Sediment t)s:s(::]mvﬁzrl
landscape hydrologic  high aqld_sulfate Acid sulfate risk USCS Class (t.ha.h/ha.MJ. type construction
group soil risk mm) (earth)
Ant Hill (ah) Type C/D 0.00 none oL 0.026 Type F J
CH 0.020 Type D H
SC 0.039 Type F A
Type C PT Peaty Type F J
oL Peaty Type F J
CL 0.029 Type F H
CL 0.029 Type D H
oL 0.013 Type D J
CH 0.019 Type D H
SP-ML 0.029 Type F K
Type C/D CH 0.020 Type D J
CH 0.018 Type D H
CH 0.018 Type D H
Basin Gully (ba) 0.00 none SM 0.033 Type F B&l
ML 0.034 Type D B
SP-ML 0.031 Type D J/B
Type C SC 0.019 Type F J
SC 0.028 Type F B
SC 0.020 Type C |
CL 0.034 Type F G
Type D SM 0.014 Type F J
SM 0.025 Type F B&l
Type C oL 0.030 Type F J
SM 0.034 Type F B&l
Type C/D CL 0.022 Type F J
MH 0.048 Type F H
Type C/D CL 0.017 Type F J
CL 0.022 Type D H
CL 0.026 Type F H
Borambil Creek Type C/D 0.00 none ML 0.033 Type F J
(bc) ML 0.040 Type F J
CL 0.028 Type F G
Type C/D CL 0.040 Type F J
CL 0.043 Type D B
Type C CH 0.017 Type D J
CL 0.019 Type D E
Type B ML 0.043 Type F J
SM 0.032 Type F B&l
SM 0.025 Type F B&l
SM 0.049 Type F |
Type C CL 0.035 Type F J
ML 0.034 Type F K
Braefield (bf) Type B/C 0.00 none ML 0.049 Type D J
SC 0.027 Type F |
CL 0.032 Type D B
Type B SC 0.010 Type C J
ML 0.052 Type D D
CL 0.016 Type D B
SM 0.030 Type F J
SM 0.027 Type F J
SM 0.037 Type F B&l
SP-ML 0.039 Type F J/B
SM 0.034 Type F J
Burning Mountain Type B/C 0.00 none ML 0.035 Type F J
(bm) SP-ML 0.048 Type F J/B
CL 0.034 Type F A
SP-CL 0.035 Type F I/A
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Table C11. Murrurundi Soil Landscapes (continued)

Table 11 Murrurundi Soil Landscapes

Soil Soil ) Ffercen.t area of ) ) K-factor USLE Sediment ::;Lmvt:rl
landscape hydrologic  high aqld_sulfate Acid sulfate risk USCS Class (t.ha.h/ha.MJ. type construction
group soil risk mm)
(earth)

Type D ML 0.037 Type F J

ML 0.043 Type D B

CL 0.038 Type D B

Type C/D ML 0.035 Type D J

ML 0.042 Type D D

CL 0.022 Type D A

Type D SM 0.035 Type F J
SP-ML 0.040 Type D J/B

Bow (bw) Type C 0.00 none oL 0.029 Type F J
CH 0.028 Type D H

CL 0.034 Type F H

CH 0.044 Type F H

Type C/D CH 0.022 Type D J

CL 0.023 Type D H

CL 0.027 Type D H

Type C/D oL 0.029 Type F J

CL 0.033 Type F G

ML 0.051 Type F A

Type C CL 0.031 Type F J

CL 0.040 Type F K

CL 0.039 Type F K

Type C/D oL 0.022 Type F J

CL 0.034 Type F G

CL 0.043 Type F H

oL 0.021 Type F J

Coober Bulga Type C/D 0.00 none oL 0.018 Type F J
(cb) oL 0.031 Type F J
SM 0.026 Type F K

Type C SP-OL 0.017 Type F J

CH 0.028 Type D H

Type C/D ML >0.057 Type F J

ML 0.042 Type F A

Type B/C PT Peaty Type F J

ML 0.031 Type F A

Currabubula Type B 0.00 none ML 0.043 Type F J
Creek (cc) SP-CL 0.054 Type F I/C
SC 0.037 Type F A

Type C/D SM 0.036 Type F J

ML 0.045 Type D A

Type C PT Peaty Type F J

CL 0.021 Type D H

CL 0.020 Type F H

Type B ML 0.037 Type F J

SP-CL 0.034 Type F I/C

SM 0.041 Type F I

ML 0.031 Type F J

ML 0.044 Type F A

ML 0.042 Type F A

Conadilly (cd) Type C/D 0.00 none CH 0.018 Type D J
CH 0.019 Type D F

Type B/C oL 0.018 Type D J

CH 0.020 Type D F

Cressfield Road Type B/C 0.00 none GM 0.033 Type C J
(cf) SM 0.044 Type C J
CL 0.021 Type F A

Type C/D SM 0.034 Type F J
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Table C11. Murrurundi Soil Landscapes (continued)

Table 11 Murrurundi Soil Landscapes

Soil Soil ) F_’ercen_t area of ) ] K-factor USLE Sediment bs::ilnmvszltl
landscape hyd:gll:)glc hlghsao(;:(:' izllj(lfate Acid sulfate risk USCS Class (t.haﬂlmh;\.MJ. type construction
group (earth)

CL 0.022 Type D G

CL 0.021 Type D G

Type C/D SM 0.042 Type F J
SP-CL 0.024 Type D K/G

Type B SP-ML 0.042 Type F J

SM 0.052 Type F J

CL 0.033 Type D D

SM 0.024 Type F J

SM 0.046 Type F J

Type B/C SM 0.037 Type F J

SM 0.041 Type F |

CL 0.028 Type D B

Donalds Gully Type B 0.00 none SM 0.039 Type F J
(dn) SP-ML 0.060 Type D JIE
ML 0.084 Type F C

Type B/C SM 0.043 Type F J

SM 0.052 Type F J

GC 0.022 Type F B

Type D ML 0.056 Type F J

MH 0.065 Type D B

CH 0.025 Type D G

Dunover (do) Type C 0.00 none CL 0.019 Type F J
CH 0.021 Type D H

CH 0.021 Type D H

oL 0.024 Type D J

CL 0.023 Type D H

CL 0.021 Type D H

Dunwell (dw) Type D 0.00 none ML 0.032 Type F J
SM 0.031 Type F B&l

Type C/D SM 0.034 Type F J

ML 0.034 Type F A

CL 0.037 Type D B

Type C/D SM 0.045 Type F J

CL 0.026 Type D D

Type B SM 0.026 Type F J

GC 0.033 Type C |

SM 0.032 Type D J

GW-SM 0.030 Type C J

SM 0.050 Type F J

Galla Gilla (gg) Type C/D 0.00 none oL 0.033 Type F J
CL 0.029 Type F H

SM 0.050 Type F |

CL 0.028 Type F H

Type C oL 0.029 Type F J

CL 0.033 Type F G

SM 0.041 Type F K

Type C/D oL 0.020 Type D J

CH 0.018 Type D H

Girds Hill (gh) Type C/D 0.00 none oL 0.021 Type F J
CH 0.026 Type D G

ML 0.034 Type F J

CL 0.027 Type D A

oL Peaty Type F J

ML 0.038 Type F A
SM 0.035 Type F B&l
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Table C11. Murrurundi Soil Landscapes (continued)

