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Foreword

It gives me a great deal of pleasure to present the third edition of the Queensland Urban Drainage
Manual. First released in 1992, this manual remains one of the primary reference documents for
stormwater practitioners in Queensland. The document also has attracted a wide use outside
Queensland.

Production of this third edition originated from the state government’s response to the
recommendations of the Queensland Floods Commission of Inquiry. However, the government did
not limit the update to just those issues raised within the inquiry; it also addressed various issues
raised by the industry during the consultation phase.

There are, however, a few of issues—particularly in reference to inter allotment drainage—that
remain unresolved. Consequently the government has decided to release this edition as a
provisional version. Further consultation will occur throughout 2013 with a final version due in late
2013. In the meantime, stormwater designers should consider this edition as representing current
best practice, and local governments should give appropriate consideration to the
recommendations of this manual when developing their drainage codes.

This edition sees an increased focus on building communities and stormwater systems that are
more resilient to severe storms—a key thrust of the Floods Inquiry recommendations. No longer
should stormwater designers limit their considerations to the nominated ‘Major Storm’ event.
Appropriate consideration must be given to the impact of severe storms to ensure that the
consequences are acceptable, and the community is able to quickly return their lives and
businesses to a state of normality after such events.

The expanding objectives of stormwater management have meant that this manual must continue
to be used in partnership with other design manuals on topics such as floodplain management,
total water cycle management, water sensitive urban design, and natural channel design.

| believe this provisional third (2013) edition of the Queensland Urban Drainage Manual provides
stormwater managers with an extensive guideline on current best practices for the planning and
design of urban drainage systems that aid in improving the state’s resilience to flooding and
drainage problems associated with severe storms.

Honourable Mark McArdle MP
Minister for Energy and Water Supply
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In March 2012 the Queensland Floods Commission of Inquiry presented its final report to the
Premier of Queensland. The recommendations contained within this report, specifically
recommendation 10.8, suggested the Queensland Urban Drainage Manual (QUDM) be reviewed
‘to determine whether it requires updating or improvement, in particular, to reflect the current law
and to take into account insights gained from the 2010/2011 floods’.

This recommendation not only implied QUDM should be updated to reflect the outcomes of the
Inquiry, but also any other relevant insights gained from other sources in regards to the 2010-11
floods. As a consequence, the development of this third edition of QUDM has involved extensive
literature reviews and consultation with local governments across Queensland.

The recommendations from the Queensland Floods Commission of Inquiry’s final report (the
report) that are considered most relevant to the QUDM are summarised below:

e The need to update QUDM with respect to current legislation (Recommendation 10.8).

¢ The need for improved consideration of flows in excess of the nominated major storm
(Recommendation 2.13).

e The need to design stormwater systems to improve the state’s resilience to extreme storm and
flood events (general discussion within Chapter 2 of the report).

e The need for greater consideration of flood protection of essential community infrastructure and
the management of flood evacuation routes (Recommendations 7.24, 7.25, 8.7, 10.11 &
10.20). Even though QUDM is not intended as a floodplain management guideline, it does
provide guidance on design standards for cross drainage structures such as culverts, which is
linked to the flood immunity of some evacuation routes.

e The need for better design guidance on preventing the flooding of commercial buildings,
basements and non-habitable floors of buildings (Recommendation 7.4). The link to QUDM is
through the setting of freeboards for major storm flows along roads.

¢ The need for better design guidance on the management of flood impacts on areas of
manufacture or storage of bulk hazardous materials (Recommendations 7.11 & 7.13). The link
to QUDM is through the design of overland flow paths that pass through industrial areas.

e The need for better guidance on the design and usage of stormwater backflow devices
(Recommendation 10.14).

Based in part on the above report recommendations, the main outcomes of the 2012—-13 review of
QUDM are summarised below:

e Increased emphasis on investigating the consequences of flows in excess of the major storm
design discharge. It is noted that this does not necessarily mean the design standard has
increased, or that a drainage system designed to the 2013 standard will be measurably
different to one designed to the 2007 standard.

¢ Increased use of the annual exceedence probability (AEP) to define design storms.

¢ Introduction of the concept of Severe Storm Impact Statements as a part of the consideration of

flows in excess of the major storm design discharge.

e Recognition of the growing importance of Regional Flood Frequency Methods in the analysis of

ungauged rural catchments.

e Improved discussion on planning issues for stormwater detention and retention; and removal of

the initial sizing equations that previously existed in the first and second editions of QUDM.
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Recognition that when flows, previously passing longitudinally along a roadway, spill across the
roadway (i.e. at a change in road crossfall) a higher drainage standard may be required.

Increased discussion on the blockage factors applied to stormwater systems based on the
reports of Australian Rainfall and Runoff Project 11.

Inclusion of an overview of rock sizing equations for use in the design of scour protection within
drainage structures.

Improved procedures for assessing the safety risks associated with stormwater inlets.

The QUDM partners recognise that this Manual is not a stand-alone planning and design guideline
for stormwater management. It must be used in coordination with other recognised manuals
covering topics such as:

Floodplain management policies/guidelines

Water Sensitive Urban Design

Water Sensitive Road Design

Natural Channel Design

Waterway management including fauna passage

Erosion & Sediment Control

Bridge and culvert design manuals

Australian Rainfall and Runoff (ARR)

Australian Runoff Quality (ARQ)

various Australian Standards on product manufacture and installation

Whilst there are significant areas of overlap, QUDM is not intended to act as a floodplain
management manual. Where appropriate, this Manual directs stormwater designers and regulators
to other publications for information on floodplain management issues.

The information presented within this edition of QUDM on stormwater quality treatment and the
management of environmental impacts is not comprehensive and should not be used to supersede
other more comprehensive and locally relevant manuals and guidelines.
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Appendix 1 — Pipe flow design charts
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A2-2
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Pressure head change coefficients for rectangular inlet with grate flow only modified from
DOT (1992)

Pressure head change and water surface elevation coefficients for straight through flow for
submergence ratio, S/D, = 2.5 (Source: Hare, 1980)

Pressure head change and water surface elevation coefficients for 22.5° bends at pit
junctions, with branch point on downstream face of pit, and for a submergence ratio S/D, =
2.5 (Source: Hare, 1980)

Pressure head change and water surface elevation coefficients for 45° bends at pit
junctions with branch point located on downstream face of pit for a submergence ratio,
S/D, = 2.5 (Source: Hare, 1980)

Pressure head change and water surface elevation coefficients for 45° bends at pit
junctions with branch point located on downstream face of pit for a submergence ratio,
S/D, = 2.5 (Source: Hare, 1980)

Pressure head change coefficients (K,) for 22.5° bends at pit junctions with branch point
located on the upstream face of pit for a submergence ratio S/D, = 2.5 (Source: Hare,
1980)

Pressure head change coefficients (K,) for 22.5° bends at pit junctions with branch point
located on the upstream face of pit for submergence ratios S/D, = 1.5, 2.0, 3.0 and 4.0
(Source: Hare, 1980)

Water surface elevation coefficients (K,,) for 22.5° bends at pit junctions with branch point
located on the upstream face of pit for a submergence ratio S/D, = 2.5 (Source: Hare,
1980)

Water surface elevation coefficients (K,,) for 22.5° bends at pit junctions with branch point
located on the upstream face of pit for submergence ratios S/D, = 1.5, 2.0, 3.0 and 4.0
(Source: Hare, 1980)

Pressure head change coefficients (K,) for 45° bends at pit junctions with branch point
located on the upstream face of pit for a submergence ratio S/D, = 2.5 (Source: Hare,
1980)

Pressure head change coefficients (K,) for 45° bends at pit junctions with branch point
located on the upstream face of pit for submergence ratios S/D, = 1.5, 2.0, 3.0 and 4.0
(Source: Hare, 1980)

Water surface elevation coefficients (K,) for 45° bends at pit junctions with branch point
located on the upstream face of pit for a submergence ratio S/D, = 2.5 (Source: Hare,
1980)

Water surface elevation coefficients (K,) for 45° bends at pit junctions with branch point
located on the upstream face of pit for submergence ratios S/D, = 1.5, 2.0, 3.0 and 4.0
(Source: Hare, 1980)

Pressure head change coefficients (K,) for 45° bends at pit junctions with branch point
located on the upstream face of pit for a submergence ratio S/D, = 2.5 (Source: Hare,
1980)

Pressure head change coefficients (K,) for 45° bends at pit junctions with branch point
located on the upstream face of pit for submergence ratios S/D, = 1.5, 2.0, 3.0 and 4.0
(Source: Hare, 1980)
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A2-33

A2-34
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A2-36

A2-37
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Water surface elevation coefficients (K,) for 45° bends at pit junctions with branch point
located on the upstream face of pit for a submergence ratio S/D, = 2.5 (Source: Hare,
1980)

Water surface elevation coefficients (K,) for 45° bends at pit junctions with branch point
located on the upstream face of pit for submergence ratios S/D, = 1.5, 2.0, 3.0 and 4.0
(Source: Hare, 1980)

Pressure head change coefficients (K,) for 67.5° bends at pit junctions with branch point
located near the downstream face of pit for a submergence ratio S/D, = 2.5 (Source: Hare,
1980)

Pressure head change coefficients (K,) for 67.5° bends at pit junctions with branch point
located near the downstream face of pit for submergence ratios S/D, = 1.5, 2.0, 3.0 and
4.0 (Source: Hare, 1980)

Water surface elevation coefficients (K,,) for 67.5° bends at pit junctions with branch point
located near the downstream face of pit for a submergence ratio S/D, = 2.5 (Source: Hare,
1980)

Water surface elevation coefficients (K,,) for 67.5° bends at pit junctions with branch point
located near the downstream face of pit for submergence ratios S/D, = 1.5, 2.0, 3.0 and
4.0 (Source: Hare, 1980)

Pressure head change coefficients (K,) for 67.5° bends at pit junctions with branch point
located near the upstream face of pit for a submergence ratio S/D, = 2.5 (Source: Hare,
1980)

Pressure head change coefficients (K,) for 67.5° bends at pit junctions with branch point
located near the upstream face of pit for submergence ratios S/D, = 1.5, 2.0, 3.0 and 4.0
(Source: Hare, 1980)

Water surface elevation coefficients (K,,) for 67.5° bends at pit junctions with branch point
located near the upstream face of pit for a submergence ratio S/D, = 2.5 (Source: Hare,
1980)

Water surface elevation coefficients (K,,) for 67.5° bends at pit junctions with branch point
located near the upstream face of pit for submergence ratios S/D, = 1.5, 2.0, 3.0 and 4.0
(Source: Hare, 1980)

Pressure head change coefficients (K,) for 90° bends at pit junctions for a submergence
ratio S/D, = 2.5 (Source: Hare, 1980)

Pressure head change coefficients (K,) for 90° bends at pit junctions for submergence
ratios S/D, = 1.5, 2.0, 3.0 and 4.0 (Source: Hare, 1980)

Water surface elevation coefficients (K, ) for 90° bends at pit junctions for a submergence
ratio, S/D, = 2.5 (Source: Hare, 1980)

Water surface elevation coefficients (K,,) for 90° bends at pit junctions for submergence
ratios S/D, = 1.5, 2.0, 3.0 and 4.0 (Source: Hare, 1980)

Rectangular inlet with in-line upstream main and 90° lateral pipe, with or without grate flow
(Source: DOT, 1992)

Rectangular pit with opposed lateral pipes each at 90° to outlet, with or without grate inflow
(Source: DOT, 1992)

Rectangular pit with offset opposed lateral pipes each at 90° to outlet, with or without grate
inflow (Source: DOT, 1992)

Pressure loss coefficients for a circular junction pit with upstream pipe entering at angles
from 0° to 90° (Source: Cade and Thompson, 1982)

Pressure head change coefficients for drop chambers with upstream pipe entering above
the outfall pipe and at angles of 0° to 90° (Source: Cade and Thompson, 1982)

Pressure head change coefficients (K.) for 90° lateral inflow pipe (Source: DOT, 1992)
Pressure head change coefficients (K,) for through flow pipeline at junction of 90° lateral
inflow pipe (Source: DOT, 1992)
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A2-39

A2-40

A2-41

A2-42

A2-43

A2-44

Pressure head change coefficients (Ku & KL) for through flow pipeline at junction of 90°
lateral inflow pipe for conditions outside the range of Charts A2-37 & 38 (Source: DOT,
1992)

‘Energy loss’ coefficients for lateral and upstream pipe for a non-chamber junction with
branch angle of 15° (Source: Miller, 1978)

‘Energy loss’ coefficients for lateral and upstream pipe for a non-chamber junction with
branch angle of 30° (Source: Miller, 1978)

‘Energy loss’ coefficients for lateral and upstream pipe for a non-chamber junction with
branch angle of 45° (Source: Miller, 1978)

‘Energy loss’ coefficients for lateral and upstream pipe for a non-chamber junction with
branch angle of 60° (Source: Miller, 1978)

‘Energy loss’ coefficients for lateral and upstream pipe for a non-chamber junction with
branch angle of 90° (Source: Miller, 1978)

Appendix 3 — Road flow capacity charts

A3-1
A3-2
A3-3
A3-4
A3-5
A3-6
A3-7
A3-8

Road flow capacity table for 6.0 m road
Road flow capacity table for 6.0 m road
Road flow capacity table for 7.0 m road
Road flow capacity table for 7.0 m road
Road flow capacity table for 8.0 m road
Road flow capacity table for 8.0 m road
Road flow capacity table for 12.0 m road
Road flow capacity table for 12.0 m road
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1.1 Use of this manual

This Manual has been prepared for the purpose of assisting engineers and stormwater designers
in the planning and design of urban drainage systems within Queensland. Reference to this
document as a Manual should not infer that it is anything more than an engineering guideline.

The procedures outlined in the Manual aim to encourage uniformity in urban drainage design
practices throughout Queensland. Designers are nevertheless responsible for conferring with
relevant local authorities to determine local design requirements.

The aim of the Manual is to provide details of technical and regulatory aspects to be considered
during the planning, design and management of urban stormwater drainage systems, and to
provide details of appropriate design methods and computational procedures. Both hydrologic and
hydraulic procedures are considered as well as environmental and legal aspects.

The prime objective of Queensland Urban Drainage Manual (QUDM) is to address:

¢ the design of stormwater conveyance structures (not water quality) that exist from the down-
slope allotment boundary to the edge of the defined watercourse

¢ the hydraulic design of structures that cross floodplains, such as constructed open drains and
cross-drainage structures.

The Manual does not present comprehensive advice on waterway management or floodplain
management issues, but does address issues relating to stormwater flooding and the management
of overland flow paths.

Changes introduced into this edition of QUDM are intended to improve the state’s resilience to
severe storms and climate change through the proper design and management of urban drainage
systems.

The hydrologic procedures provided in the Manual are considered appropriate for small urban
catchments of up to 500 hectares. These procedures are generally not considered appropriate for
the determination of design flood levels along large vegetated (non-grassed) waterways. Readers
should refer to the latest version of Australian Rainfall & Runoff (ARR) for guidance on:

¢ the assessment of urban catchments larger than 500 hectares
¢ the determination of design flood levels along vegetated waterways
¢ the hydrologic assessment of gauged and ungauged rural catchments.

Even though the focus of the Manual is on urban drainage systems, the regulating authorities may
specify that parts of the Manual shall apply to the design of specific aspects of rural drainage
systems, including road works. It would, however, not be considered appropriate for the design
standards presented within the Manual to automatically be applied to the design of minor service
roads, unless specifically required by the regulator or asset manager.

Use of this Manual requires professional interpretation and judgement to ensure the guidelines are
appropriately adapted to local conditions. The document is not a recipe book for persons acting
outside their field of competence or experience. Users of the Manual must make informed
decisions regarding the extent to which the guidelines are applied to a given situation, including
appropriate consideration of local conditions and local data.
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Throughout the Manual, use of the term ‘should’ shall imply that all reasonable and practicable
measures must be taken to achieve the intent/outcome of the clause in question. If the Manual
refers to a specific action or task, then an alternative solution may be adopted provided it has an
outcome or performance at least equivalent to that presented in that particular clause of the
Manual. Where it is not considered reasonable or practicable to achieve the intent/outcome, the
designer may be required to provide—to the satisfaction of the regulating authority—justification for
the decision.

The Manual is not to be regarded as prescriptive. There will be circumstances and conditions
where designers will need to adopt alternative design procedures, or innovative methods,
commensurate with accepted engineering and scientific practice.

Regulating authorities may require designers to certify that they have designed and documented
their proposed stormwater systems in accordance with this Manual, or at least to a standard no
less than that presented in the Manual.

The Manual does not address catchment or regional planning, floodplain management, or provide
detailed procedures for the design of stormwater treatment systems, waterway rehabilitation, or
Natural Channel Design (NCD).

The reader should refer to the Glossary of terms (Chapter 13) for the distinction this document
makes between the terms regulating authorities, local authorities and local governments. In most
cases the term local authority will refer to either the local government or the State Government
depending on which body has jurisdiction over specific activities on the land. Readers should also
refer to the Glossary for the definition of a wide range of common industry related terms used
within the Manual.

Any general reference to an external guideline, document or publication shall infer reference to the
latest version of that publication or its replacement document.

1.2 Consideration of regional factors

An endeavour has been made in the preparation of this Manual to make it applicable across the
wide variety of geologic and climatic conditions existing throughout Queensland. Issues that may
influence the appropriate application of this Manual to local conditions include:

¢ local community expectations and their relative tolerance of drainage and flooding issues
e variations in the design standards specified by various local governments

e alocal government’s ability, preference and willingness to fund various stormwater
infrastructure construction, operational and maintenance activities

e regional climatic factors
o the types of receiving environments, including variations in ecological characteristics

e local geologic and soil conditions, e.g. natural nutrient sources and sinks, and variations in
stormwater infiltration rates

e variations in pollutant runoff rates—collection and use of local data is always preferred
e variations in local building regulations and architectural design
e historic factors and the success of specific past practices within a given region.
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1.3 Objectives of stormwater management

The primary aim of an urban stormwater management system is to ensure stormwater generated
from developed catchments causes minimal nuisance, danger and damage to people, property and
the environment. This requires the adoption of a multiple objective approach, considering issues
such as (ARMCANZ and ANZECC, 2000):

e ecosystem health, both aquatic and terrestrial
e flooding and drainage control

e public health and safety

e economic considerations

e recreational opportunities

e social considerations

e aesthetic values.

The above issues may be developed into a list of broad stormwater management objectives. Each
of the objectives presented below may not be relevant in all circumstances, and individual
objectives may need to be expanded to focus on site-specific issues.

e Protect and/or enhance downstream environments, including recognised social, environmental
and economic values, by appropriately managing the quality and quantity of stormwater runoff.

¢ Limit flooding of public and private property to acceptable or designated levels.

o Ensure stormwater and its associated drainage systems are planned, designed and managed
with appropriate consideration and protection of community health and safety standards,
including potential impacts on pedestrian and vehicular traffic.

e Adopt and promote water sensitive design principles, including appropriately managing
stormwater as an integral part of the total water cycle, protecting natural features and
ecological processes within urban waterways, and optimising opportunities to use
rainwater/stormwater as a resource.

o Appropriately integrate stormwater systems into the natural and built environments while
optimising the potential uses of drainage corridors.

e Ensure stormwater is managed at a social, environmental and economic cost that is acceptable
to the community as a whole, and that the levels of service and the contributions to costs are
equitable.

¢ Enhance community awareness of, and participation in, the appropriate management of
stormwater.

These objectives may need to be addressed in a number of different contexts depending on the
degree of past catchment changes and the potential for future change. Such contexts would
include the following:

e retaining or restoring natural stormwater systems

e rehabilitating existing stormwater systems to ecologically sustainable, but not necessarily
natural, systems

e creating new, ecologically sustainable, stormwater systems within heavily modified
environments.

In order to achieve the key objectives of stormwater management, designers need to appropriately

manage several different design parameters associated with stormwater. These parameters and
the desired outcomes are outlined in Table 1.3.1.
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Table 1.3.1 — Key stormwater parameters and desired outcomes

Parameter Desired outcomes
Drainage Public health (e.g. mosquito control)
efficiency Pedestrian and vehicular safety

Minimisation of storm-related nuisance to the public

Flood control

Urban communities protected from flooding
Pedestrian and vehicular safety
Resilient to severe floods in excess of nominated design events

Runoff volume

Flood control

Control of bed and bank erosion in waterways
Reduction in annual pollutant load to waterways
Optimum use of stormwater as a resource

Protection of aquatic ecosystems within receiving waters

Peak discharge

Flood control

Minimisation of legal disputes between neighbouring landowners and
communities

Control of bed and bank erosion in waterways

Flow velocity

Flood control within downstream waterways

Pedestrian and vehicular safety

Control of bed and bank erosion in waterways
Protection of aquatic ecosystems within receiving waters

Flow depth

Flood control
Pedestrian and vehicular safety
Minimisation of storm-related nuisance to public

Water quality

Protection of aquatic ecosystems and public health
Optimum use of stormwater as a resource
Structural integrity of waterways through the control of sediment inflows

Aesthetics

Attractive urban landscapes
Retention of natural drainage systems
Protection/restoration of environmental values

Infrastructure and
maintenance cost

Acceptable financial cost
Sustainable operational and maintenance requirements
Stormwater systems resilient to damage from severe flood events

Stormwater managers and designers should be aware that the establishment of engineered
infrastructure—whilst still central to the delivery of stormwater management outcomes—is not the
entire picture. There is a much wider range of measures that are used in addressing stormwater
management issues (such as community education and enforcement of regulations) to ensure
objectives are met, particularly in respect to water quality. This wider range of measures make-up
an overall Urban Stormwater Management Strategy (refer to section 2.2).
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The planning and design of stormwater management systems must appropriately integrate the
following management philosophies:

¢ Integrated Catchment Management (ICM)

e Total water cycle management (TWCM)

e Best practice floodplain management

e Ecologically Sustainable Development (ESD)

¢ Water Sensitive Urban Design (WSUD)

e Building and construction phase Erosion and Sediment Control (ESC)
¢ Best Management Practice (BMP)

Stormwater planners also need to ensure they meet the expectations of higher levels of
government expressed through state legislation and national agreements. Such expectations
include the National Water Initiative and the National Framework for the Management of Water
Quality presented within the National Water Quality Management Strategy (NWQMS).

1.4 Integrated Catchment Management

Integrated Catchment Management (ICM) incorporates catchment-wide relationships that aim to
integrate and improve land, water and related biological resources for the purpose of achieving the
sustainable use of these resources. It embraces (ARMCANZ & ANZECC, 2000a):

¢ a holistic approach to natural resource management within catchments, marine environments
and aquifers, with linkages between water resources, vegetation, land use, and other natural
resources recognised

¢ integration of social, economic and environmental issues

e co-ordination between all the agencies, levels of government and interest groups within the
catchment

e community consultation and participation.

It is through an ICM process that stormwater managers will be able to appropriately integrate
proposed stormwater management practices with other geomorphologic, ecologic, soil, land use
and cultural issues within a drainage catchment. The outcome of an ICM process is often the
development of a Catchment Management Plan or Strategy.

1.5 Total Water Cycle Management

Total Water Cycle Management (TWCM) recognises water as a valuable and finite resource that
must be managed on a total water cycle basis. Unlike the ICM process that integrates water
resources with other catchment-based resources, the TWCM process aims to integrate stormwater
planning with the planning units of other water industries.

TWCM recognises that:

e All aspects of the water cycle (e.g. water supply, wastewater, stormwater, groundwater and
environmental flows) within a catchment are interdependent.

e The management practices applied to any single component of the water cycle must
appropriately integrate with all other elements.

¢ Infrastructure planning within any component of the water cycle must appropriately integrate
with all other components of the water cycle.

Key to the TWCM process is the development of a TWCM Plan, which outlines a local
government’'s TWCM strategy and implementation plan.
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1.6 Best practice floodplain management

QUDM is not intended to act as a floodplain management manual. Stormwater designers and
regulators are directed to the following publications if information is required on floodplain
management issues.

e Queensland Department of Local Government 2012, Mitigating the Adverse Impacts of Flood,
Bushfire and Landslide, State Planning Policy 1/03 (replaced in 2013).

¢ Queensland Natural Resources and Mines 2002, Guidance on the Assessment of Tangible
Flood Damages

e CSIRO 2000, Floodplain Management in Australia — Best Practice Principles and Guidelines,
SCARM Report 73, CSIRO Publishing, Victoria.

e Zevenbergen, C. et al. 2008, Urban Flood Management, CRC Press/Balkema, The
Netherlands.

Zevenbergen et al. (2008) provides a European perspective to floodplain management and thus
does necessarily represent the focus and direction recommended by the Queensland Government.
It does, however, provide alternative concepts that may assist floodplain managers to discover site
specific solutions to site specific problems.

1.7 Ecologically Sustainable Development

Ecologically Sustainable Development (ESD) aims to meet the needs of existing communities,
while conserving ecosystems for the benefit of future generations. This is achieved by designing
management systems and new developments that improve the total quality of life in a way that
maintains the ecological processes on which life depends.

While there is no universally accepted definition of ESD, in 1990 the Australian Government
suggested the following definition for ESD in Australia:

‘Using, conserving and enhancing the community’s resources so that ecological processes, on
which life depends, are maintained, and the total quality of life, now and in the future, can be
increased.’

The principles of ESD as outlined in ARMCANZ & ANZECC (2000a) are:

e The precautionary principle. Namely, that if there are threats of serious or irreversible
environmental damage, lack of full scientific certainty should not be used as a reason for
postponing measures to prevent environmental degradation.

e Inter-generational equity. The present generation should ensure that the health, diversity and
productivity of the environment are maintained or enhanced for the benefit of future
generations.

e Conservation of biological diversity and ecological integrity. Conservation of biological diversity
and ecological integrity should be a fundamental consideration.

e Improved valuation, pricing and incentive mechanisms. Environmental factors should be
included in the valuation of assets and services.

1.8 Water Sensitive Urban Design

Water Sensitive Urban Design (WSUD) is a holistic approach to the planning and design of urban
development that aims to minimise negative impacts on the natural water cycle and protect the
health of aquatic ecosystems. It promotes the integration of stormwater, water supply and sewage
management at the development scale. The aims/objectives of WSUD are to:

e protect existing natural features and ecological processes
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¢ maintain natural hydrologic behaviour of catchments

e protect water quality of surface and ground waters

e minimise demand on the reticulated water supply system

e minimise sewage discharges to the natural environment

e integrate water into the landscape to enhance visual, social, cultural and ecological values.

It is recommended that the principles of WSUD are applied wherever practical to greenfield urban
developments as well as to infill developments and urban redevelopment programs.

1.9 Erosion and sediment control

This Manual does not present guidelines on the design and application of erosion and sediment
control principles for construction and building sites; however, the importance of these pollution
control measures to stormwater quality is recognised.

The need to protect permanent stormwater treatment systems from the adverse effects of
sediment runoff during the construction phase of new development is also recognised as critical if
these systems are to operate satisfactorily after the construction phase has been completed.

Practitioners are referred to IECA (2008) for guidance on erosion and sediment control practices
and the management of stormwater on building and construction sites. IECA (2008) also provides
expanded discussion on the application of hydrology and hydraulics to construction site stormwater
management.

110 Best management practice

Best management practice (BMP) refers to the design, construction and financial management of
an activity which achieves an ongoing minimisation of the activity’s environmental harm through
cost effective measures assessed against the measures currently used nationally and
internationally for the activity.

BMP in stormwater quality management includes a broad range of treatment measures from those
with a highly predictable performance outcome, to those that can be assumed to be beneficial, but
for which a clear and predictable performance outcome has yet to be developed.

As noted previously in section 1.7, ‘if there are threats of serious or irreversible environmental
damage, lack of full scientific certainty should not be used as a reason for postponing measures to
prevent environmental degradation’. Adoption of current best management practice is required to
ensure the delivery of an acceptable stormwater management system.

1.11 Principles of stormwater management

The recommended ‘objectives’ of an urban stormwater management system are presented in
section 1.3. The following discussion expands on those objectives to develop a set of key
principles that outline the current (2013) approach to the management of urban stormwater.

The following principles are presented as an overview and have been provided for educational
purposes. Not all of the principles are equally appropriate in every situation. The appropriate
application of these principles requires experience and professional judgement. For example, even
though it is highly desirable to ensure that the maintenance requirements and costs of a
stormwater system are sustainable, it is not reasonable to expect a stormwater designer to conduct
a detailed financial and technical capabilities study of the proposed asset manager (usually the
local government) prior to designing the system. Also, in many cases the responsibilities of the
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designer will be limited by the requirements of the various design codes adopted by the local
authority.

However, the above discussion does not negate the expectation that the designer will adopt a
professional approach and seek such additional information from the local authority and/or client as
necessary to facilitate a thorough design. For example, the designer should seek resolution of any
unspecified parameters or issues considered relevant to the outcome of the design.

1111 Protect and/or enhance downstream environments, including recognised
social, environmental and economic values, by appropriately managing the quality
and quantity of stormwater runoff

(i) Minimise changes to the quality and quantity of the natural flow regime of urban waterways

The focus of stormwater management should not concentrate solely on the control of flow velocity
and peak discharge, but also on minimising changes to a catchment’s natural water cycle—
including the volume, rate, frequency, duration and velocity of stormwater runoff (refer to the
expanded discussion in Chapter 3).

By minimising changes to runoff volume, and thereby minimising changes to the natural water
cycle, the following economic, ecological and social benefits are likely to be gained:

e reduced pollutant runoff

e reduced risk of increases in downstream flooding

¢ reduced risk of accelerated erosion within urban waterways

¢ reduced cost of providing stormwater detention systems within new urban developments

e improved health of aquatic ecosystems through the replenishment of natural groundwater
supplies

¢ reduced demand on the provision of new potable water supplies through the use of stormwater
as a secondary (non-potable) water supply.

(i) Identify and control the primary sources of stormwater pollution

The selection and design of stormwater treatment systems needs to be based on local data that
adequately reflects local conditions, land use practices and community values. The focus should
firstly be on assessing and/or ranking the threats to the identified local values, then developing
treatment systems commensurate with ‘actual’ rather than ‘perceived’ risks.

In most urban environments the greatest threat to stormwater quality will usually be associated
with:

e Stormwater runoff from soil disturbances such as building and construction sites. On a site-by-
site basis this may be a short-term activity, but across a developing catchment it can represent
a long-term threat.

e Stormwater runoff from roads and car parks, particularly those areas where there is significant
turning and braking by motor vehicles, such as off ramps, intersections and roundabouts.

(iii) Develop stormwater systems based on a preferred management hierarchy

The preferred hierarchy for the selection of stormwater management practices is:

¢ Retain and restore (if degraded) existing valuable elements of the natural drainage system,
such as natural channels, wetlands and riparian vegetation.
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e Implement source control measures using non-structural techniques to limit changes to the
quality and quantity of stormwater at the source of change.

¢ Implement source control measures using structural techniques to limit changes to the quality
and quantity of stormwater at or near the source of change.

¢ Install in-system constructed management techniques within stormwater systems to manage
stormwater quality and quantity prior to discharge into receiving waters.

(iv) Develop robust stormwater treatment systems that do not rely on a single treatment system
or focus on a single target pollutant

To achieve the best results, stormwater quality treatment systems should always be part of a
comprehensive approach to controlling stormwater pollution. Such an approach would include
regulation and enhanced community awareness, as well as structural controls.

Wherever practical, stormwater treatment systems should incorporate diversity so that the failure of
one type of treatment system does not result in a total system failure.

Stormwater treatment systems should also incorporate an appropriate balance of primary,
secondary and tertiary treatment measures (refer to section 11.4.3) so that the system is capable
of working efficiently on a variety of pollutants over a wide range of expected storm intensities.

1.11.2 Limit flooding of public and private property to acceptable or designated
levels

(i) Limit the frequency and severity of flooding of public and private assets to appropriate
levels given the community expectations and the community’s ability and willingness to
afford such flood protection

The degree of resources used to achieve flood protection depends on many factors including:
community expectations; social, environmental and economic considerations; site limitations; and
the assessed flood risk. The latter incorporates both the likelihood and consequences of flooding.

(i) Take all reasonable and practicable measures to enhance the State’s resilience to all
floods, including those that exceed specified design standards

It should be recognised that the costs associated with severe flooding can extend far beyond just
the affected drainage catchment. These costs can include long-term increases in flood insurance,
the cost of rebuilding major state infrastructure, the cost of rehabilitating stormwater quality devices
damaged by floodwaters, impacts on employers and employees associated with the temporary
closures of businesses, and the expenditure of state and federal disaster relief funding.

Stormwater designers need to be aware of those measures they can take to design stormwater
systems so that the following outcomes are achieved:

e impacts at a ‘local level’ are acceptable to the community

e potential flow-on effects to the ‘wider community’ in terms of recovery time and use of
emergency services resources are both affordable and acceptable to the community.

(iii) Preserve the alignment and capacity of major drainage corridors such as waterways and
major overland flow paths

Flood risks are not limited to just floodplains. Property flooding and public safety risks can occur in
any area subject to stormwater runoff. A large part of urban drainage design focuses on the design
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and management of overland flow paths, particularly major overland flow paths that receive
stormwater runoff from more than one property.

These drainage corridors require sufficient land allocation, and must be recognised as a legitimate
land use that needs to be appropriately considered during the planning of new urban developments
and the redevelopment of existing urban areas.

1.11.3 Ensure stormwater and its associated drainage systems are planned,
designed and managed with appropriate consideration and protection of community
health and safety standards, including potential impacts on pedestrian and
vehicular traffic

(i) Establish and maintain a safe, affordable and socially equitable and acceptable level of
urban drainage and flood control

Management objectives for the minimisation of public health and safety risks can include:

e designing urban drainage systems to minimise the existence of dangerous waters and the risk
of people entering or being trapped within such waters

e minimising the risk of injury to the public and maintenance personnel resulting from the
operation and maintenance of stormwater systems

e minimising public risks associated with such things as mosquitoes and water-borne diseases.

1.11.4 Adopt and promote water sensitive design principles, including
appropriately managing stormwater as an integral part of the total water cycle,
protecting natural features and ecological processes within urban waterways, and
optimising opportunities to use rainwater/stormwater as a resource

(i) Minimise the quantity of directly connected impervious surface area

There is growing evidence (Maxted & Shaver, 1996 and Walsh, et al. 2004) linking the risk to
aquatic wildlife in urban waterways to the degree of directly connected impervious surface area.

Minimising the total impervious surface area helps to reduce changes to the natural water cycle,
pollutant runoff rates and the cost of providing stormwater management systems.

The adverse effects of increased impervious surface area can be further mitigated by minimising
those areas that have a direct connection to an impervious drainage system. Surrounding
impervious surfaces with a porous surface will reduce pollutant runoff, increase stormwater
infiltration, and improve the quantity and quality of dry weather flows within urban streams through
improved groundwater inflows. Where practical, stormwater runoff from roads and roofs should first
pass as sheet flow over a grassed surface before being concentrated within a drain, whether or not
the drain is lined with pervious or impervious materials.

(i) Identify and optimise opportunities for stormwater to be valued and used as a resource
Stormwater planning should be integrated with water supply and wastewater strategies during the
planning and design of urban developments in a manner that uses water in a resource sensitive

and ecologically sustainable manner.

Better management of the water cycle, both within a local and regional context, needs to be
achieved to reduce demand on traditional water supplies. Where circumstances allow, urban
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stormwater can be used to recharge aquifers provided groundwater quality is protected. This
requires very careful management as potential issues include rising water tables, salinity problems
and disputes over groundwater extraction rights.

The ‘natural’ stormwater drainage system can also provide social, environmental and economic
resources. The loss or modification of natural urban streams can adversely affect the amenity of
surrounding areas, ecological health and water quality.

(iii) Maintain and protect natural drainage systems and their ecological health

The traditional focus of stormwater management has broadened to embrace issues of aquatic
ecosystem and waterway health, including environmental flows, channel stability and the protection
of riparian values.

Wherever practical, natural drainage channels and flow corridors should be preserved and/or
rehabilitated to maintain the natural passage and flow times of stormwater through a catchment.

Effective protection of the natural drainage system and its ecological health not only relies on
maintaining the pre-development catchment hydrology and pollutant export rates, but also on:

¢ maximising the value of indigenous riparian, floodplain and foreshore vegetation

e maximising the value of physical habitats for aquatic and riparian fauna within the stormwater
system.

It is noted that the control of building and construction site soil erosion and sediment runoff is
essential for the sustainable management of most natural drainage systems. Local governments
wishing to embrace the principles of Natural Channel Design must be prepared to actively control
sediment runoff from building and construction sites.

1.11.5 Appropriately integrate stormwater systems into the natural and built
environments while optimising the potential uses of drainage corridors

(i) Ensure adopted stormwater management systems are appropriate for the site constraints,
land use and catchment conditions

Stormwater management practices should reflect proposed land use practices, climatic conditions,
soil properties, site constraints, identified environmental values, and the type of receiving waters.

Certain land uses produce concentrations of specific stormwater pollutants, thus requiring the
adaptation of specialist stormwater treatment systems that may not be as effective within other
areas of the catchment.

Certain receiving waters may also be sensitive to certain pollutant inflows, thus requiring a further
refinement to the list of preferred stormwater management systems. As a general guide, large
receiving water bodies, such as lakes, rivers and bays, benefit from any and all measures that
reduce total pollutant loads, independent of ‘when’ the pollutant runoff occurs. On the other hand,
small receiving water bodies, such as ponds, wetlands and creeks, greatly benefit from stormwater
systems that produce:

¢ high quality inflows during regular minor storm events

e persistent high quality groundwater inflows during the days or weeks following the less frequent
larger storm events.
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Maintaining the natural infiltration rates of rainwater into the catchment soils can greatly benefit the
ecological health of urban creek systems by helping to maintain natural groundwater inflows into
these creeks. Thus the design of the stormwater system must reflect local soil conditions and their
natural infiltration rates. In essence, the type of stormwater system utilised within a ‘black soil’
region of Queensland is likely to be very different from one used within a ‘red soil’ or ‘sandy soil’
region.

(i) Appropriately integrate both wildlife and community land use activities within urban
waterway and drainage corridors

Waterways and drainage corridors can represent the most abundant, if not important, wildlife
(terrestrial and aquatic) habitat areas and movement corridors within the urban landscape. These
values can be greatly diminished if not appropriately integrated with the human activities, both
passive and active, planned for the area. The development of an inter-catchment Wildlife Corridor
Map is a highly desirable prerequisite to the development of an Open Space Plan, Master
Drainage Plan or Waterway Corridor Map (refer to Figure 2.1 and section 2.9).

Urban waterways can also represent important vegetation conservation areas, sometimes
requiring the protection of a corridor width greater than that required for flood control.

1.11.6 Ensure stormwater is managed at a social, environmental and economic
cost that is acceptable to the community as a whole, and that the levels of service
and the contributions to costs are equitable

(i) Assess the economics of stormwater management systems on the basis of their full
lifecycle costs (i.e. capital and operational costs)

Stormwater management systems should be based on solutions that are economically sustainable.

Developers of new urban communities must give appropriate consideration to the anticipated
ongoing operational (maintenance) costs of stormwater management systems even if they are not
required to furnish such maintenance costs.

Similarly, asset managers (including local governments) must, wherever practical, give appropriate
consideration to the capital cost of new stormwater systems and the equitable flow-on costs to the
community, even if they are not responsible for the initial funding of the system.

(i) Ensure adopted stormwater management systems are sustainable

Stormwater designers have a responsibility, within reason, to ensure that their designs can function
effectively throughout their specified design life based on the financial and technical abilities of the
proposed asset manager. Such consideration should include:

¢ safety of the operating personnel
e availability of required maintenance equipment

o the expected technical knowledge of the asset managers, especially for systems intended to
remain in private ownership

¢ the provision of suitable maintenance access.
Where practical, stormwater treatment systems should separate high-maintenance and low-

maintenance systems so that the function and aesthetics of the low-maintenance systems are not
compromised by the regular disturbance of adjacent high-maintenance systems.
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(iii) Ensure appropriate protection of stormwater treatment measures during the construction
phase

Stormwater treatment measures, especially filtration and infiltration systems, need to be isolated or
otherwise protected during the construction phase of urban development so that their ultimate
function is not compromised by sediment or construction damage.

1.11.7 Enhance community awareness of, and participation in, the appropriate
management of stormwater

(i) Engage the community in the development of parameters for the development and
evaluation of stormwater management solutions

Stormwater management should focus on a ‘value system’ where the identified values are used to
set priorities and rank design objectives. Community values are constantly changing and
stormwater managers should ensure that the adopted values reflect both current and, to the
maximum degree practical, expected future community values.

Community participation helps to (ARMCANZ & ANZECC, 2000b):

¢ identify strategies which are responsive to community concerns

e explore problems, issues, community values and alternative strategies openly

e increase public ownership and acceptance of proposed solutions

e generate broader decision making perspectives not limited to past practices or interests
o reflect the community’s life style values and priorities.
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The purpose of this chapter is to assist local governments in the development of an integrated set
of management plans to ensure the delivery of a holistic Stormwater Management Strategy.

2.1 General

The long-term impact of stormwater runoff on both the natural and built environments greatly
depends on the extent to which stormwater issues are integrated into the overall urban planning
process.

Stormwater planning may be used to define the following outcomes:

e The objectives of stormwater systems (e.g. should the primary focus be on flood control, water
quality, stormwater harvesting, the adoption of low cost solutions, or a combination thereof).

¢ Those planning options for improving the State’s resilience to severe storms, including the
resilience of stormwater infrastructure to flood damage.

e The preferred stormwater systems and design standards for greenfield and infill developments.
e The objectives and design standards for stormwater upgrades and relief drainage schemes.

e Funding needs, cost constraints and a ranking system for retro-fitting existing drainage
networks.

e The means of providing stormwater infrastructure in an equitable manner for all landowners
within a catchment.

e The required protection of environmental values.
e The means of optimising existing opportunities for the placement of stormwater infrastructure.
The strategic stormwater planning undertaken by individual local governments and regional bodies

should occur within an Integrated Catchment Management framework in cooperation with all
relevant stakeholders.

The planning of stormwater systems needs to be integrated with land use planning (e.g. open
space) as well as planning for other infrastructure (e.g. water supply) so as to maximise the
benefits of complementary measures and to ensure that conflicting outcomes are avoided. Under
the principles of Water Sensitive Urban Design, stormwater planning should be integrated with
water supply and wastewater planning as well as the management of ground waters.

The planning and design of relief drainage schemes and the retro-fitting of stormwater quality
improvement systems should be based on current best management practice.
Stormwater planning within a local government can exist on three levels:

(i) An area wide Stormwater Management Strategy

(i) Catchment-based Stormwater Management Plans—including Urban Stormwater Quality
Management Plans (USQMPs)

(iii) Site-based Stormwater Management Plans—including Site-based Stormwater Management
Plans (SMPs)
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2.2 Stormwater management strategy

To achieve coordination of the many disciplines and objectives, a local government should develop
a Stormwater Management Strategy that covers its entire area and encompasses all stormwater-
related activities in a manner that achieves the principal stormwater objectives. Even though the
development of such a ‘strategy’ is not a legislative requirement, it does represent best practice.

A Stormwater Management Strategy may be used to:

e Assist in the development of catchment-based Urban Stormwater Quality Management Plans
that appropriately reflect local issues and design standards.

¢ Guide councils in the planning, design and management of stormwater infrastructure.
¢ Guide the development industry in the design of water sensitive urban communities.

¢ Guide council in the operation of its general business activities in a manner consistent with its
stormwater management objectives.

A Stormwater Management Strategy must integrate with a local government’s other strategic plans
such as the various Catchment Management Plans, Waterway Management Plans, Floodplain
Management Plans, Open Space Plans, and Water Supply and Wastewater Strategies. The
potential linkages between the Stormwater Management Strategy and associated management
plans are shown in Figure 2.1 and Table 2.2.1. This figure is not exhaustive and does not include
the links to things such as Open Space Plans and Water/Wastewater Strategies.

