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GUIDELINES

FOR DEVELOPMENT AND SUBDIVISION OF LAND

This Bopklet

This Guidelines Booklet is divided into five sections:

Saction b .......ooevveveceeeiennns
Section A.........ccocevevevvenene.
Section R.......cccoveienrecinns
SectionE.......cccocveveveevennn.
Section §......cooeeeevceceennn

............................................................................. Introduction
............................................................... Application Process
........................................................... Council Requirements
................................................... Engineering Requirements
............................................ Provision for Sale of Allotments

Each section has a plain English description of the processes and requirements necessary progressively taking the

reader through the subdivision process.

Keywords are provided in the right hand margin to enable readers to

conveniently find passages relevant to key issues.

This Guidelines Booklet is an introduction to other documentation prepared by Council to manage Subdivision
Development matters. Other documents include:

o Council's Local Environmental Plan 2000

o LEP 2000 Locality Statements

° Subdivision Design Specifications

o Subdivision Construction Specifications

e Council's Section 94 Confribution Plans

° Construction Certificate Application Form

o Development Application Form

o Subdivision Certificate Application Form

® State Environmental Planning Policies (SEPPS)
° Local Environmental Plans (LEPS)
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12 Council's Authority
13 Restrictions to Council's Activities

14 Development and Subdivision Processes.

AUS-SPEC-1\NSW-GUIDE Nov 2000 (Copyright) 2 WARRINGAH COUNCIL






Developer

(Subdivider)
State
< Government's
Requirements
C?UHCH Developer
Requirements ,
and Consults vy||th
Procedures Counci
Y

Development Application

i

¥

Community Consultation

'

Referral to Public Authorities if Appropriate (eg RTA)

:

»| Development Assessment
unc
Applies
Specification
Requirements Subdivider
Subdivision Approval | No__g4 Reconsiders
. Proposal
Yes

y

Engineer Design Approval

Council as
Quality Auditor

Arrangements with Utilitiy
Authorities

.

Construction of Development
and Release of Development

SALE OF LAND

FLOW DIAGRAM - OVERALL PROCESS

AUS-SPEC-1\NSW-GUIDE Nov 2000 (Copyright) 3

WARRINGAH COUNCIL



vy



1. COUNCIL'S OBJECTIVES

Council has the following objectives in providing for the development and subdivision of
land:

° To provide a functional, attractive and safe environment for residents that is Council
consistent with community standards and needs. Objectives

. To minimise adverse effects on the natural environment.

o To provide for the needs of future users of the land in respect to building

requirements, vehicular and pedestrian access, provision of services and an
amenity appropriate to the zoning of the land.

U To assist developers by providing for the economic utilisation of the land
resource of the area.

. To achieve a balance between the subdivision of residential land and the amenity
J of existing residents.
. To provide for an equitable and efficient distribution of public amenities and
services.
. To minimise Council's future maintenance costs for roads, services and open
spaces.

This Guidelines Booklet provides an outline of the procedures to be followed and refers to Additional
most standards and requirements. It is not intended to be comprehensive or totally Information
definitive. Warringah Council's Local Environmental Plan 2000 (LEP 2000), Design

Specifications and Construction Specifications provide necessary additional information.

12. COUNCIL'S AUTHORITY

Council is the authority responsible for consent to development and approval of
developments and subdivisions within the Warringah Council area.

) Council has declared Local Environmental Plan 2000 which includes “Locality Department of
" Statements” which set out Council's necessary provisions for development and Planning
subdivision. In some circumstances Council is required to obtain the concurrence of the

Department of Planning, and Council must also comply with particular legislative

requirements. Compliance with the provisions of Council's LEP does not necessarily

imply that Council is required to consent to, or approve, an application.

i3. RESTRICTIONS TO COUNCIL'S ACTIVITIES

Restrictions to Council's powers to approve the subdivision of iand are set out in the LEPs
various planning instruments, Local Environmental Plans (LEPs), State Environmental SEPPs
Planning Policies (SEPPs), etc which are applicable throughout Council's Area. Advice

as to which of these restrictions apply to a property should be initially obtained from

Council's Local Approvals Customer Service Centre.
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;o DEVELOPMENT AND SUBDIVISION PROCESSES

It is important to understand that in a majority of cases Development Consent is required Development
before land can be "subdivided" and sold. In due course a Construction Certificate is and

required before buildings are commenced. A Construction Certificate can be lodged at  Application
the same time as a Development Application. Consent

The Development Application is a requirement of the Environment Planning and
Assessment Amendment Regulation 1298 to allow consent to be provided to the concept
of the development in reiation to Council's controls and requirements eg. land use,
community facilities, traffic generation, environmental considerations etc.

After Development Consent is provided the more detailed requirements of the subdivision Subdivision
are investigated during the preparation of an Application for a Construction Certificate. Approval
Satisfactory completion will result in the granting of Subdivision Certificate as required by

the Environmental Planning and Assessment Act.

15 DEPARTMENT OF URBAN AFFAIRS AND PLANNING (DUAP) — AND
PRIVATE CERTIFICATION

In 1998 the Environment Planning and Assessment Act, 1979 underwent a major
overhaul to include building, demolition and subdivision control as well as private
certification. In the guideline booklet “Guiding Development, better outcomes” DUAP,
1999, the process for approval and supervision by an accredited certifier is defined.

A summary of the process is explained as follows.

= Preliminary enquiries with the Council
=« Lodge your development application with Council.
=  Council considers the impacts of the proposal.

= |f satisfactory, the Council will give you a development
consent subject to conditions.

=  You need to check with Council about options for the
following stages of the process, including fees payable.

= Apply for your construction certificate either to
Warringah Council or a qualified professional in the
private sector — called an ‘accredited certifier’.

=  Council or the accredited cettifier checks that the plans
and specifications of your proposal will comply with the
relevant conditions of the consent and detailed
standards.

=  |f satisfactory, they will issue a construction certificate.
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= Before any works start on the site, you must appoint a
principal certifying authority (PCA) — this can be either
the local Council or an accredited certifier.
NB: for subdivision if Council is the PCA.

=  Confirm what inspections will be done, the fee and any
other requirements.

= Two days notice befare work begins to the Council (if a
private PCA).

= Work begins in accordance with the development
consent, including any conditions, and the construction
certificate.

= PCA to determine inspection stages.

= ltis likely that your builder will advise the PCA of stages
of work to allow the required inspections to be done.

= After' the works are concluded satisfactorily, the PCA will
issue the subdivision certificate.

The Development Approval Process

The Engineering Specifications included in this document can be used by Council or an
accredited certifier. A Principal Certifying Authority (PCA) takes on the role of the Council
consistent with the legislation (where an LEP permits private certification) and
AUS-SPEC is used accordingly.
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o SECTION A

APPLICATION PROCESS

CONTENTS

Flow Diagram A - Application Process
A1 Formulating a Development and Subdivision Application.
A2 Making Application for Development and Subdivision.
A3 Council's Consideration of Applications for Development and Subdivision.

A4  Time Requirement to Complete Subdivision Works.

Figures

Fig 1 Council's Application for
Development Form

Fig 2 Example Subdivision Sketch Plan

Fig 3 Council's Application for Subdivision
Certificate Form
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)
A FORMULATING A DEVELOPMENT AND SUBDIVISION APPLICATION

A person or company (The Applicant) making application to develop and/or subdivide an
area of land within Warringah Council area will be required to lodge a Development
Application on Council's standard application form, and accompany this form with
supporting information which will be detailed later. (See Council's Standard Application for
Development Form 1, Figure 1.)

Before formally applying to Council to develop and/or subdivide, a considerable amount of
information about the site needs to be sought. The Applicant should be aware of the
nature of title of the land, easements, items of heritage significance, topography, slope and
aspect, stormwater flows, surrounding development, vegetation, trees, road and traffic
situations and other physical characteristics pertinent to the design of the development.

It is recommended that a preliminary consultation with Council will enable the Applicant to
determine what Council codes are applicable, what zone classification applies and which
legislative requirements are applicable and most importantly whether professional
'ssistance is required. A Pre-development Meeting with Council is available to the
Jpplicant.

It is advantageous to prepare a sketch plan at this early stage indicating the location,
aspect and size of the various elements of the development including subdivision patterns
surrounding this site. Figure 2 is an example of a preliminary sketch plan. The more
information shown on the sketch plan, the more likely the consultations with Council and
others will benefit both the Applicant and the Council.

The purpose of consultation about sketch plan proposals (which may be accompanied by
explanatory reports or background material) is to:

° assess whether any modifications to the proposal are necessary prior to its being
formally submitted;

° identify Council's requirements in regard to the particular Development Application;

® identify any problems which may necessitate the Applicant reviewing his/her
approach;

J identify any issues related to prior site contamination, heritage issues, etc.

° indicate Council's likely subsequent requirements (eg financial contributions for

services and amenities).

While consultation with Council at this early stage and the preparation of sketch plans is
not mandatory, it is obviously in the Applicant’s interest if it will reduce costs in preparing
plans, increase the likelihood of Development Consent, and reduce the time the Council
needs to consider the formal application. Similar early consultation with public authorities
is also advantageous to ascertain their requirements, eg water, sewer, gas, telephone,
electricity.

Development
Application
Form

Developer's
Information

Early
Consultation

Preliminary
Sketch Plan

Purpose of
Consultation

A

AUS-SPEC-1\NSW-GUIDE Nov 2000 (Copyright) 9

WARRINGAH COUNCIL






22 MAKING APPLICATION FOR DEVELOPMENT AND SUBDIVISION

A Development Application is only required if the environmental planning instrument(s)
applying to the land so require. Minor subdivisions such as boundary adjustments which
meet standards may not require consent. All the necessary information should have been
compiled in consultation with Council whilst formulating the application and developing the
sketch plan.

The written approval of the owner is required if the application is not by the owner.
Warringah Coungil's scale of fees for Development Applications can be obtained from the
Local Approvals Customer Service Centre.

A Development Application is required for all types of subdivision. Development
Applications are made on Council's Standard Development Application Form (1) (Figure 1.)

Development Applications are to be accompanied by nine (9) copies of subdivision sketch
plans drawn on one of the following paper size sheets, A1, A2, A3 or A4.

The sketch plan shall show the following:
]

a. Reduction ratio (preferably 1 : 500).
b. The location, boundary dimensions, site area and north point of the land.
C. The existing vegetation and trees on the land (attention is drawn to Council's Tree

Preservation Order).

d. The location and uses of existing buildings on the land and adjoining properties.
(Measured floor plans of existing buildings may also be necessary in order for
Council to calculate floor space ratios.)

e. Contours based on existing levels of the site (preferably one metre interval drawn
to Australian Height Datum).

f. Any natural features of the site, including rock formations or cliffs, watercourses,
flood levels, wetlands, forest areas and slip areas.

9. Any existing drains, easements or rights-of-way affecting the site.

J

h. Title description of land.

i. Details of existing and proposed subdivision pattern (including the number of lots
and location of roads).

i Any Heritage items (buildings and sites), or relics defined by the Locality
Statement or the Heritage Act.

k. Other details relevant to consideration of the application.

In addition the Applicant is to provide details of consultation with public authorities
responsible for provision, alteration or amplification of utility services required by the
proposed subdivision.

Development
Application
Boundary
Adjustments

Owner's
Scale of Fees

Development
Appl'n Form

Number of
Plan Copies

Plan Detail
Required

Details of
Consultation
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»uncil may require additional information about the proposed development to be provided
here that information is essential to the determination of the Development Application.

Additional information required may include:

. principles, assumptions and calculations behind stormwater drainage and on-site  Additional
detention (OSD) proposals; Information
e rationale for the design of utilities, roads, open space, bicycle and pedestrian

ways, bus routes etc;

° requirements of the Warringah Council Locality Statements under LEP 2000;
° a contamination assessment.

Figure 2 provides an example of a suitable subdivision sketch plan.

A3 COUNCIL'S CONSIDERATION OF APPLICATIONS FOR DEVELOPMENT
AND SUBDIVISION

Council will deal with each application on its merits, however, a number of policies have
been adopted on matters not specifically covered by planning legislation to ensure a
uniformity of approach.

Council's LEP 2000 incorporates minimum design standards for different suburbs. These Design
standards should not be interpreted as relieving the Applicant of the responsibility to Standards
properly assess all conditions and to use sound planning and engineering practices in the

development of designs. Council is prepared to consider alternative approaches to

subdivision design where the Applicant satisfies Council that its objectives have been

achieved.

Regulations normally require Council to determine applications within 40 days of receipt of Determination
the application. Upon determination of any application, a written notification will be sent to  within 40 days
the Applicant stating that consent/approval has been granted subject to detailed conditions,

or that consent/approval has been refused (with reasons).

Where an Applicant is dissatisfied with the determination of an application, a request for Re-

aview of the application or of particular conditions of consent may be lodged by the consideration
pplicant for Council's determination. A reconsideration fee will be required and details of
the reasons for reconsideration must be submitted with the request.

Alternatively, (and preferably as a last resort), the Applicant may lodge an appeal with the Appeal fo
Land and Environment Court. Such an appeal is required to be lodged with the Court Court
within twelve months of receipt of Council's determination of the application.

Council can revoke or modify approvals in circumstances where there is fraud or failure to Revocation
comply with the Local Government Act (1993) or conditions of an approval. Once an of Approvals
application for development or subdivision receives consent and approval the Applicant

becomes the Developer.

Once an application for development or subdivision receives consent and approval the
Applicant becomes the Developer.

A
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))4 TIME REQUIREMENTS FOR SUBDIVISION WORKS

A development application for subdivision given development consent requires road and
drainage works to be commenced within five years of development consent approval and
the subdivision development to be fully completed within a reasonable period.

In some cases a development may be of sufficient magnitude that it requires staging.
Where staged development is proposed, the Applicant should prepare a sketch plan
showing the complete concept so that Council can see the various stages in the overall
context. Each stage should comply with the standard requirements.

When all conditions of development consent and Construction Certificate approval have
been satisfied, the Developer will arrange for a Registered Surveyor to prepare the final
survey plan. This plan, plus 9 copies, together with any Section 88B Instrument under the
Conveyancing Act (detailing easements, restrictions etc) and an application for Subdivision
Certificate form is submitted to Council with appropriate fees for the Council Authorised
Officer's signature (see Council's standard Application for Subdivision Certificate Form
(Figure 3)).

The original plan, pius one copy, together with any Section 88B Instrument, all personally
signed by the Council Authorised Officer, are then released to the Developer.

In order to effect registration and the issue of new fitles for the proposed subdivision lots,

the documents released should then be lodged promptly with the Registrar General's
Department.

5 Year Limit
on Roads
and Drainage

Staged
Development

Final Survey
Plan

Linen Plan
Release Fees

Section 88B
Instrument

Issue of New
Titles
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(To be provided by Council)

Figure 1. Council’s Application for Development Form

A
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(To be provided by Council)

Figure 2. Example of Preliminary Subdivision Sketch Plan

A
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(To be provided by Council)

e

Figure 3. Council’s Application for Subdivision Certificate Form

A
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SECTION R

COUNCIL REQUIREMENTS

CONTENTS

Flow Diagram R - Council Requirements
R1 Environmental Considerations
R2  Subdivision Design - Urban Residential Areas
R3  Subdivision Design - Industrial/Commercial Areas
R4  Subdivision Design - Natural Hazard Areas

R5  Provision for Open Space and Other Contributions
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FLOW DIAGRAM - COUNCIL CONTROL AND REQUIREMENTS

R
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1 ENVIRONMENTAL CONSIDERATIONS
Statement of Environmental Effects Information

A Statement of Environmental Effects is required for most development applications for
subdivisions. This statement normally addresses such matters as:

e suitability of the land
e access

e traffic generation

e risk of flooding

e flora and fauna

* local amenity
Tree Preservation

ne proposed plan of subdivision shall identify vegetation that is significant to the overall
andscape of the area. Trees to be removed shall also be identified on the plan of
subdivision.

Trees are not to be pruned, damaged or removed without the prior consent of Council in Tree
accordance with Council's Tree Preservation Order and LEP 2000. Council's Tree  Preservation
Preservation Officer is to be contacted prior to any clearing or underscrubbing being Officer
carried out.

Any significant tree/s identified by Council shall be protected at all times during Lodging of
excavation and/or construction, and Council may require the Developer to lodge a bond Bond

at the time of Construction Certificate approval, to be forfeited in the event that the trees

are either damaged or removed. Any such bond is to remain in force for a period of six

(6) months after the issue of the Subdivision Certificate or registration of the linen plan.

Herlitage Items Aboriginal and
other Relics

Development shall comply with the Heritage requirements of Heritage Control defined in

LEP 2000. In general any sites of Aboriginal carvings or relics or sites significant to

.eritage for other reasons shall be identified in the application. The National Parks and

Vildlife Service should be contacted for details and verification.

All recognised heritage items, including natural features of the site and man-made
buildings, works and sites are to be identified and retained, wherever possible. The
Heritage Council should be contacted for details and verification. Adequate area is to be
retained around any heritage item to protect its setting.

R2 SUBDIVISION DESIGN - Urban Residential Areas

Urban residential land is defined as land within Locality Statements as detailed in LEP  Full Service
2000 that permit development for the purpose of housing. Applicants will be required to

provide fully serviced subdivisions including the provision of a sealed road system with Kerb & Gutter
drainage, and kerb and gutter to adequately and safely provide both vehicular and

pedestrian access to each allotment. The Applicant will be required to meet the full cost

of kerb and guttering across all road frontages of any subdivision in urban areas except

where direct vehicular access is restricted. Roads adjoining a reserve are to be provided

R
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qth kerb and gutter.

} here are statutory requirements and Council requirements pertinent to housing density,
lot dimensions, building line set backs etc, and the supply of services to allotments.
Warringah Council's Schedule 7 of the Locality Statements of LEP 2000 sets out these
requirements for each zone type. The designer of a subdivision is required to provide for
the requirements of Council's LEP 2000 (or Interim Development Orders). Council will
have requirements on access to subdivisions with the objectives of:-

® providing for flow of through traffic with least disruption;
e establishing a hierarchy of roads in accordance with function and usage;
° providing a variation in alignment to allow for existing natural features and create

interest in the streetscape;

o providing a network of safe pedestrian and cycle paths.

egal easements of width as determined by the Council Codes are to be provided over
jtormwater drains and watercourses.

Applicants will be required to extend and meet the full cost of water and sewerage
reticulations, as arranged with Sydney Water, within subdivisions plus the cost of
connecting to existing services.

Electricity services are to be extended to the development and in accordance with the
requirements of Energy Australia and at no cost to Energy Australia. Underground power
will be required except where it can be shown that it is not appropriate. Underground
telephone cables, where underground electricity is used, are to be provided by the
Applicant.

Applicants will be required to provide for telephone facilities within the development.

Urban stormwater runoff will need to be assessed in terms of satisfactory performance
both within the development and external to the development.

R3 SUBDIVISION DESIGN - Industrial/Commercial Areas

JEP 2000 identifies permissable Commercial and Industrial development within localities.
All proposed Commercial and Industriat subdivisions would be anticipated to be located
in these localities. It is essential that early consultation with Council Officers is sought to
determine that the proposed subdivision is in the locality and is in conformity with
Council's planning principles for the area.

The Applicant should note the minimum lot sizes in the Locality Statement. Industrial
subdivisions should generally comply to the standards suggested in the State Planning
Authority Technical Bulletin No. 6 "Design and Standards for New Industrial Areas” (June
1974). Both commercial and industrial subdivisions will need to comply with the Locality
Statement for the area and the general principles of LEP 2000..

Engineering Road Design and Pavement Design will need to cater for heavy traffic
conditions as specified by Council.

Applicants will be required to meet the full cost of water and sewerage reticulations within
subdivisions plus the cost of connecting to existing supplies in accordance with Sydney

Lot
Dimensions/
Housing
Density

Road Traffic

Pedestrians
and Cyclists

Water and
Sewerage

Electricity

Telephone

Stormwater
Runoff

LEP
Lot Sizes
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Heavy Traffic

Wafter and

Sewerage
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Water requirements. Electricity services are to be extended to the subdivision and in
3ccordance with the requirements of Energy Australia at full cost to the Applicant.
dnderground power and telephone services will be required and are to be provided by the
Applicant at full cost to the applicant. Determination of the maximum loading of the
electricity service and whether the service is provided above ground or underground will
be made by Energy Australia. Evidence of conformity with Energy Australia and
telephone service requirements must be submitted prior to release of the final plan of
survey (linen plan).

R4 SUBDIVISION DESIGN - Natural Hazard Areas

Subdivisions of land susceptible to tidal inundation or coastal erosion are considered
Designated Developments and require Environmental Impact Statements in accordance
with the Director of Department of Planning requirements.

The subdivision of flood prone land is to comply with the requirements of Council's Flood
Prone Land Policies and the New South Wales Government's Floodplain Development
Manual, 1986.

Councll will only support subdivisions of rural properties, part of which are flood prone, if

" Council's opinion there are adequate flood free homestead and stock-holding areas on
each allotment as well as access to higher ground. Development will not be allowed to
significantly alter flooding patterns, accordingly development of internal roads etc will not
be permitted to form significant embankments. Each case to be treated on its merits.

The subdivision of urban land, other than boundary adjustments, will only be considered
where it can be clearly demonstrated that flood free allotments can be provided and that
the creation of these allotments will not adversely affect flood patterns or levels in the
area.

Applicants will be required to provide suitable protection zones and access for fire fighting
vehicles and maintenance vehicles so as to minimise the risk of bushfire damage.

R5 PROVISION OF OPEN SPACE AND OTHER CONTRIBUTIONS

In residential subdivision (both rural and urban) Council requires the creation of an area
of public reserve (open space) useable for recreation, or payment of a monetary
contribution in lieu of land or a combination of both.

)

Applicants will also be required to contribute towards roadworks where upgrading
requirements can be attributed to the development.

Council's authority to impose conditions of contribution is derived from the Environmental
Planning and Assessment Act 1979, Section 94. Accordingly Council's contribution
requirements will be in accordance with a "Section 94 Contributions Plan".

Public reserve will not normally be required in rural subdivision, unless the subdivision
contains significant areas of special scenic or public recreational value.

In rural subdivisions, and commercial or industrial subdivisions contributions of open
space are less often required, however contributions towards upgrading roads,
community facilities and bushfire protection will be required as determined by the
appropriate "Section 94 Contributions Plan".

Electricity

Telephone

Flooding
Coastal
Erosion

Policies

Embankments

Bushfire
Protection

Public Reserve
and
Contributions

Section 94
Contributions

Bushfire
Profection
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SECTION E

ENGINEERING REQUIREMENTS

CONTENTS

Flow Diagram E - Engineering Requirements
E1 Engineering Plans and Specifications
E2 Commencement of Work
E3 Inspection and Testing
E4 Insurances
E5 Work-as-executed Plans

E6 Quality Assurance Principles

AUS-SPEC-1\NSW-GUIDE Nov 2000 (Copyright) 21 WARRINGAH COUNCIL






Design Specifications
Aarx t with Engineering Design & - ¢
arangement wi ¢ ngineering Design
Utility Authorities Specifications
S S Constructllon
Specifications
C
) > Council/PCA* Staff
Checks
C
Council checks not Council/PCA* approves plans &
required Commencement of Work
C

v

S S

J  *Council or Private Certifying Authority

NOTE: S  Denotes proceed to flow diagram for the Provision for Sale of Allotments (S).

FLOW DIAGRAM — ENGINEERING REQUIREMENTS

E
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=1 ENGINEERING PLANS AND SPECIFICATIONS

All plans for earthworks (site regrading), roadworks, drainage works, and foreshore works
are to be certified by a Civil Engineer or Registered Surveyor. All plans for bridgeworks,
retaining walls and other major structures are to be certified by a Civil Engineer.

Standard Drawings, Design Specifications and Construction Specifications have been
prepared by Council and can be purchased for use in subdivisions. Specifications other
than those supplied by Council are required to be prepared by a Civil Engineer and will
need to be submitted to Council for approval with each set of engineering designs.

In summary the requirements for design plans are as follows:

a) Earthworks (site regrading)
b) Roadworks

c) Road Pavement

d) Road Fumishings
Stormwater Drainage
Foreshore Works

g) Landscaping Works
h) Erosion Control Works

E2 COMMENCEMENT OF WORKS

Notwithstanding approval to the subdivision application, no engineering works are to be
undertaken until the design plans and specifications are formally approved by the Council
or the Principle Certifying Authority. The Contractor(s), and their quality testing
organisation will be nominated and will also require approval by the Team Leader —
Development Engineering.

Approval to the subdivision will stipulate whether the subdivision is to be constructed as a
"Quality Assured Contract" in which case a Quality Plan will need to be submitted to
cover all construction works in accordance with Council's Contract Quality System
Requirements Specification. Acceptance of the submitted Quality Plan will be required
prior to commencement of works.

<here a Quality Assurance contract is not a requirement and a Quality Plan is not
.erefore provided, it will be necessary as a minimum requirement that the Principal's
Superintendent or Superintendent's Representative under the Contract be nominated and
approved as suitably qualified and experienced.

E3 INSPECTIONS AND TESTING

Whether the subdivision proceeds under Quality Assurance Contract or not, the full cost
of all testing is to be met by the Applicant (Developer). Test results will be required to
ensure that the material supplied and the work carried out conforms with the approved
specification.

Qualification
of Designers

Council's
Specifications

Necessary
Conditions

Quality
Assurance

Cost of Quality
Testing

E
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-~ ..nilarly joint inspections at key stages of construction will be required to be carried out Inspections
' representatives of both Council and the Developer. Key stages include:

Site regrading and clearing

Installation of erosion control measures

Preservation measures installed for trees, vegetation or heritage sites as determined
Drainage line installation prior to backfilling

Subgrade preparation

Establishment of line and leve! for kerb and gutter placement

Road Pavement construction

Road Pavement surfacing

Practical Completion

Council will insist on uninterrupted access at all times for the Team Leader — Records of
Development Engineering or his/her representative so as to enable audit inspections or Testing and
testing. Records of all test results required by Council will be made available to Council Inspections

promptly when requested and tests will be undertaken strictly to prescribed test
nrocedures by testing organisations approved by Council prior to work commencement.

-4 INSURANCES

The Supervising Consultant shall take out professional indemnity insurance indemnifying Third Party
themselves and Council. The Developer's Supervising Consultant will also provide Insurance
Council with evidence that all contractors have obtained appropriate third party and public Public Risk
risk insurance satisfactory to Council's requirements.

ES WORK-AS-EXECUTED PLANS

Following completion of the work, one full set of work-as-executed plans marked up in red Certification
showing any discrepancies from the design is to be submitted and retained by Council.

All work-as-executed plans shall bear the Supervising Consultant’s as defined or

Accredited Certifiers Certification stating that all information shown on the plans is

accurate.

E6 QUALITY ASSURANCE PRINCIPLES

1e principles of Quality Assurance procedures will be applied by Council to all Quality Plan
Jbdivision works. In major or otherwise significant subdivisions the provisions of

Australian Standard AS/NZS ISO 9000 series (1994) will be required to be fully applied to

the construction project. This will involve the submission of a Quality Plan for all Works

associated with the project. The requirement to comply with AS/NZS ISO 9000 series

(1994) will be determined prior to the preparation of design plans. In all cases Council

will require the Developer to organise and pay for inspection and testing services such

that the Developer can validly certify the quality of all works and materials progressively

during construction.

E
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"7 INTEGRATED DEVELOPMENT ASSESSMENT — ACCREDITED
CERTIFICATION

If subdivision work is to be certified by an independently accredited certifier then
reference to "Council” in regard to approval of design and approval of construction will be
read in the Specifications as "Accredited Certifier".

All certificates (construction compliance etc) shali be provided to Council in accordance

with the requirements of the Integrated Assessment Amendment to the Development
Environmental Plahning and Assessment Act 1997.

E
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SECTION S

ALLOTMENTS FOR SALE

CONTENTS

Flow Diagram S - Provision of Allotments for Sale
S1 Completion of Works and Certification.

S2 Early Release of Allotment by Application of Engineering Bonds
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5l

Construction

4

Certificate of Practical
Completion

Linen Plan

W.A.E. Drawings

Section 94 and other
contributions & securities

T | O

]

5]

Ig Staff checks that all works conform to approval

[€]

4

Council General Manager/
Representative Certifies
Linen Plan

'

Certified Plans to
Registrar General

4

Registrar General Sale of Land
Issues Title
NOTE: W.AE. denotes Works-as-Executed and describes
plans and drawings showing as built details.
FLOW DIAGRAM - PROVISION OF ALLOTMENTS FOR SALE
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A COMPLETION OF WORKS AND CERTIFICATION

On practical completion of development works the Developer is to advise the Team Maintenance
Leader — Development Engineering to that effect in writing and certify that the whole of  Period

the works have been carried out in accordance with the approved plans and specification.

If the whole of the works are considered satisfactory the Senior Development Engineer

will agree to a date (the date of practical completion) on which the whole of the works are

considered to have entered into the maintenance period.

At this stage the Developer's Surveyor completes the final property survey and prepares Final Survey
the final plan of subdivision which is known as the "linen" plan. The final plan of

subdivision shall be submitted for endorsement by Council as an original transparency

and nine (9) copies. Requirements for these plans are set out in Council's Application for

Subdivision Certificate forms (Figure 3). This plan will later be lodged by the Developer

with the Land Titles Office who will prepare title deeds and advise Council of a deposited

plan (DP) number so that sale of allotments of land may proceed.

e maintenance period will commence for all components at the date of practical Practical
ympletion and not beforehand. Completion

S$2 EARLY RELEASE OF ALLOTMENTS BY APPLICATION OF
ENGINEERING BONDS

Council may give consideration to the acceptance of a bond for the performance of  Guarantee
engineering works to enable the early release of linen plans of subdivision. However, Bonds

before Council will consider accepting a bond providing an irrevocable work guarantee for
the construction of engineering works within the subdivision the following must apply:

° All sewer and water supply works required are complete and have been tested.

e All major engineering problems have been overcome to the satisfaction of the
Senior Development Engineer.

All works that involve the safety of the public (eg road junctions; flood control
structures) are completed.

. Any geotechnical reports regarding the suitability of land for development as
required by the Senior Development Engineer are to be submitted.

° Payment of all fees and contributions required as conditions of development
consent are complete.

Bonds for engineering works required as a condition of Construction Certificate approval Period of
will be for a maximum period of one (1) year. Bonds

Bank guarantees and interest bearing deposits in the name of Council only will be
accepted for works with a value in excess of $1,000.00.