Table 11 Murrurundi Soil Landscapes

Soil Soil ) Ifercen.t area of ) ] K-factor USLE Sediment ::;::“ﬁ:ltl
landscape hydrologic  high aqld_sulfate Acid sulfate risk USCS Class (t.ha.h/ha.MJ. type construction
group soil risk mm) (earth)
Glen Oak (gk) Type C/D 0.00 none PT Peaty Type F J
oL 0.020 Type D J
CL 0.021 Type D H
CL 0.018 Type D H
oL 0.017 Type F J
SP-ML 0.028 Type F K
CL 0.020 Type D J
CL 0.025 Type F H
CL 0.026 Type F H
Goscombes Road Group B 0.00 none SM 0.025 Type F J
(90) SM 0.031 Type F B&l
SM 0.023 Type F B&l
oL 0.020 Type F J
CL 0.086 Type F H
SP-CL 0.073 Type F I/C
Group C oL 0.019 Type D J
CL 0.026 Type D H
CL 0.018 Type D H
Gaspard Road Group C 0.00 none ML 0.039 Type F J
(ar) ML 0.041 Type D A
CL 0.030 Type D H
Group C/D ML 0.040 Type F J
CL 0.018 Type D H
Group C CH 0.022 Type F J
CL 0.024 Type D H
ML 0.027 Type D K
Gateleys Mountain Group C/D 0.00 none oL 0.043 Type F J
() SP-ML 0.029 Type F J
CL 0.038 Type F G
GP-SM 0.040 Type F J
GP-SM 0.041 Type F I/B&
Group C ML 0.033 Type F J
ML 0.047 Type F A
Group D ML 0.016 Type F J
Kangaroo Ridge Group C/D 0.00 none SM 0.027 Type F J
(ka) SC 0.022 Type F B
Group B/C ML 0.033 Type F J
Group B SM 0.028 Type F J
SM 0.036 Type F B&l
Group C ML 0.032 Type F J
CL 0.024 Type D G
Group C/D oL 0.019 Type F J
CH 0.030 Type F H
CH 0.033 Type F H
Group C SC 0.024 Type F J
SC 0.029 Type F B
SC 0.026 Type F B
Group B/C SM 0.039 Type F J
SM 0.039 Type F J
SM 0.039 Type F J
Kingdon Ponds Group C 0.00 none SM 0.016 Type F J
(kp) SM 0.035 Type F B&l
ML 0.049 Type F A
Group C SM 0.000 Type C J
SP-SM 0.038 Type F J
CL 0.030 Type F G
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Table C11. Murrurundi Soil Landscapes (continued)

Table 11 Murrurundi Soil Landscapes
Soil Soil ) Ifercen_t area of ) ] K-factor USLE Sediment ::;:Imletl
landscape hydrologic  high aqld_sulfate Acid sulfate risk USCS Class (t.ha.h/ha.MJ. type construction
group soil risk mm)
(earth)
Group C/D oL 0.032 Type F J
ML 0.040 Type D A
CL 0.026 Type D H
Lever Gully (Ig) Group B/C 0.00 none SP-OL 0.022 Type F J
CL 0.040 Type F H
CL 0.024 Type F J
CH 0.018 Type D H
CL 0.025 Type F H
Group C CH 0.019 Type D J
CL 0.017 Type F H
CL 0.021 Type D H
Group B oL 0.022 Type F J
SC 0.038 Type F K
CH 0.037 Type F H
CH 0.047 Type F H
Langs Neck (In) Group D 0.00 none oL 0.029 Type F J
ML 0.034 Type F A
Group C/D PT Peaty Type F J
CL 0.024 Type D H
CH 0.019 Type D H
Group C PT Peaty Type F J
ML 0.044 Type F A
SM 0.028 Type F J
SC 0.026 Type F K
Moan (mn) Type D 0.00 none oL 0.023 Type F J
CL 0.033 Type F G
Type C/D oL Peaty Type F J
CL 0.033 Type F H
ML 0.044 Type F A
Type C oL 0.019 Type F J
CL 0.028 Type D H
CL 0.020 Type F H
Type C/D CL 0.027 Type F J
Miranee Road Group B 0.00 none SM 0.039 Type F J
(mr) SM 0.050 Type F J
CL 0.031 Type D B
Group C oL 0.026 Type F J
SC 0.036 Type F C
SC 0.031 Type F B
Group D SM 0.021 Type F J
GP-SM 0.034 Type C |
Group C/D ML 0.038 Type F J
ML 0.045 Type F A
CH 0.027 Type D G
Group D SM 0.025 Type F J
SC 0.034 Type D B
Group C/D SC 0.021 Type F J
GP-SC 0.031 Type F K/A
SC 0.034 Type F A
Phillips Creek (pc) Group C 0.00 none oL 0.023 Type F J
CL 0.037 Type F G
CL 0.035 Type F H
CL 0.032 Type F G
CH 0.030 Type F H
SC 0.031 Type F J
ML 0.034 Type F K
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Table C11. Murrurundi Soil Landscapes (continued)

Table 11 Murrurundi Soil Landscapes

Soil Soil ) Ffercen.t area of ) ) K-factor USLE Sediment ::;Lmvt:rl
landscape hydrologic  high aqld_sulfate Acid sulfate risk USCS Class (t.ha.h/ha.MJ. type construction
group soil risk mm)
(earth)

CL 0.030 Type F H

SC 0.024 Type F J

CL 0.034 Type F H

ML 0.040 Type F K

Parnell (pl) Group C/D 0.00 none ML 0.040 Type D B
Pages River (pr) Group B 0.00 none ML 0.050 Type F J
ML 0.052 Type F J

ML 0.056 Type F C

ML 0.052 Type F J

ML 0.059 Type F A

Group C ML 0.043 Type F J

SM 0.036 Type F I

ML 0.043 Type F A

Group C ML 0.036 Type F J

ML 0.053 Type F A

CL 0.048 Type F H

Group C oL 0.039 Type F J

CL 0.038 Type D G

Parkville (pv) Group B 0.00 none ML 0.041 Type F J
ML 0.049 Type F A

CL 0.016 Type D H

Group B/C ML 0.034 Type F J

ML 0.038 Type F C

CL 0.024 Type D B

Group C/D ML 0.032 Type F J
SP-ML 0.039 Type F I/A

Group B SP-ML 0.043 Type F J

SM 0.023 Type F I

Group B/C ML 0.036 Type F J

SM 0.055 Type F J

CL 0.031 Type D B

Quirindi Creek Group C 0.00 none ML 0.039 Type F A
(qc) ML 0.043 Type F A
CL 0.022 Type D H

CL 0.041 Type F B

Quipolly (qu) 0.00 none SC 0.027 Type F B
CL 0.021 Type D H

Group D ML 0.042 Type F J

SM 0.027 Type F J

PT Peaty Type F J

SM 0.036 Type D J

Group C oL 0.020 Type D J

CL 0.029 Type F H

Round Hill (rh) Group C/D 0.00 none SM 0.033 Type D J
CL 0.024 Type D B

oL 0.038 Type F J

ML 0.045 Type F A

CH 0.019 Type D H

Group D oL 0.018 Type D J

ML 0.035 Type D B

ML 0.039 Type D E

CL 0.022 Type D G

Group D oL 0.021 Type F J

ML 0.045 Type D B

CL 0.024 Type D B
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Table C11. Murrurundi Soil Landscapes (continued)

Table 11 Murrurundi Soil Landscapes

Soil h dSoiI . Percent areaf of id sulfate ri K-factt/:r USLE oo diment bs:s(:lnmvﬁgltl
landscape ydrologic  high aqld.sul ate Acid sulfate risk USCS Class (t.ha.h/ha.MJ. type construction
group soil risk mm)
(earth)

oL 0.022 Type F J
CL 0.041 Type F B
PT Peaty Type F J
ML 0.033 Type F A
Group C/D PT Peaty Type F J
ML 0.049 Type F A
Stafford Gap (sg) Group C 0.00 none SM 0.025 Type F J
SM 0.022 Type F |
SP-ML 0.026 Type F J
SM 0.034 Type C J
SM 0.027 Type F |
Group B SM 0.014 Type F J