State Government Drivers

Sate government (refer to Table 2.2.1)

Local government

____l________

Planning Scheme -
Wildlife Catchment Stormwater Total Water Cycle
Corridor Maps Management Plans Management Strategy Management Plans
Waterway Waterway Sormwater ) Water & Wastewater
Corridor Maps Management Plans Management Plans Management Plans
I I I
I I I |
L, | Roodplain Hood Studies Master Urban Stormwater Quality
Management Plans Drainage Plans Management Plans
Rood Hazard Priority Asset
Studies Infrastructure Plans Management Plans
Disaster Infrastructure Capital Works
Management Plans Charges Schedules Program
Ste based planning . Erosion & Sediment Site-based Stormwater
Local Soil Data —> —
Control Plans Management Plans

Figure 2.1 — Linkage between a Stormwater Strategy and various management plans
(Tagged boxes indicate plans required by specific legislation as of 2013)
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The Stormwater Management Strategy should be consistent with the aims of the Environmental
Protection Act 1994 and the Environmental Protection (Water) Policy, and where practical should
incorporate the following:

e catchment-based policies that reflect the local catchment resources, environmental and
community values, development limitations and soil conditions

e policies applicable to the various land use, topography, soil, environment and economic
conditions

e acknowledgment of the need to assess the cumulative impacts of pollutants, land use changes,
and changes in stormwater runoff, rather than the impact of works in isolation

e encouragement of creativity and forward thinking

e policies equally applicable to all land users, including council works, developers, builders, the
public and agricultural industry (where appropriate)

e policies that encourage cooperation and open communication between the community, land
users and the various authorities

e policies that encourage cooperation and coordination between water supply, sewerage,
groundwater and stormwater managers with respect to Total Water Cycle Management

e appropriate allocation of resources for implementation, maintenance, training and policing.
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Table 2.2.1 — Brief outline of various plans

Area basis Plan/study Main output
Council Planning Scheme Development controls
wide Total Water Cycle Coordination of all water service providers in the
Management Plan delivery of optimum cost and benefit outcomes
Wildlife Corridor Maps Identification and protection of significant wildlife
corridors
Stormwater Management Local government approach to stormwater
Strategy management
Disaster Management Plan Strategic coordination of local government and State
Emergency Services
Priority Infrastructure Plan Strategic planning on the development of local
government infrastructure
Asset Management Plan Strategic planning on the management of local
government infrastructure assets
Capital Works Program Strategic planning on the financing of local
government infrastructure
Catchment | Catchment Management Environmental and social management of waterway
based Plans catchments
Waterway Corridor Maps Identification of minimum floodway and riparian
widths
Waterway Management Management strategy for the protection of urban
Plans waterways, floodways and riparian areas
Stormwater Management Management strategy for urban stormwater quality
Plans (SMPs) and flood control
Urban Stormwater Quality Management strategy of the urban stormwater
Management Plans quality
Floodplain Management Strategic planning and management of full
Plans floodplain, including flood risk and land use planning
Flood Studies Numerical modelling of extent and frequency of
waterway flooding
Flood Hazard Studies Degree of flood hazard within a floodplain
Infrastructure Charges Strategic assessment of stormwater infrastructure
Schedules charges
Local area Master Drainage Plans Strategic management of sub-catchment flooding
study
Site based | Local soil data Site specific soil testing

Erosion and Sediment
Control Plans (ESCPs)

Site specific erosion and sediment control strategy
for a low-risk/small development

Site-based Stormwater
Management Plans

Site specific environmental management plan for a
high-risk/large development
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2.3 Stormwater management plans

Stormwater Management Plans (SMPs) set out how stormwater is to be managed within a
catchment. These plans set out the proposed management of activities within a catchment which
are likely to:

e alter stormwater runoff volume, velocity, rate, duration and frequency
or

e adversely affect the environmental values of receiving waters either through physical
modification or changes to runoff quantity or quality.

In effect, Stormwater Management Plans define the proposed management of stormwater quantity
and quality, and the protection of receiving water features, such as the protection of existing
waterways, lakes and wetlands. They also provide the basis for determining developer charges for
trunk stormwater infrastructure.

Stormwater Management Plans may vary widely in their content depending on what studies or
management plans already exist and the needs/interests of the target audience (e.g. community,
local government officers, and state government departments).

Different state government departments will look for Stormwater Management Plans to address
different aspects of stormwater management. Some of these aspects are legislative requirements
and others are just good practice.

As a general guide, Stormwater Management Plans should include consideration of the following
issues:

e protection from flooding
e acceptable health risk

e measures to reduce changes to the volume and velocity of stormwater runoff and changes to
the natural flow regime of urban waterways (waterway stability, frequent flow management,
catchment imperviousness)

e measures to maximise the infiltration of stormwater into the ground, thus providing long-term
environmental flows to minor streams

e measures to minimise harm to receiving waters by stormwater

e opportunities to prevent the initial contamination of stormwater and to remove introduced
contaminants

e opportunities for roadside pollution containment systems (i.e. the temporary trapping of
pollutants from accident and traffic spills for later removal and treatment)

e community needs, including education and participation in the planning process
e aesthetics, public safety and other social concerns

e water conservation and recycling

e recreational, open space, landscape and ecological values of waterway corridors
e protection or rehabilitation of riparian vegetation along waterways

¢ rehabilitation of degraded drainage corridors

¢ integration of stormwater planning with catchment and land use planning

e consideration of alternatives to the release of stormwater across beaches or into poorly
circulated waters

e any other issues relating to the objectives of stormwater management as outlined in sections
1.3 and 1.11.
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When preparing a Stormwater Management Plan, each local government should consider the
range of issues most relevant to the particular catchment and how best the SMP may address
these issues. Table 2.3.1 sets out the broad areas of state government interest and the drivers for
addressing these issues within a SMP.

Table 2.3.1 — Key aspects of SMPs for various state government departments

Government department

Key aspects of SMP

Drivers

Environment and Heritage
Protection (EHP)

Water quality
Environmental values

Waterway features (e.g. protection
from impacts of physical
modification or changes to runoff
quantity and rehabilitation of natural
water bodies)

Environmental Protection
Act 1994

Natural Resources and
Mines (DNRM)

Water allocation

Riverine protection

Water Act 2000

Energy and Water Supply
(DEWS)

Water supply and/or sewerage
planning and management

Dam safety

Water Supply (Safety and
Reliability) Act 2008

Community Safety

Water quantity (e.g. flood control
and land use planning)

State Planning Policy 1/03

Agriculture, Fisheries and
Forestry (DAFF)

Fish passage (aquatic corridor
management)

Waterway features (e.g. protection
and rehabilitation of mangroves and
fish habitats)

Fisheries Act 1994

Aboriginal and Torres
Strait Islander and
Multicultural Affairs

Recognition, protection and
conservation of Aboriginal cultural
values within associated waterways

Aboriginal Cultural Heritage
Act 2003

State Development and
Infrastructure Planning
(DSDIP)

Priority Infrastructure Plans

Infrastructure Charges Schedules

Sustainable Planning Act
2009

The planning of urban drainage systems, flood management systems and stormwater treatment
systems often use specialised numerical models, thus the development of a Stormwater

Management Plan may incorporate the following modelling exercises:

¢ flood studies

e master drainage studies
e stormwater quality studies

e infrastructure studies
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24 Flood studies and floodplain management plans
Flood studies primarily focus on the modelling and prediction of creek and river flooding.

Floodplain Management Plans are developed for the purpose of managing flood risk across the full
width of the floodplain, not just the designated floodways.

Flood Studies may be used to provide the following information:
e master planning for waterway flood control

¢ design standards for stormwater detention/retention systems possibly varying within different
regions of a given drainage catchment

¢ design standards for stormwater volume and peak discharge control possibly varying within
different regions of a given drainage catchment

¢ design standards for the flood immunity of roadways and evacuation routes

e allowable planting densities for floodways and assessment of opportunities to rehabilitate
riparian zones.

In addition to providing essential flood level information, flood studies should be integrated with
Waterway Corridor Mapping and Floodplain Management Plans to develop an envelope of
minimum floodway corridor widths and development controls.

A growing component of flood studies is the mapping of major overland flow paths. The importance
of mapping overland flow paths was recognised in the final reports of the Queensland Floods
Commission of Inquiry. Traditionally, the mapping of overland flow paths was seen as a component
of ‘Master Drainage Planning’, but this role is now often incorporated into flood studies.

It needs to be recognised that the probable maximum flood (PMF) only identifies the extent of
flooding within floodplains. Property flooding can still occur outside the PMF zone as a result of
severe flows passing along overland flow paths. Such flooding is often termed ‘stormwater
flooding’.

2.5 Master drainage plans

Master Drainage Planning provides the basis for the provision of stormwater infrastructure to
address traditional drainage, local flooding and safety issues; however, these plans may also
address water quality issues.

Master Drainage Planning involves a detailed hydraulic analysis of the required stormwater
drainage system having regard for the objectives of the Stormwater Management Strategy or
Stormwater Management Plan.

Master Drainage Planning may be used to provide the following information:

e master planning for local flood control

¢ master planning for drainage control, including relief drainage

¢ master planning for stormwater detention and retention, including on-site detention standards
e master planning for aspects of stormwater quality.

Master Drainage Planning may be performed as a precursor to the development of a Stormwater
Management Plan, or as a supplement to an existing Stormwater Management Plan.
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2.6 Urban stormwater quality management plans

The national framework for the management of water quality, including stormwater management, is
presented within the National Water Quality Management Strategy (a series of documents and
guidelines).

Queensland’s Environmental Protection (Water) Policy (2009) requires specific local governments
to plan for the management of urban stormwater within a total water cycle management (TWCM)
context. A local government’s total water cycle management plan must include provisions about
stormwater quality management to improve the quality and flow of stormwater in ways that protect
the environmental values of affected waters.

The local government must consider including in these plans provisions about:

¢ identifying urban stormwater quality management needs for developed and developing areas
that are consistent with the local government’s priority infrastructure plan (refer to section 2.7)

e opportunities for stormwater harvesting, recycling or re-use

e adoption of Water Sensitive Urban Design principles

e managing urban stormwater quality and flows according to locally relevant documents
e monitoring and reporting processes for stormwater quality management.

The Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ARMCANZ &
ANZECC, 2000a) adopt three desirable levels of protection in respect to ecosystems:

e Pristine to slightly modified systems — requiring protection
e Slightly to moderately modified systems — requiring restoration
e Highly modified systems — requiring local identification of the values to be secured.

The Australian Guidelines for Urban Stormwater Management (ARMCANZ & ANZECC, 2000b)
under the NWQMS indicate that ‘the primary purpose of Stormwater Management Plans is to
identify actions that will improve the environmental management of urban stormwater and protect
environmental values of receiving waters’.

The Urban Stormwater Quality Planning Guidelines 2010 (DERM, 2010b) provide advice on the
preparation and required content of USQMPs. One of the first tasks should be to determine the
required degree of complexity of the plan and any associated catchment modelling. This should be
related to the complexity of the catchment and the assessed environmental risk.

In addition to the catchment-based USQMPs, site-based Stormwater Quality Management Plans
may need to be developed for a particular development or land activity. The existence of a
catchment-based plan does not negate the need for a site-based plan, but the site-based plan
must achieve a level of protection no less than that established within the catchment-based plan.
Site-Based Stormwater Management Plans are discussed further in Chapter 11.
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2.7 Priority infrastructure plans

The Sustainable Planning Act 2009 provides for local governments to levy infrastructure charges to
fund the supply of development infrastructure items. Development infrastructure items are limited
to land and capital works for: urban water cycle management infrastructure (water, sewerage,
stream management, disposing of water and flood mitigation); circulation networks (roads,
dedicated public transport corridors, public parking, cycle ways, pathways); public recreation
infrastructure, and land for local community purposes.

The priority infrastructure plan is an important strategic planning tool that aims to align the local
government’s ability to service with infrastructure, the areas identified for future urban growth in the
planning scheme. It is also the core element of the infrastructure charging framework in the
Sustainable Planning Act 2009. It provides a clear, transparent and certain basis for the calculation
of infrastructure charges.

The assumptions underpinning each plan are critical elements of the priority infrastructure plan.
Their purpose is to provide a logical and consistent basis for the detailed infrastructure planning in
the plan. Together with the desired standards of service they assist in the development of the plans
for trunk infrastructure, which provide a detailed infrastructure planning benchmark for the
calculation of infrastructure charges and upon which additional infrastructure cost assessments
may be based.

Priority infrastructure plans for stormwater infrastructure are a requirement under the Act where it
is intended to levy infrastructure charges for trunk elements of the system, (i.e. system elements
serving more than one development or new and existing development) such as:

¢ major drainage and flood mitigation elements (e.g. regional detention basins, stream hydraulic
improvements, levees, culverts)

¢ regional water quality improvement infrastructure (e.g. wetlands, in-stream GPTs, stream
rehabilitation).

2.8 Infrastructure charges schedules

Before an infrastructure charge is set the item must be identified in an ‘infrastructure charges
schedule’ which is part of the local government’s ‘priority infrastructure plan’.

The infrastructure charges schedule:
e provides a transparent account of the cost of the trunk infrastructure being charged for
indicates when new trunk infrastructure is likely to be provided

quantifies existing and expected new users
shows how costs are to be apportioned to those users
states the charges various users will be required to pay.

An infrastructure charges schedule must state either or both of the following:

¢ Timing—the estimated time (year) that the trunk infrastructure forming part of the network will
be provided.

e Thresholds—the thresholds for providing the trunk infrastructure forming part of the network
(e.g. when a demand level is reached it triggers the provision of certain trunk infrastructure).
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29 Associated mapping and planning schemes

The preparation of the following planning tools can greatly assist local governments in the
development of Stormwater Management Plans.

291 Soil maps
Regional soil maps may be used for a variety of purposes including:

e To assist local governments in the preparation of Stormwater Quality Management Plans.

¢ To assist local governments to prepare a list of preferred stormwater management systems for
different soil regions. Such a listing may assist local government officers in the review of
development applications. For example:

o constructed urban lakes may not be desirable within regions of highly dispersive soils

0 a local government may prefer the use of swales only in regions of soils of a specified
minimum porosity.

¢ To assist in the development of Erosion Risk Maps that help to identify those development
areas that require a higher erosion and sediment control standard during the construction and
building phases, or those regions where the natural waterways are likely to be more
susceptible to channel erosion following urbanisation.

e Assist in the development of site-based Erosion and Sediment Control Plans (ESCPs).

Soil properties of greatest interest to stormwater designers are the erosion potential (slope, texture,
dispersion index) and the soil’s infiltration capacity.

Erosion Risk Mapping can be used to assign the erosion risk or development potential of a region.
It is important that the ranking system clearly identifies outcomes that produce actual variations in
stormwater management practices within different areas of erosion risk; otherwise the mapping
exercise provides little value.

The Urban Stormwater Quality Planning Guideline (DERM, 2010b) and Best Practice Erosion &
Sediment Control (IECA 2008) provide erosion hazard assessment templates that can incorporate
erosion hazard mapping into planning schemes to target increased planning requirements in higher
risk areas.

2.9.2 Wildlife corridor maps

Wildlife Corridor Maps identify essential terrestrial and aquatic movement corridors that link habitat
and breeding areas, specifically the terrestrial linkage of bushland reserves. The importance of
these maps to the development of a Stormwater Management Strategy is in relation to the required
cohabitation of stormwater issues and wildlife requirements within floodplains. Waterway corridors
often act as essential wildlife corridors within urbanised catchments. The development of a Wildlife
Corridor Map is often an essential precursor to the development of a Waterway Corridor Map.

293 Waterway corridor maps
Waterway Corridor Maps identify:

¢ those waterways that are required for aquatic habitat and fish passage (fish passage mapping
has been conducted by Queensland Fisheries)

¢ those waterways that act as terrestrial wildlife corridors
e minimum waterway corridor widths (e.g. 30, 60 and 120 metre minimum corridor width)
e minimum desirable overbank riparian vegetation widths
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¢ any Ramsar listed wetlands linked to waterways—the Ramsar Convention on Wetlands of 1971
was held in the Iranian town of Ramsar which resulted in a United Nations treaty enacted in
1975.

Ideally, Waterway Corridor Maps should also identify and rank (in order of potential impact)
existing or potential fish passage barriers.

294 Catchment management plans
Catchment Management Plans may address a wider range of issues, possibly including:

¢ land use needs e.g. recreational and open space requirements possibly linking to Open Space
Master Plans

e community needs e.g. community education on catchment and waterway related issues
o flora and fauna needs, including catchment and inter-catchment movement corridors
o threats to sustainable land use and/or conservation needs such as weed control.

2.9.5 Asset management plans

All stormwater infrastructure requires ongoing maintenance to ensure its performance.
Traditionally, ensuring that adequate maintenance occurs has been somewhat problematic. This is
typically because stormwater infrastructure is only required to perform its function intermittently or
infrequently; however, timely maintenance must be given a high priority if the objectives of
stormwater management are to be met.

Preposed new infrastructure should be considered on both its ability to meet design objectives and
its whole of life operation and maintenance needs.
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This chapter contains general information on the main legal issues relevant to stormwater and
drainage projects, including information on key legislation, tenure and approvals which may be
relevant to such projects. It does not purport to provide specific legal advice, and should be used
as a general reference guide only.

Independent legal advice based on the specific circumstances in each case should be sought in
relation to stormwater and drainage projects, and stormwater and drainage management generally.

3.1 Where legal issues might arise

Urban development generally modifies the naturally occurring drainage regime, thus potentially
altering the volume, rate, frequency, duration and velocity of stormwater runoff, as well as the
water quality.

Urban drainage works may also divert flows between natural catchments, modify existing flow
paths, and/or concentrate flow along drainage paths and at outlets. These changes may affect the
natural and built environment, safety, and enjoyment of persons and property, possibly resulting in
legal disputes.

Legal disputes arising from the planning and construction of stormwater and drainage works may
be avoided by negotiating with the people potentially affected by the works prior to seeking
approvals or commencing the works. This includes, for example, liaising and negotiating with
landowners of affected properties and the local authority, which generally has jurisdiction over
stormwater and drainage management in its local government area.

The risk of legal disputes may also be minimised by undertaking a due diligence assessment of the
location and nature of the proposed works, and the legal requirements applicable to them. Further
information on due diligence assessment is set out in section 3.2.

Legal issues relating to stormwater and drainage projects arise from both state law and common
law. State laws provide specific legal requirements for stormwater and drainage works, usually
under planning laws, and under water management laws. In addition to requirements under State
laws, there may be applicable legal or policy requirements under the common law, local
government planning schemes, local laws and/or stormwater drainage manuals/codes.

Legal issues may arise in the context of many stormwater management actions, including the
following examples.

(a) Diversion of stormwater

Often it may be considered necessary to divert runoff from a sub-catchment to a different point of
discharge than that occurring naturally. This, however, should not be contemplated without
consideration of the possible legal issues associated with the increase in discharge at the new
outfall.

In addition, when stormwater runoff discharges from the ‘new’ drainage system into the ‘existing’
downstream drainage system, the outlet works may need to play an important role in dissipating
energy, preventing scour, limiting siltation and possibly controlling water quality.

The outlet structure may include a headwall, wingwalls, apron, energy dissipater, pollution trap, a
transition section of lined or unlined open channel, and a low-flow pipe or channel.
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Legal issues arising in this example may include new approval or tenure requirements arising out
of a change in location of discharge, approvals/permits associated with the construction of the
outlet works, and the potential breach of environmental laws (such as a breach of approval
conditions).

(b) Concentration of stormwater flows

Where surface flow (as distinct from water flowing in a natural watercourse) is diverted or collected
either by open channel or conduit resulting in an increase in the flow at a particular point, the flow
may be said to be concentrated at that location.

The concentration of flows is dependent on many factors. For example the construction of
buildings and paved areas can increase the volume and rate of runoff, the construction of property
fencing (including noise control barriers) can change the spread or location of flows, and the
discharge from stormwater pipes can concentrate flows discharging from one property to the next.

Legal issues arising in this example may include the risk of property damage where concentrated
flows are not dissipated by the time the flow reaches an allotment or development boundary.

(c) Changes in stormwater flows and water quality, sedimentation, etc.

Adverse impacts to downstream properties may also be the result of changes in peak discharge
and/or changes in the frequency, duration, velocity, volume or quality of regular flows.

These changes are more likely to be an issue for a proposed project where the downstream
property already experiences one or more of the following conditions:

e For peak discharge — the property currently experiences inundation of buildings, including non-
habitable buildings and floors, as a result of local runoff.

e For frequency and duration of stormwater discharge — the property currently experiences
problems associated with waterlogged soils. Depending on the sub-surface drainage
characteristics of the local geology, the construction of stormwater infiltration systems within an
upstream property could either increase or decrease soil waterlogging within adjacent
properties.

e For velocity of inflows — the property currently experiences soil scour problems. Changes to the
velocity of inflows often depend on differences between the existing boundary fence and the
proposed boundary fence. Such issues can be made more complex by the construction of
sound-control barriers between adjoining properties.

e For the volume of stormwater runoff — the property currently experiences flooding problems that
result from the pooling of stormwater on their property.

e For water quality — the downstream property has a water supply dam. Temporary water quality
issues may also arise from where sedimentation problems during the construction phase of the
upstream development.

Where, the impacts of stormwater or drainage works or associated development are such that the
downstream landowner suffers a loss of enjoyment of their property, or suffers actual physical
damage to their property, these impacts may be considered to be ‘nuisance’ in the legal sense.

Legal issues arising may include the risk of an actionable nuisance claim by an affected
landowner. Common law principles may entitle the affected landowner to claim compensation for
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such impacts. A discussion on the common law principles of nuisance and its relevance to the
management of stormwater and surface water drainage is provided below.

It must be emphasised that compensation paid to a property owner in respect of land or easement
acquisition is merely payment for the right to acquire or use that land for the relevant purpose that
instigated the acquisition (e.g. stormwater discharge / drainage). Such payment is not intended to
‘compensate’ for any potential nuisance which may be caused to the property owner as a result of
the discharge. A discussion on easements and land acquisition is provided in sections 3.8 to 3.10.

3.2 Nuisance at common law

Drainage disputes are generally a matter of common law, as modified by legislation. The issues
are often unclear and legal opinion is often necessary to determine an appropriate course of
action.

In carrying out works or actions that modify existing stormwater and surface water drainage
patterns the rights of adjoining landowners at common law must be taken into account. A person
(including a local government) may be liable under common law principles of nuisance where there
has been an unlawful or unreasonable interference with a person’s use or enjoyment of land, or of
some rights over or in connection with the land.

If a person’s actions, for example, result in the concentration of additional surface water over and
above flows that would occur naturally which cause a direct impact to another person’s land,
liability for nuisance may arise.

The impact may be in the form of actual physical damage to land or impairment of the owner’s
ability to enjoy their land.

The leading case on nuisance arising from stormwater and surface water drainage is Gartner v
Kidman (1962) 108 CLR 12. It set out the following principles:

(i) The person from whose land the water flows (upstream owner) is not liable merely because
surface water flows naturally from that person's land onto another person’s land
(downstream owner).

(i) The upstream owner may be liable if water flows from the upstream owner’s land in a more
concentrated form than it naturally would due to man-made alteration of the level or
conformation of land.

(iii) The upstream owner will not be liable for a more concentrated flow caused by the works of
a third-party over which the upstream owner has no control (e.g. works separately carried
out by a local government).

(iv) A nuisance will not arise where the damage is caused by the upstream owner’s natural and
ordinary use of the land (e.g. where the upstream owner has not carried out works to
change natural drainage patterns).

(v) The downstream owner can put in place measures to prevent the natural unconcentrated
flow of water on their land, even where doing so damages the upstream owner’s land, as
long as the downstream owner uses reasonable care and skill in implementing such
measures and does no more than is reasonably necessary to protect the enjoyment of their
land.

(vi) In putting in place measures to prevent the natural unconcentrated flow of water on their
land, the downstream owner cannot divert the water onto the land of a third landowner to
which it would not have naturally flowed.
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The remedies available to the downstream owner in circumstances where a nuisance has occurred
are damages for loss or damage caused by the nuisance or an injunction against the upstream
owner.

The trial judge in the case of Alamdo Holdings Pty Ltd v Bankstown City Council (2003) 134
LGERA 114, found that even a significant increase in the frequency with which land will be
inundated can constitute a significant interference with the use and enjoyment of land and hence
give rise to an actionable nuisance. On appeal, the High Court of Australia found that s773 of the
Local Government Act 1993 (NSW) indemnified the defendant Council against liability in respect of
such a nuisance (see Bankstown City Council v Alamdo Holding Pty Ltd [2005] HCA 46 (although
this was in the context of the specific NSW legislation).

Where a local government has commissioned works giving rise to a nuisance, the local
government may be liable for that nuisance. There is also a possibility that a local government will
be liable along with an upstream owner in circumstances where it has issued a development
approval to the upstream owner allowing the works which cause the nuisance to be carried out.

An upstream owner will not be liable for a nuisance where the downstream owner has consented
to the discharge of stormwater or drainage onto their land. For that reason, conditions imposed on
a development approval by a local government may require an adjoining landowner's consent to
the receipt of additional stormwater and surface water drainage generated by the works covered by
the development approval. It should be noted however, that such arrangements do not attach to
the land and are generally not binding on subsequent owners of the land.

This chapter does not contain an exhaustive commentary on the potential common law liabilities
which can arise in the context of drainage and stormwater works. Although nuisance is the most
frequent common law principle invoked in relation to such works and their consequences, other
common law principles can also apply in some circumstances. For example, common law
principles of negligence will require a proponent of works to ensure that they satisfy their common
law duty of care in terms of designing and constructing works with adequate care and skill.

3.3 Due diligence assessment

A due diligence assessment is the management function for ensuring that a proposed development
complies with the relevant laws. It is a specific element of risk management and an essential step
for minimising the risk of enforcement action or any associated economic loss arising from non-
compliance. A due diligence assessment can assist in identifying circumstances in which the legal
issues listed above (or other legal issues) may arise.

In the context of stormwater and drainage projects, a due diligence assessment will include at least
the following elements:

¢ Defining the nature and extent of all proposed works, including the intended location of works
and points of stormwater discharge.

¢ Identifying the relevant land and issues affecting it. This includes determining the owners and
occupiers, and the unique property and planning considerations, of all land on which:

o proposed works will take place; and
0 any land (including upstream and downstream sites) which may be impacted during
the works or as a result of the works once completed;

(see section 3.6).

¢ Identifying access rights and tenure needed for the project. This includes determining if:
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0 any access rights and tenure may be required, both for the construction phase, and
ongoing operation of the proposed works; and then

0 identifying the actions needed to obtain those rights and tenure of an appropriate
nature. Appropriate tenure may range from a simple easement up to the acquisition
of freehold title over a site;

(see sections 3.7 to 3.10).

¢ Identifying planning and other approval requirements. This includes licences, permits or other
statutory approvals required for the construction and ongoing operation of the proposed works,
and the actions needed to obtain such approvals (see sections 3.5 and 3.11).

e Considering other legal requirements, including statutory duties of care and common law
requirements, and any risk management strategies or actions needed to comply with them (see
section 3.2).

3.4 Lawful point of discharge

A ‘lawful point of discharge’ test has been used by the industry to assess whether discharge at a
particular location is lawful. The test is focused on whether all applicable regulatory and other legal
requirements have been met or consent has been obtained to allow stormwater to discharge in a
particular location.

The term lawful point of discharge has no prescribed legal meaning, but it is commonly used by the
industry to refer to a point where the stormwater flow discharge is ‘lawful’.

Ensuring a lawful point of discharge exists will be necessary if stormwater discharge has changed
since the development was initially designed. This may not be the case where the changes to
discharge flows are not significant and happen in the natural and ordinary use of the upstream
property.

Where there is doubt as to whether a lawful point of discharge exists it is recommended that it be
sought (through the undertaking of a due diligence assessment and by obtaining the required
consents, approvals and/or tenure) in order to minimise the risk of legal disputes arising with
affected landowners or the local government.

3.41 Lawful point of discharge test

When proposing a development, the developer may need to demonstrate to the local government
that a lawful point of discharge exists.

The two-point test may be helpful in assessing whether a lawful point of discharge exists at a
particular location. The test consists of being satisfied that:

(i) The location of the discharge is under the lawful control of the local government or other
statutory authority from whom permission to discharge has been received. This will include
park, drainage or road reserve, stormwater drainage easement.

(i) In discharging to that location, the discharge will not cause an actionable nuisance (i.e. a
nuisance for which the current or some future neighbouring proprietor may bring an action or
claim for damages arising out of the nuisance), or environmental or property damage.

Where the conditions in (i) are not in place prior to the development being proposed, it will be
necessary to seek a lawful point of discharge. This will usually be achieved by the acquisition of
stormwater drainage easements or drainage reserves over one or more downstream properties. It
will normally be necessary for a large part of the design to have been completed prior to
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determining the extent of any necessary easements. Refer to sections 3.7 to 3.10 for information
on drainage reserves and acquiring easement rights.

Note: A watercourse may not necessarily constitute a lawful point of discharge, unless the
requirements of the above two tests and other applicable legal requirements have been satisfied.

In addition, the proposed stormwater discharge cannot cause nuisance as outlined in (ii) above.

3.5 Discharge approval

In lieu of drainage easements or another form of tenure allowing stormwater discharge into
freehold properties downstream of the development, some local governments may be prepared to
accept a letter from the downstream owner to the developer granting ‘discharge approval'.

In this letter, the downstream owner usually agrees to accept the discharge from the upstream
property provided that the works proposed by the developer are constructed in accordance with
drawings approved by the local government.

The ‘discharge approval’ is a form of contract between the developer and the owner of the
downstream property under which some consideration will usually be paid for the right to
discharge. This situation essentially relies on the goodwill of the parties. ‘Discharge approval’ may
be revoked by the downstream owner, unless there is a binding contract, or a grant of easement.

A subsequent purchaser will not be bound by the previous owner’s contract unless the subsequent
owner agrees to be so bound, either as a condition of the contract of purchase or by the executing
of an appropriate agreement. It would then be left to the aggrieved party to resolve the situation by,
for example, attempting to enforce the contract, if one existed. The local government would have
no ability to enforce any such contract if it was not a party to it. This approval is therefore not ideal
in situations where it is important that the discharge arrangement is in place and enforceable on a
long-term basis.

3.6 Tenure for proposed drainage works

The project proponent should identify details of land, including current ownership and tenure, on
which the proposed development will take place, or which may be affected by the proposed works.
This will assist in assessing what form of interest in the affected land the developer will need to
seek (if any) for the proposed works, and approval requirements that may apply on that land.

The appropriate form of tenure may vary depending on whether the land on which the proposed
drainage works will take place is freehold or non-freehold land, and on the nature of the works and
any permanent infrastructure or impacts resulting from the works.

Freehold land is regulated under the Land Title Act 1994 (Land Title Act), while non-freehold land
is regulated under the Land Act 1994 (Land Act). Non-freehold land includes unallocated State
land, State land subject to reserves, State land leases (including pastoral leases), most foreshores
and most waterways.

3.6.1 Non-freehold land

There are various types of interests in non-freehold land that can be granted (although not all can
be granted in all circumstances) —usually by the State of Queensland through the Department of
Natural Resources & Mines. Those interests include the following:

e dedication of reserves (including new reserves or alteration to the boundaries of existing
reserves)

e perpetual and term leases
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e permits to occupy unallocated State land or reserves
and
e public utility easements.

In most cases, the form of interest that the proponent is likely to seek over non-freehold land will be
the dedication of a new drainage reserve or an easement for drainage purposes (see section 3.7).

3.6.2 Freehold land

Where freehold land is not owned by the project proponent or the local government responsible for
the stormwater and drainage in the area, the land may need to be purchased or compulsorily
acquired for the purposes of the project, depending upon whether:

e the works involve any permanent infrastructure or there is another reason why the tenure
should be as long-term and secure as possible

and

e whether the existing landowner’s interests will be significantly affected. Early negotiation with
landowners and local authorities is always recommended.

Easements for drainage purposes are also a common type of interest that may be sought for
drainage works proposed on freehold land (see section 3.8).

3.7 Drainage reserves

Drainage reserves are dedicated under the Land Act by the responsible Minister on behalf of the
State of Queensland through the registering of a dedication notice or plan of subdivision for the
reserve. The dedication process will involve notifying and seeking submissions from all persons
with a registered interest in the unallocated State land over which the reserve is proposed. Once
dedicated, the reserve is put in the care of trustees who manage the land on behalf of the State.

Reserves can only be dedicated over unallocated State land. This means that other existing
interests in the State land may first need to be removed.

New reserves can only be dedicated for one or more of the community purposes listed in Schedule
1 of the Land Act. Those purposes include drainage. The dedication of a new reserve for drainage
purposes may be appropriate where a large area of State land is required for flood mitigation or the
like.

As an alternative to a drainage reserve, the Minister may grant in fee simple in trust unallocated
State land for use for a community purpose (such as drainage).

More frequently, a public utility easement for drainage purposes will be sought over non-freehold
land. Public utility easements may be registered over State land or freehold land.

3.8 Drainage easements

3.8.1 Easements generally

Easements are property interests to which land may be subiject, in order to benefit adjacent land in
a particular way. The most common example is where a landowner grants an easement over his or
her lot to enable landowners of adjoining lots to pass over the land to access a road or another lot.

The exceptions to this rule are ‘easements in gross’ or ‘public utility easements’, which do not have
a benefited lot. These easements are granted to public utility providers, including a local
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government, for certain specific purposes. Examples of public utility easements include easements
for drainage purposes and for the supply of electricity, water and gas.

In Queensland, an easement is typically defined by two documents: the survey plan which shows
the location and dimensions of the easement, and the easement document which sets out the
rights granted by the grantor to the grantee and the conditions under which those rights may be
exercised.

3.8.2 Need for easements in stormwater and drainage projects

In an urban development context, easements may be required to permit access for stormwater and
drainage works to be performed, or to secure a right for stormwater flow to be directed and
discharged over or to properties in the vicinity of the works.

A drainage easement in favour of the local government is often required where the stormwater and
drainage infrastructure (e.g. drains, whether open or underground) is located within property not
under the control of the local government.

The drainage easement, once granted, will enable the local government to access land to carry out
drainage works on the stormwater and drainage infrastructure located within the easement (or to
install new infrastructure within the easement), in accordance with the easement’s terms. Where a
landowner does not agree to the grant of an easement in favour of the local government, the land
may need to be purchased or compulsorily acquired.

An easement may also be required in relation to private development for the benefit of the
proponent over an adjoining owner’s land. The easement in these circumstances is generally
agreed between the proponent and the adjoining landowner. Where agreement cannot be reached,
the proponent may negotiate the purchase of the land or request that the local government
exercise its compulsory acquisition powers (see section 3.9).

Although overland flow should not normally be directed through private freehold property, where
this situation cannot be avoided and is acceptable to the local government, an easement to use
that freehold property for drainage may be required.

Where a drainage easement is necessary in relation to a private development, the local
government may make the creation of the easement a condition of the development approval for
the development.

A general rule is that a landowner should not alter stormwater flows that modify discharge patterns
from his or her property to a person’s downstream property without that person’s agreement or
without a drainage easement for the discharge. However, the exception is when stormwater flows
are altered in the natural and ordinary use of the land. Refer to the discussion on ‘lawful point of
discharge’ in section 3.4.

3.8.3 Drainage easements generally
Easements for drainage purposes may be required over freehold or non-freehold land. As such,

both the Land Title Act (for freehold land) and the Land Act (for non-freehold land) are relevant.
In relation to freehold land, an easement under the Land Title Act may be either of the following:
a) A standard easement

Such an easement can be for a wide range of purposes. These easements require that
there be both a benefited Iot (i.e. land benefited by the easement) and a burdened Iot (i.e.
land burdened by the easement).
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Such an easement may be granted by an adjoining landowner (owner of the servient
property) for the benefit of the developer (owner of the dominant property) who intends to
carry out works on infrastructure located on the adjoining land.

The easement must be registered on the freehold land register.
b) A public utility easement

Such an easement does not need to specify a benefited lot, as it is granted in favour of a
public utility provider and for certain specific purposes only (including drainage). A public
utility provider includes a local government.

Such an easement may be granted where, for example, the local government needs to
carry out works on stormwater and drainage infrastructure located within freehold property
not under its ownership.

A public utilities easement granted over freehold land must also be registered on the
freehold land register.

Public utility easements may also be sought over land granted in trust or non-freehold land under
the Land Act subject to consent by the Minister for Natural Resources and Mines as the landowner.
This includes a lease of non-freehold land, unallocated State land and dedicated reserves. The
easement may be granted for drainage purposes and is registered on the relevant State land
register.

3.84 Creation or acquisition of easements and existing easements
Creating or acquiring an easement involves either of the following approaches:

a) Voluntary acquisition by agreement / private treaty between the landowner and the
proponent or the local government. This approach involves the voluntary grant of an easement
under the Land Act or the Land Titles Act.

b) Involuntary acquisition

i. By way of compulsory acquisition of the land itself or an easement over the land. This
approach may be required if the owner is not prepared to agree, or if reasonable terms of
agreement cannot be negotiated.

or
ii. By court order under the Property Law Act 1974 (PLA) for a statutory right of user order.

In all cases, the easement must be properly registered on the appropriate land register. Many
survey plans show easements that may not necessarily be legally recognised or binding on the
burdened landowner and its successors, because the easement document has not been properly
registered. Details of a registered easement will appear on the survey plan for the burdened lot,
and on a title search for that lot. Where a title deed still exists for a lot, a notation may appear on
the deed.

Where a developer seeks to use an existing easement which is part of the local government’s
stormwater system, the local government’s consent will be required under the Local Government
Act 2009.

The State Government has standard forms, which may assist in the preparation of an easement
document.

The two approaches for acquiring an easement—voluntary acquisition or involuntary acquisition—
are discussed in section 3.9.
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Section 3.10 sets out the recommended steps to be followed by a private developer seeking a
drainage easement or drainage reserve over a downstream property.

3.8.5 Drainage easement dimensions

Easements need to be of such width, length and location to enable necessary works (e.g.
construction, maintenance and site inspection) to be carried out. Easement widths should be not
less than the greater of the following:

¢ 3 m for all single pipes from 300 mm up to 1350 mm diameter (in new developments) or as
otherwise determined by the local government.

¢ 1 m wider than the distance between outer edges of the pipes or box culverts (in new
developments) or as determined by the local government.

e Width of flow path required to carry the difference between the peak discharge for the Defined
Flood Event (refer to section 7.2.3) and the capacity of the underground system together with
an allowance for freeboard as outlined in section 7.3.12.

e For the purposes of this sub-section the capacity of the underground system may be taken as
being its capacity when carrying the discharge from the minor design storm, with provision for
blockage of grates as detailed in section 7.5. The exception may be where the system is
located in extremely flat ground or near an outlet that becomes fully submerged under major
storm conditions, a detailed check shall be undertaken to ensure that the minor system does
not have a lesser capacity under these conditions.

e Easements for open channels shall, unless agreed otherwise with the local government, be of
sufficient width to provide an access track along at least one side of the channel for operation
of maintenance vehicles. Refer to sections 9.2 and 9.7.2 for recommendations on minimum
access and maintenance widths. The width of this access track should also take into account
the type (width) of equipment required to perform the channel maintenance. An allowance must
be made for freeboard as outlined in section 9.3.4.

3.9 Acquiring easement rights

3.9.1 Voluntary acquisition by private treaty

Acquisition by private treaty is the normal method by which a person deals privately with another
for the purchase of land or easement rights. It is normally undertaken by a direct approach to the
proprietor of the property and will usually require some consideration (usually monetary
compensation).

In relation to the purchase of easement rights, first the parties will reach agreement on price so that
the easement can be granted either under the provisions of the Land Act or Land Title Act and
subsequently registered on the title for the burdened and benefitted lot.

There is no legal impediment to this approach save that any easement rights which are to be
granted in favour of the local government must be granted in terms generally acceptable to the
local government.

Most local government authorities have standard easement documents. A valuation assessment
prepared by a Registered Valuer is usually the basis for commencing negotiations on price.

The local government may choose to enter negotiations for the purchase of the property itself,

instead of the easement rights. In addition, the Acquisition of Land Act 1967 (Acquisition of Land
Act) includes provisions for the local government to take land by agreement.
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3.9.2 Compulsory acquisition by a local government

Compulsory acquisition may be necessary where the owner of the affected freehold property does
not agree to the granting of an easement in favour of the local government.

The Acquisition of Land Act provides a local government with certain compulsory acquisition
powers in relation to freehold land that may be used for stormwater and drainage projects. A local
government can compulsorily acquire an interest in freehold land including acquiring the whole
estate or acquiring an easement over the property, when it is not necessary to acquire the whole
estate.

Compulsory acquisition powers are not available to private persons, and can only be exercised for
purposes set out in the schedule to the Acquisition of Land Act, or for purposes authorised or
required by other legislation. The relevant purposes in the schedule include “drainage”, “flood
gates or flood warnings”, “flood prevention or flood mitigation” and “works for the protection of the
seashore and land adjoining the seashore”.

There are statutory processes which must be strictly followed by the local government (as a
constructing authority) in order to successfully complete a compulsory acquisition. These
processes involve affording affected landowners the right to serve on the constructing authority a
written objection to the acquisition and if desired, to be heard in support of the grounds of the
objection at an objection hearing.

The land being acquired vests in the constructing authority on and from the date of the publication

of a gazette resumption notice. The estate and interest of every person entitled to the whole or any
part of the land (or whose estate and interest in the land is injuriously affected by the easement) is
converted into a right to claim compensation under the Acquisition of Land Act.

In addition to the provisions in the Acquisition of Land Act, section 714 of the Sustainable Planning
Act 2009 states that a local government may take or purchase land if the local government is
satisfied the taking of land would help to achieve the strategic outcomes stated in the planning
scheme; or, at any time after a development approval or compliance permit has taken effect, the
local government is satisfied that certain conditions have been met, such as that there is a need to
carry drainage over the land and reasonable measures were taken to obtain the agreement from
the landowner, but that agreement was not able to be obtained and the action is necessary to allow
the development to proceed.

There are also special provisions in the Land Act for the resumption of certain interests in non-
freehold land (including the taking of easements over non-freehold land). Such resumptions are
generally undertaken by the State on behalf of a constructing authority (such as a local
government). The constructing authority must meet the costs of the acquisition.

Native title over non-freehold land can also be compulsorily acquired; however, for most
stormwater and drainage projects there will usually be more straightforward options for addressing
native title.

Under section 577 of the Water Act, 2000 (Water Act), a water authority has power to take any
land to which the Acquisition of Land Act or the Land Act apply for drainage purposes.

Different local governments have different requirements for when they are prepared to approve
engineering design prior to the grant of any easement. In most cases, this will generally not occur
before lodgement of the survey plan and easement document with the department administering
the Land Title Act. A local government may accept dealing numbers (receipts) as proof of
lodgement.

Queensland Urban Drainage Manual Provisional edition, 2013 3-11



3.9.3 Acquisition under the Property Law Act

A property owner, in order to effectively use their land, may apply to the court under the Property
Law Act 1974 for a right to use land not under the person’s ownership.

Such statutory rights of use may take the form of an easement, a licence or some other form and
can be subject to conditions, including conditions as to the length of time the right may remain in
existence. An order will only be made if the court is satisfied that it is consistent with the public
interest for the property to be so used and that the owner of the affected land will be adequately
compensated.

These orders are largely discretionary orders a court can make and the court has wide powers to
make ancillary orders such as orders relating to the preparation of a plan of survey, the execution
of any documents necessary for registration and directions for the conduct of proceedings
generally.

3.10 Process for private developers seeking a drainage easement or
drainage reserve over downstream property

The following is a suggested process for private developers to acquire an easement or drainage
reserve in favour of a local government over a downstream property:

a) Advise the local government of the purpose of and the reasons for the acquisition and seek
the agreement in principle from the local government to the proposed means of obtaining
the lawful point of discharge.

b) Request a copy of the standard easement document used by the local government.

c) Once the ‘in principle’ agreement has been obtained from the local government, write to the
downstream owner outlining the need for the easement and seek to meet with the owner to
set out the proposal in detail including any proposed compensation.

Note: It is obviously in the developer's interest to obtain the easement for the least possible
cost. It is usual in such cases for the developer to pay all costs of the downstream owner
associated with the transaction such as legal fees, valuation fees and mortgage release fee
in addition to his or her own costs such as survey, legal fees, titles office fees, local
government fees, valuation fees and compensation.

The downstream owner may require compensation either in monetary terms or ‘in kind'.
The usual basis for monetary compensation will be a valuation prepared by a Registered
Valuer. The downstream owner may negotiate with the developer on their own behalf or
obtain a valuation (normally at the developer's cost). Negotiations usually proceed from that
point. ‘In kind’ compensation usually involves some construction works in lieu of monetary
compensation, but the valuation of compensation would still be on the same basis. Either
method should be acceptable to the developer and the local government. Where ‘in kind’
compensation is accepted, it is wise to ensure that such works are acceptable by the local
government.

d) Once the basis for acquisition has been agreed, the survey plan and easement document
should be prepared. The survey plan and document must be approved by the local
government.

Note: Some local governments require all easements in their favour to be prepared by
surveyors and/or solicitors of their choice at the developer’s cost. Difficulties in relation to
time can sometimes result from this requirement and the developer must pay attention to
this aspect to avoid unreasonable delays.
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e) Once the downstream owner has signed the survey plan and easement document these
should be lodged with the local government for signature and possibly sealing.

Note: A sealing fee may be applicable.

f) The survey plan and easement document should then be lodged in the Department of
Natural Resources & Mines for registration. Apart from a number of special situations,
neither the plan nor the document may be removed from the Department of Natural
Resources & Mines during the registration process if they have been sealed by the local
government.

As mentioned in section 3.6.2 a local government may be prepared to approve engineering plans
prior to the granting of necessary easements, but this will not generally occur before lodgement of
the survey plan and easement document with the relevant department. Dealing Numbers (receipts)
are usually acceptable proof of lodgement.

3.1 Statutory approvals and other requirements

In addition to obtaining the appropriate tenure for a stormwater or drainage project, a number of
approvals under legislation may be required for the project to be carried out, depending on the
project’s location and nature.

Various aspects of stormwater and drainage projects constitute ‘development’ under the
Sustainable Planning Act 2009 (SPA). ‘Development’ includes building works, plumbing and
drainage works and various types of operational works including excavating and filling and
vegetation clearing.

A development approval under SPA is required where an aspect of the project is considered to be
assessable development under a local government planning scheme or under Schedule 3 of the
SPA. The development may be subject to assessment by a local government or State government
department or another authority (e.g. private certifier for building works). To determine whether or
not the works will constitute assessable development and require an approval, a consideration of
the nature and location of the specific works should be conducted. Further details of SPA’s
requirements are in section 3.12.5.

SPA is not the only legislation which prescribes approvals necessary for aspects of stormwater and
drainage projects. Table 3.11.1 contains examples of key statutory approvals that may also be
required. Further details of these approvals are contained in section 3.12.

In addition, other legal requirements may also be relevant to these projects. These can include
common law principles, statutory duties of care and prohibited conduct through the creation of
offences (see section 3.2).