A bond fee is payable where a bond has been lodged to guarantee the completion of Bond Fee
engineering works.

S
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+* w1e bond amount may be progressively reduced as the work covered by the bond is  Limits on
arried out but at no time will the bond amount fall below 10% of the contract amount or
the estimated total cost of the works. The Developer's Supervising Consultant will be  Outstanding
required to lodge a schedule of quantities of all outstanding works to enable the bond
amount to be determined. Bonds

S
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Contract No. BUSHFIRE PROTECTION

DEVELOPMENT DESIGN SPECIFICATION D10

BUSHFIRE PROTECTION

GENERAL ozl o
D10.01 SCOPE
1. The work to be executed under this Specification consists of the design of

2. The Specification contains procedures for the design of flre,, rolectton faclllttes

Designs shall be carried out to satisfy requirements of the Rural Fires Act 1997, the
Council and the guidelines published by the Department of Bushfire: Ser\nces (now NSW-
Rural Fire Service), May 1991. Consultation with Council's Fire Controi Officer may:be
required.

—10.02 OBJECTIVES

1. This Specification aims to outllne the requrrements that W||| m|n|m|se bushfire  Rural
hazard in developments. Development

'.Urban
concepts proposed need to be incorporated at an early stage of development desig D

D10.03 REFERENCE AND SOURCE DOCUMENTS
(a) Council Specifications
C501 - Bushfire Protection (Perimeter Tracks)bu |
(b) NSW Government Legislation
Environment Planning and Assessment Act 1979 - Section 94 e

Rural Fires Act, 1997
Native Vegetation Conservation Act, 1997

) NSW Government Department Publications

Construction and Maintenance of Tracks.

NSW Department of Urban Affairs (formerly Environment) and Planning

- Circular 74: Planning in Fire Prone Areas.1.984~»:-:-: R __;.'::;5-:;___?5.:_:

AS3959 - Australian Standard for const_r_u_ctl_o_n of bu_ild!ngs in bushﬁre
- prone areas. 3 .

) Other

AUS-SPEC-1\NSW-D10 Jan 2001 (Copyright) D101 WARRINGAH COUNCIL



BUSHFIRE PROTECTION Contract No.

Board of Fire Commissioners
- Hazard Reduction for the Protection of Buildings in Bushland
Areas, 1984.

Californian Department of Forestry
- Fire Safety Guides for Residential Develo
1980. :

Insurance Council of Australia.
- Bushfire Safety in Urban Fringe Areas.

Luke, R.H. -  Before the Fires Start.

DESIGN CRITERIA

D10.04 GENERAL

1. Where a subdnwsmn will abut unimproved tlmber in a bushf!rg_p{qne_are_
allotment and the bushland within a minimum cleared width of 6m, and have a mlmmurri' - 'Protectlon
formed width of 4m. Such roads shall be adequately drained to. provide all weather  Zone

access for fire fighting vehicles.

2. The perimeter track shall be contained within a 20m reservation or easemont
which borders those allotments abutting the bushfire prone area. Such a reserve shall

Réservaﬂon'f"jf
as part of the public reserve dedication applicable to the subdlvusmn

3. Access is to be provided from the above described rese' ation .from the Iocal Access
road system at regular intervals in a system of 'loops’'. RRRRRRS i

4, For those subdivisions receiving reticulated water, fire hydrants shall be situated:"
at appropriate intervals or near where potential fire hazard areas exist as. determined by
Council.

Consultation

Notwithstanding the above requirements, Council's Fire Protectioi
conditions pertinent to site specific issues.

D10.065 FIRE PROTECTION ZONES

1. The provision of Fire Protection Zones (FPZs) shall ac
development of the subdivision pattern. Each individual aliotment:shall have a

space for the main building (usually a dwelling), an area of open space (front back or
side yard) and the FPZ (which may include part of the yard area and/or neighbouring

properties). Figure D10.1 illustrates a typical FPZ.
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Contract No. BUSHFIRE PROTECTION

HAZARD FUEL REDUCED FUEL..FREE BRI
ZONE R o

Figure D10.1 o
Fire Protection Zone -

2. FPZs shall be required for any development fronting a bush fire hazard area,
whether a single dwelling, a group of isolated dwellings or an urban subdivision. They.act
as a buffer zone between the development and the fuel.

3 The primary purpose of FPZs is to ensure that a progre Reduction of
occurs between the bush fire hazard and any combustible structures:: W|thm the___ Fuel
development. : : 00

4. Apart from its primary purpose the FPZ serves a number of other important
purposes, dependent upon local fire fighting policy. The FPZ shall be designed to:

(a) maximise the separation distance between high intensity fire and any
structure, thereby reducing the radiation and direct flame contac

(b) provide an area where embers can fall with minimal opportunlty to-creat"'
further fire outbreaks; .

(c) provide a safe access to a structure for fire fighters byreducmg the heat
level from the main fire;

(d) provide a safe retreat for fire fighters; and

(e) provide a clear control line from which to begin back burnlng
reduction operations.

Safety requirements sometimes dictate that fires are fought from the property |tsetf
rather than along the perimeter track. e L

5! The FPZ incorporates up to three separate components: | | Separate
: ; ; SRR Components
(3) -~ Fuel Reduced Zone (FRZ); and T
(b) Fuel Free Zone (FFZ) mco'rpt)'rét'lng

(i) a perimeter road or reserve (which incorporates an access
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BUSHFIRE PROTECTION Contract No.

track); and

(ii) a set-back (currently defined by minimum lot depths), which is
usually part of the allotment.

D10.06 FUEL REDUCED ZONE
1. The FRZ is located adjacent to the hazard:

Originally it would have been part of the bush fire hazard but has become an area where

the fuel loadings are reduced through thinning of vegetation, mechanical clearing, hazard
reduction burning or location of suitable developments such as playmg flelds or car parks
(provided it is wide enough).

2. Fuel loadings within the FRZ shall be kept to a level whgrg:
expected will not impact on adjacent developments. In the absence:of any policy to
contrary, 8 tonnes per hectare of total fuel is commonly used.

3. The FRZ should always be part of the development so thal d:eﬁication of Iaﬁ
monetary contribution through Section 94 of the EP and A Act ensures'that the.cost-of
protection is met by the Developer, not by the general community.

4, For slopes greater than 20 degrees, the environmental consequences of ground Clearing Steep

clearing (erosion) may not be acceptable. Developments abutting suct: slopes shall avoid Slopes

D10.07 FUEL FREE ZONE

1. The fuel free zone is located adjacent to, or is part of
comprises a perimeter road and a set-back.
(a) Perimeter Road

e opmehi. and

(i) The perimeter road or access trail lies between the FRZ and the
boundary of the allotments.

(i)  The concept of a perimeter road requires that one side of the. 1o
no fuel Perlmeter roads are not flre breaks in the:s’ Sense as Concept

iii)

. Form

(iv)

li] B S
not seem very great. Given that the probablhty of flre Jumplng a flre ' Design
break increases as the width decreases, then areas where the highest
mtensrty fires are likely should have fire breaks of greatest width.

frontages unless some innnvative designs are rncorporated into the J’nhbvéﬁvé |
subdivision. Flgure D1O 2 ||Iustrates penm.e_:te_r,roads_and. perlmeter Design
'tracks » e i e Pl T e _
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BUSHFIRE PROTECTION

PERIMETER
ACCESS TRACKS

= \_
,—/—/ TRACK ADJACENT
= TO OPEN SPACE

(vi)

(vii)

(b) Set-back

(i)

(i)

Figure D10.2 Perimeter Road Tr

Perimeter roads that do not require clearing or maintenance
(compared to tracks), can be cheapest in the long term. Ultimately
the decision between a road or track depends on the local council'
subdivision and bush fire fighting policies.

Tracks shall be constructed to Soil Conservatlon's 3 %
guidelines.

Part of the allotment can be used as a | ection of the buffer by setting

_ Previous
restdential developments. Based on the reqmrement tb' m‘aximus‘e"c . Policy

the surrounding yard, there is no justification for :
depth in some instances. :

Approval of
... Fire Control
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BUSHFIRE PROTECTION Contract No.

3. Even without an extensive area of fuel outside the FRZ, intense fires can develop
if the FRZ has not been hazard-reduced and if the fire begins as a line |gn|t|on from
spotting embers.

4. Under adverse conditions fires moving up a slope may not ‘ba slowed by the
presence of rocky outcrops and ledges, even though the continuity o_f_t_h{a_ _fuel bed may be
broken. i,

D10.09 INTERNAL ACCESS FROM SUBDIVISION ROADS

1. The provision of adequate internal access is also controlled by subdivision Incorporate.d.:
design. Subdivision roads shall incorporate the following features: o

(a) width, vertical clearances and any dips and crests which allow the tw
way movement of firefighting appliances;

(b) construction standards of roads and any bridges whith'a
carrying of fully loaded fire appliances (28 tonnes or 8 tox

(c) curves which have a minimum inner radius of 12m i
number; =

(d) maximum grades which do not exceed 15% (1:7) and preferably not
more than 10% (1:10); :

(e) clearly signposted roads;
) dead end roads which do not exceed 200 metres in length;
(9) dead ends which incorporate a minimum turning circle of 12.5m

diameter; and

(h) a road network which connects regularly to any acc;‘f:-f""'

D10.10 STAGING WORKS

tend to minimise the threat to the entire subdivision by limiting the ha;&rdf!nteffaéé """" R on Hazard
Perimeter

2. Scattered developments on the other hand, will allow a continuou: sasas
to threaten individual buildings until development is substantially Und_ St

Scattered
Developments

3. For similar reasons, new developments should be 'tacked' o:-
to minimise the hazard perimeter.

Minimise
Hazard
Perimeter

:m'Subdtwsion:
Design

D10.11  RESERVED i, L
D10.12  RESERVED:

D10.13 RESERVED
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CATCHMENT INDEX

MAIN DRAINAGE CATCHMENT INDEX

No CATCHMENT RAINFALL AREA
1 BANTRY BAY F
2 BARE CREEK T
3 BROOKVALE CREEK N
4 BURNT BRIDGE CREEK N
5 CARROL CREEK F
6 COLLAROY c
7 COTTAGE POINT T
8 DEEP CREEK T
9 DEE WHY BEACH C

10 DEE WHY LAGOON NORTH c

11 DEE WHY LAGOON SOUTH c

12 FRENCHS CREEK F

13 FRESHWATER CREEK N

14 GREENDALE CREEK N

15 MANLY CREEK N

16 McCARRS CREEK T

17 MIDDLE CREEK F,C

18 MIDDLE HARBOUR F

19 NARRABEEN FORESHORES c

20 NEVERFAIL CREEK ]

21 OXFORD CREEK F

22 SMITHS CREEK T

23 SOUTH CREEK c

RAINFALL AREAS:

~ CROMER

— FRENCHS FOREST
~ NORTH MANLY

- TERRY HILLS

270






LOCATION 33.725 S 151275 E * NEAR. ~ CRGMER DEPQT ISSUED 23"°FEBRUARY 1989 REF. -FN2910

) ¥ ENSURE TIE COORDISATES AEE TUOCL BECUERD
LIST @F CEEFFICIENTS T8 EOUATIONS BF THE Fofn et gl i i = e S
b E AT L BacER 3 THE-E ARD 621 THE LOCRVTOH Swii

In(l) = a + b¥(In(T)) + c*(In(T))**2 + d*(In(T))**3 + e*(In(T))**4 + £*(In(T))**5 + g*(In(T))**6

1 = INTENSITY N MILLIHETRES PER HEUR
T = TIHE IN HBURS

RETURN PERIED

YERRS) a b c d e f g

1 3.9211 -0.5720 -0.0218 0.00308 -0.000899 -0.0004329 0,0000564

2 3.6859 -0.5697 -0.0253 0.00885 -0,000959 -0.0004178  0.0000452

5 3.9627  -0.5695  -0.0353  0.00843  (0.000608 ~0.0003701  0.0000084

10 4,0972  -0.5619  -0.0408  0.00832  0.001211 -0.0003690 -0.0000074

2 4.2960  -0.5593  -0,0453  0.00806  0.0017%3 -0.0003427 -0.0000263

50 9.4184  -0.5569  -0.0503  0.00790  0.002298 -0,0003325 -D.0000323

100 4.5320  -0.5553  -0.0535  0.00787  0.002650 -0.000333 -0.000051

RATNFALL INTENSITY IN MH/HR F@R VARIAUS DURATIBNS ANO RETURN PERi@DS
RETURN PERI80
DURATIBN 1 YEAR 2 YEARS 5 YEARS 10 YEARS 20 YEARS 50 YERRS 100 YEARS
{(HBURS)

0.083 98.7 127. 161. 180. 206. 240. 265.
0.100 92.4 118, 151, 168. 153, 225. 249,
0.167 5.1 97.4 125. 140, 161. 188. 209.
0.3% 55.3 7.5 92.8 105, 122 199, 158.
0.500 45.0 56.3 6.3 86.9 101. 118, 133.
1.000 30.7 39.8 52.6 60.2 0.0 83.0 32.9
2.000 20.5 26.8 35.1 40.1 46.6 55.2 B1.8
3.000 16.1 20.9 27.4 3.3 36.3 42.9 48.0
6.000 10.7 13.8 17.8 20.3 73.5 201 . 30.9
12.000 7.00 9.04 1.7 13.3 15.3 18.0 .1
24.000 4.51 5.84 7.64 8.70 101 11.9 13.3

43.000 2.40 1.64 4,96 5.58 B6.53 7.18 8.75
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DESIGN RAINFALL INTENSITY DIAGRAM

LOCATION 33.725 S 161.275 E # NEAR. ~ CROMER DEPOT

* ERSURE TIE COORDINATES ABE THOSE REQUIRED
AR AT G DD SRS g RO LHE TLATICHK Snidk

ISSUED 23"°FEBRUARY 1989  REF.--FN2910

\RAH OATA  40.03, 9.09. 2.68, 84.05, 18.02, 5.83, 0.000, 1HD)

800 t PREPARED BY —— HYDROLOGY BRANCH —- BUREAU OF METEOROLOGY —- MELBOURNE
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LOCATION 33750 S 151.200 E * NEAR.  GLEK ST THEATRE ISSUED 23"°FEBRUARY 1989 REF. -FN291D
LIST 8 CAEFFIIENS 18 EOIBS OF T FORA [
(1) = a + b¥(n(1)) + c(In(1))*2 + d*(n(T)**3 + e*(in())**4 + F(n(1))**5 + g*(ln(1))**6

| = INTENSITY IN HiLLIHETRES PER HOUR
T = TIHE N HBURS

RETURN PER1ED

(YERRS) a b ¢ d e f 2

| 3.4599  -0,5778  -0.0306  0.00728  0.000565 -0,0001595 -0.000024¢

2 .7214  -0.5M8  -0.0318  0.00733  0.000703 -0.0001771 ~0.0000257

5 3.9955  -0.555  -0.0335  0.0076%9  0.00074% -0.0002532 -0.000012)

10 4.1289  -0.5474  -0.03¢5  0.00766  0.000808 -0.00027%8 -0.0000110

20 42785 -0.5407  -0.0353  0.00799  0.00080D -0.0003398  0.0000003

50 1.4474  -0.536  -0.0362  0.00789  0.000880 -0.0003501 -0.0000003

100 4.5600  -0.5274  -0.0%7  0.00792  0.000892 -0.0003659 0.0000025

RAINFALL INTENSITY IN HM/HR FER YARIGUS DURATIONS AND RETURN PERIG0S
RETURN PERIED
OURATIBN 1 YERR 2 YEARS S YEARS 10 YEARS 20 YEARS S0 YEARS 100 YEARS
{HBURS)

0.083 102. i31. 164, 184, 209, 243, 268.
0.400 95.8 122. 155. 173. 197. 22 253.
0.167 8.5 101. 128. 144. 164. 192. 212.
0.333 57.4 3.9 95.3 108. 124. 146. 162.
0.500 46.7 60.4 8.4 89.1 103, 121, 135,
1.000 31.8 41.3 54.4 62.1 1.1 85.4 9.6
2.000 2.1 27.4 36.5 4.9 48.9 58.2 65.3
3.000 16.4 2.4 28.1 3.0 36.6 46.1 5.8
6.000 10.7 14.0 18.9 21.3 25.6 30.7 34.1
12.000 1.02 9.2 12.5 14.5 173 2.5 B.2
24.000 9.62 6.09 8.29 9.85 11.4 13.7 15.5

48.000 3.00 3.9 5.40 6.29 1.43 8.9 10.2
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DESIGN RAINFALL INTENSITY DIAGRAM

LOCATION 33750 S 191200 £ * NEAR.  GLEN ST THEATRE
¥ LNSURK TILE (OORDISATES ARK TIO- RECUIKED
SGREE DATA L BAAED 0N THE=k &b 80T 0 19.RTI6K KA.

ISSUED 23"°FEBRUARY 1989°  REF. -FN2910

\RAH OATA 41.46, 9.21, 2.96. 86.i0, ¢0.58, 6.75, 0.000, 1HGI

PREPARED BY ~~ HYDROLOGY BRANCH —- BUREAU OF METEOROLOGY —— MELBOURNE
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LOCATION 32.775 S 151 2%5 [© = NEAR.  NOLANS RESERVE ISSUED 23*FEBRUARY 1089 REF. -I'N2910

© 0 ESUER THE LO0RDEATR ARL LUGSE BRGUIERD

i CCFICIENTS T8 FOUATIENS 6F
LIST'9F CARFEICIENTS: VO ERUATARNS, OF THE Fomn ERCE DATA B MR 0 THESE A5 OT T 1OoATEN KAk

In(]) = & + b(n(T)) + c*(in(T))*2 + d*(In(T))**3 + e*(In(T))**4 + F(In(T))*5 + g*(In(1))**6

| = INTENSITY IN WILLIHETRES PER HBUR .
T = TIKE IN HEURS

RETURN PERIAD

(YEARS) : b ¢ d : f g

| 3403 -0.5743  -0.0237  0.00853 -0.000578 -0.0003563 0.000036)

2 3.6675  -0.5727  -0.0273  0.00870 -0.000253 -0.0003855 0.0000339

5 3.9503  -0.5684  -0.0981  0.00839  0.000921 -0.0003617 -0.0000010

10 40890  -0.55  -0.0440  0.00786  0.001621 -0.000308 -0.0000291

20 4.2427  -0,59%0  -0.0966  0.00790. 0.002110 -0.0003167 -0.0000303

50 44065 -0.519  -0.05%  0.0077  0.002680 -0.0003030 -0.0000S85

100 a.5337  -0.5603  -0.0573  0.00762  0.00308¢ -0,0002862 -0.0000669

RAINFALL INTENSITY IN MH/HR FOR VARIGUS DURATIBNS AND RETURN PERIZOS
RETURN PERIZD
DURATIEN 1 YERR 2 YERRS S YERRS 10 YEARS 20 YERRS 50 YERRS 100 YEARS
(HBURS)

0.083 %.8 124. 159, 179, 205, 240, 266.
0.100 50.7 117, 149, 168. 193, 25. 250,
0.i67 7.3 9.7 123. 138, 160. 186, 209,
0.333 54.3 70.3 9.8 105, 121. 193, 160.
0.500 a4.1 51.3 75.5 86.3 100, 113, 133,
1..000 0.1 39.2 52.0 59.7 89.6 82.3 92.9
2.000 20.0 2.1 38.5 39.6 3.1 54.3 81.5
3.000 15.7 20.9 2.9 30 3.8 12.9 4.5
6.000 10.3 13.4 1.5 19.9 23.0 21.2 %0.3
12.000 6.78 8.7 1.4 12.9 14.9 17.6 19.6
24,000 3,38 §167 7.93 8.95 9,82 1.6 13.0
38,000 2.7 1.5 4.74 5,45 6.38 7.59 8.54
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LOCATION 33675 S 151.225 I < NEAR.  TERRY HUL Uil /8 ISSUED 23*PFEBRUARY 1989 REF. -FK2910
T ST * ERSURE TUE COORDRGTIG: ARE TUOE REGUIRED,
VIS A RFICIRNG 1A CORTIRR, % e K DATA L5 BASED OX THESE Jish ROT TUE LOCATITR MK

In(l) = a + b*(In(T)) + c*{In(1))**2 + d*(In(T))**3 + e¥(In(T))**4 + £*(In(T))**5 + g*(In(T))**6

| = INTENSITY IN HILLIKETRES PER HEUR
T = TIHE IN HBURS

RETURN PER180

(YERRS) a b c d e f g

1 3.9789  -0.5704  -0.0255  0.00727  0.000058 -0.0001611 -0.000013S

2 3,738 -0.5659  -0.0277  0.00791  0.000239 -0.0002003 -0.0000030

5 4.0098  -0,55¢5  -0.0338  0.00743  0.000835 -0.0002335 -0.000019)

10 41408  -0.5481  -0.0%7  0.007343  0.001104 -0.0002400 -0.0000243

20 4,280  -0.54%  -0.0393  0.00761  0,001322 -0.0002845 -0.0000235

50 44512 -0.535  -0.0423  0.00798  0.001618 -0.0002938 -0.0000290

100 4.5686 -0.5989  -0.041  0.00783  0.00805 -0.0062903 -0.0000346

RAINFALL INTENSITY IN HH/HR FR VARIGUS DURATIENS AND RETURN PERIGDS
RETURN PER1G0
OURATIEN 1 YEAR 2 YEARS S YEARS 10 YEARS 20 YERRS S0 YEARS 100 YEARS
{HBLRS)

0.083 104. 132 186, 185, 1. 25. 210.
0.100 97.4 124, 156. 174. 188, 230, 254.
0.167 79.9 102. 130. 145. 168. 193. 3.
0.333 58.3 75.0 9.5 109, 125, 147, 163.
0.500 41.4 " B3 8.5 0.1 104, 122, 136.
1.000 3.4 §2.0 55.1 62.9 72.9 86.2 9.4
2.000 2.8 28.1 37.0 42.3 49,2 58.4 65.4
3.000 17.0 2.1 2.1 33.3 38.7 45.9 51.4
6,000 1.2 14.5 19.2 22.0 5.6 30.3 34.0
12,000 7.39 9.62 12.7 14.6 17.0 20.1 2.6
24.000 4.87 6.35 8.45 8.7 1.3 . 13.5 15.2

48.000 11 4.1 5.%2 6.37 7.95 8.91 10,1
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APPENDIX B

PIT PRESSURE
CHANGE COEFFICIENTS
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APPENDIX C

PIT PRESSURE CHANGE AT BENDS
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APPENDIX D

LOSSES IN SUDDEN EXPANSIONS
AND CONTRACTIONS
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APPENDIX E

ROAD CAPACITY CHARTS
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The Froude Number (Fr) is givén by the equation:

Fr =V,
Jay
For pipes, use Fr = 0.38V,

t.7Ae

For box culverts, use Fr = 0.32YV,
e

where V, = outlet velocity (m/sec) 5
g = acceleration of gravity, 9.81 m/sec
y = depth of water (m)
A. = effective outlet area (sq.m)
d, = effective water depth at outlet

For Fr < 1.7 Channel 1ining should give adequate protection. Typical methods
used are a concrete apron in conjunction with outlet wingwalls,
hand-packed heavy stones, grouted stone pitching, sand bag
revetment, "Reno mattress" and gabions (wire cages filled with
smaller stones ordinarily moved by the flood flow).

The latter two methods are becoming 1increasingly economical by
comparison with the cost of stone pitching. They provide flexible
structures which can deform without fracture.

For Fr > 1.7 reduction of outlet wvelocity can be achieved by creating a
hydraulic jump in the flow or by providing stilling basins.
A hydraulic jump 1is the abrupt rise (a standing wave) which
frequently occurs in the water surface in open channel flow, when
water at high velocity (super-critical) discharges into a zone of
Tower velocity (sub-critical). The hydraulic jump is accompanied by
violent  turbulence, eddying, air entrainment and surface
undulations. :
Some energy-dissipating structures to produce this hydraulic jump
are are illustrated 1in Figure . A further alternative is to
create a hydraulic jump within the culvert by breaking the slope of
the culvert so that the first portion of the culvert will be on a
steeper slope than the second portion. These solutions require
detailed design and should be referred back to Head Office if their
use cannot be avoided.
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Contract No. QUALITY ASSURANCE FOR DESIGN

QUALITY ASSURANCE REQUIREMENTS
FOR DESIGN

DQS.01 SCOPE

1. This Design Specification sets out the process for quality assur g
required by Council for development consents. The requirements are apphcable to alt
design work whether undertaken by the Developer, the Developer's Project Manager,

Consultant or a Sub-Consultant.

2. The Specification refers to engineering design processes.:‘Requirements which

refer to the concept design of developments are generally covered in-Council's LEP 2000j

3 The Soecification refers also to enginearng decian orommers:
that do not involve subdivision. )
]

DQS.02 OBJECTIVES 2 R s Lo

1. This Specification aims to set standards and document: requurements for the Maintenance
executlon and recordmg of deS|gn processes in order that the infi

Council's management.

DQS.03 REFERENCE AND SOURCE DOCUMENTS
(a) Council Specifications

All Specifications for Design and Construction
Council's Codes and Policies

b) Australian Standards
ASINZS 3905.2 Guide to quality system Standards AZS'?’NZS-QIUM

AS/NZS 3913
AS/NZS ISO 8402

AS/NZS 1SO 2001

AS/NZS IS0 9004.1

(c)  Other RO SR g

Section 90 (EP&A ACT)

AUS-SPEC-1\NSW-DQS Jan 2001 (Copyright) DQS-1 WARRINGAH COUNCIL



QUALITY ASSURANCE FOR DESIGN Contract No.

DQS.04  CERTIFICATION e

1. The Developer shall present all engineering drawings to Councﬂs'“Sehior Cert:flcatlon
Development Engineer for acceptance. Each set of drawungs shall be accompanied’ : Report

set out in Annexure DQS -A.

2. Certification Reports shall be required with preliminary drawings and shall require -

resubmission with updates when final drawings are submitted. Certification is not
required with sketch plans or concept plans. Drawings
3. The Certification Report shall indicate on check lists any aspacts of design vihich:  Design N

do not meet requirements or tolerances set out in LEP 2000 and:Council's Design: conformanc

Construction Specifications.

DQS.05 MINIMUM DRAFTING REQUIREMENTS
1. Design drawings shall be definitive and clearly set out so as:tg:-presen
concepts in such a way that the project can be understood, specified:for:co
satisfactorily built.

2. All design drawings should be clearly numbered by the desim e Sheet

Sheets

A2 size sheets and be suitable for black and white copylng and phdto
paper size without loss of clarity.

4. Annexure DQS-B provides guidelines for grouping information in design
drawings.

DQS.06 DESIGNER'S QUALIFICATIONS

1. A Practising Civil Engineer deemed to be suitably experlence"
qualified so as to be accepted as a Member of the Institution of Engini
registered under the Institute’s Professional Engineers Register:
related works) or a Registered Professional Surveyor and qualifie
as a Professional Member of the Institution of Surveyors, Australla

Engineer
Surveyor

2. A Civil or Structural Engineer qualified as detailed above'-shall--be--:adCépted'~as=-- '-Sﬁi:dfﬂ?&f
qualified to prepare plans for bridges, retaining walls, miscellaneous structures, buildings,  Design by
and flood control structures. Engineer

DQS.07 RECORDS

1. The Demgner shall retam approprlate desrgn records ina: form'a’t’ 's'U'o'h that they

WARRINGAH COUNCIL DQS-2 AUS-SPEC-1\NSW-DQS Jan 2001 (Copyright)



Contract No. QUALITY ASSURANCE FOR DESIGN

Caiculations which can readily be re-done need not be kept once the construction Cafcu!atton--_
.aintenance period of the project has expired. _Recort S

: R&tentlon -

3. A design file shall be malntauned by the Developer or the Develaper?s.Consultant .p_esfgn File to

be kept

design data which could be relevant in reviewing aspects of the demgn or planmng future
maintenance responsibilities. st R

4. Particular requirements apply to hydrological and hydraulic design data. (Refer to 'Hydmfogtc,

Council's Stormwater Drainage Design Specification). Hydraulic -
Design

5. Copies of records will be made available to Council on .
charge. :

DQS.08  AUDIT

AUS-SPEC-1\NSW-DQS Jan 2001 (Copyright) DQS-3 WARRINGAH COUNCIL
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QUALITY ASSURANCE FOR DESIGN

ANNEKURE DQS—A

WARRINGAH COUNCIL

Project Title:

DA/BA No:

Consultant's Drawing No:

Name of Consultant:

‘ame and Address of Developer:

| certify that this Design is in strict compliance with the development consent conditions an here‘_a:gvar" ince: fo. the

consent is found, written confirmation has been received from Council approving of the variance prior fo th
of Design Drawings (this includes designs for staged construction).

| certify that all structural elements of the Design have been deS|gned b
“ructural Engineer.

Contact Phone:

Date

Design EanﬁéérfSuweyor

Contact Postal Address:

Qualiﬂcatioﬁsfi. L
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QUALITY ASSURANCE FOR DESIGN

Design Check List 1

11

1.2

1.3

14

15

16

1.7

Initial plot verified by site inspection for existing
drainage.

Initial plot verified by site inspection for existing
property descriptions, boundaries and accesses.

Initial plot of contours verified as representative
of site terrain.

Trees and significant environmental features
affected by development are clearly indicated
and annotated.

Features significant to heritage considerations
within the development boundaries are clearly
indicated and annotated.

Existing public and private property likely to be
affected by these Designs are clearly indicated
and annotated.

Survey and bench-marks clearly indicated and
annotated.

DEPARTURES FROM COUNCIL OR STATE ROAD AUTHORITY NORMAL REQUIREMENTS OR

SPECIAL FEATURES TO BE NOTED:

BASE PLOT OF EXISTING FEATURES

WARRINGAH COUNCIL

DQS-A2
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Contract No. QUALITY ASSURANCE FOR DESIGN

'esign Check List 2 HORIZONTAL ROAD ALIGNMENT

Not

Check
Completed By Applicable
(initials). (tick)
2.1 Alignment compatible with design speed. '
22 Alignment is adequate in relation to clearance of

roadside hazards.

23 Driver and pedestrian sight distance is adequate.
4 Conflict with existing services is minimised.
25 Road widths and lanes meet Councils

requirements and design fraffic requirements.