SM 0.023 Type F B&l
Group C GM 0.026 Type F J
GP-SM 0.037 Type F |
SM 0.031 Type F J
SM 0.029 Type F |
SM 0.023 Type F J
SC 0.028 Type F B
SM 0.037 Type F |
Sylphs Mountain Group C/D 0.00 none ML 0.032 Type F J
(sm) CL 0.029 Type F G
ML 0.037 Type F J
CL 0.033 Type F G
Group C oL 0.025 Type F J
CL 0.038 Type F G
ML 0.049 Type F A
Group B/C CH 0.039 Type F J
CH 0.045 Type F H

SP-ML 0.033 Type F K/A
SM Peaty Type F J
Scotts Creek Road Group C/D 0.00 none oL 0.017 Type F J
(s0) CH 0.022 Type D H
CH 0.026 Type D H
Group C/D oL 0.023 Type F J
CL 0.029 Type F G
CL 0.032 Type F G
Group B/C oL 0.024 Type F J
CH 0.044 Type F H
SC 0.023 Type F A
SM 0.013 Type F J
SM 0.039 Type F J
Slippery Rock (sr) Group C/D 0.00 none oL 0.034 Type F J
ML 0.061 Type D |
ML 0.059 Type D B
Group D SM 0.041 Type F J
CH 0.019 Type D H
Group C/D SM 0.029 Type F J
SM 0.023 Type F |
SC 0.022 Type F B
SM 0.041 Type F J
CL 0.026 Type F G
CL 0.026 Type F G
oL 0.019 Type F J
CL 0.029 Type F A
CH 0.018 Type D H
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Table C11. Murrurundi Soil Landscapes (continued)

Table 11 Murrurundi Soil Landscapes

Soil Soil ) Ffercen.t area of ) ) K-factor USLE Sediment ::;Lmvt:rl
landscape hydrologic  high aqld_sulfate Acid sulfate risk USCS Class (t.ha.h/ha.MJ. type construction
group soil risk mm) (earth)
Thompsons Creek Group B 0.00 none ML 0.032 Type F J
(tc) ML 0.038 Type F A
Group B/C CL 0.024 Type D J
CL 0.035 Type F B
Group B oL 0.042 Type F J
ML 0.049 Type F A
Group B/C SM 0.035 Type F J
CH 0.029 Type F H
CL 0.031 Type F H
Tinagroo (tg) Group D 0.00 none SM 0.021 Type F J
GC 0.039 Type C |
GW-SM 0.019 Type C J
Group B SM 0.020 Type F J
SM 0.033 Type F I
Thunderbolts 0.00 none SM 0.040 Type F B&l
Mountain (th) SP-ML 0.046 Type F J/B
Group C oL 0.022 Type F J
CL 0.039 Type D B
CH 0.025 Type D G
Group C/D SM 0.016 Type C J
SM 0.022 Type F J
CH 0.022 Type D D
CH 0.024 Type D D
Group B/C SM 0.037 Type F J
SM 0.038 Type F J
Group B SM 0.029 Type F J
SM 0.024 Type F B&l
SC 0.040 Type F B
CL 0.022 Type D G
Group C/D SM 0.024 Type F J
SM 0.036 Type F J
Windy Creek (wc) Group C/D 0.00 none CH 0.017 Type D J
CH 0.022 Type D F
CH 0.022 Type D H&F
Group C oL 0.033 Type F J
CH 0.023 Type D E
Group B/C ML 0.040 Type F J
CH 0.020 Type D H
CH >0.091 Type F H
Group C oL 0.023 Type F J
CH 0.022 Type F H
CH 0.024 Type F H
Group B oL 0.024 Type D J
CH >0.084 Type F H
SC 0.033 Type F K
Warrah (wh) Group C 0.00 none CcL 0.019 Type F J
CH 0.023 Type F H
CL 0.023 Type F J
CH 0.019 Type D H
CH 0.020 Type F H
ML 0.021 Type F J
CL 0.024 Type F H
CL 0.046 Type F H
Wangarang (wn) Group C 0.00 none oL 0.027 Type F J
ML 0.044 Type F A
ML 0.044 Type F A
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Table C11. Murrurundi Soil Landscapes (continued)

Table 11 Murrurundi Soil Landscapes

. Sediment
Soil hydfglltllgic h?;chz;da;z;::e Acid sulfate risk 5 ochhany,  Sediment  basin wall
landscape o USCS Class ‘" B type construction
group soil risk mm)
(earth)

Group C/D ML 0.039 Type F J

CL 0.034 Type F A
CL 0.034 Type F J

SP-CL 0.033 Type F I/A

CL 0.036 Type F G
Willow Tree (wt) Group C/D 0.00 none CL 0.022 Type F J
CH 0.019 Type F H
Group B SM 0.027 Type F J

ML 0.042 Type D B
Group D ML 0.007 Type F J
Group C/D oL 0.019 Type F J

CL 0.023 Type D H
Wingen Maid (wx) Group D 0.00 none SP-OL 0.012 Type F J
SM 0.012 Type F J
SM 0.027 Type C |
SM 0.035 Type C |
SM 0.014 Type F J
SM 0.027 Type F J
GP-SM 0.039 Type C J
Springvale (sp) Group C/D 0.00 none oL 0.013 Type F J
CH 0.019 Type F H

CL 0.036 Type F G
Group D GP-SM 0.044 Type F J

GP-SM 0.049 Type F nt
Group C ML 0.046 Type D J

CH 0.030 Type D F
Group D ML 0.044 Type F J
PT Peaty Type F J

SM 0.033 Type F B&l
Yarramoor (ym) Group C 0.00 none ML 0.033 Type F J
CL 0.028 Type F J
oL 0.026 Type F J

CL 0.034 Type F G

CL 0.034 Type F K

CH 0.032 Type F H

CL 0.039 Type F H
Group C/D CL 0.028 Type F J
GC 0.029 Type C J
SP-CL 0.031 Type F J
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Table C12. Dungog Soil landscapes

Table 12 Dungog Soil Landscapes

Sediment
Soil Soil hydrologic Acid sulfate (Ii—:‘:c't](/)'r];lsmlf Sediment basin wall
landscape group risk USCSclass ‘" e type construction
mm)
(earth)

Bonnington (bn) Group B/C none ML 0.036 Type F J
ML 0.039 Type F A

Group D ML 0.034 Type F A

CH 0.029 Type D A

Barrington River Group B none OL 0.031 Type F J
(ba) ML 0.043 Type F A
Group B/C oL 0.018 Type F J

ML 0.048 Type F A
Group B SM 0.035 Type F |
SM 0.038 Type F I

Black Camp Creek Group C none ML 0.053 Type D J

(bc) SM-ML 0.063 Type D JIE
CL 0.049 Type D D

Berrico (bo) Group B none oL 0.023 Type F J

GM 0.047 Type F B&l

ML 0.049 Type D B

ML 0.051 Type D B

Group B ML >0.048 Type F J

ML 0.051 Type F A

Group B/C oL 0.041 Type F J

ML 0.059 Type D B

CL 0.033 Type D B

Group B/C oL 0.025 Type F J

ML 0.039 Type D A

CL 0.020 Type D A

CL 0.019 Type D A

Bucketts Road (bu) Group B/C none oL 0.045 Type F J
ML 0.062 Type D D

CH 0.026 Type D G

GC 0.040 Type D D

Group B/C ML 0.046 Type F J
ML 0.060 Type F |

CL 0.035 Type D B
Group C ML 0.056 Type F |

ML 0.060 Type F A

CL 0.032 Type D B

Group C oL 0.029 Type F J

CL 0.023 Type D H

SC 0.015 Type D nt

Cockadilly Ridge none ML 0.038 Type F J
(cd) Group C/D SM 0.048 Type D J
Group B oL 0.025 Type F J