Failure to obtain relevant statutory approvals or to comply with other legal requirements may be
punished by severe penalties under the relevant legislation.
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Table 3.11.1 — Example of possible statutory approvals

Legislation

Activity

Statutory
approval

SPA / local government
planning schemes

Plumbing and drainage works

Development
approval

SPA / Building Act

Building works

Development

approval

SPA / Vegetation Operational works for clearing native vegetation Development
Management Act approval

SPA/CPM Act Tidal works or work within a coastal management district Development
approval

SPA/ Water Act Certain operational works constructed or installed for taking | Development
or interfering with water. approval

SPA / Water Act All aspects of development for removing quarry material Development

from a watercourse or lake if an allocation notice is required
under the Water Act for the removal, other than
development that is:

(a) in an urban development area; or

(b) carried out on premises to which structure plan
arrangements apply.

approval

SPA / Water Supply Act

Operational work that is the construction of a dam or is
carried out in relation to a dam if, because of the work, the
dam must be failure impact assessed.

Development
approval

SPA / Fisheries Act

Building or operational works in a declared fish habitat area.

Certain operational works involving removal, destruction or
damage to a marine plant.

Constructing or raising waterway barrier works if it is not
self-assessable development.

Development
approval

EP Act / EP Regulation

Extractive and screening activities including dredging from
the bed of any waters is specified as Environmentally
Relevant Activity 16.

Environmental
Authority

Water Act 2000 Taking water and using the water on any of the land or Water licence
interfering with the flow of water on, under or adjoining any
of the land.
Water Act 2000 Destroying vegetation in a watercourse, lake or spring. Permit
Excavating in a watercourse, lake or spring.
Placing fill in a watercourse, lake or spring.
Nature Conservation Act Taking a protected plant Clearing
1992 permit
Environment Protection and | For projects involving actions (controlled actions) which Approval of
Biodiversity Conservation have an impact on matters of national environmental the action

Act 1999 (Cth)

significance (MNES) (e.g. world heritage areas,
Commonwealth marine areas, etc).
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3.12 Overview of key legislation regulating stormwater and drainage
projects

It is important for those involved in managing drainage and stormwater projects to have a general
understanding of the land use planning and regulatory regime under which they will need to
operate.

A brief overview of key legislation relevant to stormwater and drainage projects is set out below.
This overview is not intended to cover all legislation or all aspects of legislation relevant to
stormwater and drainage projects.

3.12.1 Building Act 1975

Building works may be assessable development for which a development approval under the
Sustainable Planning Act 2009 (SPA) is required. The integrated development assessment system
(IDAS) applies to applications for building works.

The Building Act 1975 (Building Act) regulates building works and provides the laws and codes
(‘building assessment provisions’) for assessing building works under SPA.

The ‘building assessment provisions’ are listed in section 30 of the Building Act and include the
Building Code of Australia (BCA) and the Queensland Development Code (QDC). If the BCA is
inconsistent with a part of the QDC, the part prevails to the extent of the inconsistency. Each of
these ‘building assessment provisions’ are considered to be a code for IDAS.

The BCA contains certain performance requirements relating to the management of surface water
drainage during the construction of a building. The deemed-to-satisfy provisions require
compliance with AS 3500.3 — Plumbing and Drainage — Stormwater Drainage. AS 3500.3 is also
referred to in the Queensland Development Code (QDC) NMP 1.8 - Stormwater Drainage.
However, compliance with that part of the QDC is not mandatory.

The Building Act also requires that building works in an erosion prone area under the Coastal
Protection and Management Act 1995 (CPM Act) which include certain stormwater or drainage
systems for a building must not be erected or altered in a way that is likely to cause erosion of the
area.

Further, if a building development approval permits a building or land to be drained, the drainage
must be carried out in a way that protects land, buildings and structures in the neighbourhood of
the building or land.

3.12.2 Environmental Protection Act 1994

The Environmental Protection Act 1994 (EP Act) and subordinate legislation form the main
framework for environmental protection and management in Queensland and is relevant to
stormwater and drainage projects.

The EP Act regulates a number of activities which can harm the environment as ‘environmentally
relevant activities’ (ERA). A person may not undertake such activities without an Environmental
Authority (EA) granted by the Department of Environment and Heritage Protection (EHP). Some
aspects of a stormwater and drainage project may be considered an ERA for which an EA is
required. An example is dredging activities, which are regulated as ERA 16.

In addition to considering the need to obtain an EA, the proponent should also consider offence

provisions and the general environmental duty under the EP Act. The EP Act imposes a general
environmental duty on all persons including local governments. This statutory duty requires a

Queensland Urban Drainage Manual Provisional edition, 2013 3-15



person not to carry out any activity that causes, or is likely to cause, environmental harm unless
the person takes all reasonable and practicable measures to prevent or minimise harm.

Aside from its approval requirements, the EP Act creates the offences of causing serious or
material environmental harm. Environmental harm is any adverse effect, or potential adverse effect
(whether temporary or permanent and of whatever magnitude, duration or frequency) on an
environmental value. An environmental value is a quality or physical characteristic of the
environment that is conducive to ecological health or public amenity or safety.

It is possible that a failure to adequately manage stormwater and drainage at a site could give rise
to liability for an offence under the EP Act if that failure causes serious or material environmental
harm.

In addition, it is an offence for any person to:

¢ unlawfully deposit a prescribed water contaminant—or to cause it to wash, blow, and fall or
otherwise move into—waters or in a roadside gutter or stormwater drainage

or

¢ unlawfully release stormwater runoff into waters, a roadside gutter or stormwater drainage that
results in the build-up of earth in waters, a roadside gutter or stormwater drainage.

The proponent should put measures in place to ensure compliance with the general environmental
duty (which may be used as a defence in proceedings for an environmental offence) and to
minimise the risk of an offence being committed.

Section 57 of the Environmental Protection Regulation 2008 (EP Regulation) provides that in
making certain decisions relating to an activity which involves the release of stormwater to the
environment; the local government or department administering the EP Act may impose conditions
to minimise impacts of stormwater release in the receiving environment. Conditions may be about
diverting runoff away from areas contaminated or disturbed by the activity or installing appropriate
control measures (e.qg. first flush stormwater diversion systems).

The Environmental Protection (Water) Policy 2009 provides for the preparation of total water cycle
management plans (the plan) by certain local governments. Local governments in South East
Queensland must develop and commence implementing these plans by 30 June 2013. Local
governments in major regional centres have until 30 June 2014 while there are no requirements for
local government areas with population of less than 50000.

The plan must include, amongst other things, provisions about the collection, treatment and
recycling of water including stormwater and provisions about urban stormwater quality
management. A local government must also consider including in the plan opportunities for
stormwater harvesting for use as a water source.

3.12.3 Local Government Act 2009

The Local Government Act 2009 (LG Act) has provisions regulating stormwater drains and
stormwater installation.

Under this Act, a stormwater drain is a drain, channel, pipe, chamber, structure, outfall or other
works used to receive, store, transport or treat stormwater. A stormwater installation for a property
is any roof gutters, downpipes, subsoil drains or stormwater drain for the property; but does not
include any part of a local government’s stormwater drain.

Under section 77 of the LG Act, a local government’s consent is required to connect a stormwater
installation for a property to the local government's stormwater drainage system.
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Under section 78 of the LG Act, a property owner must not connect or allow the connection of the
sewerage installation for his or her property to any part of the stormwater installation for the
property or the local government’s stormwater drainage system.

It is also an offence under section 79 of the LG Act to put trade waste or a prohibited substance
into a local government’s stormwater drainage system. Prohibited substances are defined in the
LG Act and include a substance that can obstruct or interfere with the operation of a stormwater
drain, a flammable or explosive substance, sewage, etc.

It is also an offence under section 80 of the LG Act to restrict or redirect the flow of stormwater
over land in a way that could cause the water to collect and become stagnant unless the water is
collected in a dam, wetland, tank or pond, if no offensive material is allowed to accumulate. Other
legal requirements may apply to collecting water in a dam, wetland, tank or pond.

The City of Brisbane Act 2010 has similar provisions prohibiting the connection of the sewerage
system to the stormwater system.

Local governments are responsible for policing these provisions in their local government areas.

3.12.4 Plumbing and Drainage Act 2002

The Plumbing and Drainage Act 2002 (P&D Act) regulates on-site sewerage facilities. Although it is
not intended to regulate stormwater infrastructure, its section 1280 requires stormwater drainage
installation to be separate from on-site sewerage facility.

Section 128N of the P&D Act prohibits a person from discharging a prohibited substance into an
onsite sewerage facility. Stormwater is amongst the list of prohibited substances described in the
P&D Act.

3.12.5 State Planning Policy (SPP) for Healthy Waters

The SPP provides for urban development under SPA such as community infrastructure to be
planned, constructed and operated to manage stormwater and waste water in ways that comply
with the environmental values under the Environmental Protection (Water) Policy 2009 (see
3.11.2).

It provides a development assessment code for IDAS that applies to the assessment of certain
new developments for urban purposes.

Developments triggered by the assessment under the code are those which involve an area
greater than 2500 m? of land or 6 or more additional dwellings. It does not apply to development
that is not subject to SPA (e.g. agriculture or mining) or to ERAs under the EP Act.

The code sets performance outcomes and acceptable outcomes for urban stormwater
management. The stormwater provisions in the SPP help create consistency of development
requirements across various local governments.

The SPP is supported by various guidelines including the Urban Stormwater Quality Planning
Guidelines.
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3.12.6 Sustainable Planning Act 2009
‘Development’ is defined in the SPA to include carrying out:

a) building work
b) plumbing or drainage work, as defined in the Plumbing and Drainage Act 2002
and

c) operational work including — extracting gravel, rock, sand or soil from the place where it
naturally occurs; excavating or filing that materially affects premises or their use; undertaking
work in, on, over or under premises where that work materially affects premises or their use.

Accordingly, works involving the installation of drainage and stormwater infrastructure, or
managing the drainage and stormwater impacts of works at a site, can constitute development
under SPA.

An application is required for development that is ‘assessable development’. Development
applications are assessed through the integrated development assessment system (IDAS) under
SPA. The assessment criteria for an application will vary depending on the activities (or types of
development) included in the application.

The relevant assessment criteria can be found in the SPA (which includes various planning
instruments) and associated legislation. For example, an application for building works will be
assessed against the criteria in the Building Act 1975 i.e. the ‘building assessment provisions’.

Assessment is generally undertaken by a local government, a State government department or
another authority (e.g. private certifier).

A development approval must be granted for lawfully carrying out assessable development. When
granting a development approval under SPA, a local government may include conditions in the
development approval to deal with stormwater and drainage issues.

In accordance with section 345 of SPA a condition must be relevant to, but not an unreasonable
imposition on, the development or use of premises as a consequence of the development, or be
reasonably required in relation to the development or use of premises as a consequence of the
development.

3.12.7 Water Act 2000

The Water Act 2000 (Water Act) regulates the take and interference with water and, in general, it
requires a water entitlement for taking or interfering with water.

Taking or interfering with water from a watercourse, lake or spring without a water entitlement is
only allowed in limited circumstances including for stock and domestic purposes, emergency
situations and camping purposes.

Taking overland flow water—including urban stormwater after having fallen as rain—without a
water entitlement is allowed unless there is a moratorium notice a water resource plan or a wild
river declaration that restricts the take. Interference with overland flow water is allowed.

Aspects of a stormwater and drainage project may involve taking or interfering with water for which

a water entitlement is required. A water entittement means a water allocation, interim water
allocation or water licence.
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The Water Act also provides for water authorities to be established to carry out water activities
which may include stormwater drainage; flood prevention; floodwater control, etc. Under this Act
stormwater drainage means a drain, channel, pipe, chamber, structure, outfall or other work used
to receive, store, transport or treat stormwater.

The Water Act provides for a regulation to declare drainage and embankment areas for the
purposes of the SPA. Works within a drainage and embankment area may be assessable or self-
assessable for the SPA. A number of areas (generally rural) have been declared in Schedule 9 of
the Water Regulation 2002. Operational work in the area controlling the flow of water into or out of
a watercourse, lake or spring is assessable development for which a development approval is
required.

Under the Water Act it is an offence to destroy vegetation, excavate or place fill in a watercourse,
lake or spring without a permit under section 269. However, a permit is not required where such
actions are lawfully authorised under a development permit for taking or interfering with water from
a watercourse, lake or spring, or from a dam constructed on a watercourse or lake; or the
interfering with overland flow water in a drainage and embankment area.

3.12.8 Water Supply (Safety and Reliability) Act 2008

The Water Supply (Safety and Reliability) Act 2008 (Water Supply Act) provides a framework for
regulating water and sewerage infrastructure and services in Queensland.

The Water Supply Act is not generally intended to regulate stormwater infrastructure. However, its
section 193 prohibits a person from discharging a prohibited substance into a sewerage system.
Stormwater is amongst the list of prohibited substances described in schedule 1 of the Water
Supply Act.

Detention/retention basins may also be captured by the dam safety provisions of the Water Supply
Act.

3.13  Other legal considerations

3.13.1  Native title

Native title has been recognised under Australian law since the early 1990s when the High Court
delivered its judgement in the case of Mabo v the State of Queensland. The court’s decision
recognising native title triggered a legislative response in the form of the Native Title Act 1993
(Native Title Act).

Under the Native Title Act any person (including a local government) that undertakes an activity
which involves the doing of a ‘future act’ must comply with certain procedures under the legislation.

A future act is an act which affects native title (i.e. an act which extinguishes native title rights and
interests or is inconsistent with their continued existence, enjoyment or exercise). Drainage and
stormwater works may involve future acts if they are carried out on land over which native title
subsists.

Future acts can include both physical construction activities (such as the construction of
stormwater or drainage works) and non-physical activities (such as the granting of tenure and other
statutory approvals required for the works).

In many locations, native title will not be relevant for a project because it will be possible to

demonstrate that any native title over the site has been historically extinguished. This is the case
for properties if the following has happened on or before 23 December 1996:
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¢ freehold title was validly granted
or
¢ if the property is not freehold — public works were established.

Native title is also extinguished in relation to roads dedicated before 23 December 1996, except

where the dedication was made between 01 January 1994 and 23 December 1996 and the area
dedicated had not previously been a freehold estate, a lease (but not a mining lease), or a public
work.

As the existence of native title rights and the status of activities as future acts or otherwise can be
a complex legal question, legal advice should always be sought in relation to the likelihood of a
future act being undertaken as part of particular works.

Native title compliance may need to be considered where a drainage or stormwater project (or its
upstream or downstream effects) involves unallocated State land, reserve land or other types of
non-freehold land, or land that became freehold after 23 December 1996. The Native Title Act
specifies the level of consultation that must be carried out for the various types of future act. A
future act may require that, for example:

e aright to negotiate (RTN) process to be complied with (limited to mining and some compulsory
acquisitions)

¢ an Indigenous Land Use Agreement (ILUA) be entered into
or
e a notification process to be complied with.

The RTN process requires the State and the project’s proponent to negotiate in good faith with the
claimants, with a view to obtaining their agreement to the doing of the ‘future act’.

ILUAs are voluntary agreements and must ultimately be registered by the National Native Title
Tribunal. An ILUA provides for compensation measures for the temporary or permanent effects of
a project on their native title rights.

Careful consideration needs to be given to various practical issues before a decision to develop an
ILUA is made—including timing issues, cost issues, issues relating to overlapping native title
claims and compliance with technical requirements in the Native Title Act.

Sometimes a project or activity can proceed after the proponent completes a notification process
involving the relevant native title party.

Legal advice is recommended to ascertain the appropriate action required to comply with the level
of consultation mandated by the Native Title Act for a particular future act.

3.13.2 Aboriginal cultural heritage

The Aboriginal Cultural Heritage Act 2003 (ACHA) requires all persons to comply with the cultural
heritage duty of care, which is a duty to ensure that in carrying out any activity, the person takes all
reasonable and practicable measures to ensure the activity does not harm Aboriginal cultural
heritage.

Aboriginal cultural heritage includes both objects and areas (of land or waters) which are culturally
or historically significant to indigenous people. All persons (including local governments) must
satisfy the statutory cultural heritage duty of care in relation to all activities which could cause harm
to such objects or areas. Such activities can include any clearing, excavation or other disturbance
of land associated with a drainage or stormwater project.
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The onus of compliance with the duty of care is on the proponent to take such measures
irrespective of the tenure of the land and irrespective of any other statutory approvals or
permissions they may need to obtain.

The legislation sets out a series of statutory compliance options (including satisfying certain
cultural heritage duty of care guidelines, preparing cultural heritage agreements and developing
Cultural Heritage Management Plans (CHMPs)). These will deem the proponent to have complied
with the duty of care and other cultural heritage protection provisions in the legislation. A CHMP is
mandatory where a project requires an Environmental Impact Statement (EIS) under any
legislation.

Specific legal advice may need to be sought on which of these compliance options is applicable or
most appropriate in any particular case.
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41 Hydrologic methods

The choice of hydrologic method must be appropriate to the type of catchment and the required
degree of accuracy. Simplified hydrologic methods such as the Rational Method should not be
used whenever a full design hydrograph is required for flood mapping or to assess flood storage
issues. Instead the more reliable runoff-routing techniques presented in publications such as
Australian Rainfall & Runoff (ARR) should be adopted.

Unless otherwise directed, a method that generates a hydrograph must be adopted for the design
of those components of the drainage system which are volume dependent, such as detention
basins. A detailed description of these methods is not included in this Manual.

The Rational Method provides a simplistic methodology for assessing the design peak flow rate to
enable the determination of the sizes of drainage systems within urban catchments less than 500
hectares (5 km?) in area, or rural catchments less than 25 km?. Unfortunately the Rational Method
has significant limitations, and it is the responsibility of the designer to be familiar with these
limitations and to know when an alternative methodology is required.

A brief description of some commonly used hydrologic methods is given below:

411 The Rational Method

The Rational Method provides a simple means for the assessment of the peak discharge rate for
design storms, but does not provide a reliable basis for the determination of runoff volume,
hydrograph shape, or peak discharge rates from historical (real) storms.

Use of the Rational Method is generally not suitable for the following applications:

e analysis of historical storms

¢ design of detention basins

e catchments of unusual shape—refer to section 4.7

e catchments with significant, isolated areas of vastly different hydrologic characteristics, such as
a catchment with an upper forested sub-catchment and a lower urbanised sub-catchment

e catchments with significant floodplain storage, detention basins, or catchments with wide
spread use of on-site detention systems

e urban catchments with an area greater than 500 hectares

e catchments with a time of concentration greater than 30 minutes where a high degree of
reliability is required in the hydrologic analysis.

41.2 Synthetic unit hydrograph procedure

The Clarke-Johnstone Synthetic Unit Hydrograph procedure is described in Australian Rainfall &
Runoff (ARR, 1998) and involves the construction of a time-area diagram for the catchment, the
routing of this through a linear storage and the convolution of the resulting unit hydrograph with the
hyetograph to obtain a hydrograph at the point under consideration.

41.3 Runoff-routing models (RORB, RAFTS, WBNM and URBS)

RORB, RAFTS, WBNM and URBS are computer based runoff routing models for calculating flood
hydrographs from rainfall, catchment and channel inputs. RORB is more frequently used for rural
and sparsely developed catchments. RAFTS, WBNM and URBS have been widely used for both
rural and urban catchments.
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These models use the concept of ‘critical storm duration’ as opposed to the concept of ‘time of
concentration’ used within the Rational Method. The critical storm duration for a given catchment
may be similar in duration to the time of concentration, but the two terms are different and should
not be confused. The critical storm duration is determined by testing the model for a range of storm
durations.

Calibration of these models with actual flow data is recommended, particularly for urban areas.
Where this is not possible, guidance on suitable model parameters for rural catchments is given by
Weeks (1986) and McMahon and Muller (1986). These model parameters should be used in urban
catchment with caution. Suggested procedures for accounting for the degree of urbanisation are
provided in section 4.10. Reference should also be given to the development of regional methods
as discussed in 4.1.5.

Alternatively, model results may be ‘compared’ with the output from other runoff-routing models.
For small catchments less than 500 ha, it is common to ‘compare’ the results to a Rational Method
peak discharge. This comparison should be to the satisfaction of the relevant regulating authority.
A statement should be prepared providing justification for any differences between the models
used.

Runoff-routing models such as RORB, RAFTS, WBNM and URBS can produce erroneous results
when flows are extracted from the models at node locations that have just a few contributing
sub-areas. This is because there may be insufficient sub-catchments to achieve a suitable balance
between the calibrated rainfall runoff and flood routing components of the model. It should be
noted, however, that this problem does not always occur. Ideally these models should have at least
5 sub-catchments upstream of the point of interest. Alternatively, refer to the User Guide for the
computer program for guidance.

RAFTS features an automatic subdivision of each nominated sub-catchment into ten sub-areas
which is thought to significantly reduce the risk of erroneous results when stream flows are
extracted from the model at nodes that have just a few contributing sub-catchments.

41.4 Time-area runoff routing (e.g. DRAINS and PC-DRAIN)

DRAINS and PC-DRAIN are computer-based models that incorporate the routing of the time-area
relationship developed for the sub-catchments under consideration.

DRAINS was developed from the TRRL Method, ILLUDAS and later, ILSAX. It is suitable for use in
urban catchments, but requires calibration with available flow data. Where this is not available it is
recommended that the obtained hydrograph be ‘compared’ with the peak discharge derived for the
same catchment using the Rational Method—noting the issues raised in 4.1.1..

4.1.5 Regional flood frequency analysis

Project 5 of Engineers Australia’s Australian Rainfall and Runoff Review is working on the
development of regional flood methods for ungauged rural streams. This project is expected to
develop appropriate regional equations for small to medium sized (8 to 1000 km?) rural catchments
(< 10% urban) for both coastal and semi-arid regions of Queensland. Stormwater designers should
take appropriate steps to obtain the latest information from this project.
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4.2 Hydrologic assessment

4.2.1 Hydrologic assessment of catchments not fully developed

Traditional drainage standards require design discharge rates to be based on a fully developed
catchment in accordance with the current Planning Scheme or Strategic Plan. Unless otherwise
directed by the local government, the design discharge rate has traditionally assumed no flow
attenuation within future upstream developments.

The main benefit of this practice was that it minimised the need for stormwater detention/retention
systems within developing catchments. The disadvantages associated with this approach are:

e accelerated downstream watercourse erosion if runoff from the upstream development is not
regulated to avoid increases in discharge

¢ the high cost of trunk drainage systems.

Even with current stormwater practices it may not always be appropriate to assume future
upstream developments will adequately attenuate flows. For example, parts of the upper
catchment may have been approved for development under an old Planning Scheme where flow
attenuation was not required. Developers need to obtain guidance from the local government as to
what flow conditions should be assumed for the fully developed upstream catchment.

4.2.2 Examples of catchments where application of the Rational Method is
generally not recommended

The following section provides guidelines on the hydrologic assessment of catchments which
contain features that are likely to significantly limit the applicability of the Rational Method. These
catchment conditions are assumed to exist upstream of the location where a design discharge is
being determined.

\3@7 Catchment 1:
\%’%% Overland flow path passing through a low gradient oval or park
G that provides significant detention storage during major storm
events

{ e Use of the Rational Method to calculate peak flows downstream of
Oval floods the oval/park is not recommended. Note; it is inappropriate to use
in major } the very low flow velocities passing through the flooded oval to
storms 1 determine a time of concentration downstream of the oval.

e Peak flow should be determined using a runoff-routing model that
~———7 adequately accounts for flood storage, i.e. the oval/park may need
\ to be modelled as a detention system.
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Catchment 2:

Catchments where travel time for the minor drainage system is
significantly different from that of the major drainage (overland
flow) system

¢ If the Rational Method is used, then the time of concentration
should be based on the shortest travel time, otherwise use a runoff-
routing model.

¢ If the assessment of peak discharge is a critical design issue, then
an appropriate runoff-routing model should be used.

Property

\

Relief drainage pipe

Catchment 3:

Relief drainage works incorporating split pipe flows

e The assumed flow rate in each pipe should not be based on pipe
gradient, but on an appropriate hydraulic gradeline analysis.

¢ Alternatively, use an appropriate pipe network or time-area runoff
routing model to analyse the drainage system (preferred method).

Future
urban

1/

Development

Catchment 4:

The upstream catchment is zoned for urban usage, but is
currently undeveloped

e Design flow rates should be based on ultimate development of the
catchment based on the current Planning Scheme or Strategic
Plan, whichever results in higher flows.

e It should be assumed that future upstream development would alter
existing flow conditions, unless otherwise agreed in principle by the
local government or specified through Planning Scheme
requirements.

e Refer to discussion in section 4.2.1.
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Catchment 5:

Catchments containing significant on-site stormwater detention
(OSD)

e

Stormwater pipe |
5
|

4

¢
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D

Use of the Rational Method to calculate minor storm flow rates is
likely to be inappropriate.

The Rational Method may be used if applied in a conservative
manner (i.e. OSD systems are ignored).

Typically the OSD systems should be ignored when analysing
major storm events.

For those areas with on-site detention, the local government may
agree to the adoption of a runoff coefficient (C) based on an
appropriate pre-development land use.

Alternatively, use a runoff-routing model with appropriate
allowances made for the OSD systems.

Catchment 6:

Sub-catchments containing one or more large lakes, wetlands or
detention/retention basins

Hydrological analysis should be performed using an appropriate
runoff-routing model.

Use of the Rational Method to calculate peak flow rates
downstream of the water storage is not recommended.

1|1

Catchment 7:

Catchments containing a major water supply dam or weir

¢ Use of the Rational Method is not recommended.

e General practice is to assume the dam/weir is full at the start of the

design storm.

Catchment 8:

Catchments with an upper rural area containing a farm dam

[+

e |t should be assumed that the farm dam may one-day be removed
(even if the area stays rural) therefore, design flows downstream of

the dam should consider both the dam and no dam condition.

In effect, downstream residents should not place an unreasonable
onus on upstream residents for the flood protection of their
(downstream) properties. Consequently downstream landowners
should adequately plan for the changing hydrologic conditions
resulting from the ‘normal use’ of upstream properties.

General practice is to assume existing dams are full at the start of
the design storm.
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Catchment 9:

Urban catchments with an area greater than 500 ha.

Use of the Rational Method is not recommended.

Catchments should be analysed using an appropriate runoff-routing
model.

Runoff-routing models of ungauged urban catchments can be
compared to the Rational Method, but only at locations where the
upstream catchment areas is less than 500 ha.

Catchment 10:

Catchments developed using the principles of Water Sensitive
Urban Design

Applicability of the Rational Method will depend on the degree of
on-site detention (refer to Catchment 5).

The Rational Method may be appropriate for the determination of
peak discharge rates for major design storms for catchment less
than 500 ha.

Alternatively, use an appropriate runoff-routing model.

The above discussion does not apply to water quality modelling of
WSUD systems.

Catchment 11:

Partially urbanised, ungauged catchments

",/,

Development

Use of the Rational Method may produce highly erroneous results.

Catchments should be analysed using an appropriate runoff-routing
model or regional flood methods.

Results from runoff-routing models of ungauged catchments may
be ‘compared’ with results from a Rational Method analysis for
catchments less than 500 ha using the following procedure:

(i) ‘compare’ the results assuming a fully undeveloped catchment
(i.e. assuming the lower catchment is undeveloped)

(i) ‘compare’ the results assuming a fully developed catchment
(i.e. assuming the upper catchment is developed)

(iii) adjust the parameters used in the runoff-routing model based
on past experience of similar catchments and the results of
steps (i) and (ii). Note; output from the runoff-routing model
should not be calibrated to precisely match the Rational
Method unless there is reasonable and logical justification.
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Catchment 12:

Irregular shaped catchments

/ ¢ Non-critical design discharge rates may be determined using the
Rational Method with appropriate adjustments made to the time of
concentration (refer to section 4.7).

e In critical locations or where an accurate estimation of design
discharge is required, use an appropriate runoff-routing model.

Catchment 13:

Catchments with a significant change in catchment slope or
stream slope

e Use of the Rational Method may produce highly erroneous results.
In some cases, an estimate of design discharge rates may be
determined using the procedures presented in section 4.7.

e Catchments should be analysed using an appropriate runoff-routing
model.

4.3 The Rational Method

In its general form (using the non-standard units of Q (m%s), I (m/s) and A (m?)) the Rational
Formula is:
Q=C.I1.A 4.1)

For design purposes, the units of the key variables are changed to their more common form (Q
(m®/s), 1 (mm/hr) and A (ha)) and the formula becomes:

Q,=(C,.",. A)/360 (4.2)
where:
Q, = peak flow rate (m°/s) for annual exceedence probability (AEP) of 1 in ‘y’ years
C, = coefficient of discharge (dimensionless) for AEP of 1 in 'y’ years
A = area of catchment (ha)
tly = average rainfall intensity (mm/h) for a design duration of " hours and an AEP of 1
in ‘y’ years
t = the nominal design storm duration as defined by the time of concentration (t;)

The value ‘360’ is a conversion factor to suit the units used.

Calculation of the flow at the various inlets and junctions along the drainage line is carried out from
the top of the system progressively downstream.

The total peak flow at any point is not the sum of the calculated sub-area flows contributing at that
point, but is dependent on the time of concentration at that point. The actual flow being the
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product of the sum of the C.A values of the contributing sub-catchments, multiplied by ‘I,
appropriate for time of concentration at that point.

Q peak = (2.78 x 107°).[5(C.A)]. "I, (m*/s) (4.3)

The time of concentration (f;) is defined as the time for flow to travel from the most remote part of
the catchment to the outlet, or the time taken from the start of rainfall until all of the catchment is
simultaneously contributing flow to the outlet.

The Rational Method should not be used to analyse historical (real) storms. For additional
explanation of the Rational Method refer to Books 4 and 8 of Australian Rainfall & Runoff (1998).

4.4 Catchment area

The boundaries of catchment areas may be determined from contour maps, council records, aerial
photographs and field inspections. When selecting the catchment area the following issues and
guidelines should be considered:

¢ Where the contributing catchment includes existing subdivided areas, the location of existing
drainage works needs to be determined, either by field inspection, council records, or from ‘As
Constructed’ drainage plans.

e In urbanised catchments, ridgelines should not automatically be adopted as catchment
boundaries because pipe drainage systems may collect and carry stormwater across these
natural catchment boundaries.

e The catchment area should take into account likely future road layouts and road drainage
patterns if the contributing catchment includes areas subject to future development.

¢ In older urban areas where existing roads may have a high crown, significant quantities of
stormwater runoff may be redirected by the crown of the road (Figure 4.1). When determining
the catchment area, appropriate consideration should be given to the likelihood that the road
will one-day be resurfaced and re-profiled, causing stormwater to return to its ‘natural’ flow path
(Figure 4.2). In such cases, the design of new drainage works must adopt a conservative
catchment area.

Figure 4.1 — Kerb flow diverted by road Figure 4.2 — Surface flow following re-profiling
crown of the road crown

¢ When assessing catchment boundaries, allowance should be made of the possible piping of
runoff against the natural ground slope (e.g. the discharge of roof water drainage to the street
even though the property site below the road elevation). This may be especially significant in
industrial and commercial areas where factory roofs and surrounding car parks may drain in
opposite directions.
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¢ Roads, fences and pathways may significantly alter catchment boundaries. Property fencing
and sound-control fencing can either block or significantly alter the direction of surface runoff.

e The effective catchment area of the minor drainage system may be different from the
catchment area of the major drainage system. In some cases the piped drainage system may
discharge to a location different from that of the overland flow.

¢ In small urban catchments, the effective catchment boundary may be governed by the location
of allotment boundaries as shown in Figure 4.3.

/@ L =

-
Key:

Catchment based
ON CONOUTS s e e—

Effectiv tch t

Ereche achmert o
Figure 4.3 — Catchment boundaries of the natural catchment (dotted line) and the actual
drainage catchment (solid line)

4.5 Coefficient of discharge

The coefficient of discharge, ‘C’is a coefficient used within the Rational Method. The value of C is
linked, in a complex manner, to the infiltration characteristics of the catchment and impacts of other
runoff ‘losses’. It should not be confused with the volumetric runoff coefficient ‘Cy,’, which is a direct
ratio of total runoff to total rainfall.

The coefficient of discharge must account for the future development of the catchment as depicted
in the Planning Scheme or zoning maps for the relevant local government, but should not be less
than the value determined for the catchment under existing conditions.

It is recommended that the coefficient of discharge should be calculated using the method
presented in Book 8 of ARR (1998), with the exception of 100% pervious surface. This method is
summarised in the following steps:

STEP 1 Determine the fraction impervious (f;) for the catchment under study from Table 4.5.1.

STEP 2 Determine the 1 hour rainfall intensity ('I,,) for the 10 year ARI (10% AEP) at the locality
— refer to section 4.8.

STEP 3 Determine the frequency factor (F,) for the required design storm from Table 4.5.2.
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STEP 4 Determine the 10 year discharge coefficient (C) value from tables 4.5.3 and 4.5.4.

STEP 5 Multiply the Cy value by the frequency factor (F,) to determine the coefficient of runoff
for the design storm (C,).

Cy = Fy . C10 (44)

Note: In certain circumstances the resulting value of C, will be greater than 1.0. In accordance with
the recommendations of ARR (1998), a limiting value of C, = 1.0 should be adopted for urban
areas.

There is little evidence to support an allowance for either slope or soil type in fully developed (non
WSUD) urban areas. If there are significant local effects, and reliable data is available, then
adjustments for soil type may be incorporated within the calculations at the discretion of the
designer in consultation with the relevant local authority.

The relationships presented in Book 8 of ARR (1998) and adopted in this Manual apply to areas
that are essentially homogeneous, or where the pervious and impervious portions are so
intermixed that an average is appropriate. In cases where separable portions of a catchment are
significantly different, they should be divided into sub-catchments and different values of C applied.

Notwithstanding the above notes and limitations, it is the responsibility of the designer to ensure
each sub-catchment flow is determined using a suitable coefficient of discharge. The local
government may set specific C-values to be used within their area.

Table 4.5.1 — Fraction impervious vs. development category

Development category Fraction impervious (f;)

Central business district 1.00
Commercial, local business, neighbouring facilities, service industry, 0.90

general industry, home industry

Significant paved areas e.g. roads and car parks 0.90

Urban residential — high density 0.70t0 0.90
Urban residential — low density (including roads) 0.45to0 0.85
Urban residential — low density (excluding roads) 0.40t0 0.75

Rural residential 0.10t0 0.20

Open space and parks etc. 0.00

Notes (Table 4.5.1):

1. Designer should determine the actual fraction impervious for each development. Local governments may
specify default values.

2. Typically for urban residential high density developments:

townhouse type development ;=07
multi-unit dwellings > 20 dwellings per hectare fi=0.85
high-rise residential development f;=0.9

3. Inurban residential low density areas f; will vary depending upon road width, allotment size, house size
and extent of paths, driveways etc.

4. Referto Table 7.3.3 for the definition of development categories.
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Table 4.5.2 — Table of frequency factors

AEP (%) ARI (years) Frequency factor (F,)
63% 1 0.80
39% 2 0.85
18% 5 0.95
10% 10 1.00
5% 20 1.05
2% 50 1.15
1% 100 1.20
Table 4.5.3 — Table of C,, values

Intensity Fraction impervious f;

(mm/hr)

Y0 0.00 0.20 0.40 0.60 0.80 0.90 1.00
39-44 0.44 0.55 0.67 0.78 0.84 0.90
45-49 2; 0.49 0.60 0.70 0.80 0.85 0.90
50-54 ; 0.55 0.64 0.72 0.81 0.86 0.90
55-59 E 0.60 0.68 0.75 0.83 0.86 0.90
60-64 ‘8 0.65 0.72 0.78 0.84 0.87 0.90
65-69 g:% 0.71 0.76 0.80 0.85 0.88 0.90
70-90 0.74 0.78 0.82 0.86 0.88 0.90

Refer to notes over page.

Table 4.5.4 — Cy, values for zero fraction impervious [

Medium density bush, or Light cover bushland, or
La_nd_ Dense bushland Good grass cover, or Poor grass cover, or
description High density pasture, or Low density pasture, or
Zero tillage cropping Low cover bare fallows
Intensity Soil permeability Soil permeability Soil permeability
(mm/hr) *lso High | Med | Low | High | Med | Low | High | Med | Low
39-44 0.08 0.24 0.32 0.16 0.32 0.40 0.24 0.40 0.48
45-49 0.10 0.29 0.39 0.20 0.39 0.49 0.29 0.49 0.59
50-54 0.12 0.35 0.46 0.23 0.46 0.58 0.35 0.58 0.69
55-59 0.13 0.40 0.53 0.27 0.53 0.66 0.40 0.66 0.70
60-64 0.15 0.44 0.59 0.30 0.59 0.70 0.44 0.70 0.70
65-69 0.17 0.50 0.66 0.33 0.66 0.70 0.50 0.70 0.70
70-90 0.18 0.53 0.70 0.35 0.70 0.70 0.53 0.70 0.70
Refer to note over page.
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Notes (Table 4.5.3):
"1 One hour rainfall intensity for a 1 in 10 year ARI (10% AEP)
Cio Coefficient of discharge for a 1 in 10 year ARI (10% AEP)
f Fraction impervious

Note (Table 4.5.4):

[11 Developed from Department of Natural Resources and Mines (2004). These coefficients are not
suitable for soils compacted by construction activities.

4.6 Time of concentration (Rational Method)

4.6.1 General

The time of concentration (;) of a catchment is defined as the time required from the start of a
design storm for surface runoff to collect and flow from the most remote part of the catchment to its
outlet. Its significance is in the assumption that for a given design storm frequency, peak flow at the
catchment outlet will result from a storm of duration equal to the time of concentration. In reality
this is not always the case and it is the task of the designer to be aware of the correct
determination and application of the time of concentration.

It is noted that the time of concentration as used in the Rational Method is not the same as the
‘critical storm duration’ or ‘time to peak’ as determined from runoff-routing models, such as RAFTS,
RORB and WBNM. It is therefore inappropriate to adopt the critical storm duration determined from
a runoff-routing model and apply it as the time of concentration within a Rational Method analysis.

In certain circumstances, partial area effects need to be considered for a catchment and these are
discussed in section 4.7.

In determining the time of concentration, the designer should adopt the appropriate catchment
conditions in accordance with the required analysis. Flow conditions should be based on a fully
developed catchment in accordance with the allowable land use shown in the relevant Strategic
Plan, or as directed by the local authority.

The following discussion is relevant to the application of the Rational Method.

In a typical urban drainage system, a designer will need to calculate time of concentration for two
purposes:

e To allow calculation of the runoff from sub-catchments in order to determine the position and
size of inlets required to satisfy criteria such as flow-width (in the case of a minor storm) or
roadway discharge capacity (in the case of a major storm). This time of concentration is known
as the ‘inlet time’.

e To size a pipe or channel draining a number of sub-catchments based upon the total area of
the sub-catchments contributing to the upstream end of the drain and the time of concentration
of that area.

4.6.2 Minimum time of concentration

Although travel time from individual elements of a system may be as short as two minutes, the total
nominal flow travel time to be adopted from any catchment to its point of entry into the drainage
network should not be less than 5 minutes.
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4.6.3 Methodology of various urban catchments

By its nature the Rational Method is a very simple hydrologic model that depends on its original
development and calibration to achieve reasonable flow estimation values for catchments of typical
shape and surface condition. This equation addresses variations in rainfall loss, surface storage,
and the rate (speed) of surface runoff in a very simplistic manner.

Within the Rational Method both the ‘runoff coefficient’ and the ‘time of concentration’ are adjusted
to account for typical variations in catchment conditions as described below:

¢ The runoff coefficient (C) takes account of variations in catchment porosity, and hence the
selection of this coefficient is usually related to the fraction impervious (f).

e The runoff coefficient (C) also takes account of variations in rainfall losses relative to the rainfall
intensity/volume, and thus the coefficient is adjusted using the frequency factor (F,).

e The average rainfall intensity (I) takes account of variations in the rainfall intensity for different
storms through the use of time of concentration (t;).

¢ Indirectly, the nominated average rainfall intensity (1) may also need to take account of typical
variations in channel/floodplain storage through variations in the methodology used to calculate
the time of concentration. An example of this is the Stream Velocity Method (section 4.6.12(c))
which calculates a time of concentration not necessarily representative of the actual flow travel
time, but instead an ‘assumed’ travel time, determined through stream gauging and model
calibration.

To apply the Rational Method in an appropriate and consistent manner, five different
methodologies for determination of the time of concentration are presented below for different
types of drainage catchments. Those catchment types being:

(a) Predominantly piped or channelised urban catchments less than 500 ha with the top of the
catchment being urbanised.

(b) Predominantly piped or channelised urban catchments less than 500 ha with the top of the
catchment being bushland or a grassed park.

(c) Bushland catchments too small to allow the formation of a creek with defined bed and banks.
(d) Urban creeks with a catchment area less than 500 ha.

(e) Rural catchments less than 500 ha.

A summary of the typical components that make up the determination of the ‘time of concentration’
are presented in Table 4.6.1. This table provides only an indication of the flow travel components

that typically make up the total travel time. Unusual drainage catchments will need to be assessed
on a case-by-case basis. A detailed discussion of each catchment condition follows this table.
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Table 4.6.1 — Summary of typical components of time of concentration

Catchment conditions

Standard
inlet time
Overland
sheet flow
Concentrated
overland flow
Kerb flow
time
Pipe flow
time
Channel flow
time
Creek flow
travel time

(a) Urban piped catchment
(< 500 ha) with urban
development at the top of
catchment

Yes Yes Yes Yes

(b) Urban piped catchment
(< 500 ha) with park/bush at Yes Yes Yes Yes Yes
top of catchment

(c) Small, non-piped
catchment (< 500 ha) with no Yes Yes Yes
formal creek

(d) Urban creek (< 500 ha) As above for the appropriate catchment

with no floodplain storage conditions Yes

(d) Urban creek (< 500 ha)
with significant floodplain Yes
storage

(e) Rural creek catchment

(< 500 ha) Yes

(a) Predominantly piped or channelised urban catchments less than 500 ha with the top
of the catchment being urbanised

Components of time of concentration:

e Standard inlet time—from section 4.6.4. Alternatively calculate travel time from roof to kerb
using section 4.6.5.

¢ Note: The ‘standard inlet time’ includes the travel time along a typical length of kerb/channel
from near the top of the catchment to the first pipe or channel inlet. If the actual length of
kerb/channel travel is unusually long, then an additional travel time must be added to the
standard inlet time (step (ii) below). If a gully/field inlet does not exist near the top of catchment,
then use sections 4.6.5 and/or 4.6.6 to determine the initial travel time to the start of the
kerb/channel; then add the travel time along the kerb/channel.

o Kerb flow time—from figures 4.9 and 4.10 only if the length of kerb exceeds that which would
normally exist at the top of a catchment.

e Pipe flow time—using actual flow velocities determined from a pipe network analysis or
Manning’s equation. Alternatively, if the pipe flow time is not critical, an average pipe flow
velocity of 2 m/s and 3 m/s may be adopted for low gradient and medium to steep gradient
pipelines respectively.

e Creek and/or channel flow time—using the ‘actual’ stream flow velocity determined from
numerical modelling or Manning’s equation (not values from Table 4.6.6). Alternatively, if the
expected travel time in the creek is not critical, an average flow velocity of 1.5 m/s may be
adopted (not applicable to constructed channels).
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(b) Predominantly piped or channelised urban catchments less than 500 ha with the top
of the catchment being bushland or a grassed park

Components of time of concentration:

e Sheet flow travel time—estimate the length of sheet runoff at top of catchment from field
observations noting the maximums presented in Table 4.6.4, then estimate the sheet flow
travel time as per section 4.6.6.

e Concentrated flow overland travel time—determine the distance of concentrated overland flow
from the end of the ‘sheet flow’ runoff to the nearest kerb, pipe inlet, open channel or creek.
Then determine the travel time for this concentrated overland flow based on the calculated flow
velocity.

e Kerb flow time—as per figures 4.9 and 4.10.

¢ Pipe flow time—using actual flow velocities determined from a pipe network analysis or
Manning’s equation. Alternatively, if the pipe flow time is not critical, an average pipe flow
velocity of 2 m/s and 3 m/s may be adopted for low gradient and medium to steep gradient
pipelines respectively.

e Creek and/or channel flow time—using the ‘actual’ stream flow velocity determined from
numerical modelling or Manning’s equation (not values from Table 4.6.6). Alternatively, if the
expected travel time in the creek is not critical, an average flow velocity of 1.5 m/s may be
adopted (not applicable to constructed channels).

(c) Bushland catchments too small to allow the formation of a creek with defined bed
and banks

Time of concentration determined using the procedure listed in (b) above.
(d) Urban creeks with a catchment area less than 500 ha

Time of concentration for an urban catchment containing a watercourse with defined bed and
banks may be determined as for rural catchments (section 4.6.12) provided the following
conditions apply:

e channel/floodplain storage along the watercourse—for the catchment condition being
analysed— is not significantly reduced from the natural (i.e. pre-urbanisation) conditions

e less than 20% of the catchment drains to a pipe network.

If the above conditions do not apply, then the time of concentration should be based on the
procedures outlined in (a) or (b) above as appropriate for the catchment conditions.

Technical note 4.6.1

Use of the Rational Method is generally not recommended for urban catchments greater than 500
ha, or rural catchment greater than 25 km?.

Hydrologic analysis of urban catchments greater than 500 ha should be performed using a
combination of suitable runoff-routing modelling and dynamic hydraulic modelling. Designers
should refer to the latest recommendations of Australian Rainfall and Runoff.