26 Alignment of bridges suits road alignment.

27 Pedestrian, bicycle and parking requirements
are met.

28 Provision for large vehicles such as buses,
garbage trucks and emergency vehicles is
adequate.

"9 Intersection layouts meet turning requirements

of design fraffic including emergency vehicles.

210 Pavement width tapers and merges are
adequate.

21 Pedestrians and prams are catered for.

212 Conflict with existing public utility services has
been identified and resolved. R

2.13 Horizontal road alignment has been provided in
aocordance with any condltlons of development

T R s S

14 Horizontal road alignment setout data is clearly

defined and tabulated.” ; ; ,: s S D
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QUALITY ASSURANCE FOR DESIGN

DEPARTURES FROM COUNCIL OR STATE ROAD AUTHORITY NORMAL |
SPECIAL FEATURES TO BE NOTED: L %

WARRINGAH COUNCIL DQS-A4 AUS-SPEC-1\NSW-DQS Jan 2001 (Copyright))



Contract No. QUALITY ASSURANCE FOR DESIGN

2sign Check List 3 VERTICAL ROAD ALIGNMENT

 Not
Applicable
(tick)

Check

3.1 Grades meet maximum and minimum e

requirements. _ D
32 Vertical clearances to bridges and services meet

standards.
33 Vertical sight distance is adequate for drivers

and pedestrians.

4 Cover to drainage structures or services is
adequate.
35 Vertical alignment is adequate for disposal of

surface drainage from properties and from road.

36 Grades are satisfactory for 1:100 year flood
levels.

3.7 Vertical alignment is compatible with property
access.

38 The gradient on an intersecting road is not
significantly greater than the cross slope of the
through pavement and no greater than 3% at
give way and stop signs.

9 Sight distance is acceptable for all accesses to
roundabouts.

310  Alignment coordination with horizontal alignment
is in accordance with the appropriate
AUSTROADS design guides as referenced in
the AUS-SPEC specifications.

3.1 Conflict with existing public utility services has
been identified and resolved. _ [ D

312  Vertical road alignment setout data is clearly
defined on the longitudinal sections. _ ; flsasef D
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QUALITY ASSURANCE FOR DESIGN

DEPARTURES FROM COUNCIL OR STATE ROAD AUTHORITY NORMAL REQUIREMENTS: OR
SPECIAL FEATURES TO BE NOTED: j

WARRINGAH COUNCIL DQS-A6 AUS-SPEC-T\NSW-DQS Jan 2001 (Copyright))
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gesign Check List 4 ROAD CROSS SECTIONS

...... T
Applicable

Check

(initials): (tick)
4.1 Typical cross sections have complete
dimensions.
42 Typical cross sections have kerb & gutter, road

safety barrier and surface drainage indicated.

4.3 Batter slopes are indicated and batter treatment
is indicated where appropriate.

44 Property boundaries, service allocations and
location of known existing underground services
and pathway treatments are indicated.

)

45 Sufficient cross sections are shown to define all
variations and width transitions.

46 Cross sections are of sufficient width to fully
assess impact of road level on adjoining
property.

47 Stability of embankment slopes, batters and
retaining walls has been verified as satisfactory.

48 Cross section reference level conforms with
vertical road alignment.

DEPARTURES FROM COUNCIL OR STATE ROAD AUTHORITY NORMAL REQUIREMENT_S OR:
SPECIAL FEATURES TO BE NOTED: o i "
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QUALITY ASSURANCE FOR DESIGN

Design Check List 5 ROAD AND INTERALLOTMENT DRAINAGE

Check i Not
Completed By - Applicable
(initialg). - (tick)
5.1 Drawings indicate existing surface drainage. ~ _Cfmpimn
5.2 Hydrological data is the most current avaitable.
53 Hydrologic and hydraulic design calculations are
complete and fully recorded and available for
audit.
b4 Underground drainage and structures do not

conflict with services.

55 The designed drainage lines are compatible with
existing incoming lines and outgoing lines.

56 The length of fine, type of pipe, size, class and
bedding requirements are indicated for each
drainage line on the schedule of drainage
elements.

57 Height of fill over drainage lines is within
allowable limits.

58 Drainage is provided for local depressions
eg median areas or areas adjacent to fills.

59 The effect of headwater and back-up water on
private property has been assessed.

510  Subsurface drainage has been provided when
required and clearly located by line and level,
with details provided..

511 The need for batter drains has been considered
for fills and cuttings.

512  The height and energy leve! of downstream o

drainage has been considered. SRt Mo

513  Drainage structures and flowpaths are located
50 as to ensure safe vehicular and pedestrian s RO, SO AR s
transit. : : SRR RS .
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! Check o
Completed By Date i Ap
(initials) i

514  Drainage structure number, setout, type and
pipe details indicated on the drainage plans and
schedule of drainage elements.

5.15 Emergency flowpaths are located so as to
minimise impact on private property.

5.16 Road drainage has been provided in
accordance with any conditions of development
consent.

517 Interallotment drains have been designed in
accordance with Council's Specification and
Australian Rainfall and Runoff (Edition 1987).

31 8 Appropriate land stabilisation and velocity
controls have been implemented to pipe
systems, open channels and embankments.

5.19  Forallotments affected by flood controls, the
floor height controls are to be compatible with
road and drainage levels.

DEPARTURES FROM COUNCIL OR STATE ROAD AUTHORITY NORWMAL:REQ

SPECIAL FEATURES TO BE NOTED:

REQUIREMENTS OR

AUS-SPEC-1\NSW-DQS Jan 2001 (Copyright) DQS-A9 WARRINGAH COUNCIL



QUALITY ASSURANCE FOR DESIGN

Design Check List 6 SIGNS AND MARKINGS o<

Not
Completed By R Applicable
(tick)

6.1 Sign types, sizes, locations and support structure
details are shown on the drawings in accordance
with AS 1742 (All parts).

6.2 Pavement linemarking and pavement marking
type and setout is indicated on the drawings to
meet the requirements of AS 1742.2.

6.3 Signs and linemarking have been designed in
accordance with any conditions of development
consent.

DEPARTURES FROM COUNCIL OR STATE ROAD AUTHOR,;_;

MAL REQUIREMENTS OR
SPECIAL FEATURES TO BE NOTED: e
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Contract No. QUALITY ASSURANCE FOR DESIGN

)@esign Check List 7 PAVEMENT DESIGN

Check R Not

Completed By LTI Date Applicable
(tick)

(initials) -

71 The pavement designh and surface treatment is
shown clearly on the drawings and any
variations are indicated on appropriate cross
sections.

72 The pavement design complies with Council's
Pavement Design Specification.

7.3 Pavement design is in accordance with any
conditions of development consent.

T4 Geotechnical data is assessed as adequate and
is held on the design file.

SPECIAL FEATURES TO BE NOTED:
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QUALITY ASSURANCE FOR DESIGN

Design Check List 8 BRIDGE/MAJOR CULVERT DESIGN e

- Not
Applicable
(tick)

Check

(initial

8.1 The design has been performed by a competent
practicing Civil or Structural Engineer.

8.2 Geotechnical data is assessed as adequate and
is held on the design file.

8.3 The type and functional dimensions of the
bridges meet AUSTROADS Bridge Design
Codes 1992, AS 3600, AS 1684, AS 1170,

AS 4100.

84 The type and class of all materials are indicated
on the drawings.

8.5 Records of all significant design calculations are

available for audit.

8.6 The design complies with any conditions of
development consent.

DEPARTURES FROM COUNCIL OR STATE ROAD AUTHORIT
SPECIAL FEATURES TO BE NOTED:
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Jesign Check List 9 EROSION/AND SEDIMENTATION CONTROL PLANS ..

Check . ol mHiiiis ot
Completed By -~ Date it Applicable
(initials) . . A (tick)

91 Both short term and long term erosion control
plans have been prepared using the guidelines
within Council's Design Specification D7 and
Construction Specffication C211.

92 Erosion and sedimentation control has been
designed in accordance with any conditions of
development consent.

DEPARTURES FROM COUNCIL OR STATE ROAD AUTHORIW NORMAL REQUIREMENTS OR
SPECIAL FEATURES TO BE NOTED:
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QUALITY ASSURANCE FOR ENGINEERING DESIGN

A ROADWORKS PLANS

An example of the sequence of drawing sheets acceptable to Council in the compilatian o
Drawings is set out as follows.

Sheet N*

1

10.
1.
12.

13.

NOTE

ANNEXURE DQS-B

EXAMPLE COMPILATION OF DRAWINGS. -

: fl-._li:! jsé; of Roadworks
TOPIC

Development Consent Number
Locality Sketch and Index of Sheets.

General Subdivision Plan with contour details an a clear indicatip of the extent of \/ff/or

Typical Road Cross Sections showing road wit
batter slopes, kerb and gutter types. :

Plan and Longitudinal Section of each road sh

required (Pipe lines and structures).
Drainage Profiles.

Drainage Structure Details.

Road Cross Sections.

Intersection Layout Details.

Pavement Marking and Signposting.

Structure Details — Bridges, Retaining Walls, e_tg

Utility Services affecting the development.

1.

2. Scales are required to be nominated o oints shown on all

plan views.
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Contract No. XYZ

GEOMETRIC ROAD DESIGN

Amendment Record for this Specification Part

his Specification is Council’s edition of the AUS-SPEC generic specification part and includes Council's

primary amendments.

Details are provided below outlining the clauses amended from the Council edition of this AUS-SPEC
Specification Part. The clause numbering and context of each clause are preserved. New clauses are added
towards the rear of the specification part as special requirements clauses. Project specific additional script is

shown in the specification as italic font.

The amendment code indicated below is ‘A’ for additional script ‘M’ for modification to script and ‘O’ for
omission of script. An additional code ‘P’ is included when the amendment is project specific.

Amendment Key Topic addressed in Clause | Amendment | Author | Amendment
Sequence No. amendment No. Code Initials Date’
EXAMPLE Provision for  acceptance of | XYZ.00 | AP KP 2/6/97
1 nonconformance with deduction in
Payment

AUS-SPEC-1\NSW-D1 Jan 2001 (Copyright)
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...........................................................................
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Contract No. XYZ ' GEOMETRIC ROAD DESIGN

DEVELOPMENT DESIGN SPECIFICATION D1
GEOMETRIC ROAD DESIGN

GENERAL

D1.01 SCOPE

1. ThIS section sets out the specifications developed specifically for the design of  Subdivisio
Roadworks

Acceptable

stwork. o
convenience considerations and those related to the drivers’ perceptmn of dnvmg Principles
practice. :

4- LT 1 aaa
Specification. i
51 For the purpose of this Specification the definition of terms used to define the oad. ReServe
‘omponent
Definitions

components of the road reserve shall be in accordance with AS 1348.1 and A

AS 1348.1 terms:

Carriageway - That portion of the road or bridge devoted particularly to the use of
vehicles, inclusive of shoulders and auxiliary lanes.

Footpath - The paved section of a pathway (verge).
Pathway - A public way reserved for the movement d;-[.)edestrians and of
manually propelled vehicles (AMCORD verge). o :
Pavement - That portion of a carriageway placed above: . :
support of, and to form a running surface for, .V hlcular traffic.
Shoulder -
AMCORD term:
Verge: -
D1.02 AIMS
1. The prowsmn of a road system within a sub_dwtswn is to-bel-demgned ‘SO as to

achieve the follewmg alms

« Provide convenient and safe access to aII aIIotments for pedestnans vehlcles

AUS-SPEC-1\NSW-D1 Jan 2001 (Copyright) D1-1 WARRINGAH COUNCIL
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and cyclists.

» Provide safe, logical and hierarchical transport linkages with existing street
system. .

« Provide appropriate access for buses, emergency and sery

» Provide for a quality product that minimises maintenance
cycle costs.

* Provide a convenient way for public utilities.

» Provide an opportunity for street landscaping.

» Provide convenient parking for visitors.

» Have appropriate regard for the climate, geology, hydrolog‘
the area. :

D1.03 REFERENCE AND SOURCE DOCUMENTS
(a) Council Specifications

All Specifications for Design and Construction.

(b) Australian Standards

AS 1348.1 - Road and traffic engineering — Glossary of terms, Road
design and construction.

AS 2890.1 - Parking facilities: Off-street car parking

SAA HB69.14 - Guide to traffic engineering practice - B|

AS/NZS 3845 - Road safety barrier systems. e

(c) State Authorities

Roads and Traffic Authority NSW - Road Design Guide.
Department of Housing - Road Manual, 1987. . oommiminos

Department of Urban Affairs (formerty Environment) and Planning - ;T.echmcal Bulletin 12

(1981), Residential Road Widths.
(d) Other

AUSTROADS

Guide Policy for the Geometric Design of Ma
Guide to Traffic Engineering Practice:

PART 5, Intersections at Grade

PART 6, Roundabouts ~~  rboisn
PART 10, Local Area Traffic Management

PART 13, Pedestrians

PART 14, Bicycles

The Institute of Municipal Engineering Australia, Qid Division - 1993: Demgn Guidslings
for Subdivisional Streetworks.

ARRB Special Report No. 33, L E Cofnerford: A Review of smawisbh Road Design
Criteria. : : i3
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_ for Residential Development.

stapleton, C 1984: Streets Where We Live — A Manual for the Design of Safer:
Residential Estates. e

Resndentlal Subdlwsmns
Brindle, R 1988, ARRB: Planning & Design of the Local Distributor.
Colman, J 1978, ARRB: Streets for Living.

Pak-Poy Kneebone — 1989: Research Study into Road Charactenstlcs for Resudentlal
Development. s

D1.04 . CONSULTATION

1. Designers are encouraged to consult with the Counciliand other rel Counclil, 0

authorities prior to or during the preparation of design. Designers Authorities

requirements of this Specification ascertain specific reqmrements o seauthorities as: il :
ey relate to the designs in hand.

2. Public consultation on designs shall be provided where such
Council's current policy.

ion is required by  Public
B Consultation

3. The Designer shall obtain service plans from all relevant public utility authorities
and organisations whose services may exist within the area of the proposed development.
These services are to be plotted on the relevant drawings including the plan and cross
sectional views.

D1.05 PLANNING CONCEPTS
1.
each class of route should reflect its role in the road hlerarchy by lts visual appearance

and related physical design standards

speed, and other factors.

2. The road pattern and width must be in conformity with that shown in. L£P2000 Conformance
‘ : : with LEP2000
3. The road network for residential developments should ha\veE Legibility

4. The road network should reinforce legibility by provndlng sufﬁment dlfferentlation:éi_ Differentiation
between the road functions. : e

5. Distinct landmark features such as watercourses, mature vegetahon o ndge lmesf % ::-:_-: dmark:
should be emphasised within the structural layout so as to enhance the: leglbthty ' '

6. Whilst legibility can be enhanced by introduced physical features such as  Introduced
pavement and lighting details, the road network should by its: mherent demgn andj_ ~Featyres:

functional distinction provide the necessary legibility. L R O o0l

A The maximum .number of turning movements at intersections or. junctions: that a Intersection
driver should:-'be reguired 1o undertake fo reaoh “a partlcular address Wlthln the  Turning -
developmentshould be mlmmlsed ~~~~~ 2 e - (e Ledinn S 'M6Véﬁients
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D1.06 DRAWING REQUIREMENTS

(a) Reduction Ratios
1. All plans for urban design are to be reduced to 1:500.
Longitudinal Sections 1:500H
1:100V
Cross Sections 1:100 Natural

(b) Drawing Sheets

1. Separate sheets should be provided for
a. Cover sheets
b. Plan views
c. Longitudinal sections
d. Cross sections
e. Structural details
f. Standard drawings
(c) Drawing Presentation

1. .Clear and

Document

assessment of the De5|gn

2. The scope and sequence of drawing sheets shall comply with the example
provided in Annexure DQS-B of the Specification for QUA' Y RANCE
REQUIREMENTS FOR DESIGN. il

(d) Certification

1. Design

"1:5 . Consultant

URBAN DESIGN CRITERIA

D1.07 ROAD HIERARCHY

1.
amenity and legibility. Each class of road in the network serves a disti

and is designed accordingly. The design should convey to motorlsts the predomlnant
function of the road A typlcal hlerarchy is shown on: Flgure D1 Ao i
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Access
Street

L=

.

Local
Street
ls—— Local Sub-Artérid Eiﬁoq,
External Road
'5 Four distinct levels of roads are:

Access Street
Local Street
Collector Street
Sub-Arterial Road.

The lowest order road (access street) having as its priméfy U

vehicular traffic is subservient in terms of speed and volume, to those elements of space o
amenity, pedestrians and cyclists. The features of a typical access street are shown in
Figure D1.2.
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Entry threshold to indicate lower spaad environment.
Brick paving or coloured surface to indicate shared way.
5m —6m two way traffic camageway width.

Visitor parking areas which can also be used as passing
bays for streets longer than 100m (1 space per 3
dwellings).

. Right angled visitor parking.

6. Landscaped open space.

bl

Tn 1 TAPER

Figure D1.2 - Access Street

4, The next level road (local street) as a local residential stzf:':' uld provide a  Local Street
balance between the status of that street in terms of its access and:résidential.

functions. Resident safety and amenity are dominant but to a lesser de
streets. A typical local street is illustrated in Figure D1.3.

0 @ C/JLJL

J

(——

1. Brick-paved entry threshold signifies entry to lower speed environment.
2. Bends in camiageway control speed. .
3. Short sections of straight camiageway, street fumniture, landscaping — trees etc, control spaed.
4. Camageway width 7m,
9. 12m footpath on one side.
. Figure D1.3.. - :Eocfejl Street
WARRINGAH COUNCIL D1-6
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The second highest order road (collector street) has a residential function. but
Iso carries higher volumes of traffic collected from lower order streets A reasonable-

local streets. A typlcal collector street is shown in Figure D1.4. In_ tta
a street network should include strategic connectivity to reduce::
distances unnecessarily.

e Maximum volume 3000 VPD.
e Maximum speed 50km/h.
¢  Camiageway shared by vehicles and cyclists.
e As acul-de-sac arrangement services approximately 16 Ha.
)
<
@)
o
—
<
[
Ll
}_.
o
m Bends in camageway control speed.
s Carriageway width 11-13m or on bus routes
7m fravelled way with indented parking.
3.  1.2mfootpath.
4. Rollover kerbing.
6. The highest order road (sub-arterial road) within a residential developme‘nt shou

have as its main function the convenient and safe distribution of traffic generated by the R
development. Dlrect access should be provided for single dwelling allotments Access

shows the layout of a sub-arterial road.

_ Appropriate network design and number of
access points can limit sub-arterial to short
lengths.

COLLECTOR
STREET

A :-- =
// Figure D1.5 - Sub-Arterial Road
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D1.08 ROAD NETWORK

1. The design features of each type of road convey to the driver its

prima
and encourage appropriate driver behaviour (refer Figure D1.2 to D1.5), o

2. Traffic volumes and speeds on any road should be compatitile: with:
functions of that road.

3. The maximum length of an access street should ensure its status as a residentia
place is retained, where the traffic, in terms of speed and volume will enable the
integration of pedestrian, bicycle and vehicular movements. This length will also ensure
that residential convenience is not unduly impaired as a result of speed restraints. R

4. The length of sub-arterial within a development shoutd be i

5. The time required for drivers to travel on all streets within the-development should:  Travel Tim
be minimised, but not at the expense of safety or amenity. Motdrists wishing to trave!
longer distances at a greater speed should be encouraged to use '

development site.

6. Where access streets form part of a pedestrian or bicycle network, access links  Pedestrian or
should provide suitable connectivity with adjoining access streets or-open.space systems  Bicycle

s0 as to ensure such pedestrian and bicycle network are functionally efficient: Network

7. The road network should ensure that no road links with another road which is
more than two levels higher or lower in the hierarchy. In exceptional circumstances roads
may link with others that are more than two levels apart, however, no access street o
local street should have access to an access-controlled arterial road :

8. Connections between internal roads should be T-junctions:or ¢

Internal Road
roundabouts. :

9, The road layout should conform to the requirements of the external road network
and satisfy the transport provisions of an outline development plan.

d:-{o External Road
which are more convenient for potential through traffic within the network. Major roads  Network

should be provided at intervals of no more than 1.5 km and should be complete and of K
adequate capacity to accommodate through network movements. .Theinternal-road 2
system should not provide through routes that are more convenient than the external road: .
network. e :

10. The external road network should be designed and located fo’ provide routes

D1.09 DESIGN SPEED

1. Design speed is generally used as the basic parameter iﬁ_.ﬁe._speciﬁcation.

design standards, determining the minimum design value for other “glements NS\
Roads and Traffic Authority bases its current design standards on a travel speed rather
than a design speed. Travel speed identifies a speed/horizontal radius relationship. This
approach is intended for roads of a minimum travel speed of 60 km/h. The maximum
speed limit in NSW for built-up areas is 60 km/h and this should be:used:in calculz :
design values which depend on speed, (eg collector and sub-arterial toads)- However, in
difficult topography, the design speed may be reduced. Vehicular speeds are also limited
by road intersections as well as changes in horizontal.and vertical alignment. .

2 Adoption of a low design speed discourages speeding, however, where vertical or  Low Speeds
horizontal curves-of low design speed are located in otherwise high speed ‘sections '
(tangents) the result is a potentially dangerous section of road. It should be recognised :

that in low standard roads, operating speeds will tend to be in excess of arbitrary speed Hazardous
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. standards. Atftention should be given to ensuring that potentially hazardous features are Featur
“gible to the driver and adopting traffic engineering measures which will help a driver s
svoid errors of judgement. g

3. Generally the following design speeds should be adopted:
Access Street 25 km/h
Local Street 40 km/h
Collector Street 60 km/h
Sub-Arterial Road 60/80 km/h
4. The need for road safety barriers shall be assessed and designed in accordance  Road Safe y':":'

with AS/NZS 3845.

Barriers

D1.10 LONGITUDINAL GRADIENT

ecommended grades are shown in Table D1.1.

Table D1.1
Local Access | Collector Sub- | R
Arterial
Desirable maximum percentage™ 12
Absolute maximum percentage* 16

* maximum length 150 m on straight alignment.

2. Longitudinal grade of the mlnor street on the approach to an mtersechon should-. i ;-lntersecﬁons"

Turning circles in cul-de-sacs on steep grades should have grades {essithan Cul-de-Sacs
> per cent. . .

D1.11 HORIZONTAL CURVES AND TANGENT LENGTHS

1. Speed/Radius
2 _Refat:on_ R

design speed, the minimum radius of curvature utilised is such that dnvers can safely

negotiate the curve. Curves which progressively tighten produce an uncomfortable sense

of disorientation and alarm. Sudden reverse curves which drlvers;c Inot-anticipat alge;

have a potential to cause similar conditions.

2. Where. speed. . restriction .is.-provided by -curves.in the sfreet.alignment. the  Speed

relationship between the radlus of the curve and the deswed vehlcle speed is giver-in Res_tm_:tion
Table D1 2(8) % mOTe . e R :
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3. To determine appropriate lengths for tangents between speéd restrictions, which
may be curves, narrow sections or other obstructions, Table D1 .2(b) is recommended.

4. Sight distance on curves is determined by formula, values of w
in RTA Road Design Guide.

Table D1.2(a)
Speed/Radius Relationship

Desired Curve Radii (m) on Road Centreline
Vehicle Speed Curvilinear Alignment | Isolated Curve Alignment
(km/h) (no tangents) s
20 15 58 08 R
25 20 208 :
30 30
35 50
40 920
45 105
50 120
55 140
60 160

Table D1.2(b)
Speed/Tangent Length Relationship

Desired Vehicle Maximum Advisable Tangent Length:(m) & efween Curves or

Speed in Curve Restrictions Appropriate to a Selécted Des an Speed.

(km/h) 25 30 35 40

20 or less 40 75 100 120::
25 ¥ 45 75 100
30 - i 45 80
35 - § - 50
40 : : : -
45 8 - . - &

NOTE:
Tables D1.2(a) and D1.2(b) are derived from AMCORD.

01.12 VERTICAL CURVES

grade exceeding 1 per cent. The desirable minimum design speed is 60 km/h. The - oo i
length of the crest vertical curve for stopping sight distance should conform with RTA
Road Design Guide. These standards are based on 1.5 second's reaction time which
provides a reasonable safety margin for urban conditions, where drivers' reaction-time'is
usually considered to be lower than'in rural conditions. ' : N

1. Vertical curves will be simple parabolas and should be used:on.all changes of . €

2. For adequate riding comfort, lengths of sag vertical-curves should c;onfb_rm with R:dmg
the RTA Road Design Guide. As residential roads are usually lit at night, the criterion for  Comfort
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desrgnrng sag vertical curves is a vertical acceleration of 0.05g for desirable riding
ymfort, and 0.10g for minimum riding comfort. The minimum length for sag vertlcal
dJrves are shown in Table D1.3.

Local access
(m) (m)
Minimum vertical curve 25 35
Absolute  minimum  vertical
curve (to be applied at road 6 o 20
junctions only) phmes [
3. Junctions of roads should be located at a safe distance from a crest, determin d Side Road

by visibility from the side road. Location of a side road at a crest sho d only occur if the re  Junctions:
is no suitable alternative. :

i Drainage poses a practical limit to the length of sag cu.. .ma_ :
ngth (in metres) of 15 times the algebraic sum of the lntersectung Vertical grades
(expressed as a percentage) has been suggested This is to avord water pondmg in

often require a compromise with aesthetic considerations. The follow' g n,cer,e,s should' Alignment

be applied: Coordination

e The design speed of the road in both horizontal and vertiee panes-.
be of the same order.

¢ Combined horizontal and vertical stopping sight distance and mrnrmum gi ht3
distance should be considered three dimensionally.

»  Sharp horizontal curves should not be introduced at or near the crest of a
vertical curve. A horizontal curve should leave the vertlcal- """ d be
‘ longer than the vertical curve.

e A short vertical curve on a long horizontal curve or ',ort tangent in

appearance.

D1.13 SUPERELEVATION

1. The use of superelevation in association with horizontal cu-rves is- an ééééht'iar' N LowDesrgn )
aspect of geometric design of roads with desigh speeds in excess of 60 km/h. Local Speed,
Crowned
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2. The maximum superelevation for urban roads of higher design speeds should be
6 per cent. Any increase in the longitudinal grade leading to excessive crossfall at
intersections should be considered with caution. While it is desirable to superelevate-a
curves, negative crossfall should be limited to 3 per cent.

3. In general, curve radii larger than the minimum and supers on rates less
than the maximum should be used where possible. The minimum; f seurves is

determined by the design speed, the minimum superelevation (or maximur - adverse:-

_ '_rijiteria

......

crossfall) at any point on the circular portion of the curve, and the maximum coefficient:o
side friction which allows safe lane changing. This is 0.15 where there is positive
superelevation and 0.12 where there is adverse crossfall. The coefficient of side friction
depends upon the type and condition of tyres, the pavement, and on speed.

Design Speed 60
km/h
Minimum 5 145
Superelevation 4 150
(%) 3 160
2 170
1 180
Maximum Crossfall 0 190
1 260
(%) 2 285
3

3 Transitions,
provide a convenient length in which to apply the superelevatldniiiion urban roads Offset Crowns
superelevation may be conveniently applied to the road cross section by shifting the

crown to 2m from the outer kerb. The axis of rotation of the cross section for:urban:roads

will normally be the kerb grading on either side which best enables.acGess to 'ad]éééht_

properties and intersections. On the outside of superelevation, or wh"'refthe Iongitudlnj 2,

grade of the gutter is less than 0.5 per cent, a crossfall of 63mm |n 50mm wide gutter::

may be adopted.

D1.14 ROAD RESERVE CHARACTERISTICS

1. 4 Cros Sec n
is expected to fulfil, including the safe and efficient movement of all users, prowsmn for  Provisions
parked vehicles, acting as a buffer from traffic nuisance for residents, the provision of

public utilities and streetscaping. Table D1.5 details characteristics of the road reserve.. ... .
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NOTES:

1. For single dwelling allotments apply traffic generation rate of 10 veh_icleg;;pje_zjr;_?dfé\jyf
(vpd)/allotment (equivalent to approximately 0.85 vehicle per hour. {vph).in-the peak

hour) unless a lower rate can be demonstrated. Lower rates can

applied to multi-
unit dwellings based on locally derived rates. s o

2. See Clauses D1.09 and D1.11 on designing for specific operating Speedé. '

3. Widening required at bends to allow for wider vehicle paths (using AUSTROADS
Turning Templates).

4. Where kerbing is not required a flush pavement edge treatment can be used.
Maximum carriageway widths required if barrier kerbing used. 5 EoEone

5. Requires:
(i) Provision for widening to 5.0m if necessary in the future.
(if) Verge parking as noted with scope for additional spaces.

6. Minimum width required to provide for pedestrians, services; drainage, landscap
and preservation of existing trees. Add additional width onh ‘one side for future
widening of carriageway to 5.0m if re
provision for widening required.

8. Reduced speeds are required at designated pedestrian/bicycle crossin
20 km/h is desirable, achieved by the road design principles:ou
Specification.

9. Barrier kerbing may be used if required for drainage purposes without redu
carriageway width.

10. On bus routes, 7.0m travelled way with 2.0m wide indented
defined by kerbed protuberances.
lane is required along the kerb.

11. Speed on local sub-arterial road not to exceed legal limit.

12. If required, to be provided in parking areas which can be.?':‘
direction.

13. Required only if part of a pedestrian/bicycle network.

r future bus rout

14. Provide adequate road reserve width for widening of carriagew
if required. . ;

*

Many elements are inter-related. Therefore variations from any particular
recommended characteristic may require changes to others.

- Oparationst
Aspects
where it is intended or-likely ‘that-this will occur:oh-the carrlageway. ~Vehicles include

trucks, emergency vehicles and, on some roads, buses. (Refer to Clause D1.21 for bus
routes.) W : e _ e .
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The safety of pedestrians and cyclists where it is intended they use the __Pedesmans

sarriageway must also be assured by providing sufficient width. e _i : Cyclrsts

4. ‘_ccess to

carriageway opposne the driveway.

5. The design of the carriageway should discourage drivers from travelling above
the intended speed by reflecting the functions of the road in the network. In particular the
width and horizontal and vertical alignment should not be conducive to excessive speeds.

6. Approprrate verge width should be provided to enabfe '.the safe Iocatlon Verge Wrdt 3

below ground) and to accommodate the desired level of stree cepung
possible services should be located in common trenches.