ML 0.036 Type F A

CL 0.040 Type D A

CL 0.031 Type D B

Group C SM-ML 0.031 Type F J

SM 0.043 Type D J

Group C ML 0.038 Type F A

CH 0.027 Type D G

Chichester (ci) Group B none PT Peaty Type F J
CL >0.072 Type F C

Group B oL 0.031 Type F J

ML 0.036 Type F A
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Table C12. Dungog Soil landscapes [continued)

Table 12 Dungog Soil Landscapes

Sediment
Soil Soil hydrologic Acid sulfate (Ii'if]zcﬁ%:ﬁnlf Sediment basin wall
landscape group risk USCSclass ‘" type construction
mm)
(earth)
ML 0.046 Type F B
Group B/C ML 0.031 Type F A
ML 0.040 Type F A
SM-ML 0.023 Type F B&I/A
SM 0.043 Type F J
Group B/C oL Peaty Type F J
CL 0.029 Type F G
CL 0.064 Type F C
Group C CL 0.021 Type F A
CL 0.022 Type F A
ML >0.078 Type F C
ML >0.087 Type F C
ML >0.087 Type F C
Group C oL Peaty Type F J
oL 0.028 Type F J
ML 0.031 Type F A
Craven (cn) Group D none SM 0.039 Type F J
ML 0.064 Type F B
ML 0.037 Type D B
CL 0.036 Type D D
Chichester River Group C/D none ML 0.050 Type D A
(cn) ML 0.052 Type D B
CL 0.051 Type D D
Dungog (du) Group D none oL 0.027 Type F J
ML 0.048 Type D D
Group C/D SM-ML 0.043 Type F J
SM 0.056 Type F J
CL 0.045 Type D D
Gloucester Buckets Group B none SM-ML 0.037 Type F B&I/A
(gb) SM-ML 0.030 Type F J
SM-ML 0.043 Type D J/ID
SM 0.037 Type F J
Group C/D GM 0.031 Type F B&l
SM-ML 0.046 Type F J
ML 0.058 Type F B
CL 0.042 Type D B
ML Peaty Type D J
ML 0.048 Type D B
Gresford (gd) Group C none SM 0.044 Type F J
SM 0.051 Type F J
CL 0.031 Type D A
Group D ML 0.038 Type F J
SM 0.039 Type F J
Gilmore Hill (gi) Group C none ML 0.039 Type D J
CL 0.037 Type F B
CL 0.037 Type F A
Gloucester (go) Group C/D none ML 0.045 Type F J
ML 0.052 Type D B
CL 0.029 Type D B
CH 0.023 Type D G&F
Gloucester River Group C/D none SM 0.039 Type F J
(qu) SM 0.056 Type F J
SC 0.035 Type D B
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Table C12. Dungog Soil landscapes (continued)

Table 12 Dungog Soil Landscapes

Sediment
Soil Soil hydrologic Acid sulfate ('i';a;c;%::nlf Sediment basin wall
landscape group risk USCSclass ‘" e type construction
mm)
(earth)
GroupC ML 0.044 Type F J
SM 0.047 Type D

Gloucester Tops Group C none PT Peaty Type F J
(gp) oL Peaty Type F J
OL 0.012 Type F J
Group B oL 0.020 Type F J
CL 0.052 Type F C
ML 0.059 Type F C
ML 0.061 Type F C
Group C oL 0.022 Type F J
CL 0.045 Type F C
ML 0.059 Type F C
PT Peaty Type F J
SP 0.019 Type C I
Group C/D SM 0.015 Type F I
ML 0.022 Type F C
ML 0.079 Type F C
Lame Cow Gully Group C none ML 0.050 Type D J
(Ic) ML 0.055 Type D B
CH 0.029 Type D G
Linger and Die (Id) Group B/C none oL 0.014 Type F J
ML 0.045 Type D D
OL 0.023 Type F J
SM-ML 0.040 Type D D
Group C SM-ML 0.024 Type F J
SM 0.037 Type F J
SM 0.029 Type F J
Karuah River (kr) Group B/C none SM 0.050 Type F J
ML 0.048 Type F I
ML 0.044 Type F B

SM 0.036 Type F B&l
Group C/D ML 0.051 Type F J
ML 0.057 Type D A
CL 0.038 Type D B
Lawlers Range (Ir) Group D none ML 0.028 Type D J

SM-ML 0.031 Type D J/B
Marshdale (ma) Group C/D none ML 0.041 Type F J
ML 0.066 Type D E
CL 0.035 Type D D
Group B SM 0.021 Type F J
SM 0.039 Type D J
Lame Cow Gully Group C none ML 0.051 Type D J
variant a (Ica) ML 0.054 Type D B
CL 0.028 Type D G
Group D GM 0.043 Type F J
ML 0.056 Type D B
CL 0.041 Type F A
Monkerai (mo) Group D none SM-ML 0.026 Type F J
ML 0.043 Type F B
Group D OL 0.027 Type F J
ML 0.047 Type F B
CL 0.033 Type F G
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Table C12. Dungog Soil landscapes [continued)

Table 12 Dungog Soil Landscapes

Sediment
Soil Soil hydrologic  Acid sulfate ('iiff;clt]‘/’; USEE Sediment  basin wall
landscape group risk USCSclass ‘" R type construction
mm)
(earth)

Group C/D oL 0.028 Type F J
oL 0.034 Type F J
CL 0.021 Type D A
Paterson River (pa) Group B/C none ML 0.045 Type F |
ML 0.068 Type F C
Group B SM 0.041 Type F |
SM 0.037 Type F |
Group B ML 0.035 Type F J
ML 0.045 Type F A
ML 0.058 Type F C
Salisbury (sa) Group C none ML 0.050 Type F J
ML 0.046 Type D A
ML 0.057 Type F A
Group B ML 0.043 Type F J
ML 0.040 Type F A
Saw Pit Creek (sp) Group C/D none oL >0.040 Type F J
ML >0.070 Type D D
CL 0.040 Type D E
CL 0.037 Type D E
Group C/D oL Peaty Type F J
ML 0.044 Type F B
CH 0.021 Type D G
Group D oL 0.017 Type F J
ML 0.050 Type D D
Group C/D oL 0.026 Type F J

SM-ML 0.047 Type F J/B
CL 0.030 Type D B
Stroud Road (sr) Group C none CL 0.036 Type F B
ML 0.048 Type D A
Group C oL 0.030 Type F J
SC 0.022 Type D K
CL 0.038 Type D B
Group C oL 0.019 Type F J
CH 0.056 Type F C
CH 0.041 Type F C
Group D SP 0.022 Type F |
Group C/D GM 0.045 Type F J
GM 0.058 Type F J
Tillegra (ti) Group C none ML 0.036 Type F J
SM 0.038 Type D J
ML 0.057 Type D |
Group C/D CL 0.037 Type D B
CL 0.044 Type F D
Group C oL 0.025 Type F J

SM-ML 0.046 Type F J/B

SM-ML 0.043 Type D J/ID
Group D ML 0.039 Type F J
ML 0.051 Type F B
CL 0.025 Type D B
CL 0.043 Type D D
Group D oL 0.020 Type F J
CL 0.022 Type F A
CL 0.022 Type F A
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Table C12. Dungog Soil landscapes (continued)