(e) Rural catchments less than 500 ha

Recommended procedures for the determination of the time of concentration for rural catchments
as outlined in section 4.6.12.
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4.6.4 Standard inlet time

Use of standard inlet times for developed catchments is recommended because of the uncertainty
related to the calculation of time of overland flow. The standard inlet time is defined as the travel
time from the top of the catchment to a location where the first gully or field inlet would normally be
expected to exist, as depicted in Figure 4.4.
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Figure 4.4 — Application of standard inlet time

Recommended standard inlet times are presented in Table 4.6.2. These inlet times are considered
appropriate for traditional (i.e. non WSUD) low density residential areas where the top of the
catchment is low density residential, but not a park or bushland.

If the top of the catchment consists of high density residential, then the local government should be
consulted for inlet times appropriate for the catchment. In such cases it is recommended that the
standard inlet time should not exceed 10 minutes unless demonstrated otherwise by the designer.

If the hydrologic analysis is being performed on a small urban development located at the top of
the catchment, then use of a standard inlet time may not be appropriate because the inlet time may
be significantly greater than the actual travel time for the drain being designed e.g. in the design of
minor drains upstream of the first gully inlet.

If the first gully or field inlet is located further down the catchment slope than would normally be
expected, then the standard inlet time shall only account for the travel time down to the location
where the first gully or field inlet would normally have been located.

If the urban drainage system does not incorporate pipe drainage (i.e. no gully or field inlet exists)
then the standard inlet time shall extend down the catchment to a location where a gully inlet would
normally be located in a traditional kerb-and-channel drainage system.

A standard inlet time should not be adopted in sub-catchments where detailed overland flow and
kerb/channel flow calculations are justified.
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Table 4.6.2 —- Recommended standard inlet times

Location Inl?t time
(minutes)

Road surfaces and paved areas 5
Urban residential areas where average slope " of land at top of catchment is greater 5
than 15%
Urban residential areas where average slope " of land at top of catchment is greater 8
than 10% and up to 15%
Urban residential areas where average slope " of land at top of catchment is greater 10
than 6% and up to 10%
Urban residential areas where average slope " of land at top of catchment is greater 13
than 3% and up to 6%
Urban residential areas where average slope!" at top of catchment is up to 3% 15
Note (Table 4.6.2):
[1] The average slopes referred to in this table are the slopes along the predominant flow path for the

catchment in its developed state.

A local government may determine that the use of standard inlet times shall not apply within their
area and may direct designers to use alternative methods.

In certain circumstances the use of standard inlet times may result in times of concentration
unacceptably short for the catchment under consideration, such as airports, or large flat car parks.
In these cases the designer should utilise other methods (e.g. Friend’s equation or the Kinematic
Wave equation) to determine the time of initial overland flow (refer to section 4.6.6). Inlet times
calculated by these methods should only be adopted for design if the sheet flow length criteria
discussed in section 4.6.6 are met, and if due consideration is given to the type and continuity of
the surface where overland flow is occurring.

Notwithstanding the above, it is recommended that a maximum inlet time of 20 minutes be
adopted for urban and residential catchments, including playing fields and park areas.

4.6.5 Roof to main system connection

In cases where use of a standard inlet time is not considered appropriate, the following roof to
main system flow travel times are recommended:

Table 4.6.3 - Recommended roof drainage system travel times

Development catego Time to point A
P gory (minutes)
Rural residential, residential low-density
For the roof, downpipes and pipe connection system from the building to the 5
kerb and channel or a rear-of-allotment drainage system (Figure 4.5(a)).
Residential medium and high-density, commercial, industrial and
central business district
For the roof and downpipe collection pipe to the connection point to the 5
internal allotment drainage system abutting the building (Figure 4.5(b)).
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Note: The flow time from point A (Figure 4.5) through the internal allotment pipe system to the kerb and
channel, street underground system or rear of allotment system for the more intense developments
noted should be calculated separately.

Kerb and channel __A Street A

\ '\

1

L Rear of allotment drainage system
Figure 4.5 (a) — Typical roof drainage Figure 4.5 (b) — Typical roof drainage
systems (residential) systems (industrial)

Note (Figure 4.5): Point A is referred to in Table 4.6.3

4.6.6 Overland flow

(a) General

Overland flow at the top of a catchment will initially travel as ‘sheet flow’, after which it will move
down the catchment as minor ‘concentrated flow’. Travel times for the sheet flow and concentrated
flow components need to be determined separately.

The sheet flow travel time is defined as the travel time from the top of a catchment to the point
where stormwater runoff begins to concentrate against fences, walls, gardens, or is intercepted by
a minor channel, gully or piped drainage. This concentration of flow may also occur in the middle of
vegetated areas as the stormwater concentrates in minor drainage depressions.

The time required for water to flow over a homogeneous surface such as lawns and gardens is a
function of the surface roughness and slope. There are a number of methods available for the
determination of sheet flow travel times and a local government may direct which of these methods
shall be applied. Two such methods are presented in this section.

Irrespective of which method of calculation is adopted, it is the designer’s responsibility to
determine the effective length of this sheet flow.

In urban areas, the length of overland sheet flow will typically be 20 to 50 metres, with 50 metres
being the recommended maximum. In rural residential areas the length of overland sheet flow
should be limited to 200 m (Argue, 1986), however the actual length is typically between 50 and
200 m, where after the flow will be ‘concentrated’ in small rills, channels, or tracks.
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(b) Design Steps

To determine the overland flow travel time the following steps should be applied:

e Where practical, inspect the catchment to determine the length of initial overland sheet flow, or
for new developments measure the length of overland flow from the design plans.

e Where it is not practical to inspect the catchment, determine the likely length of overland sheet
flow based on Table 4.6.4.

¢ Determine the sheet flow travel time using either the Friend’s equation (equation 4.5 —
preferred method) or the Kinematic Wave equation (equation 4.6).

e Determine or measure the remaining distance of assumed concentrated overland flow from the
end of the adopted sheet flow to the nearest kerb, channel, or pipe inlet.

e Determine the concentrated flow travel time using either Figure 4.8 or Manning’s equation.

Table 4.6.4 — Recommended maximum length of overland sheet flow

Surface condition Assumed maximum flow length (m)
Steep (say >10%) grassland (Horton’s n = 0.045) 20
Steep (say >10%) bushland (Horton’s n = 0.035) 50
Medium gradient (approx. 5%) bushland or grassland 100
Flat (0—1%) bushland or grassland 200

(c) Friend's equation/nomograph for overland sheet flow time (preferred method for
overland flow calculation)

The formula shown below and attributed to Friend (1954) may be used for determination of
overland sheet flow times. This was derived from previous work in the form of a nomograph for
shallow sheet flow over a plane surface (Figure 4.6). This assessment process is recommended in
preference to that presented in (d) below. It is noted that values for Horton’s ‘n’ are similar to those
for Manning'’s ‘n’ for similar surfaces.
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Time of travel over surface (min) Length of overland ‘sheet’ flow (m)

Figure 4.6 — Overland sheet flow times (shallow sheet flow only) (source: ARR, 1977)
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Friend's equation:

t=(107n L%3%%)/s%2 (4.5)
where:
= overland sheet flow travel time (min)

= overland sheet flow path length (m)
= Horton’s surface roughness factor
= slope of surface (%)

WS-~
|

(d) Kinematic wave equation for overland sheet flow time

The kinematic wave equation for overland travel time developed by Ragan & Duru (1972) may also
be used; however, it should only be applied to planes of sheet flow that are homogenous in slope
and roughness. Thus, travel times need to be determined separately for areas of different slope or
roughness.

As shown by McCuen (1984) it cannot be applied to large heterogeneous catchments. The
Kinematic Wave equation is best applied to large paved areas such as car parks and airports.

t=6.94 (L.n*) 0.6 /(1°4.5%3) (4.6)
where:
t = overland travel time (min)
L = overland sheet flow path length (m)
n* = surface roughness/retardance coefficient
I = rainfall intensity (mm/hr)

(%))
|

= slope of surface (m/m)
Typical values for n* are presented below:

(i) As quoted by Argue (1986) p. 28.

o Paved surfaces = 0.015
o Lawns = 0.25
o0 Thickly grassed surfaces = 0.50

(ii)) As derived from ARR (1998), Book 8, Table 1.4.

Table 4.6.5 — Surface roughness or retardance factors

Surface type Horton’s roughness coefficient n*
Concrete or Asphalt 0.010-0.013
Bare Sand 0.010 - 0.016
Gravelled Surface 0.012-0.030
Bare Clay-Loam Soil (eroded) 0.012 - 0.033
Sparse Vegetation 0.053-0.130
Short Grass Paddock 0.100 - 0.200
Lawns 0.170 - 0.480

Notes (Table 4.6.5):

1. The surface roughness/retardance coefficient n* is similar but not identical to Manning’s n value for
surface roughness.
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2. For further details of this procedure reference should be made to technical note 3, Book 8, ARR (1998).

3. Experience both locally and as quoted by McCuen (1984) indicates that the kinematic wave equation
tends to result in excessively long overland sheet flow travel times.
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Figure 4.7 — Overland sheet flow times using kinematic wave equation (Source: Argue, 1986)

Technical notes for Figure 4.7
Based on rainfall intensity = 125 mm/hr.

The boundary X-X defines the practical limit of ‘sheet flow’ path length on grass or unpaved
surfaces. For example, for 0.20 grassed slopes = 50 m, or for 0.05 grassed slopes = 120 m.

Pervious surface flow distances exceeding these limits should be treated as natural channel flow.
Flow velocity should be determined using the Manning’s equation based on expected operating
conditions.

4.6.7 Initial estimate of kerb, pipe and channel flow time

An initial (trial) estimate of flow time can be determined from Figure 4.8. The chart may be used
directly to determine approximate travel times along a range of rigid channel types and, with the
application of multiplier A for a range of loose-boundary channel forms.

Technical notes for Figure 4.8

Flow travel time (approximate) may be obtained directly from this chart for:
kerb-and-gutter channels

o stormwater pipes

¢ allotment channels of all types (surface and underground)

e drainage easement channels (surface and underground)

Multiplier A, should be applied to values obtained from the chart as per:

e grassed swales, well maintained and without driveway crossings, A = 4

e Dblade-cut earth table drains, well maintained and no driveway crossings, A = 2
e natural channels, A =3
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Once a trial flow rate has been determined, the travel time determined from Figure 4.8 will need to
be checked using either figures 4.9 or 4.10.
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Figure 4.8 — Flow travel time in pipes and channels (Source: Argue, 1986)
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4.6.8 Kerb flow

Time of flow in kerb and channel should be determined by dividing the length of kerb and channel
flow by the average velocity of the flow.

The average velocity of the flow may be determined in either of two ways:

e |zzard’s equation—refer to Technical Note 4, Book 8, ARR (1998). Reference is also made to
section 7.4.2 (d) of this Manual for a more detailed explanation of 1zzard’s equation. Figure
4.10 provides a quick solution to Izzard’s equation—accurate enough for travel time
calculations.

e Using Figure 4.9.
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Figure 4.9 — Kerb and channel flow time using Manning’s equation

Technical notes for Figure 4.9
Formula: t=0.025L /S (minutes)
where:
t = time of gutter flow in minutes
L = length of gutter flow in metres
S = slope of gutter (%)
Example Length of gutter flow = 100m
Average slope of gutter = 3%
Thus, time of travel = 1.5 minutes.
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Figure 4.10 — Kerb and channel flow velocity using lzzard’s equation
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4.6.9 Pipe flow

Wherever practical, pipe travel times should be based on calculated pipe velocities either using a
Pipe Flow Chart (e.g. n = 0.013 for concrete pipes), uniform flow calculations using Manning’s
equation (equation 4.7), or results from a calibrated numerical drainage model.

An initial (trial) assessment of the pipe flow travel time can be determined using Figure 4.8.

Alternatively, if the travel time within the pipe is small compared to the overall time of
concentration, then an average pipe velocity of 2 m/s and 3 m/s may be adopted for low gradient
and medium to steep gradient pipelines respectively.

4.6.10 Channel flow

The time stormwater takes to flow along an open channel may be determined by dividing the
length of the channel by the average velocity of the flow. The average velocity of the flow is
calculated using the hydraulic characteristics of the open channel.

Manning’s equation is suitable for this purpose:
V= (1/n).R??. 8" (4.7)

From which t=L/(60.V)=n.L/(60.R?* S"? (4.8)

where:
= average velocity (m/s)

= Manning’s roughness coefficient
hydraulic radius (m)

= friction slope (m/m)

= length of reach (m)

= travel time (min)

~ 0 aOsS <
1l

Where an open channel has varying roughness or depth across its width it may be necessary to
segment the flow and determine the average flow velocity, to determine the flow time.

Flow travel times along grassed swales can vary significantly depending on flow depth and swale
roughness. The effective swale roughness should be determined from vegetation retardance
charts (Department of Main Roads, 2002). For a grass length of 50 to 150 mm, typical Manning’s
roughness values may be interpolated from Table 9.3.4.

4.6.11 Time of concentration for rural catchments

Detailed information on the development of regional flood methods for ungauged rural catchments
was not available at the time of release of this edition of QUDM (refer to section 4.1.5). In the near
future it is expected that regional flood frequency analysis will supersede the application of the
Rational Method for small to medium rural catchments.

In the application of the Rational Method in rural catchments, the time of concentration can be

found by using either the Bransby-Williams’ equation, modified Friend’s equation or the stream
velocity method. The local authority should be consulted for the acceptability of particular methods.
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(a) Bransby-Williams’ equation

where:

o

t.=58L /(A% S,%? (4.9)

t. = the time of concentration (min)

L = length (km) of flow path from catchment divide to outlet
A = catchment area (ha)
Se = equal-area slope of stream flow path (%)

(b) Modified Friend’s equation (maximum catchment area of 25 km?)

t.=800L/(Ch.A%". S, (4.10)
where:
t. = time of concentration (min)
L = Length (km) of flow path from catchment divide to outlet
Cn, = Chezy’s coefficient at the site = (1/n)R™®
R = hydraulic radius = 0.75Rs where stream slope is fairly uniform
= 0.65Rs where stream slope varies appreciably along the stream
Rs = hydraulic radius at the initially assumed flood level at the site
n = average Manning roughness coefficient for the entire stream length
A = catchment area (ha)
Se = equal-area slope of stream flow path (%)

The calculation of hydraulic radius is based upon the peak level of the design flood at the site in
question. If later hydraulic calculations show this level to be in error by more than 0.3-0.6 m, the

value should be recalculated.
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Figure 4.11 — Derivation of
the equal-area slope (S;) of
main stream

Queensland Urban Drainage Manual

Technical note 4.6.1 Use of Bransby-Williams and modified
Friend’s equations

Because an initial overland flow component is incorporated into
the Bransby-Williams and modified Friend’s equations, the
addition of an overland flow travel time or standard inlet time is
not required.

The equations as presented within this Manual are different from
their original presentation within the 1992 edition of this Manual,
as well as other publications such as ARR (1998). This is
because the units have been changed such that both equations
now utilise the same units for time, area and equal-area slope.
The adopted coefficients within each equation have been
appropriately adjusted (though rounded down from the exact unit
conversion) for use of the revised units.

Also note: Figure 4.11 demonstrates equal-area slope in units of
m/km which needs to be converted to percentage units by
dividing by 10.
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(c) Stream velocity method

As the catchment area increases, the relative influence of minor surface storage and in-stream
channel storage on the peak discharge typically increases. To account for the flow-attenuating
effects of channel/floodplain storage, the adopted or ‘assumed’ stream velocity needs to be less
than the actual stream velocity, especially for low gradient streams where channel and floodplain
storage is expected to be significant.

It is noted that for steep gradient or channelised streams with little or no floodplain storage the
assumed stream velocity should be close to the expected actual stream velocity.

Table 4.6.6 — Assumed average stream velocities for rural catchment areas <500 ha "

Type of country Averagi jli?apc(: c(>I/o ():?zt]chment Assumed( rsnt/rse)a};? velocity
Flat Oto 1.5 0.3
Rolling 1.5t04 0.7
Hilly 4t08 0.9
Steep 8to 15 1.5
Very steep rocky mountains >15 3.0
Notes (Table 4.6.6):
[1] Source: Book 4, Australian Rainfall & Runoff (1998).
[2] Catchment slope is not the same as stream slope or equal area slope.
[3] These are assumed average stream velocities that need to be adopted in order to determine an

appropriate time of concentration for use in the Rational Method.

4.7 The partial area effect

In general, the appropriate time of concentration (f;) for calculation of the flow at any point is the
longest time of travel to that point. However, in some situations, the maximum flow may occur
when only part of the upstream catchment is contributing. Thus the product of a lesser C.A and a
higher ’Iy (resulting from a lower t;) may produce a greater peak discharge than that if the whole
upstream catchment is considered. This is known as the ‘partial area effect’.

Usually the above effect results from the existence of a sub-catchment of relatively small C.A but a
considerably longer than average t.. This can result from differences within a catchment of surface
slope, or from catchment shape. Typical cases include a playing field or open space within a
residential area, or an elongated catchment. Figure 4.12 shows various examples.

It is important to note that particular sub-catchments may not produce partial area effects when
considered individually, but when combined at some downstream point with other sub-catchments,
the peak discharge may result when only parts of these sub-catchments are contributing.

The onus is on the designer to be aware of the possibility of the partial area effect and to check as
necessary to ensure that an appropriate peak discharge is obtained.

There are two generally accepted Rational Method based procedures for the calculation of peak
flow rates from partial areas as presented below; however, it is generally recommended that the
hydrologic assessment of catchments with unusual or widely varying surface features should be
undertaken with an appropriate numerical runoff-routing model.
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Road

Figure 4.12 — Examples of catchments that may be subject to partial area effects
(@) Simplified Procedure

A simplified procedure is given in section 4.5 of Argue (1986) based upon a comparison between
the full area discharge and the partial area peak discharge for the time of concentration of the
impervious areas of the critical sub-catchment. Care must be exercised as this procedure can
underestimate the peak discharge.

The method involves the use of a time of concentration (f;) corresponding to the flow travel time
from the most remote, directly connected, impervious area of the catchment to the point under
consideration. Thus, the calculated peak discharge is that from the impervious portion of the
catchment plus that from the pervious part of the catchment which has begun to contribute up to
time {; since the storm began.

Thus, C.A=C. A {:—i.cp.Ap} (4.11)

C

Care must be used in applying this equation to catchments of irregular shape, and a case by case
assessment is recommended.

(b) Isochronal Method

This is a trial and error method that is applicable where it is possible to identify those
sub-catchments likely to have long response times relative to the balance of the catchment.

Isochrones are lines drawn on a catchment plan passing through points which have equal travel
times to the catchment outlet. Isochrones are drawn for the critical sub-catchments and these are
used to assess the contributing area for a range of travel times from which the highest peak
discharge is selected.

Depending upon the complexity of the sub-catchments it may be necessary to distinguish between

pervious and impervious areas both in respect of travel time to the outlet and their effect upon the
equivalent impervious area under consideration.
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4.8 Intensity-frequency-duration data

Intensity-frequency-duration data is required as input to the hydrologic model used for design.
There are a number of means by which this data can be obtained, including:

e Local authorities may issue IFD curves and/or tables and direct that these be used within
specified regions within their local authority area.

¢ |FD data may be generated using the procedures given in ARR (1998) Book 2. Book 2
provides both algebraic and graphical procedures that allow the user to determine either
complete or selected IFD design rainfall information for any location in Australia. The
procedures enable the determination of rainfall intensities for durations of 5 minutes to 72
hours and ARIs from 1 year to 100 years. Book 2 also describes procedures for extrapolation to
ARIs up to 500 years.

e |FD Curves for specific locations can be obtained from the Bureau of Meteorology. The Bureau
will also provide tabulated data, a polynomial equation and coefficients for this equation. The
equation can be used to generate a more detailed IFD table.

e Kennedy and Minty (1992) provides a procedure for estimating rainfall intensity data for
durations shorter than the five-minute limit presented within the Bureau of Meteorology data.

Technical note 4.8.1 Consideration of climate change

State of Queensland 2010 report Increasing Queensland'’s resilience to inland flooding in a
changing climate provides the following recommendations with respect to considerations of climate
change:

e Local governments should factor a 5 per cent increase in rainfall intensity per degree of global
warming into the 1 per cent (Q100), 0.5 per cent (Q200) and 0.2 per cent (Q500) AEP flood
events recommended in SPP 1/03 for the location and design of new development.

e The following temperatures and timeframes should be used for the purposes of applying the
climate change factor: 2°C by 2050, 3°C by 2070 and 4°C by 2100.

The report indicates that the Queensland Government will review and update the above climate
change advice when a national position on how to factor climate change into flood studies is
finalised as part of the current review of AR&R.

The algebraic and graphical procedures are presented in ARR (1998) Book 2 as a series of eight
steps which guide the user to obtain a complete matrix of rainfall intensities for selected durations
and ARIs.

The determination of design rainfall intensities using the above steps and the maps of ARR (1998)
Volume 2 can be summarised as:
e Select the region of Queensland for the required location using the index to maps.

¢ Read the log-normal design rainfalls for the basic ARIs of 2 and 50 years and durations of 1, 12
and 72 hours for the required location from MAPs 1 to 6.

¢ Read the appropriate skewness from the regionalised skewness map (MAPS 7b and 7c).

¢ Read the short duration geographical factors F2 and F50 from MAPs 8 and 9 and calculate the
6 minute duration log-normal rainfall intensities for ARIs of 2 and 50 years.

e Convert the log-normal rainfalls from (ii) and (iv) to log-Pearson Type Il distribution estimates
using algebraic or graphical procedures.
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¢ To determine rainfall intensities for other durations and ARIs, use algebraic or graphical
interpolation and extrapolation techniques.

The ARR Volume 2 (1998) maps applicable to Queensland are presented in Table 4.8.1.

Table 4.8.1 — Design rainfall intensity-frequency-duration maps for Queensland

Map No. Description Region covered

1.1t06.1 Design rainfall isopleths North coast
1.2106.2 Design rainfall isopleths North central coast
1.3t06.3 Design rainfall isopleths Central coast
14t06.4 Design rainfall isopleths South central coast
1.5t06.5 Design rainfall isopleths South east
1.13t0 6.13 | Design rainfall isopleths West, north west and far north
1.14t0 6.14 | Design Rainfall Isopleths South west
7b Regional map of average coefficient of skewness | North and west
7c Regional map of average coefficient of skewness | South west and south east
8 Contours of F2 for determining 6 minute rainfall Whole state

intensities from 60 minute intensities for a 39%

AEP (2 year ARI).
9 Contours of F50 for determining 6 minute rainfall | Whole state

intensities from 60 minute intensities for a 2%

AEP (50 year ARI).

Computer programs are available to generate IFD tables using the above input data from ARR.
4.9 Estimation of runoff value

4.9.1 General

In stormwater design, the estimation of runoff volume is often as important as the estimation of
peak discharge. Runoff volume is used for a variety of purposes, including:

e sizing temporary and permanent sedimentation basins
e sizing stormwater detention/retention basins
e designing various urban stormwater treatment systems.

In some cases it will be necessary to determine the ‘average annual runoff volume’ from a
drainage catchment, while in other cases it will be necessary to determine the runoff volume from
just a ‘single storm’. Table 4.9.1 summarises the typical applications of these two forms of
volumetric runoff.
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Table 4.9.1 — Application of runoff volume estimation to stormwater design

Annual runoff or

Design activity single storm

Application

Temporary Single storm ¢ Sizing temporary construction site (wet) basins
construction site | event

. : e Performance analysis of a basin following an actual
sediment basins

storm event

Permanent Either average e Use of a specific volumetric runoff in the design of
sedimentation annual or single permanent sedimentation basins depends on the
basins storm event adopted design procedure
Stormwater Single storm ¢ Analysis of the hydraulic performance of a detention
detention and event basin
retention basins
Urban stormwater | Average annual ¢ Design of new land developments to minimise changes
design runoff volume in runoff volume so that the risk of downstream creek
erosion is minimised
Single storm ¢ Sizing a stormwater treatment device for a specified
event design storm

Estimating the volume of runoff from a single storm requires different procedures to those used to
determine the average annual volumetric runoff coefficient.

4.9.2 Use of the volumetric runoff volume

The volumetric runoff coefficient (C) is defined as the ratio of the volume of stormwater runoff to
the volume of rainfall that produced the runoff. The determination of this parameter is a necessary
part of determining runoff volume.

It should be noted that the volumetric runoff coefficient is not the same as the Rational Method
coefficient of discharge (C).

The ‘average annual volumetric runoff coefficient’ may be further defined as: the ratio of the
average annual volume of stormwater runoff released from a specific catchment, to the average
annual volume of rainfall released onto that catchment.

For a ‘single storm event’, the volumetric runoff coefficient may be further defined as: the ratio of
the volume of stormwater runoff resulting from a single storm, to the volume of rainfall released by
that storm over the specified catchment area.

The volumetric runoff coefficient for a single storm event will almost certainly be different from the
average annual volumetric runoff coefficient. Thus, if reference is made to a specific volumetric
runoff coefficient value within a report or design guideline, then it is important to acknowledge
whether the coefficient refers to a single storm event, or to an annual average.

493 Estimation of annual average runoff volume

The average annual runoff volume may be determined from continuous catchment modelling
(preferred method), or through the use of a calibrated regional volumetric runoff coefficient.

The average annual volumetric runoff coefficient for a given catchment will depend on the following
factors:

e soil permeability
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e local hydrology

e percentage of directly connected impervious area

e percentage of indirectly connected impervious surface area

e degree of stormwater harvesting, including the use of rainwater tanks.

Local hydrology can also affect the volumetric runoff coefficient. In tropical regions, high intensity
storms represent a greater percentage of total annual rainfall. This can increase the runoff
coefficient relative to those value expected within temperate regions.

An estimation of the average annual volumetric runoff coefficient may be obtained using one of the
following methods:

e analysis of long-term stream gauging and rainfall records (preferred option)
e continuous water balance modelling using a calibrated catchment yield model (second option)

e use of an annual average volumetric runoff coefficient from an adjacent catchment with similar
soil, topographic and climatic conditions (third option).

Local governments are encouraged to establish low-flow gauging stations within their region to
assist in the development of local data for model calibration.

Guidelines on continuous event modelling may be found in Chapter 14 of Australia Runoff Quality
(ARQ, 2005) and post-1998 versions of Australian Rainfall & Runoff.

4.9.4 Estimation of runoff volume from a single storm

An estimation of runoff volume from a single (isolated) storm event may be obtained using one of
the following methods:

e calibrated runoff-routing model (preferred method)
e use of the single storm event volumetric runoff coefficient (Table 4.9.2)
e direct extraction of estimated rainfall losses from a given rainfall hyetograph

¢ estimation of runoff volume based on the Rational Method peak discharge (for use only during
the preliminary design phase).

It is noted that the actual runoff volume will be dependent on a number of variables including soll
type, depth of sail, land slope, type and density of vegetation cover, and the degree soil moisture at
the start of the storm event (i.e. the lasting effects of previous rainfall).

(a) Single event volumetric runoff coefficient

The volumetric runoff coefficient for a single storm event may be estimated using the U.S. Soil
Conservation Service (1986) procedures. Volumetric runoff coefficients developed from these
procedures are presented in Table 4.9.2.

When using the coefficients presented in Table 4.9.2 the following issues should be noted:

e The coefficients apply to the pervious surfaces only; therefore, an adjustment must be applied
to determine a coefficient for urbanised catchments, as presented in equation 4.12.

e The coefficients where originally developed for relatively flat agricultural land; therefore, these
coefficients are likely to under-estimate the runoff volume from steep catchments.
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Table 4.9.2 — Typical single storm event volumetric runoff coefficients for various Soil
Hydrologic Groups

Rainfall Soil Hydrologic Group
(mm) Group A Group B Group C Group D
Sand Sandy loam Loamy clay Clay
10 0.02 0.10 0.09 0.20
20 0.02 0.14 0.27 0.43
30 0.08 0.24 0.42 0.56
40 0.16 0.34 0.52 0.63
50 0.22 0.42 0.58 0.69
60 0.28 0.48 0.63 0.74
70 0.33 0.53 0.67 0.77
80 0.36 0.57 0.70 0.79
90 0.41 0.60 0.73 0.81
100 0.45 0.63 0.75 0.83

Source: US Soil Conservation Service (1986)

Group A soils: soil with very high infiltration capacity. Usually consist of deep (> 1 m),
well-drained sandy loams, sands or gravels.

Group B soils: soil with moderate to high infiltration capacity. Usually consist of moderately deep
(>0.5 m), well-drained medium loamy texture sandy loams, loams or clay loam soils.

Group C soils: soil with a low to moderate infiltration capacity. Usually consist of moderately fine
clay loams, or loamy clays, or more porous soils that are impeded by poor surface conditions,
shallow depth or a low porosity subsoil horizon.

Group D soils: soil with a low porosity. Usually consists of fine-texture clays, soils with poor
structure, surface-sealing (dispersive/sodic) soils, or expansive clays. Included in this group would
be soils with a permanent high watertable.

Landcom (2004) provides typical infiltration rates for the various Soil Hydrological Groups (A, B, C,
and D) as presented in Table 4.9.3.

Table 4.9.3 — Typical infiltrations rates for various Soil Hydrological Groups ["!

Soil Hég;3|°gical Typical infiltration rate (mmlhr-) K.ot (mm/hr) 2
p Saturated Dry soil
A 25 >250 >120
B 13 200 10-120
C 6 125 1-10
D 3 75 <1

Queensland Urban Drainage Manual Provisional edition, 2013 4-33




Notes (Table 4.9.3):

[1] Sourced from Landcom, 2004.
[2] Ksat = Saturated hydraulic conductivity
. Q/(pervious) (A - A(imp.)) + AXimp.) (412)
Q/(composite) - A
where:
Cv (compositey = Composite volumetric runoff coefficient
Cv periousy = Volumetric runoff coefficient for pervious surface (Table 4.9.2)
A = Total catchment area
Aimp) = Area of directly connected impervious surface, plus a percentage of the indirectly

connected impervious surface area (assume 50% unless otherwise directed)

If the coefficient is being determined for the design of a temporary construction site sediment basin
established within a clayey or loamy soil catchment, then a volumetric runoff coefficient of 1.0 is
recommended for all compacted soils and areas exposed to heavy construction traffic (unless
otherwise directed within an recognised sediment basin design procedure). Otherwise, use values
from Table 4.9.2, or adopt a value of 0.5 for pervious surfaces if the soil texture is not known.

(b) Analysis of rainfall hyetograph

If adequate information is known about the effective loss rates (e.g. initial loss and continuing loss
rate) for the catchment’s pervious and impervious areas, then a single storm event volumetric
runoff coefficient can be estimated directly from a given rainfall hyetograph. However, it should be
noted that ‘design storms’ are not typical of a real storm—they are at best a representation of a
possible design storm burst likely to be found within a real storm. Thus, extreme care must be
taken in the selection of an appropriate initial loss value.

Unless otherwise nominated by the local authority, the adopted initial loss rate should reasonably
reflect the vegetation density, groundcover/mulch density and soil porosity. Guidelines on the
determination of storm losses are provided in Book 2 of ARR (1998).

(c) Estimation of runoff volume using the Rational Method
A preliminary (not final design) estimation of the runoff volume may be determined directly from

the calculated peak discharge for the nominal design storm using equation 4.13. This volume must
be used with caution.

Vi=(4/3) t, Q (4.13)
where:
Vi = runoff volume for the nominated storm event (m®)
t. = time of concentration used to calculate Q; (s)

Qi peak discharge for the runoff hydrograph (m?®/s)

410 Methods for assessing the effects of urbanization on hydrologic
models

Generally, the effects of urbanisation on runoff from a [drainage] basin include higher volume,
higher peak discharge and shorter time of concentration. These changes are associated with the
increased imperviousness and more efficient drainage that are characteristics of constructed
drainage systems, (Hoggan, 1989).
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Whilst it is not possible to provide firm recommendations in this Manual in respect of the effects of
urbanisation, it is suggested that designers consider the following alternatives as applicable, and
where appropriate refer to the sources.

(a) Unit hydrograph methods

After Rao, Delleur and Sarma (1972).

0.458 0.371
Catchment lag = 1275 A77.D (4.14)

P 0.267 ) (1 + U )1.662

where:

catchment area (km?)

depth of rainfall excess (mm)

= duration of rainfall excess (hr)
degree of urbanisation (fraction)

COoOUTU>
[Tl

Catchment lag is defined as the average time required for all parts of a catchment to contribute to
the discharge at the outlet and includes allowance for both catchment storage and channel (or
transmission) storage. A catchment where no account is taken of catchment storage effects has a
lag time (or catchment lag) of /2. Including the effects of catchment storage gives a lag time of
approximately 1.33 ¢,.

(b) Runoff routing methods — RAFTS

After Aitken (1975)
0.285. AO.52 . S —-0.50

L+ U) (4.15)
where:
B = routing parameter for RAFTS Model
S = modified equal area slope (%) (equivalent m = 0.715)
(c) Runoff routing models — RORB
(i) After Laurenson and Mein (1990)
For use with RORB Model
F.L
ki = —— (4.16)
dav
where:
k; = relative delay time of storage i
L; = reach length represented by storage i (km)
F; = afactor depending upon the type of reach
For a natural channel reach, F;=1.0
For a lined or piped reach, F; = 1/(9S.%°)
where:

S: = slope of the channel reach (%)
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(ii) After Brisbane City Council, (Carroll, 1990)

For use with RORB Model (m = 0.8)

_1l2d, (4.17)
C @1+ U)*°
where:
k. = empirical coefficient
d., = average distance of flow in the channel network of sub-area inflows (km)

(d) Runoff routing models—WBNM
After Boyd, Bufill & Knee (1993), Boyd & Milevski (1996) and Boyd, Rigby & VanDrie (1999).
Calculates separate hydrographs from pervious and impervious areas. Different rainfall losses are
specified for the two surfaces, and the hydrographs are combined at the subarea outlet. Runoff
from pervious areas uses the standard WBNM lag equation:

Pervious Lag = LagParam . Ape,”%.Q 0% (4.18)

where: LagParam is the lag parameter for natural catchments, based on recorded flood data, with
a recommended value of 1.6.

Runoff from impervious areas uses a modified equation, based on recorded flood data from urban
catchments:

Impervious Lag = ImpLagFactor. LagParam . A/mp0'25 (4.19)

where: ImpLagFactor reduces the lag time for runoff from impervious surfaces, with a
recommended value of 0.10.

The above equations apply to runoff from the pervious and impervious surfaces of the subarea. If
the stream channel is itself modified, with increased flow velocities and hence reduced lag times, a
reduced lag time can be applied to the watercourse:

Stream Channel Lag = StreamLagFactor . LagParam . A%>%.Q %% (4.20)
where: StreamLagFactor reduces the lag time in the stream channel, depending on the flow
velocity. For example, if the channel remains in essentially natural condition, StreamLagFactor has
a value of 1.0, whereas concrete lining—which may increase flow velocities 3 times—would have a

StreamLagFactor of 0.33.

All three equations are built into the model, and the user only has to specify values of LagParam,
ImpLagFactor and StreamlLagFactor.

(e) Other

Mein and Goyen (1988) provides a useful summary of the effects of urbanisation.
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5.1 General

In the absence of adequate controls, urban development can increase both storm runoff volumes
and peak discharge rates. Such increases can aggravate downstream flooding, initiate creek
erosion and cause stress to in-stream ecosystems.

One of the main objectives of an urban drainage system is to limit property flooding to acceptable
levels. The use of stormwater detention/retention systems is one means of achieving this objective;
however, the preferred response is to minimise any potential changes in stormwater runoff as a
result of urban development.

Another objective of the urban drainage system is to minimise the degradation of downstream
environmental values. The main concerns here relate to the potential for increased creek erosion
and the stressing of in-stream aquatic ecosystems. Stormwater detention/retention systems have
the potential to both increase and decrease these threats depending on their design and location
within the waterway catchment. It is for this reason that great care must be taken in their design
and their interaction with the greater-catchment hydrology.

In the context of this chapter, detention/retention systems include traditional detention basins, on-
site detention (OSD), extended detention systems and stormwater retention devices, all of which
have the effect of reducing and delaying peak flow rates. A definition of each of these systems is
contained within the Glossary (Chapter 13).

5.2 Planning issues

While helping to reduce many of the adverse impacts of urbanisation, detention and retention
systems can also introduce problems that designers and regulators should be aware of.

Some of the potential problems that may be associated with the use of stormwater
detention/retention systems are outlined in Table 5.2.1.

If a total catchment model is being used to investigate the design and operation of a stormwater
detention/retention system for a single land development, then the following issues need to be
given appropriate consideration:

e |tis inappropriate to consider the impact of a single development in isolation from the
cumulative effects of full catchment development.

¢ The cumulative effects of stormwater detention/retention should be determined by modelling
the hydraulic conditions that would exist if all future land developments were conducted in
accordance with the current Planning Scheme.

e Consideration also needs to be given to the likely impacts of the development that would occur
under existing catchment conditions.

e The potential adverse impacts of waterway flooding needs to be considered over all reaches of
a waterway where flood waters are likely to adversely affect either the ‘value’ or ‘potential use’
of the land.
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Table 5.2.1 — Potential problems resulting from the use of detention/retention systems

Problem

Likely causes

Management options

Aggravation of coincident flood
peaks

This action can cause increases in
flood levels within the lower
reaches of a waterway even
though all upstream developments
have not increased peak
discharges from their sites.

This is often associated with the
existence of several basins within
a drainage catchment, or basins
located within the lower reaches of
a waterway.

In some cases it may be desirable
to avoid the use of detention
basins within the lower third of a
catchment—unless supported by
full catchment modelling.

If stormwater detention is required
within the lower third of the
catchment, then it may be
necessary to utilise extended
detention systems.

Increases in flood levels well
downstream of several basins

The cause of this problem is in
part related to the above issue,
but also to the effects of increases
in the volume of runoff from
upstream developments.

This problem is best managed
through the adoption of Water
Sensitive Urban Design principles,
specifically those measures that
avoid increases in the volume of
runoff from ‘major’ storms.

Increased potential for creek
erosion immediately downstream
of basins

The initiation and extent of creek
erosion is not related solely to flow
velocity, but also to the frequency
and duration of bankful flows.

Thus, an increase in runoff volume
can increase the potential for
creek erosion even if stream
velocities remain unchanged.

The best management option is to
avoid changes to the velocity,
volume, duration and frequency of
near bankful flows within the
watercourse.

Stress to aquatic ecosystems
downstream of basins

These stresses can be caused by
increases in both high and low
flows, but are more commonly
associated with increases in the
frequency and duration of low
flows (i.e. less than the 1 in 1 year
storm flow).

This problem is best managed
through the adoption of Water
Sensitive Urban Design principles,
specifically those measures that
avoid increases in the volume of
runoff from ‘minor’ storms.

Damage to vegetation within
basins and potential maintenance
mowing problems

These problems can be caused by
extended periods of basin
inundation resulting from
overlapping storms.

Basins in tropical regions may
require the installation of
enhanced subsoil drainage
systems.

Potential salt intrusion of
excavated or low-lying basins

Vegetation problems can be
caused by the movement of
groundwater salts.

This problem is typically limited to
the dryer temperate climates.

This is best managed through
appropriate soil surveys and
groundwater studies, and the
construction of shallow basins.

Safety risks

Safety risks can be associated
with inadequate basin egress,
excessive water depth, and
hydraulic pressures associated
with the outlet structure.

Basins should be designed to
allow egress in all directions, and
barriers should be placed in front
of outlet systems to prevent close
contact by humans.
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Many of the above problems can be avoided through detailed catchment planning. Preference
should always be given to the use of total catchment modelling to determine the preferred location
and operational requirements of stormwater detention/retention systems. Such modelling would
usually be carried out in association with a Flood Study, Stormwater Management Plan, or Master

Drainage Study.

The types of stormwater detention/retention applied throughout a drainage catchment can vary

significantly depending on:

e where the development is located within the catchment
e the locations of current flood risks within the catchment
¢ the current or potential environmental values of the waterways located downstream of the

development

¢ the type of receiving waters into which the catchment drains.

Table 5.2.2 provides a guide to the placement of different types of detention/retention systems
throughout a drainage catchment.

Table 5.2.2 — General guide to the placement of detention systems within a catchment

Location within catchment

Downstream waterway conditions

Type of basin

Lower third of catchment

Channelised watercourse with little
ecological value, or developments
that discharge into a river or large

water body

It may be desirable to avoid the use
of stormwater detention if no flood
risks exist downstream.

Minor watercourse (e.g. creek) with
existing or potential ecological values

Utilisation of retention systems
wherever practicable

Use of extended detention systems if
retention systems fail to achieve the
required flood protection

Central catchment area

All cases

Utilisation of retention systems
wherever practicable to minimise
flood risks and adverse impacts on
aquatic ecosystems

Upper third of catchment

Flood risks exist only within the lower
reaches of the catchment.

Utilisation of retention systems
wherever practicable

The critical design storm is usually
related to the critical storm duration
for the downstream flood risk area.

Flood risks exist at various locations
downstream of the development.

Utilisation of retention systems
wherever practicable

The critical storm durations are likely
to range from 1 to 3 hours (inclusive).
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5.3 Functions of detention/retention systems

Stormwater detention and retention systems perform a variety of functions depending on their
design. A short description of these functions is provided below, with a summary provided in Table
5.3.1.

5.3.1 Detention and retention systems

(a) Discharge control

On-site detention and regional detention systems may be designed to restrict peak outflows for
selected design storms to either pre-development conditions, or to the maximum capacity of the
existing downstream drainage network.

Outflow restrictions linked to the downstream drainage may relate to the hydraulic capacity of the
drainage systems, or to safety issues associated with an overland flow path.

(b) Flood control

Both detention and retention systems can be used to alleviate flooding concerns resulting from
past development activities, or from changing community attitudes to what is considered an
acceptable flood risk.

Traditional detention systems delay stormwater runoff for a few hours, or fractions of an hour, while
extended detention systems can be used to store and discharge part of the total runoff over a
period of 1 to 2 days. Extended detention systems can be effective for the management of new
developments located within the lower half of a catchment where traditional detention basins may
aggravate downstream flooding due to the effects of coincident flood wave peaks.

(c) Erosion control

The operation of stormwater detention systems within a catchment can have both positive and
negative impacts on downstream channel erosion. It should be noted that channel erosion within
vegetated waterways is not solely governed by the peak discharge of major floods. Instead, it is the
frequency and duration of near-bankful flows that primarily governs channel erosion within these
waterways.

In general, a development that causes an increase in the peak flood discharge without causing a
significant increase in the volume of runoff is likely to cause fewer adverse impacts on a
downstream watercourse than a development that increases the volume of runoff without
increasing peak discharge.

An increase in the volume of runoff is likely to cause a significant increase in the duration of near-
bankful flows, while an increase in the impervious surface area (especially directly connected
impervious surface areas) is likely to cause an increase in the frequency of stream flows.

Unlike some ‘retention’ systems, ‘detention’ systems generally cannot be used to compensate for
changes in runoff volume. Thus, in circumstances where urbanisation has increased the volume of
runoff, the use of stormwater detention systems may contribute to an increase in the potential for
downstream creek erosion.
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Therefore, in most circumstances, detention systems need to operate in coordination with
appropriate runoff-reducing measures (i.e. WSUD) if the risks of increasing downstream channel
erosion are to be minimised.

(d) Pollution control

Most detention basins provide little if any measurable water quality benefit, especially if an
impervious low-flow drainage system is constructed through or below the open basin. Permanent
sedimentation basins, however, can provide both stormwater detention and stormwater quality
treatment (i.e. settlement of sediment and particulates).

Extended detention systems can provide water quality benefits through extended sedimentation
and solar treatment. In some circumstances, filter basins and sand filters can be designed to
operate as extended detention systems, thus providing both stormwater detention and stormwater
treatment benefits.

Most retention systems incorporate stormwater quality treatment measures, such as a pond or
wetland, or they may actually be the treatment measure, such as an infiltration trench or basin.

5.3.2 Retention systems

(a) Rainwater harvesting

Household rainwater tanks effectively operate as stormwater retention systems. In some cases the
tanks may consist of two zones, one zone for stormwater detention (which freely drains after each
storm), and one zone for rainwater harvesting. This latter case is generally not desirable as there is
the risk that such systems will be modified to maximise rainwater harvesting at the expense of
stormwater detention.

Under certain geological conditions, stormwater captured in retention basins may be injected into
underground aquifers as a water storage measure. Argue (2004) provides guidelines on such
practices.

The use of retention systems for stormwater harvesting and the design of rainwater tanks will not
be discussed within this chapter. Designers should refer to the relevant local government
guidelines.

(b) Control of runoff volume

Stormwater retention systems can be designed to reduce the ‘total annual runoff volume’, and/or
reduce the runoff volume from a specified design storm. Reducing the total annual runoff volume
provides water quality benefits, especially in circumstances where the stormwater ultimately flows
to a large, semi-confined water body such as a lake, river, estuary or bay. On the other hand,
reducing the runoff volume from a specific storm event can be beneficial for the control of erosion
and flooding in minor watercourses such as creeks.

One of the main benefits of controlling runoff volume is the protection of aquatic ecosystems and
habitats. Research (refer to ARQ 2005) has shown a strong correlation between the percentage
impervious surface area of urban developments and the depletion of aquatic ecosystem health. It
is suggested that this correlation is primarily linked to the effects of increases in stormwater runoff
from minor storms. The adverse effects of introduced impervious surface area can be reduced by
increasing the percentage of indirectly-connected impervious surface areas, and retaining runoff

Queensland Urban Drainage Manual Provisional edition, 2013 5-5



from impervious areas to a depth equivalent to the soil’s ‘initial loss’ depth (usually around 15 to 25
mm).