7. The verge when considered in conjunction with the horl_
permitted fence and property frontage treatments should provi
distances, taking into account expected speeds and pedestrian and Y

Sight Distaiice

8. Stopping sight distances and junction or intersection sight distances, provided by
the verge, should be based on the intended speeds for each road type‘- :

D1.15 CROSSFALL

1. Desirably, roads should be crowned in the centre. Typical pavement crossf lls
straight roads are:

Pavement Type Crossfall
Bituminous seal coat 3 per cent
Bituminous concrete pavement 2.5 per cent
Cement concrete pavement 2 per cent

(Source: NAASRA (Now AUSTROADS), Guide policy for geometnc desrgn
urban roads.)

2. There are many factors affectmg levels in urban areas which force departures Offset Crown
Lines

Rate of
Change

i Precedence

road and adjust the minor srde street levels to suit. The crossfall in stde streets shouldfbe-v
warped quickly either to a crown or a uniform crossfall depending on the configuration of
the side street. A rate of change of grade of two per cent in the kerb line of the side street
relative to the centre line grading is a reasonable level. R RN 433808
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D1.16 VERGES AND PROPERTY ACCESS

1. A suitable design for the verge will depend on utility services;
footpath, access to adjoining properties, likely pedestrian usage and
Low level footpaths are undesirable but may be used if normial.crossfalls are
impracticable.  Crossfalls in footpath paving should not exceed 2.5 ‘pericent,. .in
accordance with AUSTROADS Guide to Traffic Engineering Practice, “Part' 13

Pedestrians. Longitudinal grade usually parallels that of the road and this may be steeper
than 5 per cent.

2. Differences in level across the road between road reserve boundaries may be  Options
accommodated by: : T

e  Cutting at the boundary on the high side and providirvr: he verge at no:rj'm_'
level and crossfall. : :

» Battering at the boundary over half the verge width wﬁ
kerb constructed at standard crossfall.

*  Auniform crossfall across the carriageway.

*  The lower verge being depressed below the gutter 'Ievé!"-'

3. The above measures can be used singularly or combined. The
should extend with a 0.5m berm beyond the road reserve boundary.

4. The Designer shall design a vehicular driveway centreline profile for the propert
access and check this design using critical car templates, available..frof
ensure that vehicles can use the driveway satisfactorily :

D1.17 INTERSECTIONS

1. The design of intersections er junctions should allow all movements to oceur,
safely without undue delay. Projected traffic volumes should be used in designing
intersections or junctions on sub-arterial roads.

2. Intersection design for the junction of subdivision roads wuth é'xisting state urban State Roads,
roads and national highways should generally be in accordance with.the ‘publication  National
AUSTROADS Guide to Traffic Engineering Practice, PART 5, Intersec Highways

3. Intersections with state roads or national highways are to b,:e; designed, approve

and constructed in accordance with the requirements of the Staté:Road Authorlty ar
Council.

Approval of
State Road
Authority

d
traffic in the locality.
5; Intersections should be generally located in such a way that::

* The streets intersect preferably at right-angles and not less than 70°.
intersection,
e The m'inor "streei--lhtersacls -thé conuéx-side of fﬁe major éﬁee.t;: =

»  The vertical grade lines at the intersection do not impose undue driving
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difficulties.

drainage.

« Two minor side streets intersecting a major street m
should have a minimum centreline spacing of 40m where:

» Right turn manoeuvre between the staggered streets is hkely to o leloll
frequently.

6. Adequate stopping and sight distances are to be prowded for horizontal and  Sight Distance
vertical curves at all intersections. et

¥ Where required, appropriate provision should be made for v 'tcies to park séf 1%

8. The drainage function of the carriageway and/or road rese & must be satrsfted
by the road reserve cross-section profile. Rt

9.

streets, but not sub-arterial roads, the "design single unit" bus with turning”
path radius 13m.

» For turning movements at the head of cul-de-sac access streefs suffncuent
area is provided for the "deS|gn smgle unit" truck to make a three-| pomt turn

-

Turning Radii

1. On bus routes 3-centred curves with radii 7.0m, 10.0; Bus Routes

junctions and intersections.

D1.18 ROUNDABOUTS

1. Roundabouts are to be approved by the Council and the Roads Traffic Authority. IA#@E&V&! -

vehlcles eg buses trucks cars
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* central islands of diameter sufficient only to give drivers guidance on the e
manoeuvres expected e

a simple, clear and conspicuous layout

e design to ensure that the speed of all vehicles approaching the intersection
will be less than 50 km/h.

D1.19 TRAFFIC CALMING

1. Traffic calming devices are to be approved by the Council. Approval

2. Calming devices such as thresholds, slowpoints, speed h mps, chicanes -an
splitter islands should be designed in accordance with the requirements of the. publicatic

Criteria

AUSTROADS Guide to Traffic Engineering Practice - PART 10 alAre

Management, (LATM). Devices designs should generally comply with é:félititﬂ?ing.

(a) Streetscape
e reduce the linearity of the street by segmentation
e avoid continuous long straight lines (eg. kerb lines)

¢  enhance existing landscape character

e maximise continuity between existing and new landscape aresis :

(b) Location of Devices/Changes

*  devices other than at intersections should be located to be consistent:wil
streetscape requirements s

e existing street lighting, drainage pits, driveways, and services may decide
the exact location of devices R i

e slowing devices are optimally located at spacings of 10_A 1

H0m.
{c) Design Vehicles

e emergency vehicles must be able to reach all residencss:and properties

e local streets with a ‘feeding' function between arterial T nd-minorlocal

streets might be designed for a AUSTROADS Design Single Unit Truck/Bus

ith

e in newly developing areas where street systems are being developed in line
with: LATM: principles, building constru_cti'o'n;;traffi;éim:us_t be:provided forsa.

(d) Control of:veh;cie Speads i - Z:lj:j 7 o g Teldlate
° maximum vehicle speeds can only be'teduced by deviation of the traveiled
path. Pavement narrowings have only minor effects on average speeds, and
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usually little or no effect on maximum speeds

e speed reduction can be achieved using devices which shift vehicle paths:
laterally (slow points, roundabouts, corners) or vertically (humps---ipiatfor
intersections, platform pedestrian/school/bicycle crossings):

ritnent conducnve :

*  speed reduction can be helped by creating a visual éh',_

street alignment to create short sught lines
(e) Visibility Requirements (sight distance)

e adequate critical snght d|stances should be prowded such-that evaswe actucm

lighting.

i) Critical Dimensions

¢  pavement narrowings
-~ single lane 3.50m between kerbs
—  3.75m between obstructions
—  two lane 5.50m minimum between kerbs

«  bicycle lanes (including adjacent to pavement narrowings) = 1.2m absolute
minimum (1.0m in special circumstances in accordance with AUSTROADS
Guide to Traffic Engineering Practice — PART 14, Bicycles.): 7

* plateau or platform areas
— 75 mm to 150 mm height maximum, with 1 in 15 ramp ope

o  width of clear sight path through slowing devices

= 1.0m maximum

(ie. the width of the portion of carriageway which does not have nts llne of
sight through the device blocked by streetscape materials, usually
vegetation)

be determined by appropriate turning t_emp!ates o

D1.20 PARKING. - . Y

1. The parking reQuir.emenfs for hormal levels of aci-ivity associated--with “any. fand On-Site
se should be accommodated on-site.
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2. All on-site parking should be located and of dimensions that allow convenient and
safe access and usage.

3. Adequate parking should be provided within the road reserve.far:visi
vehicles and any excess resident parking since a particular dwellmg ‘ generate a high
demand for parking. Such parking is to be convenient to dwellings::

4. The availability of parking should be adequate to minimise the possnblllty-.»
driveway access being obstructed by cars parked on the opposite side of the street.

5. For non-residential land uses the opportunity for joint use of parklng should be
maximised by being shared by a number of complementing uses.

6. A single (car) space is 6.5m by 2.5m and combined spaces re 13.0m by 2
(for two cars) and 20m by 2.5m (for truck parking) with adequate tapiéfs at both end:

allow the necessary parking manoeuvres determined by using AL TROADS Turj
Templates.

7. All verge spaces and indented parking areas are con
mterlockmg pavers, Iawn pavers, bitumen with crushed rock OF::%

8. Right-angled parking is provided only on access streets ar:;:c:juloca,l;
speeds do not exceed 40 km/h.

9. The number of on-site parking spaces for non-residential land uses conforms t
parking standards as determined by the relevant authority.

10. The layout and access arrangements for parking areas fo‘
uses should conform to Australian Standard 2890.1.

D1.21 BUS ROUTES

1. Bus routes will normally be identified by Council.
hierarchy adequataly caters for buses. iteri S
bus routes is that no more than 5% of residents should have to walk'in excess of 400
mefres to catch a bus. Normally roads above the local street in the hlerarchy are
designed as bus routes. Table D1.2 details minimum criteria for bus rout 3 de S|g -
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Table D1.6 Bus Route Criteria

Road Carriageway Stops (Spacing) ..Bays s

Width (min) e :-:,:'.: _:.‘::;i-I-I-'-'-'

Collector® om 400 metre ="

Local Sub-Arterial 11m 400 metre

side road.

=2 Shelters are subject to Council's requireti nts

~ »1.22 RESERVED

D1.23 RESERVED

D1.24 RESERVED

D1.25 RESERVED

D1.26 RESERVED

D1.27 RESERVED

D1.28 RESERVED

"M.29 RESERVED

SPECIAL REQUIREMENTS

D1.30 RESERVED

D1.31 RESERVED

D1.32 RESERVED
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PAVEMENT DESIGN s

GENERAL

D2.01 SCOPE

1. The work to be executed under this Specification consists of the design of the Des:gn Cntena
road pavement to meet the required design life, based on the subgrade strength, traffic

loading and environmental factors, and including the selection of appropnate materials for

select subgrade, subbase, base and wearing surface. ; i

Surfaced
Pavement:
Types :

2. The Specification contains procedures for the design of the ollowing forms'”f
surfaced road pavement construction: :

(a)
(b)
surfaces;
(c) rigid pavements (ie. cement concrete pavements); -
(d)  concrete or clay segmental pavements. e i

D2.02 OBJECTIVES

1. The objective in the design of the road pavement is to: select appropnate Pavement
pavement and surfacing materials, types, layer thlcknesses and canfi guratlons to ensure Performance

anticipated traffic loading for the design life adopted.

D2.03 REFERENCE AND SOURCE DOCUMENTS

(a) Council Specifications
D1 - Geometric Road Design
D4 - Subsurface Drainage Design
C242 - Flexible Pavements
C245 - Asphaltic Concrete
C247 - Mass Concrete Subbase
C248 - Plain or Reinforced Concrete Base
C254 - Segmental Paving
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{b) Other
AUSTROADS -  Pavement Design, A Guide to the Structural Design.of:
Pavements, 1992, _
AUSTROADS -  Guide to Control of Moisture in Roads. i
ARRB-SR41 -  Australian Road Research Board, Special Rep.o..r.t:'de. 41-- .

Structural Design Guide for Flexible Residential Street
Pavements, 1989.

Cement and Concrete Association of Australia. s
CACA-T51 -  Concrete Pavement Design for Residential Streets, 1997

Concrete Masonry Association of Australia.

CMAA-T44 - Concrete Segmental Pavements - Guid_: a0:Specifying, 199

CMAA-T45 - Concrete Segmental Pavements - Design'Guide for
Residential Access Ways and Roads, 1997.

CMAA-T46 - Concrete Segmental Pavements - Detaii

Clay Brick and Paver Institute :

- Design Manual 1 - Clay Segmental Pavements, A Design
and Construction Guide for Sites Subjected to Vehicular and
Pedestrian Traffic, 1989. i geiezec

PAVEMENT DESIGN CRITERIA

D2.04 DESIGN VARIABLES

1. Regardless of the type of road pavement proposed, the design of the pavement
shall involve consideration of the following five input variables:

(a) Design Traffic
(b) Subgrade Evaluation

(c) Environment
(d) Pavement and Surfacing Materials
(e) Construction and Maintenance Considerations

D2.05 DESIGN TRAFFIC

1. The design traffic shall be calculated based on the follovil'fi
lives of pavement:-

(a) Flexible, Unbound Granular - 25 years

(b)  Flexible, Containing one or more bound layers - 25 yaars R :
(c) Rigid (Concrete) - 40 years

(d) Segmental Block - 25 years
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Design traffic shall be calculated in equivalent standard axles (ESAs) for the Equivalent
applicable design life of the pavement, taking into account present and predicted . Standard: -
commercial trafﬂc volumes, axle Ioadmgs and conflguratlons commercial trafflc growthj - Axles’

.....................

interlocking concrete segmental pavements, the simplification of replec. o SA’swith the

number of commercial vehicles exceedlng 3 tonne gross contained in CMAA:
acceptable up to a design traffic of 10°. Beyond this, ESAs should be calculated.

3. The pavement design shall include all traffic data and/or assumptions made in the Traff' ic Data

calculation of the design traffic.

Design Traffic
Volumes :

4. In general, reference should be made to ARRB-SR41 for the alculatlon of design;

traffic volumes up to 10° ESAs and AUSTROADS Pavement Deéig 3 for design tra 6
volumes approaching or exceeding 10° ESAs. .

5. In the absence of other traffic data, the following traffic va|u sé;(ln ESAs) may e
taken as a guide to the design ftraffic, but shall be subject to varlatlo depending on:
~ircumstances for the particular development.

Guide to
Design ESAs

Street Type: Design ESA'S - year design ife

Urban Residential - Access Strest 6 x 110 i

- Local Street 3x 10 :
- Coliector Street 1x10°
- Sub-Arterial 2x10°

Rural Residential -

Commercial and Industrial

D2.06 SUBGRADE EVALUATION

1. Except where a mechanistic design approach is employed using. AUSTROADS 31::Cahforma

Pavement Design, the measure of subgrade support shaII be the Califorma Bedring'Ratio  Bearing Ratio

arameters (modulus Poisson's ratio).

2. The following factors must be considered
strength/stiffness of the subgrade:

Design
Considerations

(a) Sequence of earthworks construction

(b)

construction
{(c) Moisture changes during service life
(d) Subgrade variability

(e)

level.
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3. The subgrade Design CBR adopted for the pavement design must consider the Design CBR:~
effect of moisture changes in the pavement and subgrade during the service life, and -~ Considerations
hence consideration must be given to the provision of subsurface drainage. i the
estimation of equilibrium in-situ CBRs, and hence in the design of the pav
Warrants for the provision of subsurface drainage are given::in::§

SUBSURFACE DRAINAGE DESIGN. If subsurface drainage is not:provided, then the
Design CBR adopted must allow for a greater variability in subgrade ‘moisture: content
during the service life of the pavement, and hence a Design Moisture Content above:the :
Optimum Moisture Content. R0

4. The calculation of the Design CBR shall be based on a minimum of three 4 day Calculation of
soaked CBR laboratory samples for each subgrade area, compacted to the relative Design CBR:....

DesignCBR =
Design CBR = 10th percentile of all estimated CBRs, for ﬁve;-; """
= C-13S |
Where C is the mean of all estimated CBRs, and
S s the standard deviation of all values.
5. Where practicable, the Design CBR obtained from laboratory testing should be |

confirmed by testing performed on existing road pavements near to the job site under.::
equivalent conditions and displaying similar subgrades. st

6. The pavement design shall include a summary of all Iabﬁ tory-and field test Summary of

results and assumptions and/or calculations made in the assessment of Desigh:CBR.: - - Results

D2.07 ENVIRONMENT

1. The environmental factors which significantiy affect pavemgpt:-n‘&ﬁfdrkﬁéﬁée-:éf ““"Moisture and

moisture and temperature. Both of these factors must be consideréd at:the design stage Temperature

2. The following factors relating to moisture environment mu
determining the design subgrade strength/stiffness and in the choi
surfacing materials: :

‘in Moisture
Considerations

(a) Rainfall/evaporation pattern

(b) Permeability of wearing surface ~ Coiiiiiicosiio i
(c) Depth of water table

(d) Relative permeability of pavement Iéyers

(e) Whether shoulders are sealed or not R R sty

() Pavement type (boxed or full width)

3. The effect of changes iin-moisture content on the. strength/stifiness of the  Evaluate
subgrade shall. be taken into account by evaluating ‘the design subgrade strength  Design CBR
parameters (ie. CBR or modulus) at the highest moisture content likely to-occur during the : :
design life, ie the Design Moisture Content.” The provision of subsurface drainage may,

under certain circumstances, allow alower Design Moisture Content; and hence generally

higher Design CBR.
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The effect of changes in temperature environment must be considered in the Temperature
.esign of pavements with asphalt wearing surfaces, particularly if traffic loading occurs at - Change =
night when temperatures are low, thus causing a potential reduction in the fatigue Jife:of ==
thin asphalt surfacing. The effect of changes in temperature envuronment should:: SO:- .

considered for bound or concrete layers.  oommmmnominen

5. The pavement design shall include all considerations for envir

affect the choice of pavement and surfacing materials.

D2.08 PAVEMENTY AND SURFACING MATERIALS

1.
their fundamental hehaviour under the effects of applied ioadings: }g R CIass:flcation:
(a) Unbound granular materials, including modified granular materials
(b) Bound (cemented) granular materials
(c) Asphaltic Concrete
(d) Cement Concrete
2. categories or  Surfacing
types:- Classification
(a) Asphaltic concrete and bituminous microsurfacing (cold overlay)
(b) Cement Concrete
(c) Concrete Segmental Pavers
(d) Clay Segmental Pavers
3. Unbound granular materials, including modified granular materials, shall satlsfy

the requirements of the Construction Specification for FLEXIBLE PAVEMENTS.

FIBRE REINFORCED CONCRETE as appropriate.

7. Concrete and clay segmental pavers shall satisfy the_E
Construction Specification for SEGMENTAL PAVING. :

D2.09 CONSTRUCTION AND MAINTENANCE CONS!DERATIONS

1.
surfacing adopted should mvolve consideration of various construction and mauntenance
factors as follows:

(a) - Extent and type of dralnage . R Y i R
} (b)-: Use of boxed or full W|dth constructlon :
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(c) Available equipment of the Contractor
(d) Use of stabilisation

(e) Aesthetic, environmental and safety requirements
) Social considerations

(9) Construction under traffic

(h) Use of staged construction

(i) Ongoing and long-term maintenance costs

These factors are further discussed in AUSTROADS Pavement Design. .

PAVEMENT THICKNESS DESIGN

D2.10 PAVEMENT STRUCTURE - GENERAL

1. The pavement thickness, including the thickness of surfacmg o

than 250mm for roads in which kerb and guttering is to be constructed, 200mm for- ”Pavement b
unkerbed roads and 150mm for carparks. o Thickness

5. Notwithstanding subgrade testing and subsequent pavemen
the thickness of subbase and base layers shall not be less than the foI|owmg.-

(a) Flexible pavement: Subbase 100mm, Base 100mm
(b) Rigid pavement: Subbase 100mm, Base 150mm

Subbase
Extent

< The subbase layer shall extend a minimum of 150mm behi
kerbing and/or guttering. &

4, The base and surfacing shall extend to the face of any kerbing and/or guttermg
Where the top surface of the subbase layer is below the level of the underside of the

kerbing and/or guttering, the base layer shall also extend a minimum of 150mm‘behm
the rear face of the kerbing and/or guttering. e

5. For unkerbed roads, the subbase and base Iayers shall extend at Ieast to the Unkerbed
nominated width of shoulder. : Roads

6. The pavement designer shall make specific aIIowanc

Carparks
concentrations within carpark areas (eg entrances/exits).

e The pavement designer shall make provision for pavementfa e_r dramage on th

. Drainage
assumption that during the service life of the pavement ingress of waif;

D2.11 UNBOUND GRANULAR FLEXIBLE PAVEMENTS (BITUMINOUS:

1. Unbound granular flexible pavements with thin bituminous surfacings,. including . ...

those with cement or lime modified granular materials, with design traffic i

shall be designed in accordance with ARRB-SR41, using Figure 7 (95% confidence limit
curves).

2. For design traffic above 10° ESAs, the demgn shall be in accordan'c'e' wuth
AUSTROADS F’avement Des;lgn :
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212 FLEXIBLE PAVEMENTS CONTAINING BOUND LAYERS (BITUMINOUS
SURFACED)

designed in accordance with AUSTROADS Pavement Design.

2. As an alternative to AUSTROADS Pavement Design for design traffic 'up (o 25 0‘5 i
ESAs, bound layers may be assumed to be equivalent to unbound layers of the same ™~ i

thickness, and the pavement designed in accordance with ARRB-SR41, using Figure 7
(95% confidence limit curves).

D2.13 RIGID PAVEMENTS

1.

2. Rigid (concrete) pavements for design traffic above 10° ESAs.""
1 accordance with AUSTROADS Pavement Design.

D2.14 CONCRETE SEGMENTAL PAVEMENTS

1.

calculation of design traffic in terms of ESAs.

D2.15 CLAY SEGMENTAL PAVEMENTS T e

1. Clay segmental pavements with design traffic up to 10° ESAs shall be designed i
accordance with Design Manual 1 - Clay Segmental Pavements. _ o =

2. For design traffic above 10° ESAs and up to 10" ESAs thé'd'esig'n shall involve

«nethods adopted

3. For design traffic above 10" ESAs, the pavement shall be demgned in accordan
with AUSTROADS Pavement Design.

SURFACING DESIGN

D2.16 CHOICE OF SURFACE TYPE

1. Except where the pavement is designed for concrete: or: g block : --Bitumen:
surfacing, the wearing surface shall be a bituminous wearing surface'a follows. s Wearing
Surface

(a) Urban Residential streets - Access Street and Local Street

i prlmer seal plus asphalt.

(b)  Urban i‘aesidénual streets - Collector-and Sub-Arterial:

AUS-SPEC-1\NSW-D2 Jan 2001 (Copyright) D2-7 WARRINGAH COUNCIL



PAVEMENT DESIGN Contract No.

- primer seal, plus asphalt

(c) Commercial and Industrial streets:

- primer seal, plus asphalt

3. Variations to these requirements may be approved by Council in special Approval
circumstances. e

D2.17 RESERVED
D2.18 RESERVED

D219 ASPHALTIC CONCRETE

1. In urban residential access and local streets, rural or light trafficked commercial  Light to
streets (design traffic up to approximately 3 x 10° ESAs), the asphalt-mix design shall b Medium Traffic

either a 'high-bitumen content' mix or the ARRB Gap-graded mix:in:acecord:

2. In urban residential collector and sub-arterial roads, medium to heavily trafficked
commercial streets and in all industrial roads, the asphalt mix design shall be a dense

graded mix in accordance ‘with the Construction Specification _for - ASPHALTIC
CONCRETE. Sl

3. Asphaltic concrete surfacings shall be designed to provideé nomlnaiﬁ;éé@iiﬁgg_t_gq W
layer thickness of not less than 25mm on light to medium trafficked residential, rural and
commercial streets, and 40mm on medium to heavily trafficked residential, rural or

commercial roads and on all industrial and classified roads.

4 As a minimum, a 7mm or 10mm primer seal shall be indicated o’ the Drawings  Primer Seal

bélow the asphalt surfacing.

D2.20 SEGMENTAL PAVERS

1. Concrete segmental pavers shall be 80mm thick, shape Typ and designed fo:"
be paved in a herringbone pattern. ’

2. Clay segmental pavers shall be 65mm thick, Class 4, and d ibned to be pave:

in a herringbone pattern.

er-kerbing

Edge
Constraint

3. The edges of all paving shall be designed to be constraine “by-ei
and/or guttering, or by concrete edge strips.

DOCUMENTATION

D2.21 DESIGN CRITERIA AND CALCULATIONS

1. All con:s'iderations. assumptions, subgrade test résults,_;an_& calculations shéil be éubinis'sibn
submitted with the pavement design for approval by Council. _ Details
B The Drawings shall clearly indicate the structure, materiai fypes and layer Drawings
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thicknesses of the proposed pavement and surfacing.

SPECIAL REQUIREMENTS

D2.22 RESERVED
D2.23 RESERVED
D2.24 RESERVED

D2.25 RESERVED
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DEVELCPMENT DESIGN SPECIFICATION D3
STRUCTURES/BRIDGE DESIGN

GENERAL

D3.01 SCOPE

1. This Specification sets out design considerations to be adopted in the design of
structural engineering elements for land subdivisions. Such activities will include:

. Road traffic bridges
Pedestrian bridges
Structures other than bridges, but associated with:
retaining walls, major sign support structures) E

° Small earth dams, detention basins
N . Structures used for public safety (road safety bamer pedestnan saft
) street lighting)
oo Temporaryworks i
Such structures may be of concrete, timber or steel constructions, but with
low maintenance.

D3.02 OBJECTIVE

1. The aim of design shall be the achievement of acceptable probabllltles that the
structure being designed will not become unfit for use during its design llfe ha gard
to economic, physical, aesthetic and other relevant constraints.

D3.03 BASIS OF DESIGN

1. The design shall be based on scientific theories, experlmental data and:""Safety Quality

experience, interpreted statistically as far as posmbie The safety and serwce Quaf:f‘cations

.......................

............................

experience and skill of all personnel involved. Adequate altentlon shall lherefore be glven
‘9 these factors. In addition, adequate management control and supervision by

sxperienced engineers shall be required at all stages of design andi:constructlon to
prevent the occurrence of gross errors. &

2. Specifications shall be notated on the Drawings with sufﬂclent detail to ensure
that the above described strategies are able to be effectwe[y 1rnpiemented at:j ¥
construction stage.

D3.04 REFERENCE AND SOURCE DOCUMENTS

(a) Council Specifications
D1 - Geometric Road Design
D5 - Stormwater Drainage Design Sl

D7 - Erosion Control and Stormwater Manag
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(b) Australian Standards

AS1158 - The lighting of urban roads and other public thoroughfares
(SAA Public Lighting Code) o
AS1170 - Minimum design loads on structures (SAA Loadi
AS1684 - National Timber Framing Code e
AS3600 - Concrete structures o
AS3700 - Masonry in buildings (SAA Masonry Code)
AS/NZS 3845 -  Road safety barrier systems
AS4100 - Steel structures
Other relevant codes and guidelines with the above.
(c) Other
AUSTROADS -  Bridge Design Code
Inst. of Eng. -  Australian Rainfall and Runoff

KD Nelson - Design and Construction of Small Ea&

D3.05 ROAD TRAFFIC AND PEDESTRIAN BRIDGES

1. Bridge design shall only be carried out by properly qualified: persor: 0S¢ 2

Association of Consulting Engineers Australia (ACEA) listing includes-structural ‘design of ““Listing
bridges in its claimed area of competency. Such designers shall submit evidence of
these qualifications to Council prior to approval of any bridge design.:

2. However, this does not preclude submissions by other qualified persons in which: - Des
cases Council reserves the right to call for evidence of the qualifications and experience ¢

of the responsible designer; or to seek referral of the design calculations to an appropriate
A.C.EA. firm for checking. The latter requirement will be at the Developer's
directed. e

3.

4, Bridges shall have low maintenance finishes. Adequate precautions shall be
taken for protection of the materials used in the bridge design; for example, timber and )
steel require special consideration. Heavy debris and hed loads may be characteristic of.. - Debris;:

» e ae

some sftreams so that large spans with slender piers are encouraged..- . If overtapping:is "otiertobping

permitted, pedestrian safety rails and road safety barriers are usually: omitted. " Flood
depth indicators and appropriate signposting will be provided in such cases.

5. Preventative maintenance is a key issue affecting the design Jife of the structure. Design Life

The Drawings shall specify the design life of the structure together with"the relgvant  Maintenance

maintenance programs to be adopted upon which the design life is-based. Paraméters:
used in the design shall also be shown on the Drawings. : :

6. Hydraulic design of bridges shall be in accordance witﬁ::tﬁe requirementsf

..... Hydraulic
major structures in the Specification for STORMWATER DRAINAGE DESIGN. - Design
7 Where structures are designed to be inundated, the e%ffe:ct of thebackwaternundatmn

8. Where no inundation is permitted, appropriate afflux shall. b
with a 500mm freeboard to the underside of the bridge deck. '

9. Designers should enquire regarding current or likaly provision for public utilities in Public Utilities
bridges. These shotild be concealed for aesthetic reasons. R : GGt B
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3.06 PROVISION FOR PEDESTRIANS ON ROAD BRIDGES

1. Provision for pedestrians on bridges is required in rural residential as well.as - -MiﬂfmUm

urban areas. The minimum provision is a 1.5m footpath with kerb at the road trafﬁc edge : “Provision
and pedestrian safety rails at the external edge. S s,

2. Council may require the provision of separate pedest. ':":'-§Separate

situations should the anticipated traffic warrant it. e ;Footpaths

3. Disabled access shall be considered in the design. TR j''D'Jré'z-!'r!"r'!oﬂ.'n'
Access

4.

D3.07 STRUCTURES OTHER THAN BRIDGES, ASSOClATED WITH ROADS

1.

ode, all relevant Australran Standards, and the requirements o.,:
may be relevant. S

D3.08 SMALL EARTH DAMS/DETENTION BASINS

1. Small earth dams shall be designed following the guidelines in T"De o frnons
Construction of Small Earth Dams" by K D Nelson together with relevant geotechnrcal -
recommendations. The structural design of welr outlets to resist failure shall be-'--_i_'___ R
considered in design. = Hon

sections in the Specification for STORMWATER DRAINAGE DESIGN'*

2. Childproof fencing shall be nominated where it is a requrremen “of.relevant  Fencing

statutory regulations, Australian Standards or Council Specifications “and-::whare: ...

unacceptable risk exists due to the location of the dam/basin in relation to the urban
nature of the area.

3. The Designer shall carry out the design with recognition..of: _the,potent;el ﬂsk on"  Risk of Fallure
existing and planned infrastructure downstream, assuming the :probabifity ‘of dam/basin
failure. '

4. The Designer shall be a quallfred civil or structural englneef'havmg accredltatlon Qualification

5. The Designer shall be requrred to certrfy the desrgn an ultlmately certrfy the Certification

shown on the Drawings.

D3.09 STRUCTURES USED FOR PUBLIC SAFETY

1. Since the requirement of road safety barriers and pedestrian safety rails on  Barriers and

2. The: AUSTROADS Brldge DeS|gn Code and :ASINZS 3845 are recommended
references iin-this regard.
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3. It is essential that all safety barriers and rails have been fully tested and
accredited for the intended use under quality assurance provisions.