Table 12 Dungog Soil Landscapes

Sediment
Soil Soil hydrologic Acid sulfate K-factor USLE Sediment basin wall
landscape group risk USCS class (Lha.h/ha.M.. type construction
mm)
(earth)
Wards River (wd) Group CG/D none oL 0.035 Type F J
SM 0.051 Type D J
CH 0.019 Type D D
CH 0.022 Type D B
Group CG/D oL 0.040 Type D J
ML 0.051 Type D B
CL 0.028 Type D B
CL 0.040 Type D B
Group C oL 0.039 Type F J
CL 0.032 Type D B
Group B/C SM 0.030 Type F J
SM 0.046 Type D J
Williams Range (wi) Group D none CL 0.024 Type D J
GM 0.040 Type F J
Group D oL 0.017 Type F J
ML 0.035 Type D B
CL 0.025 Type D B
Group B ML 0.037 Type F J
ML 0.049 Type D B
Group B ML 0.028 Type D B
oL 0.027 Type D J
Group D oL Peaty Type F J
ML 0.045 Type D D
Group B/C ML 0.042 Type F J
ML 0.053 Type D B
CL 0.030 Type F G
Group B/C ML 0.033 Type F J
ML 0.051 Type D B
CL 0.022 Type D G
Group D oL 0.016 Type F J
ML 0.048 Type D B
Group B/C ML 0.045 Type F J
ML 0.052 Type D D
Washpool (ws) Group C/D none GM 0.025 Type F J
GM 0.028 Type C J
Wangat (wt) Group D none oL 0.004 Type F J
Group D oL 0.018 Type D J
Group B OH Peaty Type F J
oL 0.016 Type F J
Group B oL 0.026 Type D J
CL 0.034 Type D D
CL >0.087 Type F C
CH 0.024 Type D A
CL 0.021 Type F C
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Table C13. Newcastle Soil Llandscapes

| 0 adAy 0000 MS Pas||ea0] JUBLIBAOW SSBW PUB UOIS0Ia puim 1o} [enuajod
r 0 adf] 0000 MS IWapua v dnoug Gz< peaidsapim ‘A)|ILIa) MO| UHIM S]10S BAISAL0I LUOU 8SIB0D (10) yoeu saskog
9 aadfy G200 HI
r 4 8df1 Ge0'0 1
r " . ’ dnos suolepuNoy 0} SYsH ‘sadojs Jamoj Jo Buibbopiaem
49041 00 WS dlpelods @73 dno1y 0L0re PUE U0-uni ybly ‘S|I0S MOJ[RYS PaSI[EA0] ‘pIezey uoisosa ybiy (19) uodaig
v 4 8df] €200 HO
a aadfy 0€0°0 JS
a aadfy 1200 JS
r aadfy L¥0°0 NS d0Jo1N0 X201 PUE S|I0S MO|[BYS ‘JUBLIBAOW SSEW Pas||edao)
r 4 8df} 12070 NS auou @ dnou Gy> ‘pJezey uoisols ybiy pue uo-unt ybiy ‘sadojs deas Ajjeauab (10) maiaspaig
9 4 8df| ¢c0'0 HO
r 4 8df1 S¥0°0 NS SUOIJePUNO} 0} SYSU :d0J23N0 %I04 PUR S|I0S MOJ[BYS PasIeao|
v 4 8df1 8200 19 ‘sado|s Jamoj Jo Buibbojiayem pue uo-uni ybiy JUSWAAOW (uq)
| 4 adA] ££0°0 S oipeiods 9 dnoly SSew 0] a1nqu1u0d sadojs dass pasi|eao| ‘pJezey uoiso.a yobiy s1ybloy ellemjog
9 a 8dfy G200 HO
suofepunoy
0] sysu ‘buibbojieiem juauewiiad pasiieao| ‘spiezey Buipooyy
r 4 adA] €000 10 Jwapua @ dnoup 1> pue buibbopiarem [euosess ‘a|qenalem ybiy Apusuewsad (19) wued sqog
2 4 8dAl 1100 HO
r 4 80f1 8200 I g dnouy
g 49044 8700 1 Buibboiarem
9 aadfy 8100 HI [euoseas ‘doJono %20. ‘uo-uni ybiy ‘sadojs daas pasifeao|
q @ adfy €00 N gipelods 9 dnoly GLol¢ {a0uapIsqns auiw Jo sysu [elausb ‘piezey uoiso.a 10s ybiy (9q) praysalag
| aadfy %00 1 suonepuno}
a a adf| 800 N 01 SYSH ¢ Uo-unJ ybiy Jo seale pasiedo| ‘pJezey uoisold (0q)
r g edfy €500 N oipelods 9 dnoly o)L ybiy ‘buibbojierem [euosess 1o Jusuewlad ‘Buipooy) 03 J08lgns %9019 dwe) yoelg
uonnjjod ajqeLaEM
w 4 adfy 9200 dS pue suoiepuNo} 0] SYsK 8s0d S[I0S dAISAY0I UOU MO|[BYS (eq)
r pajsa) JoN fjead 1d JIwapua @ dnouy > ‘Buibbojiayem pue ssjqenalem ybiy Apusuewsad 0} 198lgns dwemg shuiey puig
v a9dfi €200 HO
g qadfy ¢00 IND-3S K18y MO| YlM S]10S MO|[eYS ‘[enuajod juswanow
q @ adfy ¥€0°0 75 olpelods 9/g dnoip 090101 ssew yum sadojs daals pasi|eao| ‘pJezey uoisota ybiy Aian (me) eqemy
(ypes) ©)
uonINISU0d adfy 101981~ SSB|9 S9SN ysu dnoib um—._.m‘_ SIUIBNSUO09 UOLWLLO adeaspue|
llem uiseq wowypeg 1S A0EN aleyins oy 91B0joIpKyY J1os Wes 2 nos
juawipas adors

sadeospueT [10S 9iSeamMaN €| ajqel

C-/6



E| qodfy 8500 TN-19 MO 0] UO-unJ yBIY ‘S|l %004 PUB JUSLWAAOW SSBL Pas||eoo]
r g adfy 100 19-TN aipelods g dnoiy gz< ‘pJezey uoisoa ybiy ‘dolono %901 pue sjios mojeys doals (66) uey uey
r 4 90f1 faead 1 SYSLI UO[JEPUNOJ. ‘UOISOJ3 SABM PaSI[EI0] ‘Seale MO)|
r 4 adfy fyead 1 olwapus @ dnouy > ul buibbopierem ‘sojqepsiem ybiy Ajusuewlad ‘uo-uni ybiy (91) ©A09 uouIa|INS

suoepUNO} 0] SYSl [RJauab ‘seale

a @ adfy €200 HO 19MO0] 0} Uo-unJ ybiy pasifeao) ‘sji0s mojjeys ‘sadojs daals
a g adfy 1200 19-1N olpesods 9 dnouy 050102 UM PSJRIJ0SSE JUSLIBAOW SSBW PUB pIezey uoiso.a ybiy (99) ¥98149 nw3
q aadfi 8100 HO
g L] 6200 aS 3} MO| pue
q 0 adfy 1700 9S-INS BU /9 dnosny o> 99UaPISQNS BUIW ‘SpJeZey U0-UnJ Pasijedo] pue uoisoss ybiy (op) uosjefoq
a aadfi 1€0°0 1
r qodfy 8700 NS seate mo| ul BuiBbojiaem ‘sdoiapno
r 4 adAy ¥€0°0 AN aIpelods @ dnouy GLOIG )04 Pas||ea0] ‘pJezey uoisota Ybiy Yyym Sji0s Mojieys (19) umoyaauale|)
a aadfi 8€0°0 1
a 4 8df] ¢S0°0 N
H d adfy G200 HO spJezey uoIs0Ja
r g adfy 620°0 70 auou /9 dnosg 0v 0102 yBiy pue JuswaAow ssew 01 199lgns sadeaspue| desys (o) 1H fern
sodo|s Jomo Jo Huibboliajem [euoseas pue uo
v g adfi €200 HO -unJ ybiy pasi|eao) sysi UOIFBPUNO}/32UaPISANS BulW ‘plezey
r q 9dfy $20°0 1 aIpesods 9 dnoly oy o161 uoIS0Ja ybly pue Juswiaaow ssew 0y 198lgns adeaspue| deals (89) II1H fepan
4 4 8df} 9200 JS
4 4 8dfy 200 JS
r 4 80f4 0000 NS SUOIIBPUNOY 0} SYSU ‘S|10S MO|[BYS PasI[ea0]
g g adfy 920°0 H9 uowwod a/9 dnoty > ‘sease mo| ul Buibbojieiem pue sajqepsiem ybiy Ajusuewad (99) %9819 8119209
a qadfy 0v0°0 TN-19 suonepunoj 0
a aadfi 0€0°0 1 SYsl [eJauab ‘doJono %201 ‘S|I0S MO|[BYS ‘S|[B} }00. ‘SBaIR MO (wo) ureunop
a3 @ adfy 170°0 19-1N olpesods 9 dnouy Gz< 0] uo-uni ybiy swos ‘pJezey uoisols ybiy yum sedojs dasis 9a1] abeqqe)
| g 9dfy 0000 MS
| 9 9dfy 0000 MS SuoIepuNoy 01 SYsu sadojls dass
(yprea) 5 %)
uonINISuod adfy SSe|9 S9SN ySu dnou adeaspue|
IIEm uiseq wounpag  J1SN10KEN aleyns pioy  oibojosphy o 20Ue! SHIBAISHOO LOWIO] los
juawipag adojg