Stormwater retained within these systems may be made available for secondary (non-potable)
purposes through a stormwater harvesting system, or removed from the surface drainage system
through infiltration and/or evaporation.

5.3.3 Summary of functions
A summary of the possible functions of detention and retention systems is provided in Table 5.3.1.

Table 5.3.1 — Summary of detention/retention system functions

[
e _ - - - 82 s _
239 50 "E’ o -0 = S o
TS = =] = 20 s 5
St o<t 3T St E O 2c
] LT o ) o 9 = 39
Lo o > 0 o I o ©
(] h <
On-site detention Yes Yes
_E g Detention basins Yes Yes [1] [1]
) o -
§ % | Extended detention Yes Yes [1] Yes
8 @ | basins [2]
Filter basins 1] 1] Yes
c Rainwater tanks [3] [4] Yes
[72]
-.g g Retention basins Yes Yes Yes [1] Yes Yes
% @ | Infiltration trenches Yes Yes Yes [1] Yes
¥
Infiltration basins Yes Yes Yes [1] [1] Yes
Notes (Table 5.3.1):
[1] Not the normal function of this type of system, however, this function may be achieved if
modifications are made to the design.
[2] The most commonly used terminology is extended detention basin, however, the concept of
extended detention may also apply to the design of retention basins.
[3] Generally rainwater tanks cannot be used for on-site discharge control.
[4] When wide spread across a catchment, rainwater tanks can contribute to runoff volume control

through activities such as water reuse, garden watering and groundwater infiltration.
54 Design standards

5.4.1 General

Design standards depend on the required functions of the detention/retention system. If the
detention/retention system is required to satisfy more than one function, e.g. flood control
and the control of creek erosion, then appropriate consideration must be given to achieving
all design requirements.

In all cases, detention/retention systems must not cause unacceptable increases in flood levels
upstream or downstream of the system. An unacceptable increase in flooding would include any
change in flood characteristics on surrounding properties that could cause damage to, or adversely
affect either the ‘value’ or ‘potential use’ of the land, or cause problems resulting from changes in
flow velocity or the distribution of flow velocity within that land.
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5.4.2 On-site detention systems
There are generally three design standards set by regulating authorities, they are:

¢ A specified minimum site storage requirement (SSR) and permissible site discharge (PSD)
relative to either the site area, land use, or the change in impervious area.

e A permissible site discharge for the specified design storm frequency with no minimum storage
volume specified.

e A requirement not to exceed pre-development peak discharge rates for a range of design storm
frequencies.

The first two design criteria are often adopted by local governments following the development of a
regional flood control strategy, Master Drainage Plan, or Stormwater Management Plan.

Most small on-site detention systems incorporate underground tanks. When appropriate soil and
groundwater conditions exist, some underground tanks can be converted into infiltration systems.
Above-ground stormwater detention tanks are rarely used on single residential properties because
of the risk of the tanks being converted solely to rainwater tanks.

5.4.3 Flood control systems

Traditionally detention basins have been designed to ensure no increase in post-development
peak discharge immediately downstream of the basin for specified storm events such as 1, 2, 10,
18, 39 and 63% AEPs (100, 50, 10, 2 and 1 year ARIs). Satisfying this criterion however will not
necessarily guarantee that there will be no adverse impacts on flood levels well downstream of the
development. The full impacts of a stormwater detention system can only be assessed by
modelling the full catchment, including all flood prone areas downstream of the detention system.

An increase in downstream flooding may occur for one or more of the following reasons:

¢ Changes in the speed of the flood wave passing down the catchment and the resulting risk of
coincident flooding.

¢ Changes in the volume of stormwater runoff from new land developments and the impact this
has on the shape of the basin’s discharge hydrograph.

An increase in runoff volume is an inevitable result of traditional urban development. Thus,
discharge rates within the rising and/or falling limb of a detention basin outflow hydrograph may be
significantly higher than the corresponding pre-development discharge rates. If several detention
basins are located within a given catchment, then these increased discharge hydrographs may
overlap causing an increase in flood flows and flood levels downstream of the basins.

One of the benefits of adopting Water Sensitive Urban Design (WSUD) is that it reduces the
potential for increases in runoff volume, thus reducing the potential for increases in downstream
flows and flooding.

(a) Greenfield and infill developments

In cases where the design requirements of detention/retention systems have not been determined
from an appropriate total catchment study, the recommended sizing of such a flood control system
shall be based on achieving the following minimum requirements:

¢ No increase in flood levels on land adjoining the basin and/or the development where such an
increase would cause damage to, or adversely affect, either the value or potential use of the
land.
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¢ No increase in peak discharges immediately downstream of the development for a selected
range of storm durations, for a selected range of AEPs up to the Defined Flood Event.

Technical note 5.4.1

The second dot point (above) indicates that the peak discharge for each of the selected storm
durations shall not increase even if that storm duration does not produce the highest peak
discharge for the given AEP.

It is recommended that the selected storm durations tested should include the 1-hour storm, 3-hour
storm, and a storm of duration at least three times the critical storm duration of the detention or
retention basin.

Exceptions to this rule may be considered by the local government only if a storm of a given
duration does not inundate floor levels or adversely affect the potential use of land upstream or
downstream of the basin.

In cases where the design requirements for detention/retention systems have been determined
from an appropriate total catchment study, the recommended modelling of such flood control
systems shall be based on achieving the following minimum requirements:

¢ No increase in flood levels on land adjoining the basin and/or the development where such an
increase would cause damage to, or adversely affect, either the value or potential use of the
land.

¢ Noincrease in peak flood level and/or discharge at any location downstream of any basin
where existing land owners/users may be adversely affected by such an increase. This
requirement shall apply to a full range of storm durations and frequencies up to the Defined
Flood Event where such storms result in flooding that either inundates floor levels or adversely
affects the potential use of the land (refer to technical note 5.4.1).

(b) Control of existing flooding problems

Flood control detention/retention basins constructed to alleviate existing flooding problems should
be designed to achieve one or more of the following outcomes:

¢ Maximum flood attenuation benefits from the available land area (i.e. where storage volume is
limited by site constraints). This option usually requires the basin’s low-flow outlet to be sized to
make maximum use of the safe hydraulic capacity of the downstream drainage system. The
local authority should be consulted when determining the maximum allowable discharge rate
into the downstream drainage system.

¢ All requirements listed above in (a) for greenfield developments.

5.4.4 Control of accelerated channel erosion

If one of the primary objectives of a stormwater system is to minimise the risk of accelerated
channel erosion, then consideration must be given to those measures that will minimise changes
to:

e the frequency and duration of near-bankful flows
¢ the peak discharge of stream flows greater than or equal to the bankful flow rate.

This may be achieved through various combinations of the following:

e adopting the principles of Water Sensitive Urban Design

¢ minimising changes in impervious surface area, particularly on highly porous soils
e decreasing the percentage of directly connected impervious surfaces
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¢ maximising stormwater infiltration
e using rainwater harvesting to minimise changes to runoff volume
e utilising stormwater retention rather than detention systems.

In this context, the primary aim is not to reduce changes in the ‘annual runoff volume’, but to
reduce changes in the runoff volume of those storms that are likely to contribute to near-bankful
flows. Thus the focus is likely to be on storms with an AEP between 1 in 2 years and 1 in 10 years.

It is noted that this requirement is different from that used in the management of stormwater quality
and the protection of in-stream ecology where the primary aim is to reduce changes in the annual
runoff volume and the total water cycle.

It should also be noted that an increase in the frequency and duration of low flows within a
waterway (i.e. flows less than the 1 in 2 year AEP) may increase the stress on in-stream aquatic
ecology and habitats. Thus the only way to minimise the risk of both accelerated channel erosion,
and a decline in aquatic habitats, is to minimise changes to the natural water cycle, including the
frequency, duration, velocity, volume, and peak discharge of all runoff events.

5.5 Flood-routing

5.5.1 Basin sizing

The final sizing of the basin should be completed with the aid of a computer model. The selected
model must accurately simulate the hydraulic behaviour of the basin outlet, especially when partial
full pipe flow or tailwater submergence occurs.

To account for the effects of urbanisation upon the flood hydrograph the procedures contained in
section 4.10 are recommended.

Technical note 5.5.1

As an alternative to the use of a computer model, the final sizing can be undertaken by manual
flow routing based on a direct solution of the storage equation:

(11 +12) +(251/T - Q1) = (2S2/T + Qz) (5.1)
where:
the inflow rate

| =

S = the volume in storage
Q = the outflow rate

T = the routing time step

1, 2  denote the start, finish of the routing step

Equation 5.1 requires the shape of the inflow hydrograph to be determined. Full details of the
procedure are given in Book 5, ARR (1998).

Whichever technique is used for final basin sizing, the routing time-step or increment must be short
enough relative to the storm duration to ensure that the peak storage requirements will be
accurately determined.

The design of the basin and its outlet structures must be based on a range of storm durations and
appropriate temporal patterns in order to identify the critical hydraulic dimensions. If the basin is
required to prevent an increase in flooding at a given location, then the performance of the basin
needs be checked for a storm of duration equal to the critical storm duration at this location. If the
basin is required to prevent an increase in flooding at all locations downstream of the basin, then
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the performance of the basin needs be checked for a range of storm durations up to the critical
storm duration of the most downstream location.

Note: It is not sufficient to simply determine which storm duration produces the largest peak
discharge from the basin. Even though a storm of greater duration than the basin’s critical storm
duration produces a lower peak discharge, it may require a greater detention volume to prevent an
increase in the peak discharge of such a storm.

5.5.2 Temporal patterns

The design of the low-level outlet can normally be based on the average temporal patterns given in
the latest version of ARR. Design of the high-level outlet and the embankment crest height should
account for the fact that the temporal patterns given in ARR are only the averages of the many
storm bursts that can actually occur. It should also be noted that these temporal patterns do not
represent full storms, but just the worst burst within a longer storm.

Designers should confirm with the relevant regulating authority the types of temporal patterns to be
used. It is recommended that the response of the basin should also be checked using real storms,
even if such storms have an AEP significantly different from the design storm.

If data from a real storm with an AEP similar to the specified design storm is not available, then the
size of the basin should be checked using the following three alternative temporal patterns, in
addition to the average pattern:

e A pattern in which the peak intensity is located midway between the start of the storm and the
peak of the average pattern.

e A pattern in which the peak intensity is located midway between the end of the storm and the
peak of the average pattern.

e A pattern recorded during a major storm at a rainfall gauging station near the site, if available.

/Average temporal pattern (AR&R)
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Figure 5.1 — Additional temporal patterns for use in design of embankments and high-level
outlets

5.5.3 Allowance for existing channel storage
When a hydrologic analysis is performed on a detention/retention basin located within a waterway,
it is important to ensure that:

¢ The flood mitigation effects of the existing channel storage are not duplicated within both the
channel routing component of the model (i.e. routing from node to node) and the detention
storage routing (i.e. flood routing through a basin at the downstream node).
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e Appropriate consideration is given to the potential effects of lead-up rainfall prior to the storm
burst as normally occurs in real storms.

The first issue (above) may be addressed by reducing the modelled basin storage by the
measured natural channel storage. Alternatively, a new node may be inserted at the upstream
influence of the basin (i.e. limit of the basin’s backwater effects), with the flood routing coefficient
adjusted so that there is no flood attenuation between the upstream and downstream basin nodes
(i.e. for Muskingum routing, x = 0.5).

The second issue (above) may be addressed by modelling the basin using real storm data to
assess likely storage levels prior to a storm burst.

5.6 Basin freeboard
Recommendations on the selection of freeboard are provided in Table 5.6.1.

Table 5.6.1 — Guidelines for basin freeboard requirements

Situation ARI (years) Maximum depth or level
Basin formed by road
embankment (a) 20 Bottom of pavement box

(b) 50 0.3 m below edge of shoulder

Basin formed by 50 Underside of ballast
railway embankment
Large basins with 100 Embankment crest with freeboard = 10% of the 1% AEP
separate high level storage depth and with minimum freeboard = 0.3 m "
spillway

Note (Table 5.6.1):

[1] Freeboard must fully contain the potential wave height if the resulting overtopping is likely to
represent a safety risk to the embankment or undesirable erosion. U.S. Army Corps of Engineers
(1984) provides guidelines on the estimation of wave height.

5.7 Basin floor drainage

Design of the low-flow drainage system through the basin will depend on numerous factors
including the required dry-weather function of the basin, the need for water quality treatment of the
low flows, and safety and maintenance issues. General guidelines for the design of low-flow
channels are provided in section 9.8 of this Manual.

The design of the basin floor should take appropriate consideration of the following
recommendations:

¢ Minimum cross gradient of 1 in 80 for grassed basins to allow efficient surface drainage (this is
based on the recommended minimum cross fall for school ovals).

e Minimum cross gradient of 1 in 100 for vegetated basins (i.e. deep-rooted plants such as trees
and shrubs). Minimum cross gradient does not apply if the basin floor is a natural drainage
surface.

¢ Minimum invert level for mowable grassed areas at least 300 to 500 mm above the invert of an
adjacent stream (i.e. on-line basin). The range 300 to 500 mm depends on the soil drainage
properties and the degree of sedimentation likely to occur within the stream channel.
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If field inlets are used to help drain the basin floor, then adequate scour protection needs to be
placed around the inlet as discussed in section 7.5.4(c).

It is noted that safety issues may require an inlet screen of sufficient size to limit flow velocities
through the screen to a maximum of 1 m/s. Minimum dimensions of dome inlet safety screens are
presented in section 12.5.8.

5.8 Low-level basin outlet structures

5.8.1 Types of basin outlets

Low-level outlet structures generally consist of orifice plates, pipes or culverts placed at a low level
in the basin to cater for the discharge of normal outflows.

Recommendations for the design of outlet structures are given by the American Society of Civil
Engineers (ASCE, 1985). Hydraulic relationships for various outlet structures are provided in the
User Manuals for software packages such as DRAINS, RAFTS and RORB.

The storage-discharge curve used in the flood-routing analysis must accurately reflect expected
hydraulic conditions including allowances for part-full pipe flow, inlet/outlet control where
appropriate, partial blockages and the effects of external catchments on the hydraulic grade line.

Low-level outlet structures for small basins (Figure 5.2) will generally consist of a single orifice or
pipe. In some cases a pump will be installed with capacity designed to match the outflow limitation
only at the AEP at which the high-level outlet just begins to operate. Where a pump is allowed by
the local government, a stand by power supply may be required.

Grate ] Grate~\‘
Kerb
Car park Kerb Tennis court @
ﬂ Outlet
Outlet

Figure 5.2 — Typical basin outlets for small basins

Low-level outlet structures for large detention basins will more often be required to limit the
outflows over a range of intermediate AEPs down to the AEP for the Design Flood. In such cases,
the low-level outlet structure may comprise either a single-level outlet sometimes preceded by a
weir, or a multi-level outlet.

A weir located immediately upstream of a single-level outlet may have an orifice of smaller
diameter than the main basin outlet to attenuate the outflows from smaller storms and to aid the
free draining of the basin. During higher inflows the weir will overtop. A multi-level outlet will have a
range of pipes or culverts set at different levels, possibly of different sizes to achieve the required
attenuation throughout the AEP range.

If the basin outlet is directly connected to a downstream piped drainage network, then this system

should be checked for undesirable surcharge. A full HGL analysis may be required by the
regulating authority.

Queensland Urban Drainage Manual Provisional edition, 2013 5-12



5.8.2 Protection of basin outlet

The intake to a detention basin outlet should be protected against expected debris blockages and
designed to minimise the safety risk to a person trapped against the outlet structure. The level of
protection will vary depending on the consequences of failure caused by blockage of the intake
and the potential frequency of blockage.

Consideration should also be given to the consequences of a fully blocked low-level outlet.
Protection can be achieved by the installation of a trash rack, bar screen and/or a fence. These
should be designed to shed debris and to assist egress by persons trapped in the basin generally
in accordance with the recommendations of Weisman (1989) and section 12.5 of this Manual.
Trash racks comprising inclined vertical bars (inclined in the direction of flow) and spaced
horizontal support bars are preferred.

Design criteria for intake structures are given in Table 5.8.1.

Table 5.8.1 — Criteria for basin outlet structures

Item Criterion
Spacing of vertical bars 125 mm (max)
Inclined spacing of horizontal supports 600 mm (max) "
Net clear opening area > 3 times the calculated outlet area
Limiting velocity through trash rack ™! 0.6 m/s (not readily accessible)
1.5 m/s (accessible)

Notes (Table 5.8.1):

[1] The maximum (inclined) spacing of horizontal supports aims to allow a trapped person to climb up
the screen to safety.

[2] The calculated outlet area may depend upon the level of the outlet relative to the water surface.
Where the outlet is contained in a drop structure, the outlet area used for determination of the net
clear opening for the intake may need to be adjusted to account for the level difference.

[3] The limiting velocity through the trash rack should be related to the accessibility of the intake
structure for cleaning purposes.

Detailed procedures for determining the hydraulic losses through trash racks are given in Chow
(1959) and U.S. Bureau of Reclamation (1987) otherwise refer to section 12.5.6 of this Manual.

5.8.3 Pipe protection

Outlet pipes should have spigot and socket rubber-ring joints and lifting holes should be securely
sealed. Pipe and culvert bedding should be carefully specified to minimise its permeability. Cut-off
walls or seepage collars must be installed where appropriate, to control seepage and prevent
piping failure adjacent to the outlet pipe.

Appropriate measures, such as internal sealing of pipe joints and lifting holes, and bolting down of
access chamber lids, should be applied to any existing downstream systems which could be
pressurised by the discharge from the outlet. Alternatively, surcharge chambers may need to be
incorporated into the outlet pipe to limit the internal pressure.

Queensland Urban Drainage Manual Provisional edition, 2013 5-13




5.8.4 Outfall protection

Where the outlet from a basin is to a free outfall, this should be located, where possible, within a
well-defined natural depression or watercourse. The outlet should also be located a suitable
distance upstream of the downstream property boundary to ensure that the downstream properties
will not be adversely affected by the velocity or the concentration of the outflow.

Adequate protection must be provided both downstream and immediately upstream of the outlet,
where appropriate, to prevent scour.

5.9 High-level outlet structures

5.9.1 Extreme flood event

The designer may select the storage level at which the high-level outlet will begin to discharge;
however, care must be taken to ensure that flooding of upstream properties is not worsened.

The spillway and embankment should be designed both hydraulically and structurally to permit the
safe discharge of floods in excess of the Design Flood. The AEP of the Extreme Flood for which
the performance of the basin should be checked, needs to be determined with appropriate
consideration of the likely consequences of failure, and in consultation with the local government.
DEWS (2013) provides a basis for determining the AEP of the Extreme Flood based upon
consideration of the incremental hazard associated with failure. Designers should refer to DEWS
(2013) and DERM (2010a). Reference may also be made to ANCOLD (2000a) and (2000b).

Table 5.9.1 shows the range of AEPs applicable.

Table 5.9.1 — Recommendations for extreme flood "

Incremental flood hazard category @ Extreme flood AEP (%)
Extreme PMF 4]
High A PMP Design Flood !
High B 10,000 to PMP Design Flood or 1,000,000
High C 10,000 to PMP Design Flood or 100,000
Significant 1,000 to 10,000
Low to very Low 1% t0 0.1%
Notes:

[11 Sourced from ANCOLD (2000a)

[2] Referto Table 5.9.2.

[3] Pre-flood reservoir level to be taken as the maximum normal operating level of the reservoir.

[4] PMEF refers to Probable Maximum Flood

[5] PMP Design Flood refers to flood hydrograph generated by the Probable Maximum Precipitation
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Table 5.9.2 — Hazard categories for referable dams "!

Incremental Severity of damage and loss
'°°'°“r';t|i(°“ at Negligible Minor Medium Major
2to 10 Low ™ Significant © Significant© High ct
11 to 100 Significant *°! High ct High B
101 to 1000 [2] [3] High Al High Al
> 1000 [4] Extreme ]
Notes:

[11 Sourced from DEWS (2013) (modified from ANCOLD, 2000b.)

[2] Itis unlikely that the severity of damage and loss will be “Negligible where one or more houses are
damaged.

[3] Minor damage and loss would be unlikely when PAR exceeds 10.

[4] Medium damage and loss would be unlikely when the PAR exceeds 1000.

[5] Not used.

[6] Change to High C where there is the potential for one or more lives being lost.

[71 Refer to ANCOLD (2000b) — sections 2.7 and 1.6 for explanation of the range of High Hazard
Categories.

5.9.2 Spillway design

The high-level outlet, usually formed by a spillway, must be designed to safely convey extreme
outflows from the basin. The design flow should consider the potential for full or partial blockage of
any outlet structures. Wherever practical, design of the spillway should assume full blockage of the
low-flow outlet.

Where possible, the spillway should be cut into virgin ground at the side of the embankment, or
otherwise located to minimise the possibility of embankment failure.

In some circumstances the high-level outlet may be constructed as a glory-hole inlet (with bar
screen and anti-vortex device as required) leading to a pipe or a culvert through the embankment.

The spillway chute may be protected by riprap, concrete, paving, or other suitable coverings. A
grass or reinforced grass cover may be adequate where spillway slopes are flatter than 1 on 6
(1V:6H). Care should be taken to maintain a healthy, continuous grass cover on grass spillways.
Trees, shrubs, watering tap outlets, or any other fixed structure that may cause turbulence or
eddy-induced erosion must not be located within a grassed spillway chute. Design information for
grassed spillways is described by the U.S. Soil Conservation Service (1979).

5.10 Embankments

Detention basins are intermittent water-retaining storages for which the embankments do not need
to be as rigorously designed as dams unless they are particularly high or have special soill
problems. Retention basins are designed to have a permanent or semi-permanent water storage
component—these structures need particular design measures if the retention depth is significant.

The embankment design of all detention and retention basins should be undertaken, or at least
reviewed by a suitably experienced Geotechnical specialist.
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The sides of grassed embankments, including any inner basin grassed slopes, should generally be
flatter than 1 on 6 and never steeper than 1 on 4 for reasons of mower access. The top-width
should be at least three (3) metres. Steeper slopes may be used on embankments or basins lined
with structural facings or low-maintenance ground covers, but steps must be provided at
appropriate intervals if the steepness of the slope could impede the egress of a person from the
basin during a flood.

5.11 Public safety issues

While detention basins are generally less hazardous than drainage channels with respect to water
velocity, they are typically much deeper. The safety hazards associated with detention/retention
basins are, however, often less obvious to the public. Safety hazards associated with submerged
outlet structures can be significant—consequently, measures usually need to be made to prevent
the public approaching these structures while the basins are in operation.

The hazards associated with off-stream basins (i.e. basins not directly connected to a watercourse)
are likely to be less obvious than those associated with on-stream basins, thus greater
consideration may need to be given to safe egress from off-stream basins.

The side slopes of basins should preferably be 1 on 6 or flatter to allow easy egress up the likely
wet surface. Areas with slopes steeper than 1 on 4 will require steps and a handrail to assist
egress. These recommendations especially apply to basins that incorporate dual use activities
such as passive or active recreation.

The provision of exclusion fencing around open water stormwater detention/retention systems
should be considered a last resort. Wherever practical, the first preference should be to minimise
the safety risk through appropriate design.

Where suitable land is available, designers should aim to restrict basin depths to 1.2 m atthe 1 in
20 year AEP level and, if possible, for a greater recurrence interval. In cases where this is neither
practical nor economical, and the provision of a detention basin is considered to be better on safety
grounds than other alternatives, greater depths may be acceptable. Not withstanding this,
designers are responsible for:

¢ investigating the overall safety risks associated with the basin
e design of the basin and the surrounding landscape in a manner that minimises safety risks
e satisfying any safety requirements specified by the local government.

Suitable safety provisions, such as fences and warning signs, should be provided for deeper
basins. Ultimately, the owner of the detention/retention basin is required to accept the ongoing
responsibility for maintaining the above safety standards.

Depth indicators should be installed within the basin and in the channel downstream of the
embankment for basins with a storage depth of greater than one (1) metre. The indicator within the
basin should have its zero level relative to the lowest point in the basin floor.

Special attention should be paid to basin outlets to ensure that persons trapped in the basin’s
water are not drawn into the basin’s outlet system. Rails, fences, anti-vortex devices, trash racks or
grates should be provided where necessary. Outlet systems should be located well away from the
water’s edge of the flooded basin such that a person wading along the edge of the basin cannot be
drawn into the basin’s outlet. This usually requires the outlet system to be located well away from
the embankments.
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5.12  Statutory requirements

Works constructed within a watercourse generally require approval under the Water Act 2000 and
need to satisfy all legal requirements of this Act. Reference should be made to this Act for
definition of the term watercourse.

Under the Water Supply (Safety and Reliability) Act 2008 (Water Supply Act) and under common
law, responsibility for the safety of a dam rests with the dam owner. Dam owners may be liable for
loss and damage caused by the failure of a dam or the escape of water from a dam. Consequently,
dam owners need to be committed to dam safety and have an effective dam safety management
program. A dam safety management program is intended to minimise the risk of a dam failing and
to protect life and property from the effects of such a failure should one occur.

In addition the embankment for a detention basin may be a ‘Referable Dam’ requiring the approval
of the Chief Executive Officer of the State agency responsible for administering the Water Supply
Act.

A dam is referable if:
e afailure impact assessment is required to be carried out under the Water Supply Act

o that assessment states that the dam has or will have a Category 1 or Category 2 failure impact
rating

¢ the Chief Executive has, under the Water Supply Act, accepted the assessment.

In addition, some dams may be made referable by:
e aregulation made under the Water Supply Act, or
¢ the transitional provisions in the Water Act 2000.

A failure impact assessment is required when a dam is or will be:
e more than 10 metres in height and have a storage capacity of more than 1500 megalitres

¢ more than 10 metres in height and have a storage capacity of more than 750 megalitres, and a
catchment area that is more than 3 times the surface area of the dam at full supply level.

Additionally, the Chief Executive may give a dam owner a notice to have a dam failure impact
assessed (regardless of its size), if the Chief Executive reasonably believes the dam will have a
Category 1 or Category 2 failure impact rating.

Referable dams are classified according to categories which are based on the population at risk if
the dam fails.

e dams with a Category 1 failure impact rating have between 2 and 100 people at risk
¢ dams with a Category 2 failure impact rating have over 100 people at risk.

If less than 2 people are at risk by the dam failing then the dam is not referable under the Water
Supply Act.

Queensland Urban Drainage Manual Provisional edition, 2013 5-17



6.1 Introduction

As with all computer software, designers are expected to be familiar with the underlying concepts
used, the limitations of those concepts and the capabilities/limitations of the programs themselves.
Further guidance on the use of numerical models is provided in Australian Rainfall & Runoff (ARR)
and Australian Runoff Quality (ARQ).

Designers should be aware of the need for model calibration and the limitations which should be
placed upon results where such calibration is not available. Sensitivity analysis is recommended so
that the sensitivity of the program’s performance in any given situation can be measured against
variation in uncertain parameters.

6.2 Computer models

The use of computer modelling for flood assessments and drainage design is now standard
industry practice in all but minor drainage systems; however, manual calculation procedures for the
estimation of flow and the sizing of drainage components remain an important part of the checking
and calibration process.

In broad terms, computer models of relevance to this Manual can be split into three categories,
being hydrologic, hydraulic and water quality. The latter is dealt with in detail in the ARQ
(Engineers Australia, 2005) and is mentioned here only briefly for completeness.

6.2.1 Hydrologic models

In broad terms, there are two types of hydrologic models, being:
¢ individual rainfall event simulation

e continuous, long-term simulation of runoff characteristics.

Continuous long-term simulation models are becoming more widely used in understanding the total
hydrologic cycle, including effects on volumetric runoff, base-flow in streams and seasonal
variability, and the effects of development and infrastructure on the hydrologic cycle. They are also
used as part of catchment pollutant yield simulations and associated stormwater management.

Individual rainfall event simulations are aimed primarily at assessing the effects of severe to
extreme flood events due to specific rainfall events, usually of durations less than a day, for all but
large river systems.

Generally, dynamic analysis—taking account of the shape and volume of the flood hydrograph—is
required (except for minor drainage systems) to ensure that the true effects of flooding and
development impacts, such as loss of floodplain storage and the timing of the flood wave, are
properly understood.

6.2.2 Hydraulic models

With the rapid increase in computational ability of microcomputers, the use of dynamic flow models
has become routine and full two-dimensional surface linked to one-dimensional sub-surface
models has also become more widespread.

Hydraulic models fall into the following general categories:
e peak flow steady state/backwater (both pipe and surface/open channel) one-dimensional (1D)
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¢ dynamic (full hydrograph) 1D models (both pipe and surface/open channel flow)
e 2D dynamic (surface flow)
¢ 1D/2D dynamic (combined surface and pipe flow).

There are many specialist 1D peak flow, steady state models available that take account of
pressure flow, pipe, pit and inlet losses, pit bypass and inlet and outlet losses. In general, these
models are designed for road and trunk drainage systems of localised catchments, where design
flows are less than 15 m®/s.

For large open drain and creek systems, where flow paths are well defined and contained, dynamic
1D modelling is recommended. Steady-state analysis may only be applicable where storage/
attenuation and flood peak timing is not critical.

For floodplains or urban flooding situations with complex flow patterns, dynamic 2D modelling is
recommended. 1D/2D modelling is also preferred for complex urban flow situations with significant
sub-surface flow networks, particularly where there is the potential for significant overland flow that
may not follow the road and pipe systems.

6.2.3 Water quality models

Available water quality models are generally either catchment pollutant yield models—which use
continuous hydrologic simulation—or in-channel/water body process models. Examples of the
former are MUSIC and XP-AQUALM, and of the latter are MIKE-11 WQ, MIKE-21 WQ, SOBEK
and Delft 3D. More details are provided in ARQ (Engineers Australia, 2005).

6.3 Reporting of numerical model outcomes

Designers who use numerical models to design and/or support their design, have a duty of care to
provide regulating authorities with sufficient information about the model and its outcomes to allow
the regulating authority to adequately review the model’s suitability and output.

In effect, the designer has two tasks; one, to operate the model appropriately and therefore obtain
an appropriate model output; and two, to demonstrate that the model set-up and output are
appropriate for the site conditions. It is noted that the latter task cannot be achieved if the
regulating authority, their representative, or a third-party reviewer are either not familiar with the
model, or are not supplied with sufficient information to review the model and its output.

It is noted that most problems/errors occur with the application of a numerical model rather than
the initial development of the software program. If an in-house software model is used in the
design of a drainage system, then it is not sufficient to simply indicate to the regulating authority
that the software has been calibrated, or that the software is similar to another commercially
available program.

As a minimum, when a numerical model is used in the design of a stormwater system, then the
following information should be supplied to a regulating authority:

¢ name and version of software package

o full details of the modelling assumptions

e review of model calibration

e copy of the model’s error listing output file

e copies of input data should be made available to the local government (i.e. supplied on
request).
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71 Planning issues

The following discussion outlines key planning issues that need to be considered when designing
an urban development and its stormwater drainage network.

711 Space allocation

At the earliest stages of development planning it is important to allow adequate space for the
installation of both the stormwater conveyance and treatment systems. Preliminary subdivision and
development layouts should be drafted with appropriate consideration of required space allocations
for stormwater systems, including:

¢ location of overland flow paths

e width requirements for both constructed drainage channels and the protection of existing
waterway corridors

e stormwater detention/retention and treatment systems.

In some circumstances, the width of an existing drainage corridor may not satisfy the requirements
of current Best Management Practice. For example, an existing overland flow easement on an
undeveloped property may have been sized for the requirements of a concrete-lined channel
based on an old drainage standard. Such an easement would unlikely be sufficient for the
construction of a vegetated open channel based on current standards. Wherever practical,
stormwater designers should not limit the width and location of drainage systems to existing
drainage easements if such actions limit or prevent the application of current best practice
stormwater management principles.

7.1.2 Water Sensitive Urban Design

Stormwater designers are encouraged to incorporate the principles of Water Sensitive Urban
Design when planning an urban drainage system (refer to section 11.3.2). The form and layout of
an urban drainage system are influenced by a number of key issues, including:

e the preferred location of major overland flow paths
e the retention of natural drainage channels and waterways
e the preferred location of major stormwater detention/retention and treatment systems.

713 Locating major overland flow paths

The location and design of major overland flow paths is often recognised as the most important
part of the drainage system. Failure to adequately plan for major overland flow paths can result in
unnecessary property flooding as well as delays in development approval.

The location and anticipated width of major overland flow paths should be identified and mapped
during the planning phase of land developments. Wherever practical, major overland flow paths
should be maintained along their natural flow paths. These overland flow paths need to be
contained within a drainage easement, with the land either managed by a body corporate or
government body.
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In this context, a ‘major overland flow path’ is defined as an overland flow path that:

drains water from more than one property

has no suitable flow bypass

has a water depth in excess of 75 mm during the major design storm

or

is an overland flow path recognised as significant by the local government.

Locating major overland flow paths through residential properties is strongly discouraged within
traditional urban landscapes, especially in greenfield developments. Designers need to consider
the following issues:

Major overland flow paths should be the first components of a drainage system defined for an
urban development.

Special care must be taken to minimise conflicts between overland flow paths and noise control
barriers.

Wherever practical, overland flow paths should follow the natural drainage paths of the
catchment.

Wherever practical, the spacing/density of overland flow paths within the developed landscape
should be similar to the spacing/density of the natural gully lines.

Diverting major overland flows away from their natural flow path may result in significant
property damage during storms in excess of the design major storm, or when unexpected
debris blockage of the drainage system occurs.

It cannot be assumed that an overland flow path passing under a residential property fence will
be maintained in proper working order at all times. Blockages can occur and should be
addressed within the design. Such flow paths may be blocked by garden beds, garden mulch
and/or post-development fencing modifications made for the purpose of containing domestic
pets.

Overland flow paths within residential properties may also transport excessive quantities of
organic matter, including grass clippings and garden mulch. Such material may result in debris
blockages of downstream drainage systems and waterway pollution.

Overland flow paths should not pass through waste collections compounds where such actions
are likely to result in wheelie bins or industrial waste collection skips floating away during
severe storms. Such items are increasingly contributing to flood debris and the blockage of
drainage structures such as waterway culverts.

Further to the above, overland flow paths should also not become a source of hazardous
materials during major storms. Not only can such materials harm receiving waters (a matter
regulated by the Environmental Protection Act 1994) but they can also represent a safety risk
to emergency personnel conducting inspections of flooded properties or carrying out flood
rescues.

Not all of the above issues may be applicable to rural residential areas. Also, designers should
ensure that wherever practical, the operation of overland flow paths will not compromise
emergency/maintenance access to essential equipment and infrastructure.
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71.4 Provision of piped drainage systems

Water Sensitive Urban Design does not exclude the use of piped drainage systems, rather it
focuses on limiting their use, and minimising the direct connection of impervious drainage surfaces
to piped drainage.

Consideration should be given to the piping of minor flows in the following circumstances:

e when it is unsafe, impractical, or otherwise undesirable to carry minor storm flows within an
open channel or overland flow path

¢ when flow passage within an open drain or overland flow path exceeds the design standards of
the flow path (e.g. depth*velocity product, flow width, channel capacity or allowable flow
velocity)

e where a piped drainage system is required in association with a swale or overland flow path to
provide a discharge point for a sub-surface drainage system.

Local authorities should give consideration to the adoption of a maximum desirable catchment area
(appropriate for their region) for piped drainage systems.

71.5 Provision of grassed and vegetated drainage channels

The application of grassed channels is generally limited by design requirements such as the
allowable flow velocity, depth*velocity product, or maximum desirable bed width (refer to section
9.2).

Consideration should be given to the incorporation of the principles of Natural Channel Design for
the design of constructed drainage channels in the following circumstances:

e when the channel is required to have a natural appearance

¢ when itis necessary to incorporate aquatic or terrestrial habitat, or when the channel forms part
of a fauna corridor

¢ when rehabilitating a natural drainage channel or waterway within a heavily modified
catchment.

For further discussion on vegetated channels and Natural Channel Design, refer to section 9.6 of
this Manual.

7.1.6 Retention of natural drainage channels and waterways

Consideration should be given to the ‘retention’ of existing natural channels in the following
circumstances (also refer to section 9.2):

e waterways identified as important within a Waterway Corridor Plan, Catchment Management
Plan, or similar strategic plan

e waterways defined as fish corridors by Queensland Fisheries (DAFF)

e natural waterways with well-defined bed and banks, and associated floodplain/s or riparian
corridors.

71.7 Drainage schemes within potential acid sulfate soil regions

Guidelines for the planning of drainage systems located within potential acid sulfate soils are
presented in section 9.7.9.
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7.2 The major/minor drainage system

7.21 General

Design of the drainage system should be in accordance with the Major/Minor drainage concept
discussed in Argue (1986) and Australian Rainfall & Runoff. This design concept recognises the
dual requirements of the drainage system to provide for convenience and the protection of life and
property for all storms up to the nominated major storm event. In addition, consideration should
also be given to the consequences of events in excess of the major storm.

The appropriate Annual Exceedence Probabilities (AEPs) for design are detailed in section 7.3 and
are applicable to normal design situations. The local government may direct that certain
developments, or sections of developments, be designed for greater or lesser immunity than those
outlined.

In a system designed in accordance with the Major/Minor drainage concept, the flow under both
minor and major storm conditions is conveyed partly by the minor surface drain or underground
pipe system, and partly by the major surface flow components of the system. As a consequence, it
would not be reasonable to say that an underground system has been designed to convey the
peak discharge from a storm of given AEP. Rather the system as a whole will convey the flows
under both minor and major storm conditions.

Designers should note that constraints on the safe management of the major system discharge
may require an increase in the capacity of the minor system beyond that required by the design
discharge for the minor system alone.

7.2.2 Minor drainage system

The minor drainage system includes kerbs and channels, roadside channels, drainage swales,
inlets, underground drainage, junction pits, access chambers and outlet structures designed to fully
contain and convey the discharge from the minor storm.

This arrangement may also include:

e Field or kerb inlet pits installed to collect surface runoff from within allotments, as well as the
roof-water drainage provisions for buildings.

¢ Cross drainage under minor roads where delay or inconvenience during major flows is
acceptable. This also includes low-flow pipes or box culverts installed under floodways.

e Low-flow pipes installed under drainage reserves or park areas.

The recommended ‘performance objectives’ of the minor drainage system design are:

¢ Operation of the drainage system during a minor storm does not cause unacceptable safety
risks.

¢ Drainage infrastructures do not present a safety risk to the public.

e Operation of the drainage system during a minor storm allows convenient and flood-free
movement of vehicles and pedestrians.

e Operation of the drainage system during the nominated minor storm does not cause
unacceptable flood damage.

e Operation of the drainage system during a minor storm allows the normal use of the land soon
after cessation of rainfall.
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e The minor drainage system appropriately integrates into natural and built environments.

¢ The drainage system is designed to minimise adverse impacts upon the values of receiving
waters caused by the velocity of stormwater discharges.

e The drainage system is designed to minimise adverse impacts upon the values of receiving
waters caused by changes to the natural water cycle with respect to the volume, frequency and
duration of runoff.

e The drainage system is designed to minimise adverse impacts upon the values of receiving
waters caused by the quality of stormwater discharges.

e The value of stormwater as a potential water source is appropriately realised.

¢ Sufficient information is supplied to demonstrate the adequacy of numerical models.

e The cost of constructing the minor drainage system is affordable for the asset provider.
¢ The cost of maintaining the minor drainage system is affordable for the asset manager.

7.2.3 Major drainage system

The major drainage system is that part of the overall drainage system designed to convey a
specified major storm flow. This system may comprise:

e open space floodway channels, road reserves, pavement expanses and other flow paths
designed to carry flows in excess of the capacity of the minor drainage system

e natural or constructed waterways, detention/retention basins and other major water bodies

e major underground piped systems installed where overland flow is impractical, unacceptable,
or incapable of carrying the required discharge.

The recommended performance objectives of the major drainage system design are:

e Operation of the drainage system during the nominated major storm does not cause
unacceptable safety risks.

e Operation of the drainage system during the nominated major storm does not cause
unacceptable flood damage.

e Operation of the drainage system during the nominated major storm allows safe movement of
emergency vehicles.

e To the maximum degree practicable, the principles of Water Sensitive Urban Design are
integrated into the planning and design of major drainage structures.

e Operation of the drainage system during the nominated major storm does not cause adverse,
long-term changes to the normal use of the land.

e The drainage system appropriately integrates into the natural and built environments.
¢ Operation of the stormwater system does not cause unnecessary soil erosion.

¢ The drainage system is designed to minimise adverse impacts upon the values of receiving
waters caused by changes to the natural water cycle with respect to the volume, frequency,
and duration of runoff.

e Adequate space is provided for the conveyance of major storm flows and for the maintenance
of stormwater infrastructure.

e Major overland flow paths are retained along their natural alignment.

e The cost of constructing the major drainage system is affordable for the asset provider.
e The cost of maintaining the major drainage system is affordable for the asset manager.
e The drainage system is designed to maximise its resilience to flood damage.
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Local governments may adopt a ‘Defined Flood Event’ for waterway flooding in accordance with
State Planning Policies. Currently, these state planning documents strongly recommend that the
1% AEP (100 year ARI) is adopted as the Defined Flood Event. It is noted that the nominated
major system design AEP for such things as overland flow paths may be different from the Defined
Flood Event.

The design of the major drainage system should:

e Account for the flow conveyed in the underground minor drainage system and for the
consequences of malfunctions or blockages in that system.

e Demonstrate that the inlet system for the minor drainage network can continue to operate
under appropriate levels of debris blockage (refer to section 7.5.2) otherwise appropriate
adjustments must be made to the design of the major drainage system to account for potential
malfunctions or blockages in the minor drainage system.

The design of major underground drainage systems with no overland flow component is strongly
discouraged, and should only be adopted where overland flow is either impractical or
unacceptable. In circumstances where a major underground pipe system is used with no overland
flow component, the designer shall prepare a report for the local government. As a minimum, this
report shall discuss the following issues:

¢ analytical justification demonstrating that design flows can enter the underground drainage
system under appropriate blockage conditions

¢ potential effects of flows in excess of the design flow including the consequences of the
Probable Maximum Flood (also refer to sections 7.2.4 & 7.3.3)

¢ allowances made in the design for debris blockage of inlets
e potential effects of debris blockages in excess of that allowed for in the design.

When assessing the potential effects of debris blockage, consideration must be given to at least
the following:

e potential risk to life either directly resulting from the blockage or resulting from rapid or
unexpected changes in flow conditions resulting from the blockage

e potential floor level flooding
e adverse affects on the use of adjacent land

¢ the potential for unrepairable property damage (e.g. damage to historical sites, or severe
erosion that threatens the structural integrity of major structures).

7.24 Operation of the drainage system during severe storms

Traditionally, drainage systems have been designed using the Major/Minor drainage concept, with
limited consideration of storms in excess of this design storm. One of the potential adverse effects
of this design philosophy is that the degree of storm/flood damage can dramatically escalate during
severe storms that exceed the major storm design standard.

To manage this condition it is recommended that the stormwater design process be expanded to
include the preparation of a ‘Severe Storm Impact Statement’. These statements may vary from a
single paragraph to a comprehensive report depending on the assessed hazards and
consequences.

Recommended performance objectives have been prepared for drainage systems operating under

storms that exceed the nominated major storm. The intent of these performance objectives may
be summarised as:
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e To provide an appropriate incentive and process to encourage and enable stormwater
designers to consider the potential impacts of storms and floods in excess of the nominated
design storm or flood.

e To avoid the circumstances where the nominated major storm AEP is increased above the 1 in
100 year event without due consideration of the benefit:cost impacts.

¢ To manage the cost of damage to private and community assets resulting from severe
storms/floods to an acceptable level.

¢ To manage safety risks resulting from severe storms/floods to an acceptable level.

o To take appropriate steps to improve the resilience of the State to the occurrence of severe
storms/floods.

The recommended performance objectives of the drainage system during a storm that exceeds
the major storm, and/or where the site conditions (e.g. debris blockage) exceed those conditions
assumed for the major storm case, are listed below:

e Operation of the drainage system during storms in excess of the major storm does not cause a
rapid or unexpected increase in safety risks or flood damage.

e Operation of the drainage system during severe storms does not cause the unacceptable
isolation of essential community infrastructure or residential areas.

e Operation of the drainage system during severe storms does not cause rapid or unexpected
increases in the extent and/or cost of flood damage relative to natural flood conditions.

e Operation of the drainage system during severe storms does not cause, or increase the degree
of, unrepairable property damage (e.g. damage to historical sites, or severe erosion that
threatens the structural integrity of essential community infrastructure).

e Operation of the drainage system during severe storms does not result in unnecessary damage
to private and community assets that could otherwise have been avoided through appropriate
awareness training and/or warning signs.

e Operation of the drainage system during severe storms allows safe movement of emergency
services vehicles.

e Operation of the drainage system during severe storms does not cause adverse, long-term
changes to the normal use of the land.

e The cost of constructing the major drainage system remains affordable for the asset provider.
e The cost of maintaining the major drainage system remains affordable for the asset manager.

e The drainage system’s resilience to flood inundation is maximised.

7.2.5 Preparation of a Severe Storm Impact Statement

In general terms, a Severe Storm Impact Statement is similar to an environmental impact
statement in that the complexity and detail presented within the report needs to be commensurate
with the assessed risks; in this case, any safety or flood hazard risks.