4. ‘Bridge crossings in urban and rural residential areas shall be provided--wi_tih:- i
streetlighting in accordance with AS 1158. Such requirements will be noted-a&c lingly :
on the Drawings. . :

D3.10 TEMPORARY WORKS

1. Structures which are proposed for the temporary support of roads, services and -
the like shall be designed by a qualified Engineer experienced and accredited in the
design of such structures and designed in accordance with the AUSTROADS Bridge
Design Code. A construction programme, indicating the sequence. of events leading to

the implementation and removal of the temporary structures shafl'be specified on:the
Drawings. :

SPECIAL REQUIREMENTS

D3.11 RESERVED
D3.12 RESERVED

D3.13 RESERVED
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DEVELOPMENT DESIGN SPECIFICATION D4
SUBSURFACE DRAINAGE DESIGN

GENERAL

D4.01 SCOPE

1. The work to be executed under this Specification consists of the design of the
subsurface drainage system for the road pavement and/or subgrade.

2. This Specification contains procedures for the design of. Subsurface dramage
including:

(a) Subsoil and Foundation Drains

(b) Sub-Pavement Drains

(c) Drainage Mats, including Type A and Type B Mats

3. Reference guidelines for the application and design of subsurface dralnage
include ARRB Spemal Reports 35 and 41 and the AUSTROADS pubilcatlon Guide to

D4.02 OBJECTIVES

1.
Moisture

assumed in the pavement design. Content

D4.03 TERMINOLOGY

1. Subsoil drains are intended for the drainage of ground water or seepage from the .Su
subgrade and/or the subbase in cuttings and fill areas. ; e

. Foundation drains are intended for the drainage of seepage»,' sprlngs and wet  Foundation
reas within and adjacent to the foundations of the road formation. - Drains

3. 2
pavement layers in flexible pavements. They may also function
groundwater from the subgrade. i

Sub-pavement
Drains

4. Type A

Drainage Mats

5. Type B drainage mats are constructed to intercept water: which would ofherwise  Type )
enter pavements by capillary action or by other means on fills and to intercept and control Drainage Mats
seepage water and springs in the floors of cuttings.
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D4.04 REFERENCE AND SOURCE DOCUMENTS

(a) Council Specification
C230 - Subsurface Drainage - General
C231 - Subsoil and Foundation Drains
C232 - Pavement Drains
C233 - Drainage Mats

(b) Australian Standards

AS52439.1
AS/NZS 1477

Perforated drainage pipe and associated fittings.

Unplasticised PVC (UPVC) pipes andfi

applications.
(c) Other
AUSTROADS -  Guide to the Control of Moisture in Roa
ARRB-SR35 .-  Australian Road Research Board, Sp ‘Report N¢
Subsurface Drainage of Road Structiires; Gerke R.J- 1987
ARRB-SR41 - Australian Road Research Board, Special.-Repp’_rt No.41-A

Structural Design Guide for Flexible Residenti

Pavements, Mutholland P.J., 1989.

SUBSOIL AND SUB-PAVEMENT DRAINS

D4.05 WARRANTS FOR USE

1. Subsoil drains are designed to drain groundwater or seepage frorh the subgrade:
and/or subbase in cuttings and fill areas.

Subsaoil Drains

2. Sub-pavement drains are designed to drain water from base -and:subbasé ‘Sub-pavement
pavement layers in flexible pavements, and to drain see Drains
subgrade.

3 Subsoil or sub-pavement drains shall be provided on both sides of the'formation  Geotechnical _

in the following locations, unless the geotechnical report indicates “the ‘abserce of  Survey
subsurface moisture at the time of investigation and the likelihood that changes in:the
subsurface moisture environment will not occur within the design-life of the pavererit
and/or the pavement has been specifically designed to allow: i likely variations: in
subgrade and pavement moisture contents: B

(a) Cut formations where the depth to finished subgr&t;_ig%"l:jevél?ii equal toror

greater than 400mm below the natural surface level. ==

(b) Locations of known hillside seepage, high water table (close to underside
of subbase) or isolated springs.

(c) Irrigated, flood-prone or other poorly drained area:is::

(d) Highly moisture suseeptible subgrades, ie:'commonly-displaying high
- plasticity oriow:soaked CBRs:.. v -
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(e) Use of moisture susceptible pavement materials.

il Existing pavements with similar subgrade conditions displaying distress
due to excess subsurface moisture.

(9) At cut to fill transitions.

Where only one side of the formation is in cut, and the other side mf ; .‘a'y' be sufficient
to provide subsoil or sub-pavement drains only along the edge of the: ormatqon

4. The need for subsoil and sub-pavement drains may otherwise become appare _____ ) _Quring
during the construction process, due to changes in site moisture conditions or to areas of "Conslrucﬂon
poorer subgrade being uncovered that were not identified in the geotechnical e

mvestlgation The Design Drawings shall be suitably annotated to the potential need for

Drawings.

D4.06 LAYOUT, ALIGNMENT AND GRADE

A Typical Cr
Sections:

subgrade.

Base

Sub‘base

Suhgrade

Base

Subbase 't_

‘\) _Altem‘otive | H O -

Locations
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2. In kerbed roads, the two acceptable alternative locations for the line of the trench Kerbed Road!
are directly behind the kerbline. Pavement layers must extend to at least the line of the .-
rear of the trench. : '

3. In unkerbed roads, subsoil and sub-pavement drains sha_ll.b.e:f&é:"'-té”

4, The minimum desirable longitudinal design grade shall be 1.0%
corrugated pipes, an absolute minimum grade of 0.5% is acceptable.

5. Trench widths shall be a minimum of 300mm, with a minimum depth below

finished subgrade level of 600mm in earth and 450mm in rock, and below the invert level
of any service crossings.

6. Outlets shall be spaced at maximum intervals of 150 niet‘re'_j. Where possible, Outlets

subsoil and sub-pavement drainage pipes shall discharge into:"

to assist maintenance and protect the end of the pipe.

7. Cleanouts are to be provided at the commencement of éach run of drain, and at  Cleanouts
intervals not exceeding 80 metres. Cleanouts shall generally be located directly at the
rear of kerb or at the edge of shoulder, as applicable. o2 time

8. Care shall be taken when positioning subsoil and subpavement drains t
interfering with or damaging Public Utility services.

FOUNDATION DRAINS

D4.07 WARRANTS FOR USE

1. Foundation drains are designed to drain excessive ground water areas within the
foundation of an embankment or the base of cutting, or to intercept
these areas.

2. The need to provide foundation drains may be apparen't'-'from the results of the  Geotechnical
geotechnical survey along the proposed road formation alignment, and:in‘this:case the  Survey During
location shall be shown on the Drawings. However, more commonly, the need to:provide  Construction

3. Where the road formation traverses known swampy flood-prone,=or  Need for
watercharged strata, the Drawings shall be suitable annotated to fhe potential need for  Additional
foundation drains at various locations, in addition to those originally pecified and shown . Drain

on the Drawings.

D4.08 LAYQUT, ALIGNMENT AND GRADE

1.

Section
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Engineered Embankment

Natural Subgrade

Possiblie
Additional
Drain

" Trench
trench depth to suit the app||cat|on and ground conditions on site. Dimensions

_ Outlets

to provide intermediate cleanouts, outlets shall be spaced at t_xm .ihtervals of

100 metres.

6. Care shall be taken when positioning foundation drains to avoid interferin‘g' w
damaging Public Utility services.

DRAINAGE MATS (BLANKETS) ::

N,

}

D4.09 WARRANTS FOR USE

nsure continm

1. Type A drainage mats are deS|gned where there is a need: Type A Mats

2. Type B drainage mats are designed where there is a need to:
which would otherwise enter pavements by capillary action or by other means on f||Is and
to intercept and control seepage water and springs in the floors of cuttings. Type B
drainage mats shall be constructed after completion of the subgrade construction and .
before construction of the pavement.

3. The need ta:design:for.-the provision of drainage mats: should-be apparent from  Geotechnical
the result of the: geot_gchmcal stirvey along the proposed road fQ[mgtlor) alignment. - Survey
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MATERIALS

D4.10 SUBSOIL AND SUB-PAVEMENT DRAIN PIPE i

1. Pipes designated for subsoil, foundation and sub-pa\;':émqr;_" “drains _shall be;
100mm dia. slotted pipe. R

2. Corrugated plastic pipe shall conform with the requirements of AS2439.1. The "
appropriate class of pipe shall be selected on the basis of expected live loading at the
surface. Joints, couplings, elbows, tees and caps shall also comply with AS2439.1.

3. Slotted rigid UPVC pipe shall be of a type and class approve

4. All pipe shall be slotted, and fitted with a suitable geotexﬁfi
cleanouts and outlets through fill batters which shall be unslotted pir

D4.11 INTRA PAVEMENT DRAIN PIPE

1. Pipes designated for intra pavement drains with crushed: aving
layer thicknesses neither less than 150mm nor more than 200mm shall be slotted thick
walled UPVC pressure pipe complying with AS/NZS 1477. i

2. Pipes designated for intra pavement drains with crushed ro

layer thicknesses exceeding 200mm shall be siotted pipe of a type and class ap
Council.

81 Pipes for use in Type B drainage mats shall be slotted. thi
pressure pipe complying with AS/NZS 1477.

D4.12 FILTER MATERIAL

1. The types of filter material covered by this Specification shall include:

(a) Type A filter material for use in subsoil, foundation; ;
(trench) drains and for Type B drainage mats.

(b) Type B filter material for use in subsoil, foundation an
(trench) drains.

(c) Type C filter material comprising crushed rock for s€:in Type A dra
mats. :

(d) Type D filter material comprising uncrushed river gr el for use in Type
drainage mats. cn

2. Material requirements and gradings for each type of filterfgm-a_ erial-are:incly
the Construction Specification, SUBSURFACE DRAINAGE GENERAL.

WARRINGAH COUNCIL D4-6 AUS-SPEC-1\NSW-D4 Jan 2001 (Copyright)



Contract No. SUBSURFACE DRAINAGE DESIGN

The type of filter material specified to backfill the sub-surface drainage trenches
_subsoil, foundation and sub-pavement drains) shall depend on the permeability of the
pavement layers and/or subgrade and the expected flow rate. Generally, Type A filter

gravels. Further guidance to the selection of appropriate filter matenal 18" contalned in
ARRB Special Report 35. SR L

D4.13 GEOTEXTILE

1. To provide separation (ie. prevent infiliration of fines) between the filter material in
the trench and the subgrade or pavement material, geotextile shall be deS|gnated to

DOCUMENTATION

D414 DRAWINGS AND CALCULATIONS

1. The proposed Iocatlon of all subsurface drains shall be ctearly mducated on the

respect to the line of the kerb/gutter or edge of pavement.
cleanouts shall also be indicated on the Drawings. The locality of Public Utility serwces '
shall also be indicated on the Drawings.

2. _Assumptions and/or calculations made in the determmatlon"'tiif""the""r’iée'd or

Drawings.

"4.15 RESERVED

D416  RESERVED AR

D4.17 RESERVED

D4.18 RESERVED
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DEVELOPMENT DESIGN SPECIFICATION D5
STORMWATER DRAINAGE DESIGN

GENERAL

D5.01 SCOPE

1. The work to be executed under this Specification consists of the design of |
stormwater drainage systems for urban and rural areas.

2. This Specification supports and compliments the requlrements of Councﬂ'
Stormwater Drainage Policy. R

3. Variations to -the requirements of this Specification will o
merit following submission of documentation to allow assessment. :

/5.02 OBJECTIVES

(b) To ensure that inundation of private and public buﬂdlngs located in
prone areas occurs only on rare occasions and that, in such events,
surface flow routes convey floodwaters below the prescribed
velocity/depth limits.

(b)
(c) Retain within each catchment as much incident ralnfall and runo 'a's"' 50
possible and appropriate for the planned use and the characteristics of
the catchment.
2. In pursuit of these objectives, the following principles shall ap_pl esign
Principles
\ (@)
and controlling flows from frequent runoff events.
(b) Redevelopment - Where the proposed developme'
recurrence interval (ARI) of the receiving minor systern ‘ .'
that which would be expected from the existing development or better
(c) On-site stormwater detention will be applied to achieve the objectives set

level and permanently hold water) are not acceptable AII stormwater dramage Iines must
\e free draining.
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4. Diverting flows from one catchment (or sub-catchment) to another catchment (or
sub-catchment) will not be permitted. Properties must be drained in their natural
direction. Where necessary, drainage easements must be obtained through downstrea-
properties for piping flows to the downstream drainage system. The
discharge point into the public drainage system, cannot be altered.

5. Inability to provide a gravity stormwater drainage sys :
easement(s) may result in a Development Consent not being granted.

D5.03 REFERENCE AND SOURCE DOCUMENTS

(a) Council Specifications
C220 - Stormwater Drainage - General
C221 -  Pipe Drainage
C222 - Precast Box Culverts
C223 - Drainage Structures
C224 Open Drains including Kerb & Gutter

Council On-site Stormwater Detention — Technical Specifica

(b) Council's Policies

Drainage Easements and Buildings Over Constructed Publi:(::j;Draina e Systems.

(c) Australian Standards

AS 1254 = Unplasticised PVC (uPVC) pipes and fittings for stormwater _
or surface water applications. - :

AS 2032 - Code of practice for installation of uPVC pipe yste'

AS/NZS 2566.1 -  Buried flexible pipelines, structural desu_:;' """

AS 3725 - Loads on buried concrete pipes. :

AS 4058 - Precast concrete pipes.

AS 4139 -  Fibre reinforced concrete pipes and fittings.

(d) State Authorities

RTA, NSW - Model Analysis to determine Hydraulic}‘(;i_éﬁ'v"

(e) Other
AUSTROADS -  Bridge Design Code.
Inst. of Eng. -  Australian Rainfall and Runoff (AR&R):

estimation. Aug 1987.
Queensland Urban Drainage Manual, Volumes 1 & 2, 19935

Sangster, WM., Wood, HW., Smerdon, ET., and Bossy, HG
Pressure Changes at Storm Drain Junction, Englneermg
Series, Bulletin No. 41, Eng. Expenment
Missouri 1958, g

Hare CM. - Magnltude of Hydraullc Losses at Junctlons in Plped

pipes to suit varying condltlons
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Henderson, FM.Open Channel Flow, 1966.

Chow, Ven Te -  Open Channel Hydraulics, 1959.

John Argue - Australian Road Research Board Special Report
- Stormwater drainage design in small urb
handbook for Australian practice.

Australian National Conference On Large Dams, Leederville WA. RASBE
- ANCOLD 1986, Guidelines on Design Floods for Dams.

HYDROLOGY

D5.04 DESIGN RAINFALL DATA

1. Design Intensity-Frequency-Duration (IFD) Rainfall - IFD relatlonshlps shal
‘derlved in accordance with Volume 1 Chapter 2, of AR&R, for the:pa
“nder consideration.

2. The nine basic parameters read from Maps 1-9 in Volume 2 of AR&R shall be
shown in the calculations submitted to Council, except where the Bure‘ :
provides a polynomial relationship for the catchment. e

3. Where design IFD rainfalls are provided for specific locations these are providéd
in Appendix A.

4. Design Average Recurrence Interval (ARI) - For design under--me__ma;or! ) 'Average
concept, the design ARIs to be used are given below. i Recurrence

Intervals

5. Recurrence intervals for minor events depends on the road class and zonlng uf
the land being serviced by the drainage system. The minor system design ARIs are
detailed below:-

Public piped drainage and channel systems shall be designed for th'é:followmg recurrence
ntervals:

Location ARI (yr).
Local roads 10 .
Collector roads 10
Sub-arterial roads 10
Arterial roads 20

State roads 50

Access to emergency facilities 100 i

recurrence mtervals

_L-ocailon_. - SR ARI (yr)
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Residential - low density 20
Residential - medium/high density 20
Commercial 20 .
Industrial 50
Hospitals and emergency facilities 100
6. In addition, where a development is designed in such a way that the major Easements"fnf:ﬁ

system flows involve surcharge across private property, then the underground system Private
(both pipes and inlets) shall be designed to permit flows into and contain flows having.an  Property

ARI of 100 years from the upstream catchment which would otherwise flow across the

D5.05 CATCHMENT AREA

1. The catchment area of any point is defined by the limits from where Surface
runoff will make its way, either by natural or man made paths, to this point. Consideration  Definition

shall be given to likely changes to individual catchment areas due to:! velopment
of the catchment.

2, Where no detailed survey of the catchment is available, 1:2000 contour maps'één
be obtained from Council showing the existing drainage system or, 1:4000 orthophoto
maps are to be used to determine the catchments and to measure areas.

3. Catchment area land use shall be based on current availabi g'in ormation

or proposed future zonings, where applicable.

4. Stormwater from the upstream catchment(s) must be considered in the design.

D5.06 RATIONAL METHOD

1. Rational Method calculations to determine peak flows shaff:be carried out in
accordance with Volume 1, Chapter 14, of AR&R and the requirements of this
Specification. Rational Method calculations can be used for small catch wof:

less than 600m®. For larger catchments, suitable hydrologic computer:r
used.

2. All calculations shall be carried out by a qualified p

Qualified
hydrologic and hydraulic design.

Person

3. Co-efficients of Run-off shall be calculated as per Volum
AR&R and full details of co-efficients utilised shall be provided.

4. Details of percentage impervious areas for interaliotment drainage in subdivisions Impervious
and developments are to be designed for the greater of the following: ... Areas

* minimum 35% impervious area, or
e proposed impervious area of the site.

+ 40% all residential areas.
s 100% industrial/commercial areas.
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o T0% road carriageway.

)
J. The time of concentration of a catchment is defined as the time required for storm

runoff to flow from the most remote point on the catchment to the outlet of the catchmen' sncentration

calculated separately.

7. The maximum time of concentration in an urban area shall be 20 minutes unless
sufficient evidence is provided to justify a greater time.

considering such thmgs as fencing and the likely locations of bunldlngs and shall be shown Pits

8. Flow paths to pits shall be representative of the fully developed catchment  Flow Paths to

9. Surface roughness co-efficients "n" shall generally be deriv
Volume 1, Chapter 14 of AR&R. Values applicable to specific zon
flow path types are given below:

Overland Fl w

ypes and overland;

) Flow across Parks 0.35

Flow across Rural Residential land 0.30
Flow across Residential (2a) 0.21
Flow across Residential (2b) 0.11
Flow across Industrial 0.06
Flow across Commercial 0.04
Flow across Paved Areas 0.01
Flow across Asphalt Roads 0.02
Flow across Gravel Areas 0.02

D5.07 OTHER HYDROLOGICAL MODELS

1. The preferred model for analysis is ILSAX. Council has chosen this mode
because it is public domain and requires minimum data entry, and is consistent with
Council’s dramage database. Other 'models that may be used are THSM RORB-

output. The use of these models will delay the processing of the Appllcatlon since
Council does not have all of these models readily available for checking.

) "
2. Where computer analysis programs are used, copies of the final data files shalf.
be provided on submission of the design to Council and with the:final drawings afte:
approval by Council.

HYDRAULICS

D5.08 HYDRAULIC GRADE LINE

1. Hydraulic calculations shall generally be carned out in accordance wuth AR&R _Qualifi ed

the system and shown on the drawings. Summaries of calculatlons are added to the plan
and detailed engineering long: section: -Details of: all- calculatlons are: -given mcludlng
listings of all programme input and output oo

2. Full hydraullc calculatlons Wl|| be requlred for all publlc and ma;or piped
wystems (375mm dia-and larger), or:where it is nécessary to determine:the:feasibility-of
che proposal. Stormwater drainage systems shall include piped drainage, box culverts,
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open drains, drainage structures and the like. Hydraulic calculations shall include the
determination of water surface profiles using hydraulic grade line analysis and/or
backwater calculations. It is preferable that the hydrologic information, to be used in the
analysis, be determined from the ILSAX program, although for smaller drainage systems;
covering areas less than 600sqm, the Rational Method design would be acceptable.

3 The "major" system shall provide safe, well-défined overlaﬁ?@i[ﬂ_d / paths for rare
and extreme storm runoff events while the "minor" system shall be ‘capable of carrying

and controlling flows from frequent runoff events.

4, Downstream water surface level requirements are given below:-
(a) Known hydraulic grade line level from downstream calculations including
pit losses at the starting pit in the design event. e e

(b) Where the downstream starting point is a pit and th_éff_._yfﬁraulic grade |

is unknown, a level of 0.15m below the surface inlet{evel of the
downstream pit is to be adopted.

(c) Where the outlet is an open channel and the design:sform is the mino

event the top of the outlet pipe shall be the downstre:

(d) ":E::':j:”:mi'_

(e)

S Water Surface
= Limits

5, The water surface in drainage pits shall be limited to th
level for inlet pits and to the top of the lid for junction pits.

e level of the surfa

D5.09 MINOR SYSTEM CRITERIA

1. The acceptable gutter flow widths in the 20% probability event is 2.5 metres
maximum. Wider flow widths may be approved on roads with flat grades.

2. Minimum conduit sizes shall be as follows: Conduit Sizes
e Pipes - 375mm diameter.
» Box culverts - 600mm wide x 300mm high.

3. Minimum and maximum velocity of flow in stormwater pipel i Velocity Limits

and 6m/sec respectively.

4.

strip will not be permitted unless there is no other alternative. In-which case; ‘written:
approval from all service utility authorities must be provided to Council,

D5.10 PITS

with this Specification and so ‘that the inlet efficiaricy:is not affected by “adjacerit infet

1. Inlet Pits shall be spaced so that the gutter flow width is limited in accordance Spacing
openings. Preference shall be given fo the location of drainage pits at the upstream side i

of allotments._ RS TA,

2. Other pits shiall be provided:

WARRINGAH COUNCIL D5-6 AUS-SPEC-1\NSW-D5 Jan 2001 (Copyright)



Contract No. STORMWATER DRAINAGE DESIGN

° To enable access for maintenance.
At changes in direction, grade, level, size or class of pipe.
° At junctions.
3. The maximum recommended spacing of pits where flow wudths are.na cntlcal are
given in Table D5.1 below: i ;
Pipe Size (mm)
Generally less than 1200 100
1200 or farger 150
In tidal influence all R 100 ...

Table D5.1 Pit Spacing
4, Kerb inlet lengths to side entry pits are to be a preferred m imum of 3.0m, with
an absolute maximum of 5.0m where the grade is 10% or more ‘and an absolute
maximum of 4.0m where the grade is less than 10%.

. Information on pit capacities is available in the following sources:-

. Roads and Traffic Authority's "Model anaIyS|s to determlne Hydraullc

weir formulae for sag inlet plts
. Pit relationships given in Volume 1, Chapter 14 of AR&R.

6. None of these pit charts include any blockage factors. o
theoretical capacity allowed in relation to type of pit is given in Table:D

Inlet Capaft;i_!y_

Allowance for
Inlet Blockage

Condition inlet Type : cal g 32
Sag Side entry
Sag Grated
' Sag Combination
Sag "Letterbox"
Continuous Grade Side entry
Continuous Grade Grated
Continuous Grade Combination

Table D5.2 Allowable Pit Capacities

7. Surface inlet pItS are generally to be 450 x 450 and are to:'B:

..................

Where plts are not desugned to collect stormwater, solid concrete covers can be
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used. These need to be liftable for inspections and maintenance. Junction pits are not to
be designed for pressurised systems.

9. Pre-cast pits and proprietary items may be used. However these must:

watertight and structurally adequate for the intended loads. A manufacturer's .specificat
may need to be provided to Council to support the use of a product. . ... o

10.  Where pits are to be constructed in public areas such as on: \é-naturestrip or

kerb, these are to be standard double grated pits minimum 450 x 900 with f:2m:le
(minimum) extended kerb inlets or lintels. Grates are to be weldloc type or equivalent;:
galvanised medium duty (for light traffic) or heavy duty (heavy traffic), hinged to frame.

D5.11 HYDRAULIC LOSSES

1. Bends may be permissible in certain circumstances and disc _,‘,_s:ions with Cou_r_’c_(;_:[ Bend Loss
regarding their use is required prior to detailed design. Appropriate:values of pit pressure "
change co-efficient at bends are given in Appendix RRP

2. Where possible design should try to avoid clashes betwee
where unavoidable clashes occur with existing sewer mains then the
efficient Kp shall be determined from the chart given in Council's
Drainage Design Criteria. -

3. Requirements for private pipes entering Council's system are given hel

(a) All pipe inlets, including roof and subsoil pipes, shall where pﬁssuble. S
enter the main pipe system at junction pits. These shall be finished off
flush with and be grouted into the pit wall.

5. Going from larger upstream to smaller downstream conduits:is:tiot permitted:  Contraction/
without approval of Council prior to detailed design. In going from smaller to larger pipes:: Expansion
benching shall be provided in pits to enable a smooth flow transition: “Losses in sudden:: Losses

expansions and contractions are given in Appendix D. i

6. Drainage pipe systems shall be designed as an overall Systéfﬁ.; with due regardf't_" Pipe Friction
the upstream and downstream system and not as individual pipe:lengths. . '

D5.12 MAJOR SYSTEM CRITERIA

1, Surcharging of drainage sfs_t_ems"which \A‘/ﬁé_-)_u'ld ;fjfovijde for.'éii:vatiér depth aBbve tie Surchargmg
top of kerb will:not be permitted except: B sms R RNl OSSO ] ]

(a) Surcharging of drainage'-s&slem for storh:'i fréquencies:Qreater‘-thé:ﬁ'ﬁ"/a d
probability may be permitted across the road centreline where the road
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pavement is below the natural surface of the adjoining private property.

(b) Flow across footpaths will only be permitted in situations specifically
approved by Council, where this will not cause flooding of private property--
or danger to pedestrians. .

/felocity/ Depth
Criteria

2. The velocity x depth product of flow across the footpalh:: wlthm the road

0.4m*/s is permitted. Where the safety of only vehicles can be affected, a maxmmum.v.
velocity x depth product of 0.6m“s is permitted. In open channels the above
velocity x depth product criteria will be followed where possible or the design shall
address the requirements for safety in relation to children by prov:d:ng safe egress points
from the channel or other appropriate methods.

3. Freeboard requirements for floor levels and levee bank levels:from flood Ieve:i; Freeboard.

(a)

(b)

ponding level of water in the road and the high pomt in the footpath
Driveway construction in these instances needs to consider this
requirement.

in Stormwater Surcharge Paths:-

(c)
parks.

In Open Channels:-

(d) A minimum freeboard of 0.5m shall be provided bet:v:v:een the 100 year
- flood level and floor levels on structures and entrances to underground
) car parks. :

4.
designs. For other road designs, flow capacities of roads should: be calculated usiti
Technical Note 4 in Volume 1, Chapter 14 of AR&R with approp ate flow adjustmei
factors.

Roadway
Capacities

D5.13 OPEN CHANNELS

1. Generally, open channels will only be permitted where they form part of the trunk  Safety
drainage system and shall be designed to have smooth transitions with adequate access
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2. Design of open channels shall be in accordance with Volume 1, Chapter 14, of
AR&R. Open channels will be designed to contain the major system flow less any flow

that is contained in the minor system, with an appropriate allowance for blockage of.thi
minor system. e

3. Friction losses in open channels shall be determined usmg

"n" values
given below:- Q.

Mannings "n" Roughness Co-efficients for open channels shall generally ™
derived from information in Chapter 14 of AR&R. Mannings "n" values applicable
to specific channel types are given below:-

Concrete Pipes or Box Sections
Concrete (trowel finish)

Concrete (formed without finishing)
Sprayed Concrete (gunite)

Bitumen Seal

Bricks or pavers

Pitchers or dressed stone on mortar
Rubble Masonry or Random stone in mortar
Rock Lining or Rip-Rap

Corrugated Metal

Earth (clear)

Earth (with weeds and gravel)

Rock Cut

Short Grass

Long Grass

4. Where the product of average Velocity and average flow Depth for the.desig
flow rate is greater than 0.4m?/s, the design will be required to specificatl 3

safety of persons who may enter the channel in accordance with Vo
of AR&R.. L2

5. Maximum side siopes on grassed lined open channels shall be 1 in 4, with~

preference given to 1 in 6 side slopes, channel inverts shall generally have minimum
cross slopes of 1 in 20.

6. Low flow provisions in open channels (man-made or a|tered§:t:hé ,,,,, ' Low Flows

invert of the main channel. Subsurface drainage shall be provided in grass i
to prevent waterlogging of the channel bed. The width of the concrete
section shall be the width of the drain invert or at least sufficiently.

accommodate the full width of a tractor.

7. Transition in channel slopes to be designed to avoid

Hydraulic
hydraulic jumps due to the nature of the transition.

Jumps
D5.14 MAJOR STRUCTURES

1. All major structures in urban areas, including bridges and culverts, shall be  Afflux
designed for the 100 year ARI storm event without afflux. Some afflux and upstream

inundation may be permitted in certain rural and urban areas provided: the:increase RS E R0
upstream flooding is minimal and does not inundate private property:: R

2. A minimum clearance of 0:3m"between the 100 year ARI ﬂ_ﬁiﬁd level and the  Freeboard g
underside of any major structure superstructure is required to allow for passage of debris i
without blockage.- : : T S ameERRE S <

3. Certified structural design shall be required on bridges and othér major culvert
structures and may be required on some specialised structures. Structural design shall
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" ~ carried out in accordance with the Specification for STRUCTURES BRIDGE DESIGN.

Culverts (either pipe or box section) shall be designed in accordance with charts . .-Cuf;
provided in the Appendices, with due regard being given to inlet and exit Iosses inlet-and
outlet control and scour protection.

D5.15 RETARDING BASINS

1. For each ARI a range of storm events shall be run to determine the p 0a

level and discharge from the retarding basin. Storm patterns shall be those given in
Volume 1, Chapter 11 of AR&R. Stacked rainfall patterns for use in hydrological
computer models, such as ILSAX, are given in Council’s On-site Stormwater Detention
Technical Specification. Sensitivity to storm pattern should be checked by reversmg
these storm patterns. :

rltlcal Storm

2. The critical storm duration with the retarding basin is like
without the basin. A graph showing the range of peak flood levels i basin and pe
discharges from the basin shall be provided for the storms examined

2 Flood Routing should be modelled by methods outlined in AR&R

+. The high level outlet to any retarding basin shall have capaC|ty to contain a " "High Level
minimum of the 100 year ARI flood event. Additional spillway capacity may be required  Outlet

due to the hazard category of the structure. The hazard category sho Id-be determined

by reference to ANCOLD. e Ete

5. The spillway design shall -generally be in accordance with the requirements'fld
Open Channel Design in this Specification.