Table C13. Newcastle Soil Llandscapes (continued)

sadeaspueT |10S a1SeamaN €| ajqel

C-/7




Table C13. Newcastle Soil Landscapes (continued)
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Table C13. Newcastle Soil Llandscapes (continued)
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Table C13. Newcastle Soil Llandscapes (continued)
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Table C13. Newcastle Soil Landscapes (continued)
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Table C14. Port Stephens Soil landscapes
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Table C14. Port Stephens Soil landscapes (continued)
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Table C14. Port Stephens Soil landscapes [continued)
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Table C15. Wallerawang Soil landscapes
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Table C15. Wallerawang Soil Landscapes (continued)
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Table C15. Wallerawang Soil Llandscapes (continued)
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Table C16. St Albans Soil landscapes

Table 16 St Albans Soil Landscapes

K-factor Sediment
Soil Soil hydrologic  Percent area of high Acid sulfate USLE Sediment basin wall
landscape group acid sulfate soil risk risk USCS class (t.ha.h/ha.M type construction
J.mm) (earth)
Colo Heights (ch) Group C/D 0.00 none CL 0.037 Type D J
CL 0.032 Type D D
CL 0.039 Type D B
SC-CL 0.036 Type D B
Greens Creek (gc) Group B/C 0.00 none SM 0.036 Type F J
CH 0.026 Type D H
SM 0.016 Type F J
Group B/C ML 0.031 Type F J
CL 0.028 Type F A
Group C/D SM Peaty Type F J
oL 0.032 Type D J
Gymea (gy) Group C/D 0.00 none SC 0.030 Type F J
SM 0.006 Type F |
SM 0.030 Type F J
SC 0.022 Type D D
CL 0.037 Type D D
CL 0.047 Type D D
Hawkesbury (ha) Group D 0.00 none SP 0.031 Type F J
SP 0.038 Type F J
CL 0.033 Type D B
SC 0.042 Type D D
Laguna (Ig) Group C/D 2.59 sporadic SP 0.041 Type F J
SP 0.044 Type F J
CL 0.039 Type D B
Group D SM 0.021 Type F J
CL >0.087 Type F C
MH 0.046 Type D E
Lucas Heights (Ih) Group C/D 0.00 none SM-ML 0.052 Type F J
ML 0.058 Type F B
CH 0.020 Type F A
Oxford Falls (of) Group C 0.00 none SM 0.012 Type C J
SM 0.012 Type C J
SM 0.018 Type C |
SM 0.014 Type C J
CL 0.094 Type F C
SM 0.006 Type C J
SM 0.021 Type F J
Putty Creek (pc) Group C 0.00 none ML 0.036 Type F J
SM 0.015 Type F J
oL 0.025 Type F J
Warragamba (wb) Group D 0.00 none SP 0.022 Type C J
SP 0.032 Type F J
CL 0.035 Type D B
Wisemans Ferry Group C 31.46 common oL 0.034 Type D J
(wf) SP 0.028 Type F J
ML 0.058 Type D B
SP 0.043 Type F J
SM-ML 0.050 Type F |
ML 0.047 Type D |
CL 0.028 Type D D
oL 0.031 Type D J
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Table C16. St Albans Soil Landscapes (continued)

Table 16 St Albans Soil Landscapes

K-factor Sediment
Soil Soil hydrologic Percent area of high Acid sulfate USLE Sediment basin wall
landscape group acid sulfate soil risk risk USCS class (t.ha.h/ha.M type construction
J.mm) (earth)
Watagan (wn) 0.14 sporadic SC 0.067 Type F C
Group D SP 0.036 Type F J
SC 0.023 Type F B
ML 0.048 Type F J
Wollangambe (wo) Group C/D 0.00 none SP 0.012 Type C J
CL 0.031 Type F A
SC 0.021 Type F |
oL 0.040 Type D J
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Table C17. Gosford-lake Macquarie Soil landscapes
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Table C17. Gosford-lake Macquarie Soil landscapes (continued)
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Table C17. Gosford-lake Macquarie Soil landscapes (continued)
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Table C18. Katoomba Soil landscapes
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Table C18. Katoomba Soil landscapes (continued)
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Table C18. Katoomba Soil landscapes (continued)
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Table C19. Penrith Soil landscapes
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Table C20. Sydney Soil landscapes
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Table C20. Sydney Soil landscapes (continued)

| BEL] Bu dS Kymuay moj £19A 03 moj ‘spaezey

| 0 adAy G000 dS 9 dnoiy G-0 u0IS0Ja [10S Buipooyy pasieao) ‘sajqepaiem ybiy Apusuewlad (mm) Aop Aop
[enuajod uoisuedxe awnjoA ybiy yum siafe

q g adA] 2200 H2-19 ansed ajqeauuadwi Ajybiy ‘Buibboiajem [euoseas pasieao) (dm) siiH

v 4 adAy 9200 1 /9 dnosy 02< ‘sadojs das)s ‘spJezey U0IS0IS [10S PUR JusWaAOW Ssew ybiy S||IH Jueuudd 1ssm

a a9dhi Lc0'0 HO

d a9dhi 1200 HO-10

4 g odfy ¥€0°0 JS d0121n0 %201 [BUOISEII0

r 0 adfy €700 NS /9 dnosy Ge< ‘sadojs das)s ‘spJezey U0IS0IS [10S PUR JusWOAOW Ssew ybiy (um) ueberem

s110s 9|qeaw.ad Alybiy
| 0 adfy 8100 dS v dnougy €-0 ‘sa|qeualem ybiy ‘spaezey Buipooj) pue uo-un. ybiy pasiieao| (em) poomalirep
[ J odf| 9000 dS a|jqeualem ybiy Apusueuiiad
(yprea) uogonysuod adfjjuawipas Jojoej-y  SSEI9 SISN NS Sjejns piay dnoub abuei adojs SJUIRJISUOD UOWLIO) adeaspue] ji0§