In is simplest form, the Severe Storm Impact Statement should address, in short sentences, how
the drainage system will address the performance objectives listed in section 7.2.4. If the potential
flood hazard resulting from a severe storm is considered high, then a more detailed statement will
be required in response to each of the objectives.

In some cases these statements will need to be supported by an appropriate risk assessment
investigation and/or numerical flood modelling. This however, does not imply that all new
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stormwater drainage designs should undergo PMF modelling. The need for numerical modelling
beyond the major storm discharge depends on the assessed risks.

The preparation of a Severe Storm Impact Statement may also be warranted during the design of
structures that may interfere with the passage of stormwater. The following list provides examples
of circumstances where a Severe Storm Impact Statement would likely be required.

e Proposed installation of noise control barriers over an overland flow path where the barrier
could cause unacceptable flooding or flow diversion during severe storms.

¢ Installation of solid traffic-control barriers along the median of a roadway that crosses over a
waterway or valley (i.e. where overland or overtopping flows would normally have occurred
across the roadway).

e Subdivision of land upstream of a road or railway embankment where the occurrence of severe
blockage of the culvert, or the occurrence of a discharge in excess of the major storm, would
likely cause unacceptable flooding of the subdivided land.

¢ Design of a stormwater detention/retention basin where the potential impacts of an inflow in
excess of the major storm (peak flow rate or volume) would likely cause unacceptable flooding.

e Design of a stormwater detention/retention basin where the failure of the structure, or its
embankment, could potentially result in an increase in flood levels (relative to the no-failure
case) of at least 300 mm through a residential or workplace building. In the latter case, such
conditions are likely to make the structure a Referable Dam (refer to section 5.12).

¢ Rehabilitation or revegetation of an urban waterway where the potential impacts of a discharge
in excess of the major storm would likely cause unacceptable flooding.

7.3 Design standards

7.31 Design AEPs

The Annual Exceedence Probability (AEP) as used in this Manual is the probability of exceedence
of a given rainfall intensity or discharge within a period of one year. Throughout this Manual the
AEP of the design flood/discharge is assumed to be the same as the AEP of the nominated design
storm.

Tables 7.3.1 and 7.3.2 show recommended AEPs and the equivalent ARIs for minor and major
rainfall events associated with a range of land uses and development categories. The final
selection of the design AEP may be influenced by factors, such as:

e required level of service for hydraulic performance

e construction and operating costs

e maintenance requirements

¢ the need to reduce potential flood damage based on a risk assessment process
o safety

e aesthetics

e regional planning goals

e legal and statutory requirements

e convenience or nuisance reduction requirements.
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A local authority may vary the design AEPs/ARIs shown in tables 7.3.1 and 7.3.2 to suit local
conditions. However, it is recommended that the minor system AEP should not be reduced below 1
in 2 years (39% AEP) in respect of the Residential and Industrial development categories, or below
1in 1 year (63% AEP) for Open Space, Parks, etc.

Since the release of the original 1992 edition of the Manual there has been significant discussion
and debate over the choice between the 1% and 2% AEPs for the selection of the major storm.
The outcomes of these discussions generally fall along the following lines:

e State Planning Policies recommend adoption of the 1% AEP (1 in 100 years) flood frequency
for waterway flood management planning.

¢ Many of the organisations that had previously adopted a 2% AEP (1 in 50 years) major storm
are moving towards, or have already adopted, a 1% AEP major storm in all circumstances.

e Within those organisations that adopt a combination of 1% or 2% AEP for the design of
overland flow paths, the design standard is generally based on the following conditions:

o the 2% AEP is commonly adopted for the design of drainage paths in circumstances where
the surface/channel roughness conditions are known with a high degree of certainty, and
these surface conditions are expected to be well maintained

o the 1% AEP is commonly adopted for the design of drainage paths where it is difficult to
predict actual flow conditions (e.g. complex 3D hydraulics) or where the surface roughness
can be highly variable (e.g. vegetated channels).

¢ In most organisations, minimum fill levels and minimum habitable floor levels are set relative to
the 1% AEP flood level even if a 2% AEP major storm has been adopted for design of the
adjacent overland flow path.

When selecting design AEPs, local authorities should consider the required performance
objectives of each system as outlined in section 7.2.

Examples where AEPs of a higher standard to those recommended in tables 7.3.1 and 7.3.2
include the following:

¢ Where runoff from an up-slope catchment is piped through private property and there has been
no allowance for, nor opportunity to, protect the property from inundation by flows that exceed
the desired standard of service of the pipeline.

e Where higher residential densities are likely as a result of long-term infill and population growth,
and nuisance flooding may lead to more severe consequences.

e Where mixed residential and commercial development is proposed.
e Where a risk-based analysis identifies the potential for an unacceptable increase in the degree
of flood damage during events that exceed the nominal design storm (refer to section 7.3.3).

AEP values presented in tables 7.3.1 and 7.3.2 are recommended values for the design of new
works and the upgrading of existing systems. The design standard for ‘relief drainage (section
13.1) may or may not be consistent with tables 7.3.1 and 7.3.2 depending in part on cost-benefit
analysis, site conditions, and site constraints.
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Table 7.3.1 - Recommended design average recurrence intervals (ARI) and annual
exceedence probabilities (AEP) for the minor system

Development category " ARI (yrs) AEP
Central business and commercial 10 10%
Industrial 2 39%
Urban residential high density — greater than 20 dwelling units/ha 10 10%
Urban residential low density — 6 to 20 dwelling units/ha 2 39%
Rural residential — 2 to 5 dwelling units/ha 2 39%
Open space — parks, etc. 1 63%
Kerb and channel flow 101 10%

Major road Cross drainage (culverts) 500 2%

Minor road Kerb and channel flow [4] [4]
Cross drainage (culverts) 10 10%

Notes (Table 7.3.1):
[1] The terms used in this table are described in the Glossary (Chapter 13) and Table 7.3.3.

[2] The design AEP for the minor drainage system in a major road shall be that indicated for the major
road, not that for the development category of the adjacent area.

[3] Refer to discussion in section 7.3.7.

[4] Refer to relevant development category.

Table 7.3.2 - Recommended design average recurrence intervals (ARI) and annual
exceedence probabilities (AEP) for the combined minor/major system

Development category!"! ARI (yrs) AEP

Reference flood for setting floor levels in hospitals, emergency services, 500 0.2%
flood evacuation buildings and Civil Defence HQ

Reference flood for setting floor levels of emergency shelters, police 200 0.5%
facilities, museums, libraries, storage facilities for valuable records or
item of historical or cultural significants, and housing for aged and those
with impaired mobility; and the setting design levels for water and
wastewater centres ¥ and critical utility services infrastructure

Reference flood for setting habitable floor levels in residential buildings 100 1%
and floor levels in commercial/industrial buildings adjacent floodplains or
overland flow paths

Design storm for overland flow paths 500r100 | 20r1%

Notes (Table 7.3.2):
[1] The terms used in this table are described in the Glossary (Chapter 13) and Table 7.3.3.

[2] Refers to critical components of the system that are required to be flood-free in order to allow prompt
and cost-effective recovery of services after a flood (e.g. electrical equipment).

[3] Refer to relevant local authority for confirmation of design storm AEP. Fill, building and floor levels
are usually set relative to the 1% AEP event even if the overland flow path design storm represents a
2% probability.
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7.3.2 Selection of the major storm AEP based on risk assessment

As noted above, the nominated major storm AEP presented in Table 7.3.2 may need to be
increased when designing critical infrastructure in circumstances where flows in excess of the 1%
AEP discharge could result in unacceptable flood damage or safety risks.

In most cases these safety risks will be associated with the following conditions:

o floodwaters are redirected by a choked bridge or culvert through populated areas at flow
velocities that would cause structural damage to buildings or possible loss of life

e structural failure of a road or rail embankment that could cause loss of life similar to a dam
failure.

In either case, the assessment of an alternative major storm design standard should be based on
procedures similar to those presented for a dam failure analysis.

7.3.3 Consideration of events in excess of the major storm

The likely effects of stormwater flows resulting from events in excess of the design storm should be
considered and the consequences discussed with the local government (refer to section 7.2.4).
The consideration of choice of extreme events should be based on recommendations of State
Planning Policies, ANCOLD (1986), or the local authority as appropriate.

When assessing the potential effects of flows in excess of the design flow, consideration must be
given to at least the following:

¢ floor level flooding
e adverse affects on the use of adjacent land

e potential unrepairable property damage (e.g. damage to historical sites, or severe erosion that
threatens the structural integrity of major structures).

In cases where potential flow restrictions or diversions are introduced to an overland flow path,
then the consequences of such restrictions or diversions shall be considered for flows in excess of
the specified major storm. The regulating authority may require consideration of flows up to the
PMF. If it is not practical to determine the PMF, then a nominal flow rate of four times the 1% AEP
peak discharge may be considered acceptable. The assessed consequences shall be discussed
with the relevant regulating authority.

There are no specific quantitative requirements for the performance of stormwater drainage
systems operating under flows in excess of the nominal major storm. Each site must be assessed
on a case-by-case basis. If the Severe Storm Impact Statement (section 7.2.5) identifies an
unacceptable risk, then the local government may choose to adopt a more severe AEP for the
major storm and/or adopt a higher design standard for minimum fill and/or floor levels.

734 Land use/development categories

In order to determine the desired standard of service (i.e. appropriate minor and major AEP values)
it will be necessary to assess the development category for the catchment. Development
categories are broadly defined in Table 7.3.3.

A local government may use different terminology to that presented in Table 7.3.3. It is the
responsibility of the designer to check with the relevant local government to determine the actual
development category which is applicable to the land use or zoning, or the potential land use or
zoning for the catchments under consideration.
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Table 7.3.3 — Development categories

Central business

A section of a city or town where the primary use is for business or retail
activities and where buildings are commonly built up to the property
boundaries, awnings overhang the footpaths and landscaping is minimal or
non-existent. Central business areas are often encapsulated within the older
parts of a city or town.

This category would likely include Queensland Planning Zones: central,
principal central, major centre and district centre.

Commercial

A building or group of buildings where primary uses include retail sales,
business activities, health activities, hospitality functions, etc. It may include
regional shopping centres, business centres, hospitals, medical facilities,
food outlets, sports centres, car sales yards, entertainment facilities,
nurseries and the like.

This category would likely include Queensland Planning Zones: central,
principal central, major centre, district centre, local centre, neighbourhood
centre, community facilities.

Industrial

Areas where the primary activities carried out are manufacture, processing,
trade sales or storage facilities, etc. (e.g. motor vehicle repairs, manufacture,
wholesale, warehouses).

This category would likely include Queensland Planning Zone: industry.

Urban residential
high density

Residential areas which have greater than 20 dwelling units per hectare,
including multi-unit residential and cluster housing.

This category would likely include Queensland Planning Zone: apartment
residential.

Urban residential
low density

Residential areas which have over 5 and up to 20 dwelling units per hectare
e.g. normal detached houses on residential allotments.

This category would likely include Queensland Planning Zones: general
residential, residential living, residential choice and tourist accommodation.

Rural residential

Rural residential areas which have between 2 and 5 dwelling units per
hectare e.g. a house on 2000 m? to 5000 m? allotment.

This category would likely include Queensland Planning Zone: rural
residential.

Open space

Open areas primarily used for recreation or drainage including parks, golf
courses, trunk drainage channels etc.

This category would likely include Queensland Planning Zones: recreation
and open space, sport and recreation, and open space.

Major road or
minor road

Consult the relevant local authority for the appropriate road classification to
be adopted i.e. major or minor.

Guidance in this regard is given in section 7.4 and the Glossary (Chapter 13).

Examples of major roads are: highways, arterial and sub-arterial roads and
trunk collector roads.

Examples of minor roads are: access places and access streets.
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7.3.5 Essential community infrastructure

Reference should be made to Table 7.3.2 of this Manual for design immunity recommended for
strategic facilities e.g. Hospitals, Civil Defence headquarters, Police, Fire and Ambulance.

When making planning decisions in regards to the setting of minimum fill or floor levels, the intent
should be to take all reasonable measures to establish systems that are resilient to severe floods
for the benefit of the State and the community.

7.3.6 Overland flow paths

The design of overland flow paths can be very complex with many of the flooding issues
associated with floodplains also applying to overland flow paths. Design standards relating to
overland flow paths include the minimum flow capacity specified in Table 7.3.2, and the maximum
allowable depth*velocity product (d.V) specified in Table 7.3.5.

It is strongly recommended that major overland flow paths (i.e. those defined in section 7.1.3) are
not located within private properties. If it is unavoidable, then an overland flow easement should be
obtained over the flow path to allow local governments to control works within these flow paths that
could adversely affect adjacent properties.

It is often necessary to build over minor overland flow paths, such as in the construction of
property fencing, sound-control barriers and minor foot bridges. When designing such structures it
is important to consider the consequences of flows in excess of the nominated major storm as
discussed in sections 7.2.4 and 7.3.3.

Also, as discussed in section 7.1.3, it cannot be assumed that an overland flow path passing under
a residential property fence will be maintained in proper working order at all times. Blockages can
occur and should be addressed within the design. Such flow paths may be blocked by garden
beds, garden mulch or by fencing modifications designed to contain domestic pets.

7.3.7 Cross drainage structures (culverts)

Culverts under roads should be designed to accept the full flow for the minor system AEP shown in
Table 7.3.1. In addition, the designer must ensure adequate public safety controls (e.g. maximum
flow depth and d.V product) exist for flows passing over the road surface, and that the nominated
major storm flow does not cause unacceptable damage to adjacent properties.

If upstream properties are at a relatively low elevation, it may be necessary to install culverts of a
greater capacity to that for the minor system’s design storm to ensure adequate flood protection of
upstream properties.

In urban areas, culverts and causeways are generally considered trafficable when the maximum
flow depth within a trafficable lane does not exceed 200 mm and the depth*velocity product does
not exceed 0.3 m%/s (refer to tables 7.4.2 and 7.4.4).

The intent of the higher design standards presented in Table 7.3.1 (Note 4) for cross drainage is to
reduce the safety risks to those vehicles passing along a roadway where system bypass flows
would pass transversely across to the road alignment. Such conditions most commonly occur at
watercourse crossings, but can also occur at road bends or changes in road camber where excess
surface flows spill from one side of a road to the other.

In circumstances where stormwater flows across a road surface in such a manner that could cause

traffic safety issues (e.g. aquaplaning) the road surface should be ‘trafficable’ during the nominated
storm for cross drainage (i.e. 2% AEP for major roads and 10% AEP for minor roads). This means
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the longitudinal piped drainage system may need to have an increased flow capacity in order to
provide safe driving conditions on the full length of the roadway.

When determining the local design standard, local governments should consider the expectations
of a particular type of roadway carrying traffic during major storms such as the 2% AEP. It should
be noted that in many regions of Queensland it becomes very difficult to drive during storms that
exceed a 10% AEP due to the limited visibility through vehicle windscreens. This means two
things: firstly, vehicles are likely to be travelling slowly; secondly, drivers are less likely to observe,
and appropriately respond to, unsafe drainage conditions on the roadway.

The above design standard would not apply to a drainage pipe that simply crosses from one side
of a road to another in circumstances where bypass flows would not pass ‘across’ the road crown.
In general, this is not a simple design issue and each circumstance should be considered on a
case-by-case basis in consultation with the relevant road authority.

7.3.8 Flood evacuation routes

Guidance on the design of evacuation routes is provided in the State’s Planning Policies (SPP 1/03
or its replacement).

It is noted that the trafficable operation of evacuation routes is often limited to the flooding of
culvert and bridge crossings. Table 7.3.1 provides recommended design standards for cross
drainage structures (e.g. culverts) on minor and major roads. This table should not be used to set
design standard for flood evacuation routes.

7.3.9 Basements and non-habitable rooms of buildings

In the past, the focus of urban flood management has been on the protection of habitable rooms. In
recent times however, the financial and emotional cost of the flooding of basements and non-
habitable rooms has increased due to a number of factors, including:

e the increased value and importance of electrical equipment housed within basements

o the value and quality of materials used in the furnishing of non-habitable rooms, including the
type of wall cladding

e the unauthorised conversion of non-habitable rooms into ‘habitable rooms’ such as
entertainment centres and spare bedrooms.

According to the Building Code of Australia, a non-habitable room includes a bathroom, laundry,
water closet, pantry, walk-in wardrobe, corridor, hallway, lobby, photographic darkroom, clothes
drying room, and other spaces of a specialised nature occupied neither frequently nor for extended
periods.

Councils can help to improve the State’s resilience to floods by:

e setting minimum floor levels for non-habitable rooms in circumstances where the cost of flood
damage to such rooms is likely to be significant

e restricting the types of equipment (such as generators) that can be housed within flood-prone
basements in accordance with current best practice floodplain management principles.
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7.3.10 Public car parks
When setting the flood immunity of public car parks, consideration should be given to:
¢ the likelihood of flood warnings

o the likelihood of users being aware of, or being able to respond to, any flood warnings (e.g.
warning times, access to parked cars, egress of cars from dangerous waters)

e required flood warning signs

o the likely safety risks, flood risks and resulting damage associated with displaced cars
becoming debris blockage within downstream stormwater/watercourse structures.

7.3.11  Areas of manufacture or storage of bulk hazardous materials

It is important that hazardous materials are not stored within overland flow paths where they could
reasonably be expected to be displaced by stormwater runoff. Refer to the Work Health and Safety
Act 2011 and associated Regulation and Guidelines, the Environmental Protection Act 1994 and
the relevant building assessment provisions under the Building Act 1975 for requirements related
to the manufacture and storage of hazardous substances within overland flow paths.

7.3.12 Freeboard

The primary purpose of freeboard is to address issues such as uncertainties in flood level
prediction, variations in structure blockages, variations in water level across the floodplain (e.g.
superelevation), conversion of the water’s kinetic energy (velocity head) into potential energy, and
the effects of wave action.

Wave action can result from a number of forces depending on location. Along overland flow paths,
wave action can result from vehicle movements along flooded roads, or the effects of standing
waves caused by supercritical flows passing around obstructions. On water bodies, wave action
can result from local winds or watercraft. In coastal regions, waves can be generated by local
winds or distant storms.

In normal circumstances, freeboard should not be relied upon to provide additional protection
beyond the nominal design flood event. Stormwater designers must acknowledge that the water
surface of waterways and overland flows during major storms events is rarely smooth and level. In
many circumstances, the effective protection of buildings from flood inundation resulting from a
Defined Flood Event is only achieved through the adoption of a nominal freeboard above the
‘theoretical’ flood level.

That said, during the preparation of a Severe Storm Impact Statement it will be necessary to
assess the likely flood inundation during storms in excess of the defined flood event. In such cases
it is appropriate to assume the existence of freeboard will provide additional flood protection.
Therefore, such an analysis would represent a ‘theoretical’ prediction of flood inundation. It is noted
that the completion of such a flood study should not be used to imply or advertise that the
assessed buildings or properties have a flood immunity greater than the Defined Flood Event.

General freeboard recommendations are provided in tables 7.3.5 and 7.4.3, and figures 7.3.1 and
7.3.2. This manual does not specifically address freeboard requirements for coastal regions where
higher freeboards are often recommended. Freeboard requirements for open channel are
discussed in Chapter 9 — Open channel hydraulics.

Local governments that choose a major design storm standard less that the 1% AEP (1 in 100
years) may choose to adopt higher freeboard requirements. Alternatively, the local government
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may require additional hydraulic checks to ensure floor levels are at least above the anticipated 1%
AEP peak water level.

Local governments should consider setting minimum floor levels in critical areas to minimise the
risk of future building works being constructed below the anticipated 1% AEP peak water level
(refer to the requirements specified within current State Planning Policies).

7.3.13 Risk-based freeboard requirements

Risk-based freeboard requirements are most commonly applied to the design of flood levees. A
risk-based analysis of freeboard requirements may also be incorporated into a severe storm impact
statement. Such an analysis may consider issues such as:

¢ the increase in debris blockage required within a stormwater system (e.g. culvert inlet) to
elevate the major storm flood level to the top of nominated freeboard

¢ the increase in the major storm discharge required to elevate the major storm flood level to the
top of nominated freeboard.

The outcomes from such an analysis may prompt the local government to set alternative freeboard
requirements.

7.3.14 Easement widths

Easements for drainage purposes are generally obtained over stormwater pipes located within
freehold land if the pipe diameter exceeds 300 mm. Drainage easements may also need to be
obtained over overland flow paths that cross more than one property boundary where it may be
necessary for the local government to manage the operation and/or maintenance of the overland
flow path and any cross drainage structures, such as fencing and noise control barriers.

These easements need to be of such width, length and location to enable necessary works (e.g.
construction, maintenance and site inspection) to be carried out.

Recommended drainage easement widths are discussed in section 3.8.

7.3.15 Flow depth and width limitations

The drainage system should be designed so that the flow depth, flow width and pedestrian/vehicle
safety limitations are met for the required major and minor design storm conditions. These
limitations are detailed in tables 7.3.4, 7.3.5 and 7.4.1 to 7.4.4, and figures 7.3.1, 7.3.2 and 7.4.1.

Accordingly the underground piped drainage system and the inlets etc. leading to it must be
designed to accept that part of the flow which cannot be contained in surface flow paths such as
roads, channels and overland flow paths operating under major and minor storm conditions
respectively whilst complying with the flow depth/width limitations.

The flow depth and flow spread should be limited by whichever of the criteria in tables 7.3.4 and
7.3.5 is the most restrictive. These criteria are shown diagrammatically in figures 7.3.1 and 7.3.2
whilst the manner in which these criteria and those of section 7.4 restrict flow depth and width
within road reserves are detailed in tables 7.4.1 to 7.4.4 and Figure 7.4.1.
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Table 7.3.4 — Flow depth and width limitations for the minor storm

Minor system design criteria:

(a) The underground drainage system together with associated inlets, access chambers, outlets,
etc. shall be designed to convey the discharge for the design minor storm with road flow limited
as detailed in (c) below.

(b) Field inlets shall be provided to collect allotment runoff as detailed in section 7.13.
(c) Road flows shall be restricted by:

o flow spread limitations on the road pavement and the positioning of kerb inlets as detailed
in sections 7.4 and 7.5

e flow conditions limited by d.V < 0.3 m?s for flow ‘transverse’ to the road alignment where
the risk to life is reasonably foreseeable (also see Table 7.4.2).

(d) The total flow for the minor flood event shall be contained within the drainage easement or
drainage reserve provided through a park or open space.

Table 7.3.5 — Flow depth and width limitations for the major storm

Major system design criteria:

(a) Freeboard not less than 300 mm below floor level of an adjacent building where the building is
located on ground that is above street level.

(b) Water surface not greater than 50 mm above top of kerb, where the floor level of an adjacent
building is less than 350 mm above top of kerb and the fall across the footpath towards the
kerb is greater than 100 mm. Otherwise the flow depth must be restricted to top of kerb in
conjunction with a footpath profile that prevents flow from the roadway entering onto the
adjacent property. Where no kerb is provided the above depths shall be measured from the
theoretical top of kerb.

(c) The product of flow depth and velocity shall be limited by the formula:
dg.Vave < 0.6 m*/s (7.1)
where:
dg
Vae = average flow velocity within the flow path (m/s)

maximum flow depth (e.g. at kerb invert) (m)

If the risk to life is reasonably foreseeable, then d,. Vi, < 0.3 m?/s (refer to Table 7.4.4).

(d) The total overland flow for the major flood event shall be entirely contained within a road
reserve, drainage reserve, park or open space and shall be limited to such depth to ensure a
minimum 300 mm freeboard below the floor level of an adjacent building.

(e) Maximum flow depth of 300 mm and depth*velocity product, d.V < 0.3 m*/s in car parks where
the flow depth is near uniform across its width.

(f) Where flow is contained in an open channel, freeboard in accordance with section 9.3.4.

(g) Such other limitations or relaxations as may be set by the local authority.
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Figure 7.3.1 — Major storm flow design criteria
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Figure 7.3.2 — Major storm flow design criteria
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7.4 Roadway flow limits and capacity

It is necessary for road flow capacity to be checked for both the minor and major design storms.
Design criteria are provided in section 7.3. Additional criteria also apply and these are outlined in
the following sections.

Note that in this section, and others, reference is generally made to roads with kerb and channel.
This is not meant to preclude the use of grassed channels located at the verges, nor other edge
treatments. The type of road edge treatment should be decided after consultation with the local
authority.

7.41 Flow width (minor storm)

The flow width criteria for minor storms are related to the function of the road. Definitions of major
and minor roads, for the purpose of this Manual, are contained in the Glossary (Chapter 13).

Note: It should be emphasised that flow width restrictions are dependent on the function of the
road and its expected maximum traffic catchment. They are not necessatrily a function of the road
reserve or pavement width. Designers of drainage systems in existing areas are urged to clarify
such issues with the local authority prior to design.

Relevant flow width limitations are contained in tables 7.4.1 and 7.4.2, and Figure 7.4.1. Flow width
should be limited by whichever of the limitations in tables 7.4.1 and 7.4.2 is the more restrictive.
The designer’s attention is also drawn to the requirements of Table 7.3.1 in respect of design AEPs
for kerb and channel flow.

N
/‘%

£ %
: ] Gully \%
Gully inlet Footpath g l 3 Footpath Guly
T \: . ¥y= _Kerb and c_haﬂnel (K&C) K&C | :émez//'
Flow —- Flow =
Bypass
? Bus stop Bypass
ROAD Road g
- > Fall
Fall
(a) At bus stop (b) At kerb return
Note: Flow width
measured from
kerb invert
/—Gully inlet
K& —! _ Bypassflow _
Flow > Deceleration lane
Road fall Through lane

(c) At deceleration lane

Figure 7.4.1 — Typical flow width criteria (minor storm)

Note (Figure 7.4.1): Flow width is measured from kerb face.
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Table 7.4.1 — Roadway flow width " limitations during MINOR STORM for ‘longitudinal’ flow

Site condition

Major road

Minor road

Normal situation

Parking lane width (usually 2.5
m) or breakdown lane width

(i) Full pavement width with
zero depth at crown

(i) Where one way crossfall
exists (i.e. no crown), flow
width is limited to the high
side of road pavement, but
not above top of kerb on

low side
Where parking lane may 1.0m Not applicable
become an acceleration,
deceleration or turn lane
Where road falls towards 1.0m Not applicable
median
Pedestrian crossings or bus 0.45m 0.45m
stops
At intersection kerb returns 1.0 mBIH 1.0 mBIH

(including entrances to
shopping centres and other
major developments)

Vehicular safety

Flow depth and depth*velocity limits as per major storm

Notes (Table 7.4.1):

[1] Widths are measured from channel invert for kerb and channel, and from kerb face for kerb only.

[2] It may be necessary to limit discharge to 0.03 m®/s upstream of small radius bends (less than 15 m
radius) to avoid flooding and traffic safety issues.

[3] Where flow is required to follow a kerb return at an intersection it may be necessary, where the
longitudinal grade is steep, to check for the effect of flow superelevation upon flow spread. A
procedure for the calculation of superelevation is given in section 9.3.6(c).

[4] When considering the 1.0 m flow spread limitation at a kerb return the effect of the reduced

pavement crossfall beyond the tangent point should be examined.

Table 7.4.2 — Roadway flow depth and velocity limitations during MINOR STORM for

‘transverse’ flow

Site condition

Flow depth and width limits

Still water at road sag

e Maximum flow depth, dqg < 300 mm

Vehicle safety: Transverse flow limits (no riskto | e

life) e.g. road intersection

Maximum flow depth, dq < 300 mm

o Depth*velocity product, dg.Va,e < 0.3 m?/s

Vehicle safety: Transverse flow limits (risk to o

life) e.g. causeway

Maximum flow depth, dq < 200 mm

e Depth*velocity product, dg.Vaye < 0.3 m?/s
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Table 7.4.3 — Roadway flow depth and velocity limitations during MAJOR STORM for

‘longitudinal’ flow

Site condition

Flow depth and width limits

Where floor levels of adjacent buildings are
above road level

Total flow is contained within road reserve

Minimum freeboard of 300 mm to floor level
of adjacent buildings

Where floor levels of existing adjacent buildings
are below, or less than 300 mm above, the top
of kerb; and there is at least 100 mm fall on
footpath towards the kerb

Maximum flow depth of 50 mm above top of
kerb

Where floor levels of existing adjacent buildings
are below, or less than 300 mm above, the top
of kerb; and there is less than 100 mm fall on
footpath towards the kerb

Maximum flow depth at top of kerb

Vehicle safety: Flow conditions at kerb for flow
along a road (no risk to life)

Maximum flow depth, dq < 250 mm

Depth*velocity product, dg.Vae < 0.6 m?/s

Vehicle safety: Flow conditions at kerb for flow
along kerb (potential risk to life)

Maximum flow depth, dq < 250 mm

Depth*velocity product, dg.Vae < 0.4 m?/s

Table 7.4.4 — Roadway flow depth and velocity limitations during MAJOR STORM for

‘transverse’ flow

Site condition

Flow depth and width limits

Still water at road sag

Maximum flow depth, dq < 300 mm

Vehicle safety: Transverse flow limits (no risk to
life) e.g. road intersection

Maximum flow depth, dq < 300 mm

Depth*velocity product, dg.Vaye < 0.45 m?/s

Vehicle safety: Transverse flow limits (risk to
life) e.g. causeway

Maximum flow depth, dg < 200 mm

Depth*velocity product, dg.Vave < 0.3 m?/s

7.4.2 General requirements

(a) Pedestrian safety

The depth*velocity product is currently recommended as the best design measure for pedestrian
safety within shallow-water overland flow paths. Recent reports (Engineers Australia, 2010, 2011a)
highlight that for some people, notably small children and frail older persons; there are no depth or
velocity limitations that can be considered safe in all circumstances.

The product of depth dy and velocity V. in the kerb and channel should not exceed 0.6 m?/s
(Engineers Australia, 2010) to reduce hazard for pedestrians within the roadway. However, where
there is an obvious risk of serious injury or loss of life, the d; . V.. product should be limited to a
value of 0.4 m%/s. This is applicable to ‘longitudinal flow’ along the roadway for both major and

minor design storms.
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An ‘obvious risk of serious injury or loss of life’ would include:

e Upstream of kerb inlets or any stormwater/pipe inlet with a clear opening greater than 90 to 125
mm (at the discretion of the local authority—refer to section 7.5.3(f)) where there is a risk to life
resulting from small child entry into the downstream stormwater system.

e Overland flow paths passing through, or discharging into, flow conditions defined in section
12.2 for Contact Classes A to D.

No definitive depth*velocity limitations can be specified for stormwater flow within childcare centres
or areas frequented by elderly persons such as hospitals and retirement villages. Local
governments should treat all situations on a case-by-case basis. Children with a height*mass
product less than 20 m.kg are generally of greatest risk.

(b) Management of supercritical flows along roadways

On steep slopes, surface flows passing down roadways can become supercritical. In such cases,
there is a high potential for these surface flows to spill from the kerb and channel, and cross the
road surface. Road designers should avoid sharp changes in road direction where such designs
could cause surface flows to spill across the road and cause traffic safety issues, or cause
stormwater to spill into adjacent properties.

Such issues are of particular concern where:

o the roadway passes down a ridge line and the adjacent properties and/or buildings are below
the elevation of the road surface

e T-junctions placed at the base of, or on the side of, steep slopes

e circumstances where traffic calming devices are placed on steep roads and such features
could cause road runoff to be deflected into adjacent driveways or could cause the formation of
large standing waves.

(c) Major flows at T-Junctions

Care should be taken in the design of surface flows at road T-Junctions adjacent steep hill slopes.
In cases where the surface water enters a T-Junction via a steep gradient roadway, the high-
velocity, supercritical surface flow may fail to follow the desired flow path through the intersection.
In the worst case scenario, the flow can pass across the road junction—causing a traffic safety
hazard—before entering a down-slope property potentially causing flooding and property damage.
(d) Flow capacity calculation for roadways with kerb and channel

Roadway flow capacity may be calculated using |zzard’s equation (refer to Technical note 4, Book
8, ARR-1998). The values outlined in Table 7.4.5 are recommended for Manning’s roughness
coefficient (n) and Flow Correction Factor (F).

Izzard’s Equation provides a solution to flow determination in a triangular channel as follows:

Q =0.375 F.(Z/n).S %°.d %% (7.2)

For composite flow, as in a half road where the pavement and channel have different roughness
and crossfall, the equation becomes:

Q = 0375 F [(Zg/ng).(dg2.667_ dp2.667) + (Zp/np).(dp2.667_ d02.667)].80.5 (73)
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Figure 7.4.2 — Half road flow Channe|
where:
Q = Longitudinal flow down kerb (m3/s)
F = Flow Correction Factor
Z = Cross slope gradient
Z; = Cross slope gradient of kerb
Z, = Cross slope gradient of pavement
n = Manning’s roughness
ng = Manning’s roughness of kerb
n, = Manning’'s roughness of pavement
S = longitudinal slope of kerb
d = maximum depth of flow
d, = depth of flow at kerb invert
d, = depth of flow at edge of pavement
d. = depth of flow at crown

Table 7.4.5 - Recommended values of Manning’s roughness coefficient and flow correction
factor for use in lzzard’s equation "

Surface type n
Concrete 0.013
Hot mix asphaltic concrete 0.015
Sprayed seal 0.018
Kerb and channel type F
Semi-mountable type 0.9
Barrier type (300 mm channel) 0.9
Barrier type (450 mm channel) 0.9

Note (Table 7.4.5):

[1] No recommendation is given in respect of the roughness on footpaths, it being normal practice to
exclude the flow on the footpaths because of the likely presence of utility poles, landscaping etc.

(e) Resurfacing allowance

It is recommended that consideration be given to the effect of future resurfacing of roadways.
Where such provision is to be included, allowance for a standard 25 mm (asphaltic concrete)
resurfacing is recommended unless directed otherwise by the local government.

Note: That the construction of a 25 mm thick asphaltic concrete overlay can reduce the waterway

area to 45 to 65 percent of that available prior to overlay for the same depth at invert. Some
increase in flow depth for the same flow must inevitably occur following an overlay.
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7.5 Stormwater inlets

7.51 Types of stormwater inlets

The types of stormwater inlets discussed in this section include kerb inlets (section 7.5.3), field
inlets (section 7.5.4) and open pipe inlets (section 7.5.5).

7.5.2 Provision for blockage

Local authorities may indicate the percentage of blockage that is to be applied to the theoretical
inflow capacity of inlets.

Where such guidance is not provided, the recommendations in Table 7.5.1 should be adopted.
Where the invert of the kerb is depressed at the inlet the capacity of the inlet should be adjusted
accordingly.

Table 7.5.1 — Provision for blockage at kerb inlets

Blockage factor

Inlet type Design value | Severe conditions [
Sag kerb inlets:
Kerb inlet 20% 100 %
Grated 50 % 100%
Combination [2] 100%
Continuous (on-grade) kerb inlets:
Kerb inlet 20% 100%
Longitudinal bar grated 40% 100%
incorporating transverse bars o 0 50% 100%
Combination [3] 100%
Field (drop) inlets:
Flush mounted 80% 100%
Elevated (pill box) horizontal grate 50% 100%
Dome screen 50% 100%
Open pipe inlets (blockage factors as per culverts) Refer to Table 10.4.1

Notes (Table 7.5.1):

[11 The likelihood of severe blockage should be considered during the assessment of the impacts of severe
storms. Such blockage conditions should only be considered in circumstances where suitable blockage
material (i.e. ‘bridging’ material) exists within the drainage catchment.

[2] Ata sag, the capacity of a combination inlet (kerb inlet with grate) should be taken to be the theoretical
capacity of the kerb opening with 100% blockage of the grate.

[3] On a continuous grade the capacity of a combination inlet should be taken to be 90% of the combined
theoretical zero-blockage capacity of the grate plus kerb opening.

This Manual does not include inflow capacity charts for kerb inlets. These charts should be

obtained from the relevant local authority. Such charts should reflect the theoretical or measured
capacity of the inlet, to which the above percentages should be applied to allow for blockage.
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7.5.3 Kerb inlets in roads

(a) Kerb inlet types

Four types of kerb inlets are in common use, they are:
e Grate only—for example, field inlets and anti-pooling gullies on kerb returns.

¢ Side inlet—these inlets rely on the ability of the opening under the backstone or lintel to capture
flow. They are usually depressed at the invert of the channel to improve capture capacity.

¢ Combination grate and side inlet—these inlets utilise the backstone arrangement of the side
inlet with the added capacity of a grate in the channel.

e Special site specific designs for high inflow.

Local authorities may determine appropriate kerb inlet types for a particular installation and should
make available relevant standard drawings showing dimensions and set out details along with inlet
capacity charts for those inlets.

(b) Location of kerb inlets

Kerb inlets should be provided at the following locations in kerb and channel:
(i)  Inthe low points of all sags in kerb and channel.
(i)  On grades, to ensure compliance with the flow width limitations discussed in section 7.4.

(i) At the tangent point of kerb returns or small radius convex curves (kerb radius less than 15
m) such that the flow width around the kerb return (i.e. beyond the kerb inlet) during the
minor design storm does not exceed 1.0 m measured from the invert of kerb and channel.
This limitation will also be applicable at important vehicular turnouts or footpath crossovers,
where high traffic volumes are anticipated, such as at entrances to shopping centres.

(iv) Immediately upstream of potential pedestrian crossing and bus stops such that the flow width
does not exceed 450 mm from invert of kerb and channel during the minor design storm.

(v) Immediately upstream of any reverse crossfall pavement to prevent flow across the road
during the minor design storm (i.e. at the start of crossfall transition from normal to reverse
crossfall).

(vi) Where superelevation or reverse crossfall results in flow against traffic islands and medians.
Kerb inlets shall be provided along the length of the island or median as necessary to meet
the flow width limitations as stated in section 7.4 and at the downstream end of the island or
median to minimise the flow continuing along the road (see also (vii) below). Where sufficient
width of island or median is available, grated kerb inlets should be recessed so that the grate
does not project onto the road pavement. Alternatively side entry inlets with no grate should
be installed.

(vii) Where reverse crossfall on a road pavement causes flow onto the pavement. The extent to
which such flow onto the pavement is permissible depends upon the catchment area
involved and the risk of vehicle aquaplaning. For guidance on the management of
aquaplaning, refer to the latest version of Queensland’s Main Roads’ ‘Road Drainage Design
Manual'.

(viii) Where it is anticipated that a parking lane may become an acceleration, deceleration or turn
lane in accordance with Table 7.4.1.

(ix) Consideration should be given to the positioning of kerb inlets relative to the side property
boundaries. In residential and industrial locations, a kerb inlet located near the side property

Queensland Urban Drainage Manual Provisional edition, 2013 7-26



boundary may cause difficulties with driveway access. In commercial areas and those where
there is likely to be a high volume of pedestrian traffic, kerb inlets should be located to avoid
set down points or locations where pedestrian movements are likely to be highest.

(c) Kerb inlets on grade

The procedure detailed in Figure 7.5.1 is recommended for determining the location of kerb inlets
on-grade.

SELECT TRIAL
GULLY INLET LOCATION

\

DETERMINE ROAD FLOW
WIDTH LIMITATION
APPLICABLE

\

DETERMINE LONGITUDINAL
ROAD GRADE
AT SELECTED LOCATION

MOVE SELECTED LOCATION CALCULATE THEORETICAL MOVE SELECTED LOCATION
DOWNSTREAM TO INCREASE | | FLOW CAPACITY OF ROAD UPSTREAM TO REDUCE
CATCHMENT AREA & FLOW (ONE SIDE) CATCHMENT AREA & FLOW

A

A

A

REDUCE FLOW CAPACITY TO
PRACTICAL CAPACITY
IF DIRECTED
e.g. 80% OF THEORETICAL

Y
CHECK FLOW FROM
Q:LOW TOO LITTLE CATCHMENT UPSTREAM OF >— Q:LOW TO0 GREAT)
CRITICAL POINT

\
FLOW AND PRACTICAL
CAPACITY COMPARABLE

ADOPT THIS LOCATION

Figure 7.5.1 — Flow chart for determining kerb inlet positions on-grade

Notes (Figure 7.5.1):

[1] Changes in catchment area may result in changes in time of concentration for a catchment.
[2] The above procedure is iterative.
[3] Selection of the initial trial kerb inlet location may be based on changes in road grade (e.g. steep to

flat), physical restrictions in road (e.g. median or Residential Street Management devices), or by
driveways, entrances or intersections etc.
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Designers should be aware that kerb inlet capacity is controlled by the crossfall of the road
pavement and the longitudinal grade. Also, the bypass flow from a kerb inlet must be accounted for
in the design of the downstream kerb inlet that receives the bypass flow. There is no limitation to
the amount of flow that may be bypassed from a kerb inlet provided that the flow width criteria
discussed in section 7.4 are adhered to.

Note: That a number of road flow capacity calculations may be required, using actual crossfalls at
the intersection, to check that all bypass flows are contained within the 1.0 m flow width limitation
at kerb returns, under minor storm conditions.

Where bypass flow from a kerb inlet is required to follow a kerb return at an intersection, it may be
necessary, where the longitudinal grade is steep, to check for the effect of flow superelevation
upon flow spread. A procedure for the calculation of superelevation is given in equation 9.3.6(c).

(d) Kerb inlets in sags

Kerb inlets in sags must have sufficient inflow capacity to accept the total flow (including bypass
flows from upstream) reaching the inlet. Pooling of water at sag inlets should be limited to the
widths discussed in section 7.4 particularly at intersections where turning traffic is likely to
encounter ponding.

Where the longitudinal grades on either side of the sag are different, or where the flow from one
direction is dominant, the location of the effective sag may move from the true sag and a hydraulic
jump may form beyond the sag. Care should be taken, by the provision of extended or additional
inlets, to ensure that capture capacity is maintained and that the water level does not cause flow
over the footpath into the adjacent property. A procedure for checking whether this effect is
occurring has been proposed by Black (1987a) and is detailed in figures 7.5.2 and 7.5.3.

Top of kerb
— Water surface
Vegi Kerb invert - yelotty
velocym 4/\—\\9“
ity —s HJ HJ v

~——Underground drain
Longitudinal section of roadway

Gully inlet
)/_ y

Crown
rcad e — o — . ¢

|~—— Underground drain
Overland

flow
Plan of roadway

Figure 7.5.2 — A sag in a road with supercritical approach flows (‘HJ’ indicates a hydraulic
jump)
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Figure 7.5.3 — Limiting condition for a sag inlet to act as an on-grade inlet (n = 0.013)
(Source: Black, 1987a)

Note to Figure 7.5.3: For example, for a kerb height = 150 mm and approach slope = 8%, inlet on grade
conditions will apply for flow depths near the kerb > 30 mm (i.e. pooling may exceed kerb height after
hydraulic jump unless kerb inlets are extended towards the flatter side of the sag).

Technical note 7.5.1 A user guide to Figures 7.5.2 and 7.5.3

1.

Determine the effective longitudinal slope of the kerb and channel on each side of the sag assuming
that the established velocity on the approach slope will persist into the vertical curve forming the sag.
Normally the effective longitudinal slope will be the slope on the tangent.

Determine the flow depth dy4 on each side of the sag.

Enter the chart (Figure 7.5.3) for the value of effective longitudinal slope for each side of the sag and
the appropriate kerb height and determine the two values of dg,.

Assess the total flow approaching the sag inlet and determine the head required to permit the full
flow to enter the sag inlet. It is assumed that the inlet capacity has been selected such that the head
required is no greater than the maximum permitted flow depth (see Table 7.4.2).

If all of the following conditions are met, the inlet is likely to operate without the pond overtopping the
kerb. No further calculation is required.

e dy1 < dp, in both directions.

¢ The approach slope from each direction is similar, and the head required to permit the full flow to
enter the sag inlet is less than the maximum permitted flow depth.

If any one of the conditions in point 5 (above) cannot be met, on-grade inlet conditions are likely to
occur, inlet capacity is likely to be reduced and property flooding may occur. In this case the
approach flows to the sag need to be reduced by the installation of gully inlets upstream of the sag.

Note: The above procedure has been based upon theoretical analysis only and has not been verified by
testing. Designers should therefore exercise appropriate care in using the procedure.

Terminology:

dp1
dp2

Flow depth at pavement edge (lip) upstream of sag (determined from road flow capacity charts).

Limiting flow depth at pavement edge upstream of sag (determined from Figure 7.5.3).
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(e) Intersections

Consideration needs to be given to the steepness of grade of the road and the possibility of
momentum carrying water past the stormwater inlet/s, across the road and into properties opposite
the intersection. Solutions to such problems may require extra inlets to be installed. Also refer to
the discussion in section 7.4.2 (c).

Where two falling grades meet at an intersection, every endeavour should be made to locate the
low point of the kerb and channel at one of the tangent points of the kerb return.

Where both grades are steep it may not be practicable to locate the low point at a tangent point. In
this case, kerb inlets should be provided at both tangent points, with additional inlets provided
upstream of the tangent points, if necessary, designed to limit the flow width beyond the kerb
return. An anti-pooling kerb inlet (grate only) installed within the width of the channel—nominally
450 mm long by 300 mm wide with no kerb inlet should be provided at the low point.

The location of a kerb inlet, or a grated inlet that protrudes onto the pavement within a kerb return
is considered unsatisfactory because of the risk of damage by and to vehicles.

(f) Safety issues

In locations where the kerb inlet is accessible by a small child, whether deliberate or as a result of
a child being swept down the flooded kerb, then the maximum clear opening height for a kerb inlet
shall not exceed 125 mm.

Local authorities may choose to reduce this maximum clear opening to 90 or 100 mm if the
increased risk resulting from a 125 mm opening is considered unacceptable (refer to Technical
note 7.5.2).