6.

Low Flow
Provision
_anti-

seepage collars installed where appropriate. s

7. The low flow pipe intake shall be protected to prevent biockages.

“Freéeboard at
Dwellings

8.

Safety Issues

ablic safety.
[ ]
e
conSIdered
. The depth indicators should be provided indicating maximum depth in the
hasin.
) Protection of the low flow intake pipe shall be undertaken to reduce
hazards for peaple trapped in the basin
B '_Stgnage of the: splllway is necessary to lndmate the addltlonal hazard ' s W
- Basms shall-be-demgned.so that no. p_ondlng of water o_'cgurs on to _pr_u.f,até

property or roads.
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. No planting of trees in basin walls is allowed.

o No basin spillway is to be located directly upstream of urban area

nm ittee ‘fequired
ifically requires

where any of these guidelines are not met or Councﬂ;’
such submission. '

STORMWATER DETENTION

D5.16 STORMWATER DETENTION

1. Installation of Stormwater Detention is required on redevelop-

Councﬂ area where under capacity drainage systems exist. developme

development than is proposed.

2.
current On-site Stormwater Detention Technical Specrflcatuon

INTERALLOTMENT DRAINAGE

D5.17 INTERALLOTMENT DRAINAGE

1. Interallotment Drainage shall be provided for every allotment WhICh does:n
directly to its frontage street or a natural watercourse.

2.

3. Pipe Capacity - The interallotment drain shall be designed to accept concentrated _
drainage from buildings and paved areas on each allotment for flow rates having a. desig :
ARI the same as the "minor” street drainage system. i

4. In lieu of more detailed analysis, the following areas of |mperV|ous surface are Impervious
assumed to be contributing runoff to the interallotment drain:- Area

Development Type % of Lot Area

. Residential Housing 40

. Medium Density 70

. Industrial 100

o Commercial 100

. Road Carriageway 70
5. Pipes shall be designed to flow full at the design discharge wrthout surcharglng of
inspection pits.
6. Interallotment drainage pits shall be located at al changes o e : Eshal

be constructed of concrete, with 100mm thick walls and floor and har/e a ‘mlnlmum GOO X
600 internal dimensions. Pits shall.be:with a 100mm concrete: lid Fmshed ﬂush wrth the
surface of works Depressed grated mlets are acceptabie

i Pipes: - MII”III‘HUI’I’] Grade . The mterailotrnenl drarnage shall have a minimum G'Eaﬁe'
longitudinal gradient of 1.0%:" Tt T D e i noom

8. Interallotment Drainage Pipe Standards - The interallotment drainage shall be Pipe Type
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constructed from rubber ring jointed pipes of either fibre reinforced concrete drainage
ipe, reinforced concrete pipe, or UPVC pipe which shall conform respectively to the
aquirements of AS 4139, AS 4058 and AS 1254. in public road and recreation reserves
where vehicle loads may be encountered, reinforced concrete pipe only, shall be used..::

spaced 1.5 metres between pipe centrelines (where the pipe lnverts.
equal).

10. Where there is a disparity in level between inverts the spacing is to be submitted
for approval.

11. Where sewer mains are in close proximity to mterallotment:dralnage lines _they
are to be shown on the interallotment drainage plan. =

DETAILED DESIGN

n5.18 CONDUITS

ate}.}a s

1. Conduits and materials shall be in accordance with the standards detailed in
Council's Pipe Drainage Specification - C221.

2. Pipe bedding and cover requirements for reinforced and flbre teinfo -
pipes shall be determined from the Concrete Pipe Association "Concrete Plpe Guxde" or

AS 3725 and Council's Pipe Drainage Specification — C221. For uPVC pipes, the
requirements shall be to AS 2032. The minimum cover requirements for stormwater pipes
in public areas are as follows:

Beddmg and

s lLandscaped, turfed, naturestrip areas 450mm
e Carparks, roads and accessways 600mm

Cover over interallotment (internal) drainage systems within site boundaries may be

Where less cover is required, approval may be given at the dISCI'etIO
Development Engineer.

R, Pipes are to be rubber ring jointed reinforced concrete. Other types:may:be used Jointing
at the discretion of Council. Full details are to be provided to Council
be considered. e

4. Location
pathway unless there is no other alternative, in which case, written:approval from al}
service utility authorities must be provided to Council. Drainage lings:in easements shall
generally be centfrally located within easements. :

5. Bulkheads shall be designed on drainage lines where the pipe gradient exceeds Bulkheads
5 per cent. The design details shall address the size, and position in the trench as well as
spacing along the line. Bulkheads shall be installed at every third pipe: Jomt :

ADVICE TO THE DEVELOPER’S DESIGNER
.BURIED FLEXIBLE DRAINAGE PIPES

buried ﬂeXIbIe pipes mstead of the 'prpes specifed in Councﬂs Handbook or the
L\US SPEC Specification.C221-for PIPE DRAINAGE.. : :
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In such cases, the Developer's Designer will be required to select the flexible pipe type
appropriate for the particular application and prepare the relevant technical specification
clauses for supply and construction with reference to AS/NZS 2566.1, Buried flexibl

pipelines Part 1: Structural design. The proposed additional clauses would: theri b

submitted by the Developer, as a variation to the development consefi

D5.19 PIT DESIGN

1. Pits shall be designed with benching to improve hydraulic efficiency and reduce

water ponding. Safety and safe access are important considerations:in: pit design. Ster

of “bicycle safe” design.

D5.20 STORMWATER DISCHARGE AND CONNECTION TQ
SYSTEM

1. Scour protection at culvert or pipe system outlets shall be provided Unless the - SeourF - .
velocity is significant and unless outiet conditions dictate the use of more substantial  Protection
energy dissipation arrangements. 2

2. Kerb and gutter shall be extended to drainage pit or natura

.Kerb & Gutter

discharge causes scour, then protection shall be provided to prevent scour and dissipate
the flow.

ines:or-at ar‘i-y' Easements,
concentration of stormwater from one or on to adjoining properties; either upstream or  Adjoining

downstream, Council will require the Developer to enter into a Deed of Agreement with  Owners
the adjoining owner(s) granting permission to the discharge of stormwater drainage-and =
the creation of any necessary easements with the cost of the easement being met by the
Developer.

3. At points of discharge of gutters or stormwater drainjag_é;":'

nitrol of -another
statutory authority eg, Public Works, the design requirements of that Statutory Authority  Authorities’
are also to be met. Requirements

4. Where the drainage is to discharge to an area under the;c{jrﬁrtrfei.'.' %

5. The minimum drainage easement width shall be 3.0m for drairi -Qe- V

taken over by Council. The overall width of the easement in Council's:
as to contain the full width of overland flow or open channel fiow::
design event. Easement widths are fo be in accordance wit

Council
Easement

- The minimum width of any drainage easement shall be 3 metres

- For pipes/channels having a width greater than 1.0 metre, the drainage easement
shall have a minimum width equal to external width of the pipe plus 2m, rounded to the
nearest 0.1 metre.

6. Piped stormwater drainage discharging to recreation reserv.'és:«s:-to:be-:lakenato:-a i Recre ﬁbﬁftf-i 3
natural water course and discharged in an approved outlet structure or _a_l_te_rnative_[y_t_a!_cen Reserves

7. Where possible, all stormwater.shall. be piped or channelied to the’ nearest  Conndction fo

downstream formed or natural public drainage system. Internal piped discharge-systems  Kerb & Gutter
such as interallotment drains from the site may be connected to the kerb and gutter, W '
provided that the total concentrated discharge does not exceed 20 litres per second per
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__outlet per 15m run of kerb and gutter for storms up to and including the 100 year ARI.

The outlet pipe leaving the site, must exit at an acute angle of less than 45 .
degrees from the boundary. i

9. Council will require all concentrated stormwater runoff to be:p 6 to the nearest :é,(?t_ﬁnnectfon to
public drain, or natural watercourse, with a minimum 375 mm dla efer pipe, and to :Public
Council's specifications, if: g B

(i)
20 I/s at 15 m apart, and

(i) a direct connection to the public drainage system is not ayailable

10. Pipe junctions are to be orientated to minimise hydraulic | _es Pits are lo be
located at changes of direction, at property boundaries, and connectton to the pubnc
drainage system. Where pits cannot be used, suitable transition "tructures may e
accepted at Council's discretion.

11. Where an outlet pipe is to be connected to a standard 150 mm high kerb"g

(iiy between the converter pit and the kerb and gutter, laying galv.ahi's‘;.ed steel RO
rolled hollow rectangular sections to the following requirement:

e 225 dia outlet pipe - use 2 x 200 mm x 100 mm x 6 mm thick RHS.

12. The use of two 100 mm diameter pipes wuth a mlmmum cover of 50 mm set 150

...........

.submltted
)

NOTE: No other allowance will be considered, especially for twin: 150" mm"pipes
into a 200 mm high kerb and gutter, or multiple outlets of more tha two pipes.

" Minimum

wi Grades

13. The absolute minimum grades are:

s 3.0 % for pipes less than 225 mm diameter, or

s % for pipes greater than 225 mm, or

e 0.5% for concrete lined box culverts formed insitu

D5.21 TRENCH SUBSOIL DRAINAGE e

* Subsoil Dralnage shall be prowded in plpe trenches as: follows --------

|mmed|ately upstream from ‘each’ plt or headwall The subsoil:drain shall consnst
of 100mm diameter agricultural pipes, butt jointed with joints wrapped with
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hessian, or slotted PVC pipe. The upstream end of the subsoil drain shall be
sealed with cement mortar, and the downstream end shall discharge through the
wall of the pit or headwall.

DOCUMENTATION

D5.22 DRAWINGS & DETAILS TO ACCOMPANY CONSTRUCTION: -
CERTIFICATE

1. Catchment Area Plans shall be drawn to scales of 1:500, 1:4000 or 1:25000, Catchment
unless alternative scales are specifically approved by Council and shall show contours,  Areas
proposed and existing floor levels to Australian Height Datum (AHD), direction of grading
of kerb and gutter, general layout of the drainage system with pit locations, dimensions
and areas of the site including existing and proposed roof and pavad:areas, catchmi
limits and any other information necessary for the design of the drainage system.

2. The Drainage System Layout Plan shall be drawn to a sc'aﬁ of 1:500 and & Drainage ;;
show any existing and proposed drainage pipeline diameter and R ation, drainage System Layoiit
iocation, overland flow paths, points of discharge(s), and number:and. road centrefine. . ... i %
chainage, size of opening and any other information necessary for-the des
construction of the drainage system.

3. The plan shall also show all drainage easements and ‘details.

shall be shown.

5. Open Channel Cross Sections shall be drawn to a scale of 1:100 natural and Open
shall show the direction in which the cross sections should be viewed. Reduced levels  Channels
are to be to Australian Height Datum (AHD), unless otherwise approved:by Council:Where

AHD is not available. Cross sections may alternatively be provided o B dia floppy:
disk in HEC2 format as a data input file for the design flow rates.

6. Details including standard and non-standard pits and struttures, pi Details
open channel designs and transitions shall be provided on th
appropriate to the type and complexity of the detail being shown.

7. Final drawings to be submitted showing all the relevani-details of:the-OSh ~= k==
system and associated works and to be signed and certified by a suitably qualified and  Executed
experienced Engineer, who has membership to the Australian Institution of Engineers ora  Drawings

Registered Surveyor or designer approved by Council.
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J5.23 EASEMENTS AND AGREEMENTS

1.

Constructed Public Drainage Systems Po||cy

2. Where an agreement is reached with adjacent landowners to increase flood
levels on their property or otherwise adversely affect their property, a letter signed by all
the landowners outlining what they have agreed to and Witnessed by an independent

D5.24 SUMMARY SHEETS

1. A copy of a Hydrological Summary Sheet providing the m Hydro.‘ogf-é 3

required.

D5.25 COMPUTER PROGRAM FILES AND PROGRAM OUTP'U B

1. Computer program output may be provided as long as summary
Hydrological and Hydraulic calculations in accordance with this Specification are provrded
with plans submitted for checking and with final Drawings.

2. Copies of final computer data files, for both hydrological and: hydrauhc -mo els
shall be provided for Council's data base of flooding and drainage Infmrmatlon in formats
previously agreed with Council on 3.5 inch dia floppy disks.. S

SPECIAL REQUIREMENTS

D5.26 CONSTRUCTED WORKS

ind experienced Engineer, who has membership to the Australian: .nstitutlo of
Engineers or Registered Surveyor, with Works-as-Executed d -
Council in respect of:

1 On completion of the Works, the system must be certified by a suitably.qgualified

(iy Compliance with the Development Application (DA).
(i) Intended purpose of the stormwater system and storage structure, and tha
the structure has been designed to comply with al
Standards and Codes.

(i) The Works have been constructed in accordance with the approved
drawmgs Where approved drawnngs are those that. bear Councds or-the. ..

(iv) The Works—as—Executed drawings submitted to Council are alsc to include
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all relevant levels, reduced to Australian Height Datum and locations
including:

¢ invert levels,

e surface or pavement levels,
» floor levels including adjacent property floor levels, |f requi
» maximum water surface level for 100 year ARI storm,

e hydraulic grade line (where applicable)

* location of basins and distances from building an
applicable), i

* pipe sizes, grades, design flow rates,

set-out of pits and drainage structures.

D5.27 RESERVED

D5.28 RESERVED
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DEVELOPMENT DESIGN SPECIFICATION D6 - SITE REGRADING._..._

GENERAL

D6.01 SCOPE

1. This Design Specification sets out requirements for the site regrading involved in s S :
land development and subdivision. Conceptual requirements are presented as necessary RSsEES
considerations when preparing designs for site regrading.

2. The scope of this Specification assumes that the Des'té r is familiar W|th Famf!fan'tf—f'-::--

requirements cited in the various construction specifications, specmcalty those related to.  with other
earthworks, clearing and grubbing, erosion and sedimentation. Additionally the Desng er Specifications
needs to make reference to the associated design specifications felated to stormwaler  Required : s

drainage design, geometric road design and erosion control-:and stormwat”
management.

D6.02 OBJECTIVES

1. This Specification aims to assist the Designer in achieving:
° efficient and economical design
° enhancement of the environmental character of the site wh|Ist

maintaining the natural features of the site

. provision of safe conditions for construction co,___m
proposed purpose of the development -

Safe for
Construction

. equality of building conditions for residential development

° a minimal impact on adjoining properties and developments. 1pac
g Adjoming
Properties

16.03 REFERENCE AND SOURCE DOCUMENTS
(a) Council Specifications

Construction Specifications

Control of Erosion and Sedimentation i

C211 -

C212 - Clearing and Grubbing Sl e e,
C213 - Earthworks e e o s e A
C273 - Landscaping

Design Specifications

D1 - Geometric Road Design
D5 - Stormwater Drainage Design

D7 == ErosionControl and Stormwater Management:
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(b) Australian Standards

AS 3798 - Guidelines on earthworks for commercial and residential....
developments R
AS 2870.1 - Residential slabs and footings - Construgctio

D6.04  SITE REGRADING CONCEPT e

1. Areas of a site proposed for building or recreational purposes may not be suite'iﬁl'é
in their natural state for their intended function without improvement works to:

(a) Alleviate flooding of low-lying ground

(b) Fill gullies or create emergency flowpaths after underground stormwatar:-
piping has been installed E

(c) Allow improved runoff from flat ground :
(d) Regrade excessively steep slopes that would precl(jfd' economical
construction of dwelling foundations E:

(e)

Allow effective recreational use or give reasonable #atcess

2. Where practical, areas should be regraded to minimise the necessify for
underground drainage systems with surface inlet pits, and allow surface water to flow
naturally to roads or drainage reserves without excessive concentration.

g the Natural

3. The Designer shall consider the implications of site regra.i:"":qg n-relation to
existing natural environment. Generally site regrading shall be minifised f:-heavily treed Environment

areas. “H

4. Care shall be taken to provide depressions for overland flow from low points and
over major drainage lines, to direct stormwater for storms up to a 100 year average -
recurrence interval (ARI).

5. The design of site regrading areas in conjunction with the design’
shall be considered with the objective of balancing cut to fill and achievin
economical development and minimising haulage of imported fill or spoil {6z
development site. Bulk haulage should always be considered an:
adjacent development, and infrastructure. -

Minimal Road-
Haulage

D6.05 SPECIAL TREATMENT OF PARTICULAR AREAS
1. In the event that an area is known to be affected by ¢
the proposed development and advise the Developer in the prelimifiary desigh teport on - -

all data obtained in the investigation and recommend appropriate contour adjustments.
The report should normally be accompanied by sketch plans to clarify recommendations.

2. Site constraints either natural or otherwise may be require::

burden on developed property. It is recommended that the Designer take this into  on Land Use
account when preparing the.design. The property may ultimately be affected by a

"restriction as to-user";:which may be controlled by a legal 88B Instrument placed on title

to the land and/or by:a Section 149.message advising prospective purchasers of any

restrictions affecting the land.::: T 2l

3. The finished surface of filled areas shall be designed to levels allow.in'g an  Piped Gullies -
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_ adequate cover depth over the pipeline (if piped) and permitting surface stormwater flow  or
ye guided to inlet pits if depressions are retained in the finished surface contouring. Depressio‘n’S‘ :

Zater Courses

filling of dams and watercourses shall be supplied with the Drawings.

5. The finished level of any building area shall be designed to ensure a desirable  Flat Ground
surface grading of 1.5% (1% minimum) oriented in the direction-of.the nearest street B
drainage system designed to cater for its catchment. P

6. Steep Slopes -

~ouncil’'s area.
ise areas.

D6.06 GENERAL STANDARD OF LOT PREPARATION

1.
cleared of low scrub, fallen timber, debris, stumps, large rocks, concrete, steel and a
trees which in the opinion of Council are approaching the end of their functuonal Ilfe or are

‘Glearing

. .Disposal

of Trees
zone. The Tree Preservation Officer shall be consulted for adwce and aIl specmc
requirements noted on the Drawings.

D6.07 STANDARD OF FILL FOR LOTS

5 Drawing

i) §i
= Notations

2. All work shall be in accordance with AS 3798. Fill is to be- placed in: layers notj Ffff‘bii&!ify i
exceeding 150mm compacted thickness. Ali fill is to be compacted to 95% standard
maximum dry density. Maximum particle size shall be 2/3 of the Iayer thickness.

1y unfit for fllllng
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5. All areas where filling has been placed are to be dressed with clean arable Top Dressihé;‘
topsoil, fertilised and sown with suitable grasses. This work shall be carried out in :
accordance with the Construction Specification for LANDSCAPING.

D6.08 TEMPORARY DIVERSION DRAINS

1. Where temporary drains are required to divert surface ﬂows away mE the: S|te
regrading area, the location and silt/erosion control treatment shall be clearly identifi ed: o
the Drawings. The scale of such works shall reflect the volume of water to be diverted.

Silt/Erosion

The abjective will be to ensure minimal soil disturbances and material loss off the site.

Control measures will include, but not be limited to: e

(a) Provision of trench stops every 30m along a trenchf-
overtopping to be directed to the kerb '

(b) Placement of "blue metal" bags along kerb and gutt
spacings.

(c)

D6.09 CONCURRENCE WITH THE ENVIRONMENTAL PROTECTION
AUTHORITY (EPA)

1. The Designer is recommended to refer to the EPA WIth-regar_ﬁ_ _t' ) Specific
requiring specific consideration when preparing a site regrading plan:: Such plans may  Considerations
need to incorporate sediment/siltation/erosion control devices with ‘specific:
the stage at which these are to be provided. The responsibility shall rest 'wlth the" B
Designer/ Developer to make enquiries with EPA and subsequently obtain Council
approval to proposed measures.

D6.10 WORK AS EXECUTED DRAWINGS

1. The Designer shall annotate on the site regrading plan, the site specific_detail to Site Specific

be shown on the Work-as-Executed Drawings. Such detail shall incluids otechnical  Detalls

report certifying the works to be suitable for the intended purpose:‘and any “other
certifications, testing and survey data, as required in this Spec:flcatlon

D6.11 CARTAGE OF SOIL

1. The Designer shall refer to Council for acceptable haul roads ith applicable loa
limits. This detail shall be required to be shown on the site regradirig: < The: payme U Re
of a Bond may be required by the Developer/Contractor where Couricil hds some concern
about the ability of a haul road to sustain the loads without undue damage or maintenance
requirements.

Possible Bond

2. Unless specific application is made to Council and approv i
will be annotated as follows:
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212 EFFECT ON ADJOINING PROPERTIES

1, Where it is proposed to divert or direct piped stormwater into adjomlng propertfes.
drainage easement rights are to be created over the adjoining lots in
Specification for STORMWATER DRAINAGE DESIGN.

2.
adjoining properties and all such agreements are to be submitted to Councﬂ

SPECIAL REQUIREMENTS

D6.13 RESERVED
D6.14 RESERVED

~ D6.15 RESERVED
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-

EROSION CONTROL AND STORMWATER MANAGEMENT.

GENERAL

D7.01 SCOPE

1. Virtually all construction activity which requires the disturbance of the soil surface and
the existing vegetation, naturally predisposes the construction site to erosion. This in turn
leads to sediment loss in the resultant run-off water.

to develop measures which reduce the erosion hazard of any partsculér constructld ai;:hwty Sed:me at:on

D7.02 AIMS

1. Limityminimise the amount of site disturbance. ” éité‘l)isturbance

::;:;t;vaersfon Works

Point Source

4, Stage earthworks and progressively revegetate the site where possmle to re o Progressi
area contributing sediment. This in turn increases the efficiency and effectiveness of the """ tion
entire sediment control system while decreasing the number and size of controls requi : e

Major
Stormwater

Topsoil

Sediment
Structures

D7.03 REFERENCE AND SOURCE DOCUMENTS

(a) Council Documents and Specifications

DQS - Quality Assurance Requirements for Design

D5 - Stormwater Drainage Design B

C211 - Contro! of Erosion and Sedlmentatlon """
C273 - Landscaping :

Guidelines for Sediment and Erosion Control, May 1994.
Northern Beaches Stormwater Management Plan, July 1999.
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(b) NSW State Legislation

Protection of the Environment Operations Act, 1997
Dams Safety Act, 1978 .
Soil Conservation Act, 1938

Water Act, 1912

(c) ACT Government Publications

Design Manual for Urban Erosion and Sediment Control - July 1988
"Protecting the Murrumbidgee from the Effects of Land Development"
"Guidelines for Erosion and Sediment Control on Building Sltes"
implications for Building Construction

Pollution Control on Residential Building Sites (Brochures
Field Guide - Erosion and Sediment Control

Australian Journal of Soil and Water Conservation - Vol 3

(d) State Authorities

NSW Department of Housing
- Managing Urban Stormwater, Soils arid-
Aug. 1998,
Roads and Traffic Authority .
-  Erosion and Sedimentation Design Consnderatmns
Soil Conservation Service
- Erosion and Sediment Control - Model Policy and Code 0
Practice (Discussion Paper).
NSW Department of Land and Water Conservation (DLWC)
- Urban Erosion and Sediment Control.

D7.04 PLANNING AND CONCEPT DESIGN

1. Assess the physical characteristics and limitations of soils, landform and dralnage of _Sit =
the site and plan the subdivision accordingly. : : -Characteristics
2. A concept design for soil and stormwater control shaﬂffE' : Concept Design
development application to Council for all developments. This will asmst in assessmg the Submissior

impact of the development on the site. N

D7.05 DETAILED DESIGN

1. After development consent is glven an erosion and :sedlment control_/ "ater Site Specific

2. Detailed engineering designs shall include scaled drawings (no larger than 1: 1000) and
detailed specifications/diagrams which can be readily understood and a pll_ed on s
supervisory staff. Al Drawings shall be in accordance with:

requirements in the Specification for QUALITY ASSURANCE“'R’EQUIR
DESIGN.
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\
ems to be included, but not limited to, shall be:

¢ existing and final contours

+ location of access haulage tracks and borrow pits

» |ocation and design criteria of erosion and sediment control structures

» location and description of existing vegetation

¢ proposed vegetated buffer strips and "no access" areas ;

e location of critical areas (vegetated buffer strips, dram ge lines and st
water bodies, unstable slopes, flood plains and seasonally vel areas) :

e type and lfocation of diversion works to direct uncontamln
3 to be disturbed

e revegetation program
» procedures for maintenance of erosion and sediment controf:

& details for staging of works

3.

4. The erosion and sedimentation control/water management plan and its as - Additional Works
control measures shall be constantly monitored, reviewed and modified as required, by the s :

Developer, to correct any deficiencies. Council has the right to request changes..i 2
opinion, the measures that have been put in place are madequate

5. If required, examples of proposed subdivisions detallmg focatlons of water quality Example Design
structures sediment and erosion control devices may be obtained from Council.and used as
b guide when preparing an erosion and sedimentation control/water m: :

EROSION CONTROL

D7.06 BUFFER ZONES

1. Buffer zones are corridors of vegetation adjacent to waterways: ar'dusturbe -areas.: The Fftters
vegetation filters suspended solids and reduces the nutrient levels in run-off. Wetlands,
stream and rivers adjacent to construction sites shall be protected by buffer zones.

2. Buffer zone performance increases as catchment area andg':"’op':"'g
Thirty-metre-wide buffer zones generally provide adequate protect
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Slope % Buffer Width in Metres

15
20
30
40
50
60
70

ARO®POAN

3. Buffer zones can reduce the need for other erosion and sedlment control measures. Contamiﬁhted

point and final disposal.

4. A fence shall be used to exclude traffic from buffer zones
vegetation, particularly during any construction phase.

D7.07 "NO ACCESS" AREAS

1. It is Council's Policy to conserve as much existing vegetation in new deveiopments ‘as" " “Conserve
possible. Vegetation

2. The landscape plan shall incorporate as much existing native ve

3. The "no access" fence locations shall be shown on the detailed englneenng'd'e'é'i
These locations will be approximate only as machinery type, topography etc will determi
actual on site location.

4, Fenced areas shall be clearly signposted "No Access Area". -

D7.08 DIVERSION WORKS

1. Diversion works may be in the form of earth drains and banks, haybales, sand ba elm‘rnypes

even pipelines and may be permanent or temporary.

2. Such techniques are used to divert the upstream run-on wat und the site. Such Discharge Point
flows shall discharge to a formal drainage point or open areas where Ievel spreader banks
should ensure a broad water spread. )

3. Pipelines may also be used to convey such run-on through Pipelines
discharge the flow to a formal drainage point/dissipater if necessa
form part of the overall final drainage system.
4, Design of the diversion system should suit the following:-
(a) The drain should preferably be dish shaped with batter 'gra‘rd'es of lass than i _Drafn Shape
2:1 ;
(b) If a piped system is selected its design capacity shall be a minimum of the
capacity nominated in the Specification for STORMWATER:DRA!NAGE
DESIGN. %
5L Diversion-works are designed:to: carry peak flows at non-erosive velocmes in bare soil, Peak Flows

vegetated or Irned dralns/banks

6. Generally, the channel should be lined W|th turf. However where velocities are = Non-Erosiv:
designed in-excess:of 2m:per seécond; non erosive: linings such as concrete, geofextiles, Linings -
grouted rock etc or velocity reducers (check dams etc) are required.
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Typical arrangements of diversion drains and banks are shown in Figure D7-1.

%RECTION QOF FLOW
i =

|
ats

) e — e
B e e < BATTER GRADEY

ESS JHAN.1:2]
. TURF /SEED - At
e \ BATTERS \ 1k

TURF/SEED _/ =
y BATTERS \

— CHANNEL STABILISATION i

AS REQUIRED RIP TO BOND BANK TO
NATURAL SURFACE

m BE SEEDED e
_ DIVERSIONBANK :

DIVERSION DRAIN

Figure D7-1 - Diversion Drains/

D7.09 DROP DOWN DRAINS

flexible/rigid pipe or half pipe.

2. Drop down drains consisting or rigid, or flexible, pipes are very effec ;
measure during road construction used in association with an earth wmdrow (o : : _:_._;_
along the top edge of the batter. Run-off flowing along the windrow is directed to the plpe by -
which water is conveyed down the batter. It is a simple matter to extend the plpe as the batter s
rises. i

Piped Drains

3. Capacity
without eroding. Energy dissipators may be required to reduce the flow velocnty at the outlet
~f the drop down drain. At
D7.10 STOCKPILES
1. Location of stockpiles shall be indicated on the approved ent_ji ejg:;ring Drawings.
2. Stockpile sites shall be located within the development site: Location
(a) Clear of existing or proposed drainage lines.
(b) Clear of areas likely to be disturbed during construction.
(c) Clear of the drip zone of trees.
(d) Preferably on reasonably flat areas.

(e)  So that there will be no spill over to Couno|l s footway or roadway or reserve
land or dralnage system PR Denn i
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3. Stockpiles must be protected from erosion and sediment loss by:

(a) The installation of diversion works.

(b)

side.
(c) Compaction.

(d) Revegetation if left exposed for longer than 30 days (refer to the Construction
Specification for LANDSCAPING for seed mix).

4. Site topsoil shall be isolated from subsoil material in separate:stockpiles.

D7.11 SEDIMENT BASINS/TRAPS/DAMS

1. Sediment traps are either permanent or temporary sedi: contro| devices that
intercept sediment and run-off usually at the final discharge point o -Site e e b

2. They are formed by excavation and/or by constructing emban-kments. Construéfion

3. There are two types, wet and dry basins. Types

5. Basin design must meet the following: - Design C:;'}teria
(a) Volume/capacity of the trap shall be 250m3/ha of distm-
building areas. :

(b) An allowance cof 50m3¥ha is required if diversion controls are not used ‘to direc
clean upstream water from outside the site away from construction areas.

(c) The capacity shall be measured below the invert of the lqwest mcammg ﬂow
Otherwise pipelines and associated works will be affected i

spillway.

(f) The basin shall be surrounded by a manproof fence wi]

(g) An all weather access must be provided to the basin fof mail
(h) The basin shall have an arbitrary length to width ratio of betvveen 2 and 3:1. Th|s

encourages soil particle settlement. The entry and exit points should be located at

the opposite ends of the basin.

(i) If this is not possible some form of approved baffles shall ba instailad to minimise
short circuiting of the flow.

() Dlscharge of the basin shall be via a perforated rlser encapsulated by & filter

purnped; G G .G
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(k) Internal basin batters shall be a maximum of 3:1 and external batters a maximum_ ..o
of 2:1. et

6. Permanent wet basin designs slightly vary from the above 'Refer to- the Stormwater Permanent Wet
: ! 3 Basins

Management Section of this Specification.