llem uiseq juawipas

a160jo.pAy j10S

sadeoaspue 103 faupAs 0g alqel

C-106



so|qepaiem ybiy Ajusuew.ad pasijeaol pue Ayjiua)
NI D adiy BuU 75 v dnoup 0L-1 MO] Yuim S|10s ajqeawlad Alybiy ‘pJezey UoIS0I8 PUIM SLLUBIIXS (uy) [jouIny
Ayuay ajelapow 0} moj pue Ajoedes Bulieaq
! 9 8dfy eu N 19M MO| UNM BAIjIBAI AJ. S|I0S ‘PIBZBU UOISOJd SLUSIIXD (1) wawd.eosy
g g adiy £€0°0 1 @ dnoup 05-02 pue sadojs deajs ‘piezey ||ey %901 pUe JUBLIBAOW SSBW Bllemel||
9 4 8dfy eu 2s Aujuag moj yum
J qadfy €e0'0 3S s10s ajqeaw.ad Ajybiy ‘Aucys ‘mojjeys ‘dosaino 3201 ‘edojs
I'eg D adfy $20°0 ] @ dnoup Gz< dass ‘psezey Juawanow ssew ybiy pue uoiso.a |10s ybiy (ey) Aungsaymey
v qadfy Zr00 1
J 4 8dfy $€0°0 ) psezey uoisoa ybiy yum sadojs dasys pasieao| ‘dosano
I'sg 9 8dfy 2200 NS /9 dnogy Ge-0l X201 ‘Aylipa) moj A1an uym sjios ajqesuiad Alubiy ‘mojleys (A6) eawAy
buans Huneaq 19m MO| UM
v qadfy ¥20°0 1 a|qeawadwi pue anisuedxa sj10sqns ‘Buipooy) [Ba0] ‘piezey
v 4 8dAy G200 TN a/9 dnoup Ge-¢ 1uaWaAoW ssew ‘sadojs daa)s ‘plezel UOIS0IS BLIB.IX
_ J adf| €500 MS-INS
M3l 9 8dfy NS
eu q 9dfy Ge0'0 19 @ dnoup G-0 do1ano »o0. ‘Ajipay mo| yum sjios ajqeawad Alybiy mojeys (q4) abpuquoojne
[%5}
)
o U 4 8dA] M
2 9 o adf| 200 HO
/m J 4 8dfy ¥20°0 10 fusy moj pue ybuains bulieaq jJom Mo| ‘sajqeiaiem
&S] I 9 8dfy G200 NS-dS g dnoug G-0 ubly Ajjeuosess ‘sjios ajqeawad Ajybiy ‘prezey Buipooyy ybiy (wy) mopeayy Aireq
wu
% a|qeniarem ybiy Ajleuoseas pasijeao|
mu r D adfy 8100 MS @ dnoup 02-0 ‘Aupuay moj Aian ‘Jios ajqeawad Alybiy ‘prezey uoisous ybiy (ng) eugapung
S
S
I 9 @ adfy eu ah) uoisuedxa awWwNjoA 81BISPOW UM
5 v 4 8dAl 8200 1 9 dnoig G0 sllosqns anse|d pasi|edo| ‘A|iHa) mo] ynm paurelp Ajood sjlos (10) umopyoe|g
[awg
mu 199Us
wd SIy} Jo} ajqejiene abeureip papadwi Ajjea0) ‘sjios
m a @ adfy 2200 gk BlEp S-Y OUu 9 dnoiy 0S-01 anlsuedxa ‘pJezey U0IS0I9 SWIBIIXS ‘pIezZey JUBLISAOW SSBeL (1q) Asjanlag
g
(ypiea) uonanysuod ySu dnoib
- [IEM UISEQ JUBWIPAS adfy Juawipas  iojoe) -y $Se|9 S9SN ajeyns pioy  9160joapy [10S afue. ado|g SJuleJ}Su0? uowwo? adeaspueT j10S
N
Q
//w sadeaspue 105 BuryoeH ued-buobuojiop 12 9jqel
S]
==

C-107



Table C21. Wollongong-Port Hacking Soil Landscapes (continued)
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Table C22. Kiama Soil landscapes
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Table C22. Kiama Soil landscapes (continued)

fia) moj yym sjios ajqe”suliad
Ajubiy anisayoa uou ‘sajqenaiem ybiy Ajusuewad

| D adfy 2700 ds v dnoiy Ge-¢ pue Bulpooy} pasi[eao| {pJezey UOISOI9 PUIM BLIBIIXD (Bm) Buobuojom
q d adfy 9200 19 yibuais BuLieaq 1om mo| pue
v 4 8dA] 6£0°0 AN a/9 dnoup €0 sa|qenalem ybiy Apusuewsad ‘BuibBojieyem pue uo-uni ybiy (1m) 99qLLIRIBBUIN
pioe Afuons aJe sjios ‘piezey
uoIs0Ja Jayem ‘Buibbojierem [euoseas pasijedo] ‘piezey (wm)
9 4 8dfy U w1 9 dnoiy 02-01 JUBWSAOW SSBW PasI|edo| pue [eiusjod Juswanow aoeuns MOPB3A SaPIIM
(unea) uogonusuoo adfyjuawipas lojoej-y  SSel9 SISN asu dnoib abuei adojs SJUIBJISUOI UOWWOY) adeaspuey |10

lIem uiseq Juawipag

aleyns poy  9160j04pAy j1os

sadeaspue |10S ewely ¢z a|qel




Table C23. Wagga Wagga Soil landscapes (continued)

Table 23 Wagga Wagge Soil Landscapes

. Percent area Sediment
Soil hy dfgll(l) gic Acid sulfate  of low acid (li_'flzcl:%:smlf Sediment basin wall
landscape group risk sulfate soil USCS class ‘- m m). ) type construction
risk* (earth)

Belfrayden (be) Group B none 0.00 ML 0.054 Type F B
CL 0.059 Type F C
CL 0.018 Type F C
Group C CL 0.045 Type F B
CL 0.058 Type F B
CL 0.047 Type F B
Group B SM 0.027 Type F J

SM-ML 0.046 Type F J/B
CL 0.010 Type F G
CH 0.013 Type D G
Becks Lane (bk) Group D none 0.00 ML 0.056 Type F B
CL 0.044 Type F B
CL 0.025 Type F A
Group C ML 0.059 Type D J
ML 0.053 Type D D
CL 0.037 Type F B
Group C ML 0.058 Type F J
ML 0.064 Type F B
CL 0.024 Type F A
Benloch (bl) Group B none 0.00 CL 0.038 Type F B
CL 0.026 Type F C
CL 0.063 Type F G
Group B ML 0.062 Type F J
ML >0.083 Type D |
CH 0.018 Type D D
CL 0.037 Type D D
Bullenbong Road Group B none 0.00 ML 0.059 Type F J
(br) ML 0.073 Type F |
CL 0.065 Type F B
CL 0.061 Type F B
Big Springs (bs) Group B none 0.00 SM 0.052 Type F J
SM 0.043 Type F J
CL 0.039 Type F A

SC-CL 0.042 Type F B/A
Bullenbong Plain Group D none 0.00 oL 0.015 Type D J
(bu) CL 0.023 Type D B
CL 0.020 Type D B
Group D CL 0.045 Type D D
CH 0.024 Type D D
CH 0.033 Type D D
Currawarna (cw) Group A none 0.00 SP 0.037 Type F |
SP 0.027 Type F J
SP 0.027 Type F J
East Bomen (eb) Group D none 0.00 CL 0.045 Type F B
CL 0.030 Type F C
CL 0.033 Type F C
Group C/D SC 0.035 Type F C
CL 0.045 Type F C
SC-CL 0.045 Type F B
SC 0.032 Type F B
SC 0.030 Type F B
CL 0.020 Type D A
Group C ML 0.050 Type F A
CL 0.042 Type F B




Table C23. Wagga Wagga Soil landscapes (continued)

Table 23 Wagga Wagge Soil Landscapes

. Percent area Sediment
Soil hy d?(())lltl) gic Acid sulfate  of low acid g-lf]a;c;:(l)'rlflswlf Sediment basin wall
landscape group risk sulfate soil USCS class ' m m) e type construction
risk* (earth)
Farnham (fa) Group C none 0.00 oL 0.023 Type D J
CL 0.025 Type D B
SM 0.019 Type F J
Forest Hill (fh) Group C none 0.00 ML 0.046 Type F J
CL 0.048 Type F B
CL 0.024 Type F C
CL 0.022 Type F C
Grubben (gb) Group C none 0.00 ML 0.044 Type F J
ML 0.064 Type D E
Group C/D ML 0.048 Type F J
ML 0.064 Type F A
CL 0.032 Type D B
Glenmornon (gl) Group C/D none 0.00 SM 0.046 Type F I
SC 0.025 Type F B
CL 0.017 Type F G
Group B SC 0.030 Type F J
SM 0.044 Type F J
CL 0.043 Type F C
Gregadoo (gr) Group A/B none 0.00 ML 0.065 Type F J
SM 0.062 Type F J
SC-CL 0.036 Type F B/A
Group B SM 0.038 Type F J
SM 0.040 Type F J
CL 0.040 Type D D
Kyeamba Downs Group A/B none 0.00 SM 0.033 Type F J
(kd) SM 0.040 Type F J
CL 0.027 Type F A
CL 0.016 Type F A
Group B/C ML 0.043 Type D J
SM-SC 0.048 Type F J/B