Technical note 7.5.2

Considerable debate exists regarding the recommended maximum clear opening for kerb inlets to
provide safety for small children. Even though past history has shown the likelihood to be low, the
consequences of a child being swept down a flooded kerb and into a stormwater inlet can be
extreme.

After consideration of the various arguments presented to the QUDM Reference Group (2007), the
recommendation for 125 mm maximum clear opening was accepted. However, the 125 mm
opening still presents a risk of a small children partially entering (i.e. feet first) the inlet.

A maximum clear opening of 90 mm is recommended where it is necessary to exclude the entry of
the torso of a 2-year-old child. Such consideration may apply in parks, schools and childcare
centres.

7.5.4 Field inlets

Field inlets (also known as drop inlets) should be provided in parks, footpaths, medians, etc. to
drain all low points. Field inlets can be provided within allotments for two reasons: to provide a
disconnection between the roof and street drainage (i.e. WSUD) and to drain low points (in
accordance with section 7.13).

Where there is considerable pedestrian traffic adjacent to a field inlet (e.g. in a footpath) a grate
with close bar spacing should be used—recommended bar spacing are provided in section (d)
below. Elsewhere a grate with wide bar spacing is preferable, because of the reduced risk of debris
blockage.
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Table 7.5.1 (section 7.5.2) provides suggested blockage factors for field inlets.
(a) Inflow capacity

The inflow capacity of a field inlet depends upon the depth of water over the inlet. For shallow
depths the flow will behave as for a sharp crested weir. At greater depths the inlet will become
submerged and inflow will behave as for an orifice.

Orifice flow can either be represented by free flow conditions (atmospheric pressure within the
chamber) or fully drowned conditions (non atmospheric). It is recommended that the capacity of the
inlet be checked using both weir flow and orifice flow procedures and the lesser inlet capacity
adopted.

(1) Under weir flow conditions:
Q,=BF x 1.66 L.h** (7.4)
where:
Q, = flow into field inlet (m%s)
BF = blockage factor = 0.5
1.66 = weir coefficient
L = weirlength (m) (see note below)
h = depth of water upstream of inlet (relative to weir crest) where flow velocity is low

(i.e. velocity head is insignificant) otherwise use the height of energy level above
the weir crest (m)

Note: The length referred to in this case is the
effective weir length. Thus for a grated inlet
adjacent to a kerb, the side along the kerb
should be ignored. For a side inlet the length
referred to is the length of the inlet.

Figure 7.5.4 — Field inlet operating under
weir flow

(i) Under orifice flow conditions:

The orifice flow equation depends on the pressure gradient across the orifice. The standard orifice
flow equation applies when atmospheric pressure conditions exist downstream of the grate, such
as would exist if the design Water Surface Elevation (WSE) is 150 mm below the grate (as per
Table 7.16.1 and Figure 7.5.5). The same equation can be used for a fully drowned conditions
when non atmospheric conditions exists within the chamber, but the head ‘h’ is now represented by
the total energy loss of the orifice.

Equation 7.5 is based upon a pressure change coefficient of Ky = 2.75.

Q, =BF. x 0.60 A, .(29.h)"? (7.5)
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where:

Q, = flow into field inlet (m%s)
BF = blockage factor = 0.5
A, = clear opening area of grate (m?)
h = depth of approaching water relative to the orifice (m) for free (atmospheric)
= total energy loss through the orifice (m) for fully drowned (non atmospheric)
g = acceleration due to gravity (9.80 m/s?)
0.60 = constant = (1/K;)"? = (1/12.75)"?
Ky = pressure change coefficient for the grate

The pressure change coefficient (Ky) can vary significantly for unusual grate designs. The
coefficient used in equation 7.5 is based on a typical open mesh grate. It is noted that the pressure
change coefficient for the old cast iron ‘City Grate’ has been adopted as 2.23. Designers of
unusual hydraulic structures should seek expert advice or review appropriate reference documents
on orifice flow.

If the field inlet is fully drowned (i.e. no air gap exists below the grate and thus the hydraulic
pressure below the grate is not atmospheric) then an estimate must be made of the head loss
through the structures as per a normal Hydraulic Grade Line (HGL) analysis. Such calculations
require considerable experience and hydraulic judgement. Guidance on head losses through
screens is provided in sections 7.16.14(c) and 12.5.6.

/_I-nflow

Pipe flow
—_—

Figure 7.5.5 — Field inlet operating under free Figure 7.5.6 — Field inlet operating under
(atmospheric) orifice flow fully drowned (non-atmospheric) conditions

(b) Freeboard considerations

Freeboard provisions should be made at field inlets as follows:

o Where the inlet is contained within a pond formed by earth mounds or similar, freeboard should
be 20% of the depth of the pond with a minimum of 50 mm under minor storm conditions.
However where overflow must be avoided the design storm shall be the major storm event.

e Where flooding of buildings is possible freeboard provision should be in accordance with
section 7.3 for the major storm event.

(c) Minimum width of scour protection lip

Field inlets placed in grassed or open soil areas should be surrounded by a suitable scour
protection lip. The concrete lip formed around a field inlet should have sufficient width to:

e minimise the risk of grass growing over the grate, or causing blockage of the grate
e prevent scour of an adjoining surface.
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Unless otherwise supported by site specific hydraulic calculations, the minimum recommended lip
width (Z) required to minimise the risk of scour within the adjoining ‘grassed’ surfaces may be
determined from equation 7.6.

Z=23AyL (7.6)
where:
Z = minimum lip width for scour protection (m)
A, = effective clear opening area of drop inlet (m?)
L = total internal circumference of drop inlet (m)

Thus, for square inlets (Ag = y? and L = 4y) the minimum lip width: Z = 0.57y

where:
y = internal side dimension of square drop inlet (m)

Figure 7.5.7 — Minimum lip width requiréd for scour p'rotection (dome inlet screen shown as
example only)

(d) Safety issues

Safety risks should be reviewed in circumstances where a field inlet is located within areas
accessible to the public. The primary concern is for those circumstances where a child could be
swept up against the screen and the water level could rise above the child’s head. Safety
considerations include the following:

e Safety risks associated with people tripping over the screen (i.e. if not set flush with the
ground).

e Inlet screens located in vehicular or pedestrian areas shall comply with the requirements of
AS 3996.

e |If there is the risk of a child being swept by stormwater towards a horizontal inlet screen, then
the maximum clear spacing of the bars shall be 90 mm.

e If there is the risk of a child being swept by stormwater towards a vertical or inclined inlet
screen, then the maximum clear spacing of the bars shall be 125 mm.

e Maximum clear bar spacing of 89 mm if located within a park or playground (AS4685.1
Playgrounds and Playground Equipment), otherwise a maximum spacing of 125 mm.

¢ Flow velocities through the screen/grate sufficiently low to prevent a child from being held
against the screen/grate by hydraulic pressure. It is recommended that the maximum flow
velocity through the grate/screen should be 1 m/s.
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Raised, horizontal screens are generally not acceptable adjacent footpaths, bikeways or public
areas where significant numbers of people gather as these inlets may represent an unacceptable
safety risk. In such circumstances, flush screens should be used, or possibly large dome screens if
such screens are likely to be clearly visible and not represent a safety risk. Alternatively, marker
posts or fencing may be used.

7.5.5 Open pipe inlets

Design conditions at large open pipe inlets often mimic the design rules for pipe culverts.
Recommended debris blockage factors are the same as those provided for culverts (refer to Table
10.4.1).

Guidance on the design of inlet debris screens can be found in Table 5.8.1 (Criteria for basin outlet
structures) and guidance on safety screens is provided in section 12.5.

7.6 Access chambers

7.6.1 General

Access chambers should be provided on drainlines:
e to provide access for maintenance

e at changes of direction, grade or level

e atjunctions.

Consideration should be given to the placement of an access chamber at an obstruction or
penetration by a conduit or service, to facilitate the removal of debris.

The maximum recommended spacing is given in Table 7.6.1.

Table 7.6.1 - Recommended maximum spacing of access chambers

Condition Pipe size (mm) Spacing (m)
Generally Less than 1200 100
1200 and above 150
Immediately upstream of outlet to tidal waterway All 100
Roadways All 200

The local authority may direct that a standard access chamber should be used and may make
available standard drawings for these installations. However for multiple pipes, large diameter
pipes, or odd configurations of pipes, it may be necessary to design a special chamber. Special
chambers should be designed to accept the loadings detailed in section 7.9 of this Manual.

Benching of the floors of access chambers leads to a general reduction in losses and promotes
improved hydraulic efficiency (Johnston et al. 1990).
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Technical note 7.6.1 Benefits of benching junction chambers:

Benching does not necessarily help to align incoming flows with the outlet pipe. Instead, benching
works by reducing the effects of flow expansion adjacent the base of the access chamber. The
higher the benching and the more it removes effective deadwater zones around the base of the
chamber, the more effective the reduction in losses (refer to discussion in section 7.16.8(b)).

Hydraulic improvements are difficult to quantify and the construction of benching can be costly.
Benching is therefore recommended only when it is important to minimise losses. Further
information is provided in section 7.16.8 (b).

Some local authorities exclude or limit the use of precast access chambers and designers should
check that they are acceptable. In cases where precast chambers are used, the connecting
stormwater pipes should not protrude into the chamber and should be sealed and finished in
accordance with an approved construction detail.

The geometry of pipes at access chambers is critical in respect of hydraulic head loss. This matter
is discussed further throughout section 7.16. The main principles to be followed to minimise head
loss are:

Minimise changes in flow velocity through the chamber.
Minimise changes in flow direction.

Avoid opposed lateral inflows, i.e. all incoming pipes should ideally be contained within a 90
degree arc, but certainly less than 180 degrees.

Limit the deflection from inflow to outflow for pipes smaller than 600 mm diameter to 90
degrees, or 67.5 degrees for pipes 600 mm and greater in diameter.

Avoid vertical misalignment, i.e. drop pits; unless deliberately intending to induce high head
loss.

Where practical, direct inlet pipes wholly into the barrel of the outlet pipe (Figure 7.6.2). It is
noted that for various reasons, inflow pipes often need to be directed towards the centre of the
pit (Figure 7.6.1) however, this will increase losses.

Figure 7.6.1 — Flow lines resulting from Figure 7.6.2 — Inflow pipe directed at centre
inflow pipe directed at pit centre of outflow pipe
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¢ Rounding the entrance to the outlet pipe at a radius of one-twelfth of the outlet diameter will
help to reduce losses (Figure 7.6.3).

e Where practical, the change of direction of flow should occur at or near the downstream face of
the chamber.

e Head losses resulting from surface inflows (Figure 7.6.4) are reduced if the design water level
in the chamber is well above the obvert of the outlet pipe.

L VAT

il

Bellmouth
outlet pipe
entrance

—

Figure 7.6.3 — Bellmouth entrance to outlet Figure 7.6.4 — Inlet chamber showing water
pipe level well above outlet obvert

T
L" IJL"

7.6.2 Access chamber tops

Access chambers in a carriageway or paved surface should be finished with their tops flush with
the finished surface. Where an access chamber is located within a carriageway, the chamber top,
or access point, should be positioned to avoid wheel paths.

Elsewhere, access chambers should be finished 25 mm above natural surface with the topsoil or
grassed surface around the chamber graded gently away. On playing fields they may be finished
200 mm below the finished level, but only when located in a straight line between two permanently
accessible chambers.

7.6.3 Deflection of pipe joints, splayed joints etc

Changes of direction for drainage lines of 1200 mm diameter or greater may be achieved by
deflection of pipe joints, the use of splayed joints or fabricated bends.

The recommended radius of curvature for pipes with deflected joints or splayed units should be as
agreed with the relevant local authority in consultation with the pipe manufacturer.

Plans showing curved stormwater lines should show the radius of curvature, the total deflection
angle, the maximum deflection per pipe length, the length of pipes and the joint type.

7.6.4 Reduction in pipe size

For single drainage lines, a downstream pipe of smaller diameter than the upstream pipe may be
permitted as long as the system works hydraulically and as long as the change in diameter is no
greater than the following:
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Table 7.6.2 - Recommended maximum reduction in pipe size — SINGLE PIPES

Upstream pipe diameter (mm) Allowable change in diameter
Less than 600 No change
675 to 1200 One pipe size
Greater than 1200 Two pipe sizes

The above recommendations are based upon the nominal sizes of pipes as manufactured in
accordance with AS 4058.

At the location where the reduction in size occurs, pipes should be graded invert to invert to
prevent the accumulation of sediment etc.

7.6.5 Surcharge chambers

Prior to incorporating a surcharge chamber into a drainage line, the following should be
considered:

e The potential for a person (that has been swept into the upstream drainage system) being
trapped inside the surcharge chamber unable to exit the chamber or the outlet pipe.

e Potential surcharge of the upstream system and flooding problems caused by debris blockage
of the outlet screen.

e Structural integrity of the chamber, outlet screen, top slab and concrete coping, and its ability to
withstand high outflow velocities and high-pressure forces caused by debris blockages. There
is a need in many cases to ensure the surcharge screen is securely anchored to the top slab,
and the slab to the chamber walls, to avoid displacement of the chamber lid/screen.

e Safe maintenance access to allow removal of debris trapped within the surcharge chamber.

The hydraulic analysis of surcharge chambers is presented in section 7.16.14.

7.7 Pipeline location

Minor pipes connecting one kerb inlet to another is acceptable at the top of the street drainage
system. These pipes may be located under the kerb and channel.

For pipelines greater than 600 mm it is recommended that the location for drainage lines in the
road pavement—other than a kerb inlet to kerb inlet connection—be 2.0 m measured towards the
road centreline from the invert of the kerb and channel. The required location should be verified
with the local government. Access chamber tops or access points should be located to avoid wheel
paths.

Where sufficient verge width is available stormwater pipes may be located in the verge to suit the
services allocations of the relevant local government.

In divided roads, drainage pipelines may be located within the median, normally offset 1.5 m from
the centreline (as street lighting poles are normally on the centreline).

If reasonable alternative locations are available drainage pipelines should not be located within

allotments. In many cases overland flow requirements will require the provision of a pathway,
drainage reserve or park in which the pipelines may be located.
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7.8 Pipe material and standards

7.8.1 Local authority requirements

The following provisions are included for general guidance. Specific advice should be obtained
from the relevant local authority on what material types and other special requirements are
applicable.

The following requirements are applicable to the trunk or local authority drainage system. Detailed
requirements in respect of pipe work and related issues for the Roof and Allotment Drainage
System are provided in section 7.13.

7.8.2 Standards

Materials used for the construction of stormwater systems should comply with the following
Australian Standards and other Standards as applicable.

AS 1254 PVC Pipes and Fittings for Storm or Surface Water Applications

AS 1260 PVC-U Pipes and Fittings for Drain, Waste and Vent Applications

AS 1273 Unplasticized PVC (UPVC) Downpipe and Fittings for Rainwater

AS 1597 Precast Reinforced Concrete Box Culverts

AS 1646 Elastomeric Seals for Waterworks Purposes

AS 1761 Helical Lock-Seam Corrugated Steel Pipes

AS 1762 Helical Lock-Seam Corrugated Steel Pipes — Design and Installation
AS 2032 Code of Practice for Installation of UPVC Pipe Systems

AS 2041 Buried Corrugated Metal Structures

AS 2042 Corrugated Steel Pipes, Pipe-Arches and Arches — Design and Installation
AS 2566.1 Buried Flexible Pipelines — Structural Design

AS 2566.2 Buried Flexible Pipelines — Installation

AS 3500.3 National Plumbing and Drainage Code — Part 3: Stormwater Drainage
AS 3500.5 National Plumbing and Drainage Code — Part 5: Domestic Installations

AS 3571 Glass Filament Reinforced Thermosetting Plastics (GRP) Pipes — Polyester Based —
Water Supply, Sewerage and Drainage Applications

AS 3600 Concrete Structures

AS 3725 Loads on Buried Concrete Pipes

AS 3735 Concrete Structures Retaining Liquids
AS 3996 Access Covers and Grates

AS 4058 Precast Concrete Pipes (Pressure and Non-Pressure)
AS 4139 Fibre Reinforced Concrete Pipes and Fittings
AS 4799 Installation of Underground Utility Services and Pipelines within Railway Boundaries

AS 5100 Bridge Design CD-ROM (AustRoads)
MRS 11.24 Manufacture of Precast Concrete Culverts (Main Roads Department, Queensland)

MRS 11.25 Manufacture of Precast Concrete Pipes (Main Roads Department, Queensland)
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MRS 11.26 Manufacture of Fibre Reinforced Concrete Drainage Pipes (Main Roads Department,
Queensland)

AS/NZS 5065 Polyethylene and Polypropylene Pipes and Fittings for Drainage and Sewerage
Application

AustRoads Guide to bridge technology (2005)
Waterway design — A guide to the hydraulic design of bridges (1994)

Cover requirements should comply with AS 1342 in respect of pipes, AS 1597 for box culverts and
AS 3600 for access chambers.

Designers should also note the structural design and cover conditions outlined in section 7.9.

7.8.3 Pipes and pipe laying
It is recommended that jointing for pipes comply with Table 7.8.1.

Table 7.8.1 — Jointing requirements for pipes — normal conditions

Pipe size (mm) Joint type
Up to 600 Spigot and socket, or rubber ring joint
675 and above Flush jointed, external rubber band, or approved equivalent

Notwithstanding the requirements of Table 7.8.1 rubber ringed spigot and socket joints should
generally be used for all sizes of pipe in unstable ground, when pipes are laid in sand, or where
pipe movement is possible, such as on the side of fills or at transitions from cut to fill.

Rubber ringed spigot and socket joints should also be used where the normal groundwater level is
above the pipe obvert or where the design HGL is significantly (1.5 m or greater) above obvert
level.

(a) Minimum pipe size

The minimum diameter of any pipe in a local government drainage system should be 375 mm. In
the following circumstances a 300 mm diameter pipe may be acceptable subject to hydraulic
analysis:

e a gully connection from a single gully
o the connection between twin spaced gullies
¢ the connection from a sag gully provided purely to prevent pooling after a storm may.

Recommendations in respect of pipe sizes for roof and allotment drainage are presented in section
7.13.

(b) Lateral spacing of pipes

Where multiple pipes are used they should be spaced sufficiently to allow adequate compaction of
the fill between the pipes. The clearance between the outer face of the walls of multiple pipes
should generally be in accordance with Table 7.8.2. The local government may permit lesser
spacing in special circumstances to reduce structure costs, where easement width is limited, or for
relief drainage works.
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Table 7.8.2 - Recommended minimum spacing of multiple pipes

Diameter of pipes (mm) Recommended minimum clear spacing (mm)
Up to 600 300
675 to 1800 600

Notes (Table 7.8.2):

1. The above minimum spacing requirements may need to be modified to satisfy structural
considerations especially when laid at depth, under traffic loads or for pipes greater than 1800 mm in
diameter.

2. Where lean mix concrete vibrated in place or cement stabilised sand is used for backfill, the clear

spacing may be reduced to 300 mm for all diameters, subject to structural considerations.

Pipe laying shall be carried out in accordance with the specification of the relevant local authority,
or other specification acceptable to the local authority.

(c) Pipe trench compaction

Construction supervisors and stormwater managers are warned about the potential damaging
effects of compacting trenches with wheel roller attachments that can impart significant live loads
on the pipe. The choice of pipe material and structural grade will depend on the chosen method of
installation.

Recommendations on the compaction of earth around concrete pipes may be obtained from the
Concrete Pipe Association’s web site or Concrete Pipe Selection software.

7.8.4 Box sections

Box culverts may be used where available depth to invert is restricted or to provide maximum
waterway area and minimum obstruction to flow.

The minimum waterway dimension of any box section should normally be 300 mm (or 375 mm for
cross drainage road culverts). However in the case of a connection from a single gully pit, other
than at a sag, the minimum vertical dimension may be 225 mm.

The minimum cover over a box section should normally be 400 mm. This may be reduced to 100
mm in conjunction with a concrete or asphaltic-concrete, full-depth surfacing (subject to structural
considerations). The maximum depth of fill for box sections is normally limited to 10 m, again
subject to structural considerations.

Where box culverts are constructed on a skew; special precautions may need to be taken to resist
unbalanced earth pressures.

7.8.5 Access chambers and structures
All structural concrete work should be executed in accordance with the current edition of:

AS 3600 SAA Concrete Structures Code
AS 3610 Formwork for Concrete
AS 1302 Steel Reinforcing Bars for Concrete
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Concrete finishes shall be in accordance with Table 3.3.1 of AS 3610, as follows:

(i) Normally exposed to view e.g. faces of wingwalls Class 3

(i) Not normally exposed to view e.g. inside of access chamber Class 4

(iii) Base slabs for box culverts, floors and benching of pits, Dense, wood float finish
aprons and channel inverts of uniform texture

The minimum concrete class for stormwater drainage works should be as follows:

(i) Major endwalls and other major structures 32 MPa

(i) Access chambers, kerb inlets, minor endwalls and other minor structures 25 MPa

Requirements relating to the durability of concrete in aggressive groundwater and salt-water
conditions are presented in section 7.9. Designers should also note the structural design and cover
conditions outlined in section 7.9.

Cover requirements should comply with AS 1342 in respect of pipes, AS 1597 for box culverts and
AS 3600 for access chambers.

7.9 Structural design of pipelines
Loads on buried pipelines include:

(a) Fill over the pipe, which is a function of:
e height of fill
o type of fill material
¢ installation conditions (e.g. trench or embankment).
(b) Normal traffic loads
(c) Construction traffic loads
(d) Other or abnormal load conditions

The load bearing capacity of a pipeline is a function of:
e pipe strength class

e type of bedding and backfill material

e pipe diameter.

In the case of culverts, the invert level is generally fixed by the bed level of the adjacent
watercourse. The design problem is thus to select a suitable class of pipe and type of bedding to
suit the pipe diameter, height of fill over the pipe, type of fill material, installation condition and
traffic load.

In urban drainage design the depth of the pipeline is usually not a constraint. In this case the
design exercise is to select the most economic combination of pipe depth, strength class and
bedding type.

The structural design of pipelines should be carried out in accordance with AS 3725 Loads on

Buried Concrete Pipes, CPAA Pipe Class V1.1 Concrete Pipe Selection Software, the latest
version of AustRoads Bridge Design Code, and AS 2566.2 Buried Flexible Pipelines — Installation
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The absolute minimum cover over any pipe, irrespective of location, class and bedding, should be
300 mm, unless special protection is provided, such as a structural concrete slab. Table 7.10.1
details recommended minimum cover.

All pipes, box sections and access chambers in road reserves, whether under the road pavement
or within the footpath area, and all pipes within Industrial and Commercial allotments, should be
designed for a W7 wheel loading in accordance with AustRoads (2005) where applicable standard
drawings are not available from the local authority. Note that the W7 loading should be modified for
impact effects in accordance with the buried structures provisions and distributed in accordance
with AustRoads (2005).

The minimum strength class for concrete drainage pipes should be Class 2. To achieve uniform
pavement compaction, pipes under the road pavement should be laid prior to placing of the
pavement material. Accordingly, such pipes should have adequate cover between the top of the
pipe and the subgrade level, to support loads imposed by construction plant. In general, such loads
may be taken as being equivalent to Standard W7 loading unless unusual conditions prevail.

Where pipelines, whether located under road pavements or otherwise, are laid prior to completion
of bulk earthworks, the possibility of them being subjected to heavy construction traffic should be
considered and extra cover provided, a stronger class of pipe used, or the pipes otherwise
protected.

Where aggressive ground conditions exist, or where the system might be exposed to salt water, it
may be necessary to provide additional concrete cover to reinforcement or protective coating to
exposed surfaces. The supply and proper installation of high-quality impermeable concrete is the
most effective means of corrosion prevention.

This can be achieved by designing a dense concrete mix with water:cement ratio less than 0.5 and
cement content of at least 330 kg/m® and ensuring that placement is properly supervised.
Designers should refer to Technical note TN57 (C&CA 1989) for more detailed recommendations.
Cover requirements should comply with AS 1342 in respect of pipes, AS 1597 for box culverts and
AS 3600 for access chambers.

710  Minimum cover over pipes
The minimum cover over pipes to be adopted for pipe grading purposes should be:

Table 7.10.1 — Recommended minimum cover over pipes

Minimum cover (mm)

Location Rigid type pipes e.g. Flexible type pipes e.g.
concrete, FRC plastic, thin metal

Residential private property, 300 450

and parks not subject to traffic

Private property and parks 450 450

subject to occasional traffic

Footpaths 450 600

Road pavements and under 600 600

kerb and channel
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Notes (Table 7.10.1):

1. For special cases, and with the agreement of the local authority, cover can be reduced by using a
higher-class pipe, special bedding, concrete protection or a combination of these.

2. Where pipes are to be laid under the footpath consideration should be given to the possibility of
future road widening, both in respect of the reduced cover that might result from the widening and
vehicle loading.

711 Flow velocity limits

The velocity of stormwater in pipes and box sections should be maintained within acceptable limits
to ensure that:

¢ self cleaning of the pipe or box section is maintained
e scouring and erosion of the conduit (particularly the invert) does not occur.

The range of acceptable flow velocities are as detailed in Table 7.11.1.

Table 7.11.1 — Acceptable flow velocities for pipes and box sections

Flow Absolute Desirable Desirable Absolute
condition | minimum™ (m/s) | minimum!™ (m/s) | maximum™® (m/s) | maximum @ (m/s)

Partially full 0.7 1.2 4.7 7.0

Full 0.6 1.0 4.0 6.0
Notes (Table 7.11.1):
[1] Minimum flow velocities apply to 63% AEP (1 year ARI) design storm, and apply to all pipe materials.
[2] Maximum flow velocities apply to concrete pipes. For other pipe materials, refer to manufacturer’s

advice.

In steep terrain the velocity of flow should not be greater than the absolute maximum velocity of
6.0 m/s under ‘pipe full’ conditions. To achieve this requirement, it may be necessary to construct
access chambers with drops to dissipate some of the kinetic energy of the flow, or to limit the pipe
diameter.

Reference should be made to tables 9.5.1 and 9.5.3 for details of velocity limits for vegetated and
grassed/unlined channels.

Notwithstanding the above suggested velocity limits, hydraulic considerations may require the
velocity be controlled to well below the ‘desirable maximum’ and/or the pipe size increased to
minimise structure losses and the slope of the hydraulic grade line.
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712  Pipe grade limits

To conform with the requirements of section 7.11, and construction limitations the following

maximum and minimum grades are recommended for design purposes:

Table 7.12.1 — Acceptable pipe grades for pipes flowing full

Pipe diameter (mm) Maximum grade (%) Minimum grade (%)
300 20.0 0.50
375 15.0 0.40
450 11.0 0.30
525 9.0 0.25
600 7.5 0.20
675 6.5 0.18
750 5.5 0.15
900 4.5 0.12

1050 3.5 0.10
1200 3.0 0.10
1350 2.5 0.10
1500 2.2 0.10
1650 2.0 0.10
1800 1.7 0.10
1950 1.5 0.10
2100 1.4 0.10
2250 1.3 0.10
2400 1.2 0.10

Notes (Table 7.12.1):

No g s~ Db

Based on maximum velocity for pipe flowing full of 6.0 m/s.

Manning’s n = 0.013 for all cases (concrete pipes).

The ‘minimum grades’ apply to the pipe grade only.

Based on minimum velocity for pipe flowing full of 1.0 m/s except where Note 4 is applicable.

The minimum grade of 0.10% (1:1000) is based on construction tolerance requirements.
The ‘maximum grade’ requirement applies to both the pipe grade and the hydraulic grade.

Where a pipe is flowing less than half full for the design flow being considered, it is permissible to

exceed the above maximum grades provided that the velocity limits specified in Table 7.11.1 are not

exceeded.
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713 Roof and allotment drainage

7.13.1 General

Application of Water Sensitive Urban Design (WSUD) principles requires the disconnection of
impervious areas from impervious drainage systems. This usually means a disconnection between
the roofwater drainage systems and the trunk drainage network. This section of the Manual
provides information on five levels of ‘traditional’ roof and allotment drainage for use in
circumstances where the ‘preferred’ WSUD approach is impractical.

The reasons for selecting one of the following levels over another may be based on land use (e.g.
commercial or residential), density of development, community standards, or the requirement for a
given level of protection from flooding by storm runoff. In certain developments a combination of
these systems may be required.

Design and construction of roof and allotment drainage systems and appurtenances should comply
with AS 2180 and AS 3500.3.

7.13.2 Roof drainage

The design of gutters and downpipes for roof drainage should be undertaken in accordance with
NSB 151, NSB 152 and NSB 153 (CSIRO) and AS 2180 to adequately convey the runoff from the
design storm detailed in Table 7.13.1.

Table 7.13.1 — Design of roof gutters and downpipes

Design storm 39% AEP (1 in 2 years) Duration = 5 minutes "
Check storm @ 1% AEP (1 in 100 years) Duration = 5 minutes !
Notes (Table 7.13.1):
[1] The critical storm duration of 5 minutes should be adopted unless special circumstances justify a

longer duration.

[2] A design check should be undertaken to determine the effect of the check storm where the
consequences of hydraulic failure are significant or where the system contains vulnerable
components such as internal box gutters.

7.13.3 Roof and allotment drainage

Outside the requirements for WSUD, the drainage system provided within allotments for the
disposal of roof and allotment drainage depends upon the topography, the importance of the
development, and the consequences of failure. The local government may determine that the
provision of a piped allotment drainage system to receive roof and allotment runoff is necessary in
the following circumstances:

¢ where allotments fall away from the street

e where the proportion of impervious area within a development is such that the frequency and
volume of surface runoff is likely to be intolerably high, e.g. industrial and multi-unit residential
allotments

e where zoning may permit construction of buildings up to side or rear boundaries thus blocking
or concentrating natural flow paths

e where there is significant catchment draining into the rear of the property.
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7.13.4 Level of roof and allotment drainage system

The level of roof and allotment drainage system provided within a development is differentiated by
the components making up the system and the sophistication necessary in the design of these
components.

Depending upon the size or importance of a development or the consequences of failure of the
roof and allotment drainage system, the local government may nominate the level of system to be
provided. Figure 7.13.1 indicates the types of developments to which the various levels may be
applicable. Table 7.13.2 details the various components and Table 7.13.3 indicates the level of
system to which these are applicable.

Each of the examples provided in Figure 7.13.1 may be appropriately modified to incorporate the
use of rainwater tanks and/or on-site detention systems to the discretion of the local government.

The following sections permit the design of underground allotment and rear of allotment drainage
pipes in some cases to an AEP of lower standard (i.e. higher probability) than that detailed in Table
7.13.1. This implies that surcharge may occur from the underground system. The sections of
underground pipe leading from the downpipes to the points where surcharge can occur should be
sized to prevent a constriction of flow in the downpipe system. Beyond those points the provisions
of Table 7.13.4 are applicable.

Table 7.13.2 — Roof and allotment drainage components (also see Table 7.13.3)

Identifier Description of component

(a) Guttering

(b) Downpipes

(c) Rainwater tanks

(d) Minor pipes in allotment

(e) Connection to kerb and channel

(f) Seepage trenches or rubble pits (where permitted)

(g) Connection to a kerb inlet or trunk drainage system in the street
(h) Connection to rear of allotment drainage system

(i) Rear of allotment drainage system designed to receive roof-water from one or more
allotments and with a connection point to receive roof-water only at each allotment

(i) Rear of allotment drainage system designed to receive both roof-water and allotment
surface runoff from one or more allotments and with a connection point to receive
roof-water and a grated kerb inlet to receive surface runoff at each allotment

(k) Allotment drainage system designed to receive both roof-water and allotment surface
runoff from one allotment or complex and comprising kerb inlets, junction pits or
access chambers and underground pipe system etc. and discharging to a rear of
allotment drainage system, kerb inlet or trunk drainage system

() As for (j) but discharging normally only to a trunk drainage system or other nominated
lawful point of discharge
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Figure 7.13.1 (a) to (d) — Levels of roof and allotment drainage system (see also Figure
7.13.1 (e))
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Figure 7.13.1 (e) — Levels of roof and allotment drainage system

Note: Each of the examples provided in figures 7.13.1(a) to (e) may be appropriately modified to incorporate

the use of rainwater tanks and/or on-site detention systems to the discretion of the local government.
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Table 7.13.3 — Levels of roof and allotment drainage

Components (refer

Level to Table 7.13.2) Design complexity Where normally applicable
I (a), (b), (c), (d), (e) NSB Low density urban residential,
and (f) where and nominal pipe sizes corner stores and other minor
permitted underground developments
Il (a), (b), (c), (d), (e), NSB Low density urban residential
(roofwater (h) and (i) Rational Method and pipe 2nd ?ther mltnor inated
only) flow nomograph, or nominal be\;ﬁ o?meln S as nomlrla ©
pipe sizes—see Table 7.13.5 y the local governmen
11 (a), (b), (c), (d), (e), NSB Where nominated by local
(roof and (h) and () Rational Method and pipe government
allotment | (f) where nominated | flow nomograph, or nominal
runoff) pipe sizes—see Table 7.13.6
\Y (@), (b), (c) and (k). NSB Commercial, industrial, high
: density urban residential and
(d) where permitted Rational Method, full other c}i/evelopments as
hydraulic analysis or pipe inated by the local
flow nomograph with nominate ty € loca
allowance for structure losses | 9°VeMmMen
Vv (a), (b), (c) and (I) NSB Central business and large

Rational Method and full
hydraulic calculations
including structure losses and
determination of HGL

commercial, industrial, high
density urban residential
developments, or where
nominated by the local
government

Abbreviations (tables 7.13.3 and 7.13.4):

FRC =
NSB =
RCP =
RRJ =
S&S =
UPVC =

fibre reinforced cement (pipe)
Notes on the Science of Building (CSIRO)

reinforced concrete pipe
rubber ring jointed
spigot and socket

unplasticised polyvinyl chloride (pipe)
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7.13.5 The rear of allotment drainage system

The rear of allotment drainage system is provided for the collection of storm runoff from allotments
falling away from the street or from other allotments which are impeded from discharging runoff
from the whole of the allotment to the trunk drainage system in the street. These systems are
normally constructed by the developer and may or may not become part of the trunk drainage
system owned and maintained by the local government.

The rear of allotment drainage system is sometimes referred to as ‘inter allotment drainage’.
The system should be designed to receive the peak runoff as determined from the guidelines set
out in Table 7.13.4. This table also contains certain recommendations in respect of construction

requirements etc.

The location of the rear of allotment drainage system and boundary clearance should be as
directed by the local government.

trunk drainage system

C /— Point of connection to
(see section 5.13.6 (a))

AN

2

\
\Fall of land
1 - Rear of allotment
drainage system

i (location as approved

N
oY N — /f\_l%-\o —_— __E?Oﬂm by local authority)
// / \

downhill catchments
(see section 5.13.6 (b))

1
| ' :
Bypass effects on
|
|
I

Figure 7.13.2 — Effects on trunk drainage network
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Table 7.13.4 — Design recommendations for the rear of allotment drainage system (Refer to
Table 7.13.3 for abbreviations)

Level applicable
Item
| | ]] v \Y
Minimum pipe size NA 150 mm 225 mm 375 mm!"
Minimum stub size - 150 mm 150 mm To be designed
Pipe material - UPVC UPVC, RCP, RCP, FRC
FRC
Jointing system - RRJ, S&S RRJ, S&S RRJ, S&S
Flow calculation - 10 L/s per See Rational Method or runoff
allotment Table 7.13.6 model
AEP for design NA See See tables 39% (20 year ARI)@
7.13.5 and
Table 7.13.5 7 13.1
Pipe system design NA See See Full hydraulic | Full hydraulic
Table 7135 | Table 7.13.6 analysis or analysis with
o S pipe determination

nomograph of HGL

plus structure

losses
Major Design Storm Ensure the land development and its drainage system does not unlawfully
overland flow check concentrate flows onto, or aggravate flooding within, neighbouring

properties. The overland flow path is to be identified within the system
design. Also refer to tables 7.13.7 and 7.13.8.
Refer to Note [2] below

Note (Table 7.13.4):

[1] Subject to hydraulic analysis the connection from a single kerb inlet may be 300 mm diameter.

[2] For Level IV and V systems the underground drainage system should be designed to convey
discharge for the Major System AEP storm from trapped sags and other locations where an

acceptable overland flow path is unavailable.
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Table 7.13.5 - Recommended design criteria for Level Il rear of allotment drainage system

Item

Recommendation

Maximum number of
allotments served

20

Flow applicable

10 L/s per allotment ™

Minimum pipe grade 0.35%
Minimum pipe cover (mm) 500
Pit dimensions for depth to
invert
(a) < 750 (a) 600 x 600
(b) > 750 (b) 600 x 900
Flow (L/s)
d"::nTei?:: g:f:% Pipe gradient (%)™
0.5 1.0 1.5 2.0 25 3.0 4.0 5.0
150 [4] 18 23 26 30 33 38 42
225 38 56 67 78 87 96 110 125
300 84 120 146 170 190 210 N.A. N.A.

Notes (Table 7.13.5):

[1] Based on roof areas of 180 m? and AEP = 5% for S.E. Queensland.
[2] Based on Manning’s n = 0.011 and the likely use of UPVC for smaller pipes.

[3] Where the pipe gradient is in excess of 5% a more detailed hydraulic analysis should be undertaken
including the assessment of structure losses, where appropriate.

[4] Minimum grade 1% for 150 mm diameter pipe to comply with AS 3500.3.
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Table 7.13.6 — Recommended design criteria for Level lll rear of allotment drainage system

Item

Recommendation

Maximum number of
allotments served

20

Flow applicable
Allotment area < 750m?

Allotment area > 750m?

— Rational Method flow with pipe size from table below ™"

— Rational Method flow < use a standard pipe nomograph

AEP for design

Minor system AEP as per Table 7.3.1

Minimum pipe grade 0.35%
Minimum pipe cover 500 mm
Recommended pipe diameter (mm)!" &2
Number of Pipe gradient (%)™
allotments
0.5 1.0 1.5 20 25 3.0 4.0 5.0
1 225 225 225 225 225 225 225 225
2 300 300 225 225 225 225 225 225
4 375 300 300 300 300 300 300 225
6 450 375 375 300 300 300 300 300
8 450 450 375 375 375 375 300 300
10 525 450 450 375 375 375 375 375
12 525 450 450 375 375 375 375 375
14 525 450 450 450 375 375 375 375
16 525 525 450 450 450 375 375 375
18 600 525 450 450 450 450 450 375
20 600 525 525 450 450 450 450 450
Notes (Table 7.13.6):
[1] The pipe sizes shown have been based on discharge from allotments of average size = 750 m% a5

minute storm duration and AEP = 39% (ARI = 2 yr) for Brisbane, i.e. 150 mm/h. This equates to 20
L/s per allotment. Note: for other locations and/or allotment densities, pipe sizes should be adjusted

accordingly.

[2] Based on Manning’s n = 0.013.

[3] Where the pipe gradient is in excess of 5% a more detailed hydraulic analysis should be undertaken
including assessment of structure losses, where appropriate.

[4] Grated inlets should be designed with allowance for blockage as detailed in Table 7.5.1.

[5] The gully inlet at each allotment should be located where possible at the lowest point and should be

contained in a bund or catch drain to minimise bypass.
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7.13.6 Effect of roof and allotment drainage system on trunk drainage network

There are two issues that need to be considered when assessing the effects of the roof and
allotment drainage system on the design and performance of the trunk drainage network and the
down-slope property drainage system (refer to Figure 7.13.2).These issues are:

¢ the hydraulic effects at the point of connection to the trunk drainage system
¢ potential impacts of bypass flows on down-slope properties.

(a) Hydraulic effects at point of connection
This relates to hydraulic design of the trunk drainage system and the rear of allotment drainage
system at the point of connection to the trunk drainage system. Table 7.13.7 details the manner in

which this should be undertaken.

Table 7.13.7 — Design considerations for the connection of allotment drainage to the trunk
drainage system

Level Design considerations

I Design for street flows and trunk network with appropriate catchment area—ignore
local effect at connection to kerb and channel

I (a) For minor storm AEP — Design for full discharge " from rear of allotment
drainage system in trunk network downstream of connection—ignore structure
losses at point of connection

(b) For major storm AEP — Ignore rear of allotment drainage system @

1l (a) For minor storm AEP — Design for full discharge " from rear of allotment
drainage system and associated structure losses at point of connection

(b) For major storm AEP — Ignore rear of allotment drainage system %!

v (a) For minor storm AEP — Design for full discharge from roof and allotment
and system and associated structure losses at point of connection
v (b) For major storm AEP — Check ability of trunk network to accept flow at point of
connection and design for inflow accordingly including associated structures
losses ™!

Notes (Table 7.13.7):

11 The full discharge referred to corresponds to 100% of the calculated discharge determined in
accordance with Table 7.13.5 or Table 7.13.6.
[2] For Level Il and Il systems it is assumed that the rear of allotment system will be ineffective during

the major design storm and that roof and allotment runoff will bypass to the downstream catchments.

[3] Although the roof drainage and pipes connected immediately thereto will be designed for the AEP
detailed in Table 7.13.1, the design storm applicable to the roof and allotment drainage system to
satisfy the design check required by Table 7.13.7 should be that of the trunk drainage system to
which it is connected.
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(b) Bypass effect on down-slope catchments

Concurrent with the design discharge to the trunk drainage system referred to in (a) above,
allowance should be made for bypass flows resulting from possible inefficiency of collection
associated with the roof and allotment drainage system. The down-slope catchment should be
designed to receive the bypass as detailed in Table 7.13.8.

Table 7.13.8 — Bypass from roof and allotment drainage system to down-slope catchments

Level Bypass allowance

| 100% of calculated runoff

Il (a) For minor design storm AEP — 100 % of allotment runoff (i.e. roof runoff not
bypassed)

(b) For major design storm AEP — 100% of roof and allotment runoff

11 (a) For minor design storm AEP — Nil

and (b) For major design storm AEP — 100% of roof and allotment runoff for major
Y, design storm less minor design storm capacity of roof and allotment drainage
system
Vv (a) For minor design storm AEP — Nil

(b) For major design storm AEP — 100% of roof and allotment runoff for major
design storm less calculated capacity of roof and allotment drainage system
during the major design storm

714 Public utilities and other services

7.14.1 General

In urban areas, drainage is only one of many public utility services that must be provided.
Appropriate consideration should be given to all services, with priority being given to those services
which are grade dependent, e.g. sewer and stormwater. Designers should check for potential
conflicts and allow for these in the design.

The following is a list of services commonly encountered:
e Water supply — reticulation and trunk

e Sewerage — reticulation and trunk

¢ Telecommunication — distribution, coaxial and fibre optic
e Gas — distribution and trunk

¢ QOil and natural gas pipelines

e Electricity — distribution and mains

e Water service crossings

e Sewer house connections

¢ Roof-water drainage

e Other stormwater
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7.14.2 Clearances to services

Where conflicts exist in the alignment and level of services it will be necessary to ensure that
adequate clearance is provided between the outer faces of each service. The nominated clearance
should allow for collars and fittings on pipes and special protection if required (e.g. a concrete
surround).

In general the minimum clearance between the outer faces of services should be 200 mm, or as
permitted by the services authority.

Penetrations by services through stormwater pipes should be avoided. Where it is necessary for a
service to penetrate a stormwater pipe or access chamber allowance should be made for the
hydraulic losses in the system resulting from the penetration. In addition the service should be
contained in a pipe or conduit of sufficient strength to resist the forces imposed on it by flow,
including debris, in the stormwater system. Unless otherwise agreed by the local authority and/or
utility owner, penetrations should be constructed using ductile iron pipe. To assist in the removal of
debris collected on service pipes or conduits passing through a drainage system it is
recommended that an access chamber be located at the pipe or conduit penetration.

Reference should be made to the utility allocations applicable in the local government area, when
designing the stormwater system.

7.15 Discharge calculations

7.15.1 General

The objectives and design philosophy outlined in Chapter 1 seeks to limit flooding of property and
to ensure a reasonable level of pedestrian and vehicular traffic safety and accessibility. These
objectives are met by ensuring that major and minor storm flows are managed within specified
limits, and by designing both major and minor system components in conjunction.

If the major and minor components of the surface system do not have the capacity to carry the

difference between the respective design peak flow and the pipe flow, then additional inlets and
hence larger pipes are required to ensure that the surface system operates within the specified
limits.

Where the drainage system contains few or no underground pipe components, it will be necessary
for the surface system to perform within the limits detailed in section 7.3.6 and Chapter 9 — Open
channel hydraulics as applicable.

7.15.2 General principles
The following principles apply to the design of urban drainage systems:

¢ The drainage system as a whole is provided to mitigate against property flooding and to ensure
the safety and convenience of pedestrians and vehicles.

e The minor drainage system (comprising underground pipes and/or surface flow paths) is
designed to provide for the safety and convenience of pedestrians and vehicles.

e Where flood immunity cannot be provided for property and buildings under major storm
conditions via overland flow paths, the capacity of the underground pipe system and the inlets
leading to it need to be increased in order to reduce surface flows to acceptable levels.

¢ Under normal conditions the capacity of the underground pipe system should not be less than
its minor storm flow conditions while the system is operating under major storm conditions. The
exceptions would be when tailwater levels downstream have a significant effect on the
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system’s hydraulic gradeline, or the surface gradient is considerably flatter than the pipe
gradient, thus causing the HGL to rise above the ground surface.

e The underground system should be designed with a suitable allowance for blockage at kerb
inlets as described in section 7.5.2. In this way the full design capacity of the underground
system is likely to be available under both major and minor storm conditions.