D7.12 SEDIMENT TRAPS/ BARRIERS FOR MINOR CATCHMENTS

1. These are silt retentionffiltering structures of a temporary nature used in situations Frltenng
where the catchment does not exceed 0.5ha. .

2. Such sediment traps/barriers generally consist of:
(a) siltfences
(b) hay bales
(c) “blue metal” groynes/sausages
(d) filter fabric located beneath stormwater grates
(e) gabions

(f) or a combination of the above.

Location of
Structure

3. The choice of material and type of treatment will depend on the
the location and the structure being treated such as: S

(a) surface inlet pits

(b) kerb inlet pits

(c) catch drain disposal areas

(d) culvertinlets and outlets
/ (e) minor construction/earthwork sites

(f) check dams/velocity reducers etc.

D7.13 LEVEL SPREADERS

1. Level spreaders are outlets or "sills" having a level cross sectla' o - --Convert Flows
channelised flows into non-erosive sheet flow. B i ke

2. Level spreaders can only be used to dissipate flows from small catchments. The area Location
below the outiet should be stable and of even cross section so that the water will not re-

concentrate into channels. ;EfiTﬁilﬁ.flIi;:::::i::::::?:ﬁ:]':ff' :

3. To reduce flow velocity before the spreader the channel grade shaII not exceed 1 per  Design Criteria

something similar,

-
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D7.14 THE LOCATION OF SHAKEDOWN AREAS AND ACCESS STABILISATION

Number of
= Accesses

1. Access to construction sites shall be limited to a maximum of two Iocatlon :

2. Such access locations shall require Council approval. 3:55..33' :-":";53213;--.-._.. _ % Location
‘ Approval

3. Shakedown areas or access stabilisation shall comprise a bed of aggregate on filter
cloth or a metal bar cattle grid iocated at any point where traffic enters or leaves a
construction site. Stabilised accesses reduce or eliminate tracking of sediments onto public
rights of way or streets. Should such tracking occur the contaminanis must be swept off the
road way each day or before rain. Clean off draw bars etc after di
journey.

4. If a shaker grid is used, this should be so placed as to
crossing the grid have sufficient speed to "shake the mud" or off
gravel from the vehicle. It must not be placed where the vehl
roadway. Cattle grids shall be a minimum length of 7 metres.

Cattle Grid

5.  Astabilised access comprises a vehicular pathway suitably constructed fo facilitate the ~ Stabilised
collection of any site debris in order to prevent such material Ieav:ng the site. Stabilised Access

constructed to direct surface flow away from the exit.

D7.15 WIND EROSION/DUST CONTROL

1. Research has demonstrated average dust emission rates of over 2% tonnes per
hectare per month at urban construction sites. This erosion rate is unacceptable

2. Treatments

(a) limiting the area of lands exposed to erosive forces through.phasmg
works/progressive revegetation and/or provision of a. prot '
and/or keeplng the ground surface damp (not wet) and

(b)
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wind blowing at less than 90 to the windbreak. :

Figure D7-2 - Pollution Control

7.16 REQUIREMENTS FOR BUILDING SITES

1. The clearing of vegetation and preparation of building pads is to be undertaken in the Srte Cleanng
last stages of the development when the majority of the site has been -effectively revegetated.

3
run-off to stable areas.

Driveway Control

4. Where a majority of the lot is disturbed the following controle
undertaken:

Lot Control

(a) Silt fences, located around the downstream sides of the lot.

(b}
(c)

(d)

D7.17 EXTERNAL SITE REQUIREMENTS

1. Sediment control devices or stabilising works shall be provr de:construction:
sites where necessary or as directed by the Superintendent. S ' Corrtrofs

2. Where increased stormwater run-off is likely to accelerate erosron of any downstream Accelerate

and erosion requwements

3. Where sediment is likely to be transported from the site, all lmmedlate downstream Downstream
drainage inlets: shall have appropria't'e' cantrols lnstalled o fg._ ¢:- Contr.ols.

4. if such Works reqmre entry onto: ‘private property written permussmn shall be obtalned Written ::
~rior to the entry and commencement of:such works. = R B = Permission
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5. All disturbed areas on private property to be reinstated to original condition and to the _Remstafed
satisfaction of the owner. B

STORMWATER MANAGEMENT...

D7.18 GENERAL

1. Most developments mean a change in land use and is usually accompamed by a- .
decline in stormwater quality. This applies to the long term as well as during the short term Comp nents
construction phase. The main components required to enhance stormwater quahty are as
follows:-

(a) Buffer Zones and Filter Strips, being grassed, or similarly trf
natural assimilation of water pollutants and reduce run-off. :

(b) Gross Pollutant Traps (GPT) designed to intercept litter an debris to mainté
quality in downstream waterways, and to reduce the Coar
downstream water management structures. ;

(c) Wet Retention Ponds are permanent sediment ponds demgned to allow partlculate

(d) Wetland (Nutrient) Filter to enhance the removal of fine sediment and nutnents from
stormwater run-off, and are largely dependent on biochemical removal mecharﬂsm

2. Excess nutrients (N, P) lead to eutrophlcataon of waterways e Excess Nutrients

3. It is essential to treat the "first ﬂush" of stormwater as these |n|t|a| ﬂows fn o FirsE Flush

D7.19 WET RETENTION BASINS/PONDS

1. Basins designed for water quality control should maximise the Maximise
general quiescent conditions and infiltration should be maximised : f,'_ Infiitration

2. A wet retention basin can be Iocated either on-line or off hne as shown in F|gure 1 Loc tion and
retention basin usually has some form of energy dissipation at the inlef or a'SUffit':iéh’t'length
to-width ratio (greater than 2:1) to prevent short circuiting of flow across the pond, although its
shape may vary considerably. The pond may vary in size, but it usually has a mlnlmum
surface area of about 1 per cent of the total catchment area. At- -a.depth.of 2.5 metres,
provides a storage volume approximately equal to the maximum: total run~off fro'_

year storm. Basins may be installed as smaller multiple units (in series) or as large single
units.
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(a)

(b) pr
safety and encourages microphyte growth around edges facilitating nutrie
uptake.

(c)
(d)

(e)

Construction and
construction works, and should be de-silted when the level of sedlment reduce the avera Maintenance

5. (a)

(b)

6. It is generally necessary to incorporate a gross solids trap and trash rack facmty on 1
major discharges into the retention basin. This prolongs the life of the basm and prevents:t R
accumulation of litter.

7. Basins should be surrounded by buffer zones, typically com::prismg grassed foreshores  Buffer Zones
of not Iess than 20 metres between the nearest development and the basm : -This.allows for

............

8. The settling velocity of particles should service as the basis f
can only be found by conducting standard settlmg tests or from

Particle Settling

settling velocmes (Randall et al 1982).

9. Wet retention basins are regarded as |mpoundments and normal dam safety Basin
requirements should be met. A dam may be prescribed under the Dams Safety Act, 1978, Classification
depending on the recommendations of the NSW Dams Safety Committee -A.dam.is.normally--. -

prescribed if it is: :

(a) metres or more in height and has a storage capacity of more than 20 megalitres;
or . i = s

(b) metres or more in: height and has a storage capacit_y_of 50 megahtres or more.
AT i the wet retention-: basm is-a prescnbed dam the Dams Safety Committee WIIIf? Dam Saféty
aintain an interest in the dam, will seek information from its owner and will require that Committee
reports be prepared on the dam and submitted to the Committee.
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D7.20 TRASH RACKS

1. Trash racks are usually permanent structures which mtercept tras'
debris to protect the aesthetic and environmental quality of water; "
construct them upstream of all permanent retarding basins andj
capacity greater than 5,000 cubic metres, and elsewhere as required:

Environmental
Quality

2. Generally, their design criteria should ensure:-
(a) vertical bar screens with bar spacing of 65mm clear:

(b) the length of the rack is consistent with the channe! dimension and cause m|n|ma|
damage when overtopped,;

(c) they are as large as practicable while considering aII 3
maximum height of 1.2 metres is suggested;

_—
Q.
~—

a structure which remains stable in at least the 20 year
to cause ﬂoodmg on adjacent lands as a result of the:rack. bt
blocked in the 100 year ARI event (analysis should:

backwater effects and any consequent flooding);

(e) the structure drains by gravity to a dry condition; and

(f) adequate access for maintenance and which permits the use of mechahiéé'"'"'

equipment.
3. Where associated with outiet structures for small sedlment basins.: "Et:ﬁcirilSﬁtructed' Associated
wetlands, they can be relatively simple in design. - CBUUSCHE Structures

4. Trash racks may be incorporated in the design of gross pollﬁiant-trap Gross Pollutant

Trap

5. Trash racks shall be checked periodically and all debris and silt removed.
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PLAN :
Large Single

PLAN
On-—Line

WET RETENTION- BASIN

Water flow dependent upon water level.
Some water retained at all times,
Normal maximum
storm water level
Maximum designed

Stream flood level

Low flow
Infet Structure

Restricted
Low flow pipe

Restricted
drainage outlet

Anti-seepag
collars
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D721 GROSS POLLUTANT TRAPS . R

1. Gross pollutant traps (GPTs) are permanent structures used.to:
trash, litter, and other floating materials. Usually, they are located
wetiands and receiving waters. They consist of an energy dissipater
concrete sediment trap and trash rack at the lower end. Sometimes
incorporated at the downstream end.

Description

2. These fraps have restricted application and each should be justified on individual
merits They have high construction costs and are generally unable to trap silt and clay sized

(sandy soils) and/or where their construction/maintenance cos!
compared with more conventional sediment retention basins.

3. GPTs can be defined as major or minor:

(a) major gross pollutant traps can be located on major ﬂoadways and watarway jto
intercept medium to high fiows; and '

(b) minor, enclosed gross pollutant traps can be located at: heads of major floodways

4, Design traps to intercept at least 75 per cent of sediment with a grain size of 0. 04mm '-Seiﬂ'mﬁéhﬁtﬁi
or greater under average annual runoff conditions. Further, ensure peak ﬂow velocmes,are

likely backwater effect from a blocked trash rack.

5. The structure should have sufficient capacity and stability ‘todis Capacity
with the trash rack fully blocked without flooding adjacent properties. .

6. Ensure GPTs are capable of gravity drainage to a dry condition for penodlc cleanlng,_... Mamte ance
and maintenance if at all possible. i Requirement

D7.22 WETLANDS

1. Wetlands used for improvement of urban run-off quality can3 Depth and .
artificial. ' : Batters
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Where possible, small islands or shoals should be constructed in the upstream areas, . Shart Crrcurtmg

Wetland
Protection

7.  Wetlands need to be surrounded by a buffer at least 20 metres wide in order to:- - .'_é-éBuﬁer Zones

(a) Restrict access to maintenance vehicles by the installation of an all weather track
with a lockable device. R et

(b) Acts as an infiltration area for surface run-off.
(c) Provide flood protection and secondary assimilation of p

Natlve

10. Surface Area
the wetlands be a minimum of 0.5 per cent of the catchment which it serves. lf weua'nds' 'ar‘e; s

used in conjunction with wet retention basins, this percentage can be proportionately Iowered"""'
by allowing for the surface area of the installed wet retention basin. :

Microphyte
Types

for bacteria and attached algae which grow on the roots on the emergent plants In thei.f; hm
crushed rock zones, emergent aquatic plants are the only types of macrophytes that W||I grow.

the breakdown of organic matter by bacteria whlch grow on their root

12. A variety of plant species should be planted in artificial wetlands to achieve efficient Revegetation
~olonisation and maximise pollutant removal. Establishment of plants. should. be through
insplantation of seedlings during spring and early summer. :

13.  Wetlands will serve other purposes than just improving a qu
will serve to attract a large range of biota and bird habitat. In ar
installed, they have become an aesthetic feature. Indeed, this:

Aesthetic
Feature

should consider the effects on changes in water tables.

15. Islands are highly beneficial as wildlife refuges, especrally for b|rds Their design Wildlife Refuge

16. Stock ponds with selected native fish to improve the water quallty (not for sberf) " Native Fish
especially species which will control mosquito larvae and select zooplankton in preference fo
phytoplankton Av0|d use of fish which are bottom feeders.::----- L, GEeE
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Normal water level— V—notched bleed down_.

water aond outlet pit

Surcharge poaol

In—flow

Permanent pool

Sediment sump Settling zone

Settled zone

eeper area

Sediment
ybasin

SPECIAL REQUIREMENTS

D7.23 WETLANDS MAINTENANCE MANUAL

D7.24 RESERVED

D7.25 RESERVED
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DEVELOPMENT DESIGN SPECIFICATION D8 i
WATERFRONT DEVELOPMENT o

GENERAL

D8.01 SCOPE

1. The work to be executed under this Specification consists of the design of
waterway facilities and structures for canal type subdivisions to meet the reqUIrements of
Council and the Department of Public Works and Services. : ,

2. This Specification provides specific requirements relatedf \

f..)B.OZ OBJECTIVE

1. This Specification alms to provide both gwdellnes and requ1rements for

commitments to future maintenance and restoration.

D8.03 REFERENCE AND SOURCE DOCUMENTS

(a) Council Specifications
D1 - Geometfric Road Design
D3 - Sftructures and Bridge Design

(b) Australian Standards

AS 2870.1 -
AS 3798 -
) developments.

(c) NSW State Legisiation

Rivers and Foreshores Improvement Act No.20, 1948-196 &

(d) State Authorities

PUBLIC WORKS DEPARTMENT, NSW. i el Sl
- Canal Subdivisions: General Conditiofis:and Guidelines:- RRRRaR
Reference Document (1989).
- Floodplain Development Manual. Report PWD86010
(1986).

88062 (19290). :fff:fffffffffffff:iffE::f":'ffff-f-:fffff-:':'f-:':'-.:':'-sz-
- Boat Launchlng Ramp Gmdelmes Report No. PWD78024
(1985). LAl E=1a ::::Z:::::t:: : R L

- l\/tarlna Gmdelmes Report No 87054 (1985)

DEPARTMENT OF PLANNING NSW. : :
- Canal Estate Development: Planmng gwdellnes Dlscusswn
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Paper (1989).
- Canal Estate Developments: Design Guidelines (1991).

NSW FISHERIES, NSW
- Guidelines for Canal Estate Developments. Advi
Note 3.84.

SOIL CONVSERVATION SERVICE, NSW
- Urban Erosion and Sediment Control.
No.2 (1978).

Technical Handbisok

NSW GOVERNMENT

- A Greenhouse Strategy for New South Wales: Discussion
Paper (1990).

AUSTRALIAN WATER AND COASTAL STUDIES
- Greenhouse Seminar Notes (1990).

D8.04 CONSULTATION

ubﬂc
case of waterfront developments. Design proposals shall not be considered by Council Authority
until all relevant approvals from public authorities have been obtained, Relevant public  Approval
authorities include:

1. Consultation with public authorities is necessarily more ébmpc :

The Department of Public Works and Services, NSW (DPWS)
NSW Fisheries

Waterways Authority

National Parks and Wildlife Services (NPWS)

The Department of Land and Water Conservation.

D8.05 GENERAL REQUIREMENTS

Flood Levels

® No adverse effect to flood levels in the area.

. No adverse effect to erosion or deposition conditiapn ~ Erosion
environment.

. Revetment walling is to be located with the property: Siltation

a Rivers and Foreshores Improvement Act No. 20 1948

D8.06 LAND RECLAMATION

1. A detailed foundation investigation shall be carried out by s g
geotechnical engineer to determine the long term bearing capacity of ‘the s - Capachty
investigation shall include the bearing capacity of the in-situ and fill components of the

foundation. It shall predict the settlément of the finished surface through time (without

structural loading). The foundation investigation shall specify any procedures “or

2. Before any allotments can be sold to the public, a certificate shall be issued by a Geotechnical
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- ~ualified practising geotechnical engineer, attesting that the site has achieved the desired Certification

:andard of performance and each site is to be classified in accordance with AS 2870.1. for Allotments
Foundation
3. The design of structural foundations should be carned out by a quallfled_._ “Dasign

properties of the proposed site. R S e

CANALS

D8.07 PLANNING CONCEPTS R e

1. ConS|deratlon should be glven to deS|gn of artificial waterways which are more Appearanc__g i

superior mixing and tidal exchange performance and which
maintenance. See Figure D8.1 for typical layout.

2. The location of parks and reserves within the developmen

Posttlomng
selected. Location of parks and reserves at the head of canals is d :

Parks

4, The factors involved in selection of water depth for naV|gat|on-
are as follows:

draught of boat

underkee! clearance (UKC)

allowance for sedimentation.

5.
affected:

occasional swimming and wading
boating

passive recreation

visual aesthetic acceptability

freedom from excessive plant and algal growth

the maintenance of a complete aquatic faunal community.
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Figure D8.1 Typical Layot'l:t

Source: Planning Workshop 199
(Consultants) :
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D8.08 PLAN GEOMETRY

1. Wherever possible, the de5|gn of the canal development should i W
“Mixing and

e provision of bends and meandering canals, and eliminatiori:: :_.;F,i;(change

pockets and coves;

= provision of additional tidal prism at the head of canals by creation of a lake or basin;’ R

° provision of muItiple entrances to produce flow-through currents;

D8.09 WATERWAY DEPTHS

Entrance =
Depth B

1. Canal centre depths shall not exceed the depth available in
the canal entrance(s).

‘f‘.. Canal centre depths throughout the canal system shall b
towards the canal entrance(s).

3. Depths should be sufflClent for safe navugahon by craft Ilkely fo.use the watentvay, Navigable
d:ha Depths

4, A maximum canal depth of 2 metres is preferred. Depths in excess of 3 metres fPreferred
below Indian Spring Low Water will not be accepted unless detailed studies are _Max:mum
undertaken to satisfy DPWS that water quality problems will not arise. i

F Suitable allowance shall be made for sedimentation an'.'. béhk""'-s:teh-i-l'ity in  Allowance
esfablishing the design canal depth. : it s

D8.10 WATERWAY (CANAL) WIDTHS

1. Two measurements for canal width can be distinguished: W

e navigation width: width of canal at the navigation depth : : Definition
\ e overall canal width: width of canal between the top of the revetment walls.
2, The navigation widths for Main Canals and Side Canals shall be sufficient for safef Navigable

nawgahon by two-way and one-way boat traffic respectlvely, taklng mtb account the size'. Widths

Main Canal 5 x Bnax Or 20m whichever is the greater

Side Canal 3 X Bnax 0r 15m whichever is the greater

measured between structures or craft moored on: oppOSIte stdes of the canals
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| OVERALL CANAL WIDTH

ALLOTMENT

REVETMENT

WALL A
NAVIGATION WIDTH I
Figure DB8.2 Typical Beach Cros:
3. The navigation width of the entrance channel shall be. sufﬂment for safe

navigation by craft likely to use the waterway taking into account the:
of the entrance, but shall not be less than 25m.

4. The overall width of any canal shall not be less than 50m.

,Overaﬂ Width

6. Determination of the navigation and overall canal widths shall take into accounf B
bank and bed stability considerations.

D8.11 WATERWAY LENGTH

1. Determination of the design canal length(s) shall take into account:t-hezi.fallowing
maln factors: :

flushing and water quality considerations
bank and bed stability

boat travel times.

will be satisfactory.

D8.12 WATERWAY CROSS SECTIONS

1. The canal cross-section and edge treatment shall be designed in accordance with Engineering
sound engineering practice by.a qualified civil engineer, taking into account the. type.of  Studies

soil conditions, the likely range of water levels including fong term “variations;‘and the 5
applled forces Englneerlng studles demonstrahng the adequacy of the- canal Cross-

2. The canal cross section deS|gn should conform in pnnmple with the deSIgn cross— Altei-‘natives'
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actions shown in Figure D8.3 however, alternative designs will be considered.

DEVELOPMEMT WITHIN THIS

AREA TO BE SUBJECT TO A
BUILDING DEVELOPMENT CONTROL
PLAN OR COVENANT ON LAND TITLE

= w
24 2
<C ac
z £ S
g o L
=] o= o
a — >
— L Ll
= 2 b
m R )
| Bm Min | . OVERALL NAL |, WIDTH
i il |
CREST LEVEL OF REVETMENT WALL
Barrep e (NTERSECTION OF REVETMENT WALL AND DESIG
286 ,Stope - BEACH TO BE > 400 ABOVE MHHWS
‘o

MHHWS { MEAN |HIEHER HIGH WATER SPRINGS )

DEPTH OF WALL TO Aot o mll ) el ol o bk ool o
BE DETIRMINED B e g it g g A gt Tl it gl il k-
BY STRUCTURAL -ttt ot ot ot ot ot gt kgt >

Bt g gt gt gt g— g gt
ANALYSIS |

"t et gt ot gt
—_—

CHANGE OF GRADE TO BE NOT
LESS THAN 300 BELOW ISLW |

BEACH (See note &)

NOTES:

Revetment wall to incorporate kerb and gutter deftail to:p

2 Design of revelment wall to allow for a mimimum of 300 %

3 Revetment waill shown schematically only

4 Beach to camprise @ mimmum 600 thickness of clean sand approved g
5 All underwafer batter slopes subject to engineering inveshg

6 Building tine to be specified by Council

7 Dwagram not to scale

Figure D8.3
No Beach Submerged Cross Section

Source: Public Works Departmeﬁf—?ﬁgé;- :

# et et =

CHRVIGATION
i

“in front of wall

mimum width of 75m
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D8.13 UNDERWATER BATTERS AT CANALS AND SHORELINES

'matena ‘are

1. The typical ranges of stable underwater batters for different ty es. of:
designated in Table D8-1. ;

Table D8-1
Effect Of Material Type On Underwater Batter

MATERIAL STABLE UNDERWATER BATTER
Stiff Clay 1:1550
Firm Clay 1:2 to
Sandy Clay 1:4 to
Coarse Sand 1:3 to
Fine Sand 1:5 to
Mud 1:8 to
2. Stormwater outlets into beach type canals are to be submergé&
waters.
3. Use of coarse granular materials for beach formation, eg. gravels and cobbies,':f

may cause problems in the form of oyster and barnacle growth.

D8.14 ENTRANCES

1. The DPWS requires that the proponent adequately demonstrate, by engineering
studies, the impact of the physical processes within the host waterbody on the entrance ..
design. and conversely the impact of the entrance design on these prore
impacts should be considered in the context of establlshmg

entrance location
number of entrances proposed
entrance alignment

entrance dimensions

more than one entrance.

2. For navigable entrances, the width and depth of the entranc
for safe navigation by craft likely to use the waterway.

3. The entrance navigation width shall not be less than 25m. Width
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The entrance dimensions shall be kept to the minimum practical, consistent with Tidal Flushmg
avigation and other requirements, in order to maximise tidal flushing performance and . ...t
potential for ebb tide scour of any sediments deposited at the entrance. R e O

7. In selecting the entrance location(s) for the canal system, the:fe oW
should be taken into account:

‘“Entrance
~-Locations

e areas of naturally occurring sedimentation should be avoided;

» areas which would require construction of long access channels, subject to infilling;:
should be avoided, except where infiling rates can be accurately quantified and be
shown to be manageable. Such channels can also act as a sediment "sink" in
terms of the sediment budget of the host waterbody and lead to erosion problems;

e the entrance should be sheltered from excessive wave actioh

Second’
Entrance

8. Significant flushing and water quality benefits can be denve
more than one entrance to a canal development. The additional::entrance may'
navigable or non-navigable.
) The alignment of the entrance influences the trajectory of t
itering the development, which in turn affects the extent of flood:tids
pattern of internal circulations. These factors are important in estabili
flushing under tidal action and hence water quality.

10.
also important for several reasons:

Alignment
possibiity of flow diversion
safe navigability
introduction of debris into the canal development.
11. The factors involved in selection of water depth for the entl"e
follows:
draft of boat
underkeel clearance (UKC)

allowance for sedimentation.

HYDRAULICS R

D8.15 STORMWATER MANAGEMENT
1. " Water Quality
proposed method of stormwater management will not adversely aff :
the canal development and host waterbody, or lead to problems as

2. The canal allotment shall be graded to ensure as much runoff as possible is
directed to the street where it may be collected and then directed into the canals. through

3. Wherever practlcal stormwater outlets shall be Iocated at pomts of maxnmal Flﬁsh?ng '

Stormwater outlets shall not be Iocated at the tieads of dead-end canals. Bl dutlets
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5. Runoff towards the canals from the slope behind the revetment wall shall be
intercepted prior to flowing over the revetment wall onto the beach, and otherwise directed
into the canal waters without causing beach erosion. The preferred method of collection:
is by means of a kerb and gutter arrangement incorporated into the revetment. vl with:

flows then directed via pipework into the canal to discharge below antig ﬁaﬂtéd':;lbﬁ\'filést"lbw
water level.

Runoff .

maintenance dredging.

7. Suitable temporary sediment control devices shall be installed during the Sediment
construction phase to ensure that sedimentation within the canal system.ls minimised and  Control
sedimentation does not occur within the host waterbody. : Sl

D8.16 FLOOD CONTROL STRUCTURES

1. Flood control structures usually include a system of canals éhd. Weirs which af

2. Designs must ensure that the proposed works and any ralsmg
result in any significant increase in flood levels in the area.

D8.17 TIDAL INFLUENCES

1. The level of study of tidal hydraulics necessary to adequately de onstrate the
impact of the proposed development on tidal hydraulics, and the: effects of the tidal
hydraulics on the development, is dependent on a number of factors: -Itiis: tmpartant that
the proponent seek early consultation with the DPWs, = 77 3

2. It is likely that detailed studies, involving mathematical and/or physical modelling,
will be necessary where it is proposed that the canal subdlwsmn development have. mare:*f

involve significant changes to the frictional and shallow watér 'controls on tidal

propagation.
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BREAK IN SLOPE
_\ WET LOT ROAD
| [ aeszuvel
s o :
CANAL l =3 DRY LOT U LEAKY' WELL (REF
“~ = SURFACE RUNOFF -
| = - '@_7' | S :

1 !f-@/_/%

R T s
¢ J0 CANAL V(_A____l,j‘/

SUBMERGED OUTLET \\_
GROSS POLLUTANT
TRAP

PLAN

SITE BOUNDART ..

FOR KERB DETAIL

SEE BELOW
AHD %/ qtE pIPE
ISLW psewarce _ PEL
——/34:“:' _—
POLLUTANT:

SUBMERGED OUTLET % TRAP

e S SHATIEE

PERFORATED CONCRETE PIPE
WITH FITTED COVER

100mm ABOVE NATURAL
SURFALE

INFLOW FROM

OVERFLOW

REINFORCED CONCRETE
WALL WITH WEEP HOLES

=\ X
BACKFILL—| 35
’ \Lr SAMDY BEAL
d

—
GEOTEXTILE FABRIC
AT BOTTON OF PPE 9 50mm Dic HOLES
AT L B0mm CENTRES
PERFORATED OR ’LEAKY’
RETENTION/OVERFLOW WELL
Figure D8.4

. “Source: Planning Workshop 1994
(Consultants) o

AUS-SPEC-1\NSW-D8 Jan 2001 (Copyright) D8-11 WARRINGAH COUNCIL



WATERFRONT DEVELOPMENT Contract No.

3. The Developer shall assess variations in the tidal characteristics of the host
estuary at the development site taking into account cyclic and long term changes in

be established and accommodated. : -.;_;:; i i:;

4. The Developer shall establish the tidal levels at the proposed development site.

These levels may be based on existing information supplied by the DPWS, where
available, or measurements undertaken on behalf of the Developer by a suitably quahﬂed
surveyor or civil engineer. ; s

5.

decreases, and this effect must be considered in the water exchan
required by the DPWS and outlined elsewhere in the guidelines.

D8.18 WATER QUALITY INFLUENCES

1. Consideration should be given, where practical, to enhancérr-le.r-\t. of Wéfer Water
circulation and/or exchange by the following additional means: Circulation
» provision of an additional entrance(s), not necessarily navigable

e provision of additional tidal prism by creation, for example, of a lake or basin at the
head of the canal(s)

e provision of bends, curves and island features
« elimination of poorly flushed dead-end canals, pockets and cov
o alignment of the canals in the direction of prevailing winds
e mechanical assistance.
2. There would appear to be benefit in aligning canals in the direction of pr

winds if this is possibie, providing the canals are not oo iong, in order 10 -maxnmuse
and exchange processes. :

3. Fetch lengths in the direction of strong winds should be mlmmlsed fo.mitigate the Waves f
potential adverse impacts of wind-generated waves. g .

4. The effectiveness of the wind in developing vertical secondary maxlng mrculataon::
is increased by increasing the width of the water surface in the canals. It follows that
broad canals, and lake-type developments, will exhibit enhanced: ertlcal seconda
mixing. :

- Vertical Mixing

D8.12

1. Sandy beaches within canal developments require maintenance (nourishment) at  Sand Beach
regular. intervals Where recovery of the eroded sand from the bad of the canal is unllkely Mamtenance

bed from this source

2. Long canals with sandy shorelines, and aligned with: prevailing:winds, are.likely. to
experience llttoral drlft Generally speakmg, the Iength and allgnment of canals should be
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Shoreline structures which extend across the littoral drift zone, eg. some  Driff .=
stormwater outlet designs, should be avoided where relatively high littoral drift rates are . ...ouinidimnis
anticipated, except where special provision has been made to mitigate beach erosion.. Tt

4, ﬁédiment Load
catchment area, it is reasonable to adopt the following sediment quarmhes per hectare of

catchment area per year: IS

e partially developed urban catchment 5.5 tonnes/halyr
o fully developed urban caichment 1.5tonnesthayr s
e rural areas 0.3 tonnes/halyr

5. )
beach erosion or local scour. Consideration should be given t
stormwater outlets below the beach level.

STRUCTURES

D8.20 REVETMENT WALLS

1. There will be some locations in the canal development where it wnll not be Wall
L)} ~ Requirement

eg at so called "external corners".

alternative canal edge treatment, most probably a rock revetment.

2. Revetment walls are to be designed as retaining walls certified by a
Structurat Engineer and submitted to Council for approval.

3.