CH 0.011 Type F C
Kurrajong Plain (kp) Group C/D none 0.00 ML 0.045 Type D B
MH 0.047 Type D A
ML 0.052 Type D B
ML 0.054 Type F A
Lloyd (Id) Group C none 0.00 ML 0.041 Type F J
ML 0.052 Type D B
CL 0.022 Type D A
CL 0.037 Type F B
ML 0.054 Type D J
ML 0.064 Type D D
CL 0.030 Type D B

Group B/C SM-ML 0.047 Type F B&I/A
CL 0.016 Type F C
CH 0.010 Type F C
Group C SM 0.036 Type F J
SM 0.052 Type D J
Livingstone (li) Group B/C none 0.00 ML 0.054 Type F J
SM 0.051 Type F J
CL 0.020 Type F A
Group B SM-ML 0.053 Type F J
SM 0.059 Type F J




Table C23. Wagga Wagga Soil landscapes (continued)

Table 23 Wagga Wagge Soil Landscapes

. Percent area Sediment
Soil hy dfgll(l) gic Acid sulfate  of low acid (li_'flzcl:%:smlf Sediment basin wall
landscape group risk sulfate soil USCS class ‘- m m). ) type construction
risk* (earth)
CL 0.050 Type D D
oL 0.039 Type F J
ML 0.049 Type F A
Mangoplah (ma) Group B/C none 0.00 ML 0.048 Type F J
MH >0.081 Type D E
CL 0.024 Type D G
CL 0.037 Type D D
Mount Flakney (mf) Group C none 0.00 SM 0.030 Type F J
SM 0.032 Type F J
SM 0.042 Type F J
SC-CL 0.038 Type F B/A
0’Briens Creek (ob) Group C/D none 0.00 ML 0.067 Type D J
ML 0.062 Type D D
CL 0.022 Type D A
ML 0.057 Type D J
ML >0.084 Type D E
CL >0.086 Type F C
CL 0.028 Type D B
Group B/C ML 0.062 Type D J
ML 0.067 Type D B
CL >0.087 Type F C
CL 0.033 Type F A
Pearson (pe) Group C/D none 0.00 CL 0.050 Type F J
ML 0.057 Type D D
CH 0.011 Type F C
CL 0.018 Type D A
Group B CL 0.036 Type F C
CH 0.050 Type F H
CH 0.051 Type F C
Pulletop (pu) Group B/C none 0.00 ML 0.057 Type F J
ML 0.078 Type D |
CL 0.026 Type F A
CL 0.029 Type D A
Group C/D ML 0.067 Type F J
ML 0.072 Type F B
CL 0.027 Type F A
CL 0.027 Type F A
Group B ML 0.061 Type F A
CL 0.064 Type F C
CL 0.064 Type F C
Group C/D ML 0.059 Type F J
ML 0.062 Type D |
CL 0.025 Type F A
Redbank (rb) Group B/C none 0.00 ML 0.057 Type F J
ML 0.072 Type F B
CL 0.019 Type F A
CL 0.017 Type F G
Group B/C ML 0.045 Type F A
ML 0.065 Type D |
CH 0.024 Type D F
Rockedge (re) Group B none 0.00 ML 0.061 Type F J
SP 0.066 Type F J
ML 0.065 Type F J
ML 0.071 Type F |




Table C23. Wagga Wagga Soil landscapes (continued)

Table 23 Wagga Wagge Soil Landscapes

. Percent area Sediment
Soil hy o jic Acidsulfate  of low acid Hﬁ%fﬁkf Sediment basin wall
landscape group risk sulfate soil USCS class '~ 'mm) e type construction
risk* (earth)

ML 0.048 Type D D
Rio Grande (ri) Group B none 0.00 CcL 0.044 Type F |
SC 0.049 Type F B
CL 0.026 Type F A
Group D ML 0.044 Type F J
GM 0.065 Type F |
The Rock (ro) Group C/D none 0.00 SC Peaty Type F J
SC 0.024 Type F C
SP 0.040 Type F J
SP 0.047 Type F |
Roping Pole (rp) Group D none 0.00 CcL 0.025 Type D B
CH 0.014 Type D F

CH 0.010 Type D G&F
Vincent Road (vi) Group B none 0.00 SM-ML 0.055 Type F J
ML 0.070 Type D |
CL 0.039 Type F B
Group B/C ML 0.062 Type F J
CL 0.069 Type F |
CL 0.034 Type D D
Waverley (wa) Group B/C none 0.00 ML 0.044 Type F J
ML 0.065 Type F B
CL 0.026 Type F A
CH 0.019 Type F C
Woomabrigong (wo) Group C none 0.00 SM 0.034 Type F J
CL 0.036 Type F B
CL 0.015 Type F A
CL 0.020 Type F A
Yarragundry (ya) Group B/C none 0.00 SM 0.046 Type F J
SC 0.033 Type F B
SM 0.045 Type F J
SM 0.050 Type F J
SM 0.051 Type F J
CL 0.018 Type F C
CL 0.017 Type F A
CL 0.023 Type F A
CL 0.025 Type D A
SC 0.034 Type D B
CH 0.016 Type D H&
ML-OL 0.045 Type F J

* Low risk, not
no risk




Table C24. Canberra Soil landscapes
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Table C24. Canberra Soil landscapes (continued)

9 4 8df] 0200 HO
a a 9dfi ¥0°0 1
9 4 8df] G100 HO
a aadfy 090°0 N
a 4 8dA; 2500 TN Buipjeas abedaas pue Ajuies ‘Buibboliaiem [euosess ‘sajqel
r 4 adAy 120°0 710 Jayem ybiy pasijeao| ‘uoisols Ajinb oy BunngLiuod uo-uni
r 4 8df] 0v0°0 TN-INS auou g dnoiy oLog ubly ‘siiosqns a|qisiadsip Yum s[10s ajiuajul aqiposa Alybiy (um) eBunuuim
v 4 8df] G500 1
r 4 8df] ¥€0°0 10 @ dnoiy
a a9dfi ¢90°0 10
a a9dfy 0900 N
q 4 8dA; 8200 1 99USPIAS UI
r d adf 0¥0°0 NS )oeq-aIp pue Buleajalano {Buipoo)) pasiieao| pue buibboliayem
r 4 8dAy 8€0°0 710 [euoseas 0] Bunnguiuod uo-uni ybiy :‘sjlosqns a|qisiadsip
r 4 adAy G200 NS auou @ dnoty o> pue sadepuns Huies-piey pasijedao] ‘sji0s a|qiposa Alybiy (1m) BJRPSWEI|[IM
9 a 9dfy 9800 N
r q9dfi L70°0 TN 9 dnoiy
1)
=o_M_u_.ﬂ=mw_8 adfy ySH dnoJ (%) adeospue|
||EM wiseq JuswIpag J7SN 10)9e)-) SSBJI SISN ajeyns pioy a160j0ipAy abue SJUIRJISUOI UOWWO0Y 1105
Juswipas llos adojs

sadeospueT [10S elIaque) ¢ ajqer




Table C25. Braidwood Soil landscapes
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Table C25. Braidwood Soil landscapes (continued)
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Table C25. Braidwood Soil Llandscapes (continued)
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Table C26. Michelago Soil landscapes (continued)
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