Filing is to be composed of materlal not m;unous t. Filling Behind

Maximum

Height
6. 'of - Erosion
the wall shall take into account an erosion allowance in front of the: wa[l In the absenoe - Allowance

of detailed hydraulic tests the allowances for erosion shall not be iess than the values
specified in Table D8-3. o
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Table D8-2
Factors For Determining Height Of Revetment Walls

CanAL CROSS-SECTION HEIGHT OF REVETMENT WALL ABOVE DESiGN

Dry Beach Minimum of 150mm

Inter-Tidal Beach Sufficiently high to accommodate MHHWS’T plus wind se , wave
runup, long term changes in mean sea fevel: and local tide levels,
without overtopping. TeRmmERLS

No Beach - Submerged Slope Sufficiently high to accommodate MHHWS plus wind setup',"\'/i/
runup, long term changes in mean sea leve! and local tide levels,
without overtopping.

No Beach - Vertical Wall

local tide levels, without overto' ng.

(*MHHWS = Mean Higher High Water Springs)

Table D8-3
Minimum Erosion Allowances For Revetment Walls

CANAL CROSS-SECTION

Dry Beach

Inter-Tidal Beach

No Beach - Submerged Slope
No Beach - Vertical Wall

pipework into the canal to discharge below ISLW. ess ;

DB.21 JETTIES, PONTOONS AND BOAT RAMPS

1. Where jetties and pontoons are proposed for canals whtch serve as ﬂoodway
the effect of these structures on the hydraulic performance of the canals shall be take
into account in the hydraulic design of the canals. .

2. Jetties, pontoons and boat ramps shall be designed in accordance: with 'sound = =
engineering practice by a qualified Civil Engineer to satisfactorily resist all dead loads and "

applied live loads. Particular consideration shall be given to the effect of flood currents

and debris loading on structures proposed to be located within canals WhICh wnl serve as

floodways.

3. Special design requirements due to the height of water levelé-dijf|hg f.loo'dln-g shall - .?.Electrical

also be oonmdered eg. electrlcal connaqﬂons and _c_ut_ .fo Iey@]g f_qr_ moorlng plles R Connections
4 Account shall be taken of jetty pontoon ramp, ,eAt‘c} demgn in assessmg the

5, Where a hmged access ramp leads to a pontoon the slope of thé hihged access Ramp
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~mp should not exceed 1 in 6 at the lowest anticipated water level. Where pontoons are  Geomefry
be provided, fixed-jetties can be used to reduce the length of hinged access ramps but e
~ould not extend past the revetment wall by a distance greater than Tm. The level of the HEIADS
jetty deck should be not greater than 300mm above the top of the revetment wall, and the':
deck should not rest on the wall. The overall length from the revetment wall to- th'e' ot
edge of the mooring structure should not exceed 17m and must .not:

navigation channel.

6. Boat ramps for individual allotments are acceptable only in the
than 150mm thick on the canal side of the revetment wall and have a width not less than SRR

3m. Isolation joints are to be provided so that the concrete slabs forming the ramp are e
not supported by the revetment wall and can move independently of the wall.

Ramp Leve,

standard design. The following issues should be considered:-

¢ Boat ramps flush with canal beach:

- ramp will be recessed into the revetment wall and allotment

- allotment surface drainage control could be disrupted.
o Boatramps flush with top of revetment wall:

- ramp will be proud of beach profile which could lead to beach scourthroug ¥
groyne action and local wave reflections :

- ramp will constitute an impediment to access for m_ :
required).

9. Boat ramps should be designed to minimise their visual impact. Boat ramps
having their surfaces level with the canal beach surface are less wsually prominent and

q

0.
ay part of the ramp, eg. by founding the ramp on stable, non- erodlbl_

incorporating deeper edge beams.

11. Reference should also be made to the "Boat Launching Ram
Works Department, 1990)

12. A standard design could be considered for jetties, pont6
(including the means of shore connection) that are proposed as part
or that may be constructed by owners at a later date.

13. Special consideration should be given to the appearance of the structures |n the Aesthetics
waterway, and guidance can be found in the Department of Plan_lng‘s
Developments: Design Guidelines" (1291). ie
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14. Public boat launching facilities and marina facilities are generally regarded as  Marinas.
unsuitable to a residential canal development because of the difficulty of ensuring
adequate prlvacy for reS|dents Such facilities should on|y be con5|dered where adequat

development.

15. Publlc boat Iaunchlng facilities and marina facnmes sh

"Marina Guidelines" respectively.

16. Where it is proposed to construct public boat launching facilities within a canal
development, consideration shall be given to siting of the launching facilities so as to
minimise any adverse noise impacts on adjacent development due to the particular hours s
of use of the facilities. "

17. Where it is proposed to construct marina facilities within -G
consideration shall be given to siting of the marina and design of

20. Marina basins having poorly flushed pockets and coves should be avoided

21. Rounding of corners within the marina basin will produce greater uniformity in
local exchange through the basin, eliminating areas of poor focal exchange

roduces better

22. For rectangular basins, a single centrally-located entra
flushing behaviour than a single corner-located asymmetric entrance:™

23. At public boat launching ramps, consideration should be given to pre-vidlng
holding beaches and boarding jetties or pontoons to facilitate rigging and efflcnent
boarding of craft. .

D8.22 BRIDGES AND STRUCTURES

1. Bridges and structures shall be designed in accordance with the Spec
Structures and Bridge Design. The design life shall be 100 years and he-
design flood shall be 1:20 years. The ultimate limit state, that is-f
bridge to withstand a flood without collapse, shall be 1:2000 years.

2. Narrowing

to reduce velocities may also be required.

3. The vertical clearance of any proposed bridge should be checked with the Clearance
Waterways Authority.
4.

of public access and amenity.
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SPECIAL REQUIREMENTS

D8.23 RESERVED
D8.24 RESERVED

D8.25 RESERVED
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DESIGN SPECIFICATION D9
CYCLEWAY AND PATHWAY DESIGN
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DEVELOPMENT DESIGN SPECIFICATION D9
CYCLEWAY AND PATHWAY DESIGN | 5

GENERAL

D9.01 SCOPE

1. This Specification sets out requirements to be used in the design of various types
of cycleways and pathways.

2. All relevant design princip|es contained in the Warringah Bt'e AUSTROAEDS?_

cycleways and associated infrastructure. This Specification serv ;: :
document to the Bicycle Plan and the AUSTROADS Guide extended oE incorporate ba c
requirements for pathways. :

.43.02 OBJECTIVES

1. This Specification aims to set standards and document requ1rements reIated to Safety

including users with disabilities and limited mobility.

D9.03 REFERENCE AND SOURCE DOCUMENTS
(a) Council Specifications
D1 - Geometric Road Design

(b) Australian Standards

AS 1742 - Manual of uniform traffic control dewces
AS 2890.3 - Bicycle parking facilites oo d
SAA HB69.14 -  Guide to traffic engineering practice — Blcycles

AS Collection 005 Access and mobility — People with dlsabllltle I
{c) Other

Warringah Bicycle Plan — Geoplan & Arup, July 1998.
AUSTROADS -

AUSTROADS) Technical Report June 1988.

Ministry of Transport, Victoria - State Bicycle Committee = Rt SRR OL 008
Planning and Desigr of Bicycle Facilities, MR
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D9.04 CONSULTATION

1. The Designer must consult with Council

cycleway and pathway design.

E:E'»¢h,u.‘horitles
DY.05 PLANNING CONCEPTS
1. Council will provide specific requirements for cycleways and pathways in LEP  Subdivision

2000 as well as in the Warringah Bicycle Plan. The Designer will need to enquire about Code and. . . ...
such documents and comply with requirements defined.

- The Designer should be familiar with cycleway geometric demgn requurement
terms of:

- width

- grade

- stopping sight distance
- changein grade

- horizontal curvature

- crossfall and drainage
- superelevation

- sight distance on horizontal curves “AUSTROADS

Guide
These requirements are discussed in the AUSTROADS Guide.

3. The Designer shall incorporate all the requirements for 'dlsabled _______ R L Dlsabled
appropriate for pathway design in accordance with any Council Policy or LEP 2000 ]
Access and Mobility and AS Collection 005.

D9.06 CYCLEWAY AND PATHWAY TYPES

1. Cycleways can be provided on road and off road. The Warnngah Blcycle Plan On Road Off
and the AUSTROADS Guide provides detailed descriptions, warrants, width Road
marking etc for the majority of these cycleways. P 2 s
2. Common alternative cycleway types include:

On Road

Shared Parking/Bicycle Lanes oot

Wide Kerbside Lanes P IR SRR
Shared Traffic Lanes SRR e R ERRER s SRt
Exclusive Bicycle Lane

Sealed Shoulder

Off Road

Separated Pathway
Exclusive Cycleway

The AUSTROADS Guide prOVIdes advice on the smtabahty of pavement condltlons AUSTROADS
drainage pit grates etc for on road cycleways. Guide
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Common pathway types include: ~ann
Exclusive Pedestrian Pathways
Shared Use Bicycle/Pedestrian Pathways

By deflnltlon pedestrian pathways are "off road" in that pedestn acllmes routlnely

road cross section detamng
4. Pathways by comparison diverge from the road alignment either within the road Land Re‘s'e‘rv‘e‘s
reserve or across land reserves. Pathways can be provided in conjunction with overland
floodways or retention basins. o

D9.07 PROVISIONS FOR CYCLEWAYS AND PATHWAYS A STRUCTURES

1. Designers shall consider the best way to provide for the uni rrupted movem' :t Bridges
of cychsts and pedestnans at proposed and exnstmg structuresE ible;:
d source documents provide information on:
- acceptable widths and clearances
- types of cycleways and pathways
- handrails
- bicycle bridges
- approach ramps

efc.

D9.08 SIGNAGE AND PAVEMENT MARKING

1. The Designer shall provide adequate signposting design for cycleways and
pathways.

2. Signs and pavement marking will provide for the safe and _»oonvement use -D“ -":Cor.npliance
facility. The signs and pavement marking will comply with AS 1742.:: :

+9.09 END OF JOURNEY FACILITIES

1. Consideration must be given to the design of adequate. facmtles at commo

destinations of cyclists and pedestrians so as to encourage cycleway _nd pathway usage

2. Such facilities could include: : Facilities

- seats

- standby areas

secure bicycle parking

- picnic facilities

3. I'he Warringah Bicycie Plan and the bicycle parking installation design .sh.oufd. Parklng
meet appropriate cr|ter|a dlscussed in the AUSTROADS Guide and be fabrtcated to meet
AS 2890.3. =

D9.10 MINIMUM DESIGN STANDARDS e _ s

‘. Notwithstanding the guidelines provided in this Specificatidn and referenced
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documents the following minimum standards have been determined as shown in
Table D9.1.

Table D9.1 Minimum Design Standards

Cycleway Pathway Shared Use Pathway
Path Width 2.0m 1.2m
Formation Width 3.0m 2.0m
Crossfall min. 1:40 1:40
max. 1:20 1:20
Grade max. 2% for 450m NA 2

5% for 90m 3% for 70m

10% for 30m 4% for 40m

5% for 30m

D9.11 DOCUMENTATION

1. The following listing outlines Council's minimum reqwrements for presentatlon of
cycleway and/or pathway designs. %

B0

® All plans for cycleways/pathways are to be presented at the reduction ratio-1

. The cycleway plan sheet may be incorporated into the road plan where clarlty
permits. Specific details are to be provided at reduction ratio 1 200

Long Sections
exceed 4%.

o Longitudinal Sections will have reduction ratios of 1:500 horizontal and 1:100""
vertical.

tables will be required where cross falls vary or supereievatlo _ -: Sections

. A typical cross section will be detailed to indicate pavement materi
depths. .

2. All Drawings shall be in accordance with the minimum draf g requirements:
the Specification for QUALITY ASSURANCE REQUIREMENTS FOR DESIGN

SPECIAL REQUIREMENTS

Do.12 RESERVED

D9.13 RESERVED

09.14 RESERVED
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D10.01

1.

2.

Rural Fire Service), May 1991.
required.

- _10.02

1.

D10.03

(a)

(b)

The work to be executed under this Specification consists of the design of

concepts proposed need to be mcorporated at an early stage of developmeht esign::

Native Vegetation Conservation Act, 1997

DEVELOPMENT DESIGN SPECIFICATION D10
BUSHFIRE PROTECTION

GENERAL

SCOPE

OBJECTIVES

Thcs Specmcatlon aims to outlme the reqmrements that W|Il mmlmlse bushf ire  Rural
Development
Urban

REFERENCE AND SOURCE DOCUMENTS
Council Specifications
C501 - Bushfire Protection (Perimeter T’racks):.:
NSW Government Legislation

Environment Planning and Assessment Act 1979 Section 94
Rural Fires Act, 1997 i

NSW Government Department Publications

AS3959 - Austrahan Standard for oonstructlon of bunldlngs in bushflre

Other
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HAZARD FUEL REDUCED FUEL FREE
ZONE :

=

| PER!METEM oF Lot
RESERVE-
! or nu:.u ¥

Figure D10.1
Fire Protection Zone

2. FPZs shall be requured for any development fronting a bush fire hazard area,
whether a single dwelling, a group of isolated dwellings or an urban subdivision. They.
as a buffer zone between the development and the fuel.

3 - The primary purpose of FPZs is to ensure that a progres:_s_l,

' 'c_)_rg of fuel  Reduction of

development.

4. Apart from its primary purpose the FPZ serves a number of other lmponant
purposes, dependent upon local fire fighting policy. The FPZ shall be designed t

(a) maximise the separation distance between high intéri‘é;ify fire and any
structure, thereby reducing the radiation and direct flame contact:

tunity to: oaid

(b) provide an area where embers can fall with minimal oppt}"
further fire outbreaks;

(c) provide a safe access to a structure for fire ﬁg_ht‘ers§
level from the main fire; !
(d) provide a safe retreat for fire fighters; and

(e) provide a clear control line from which to begin back
: reduction operations. o

Safety requirements sometimes dictate that fires are fought from the property ltself
rather than along the perimeter track.

5. The FPZ mcorporates up to three separate components . Separate

S _;_: R Cpmponents
(a) ,5;5: Fuel ReducedZone(FRz) and mo : 4 ongyt

(b) Fuel Free Zone (FFZ) mcorporatlng

(i) a perlmeter road or reserve (Wthh lncorporates an access
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PERIMETER
ACCESS TRACKS

TO OPEN SPACE

) /_/ \—TRACK ADJACENT
PN s

Figure D10.2 Perimeter Road ac

(vi) Perimeter roads that do not require clearing or maintenance
(compared to tracks), can be cheapest in the long term. Ultimately
the decision between a road or track depends on the Iocal council's-

subdivision and bush fire fighting policies. Maintenance

(vii) Tracks shall be constructed to Soil Conservahon
guidelines. e

(b) Set-back
(i Part of the allotment can be used as a section of the buffer by setting

(i)
Previous
Policy

D10.08 MODIFICATIONS TO FUEL REDUCED AND FUEL FREE ZQNES

1. Modifications to the width of either the FRZ or the FFZ shall only be made with Approval of
the wrltten approval from Council's flre control authonty and based on an examination of Fire Control

2. Modlflcatlons Would need _tQ Atvake account_ o_f_ adjacen_t or propgse‘d _developmant Ad]acent
‘_D velopment

.\_. .
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CATCHMENT INDEX

MAIN DRAINAGE CATCHMENT INDEX

No CATCHMENT RAINFALL AREA
1 BANTRY BAY F
2 BARE CREEK T
3 BROOKVALE CREEK N
4 BURNT BRIDGE CREEK N
5 CARROL CREEK F
6 COLLAROY c
7 COTTAGE POINT T
8 DEEP CREEK T
9 DEE WHY BEACH c

10 DEE WHY LAGOON NORTH c

11 DEE WHY LAGOON SOUTH c

12 FRENCHS CREEK F

13 FRESHWATER CREEK N

14 GREENDALE CREEK N

15 MANLY CREEK N

16 McCARRS CREEK T

17 MIDDLE CREEK F,C

18 MIDDLE HARBOUR F

19 NARRABEEN FORESHORES C

20 NEVERFAIL CREEK T

21 OXFORD CREEK F

22 SMITHS CREEK T

23 SOUTH CREEK c

RAINFALL AREAS:
€C - CROMER
F —~ FRENCHS FOREST
N - NORTH MANLY
T - TERRY HILLS



CRGMER DEPOT ISSUED 23R°FEBRUARY 1989 REF. -FN2910

€ ENSURE TULE COORDINATES ARE TUO:E EECUIELD,
INCE DATA 15 BASED 0% TUESE AWD 8T TIE LOCATION Anil

* NEAR.

LOCATION 33.725 S 151.275 E

LIST 8F CEEFFICIENTS T8 EQUATIONS OF THE FeRh
In(T) = a + b¥(In(T)) + c*(In(T))**2 + d*(In(T))**3 + e*(In(T))**4 + f+(In(T)}**5 + g*(In(T))**6

1 = INTENSITY IN MILLIMETRES PER HBUR
T = TINE IN HBURS

RETURN PER160

(YERRS] 4 b = d £ t &
3.9241  -0.570  -0.0218  0.00908 -0.000899 -0.0009323  0.0000564
3.6859  -0.5637  -0.0253  0.00886 -0.000439 -0,0004178 0.0000352
9.927  -0.56%5  -0.0353  0.00843  0.000608 0.0003701 0.0000084
10 40972  -0.5619  -0.0408  0.008%  0.001211 -0.0003690 -0.0000074
2 42980  -0.9593  -0.0453  0.00806  0.001743 -0.0003427 -0.0000263
s 9.4188  -0.5569  -0.0503  0.007%0  0.002298 -0.0003325 -0.0000423
100 4.5320 ~0.5553 -0.0535 0.00787 0.002650 -0.0003336 -0.000051%

RAINFALL INTENSITY .IN MH/HR FER VARIBUS DURATIBNS.AND RETURN PER18DS

RETURN PERIGO

DURATIEN 1 YEAR 2 YEARS S YEARS 10 YEARS 20 YEARS S0’ YEARS 100 YEARS
(HBURS)
0.083 9.7 127. 161 180. 205. 240, 265.
0.100 92.4 118, 151. 169. 193. 2. 249,
0.167 75.7 . 97.4 125. 140. 161. 186. 208.
0.333 5.3 - ns 92.8 105, 122, 143. 159,
© 0,500 0 583 76.3 86.9 101 ns. .13,
1.000 30.7 9.9 52.6 60.2 70.0 83.0 92.9
2.000 205 26.6 35.1 40.1 46.6 5.2 61.8
3.000 16.1 20.9 ‘214 1.3 36.3 42.9 48.0
6.000 10.7 13.3 17.9 20.3 3.5 217, 30.9
12.000 '1.00 9.04 1.7 13.3 153 18.0 20.1
24.000 4.51 5.84 7.64 8.70 10.1 1.9 13.3
48.000 2.a0 3.64 4.96 5.58 6.53 7.79 6.7



RALNFALL INTENSITY IN MM PER HOUR

LOCATION 33.725 S 151275 E
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DESIGN RAINFALL INTENSITY DIAGRAM

* NEAR.

ERSURE TIIE COORDIKATE ARE THOSE REQUIRED
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ISSUED 23*°FEBRUARY 1989

CROMER DEPOT

REF.--FN2910
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LOCATION 33.750 S 151.200 E * NEAR.  GLEN ST THEATRE ISSUED 23%"FEBRUARY 1989 REF. -FN2910
¥ NSURE TIE COORBINTE 4K 10 KEQUEID
LIST BF COEFFIEIENTS T ECLRTIBNS B THE FGRH il DAlA L BASED Ok THESK A Kol TIIE IDCATION KAkl
In(I) = a + b¥(In(T)) + c*(In(T)}**2 + d*(In(T))**3 + e*(In(T)}*4 + F(In(T))**5 + g*(In(T))**6

1 = INTENSITY IN MILLIMETRES PER HBUR
= TIKE 1N HBURS

RETURN PERTED
(YERRS) 2 b ¢ d ¢ f g

] 3.4599  -0.577%8  -0.0306  0.00728  0.000S6S -0.0001595 -0.000024¢

2 3714 -0.57M9  -0.0318  0.00733  0.000703 ~0.0001771 —0.0000257

5 3.9955  -0.555  -0.0335  0.0076¢  0.00074% -0.00025% -0.000012)

10 44289 -0.5¢74  -0.0345  0.00766  0.000808 -0.0002798 -0.0000110

2 42185  -0.5407  -0.0353  0.00799  0.000800 -0.00033%  0.0000003

50 49479 -0.536  -0.0352  0.00789  0.000880 -0.0003501 -0.0000003

100 45600 -0.527%  -0.0967  0.007%  0.000892 -0.0003659 00000025

RAINFALL- INTENSTTY IN MH/HR FBR VARIGUS DURATIENS AND RETURN PERIO0S

RETURN PERIAD

DURATION 1 YERR 2 YEARS S YERRS 10 YEARS 20 YEARS SO YERRS 100 YEARS
{HBURS)
0.083 102. i3l 164. 184. 208, 244, 268.
0.100 95.8 122. 136. 173. 197, 228. 253.
0.167 8.5 101. 128. 144, 164. 192. 22.
- 0.333 57.4 . B9 9.3 108. 124. 146. 162.
0.500 46.7 60.4 768.4 89.1 103, 121. 135,
1.000 31.8 4.3  54.4 62.1 72.1 85.4 95.6
2.000 21.1 21.4 36.5 4.9 48.9 38.2 65.3
3.000 16.4 21.4 28.7 33.0 38.6 46.1 351.8
6.000 10.7 14.0 16.9 21.8 25.6 36.7 34
12.000 7.02 .21 12.5 14.5 17.1 2.5 23.2
24.000 4.62 6.09 8.29 9.65 11.4 13.7 15.5

48.000 3.00 3.9 5.90 6.29 1.43 8.96 10.2
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\RAH DRTA  41.48, 9.21, £.96. 86.i0, £0.58, b.76, 0,000, 1HGi

PREPARED BY -~ HYDROLOGY BRANCH —- BUREAU OF METEOROLOGY —- MELBOURNE
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LOCATION 33.775 S 151 275 0 * NEAR.  NOLANS RESERVE ISSUED 23""FEBRUARY 1969 REF. -FN2910

N ) ® ERSURE TUWE COORDRTE: &RE (O HEGUIEKD

L1ST 8F CBEFFICIENTS T8 EOUATIANS BF THE FARM B L e o st T e L gy
; SIRCE DATA 5 RASED 0% TUESE XD XOT TUE LOJATION SALE,

In(I) = a + b*(In(T)} + c*(In(T))**2 + d*(In(T))**3 + e*(In(T))**4 + *(In(T))**5 + g*(In(T))**6

b= INTENSITY IN HILLIMETRES PER HBUR \
T = TIKE IN HBURS

RETURN PER1AD

(YEARS) 2 b ¢ i $ f 8

1 3.90399  -0.5743  -0.0237  0.0085) -0.000579 -0.0003563 0.0000361

2 3.6675  -0.5727  -0.0273  0.00870 -0.000253 -0.0003B55  0.0000339

5 3.9509  -0.568¢  -0.0381  0.00839  0.000921 -0.0003617 -0.00000i0

10 9.0890  -0.565  -0.0440  0.00786  0.00i621 -0.0003088 -0.000029

20 4297 -0.530 -0.096  0.00790. 0.002110 -0,0003167 -0.0000403

50 94165 -0.S619  -0.0538  0.00776 ° 0.007680 -0.0003090 -0.000066

100 9.517 05603 -0.0573 0._0078_2. 0.00306¢ ~0.0002962 -0.0000683

RAINFALL INTENSITY IN MM/HR FOR VARIGUS DURATIBNS AND RETURN PERIGDS
RETURN PERIED
DURATIN 1 YERR 2 YEARS S YERRS 10 YERRS 20 YEARS S0 YEARS 100 YEFRS
(HBURS)

0.083 9.8 124, 19, 1. 205, 240. 266.
0.100 90.7 n7. 149. 168. 193, us. 0.
0.i67 7.3 95.7 123, 139. 160. 168 209,
0.353 5¢.3 70.3 91.8 105. 121. 143, 160.
0.500 4.1 57.3 75.5 86.3 100. 119, 133,
1.000 30.1 39.2 52.0 59.7 69.6 82.8 92.9
2.000 20.0 2.1 34.5 39.6 4.1 54.8 61.5
3.000 15.7 20.4 26.9 30.8 3.9 4.4 91.5
6.000 16.3 13.4 17.5 19.9 2.0 2.2 30.3
12.000 6.78 8.7 11.4 12.9 14.9 17.6 19.6
24.000 4.38 5.67 7.43 8.36 9.82 11.6 13.0
48,00 2.1 3.55 9.74 5.9 6.38 1.59 8.54



DESIGN RAINFALL INTENSITY DIAGRAM

LOCATION 33.775 S 151275 E » NEAR.  NOLANS RESERVE

* ERSURE I COORDIRATE: ARE TH0:E REQUIEED, -
SLECE LATA G Bactdy 3% TOESICARD WO TIl LOCATION NaKL

ISSUED 23"°FEBRUARY 1989  REF.—FN2910

IRAH OATA - 39.32, 8.80, 2.6Z. 83.96. 11.56, 5.69. 0.000: ZHGi

800 1 PREPARED BY —- HYDROLOGY BRANCH —— BUREAU OF METEQROLOGY —- MELBOURNE
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LOCATION 33.675 S 151.225 F * NEAR.  TERRY Mill BEUSil /B ISSUED 23*PFEBRUARY 1989 REF. -I'N2910
. IENTS T8 FQUATIONS 8F THE FER *  ENSURE TILE COORDIRATIC: ARK TUI:E REQUIRED.
(BIST (RGOSR EIENTS 0 & e SIRGE DETA b BASED 0N TUKSE AN KOT TUE LOCATIOR hAME.

(D) = a + b{In(T)) + cH(In(T))*2 + d(In(T))"3 + ex(n(T))**4 + F(In(T))}** + g*(ln(T))**6

I = INTENSITY IN HILLIMETRES PER HBUR
T = TIME IN HBURS

RETURN PERIBO

(YERRS] a b c d e f g
] 3.4769  -0.570¢  -0.0255  0.00727  0.00056 -0,0001611 -0.0000115
2 3.7388  -0.5659 ~ -0.0277  0.0071  0.000z39 -0.0002003 -0.0000090
5 4,0098  -0.555  -0.0338  0.00743  0.000835 ~0.0002335 -0.0000191
A 10 4.1408  -0.5481  -0.0367  0.00733  0.00110¢ -0.0002400 -0.0000243
. 20 42808  -0.543%  -0.0393  0.00761 0.00132Z -0.0002845 -0.0000235
50 49,4572  -0.5375  -0.0423  0.00748  0.001618 -0.0002938 -0.0000290
100 q.5688 0.5  -0.041  0.00743° 0.001805 -0,0002903 -0.0000346
RAINFALL INTENSITY IN MH/HR FUR VARIBUS DURATTENS-AND RETURN PERIGDS
RETURN PERIED
DURATION 1 YERR 2 YEARS S YERRS 10 YEARS 20 YERRS S0 YEARS 100 YEARS
(HBLRS)
0.083 104. 132 166. 165, 21. 245. 270,
TR i 91.4 RS v N 156. 174. 199. 290. 254.
) |
0.167 79.9 102. 130. 145, 165. 193. 23.
0.333 8.3 75.0 9.5 108, 125, 147. 163.
0.500 4.4 T 613 79.5 90.1 104. 122. 136.
1.000 ~32.4 7| 55.1 62.9 72.9 86.2 9%.4
2.000 21.6 2.1 37.0 2.3 49.2 58.4 65.4
3.000 17.0 2.1 29.1 33.3 3.7 45.9 51.4
6.000 1.2 14.5 19.2 2.0 25.6 . 30,3 34.0
) 12.000 7.39 9.62 12.1 14.6 17.0 0.1 2.5
X 24.000 4.87 6.35 8.45 M 1.3 . 11.5 15.2

48.000 3.14 411 5.%2 6.37 1.95 8.91 10.1



Trmseme s memsis At AdeaNadA A A XAN ILIVL LN OOUULR

I- ' DESIGN RAINFALL INTENSITY DIAGRAM

LOCATION 33.675 S 151.225 E * NEAR.  TERRY HILL BUSH F/B

*  lINSURK TILE COORDINATES ARK THC:L REGUIRKD
SINCE DATA L3 BAED OK TTESE &RD NOT TI0C {000 SAE

ISSUED 23"°FEBRUARY 1989  REF.-FN2910

iRAW DATA 92.45, 9.62, 3.08. 81.09, 20.19. 6.75, 0.420, iliGi

800 PREPARED BY —— HYDROLOGY BRANCH —— BUREAU OF METEOROLOGY —— MELBOURNE
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APPENDIX B

PIT PRESSURE
CHANGE COEFFICIENTS
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Coefficient for Water Depth Above Outfall Pressure Line
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APPENDIX C

PIT PRESSURE CHANGE AT BENDS
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APPENDIX D

LOSSES IN SUDDEN EXPANSIONS
AND CONTRACTIONS
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APPENDIX E

ROAD CAPACITY CHARTS
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The Froude Number (Fr) is givén by the equation:

Fr = V,
Jay
For pipes, use Fr = 0.38Y,
/A,
For box culverts, use Fr = 0.32V,
where V, = outlet velocity (m/sec)
- g =.acceleration of gravity, 9.81 m/sec
'y = depth of water (m)
A. = effective outlet area (sq m)
d, = effective water depth at outlet

- For Fr < 1.7 Channel lining should give adequate protection. Typical methods
' used are a concrete apron 1in conjunction with outlet wingwalls,
hand-packed heavy stones, - grouted stone pitching, sand bag
revetment, "Reno mattress" and gabions (wire cages filled with
smaller stones ordinarily moved by the flood flow). _

The latter two methods are becoming increasingly ‘economical by .
comparison with the cost of stone pitching. They provide flexible
structures which can deform without fracture.

For Fr > 1.7 reduction of outlet velocity can be achieved by creating a
hydraulic jump in the flow or by prov1d1ng stilling basins.
A hydraulic jump 1is the abrupt rise (a standing wave) which
frequently occurs in the water surface in open channel flow, when
water at high velocity (super-critical) d1scharges into a zone of
lower velocity (sub-critical). The hydrau11c jump is accompanied by
violent turbulence, eddy1ng, air .entrainment and surface
undulations.
Some energy-dissipating structures to produce this hydraulic jump
are are "illustrated in Figure . A further alternative is to
create a hydraulic jump within the culvert by breaking the slope of
the culvert so that the first portion of the culvert will be on a
steeper slope than the second portion. These solutions require
detailed design and should be referred back to Head Office if their

use cannot be avoided.
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