7.15.3 Design procedure
The design procedure is detailed below and in Figure 7.15.2.

Note that the procedures described herein do not attempt to ascribe an AEP to the flow conveyed
in the pipe system, or even set the type of Minor Drainage System (e.g. pipe or swale). Rather the
total system is designed to convey the calculated peak flows during major and minor storm events
of selected AEP whilst adhering to public safety and convenience criteria separately applicable
under relevant conditions.

Phase A: Layout and topographical assessment

(i) Identify the preferred location of major overland flow paths as discussed in section 7.1.

(i) Decide preliminary road layout and road widths (if not existing). Depending on the results of
Phases D and E, this preliminary layout may need to be altered to optimise the stormwater
drainage system.

(iii) Assess where trapped sags or other topographical constraints will result in a need for an
overland flow path other than along a road. Use this as a basis for locating parks, drainage
reserves, etc.

Note: Relief drainage or upgrading works may involve flow through existing private allotments.

Phase B: Water Sensitive Urban Design

(i) Identify opportunities for application of the principles of Water Sensitive Urban Design (section
11.3.2).

(ii) Identify opportunities for the retention and/or rehabilitation of natural waterways (section 9.2(b))
and other natural water features that will be compatible with the urban landscape.
Phase C: Conceptual design of stormwater quality requirements

(i) Identify stormwater quality requirements from an existing Stormwater Quality Management
Plan or identified Water Quality Objectives (sections 2.6 and 11.6).

(ii) Identify those areas of land with topographic features best suited to specific stormwater
treatment systems (e.g. natural detention areas for wetland placement, and highly porous soils
for infiltration systems).

(iii) Prepare a preliminary design of the stormwater treatment system using appropriate modelling
techniques.
Phase D: Minor storm initial assessment

(i) Assess critical locations in the street network where roadway flow width is likely to be the
limiting criterion under minor storm conditions. Refer to the limitations detailed in figures 7.3.1,
7.3.2and 7.4.1 and tables 7.3.1, 7.4.1 and 7.4.3, e.g. intersections, sags, bus stops, kerb
returns and intermediate locations. This provides an indication of sub-catchment boundaries.

(i) Determine the area of the critical sub-catchments at the locations determined in (i) and
calculate peak discharges for the minor storm event at these locations using standard inlet
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times (Table 4.6.2), the design average recurrence interval for the minor storm (Table 7.3.1)
and weighted coefficients of runoff (section 4.5).

Notes:

o Significant bypass will not normally occur at kerb inlets under minor storm conditions. Accordingly the
use of standard inlet times will be appropriate when planning the initial layout of the system. If significant
bypass does take place the time of concentration at downstream inlets will need to be appropriately
adjusted.

o Depending upon the local rainfall intensity regime, kerb inlet capacity and assessed sub-catchment

coefficient of runoff, the designer can readily determine the approximate maximum size of
sub-catchment area that is likely to be acceptable.

e.g. ForQ = 0.352m’s!"
£ = 10 minutes
10ming - = 120 mm/h
C10 = 0.76
C, = 065
Q 0.352

(278x107°).C,.('1,)  (2.78x107°)x0.65x120

Note: 0.352 m%/s corresponds to the half road flow capacity of a road measuring 8 m invert to invert and with
3% longitudinal slope and 2.5% crossfall.

(iii)  For the longitudinal road slope determine the road capacity at critical locations based upon
flow width and depth limitations.

(iv) From (ii) and (iii) determine the required inlet capacity and underground pipe capacity (if
used) at the critical locations together with surface flows and bypasses for minor storm
conditions.

Phase E: Major storm initial assessment

(i)  Assess those critical locations in the street and overland flow network where flow capacity is
likely to be the limiting criterion under major storm conditions. Refer to figures 7.3.1 and
7.3.2, and tables 7.3.1 and 7.4.3.

(i)  Determine total catchment peak discharge Qr, at the critical locations under major storm
conditions.

Notes:
e The critical locations under these conditions are likely to require a number of minor storm
sub-catchments and significant bypass between sub-catchments will be permitted. Based upon a

detailed assessment of overland flow time and channel flow time the peak discharge from the critical
catchments can be determined.

e Where there is a significant difference between overland flow travel time and pipe flow time to the
location in question, designers should consider the travel time of least duration, otherwise the designer
should evaluate the catchment hydrology using an appropriate runoff-routing model.

(i) Determine the permissible street flow capacity based on major storm criteria at the critical
locations, QLIM()-

(iv) Starting at the top of the catchment determine the pipe flow at the upstream end of the sub-
catchment under consideration Qpy() (see Figure 7.15.1).
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(v)  Subtract Qpy() from Qr, to establish the net surface flow at the critical location under
consideration.

(vi)  Where the net surface flow at the critical location is less than the permissible street or
overland flow move to the next downstream critical location.

(vii) Where the net surface flow at the critical location is more than the street or overland flow
capacity then:

¢ allow for the provision of increased inlet and underground pipe capacity upstream of that
point to accept the excess;
o modify the street cross-section;
e or otherwise increase the surface flow capacity.
(viii) Check that the calculated pipe capacity at the critical location is not less than that required

upstream of that point. A reduction in pipe capacity would not occur unless provision is made
for surcharge outflow.

(ix) Adopt trial pipe sizes for the hydraulic analyses to suit the greater of the flows derived during
the major and minor storm hydrologic checks in accordance with the Flow Chart in figures
7.15.2 (a), (b) & (c).

(x)  The calculated major storm kerb inlet inflows and pipe flows are used for subsequent
hydraulic analysis of the performance of the system under major storm conditions.

Note: This procedure allows the identification of points where underground capacity needs to be
increased to cater for the flow requirements of both the major and minor design storms. It ensures
the selection of pipe sizes that are capable of conveying both major and minor storm discharges,
and largely obviates iterative hydrologic and hydraulic analysis of the pipe system.

ThUS, if QT()

Quim)

Qpy)

Qpu)

Qsurr)

Qgs()

Then  Qsure)
Qpy)
Qgs()

peak discharge from the total catchment at the critical location under
consideration, based on Rational Method theory, i.e. it is not the sum of
upstream sub-catchment discharges.

permissible major storm street or overland flow at the critical location under
consideration.

required pipe discharge capacity at the critical location under consideration, i.e.
at the downstream end of the catchment being considered. Thus Qps) = required
pipe discharge at A.

sum of the pipe discharges at the critical locations immediately upstream of the
location now under consideration, i.e. sum of Qp) values upstream.

net surface flow at the critical location assuming that no kerb inlets have been
provided in the section immediately upstream of the critical location now under
consideration.

required kerb inlet capacity of the inlets located in the section upstream of the
critical location, i.e. between the location under consideration and the next
upstream critical locations.

= Q) - Qpuy) (7.7)
= Qr)- Qum) (7.8)
= Qp) - Qpy) (7.9)

Qg not less than Qpy, or provide surcharge outflow structure if appropriate (see Note 4)

Figure 7.15.1 explains the above procedure, (example only).
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Figure 7.15.1 — Kerb inlet capacity for major storm

Notes (Figure 7.15.1):

1.

5.

The inflow capacity at kerb inlets under major storm conditions is expected to be equal to the inlet
capacity under minor storm conditions unless elevated tailwater conditions under major storm
conditions result in significantly reduced capacity, or the surface gradient is significantly flatter than
the pipe gradient.

Where a number of minor storm sub-catchments exist upstream of the location being considered the
capacity of the kerb inlet at that location may need to significantly exceed the minor storm inflow, in
order to satisfy major storm criteria.

It should be assumed that kerb inlets will be designed with provision for blockage as detailed in Table
7.51.

Accordingly there will be no need to further reduce the capacity of the underground drainage system
under major storm conditions. This approach differs from that proposed by some authorities e.g.
Argue (1986) etc. where reduction to 50% or zero pipe capacity is suggested.

Where equation 7.9 results in a negative value of Qg the kerb inlet capacity required in that section
to satisfy road flow capacity requirements is nil. In this case the method may also indicate a reduced
pipe capacity requirement in the lower reach. However the pipe capacity will normally not be reduced
unless provision is made for surcharge outflow.

Note that at point B, the peak discharge Qs comprises flow from both catchments A and B etc.

Notes (figures 7.15.2 (a), (b) and (c)):

1.

Designers should endeavour to place kerb inlets at locations on grade where the width of spread of
roadway flow is at the allowable limit as detailed in section 7.4 and Figure 7.5.1.

The capacity of kerb inlets shall be determined from the Kerb Inlet Capacity Charts made available
by the relevant local authority and modified to allow for blockage in accordance with Table 7.5.1.

Constraints on the levels and gradient for pipe reaches may be caused by:
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(i) existing or future services e.g. sewer, water, gas, electricity

(ii) minimum cover under roadways
(iii) minimum or maximum depth for kerb inlets.
4, The bypass referred to is from other upstream catchments not from the uppermost of the two under
consideration.
5. The peak discharge needs to be assessed for the full or partial area as for the minor storm design.
6. Q. and Qq are the inflows to the structure in accordance with Rational Method theory and do not

equal the sum of the upstream pipe and kerb inlet flows. Q, may include lateral inflows.
7. The velocity limits indicated are those that should give optimum hydraulic conditions.
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Figure 7.15.2 (a) — Flow chart for initial design assessment

Continued on Figure 7.15.2 (b)
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7.16  Hydraulic calculations

7.16.1  General

The detailed hydraulic grade line (HGL) method is recommended for the analysis of underground
stormwater pipe systems. It is further recommended that this be based on an analysis proceeding
from downstream to upstream through the system.

The above method is logically consistent with the concept of backwater analysis and enables the

prediction of hydraulic grade line and water surface level throughout the system. It permits control
points or points of potential surcharge to be visualised and for system layout and pipe sizes to be

optimised.

Guidance on the selection of a starting hydraulic grade level (tailwater level) at the outlet, or
downstream end of the system is given in section 7.16.5 and Chapter 8. The determination of
friction losses in pipes should be based on the use of Manning’s Equation.

There are some circumstances where hydraulic design on an upstream to downstream basis may
be necessary. Where a branch line on flat terrain enters a trunk drainage system, a critical
hydraulic grade level situation may occur because of the possibility of surcharging in the branch
line system. Accordingly, the branch line may be designed on an upstream to downstream basis
and the hydraulic grade line predicted at the trunk line is then used as a control for subsequent
downstream to upstream calculations in the trunk line system.

In circumstance where a new drainage network crosses more than one land use category resulting
in a change in design standard (i.e. some parts of the Minor Drainage System are designed to a
39% AEP (1 in 2 year) standard while other parts are designed to a 10% AEP standard) then the
network shall be analysed for each AEP.

7.16.2 Pipe and structure losses
Losses due to friction in pipes may be expressed as:

hy = S¢.L (710)
where:

hs = head loss in pipe due to friction (m)

S¢ = friction slope (m/m)

L = length of pipe reach (m)

Losses due to obstructions, bends or junctions in pipelines may be expressed as a function of the
velocity of flow in the pipe immediately downstream of the obstruction, bend or junction as follows:

hs = K.V,%/2g (7.11)
where:

hs = head loss at obstruction, bend or junction (m)

K = pressure change coefficient (dimensionless)

V, = velocity of flow in the downstream pipe (m/s)

g = acceleration due to gravity (9.80 m/s?)

V,%/2g = velocity head (m)
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Pressure change coefficients K (sometimes referred to as structure loss coefficients) are
dependent on many factors, for example:

e junction structure geometry

e pipe diameters

e bend radius

e angle of change of direction

e relative diameter of obstructions.

Section 7.16.8 of this Manual discusses pressure change coefficients in detail.

7.16.3 Hydraulic grade line and total energy line
The HGL is a plot of the pressure head at any point in a pipeline.

The HGL may be thought of as the ‘Effective Water Level’ in the system—the level to which water
would rise in an open-topped vertical pipe inserted into the drainage line in a manner that did not
cause energy/pressure loss. Note however that at access chambers and kerb inlets the water
surface elevation (WSE) is normally higher than the theoretical HGL because the latter reflects the
HGL immediately upstream of the structure. Determination of the HGL does not distinguish
between pressure gains or losses at the inlet to or outlet from the structure, but relates to the
structure as a whole. Figure 7.16.1 explains this effect.

Pressure head is normally lost in both pipes and access chambers due to friction and turbulence,
and the form of the HGL is therefore a series of downward sloping lines over pipe lengths, with
steeper or vertical drops at access chambers.

In some circumstances there may be a pressure gain and therefore a rise in the HGL at a
structure. In these cases the gain should be taken into account in the hydraulic calculations.

The assumption of straight hydraulic grade lines is usually made. This is not strictly correct but is
sufficiently accurate in most cases.

The level and grade of the HGL varies with flow. For design purposes the HGL calculated and
plotted on the longitudinal section is that applicable to the flow resulting from the Design Storm. For
a pipe to run full, the obvert must be at or below the HGL If a pipe runs part-full, the HGL is at the
water surface in the pipe.

The velocity of flow and accordingly the discharge capacity of a pipe is a function of the Hydraulic
Grade (slope of the HGL) not the actual pipe grade.

A pipe may be located at any grade and at any depth below the HGL without altering the velocity
and flow in the pipe subject to the grade limitations outlined in section 7.12. Hence, pipe grade may
be flattened to provide cover under roads, or clearance under other services, without sacrificing
flow capacity, provided sufficient head is available.

The HGL and the Water Surface Elevation (WSE) must be below the surface level at pits and kerb
inlets, or the system will surcharge.

The level of the Hydraulic Grade Line (HGL) for the design storm should be calculated at the
following locations:

e upstream and downstream side of every kerb inlet or access chamber
e at points along a pipe reach where obstructions, penetrations or bends occur
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e where a branch pipeline is connected to the pipe system without an access chamber.

Note: That branch pipelines without access chambers should only be constructed if so approved
by the relevant local authority.

It is recommended that designers check that the elevation of the total energy line falls
progressively as flow passes down through the drainage system. This is an important check that
should be undertaken where the drainage system is complex and where the configuration of
pipes/structures etc. does not conform with the structure loss charts available.

Reach length l‘

| - i —
| -
| J Structure Vl?
. energy [0ss | =———
neray line (EL) gel o Mo . |55
| TOt-aJ e gy — —— | — | Zspsee;nctlcn M__’_‘_,

— - — Ground ___

TN A

) 3 A GAMA - Ky Vf | -
vi ol Yo B K V.2
_ ;- 2 2g I U to
2g . ~ g v i e 2g

J I o ) |
; _—Hyd;'gl]ic grade line (HGL) ‘ \
/ T
Open channel ‘r
- | J /

I Junction
’ pit \

Actual water surface
in siructure

Figure 7.16.1 — Hydraulics for a single pipe reach

The total energy line under steady flow conditions is located above the HGL by an amount equal to
the velocity head. This is shown diagrammatically in Figure 7.16.1. Note that under quiescent
conditions in a pond or storage with no flow the HGL and energy line coincide.

7.16.4 Methods of design

Pipeline design by the HGL method is most conveniently carried out by working upstream from the
outlet because:

e The outlet is often the only point for which the HGL may be readily determined.

e Head losses in pits and gullies are expressed as a function of the velocity in the downstream
pipe—hence the pipe downstream of each structure must be designed before the head loss in
that structure can be determined.

Designing drainage systems from downstream to upstream is considered the preferred
methodology.

Experienced designers however, may adopt a procedure of designing from upstream to
downstream and this may be essential in parts of the drainage system located in flat or undulating
terrain. The procedure is as follows:

(a) Assess the critical start point or points in the system (e.g. sag gully inlet).

Queensland Urban Drainage Manual Provisional edition, 2013 7-67



(b) Allow minimum freeboard to determine the permissible water surface level in that pit, (normally

150 mm).

(c) Select pipe diameters and depths to suit hydraulic and economic considerations.

(d) Calculate hydraulic grade line proceeding downstream from the starting water surface level

determined in (b) above.

(e) The procedure is iterative, however experience should reduce the number of iterations.

Both procedures for detailed calculation are outlined in the flow charts contained in figures 7.16.2
and 7.16.3.

Notes (Figure 7.16.2):

1.

The downstream HGL should be derived from the tailwater level in the receiving waters (see section
7.16.5) or from the HGL calculated in the structure downstream.

The pipe size selected becomes D, for the next structure upstream.

In this case 150 mm freeboard has been allowed above the WSE. This limit may need to be modified
to suit other constraints including the hydraulics of upstream or lateral pipes.

The performance of a reach is dependent on the characteristics of the other reaches. Accordingly the
most economic design is not that which optimises each reach but that which performs best overall.

During the design of piped drainage systems it is usually advisable to assume the HGL does not fall
below the obvert level of the pipe (i.e. the pipe is flowing full). The reasons for this are summarised
below:

If the pipe is not flowing full during the design discharge, then this is likely to mean that the pipe
is over-designed.

The most common situation where the tailwater level is below the pipe obvert is at the pipe outlet.
In most cases this results from a low-gradient pipe (which otherwise would have been flowing
full) spilling out into an open channel. In such circumstances the flow conditions at the pipe outlet
often consist of rapidly varied flow, where the streamlines are converging and have a steep
gradient. Within such flow conditions the laws of hydrostatics (on which most 1-dimensional
numerical models are based) begin to break-down, thus numerical errors can be expected.
Fortunately it has been found that if it is assumed that the HGL at the pipe outlet is at the
elevation of the pipe obvert, then a standard hydraulic analysis will achieve the correct HGL at a
distance of 10 to 20 pipe diameters upstream of the outlet.

If the calculated HGL is below the pipe obvert within a junction chamber, then at the peak design
discharge it often takes only a minor debris blockage, or a structural flaw in the chamber’s
construction, to cause the pit’'s energy loss to increase to the point where the water level in the
chamber (WSE) reaches the obvert level of the discharge pipe.

However, when analysing the hydraulic grade line of the final design layout or an existing pipe
network, there are occasions where this rule is inappropriate, as outlined below:

If the pipe is flowing partially full for the full length of the upstream reach, from which it then
discharges into an open channel without the water surface dipping rapidly (i.e. the water does
not undergo rapidly varied flow conditions) then the pipe outlet can be analysed using open
channel hydraulics, and the pipe network should be analysed assuming the HGL at the outlet is
equal to the actual water elevation.

If the pipe is flowing partially full for the full length of the pipe’s reaches both upstream and
downstream of a chamber, then the pipe network can be analysed as an open channel.

If the hydraulic analysis is being performed for a discharge significantly less that the design
discharge, and parts of the pipe network are flowing partially full, then the hydraulic analysis
should assume the starting HGL at the end of each pipe reach does not fall below the ‘normal’ or
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‘uniform’ flow depth (i.e. the flow depth assuming uniform flow conditions within a long pipe of
constant gradient).
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Figure 7.16.2 — Hydraulic grade line design method flow chart — designing from downstream
to upstream (Preferred method)
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Figure 7.16.3 — Hydraulic grade line desigh method flow chart — designing from upstream to

downstream

Notes (Figure 7.16.3):

1. The upstream WSE should not be higher than the surface level less 150 mm.

2. Conditions may be such that regardless of the outlet diameter this condition cannot be satisfied. To

avoid excessive looping check this first.

3. The final hydraulic grade line level at the downstream pit may be set at levels other than that

specified provided that outfall conditions are known.

4. The performance of a reach is dependent on the characteristics of the other reaches. Accordingly the
most economic design is not that which optimises each reach but that which performs best overall.
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7.16.5 Starting hydraulic grade level

In order to carry out a Hydraulic Grade Line backwater analysis for an urban piped drainage
system it is necessary to determine a starting HGL or downstream HGL for the calculations.

This section of the Manual deals with determining a starting HGL for the discharge conditions most
commonly encountered and should be read in conjunction with the information supplied in section
8.3 of this Manual.

The designer should in all cases give careful consideration to the adopted starting HGL and if
necessary, liaise with the relevant regulating authority to establish an agreement.

(a) Outfalls generally

During subcritical outflow conditions the position of the starting HGL will depend upon the
relationship between the calculated tailwater (TWL) in the receiving waters, the critical depth (d;) of
the particular flow under consideration in the outfall pipe and the obvert level (OL) of the pipe. The
following general rules should apply (Figure 7.16.4):

(a) If TWL > OL, then start HGL = TWL
(b) If d; < TWL =< OL, then start HGL = OL

(c) f TWL < d, (i.e. free outfall), then start HGL = the normal flow depth (d,) in the outfall pipe for
the given flow rate

—
Obvert level (OL)

Figure 7.16.4 (a) — Tailwater Figure 7.16.4 (b) — Tailwater  Figure 7.16.4 (c) — Tailwater
above obvert below obvert below pipe invert

Starting HGL = TWL Starting HGL = OL Starting HGL = normal depth in
pipe (not ‘d.’)
The startling HGL conditions presented in figures 7.16.4 (b) and (c) do not necessarily apply to the
following cases:

e The analysis of discharges from pipes where the pipe is flowing partially full for the full length of
the upstream reach, and the water level is significantly below the obvert of the pipe. In such
case the starting HGL should be the greater of the actual water level, or the ‘normal’ or
‘uniform’ flow depth within the pipe (see Note 5 for Figure 7.16.2).

e The analysis of discharges from short conduits such as most culverts.
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(b) Existing pipe network

When connecting into an existing pipe network, designers should determine the HGL of the
downstream system for the design ARI. Full account of structure losses should be made in the
existing system.

If a full HGL analysis is considered impractical due to the length or complexity of the existing pipe
network, then an appropriate estimation of the HGL in the existing network must be made. When
determining an estimation of the starting HGL, consideration should be given to:

¢ the existence of a downstream surcharge chamber (if any)

¢ the existence of a downstream pipe possibly operating under partial flow (such a condition may
be unlikely during a design storm event)

¢ otherwise, with approval from the local authority, adoption of a starting water level 150 mm
below the grate/inlet elevation (minor design storm conditions only).

In any case, modifications to an existing drainage system, including changes to inflows, must not
compromise the system’s performance relative to the desired performance standard without
approval from the relevant local authority.

(c) Future pipe network

If design of a piped system is being undertaken in the upstream section of a catchment prior to the
design of the downstream system, then the designer should undertake sufficient preliminary
planning of the downstream system to permit design of the upstream system.

This planning should incorporate preliminary road layouts and levels along with preliminary
drainage line locations and levels. To allow for possible inaccuracies associated with such a
preliminary design, a factor of safety may need to be allowed. For example:

e allow a nominal height above the assessed HGL at the proposed connection to the
downstream system

o adopt the HGL equal to the natural surface at the location of the next downstream structure in
the proposed future pipe network, or

e adopt a starting HGL as approved by the local authority.

7.16.6 Freeboard at inlet and junctions

For the design of underground systems a freeboard should be provided above the calculated WSE
to prevent surcharging and to ensure that unimpeded inflow can occur at kerb inlets. Table 7.16.1
provides recommendations for freeboard for kerb inlets and access chambers.

Table 7.16.1 — Minimum freeboard recommendations for kerb inlets and pits

Situation Recommendation
Kerb inlet on grade Freeboard = 150 mm below invert or kerb and channel [
Kerb inlet in sag Freeboard = 150 mm below invert or kerb and channel "
Field inlet Freeboard = 150 mm below top of grate or lip of inlet
Access chambers or junction Freeboard = 150 mm below top of lid
structure ©°
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Notes (Table 7.16.1):

(1]

(2]

(3]

Where the channel is depressed at a kerb inlet the freeboard should be measured from the

theoretical or projected invert of the channel.

Where an inlet is located on grade the freeboard should be measured at the centreline of the

chamber.

Where it is necessary for the HGL to be above the top of an access chamber or junction structure, a
bolt-down lid should be provided.

The maximum permitted WSE should allow for the head loss resulting from surface inflow through
grates etc. into the structure being considered. The charts contained in Appendix 1 permit the
determination of water surface elevation coefficient K,, for many types of structures.

Where an appropriate chart is not available it is recommended that the WSE be arbitrarily adopted
at the height above the calculated HGL in accordance with equation 7.12.

where:

The freeboard recommendations should be applied as detailed in Table 7.16.2.

V.2/2g =

WSE — HGL = 0.3 V,%/2g

upstream velocity head

Table 7.16.2 — Application of freeboard recommendations

(7.12)

Minor storm analysis

Major storm analysis

. . HGL and HGL and
Design conditions WSE Freeboard to WSE Freeboard to
calculations WSE calculations WSE
required required

(a) Underground system Yes As per No NA
designed for minor
storm. Overland flow Table 7.16.1 (See Note 2)
check for major storm
requires no increase in
size of pipe system.

(b) Underground system Yes As per Yes As per Table
designed for minor 7.16.1 (See
storm. Overland flow Table 7.16.1 Notes 1, 2 and 3)
check for major storm
requires increase in
size of pipe system.

(c) Underground system No NA Yes As per Table
designed for major 7.16.1 (See

storm.

Notes 2, 3 and 4)

Notes (Table 7.16.2):

1.

The major storm HGL may only need to be calculated from the point where the increase in pipe size
is required downstream to the outfall e.g. downstream from a trapped sag.

The freeboard requirements to the floor level of adjacent buildings etc. as detailed in Table 7.3.5 are
applicable to the overland or street flow.
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3. Notwithstanding the presence of overland or street flow on the surface it is recommended that for
design purposes the calculated WSE in the underground pipe system not exceed the requirements of
Table 7.16.1.

4, This situation will apply where the opportunity for overland flow is nil or extremely limited.

7.16.7 Pipe capacity

The capacities of stormwater pipes flowing full, but not under pressure, should be calculated using
Manning’s equation.

Manning’s equation:

V= (1/n).R%.S;" (7.13)

where:

V = Velocity (m/s)

A = Area of flow (m?)

P = wetted perimeter (m)

R = Hydraulic radius = A/P (m)

S¢ = Friction slope (m/m)

n = Manning's roughness coefficient

Table 7.16.3 gives recommended surface roughness coefficients for the types of pipes
encountered in urban stormwater design.

Table 7.16.3 — Recommended values for surface roughness (average pipe condition)

Type of pipe Manning’s n
Reinforced concrete (RCP and RCBC) 0.013
Fibre reinforced cement (FRC) 0.013
UPVC 0.011
GRP 0.011

More information on surface roughness can be found in AS 2200; ARR-1998, Technical note 8;
p.325, Argue (1986) Table 6.1, and the Concrete Pipe Association web site.

Design chart A1-1 is provided in Appendix 1 for the solution of Manning’s equation. The
nomograph is based on nominal internal diameters and a Manning’s roughness, n = 0.013.
Designers should check actual internal diameters for the type and class of pipe being designed
and make the necessary correction where this is significant.

Stormwater systems are not normally designed to flow under pressure, but whenever the HGL
rises above ground level and the junction pits are fitted with bolt down lids, the system will become
pressurised. The analysis of pressurised systems should be checked using software that takes
account of pressurised flow.
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7.16.8 Pressure changes at junction stations

(a) General

Pressure loss (or head loss) at junctions may be expressed as a function of the velocity head of
the flow in the conduit downstream of the junction, V,%/2g:

thus: hs =K. V,%/2g (7.14)
where:

hs = pressure change at a structure

K = pressure change coefficient

The charts contained in Appendix 1 of this Manual provide pressure change coefficients for
junction types commonly encountered in urban drainage design.

Note that where a structure has lateral as well as through flow the pressure change coefficient
which applies to the through (main) line may be different to that for the lateral line i.e. Ky may not
equal K.

The appropriate charts should be used to determine correct values of K, and K. The pressure
change coefficients K, and K, should be applied to the velocity head V,%2g in the outlet pipe from
the structure.

Q Inflow through surface
K inlet, grate, etc.

Figure 7.16.5 — Nomenclature at structures
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SELECT PIT CONFIGURATION TO LOCATE
CHART(S) TO BE UTILISED

Y

INPUT Qy, Qo, Q; AND |
QAS REQUIF\’QED SELECT TRIAL Dy, Do, AND D,

\/

CALCULATE CHART(S) ENTRY RATIOS

QB Q&% Q by D
Q% Q0 Q P B, D,

AS REQUIRED FOR THE CHART(S) USED

Y

SET INITIAL RATIOS, S/Dy, [B/D]
AS REQUIRED FOR THE CHART(S) USED

Y
FROM CHART(S) DETERMINE K,

4

\/

REVISE RATIOS S/D, AS REQUIRED
FOR THE CHART(S) USED

Y

TEST:
DO THE CURRENT VALUES OF NO
Ky AND Ky, VARY FROM THE PREVIOUS
VALUES BY LESS THAN 10%?

YES

Y
CALCULATE K

Figure 7.16.6 — Coefficients K, and K, calculation procedure flow chart

The flow chart in Figure 7.16.6 can be used to determine both the HGL and the WSE at the
junction. The values of K, and Ky should be applied to the velocity head in the outlet pipe i.e.

Vo%/2g.
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(b) Benching

Benching of the floors of junction pits leads to a general reduction in losses and promotes
improved hydraulic efficiency. Table 7.16.4 provides an indication of the potential decrease in
pressure change coefficient that can be achieved in square pits as a result of benching (Johnston
et al 1990, Dick and Marsalek 1985, and Lindvall 1984). It should be emphasised that these
improvements have been measured for square pits. Testing of circular pits (but without benching)
would indicate that these improvements may be less for circular pits.

It is noted that benching reduces pit losses not by directing flows towards the outlet, but by
reducing the effective ‘deadwater’ volume in the pit and reducing flow contraction at the entrance to
the outlet pipe. Thus benching reduces flow expansion within the chamber and reduces turbulence
around the entrance of the outlet pipe.

Table 7.16.4 — Potential decrease in pressure change coefficient as a result of benching

Potential decrease in pressure
5 change coefficient (%)
Access chamber type !
Half-height Full-height
benching " benching
Straight through 30 40
90° bend 20 40
Tee chamber with lateral inflow less than 50% Nil Nil
Tee access chamber with lateral inflow approximately 50% Nil 10
Tee access chamber with lateral inflow approximately 100% 20 40
Notes (Table 7.16.4):
Note [3]:
Results based upon testing of
square pits.

Note [1]: Figure 7.16.7 (a) — Note [2]: Figure 7.16.7 (b) —
Half-height benching Full-height benching

(c) Use of pressure change charts in Appendix 1

Various pressure change coefficient design charts are provided in Appendix 2 of this Manual along
with detailed discussion on the application of these charts.

It is important to note that the Hare Charts (Hare, 1980), Missouri Charts (Sangster et al, 1958)
and the Cade and Thompson Charts (Cade & Thompson, 1982) have been prepared
predominantly for values of B/D, approximately equal to 2 (refer to Figure 7.16.5 for definition of B
and D,). In cases where B/D,, > 2, it can be expected that values of K, and K, will likely be greater
than those given by these charts.
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7.16.9 Inlets and outlets

(a) Entrance losses

Where the inlet structure is an endwall (with or without wingwalls) to a pipe or culvert, an allowance
for head loss should be made. Table 7.16.5 provides entry loss coefficients K, to be applied to the
velocity head for the downstream pipe or culvert, where the approach velocity is effectively zero.
Where there is an appreciable approach velocity the entrance loss coefficient should be applied to
the absolute value of the difference in the two velocity heads as presented in equation 7.15.

AH = K, . ABS[(V,%/2g) — (V.*/29)] (7.15)

where:
AH = energy (head) loss at entry

= entry loss coefficient
average flow velocity within pipe or culvert (m/s)
= upstream velocity (m/s)

SSK
1

The pressure change coefficient (K) for use in a HGL analysis may be determined from equation
7.16.

K=K, +1 (7.16)

___________ =
W’N’é \s

FRTTTNTT Elevation

Figure 7.16.8 (a) — Projecting from fill Figure 7.16.8 (b) — Headwall with wing walls

W/W/W/I
1

Figure 7.16.8 (c) — Mitred to conform to fill Figure 7.16.8 (d) — Hooded entrance
slope

Queensland Urban Drainage Manual Provisional edition, 2013 7-78



Table 7.16.5 — Entrance (energy) loss coefficients ["!

Type of structure and design of entrance Coefficient K,
Concrete pipe:
Projecting from fill, socket end (groove end) 0.2
Projecting from fill, square cut end 0.5

Headwall or headwall and wing walls:

e socket end of pipe (groove end) 0.2
e square edge 0.5
e rounded (radius = D/12) 0.2
¢ mitred to conform to fill slope 0.7
¢ end section conforming to fill slope. 0.5
Hooded inlet projecting from headwall Note @

Corrugated metal pipe:

Projecting from fill (no headwall) 0.9
Headwall or headwall and wing walls square edge 0.5
Mitred to conform to fill slope 0.7
End section conforming to fill slope 0.5

Reinforced concrete box:

Headwall parallel to embankment (no wing walls):

e square edged on 3 edges 0.5
e rounded on 3 edges to radius of 1/12 barrel dimension. 0.2
Wing walls at 30° to 70° to barrel:

e square edged at crown 0.4
e crown edge rounded to radius 1/12 barrel dimension. 0.2

Wing walls at 10° to 25° to barrel:
e square edged at crown. 0.5

Wing walls parallel (extension of sides):

e square edged at crown. 0.7

Note (Table 7.16.5):
[1] Adapted from Hee (1969).
[2] Refer Argue (1960) and O'Loughlin (1960).

(b) Exit losses

It is a common misconception that the full velocity head is always lost at a pipe or culvert exit. Exit
losses are primarily a result of the energy required to produce ‘induced’ flow currents within the
outlet channel or water body. Exit loss is a function of the change in velocity and the degree of
‘confinement’ of the outlet jet (i.e. existence of channel bed and walls that restrict expansion of the
outlet jet).
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Exit loss (energy loss) may be determined from equation 7.17.

AH = Kot [(V2/29) — (Vo¥/29)] (7.17)
where:
AH = energy (head) loss at exit
Kot = exit loss coefficient (see below)
V, = average flow velocity within pipe or culvert (m/s)
V, = average flow velocity downstream of the outlet (m/s)
(i) Unconfined outlet jet (Figure 7.16.9)
Kexit =1.0
SO v .
.-'- :I‘ ’,_'u’: //\; ;// — ’.:»F:/,"L,“:f: ~ /;// —
crelaextTE 0 o E] AT
Vy - = = _’ Vy — = = -
> = —e —-Vo —p — — e — Vo
Gt L G — DR B S g —
ez T Fe e
‘\-. i B N W . i B - I_- —
Figure 7.16.9 (a) — Side view of flow Figure 7.16.9 (b) — Plan view of lateral flow
expansion expansion
(i) Outlet jet confined on one side (Figure 7.16.10)

Typically this occurs when the pipe/culvert discharges onto a solid (scour resistant) channel bed
with the same invert as the outlet pipe.

Kexit = 0.7-0.8
In culvert analysis it is typical to adopt an exit loss coefficient of 0.7 based on the assumption that a

scour-resistant outlet pad exists that prevents the formation of an outlet scour hole. If a scour hole
is allowed to form, then an exit loss coefficient of 1.0 would be more appropriate.

, -
x ¢ ll"l e ,f\
P \v4 " | —>
R = =t - _
. __l\’flr - — . H.r \;// —
oL e+ = e \:/\1 = .
'.-,,.\'rf_ \’/\:/ - — I e, \:’/4» —
- A\~ — — |
i ——— | > > —— — —
— — — ) Vo V — — — —>
_> . . . _> — —_— —_— _>VO
- > —_ — — —
— — — > e — —
. - - _ — — »
1 v 1 o i ot I L P [:\ — —
_ - . _ - _ - _ - IR AL =~ - — —>
; B B F\/,*
o o R, =~ < >
o I o .I o o N ;' s
. 5 - " v N >

Figure 7.16.10 (a) — Side view of flow
expansion
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(iii)  Outlet jet confined on two sides (Figure 7.16.11)

The example shown in Figure 7.16.11 expansion of the outlet jet is confined on both the bed and
one outlet channel wall.

Kexit = 0.5-0.7

RMIRSE A oy —
[z/* — SSICIRY - —
,l\—\_ H—_' 5 \» /\://* ¥ _ &
C A = — R Y = —
A R Ve - e ) e - Vo
u —_— — R —_— — B
E— — — . —_— — — —
- . = S = - - T _.‘:__; far < - ?.L‘j.\:_la 'E :- ) ':.L r.__~.—|' IE : -._I
Figure 7.16.11 (a) — Side view of flow Figure 7.16.11 (b) — Plan view showing
expansion lateral flow expansion limited to one side

(iv)  Outlet jet confined on three sides (Figure 7.16.12)

The example shown in Figure 7.16.12 expansion of the outlet jet is confined on both the bed and
both outlet channel walls.

Kexit = 0.3—0.5

=2 RN SN R E
Y o~ — TN Do e, s N o e s
LT \:,/; - — PR z o R .
————————— - . - - L3
. - - V ! —
VU — — R — % VU '
— = = —> — Vo
> > = = Y _-;",-\ e 1
Figure 7.16.12 (a) — Side view of flow Figure 7.16.12 (b) — Plan view showing no
expansion lateral flow expansion

The pressure change coefficient (K) for use in a HGL analysis may be determined from equation
7.18 (note for the above cases K will be negative).

K = Koyt — 1 (7.18)

It is noted that the above analysis assumes the outlet (V,) is not less than the downstream velocity
(Vo).
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7.16.10 Bends

Under certain circumstances it may be permissible to deflect the pipeline (either at the joints or
using precast mitred sections) to obviate the cost of junction structures and to satisfy functional
requirements, e.g. negate need for access chambers on playing fields.

Where pipelines are deflected an allowance for energy loss should be made. The energy loss is a
function of the velocity head and may be expressed as:

hy = Ky (V#/2g) (7.19)
where:

h, = head loss through bend
Ky bend loss coefficient

Note: That the head loss due to the bend is additional to the friction loss determined for the reach
of pipe being considered.

Figure 7.16.13 should be used to determine the bend loss coefficient at a gradual bend.

[ | I
0.3
Panl
r/D=2
S 02
=
QO L
S T
E Pl /DL 6
8 /
= 01 /
/
Y/
/
v
v
OO { o o o 0o o
0 20 40 60 80 100

Deflection angle (a) degrees

Figure 7.16.13 — Bend loss coefficients (Source: DOT, 1992)

At mitred fittings the pressure loss coefficients in Table 7.16.6 are recommended.
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Table 7.16.6 — Pressure loss coefficients at mitred fittings

Type Kb
90° double mitred bend 0.47
60° double mitred bend 0.25
45° single mitred bend 0.34
22Y4° single mitred bend 0.12

Source: ARR, 1987 (p.327)

The coefficients presented in Table 7.16.6 are used to determine the HGL at a mitred bend in a
pipe. The mitred bend will be formed either as a single or double mitre by the manufacturer.

For double mitre bends, the length of the intermediate length of pipe should ideally be 1.5 times the
pipe diameter (measured on the outside of the bend) and no more than 6 times the pipe diameter

7.16.11 Obstructions or penetrations

An obstruction or penetration in a pipeline may be caused by a transverse (or near transverse)
crossing of the pipe by a service or conduit, e.g. sewer or water. Where possible, such obstructions
should be avoided as they are likely sources of blockage by debris and damage to the service. To
facilitate the removal of debris, it is suggested that an access chamber be provided at the
obstruction or penetration.

The pressure change coefficient K, at the penetration is a function of the blockage ratio. Figure
7.16.14 may be used to derive pressure change coefficients which are then applied to the velocity
head.

Head loss and pressure change coefficient (Kp)

0.01 0.10 1.0 10.0 100.0

1.0 I 1.0
O 08 — ' // 08 Q
) o | ! pd 2]
o NN I S
= 0.6 7 T 06 =
S 0.4 /’VAf‘% N S —— 7 04 S
T //} / T m
X X

02l 1

é 0.2 g é =1 / 0.2 é

Wl =T 1 R "

05 13 12 11 10 09 08 07 06 '
he/D

Figure 7.16.14 — Penetration loss coefficients (Source: Black, 1987b)
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hy = K, (V%2g) (7.20)

>
S
1

head loss at penetration

X
I

pressure change coefficient of penetration

Where an access chamber is provided at an obstruction or penetration it is necessary to add the
structure loss and the loss due to the obstruction or penetration, based upon the velocity in the
downstream pipe.

While no method is currently available for the determination of pressure change at an obstruction
or penetration at a manhole, it is suggested that the use of the above design data based on the
assumption that the downstream pipe is continuous across the manhole (enabling h;, D and V to
be determined) will give reasonable if conservative results.

7.16.12 Branch lines without a structure

It is sometimes necessary to construct a branch line or lateral pipe connection to another pipeline
without providing a junction structure. Where possible such connections should be avoided.

Where branch connections are unavoidable, appropriate allowance for head loss at the junction
should be made.

Designers should be aware that the pressure change coefficient and therefore the head loss at the
junction may be different for the main line and the branch line. Pressure change coefficients for
junctions with branch line connections should be determined from Design Charts in Appendix 1, an
example of which is provided in figures 7.16.16 and 7.16.17.

/a

Figure 7.16.15 — Branch line nomenclature

Both the pressure change coefficients K, (branch line) and K, (main line) should be applied to the
velocity head of the downstream combined flow V,%2g to determine the head loss applicable to
each line.

A junction node label or structure number should be given at the connection between the main line
and the branch line.

It is recommended that the diameter of field constructed branch lines not exceed 50% of the
diameter of the main line. Where larger diameter branches are required it is recommended that an
access chamber be installed.

Note: The coefficients presented in Miller (1990) and figures 7.16.16 and 7.16.17 are ‘energy
loss’ coefficients and therefore, a conversion must be made to obtain the appropriate pressure
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change coefficients. Alternatively, an energy loss analysis may be performed on the structure, with
upstream HGL determined from the upstream EL minus velocity head.

K_‘D.qi‘\!
| o o o

! o338 3 3 L kSS S 8 =
I ’ —
09 - 0.9
. AVAVE ==
c;a 0.7 l / / // / ,/ 20 (}QB 0.7 / /// /40.7
s WL 770 < 1Ayl
ol T/ 7/ Z i AV 0o
L= L 17/ /
1 5/ /) /éé,é// ol i) ,/ i/ [/ ,/
0.1 Z %Lt KLO— 7Y M LI AT ) R %MK_UO—
L
0 01 02 03 04 05 06 0?7 0!8 0!9 1.0 00 01 02 03 04 05 06 07 08 09 10
Flow ratio Q,/Qq Flow ratio Q,/Qq

Figures 7.16.16(a) & (b) — Energy loss coefficients at branch lines (Source: Miller, 1990)

1.2
_thL tD | ,/Q
r \

H Qu—> —Q /\74

1.0

0.9 \\ \ > QQO”_

08 NN

\

Energy loss coefficient (K)

\\ _~
07 N \\ /
0.6 A
\\ \\Q» /
05 S~ _~
0.4

0o 01 02 03 04 05 06 07 08 09 10

Flow ratio (Q./Qu)
Figure 7.16.17 — Energy loss coefficients at branch lines (Source: Miller, 1990)

The coefficients provided in Figure 7.16.17 are relative to the upstream velocity head (V,%2g) not
the outlet velocity head.
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7.16.13 Expansions and contractions (pipes flowing full)

Sudden expansions or contractions in stormwater pipelines should normally be avoided. They may
however need to be installed as part of a temporary arrangement in a system being modified or
upgraded, or in a relief drainage scheme.

Where the above arrangement is unavoidable, an appropriate allowance for head loss should be
made. The pressure change can be derived using the energy loss coefficients determined from
Table 7.16.7. The equivalent pressure change coefficients (Ky and Ko) are provided in Table

7.16.8.
\ 7
= A A @
d —>VU —>V° D D —>VU —>VO d

Figures 7.16.18(a) & (b) — Flow conditions for sudden expansion and contraction

Table 7.16.7 — Energy loss coefficients for flow expansions and contractions within pipes !

Ay/Ao or d/D ex?o:f\;?on Sh conecton
AolAy 2 - dZ? rid=0.02 | r/d =0.04 | r/d =0.06 | r/d=0.1
1 1.000 0.000 0.000 0.000 0.000 0.000 0.000
0.8 0.894 0.081 0.079 0.058 0.043 0.036 0.027
0.6 0.775 0.200 0.248 0.165 0.121 0.091 0.060
0.4 0.632 0.377 0.371 0.255 0.187 0.137 0.077
0.2 0.447 0.659 0.442 0.324 0.234 0.169 0.086
0.1 0.316 0.833 0.471 0.353 0.245 0.180 0.087
0 0.000 1.000 0.500 0.376 0.250 0.185 0.087
Notes (Table 7.16.7):
[1] Sourced from Miller (1990).
[2] Energy loss coefficient (K relative to upstream velocity head (V,%/2g).
[3] Energy loss coefficient (Kqn1ry) relative to downstream velocity head (Voz/Zg).

The pressure change coefficient for an expansion or contraction may be determined from the
energy loss coefficient using equations 7.21 and 7.22 respectively.

(Expansion) Ky = Kexit + (AU/Ao)2 -1 (7.21)

(Contraction) Ko = Kentry — (Ac/Au)? + 1 (7.22)
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Table 7.16.8 — Pressure change coefficients for expansions and contractions !"!

AdRoor | | e e orteston
AolAy 2 " dZ'f rid =0.02 | r/d = 0.04 | r/d =0.06 | rid=0.1

1 1.000 0.000 0.000 0.000 0.000 0.000 0.000
0.8 0.894 ~0.279 0.439 0.418 0.403 0.396 0.387
0.6 0.775 —~0.440 0.888 0.805 0.761 0.731 0.700
0.4 0.632 ~0.463 1.211 1.095 1.027 0.977 0.917
0.2 0.447 ~0.301 1.402 1.284 1.194 1.129 1.046
0.1 0.316 ~0.157 1.461 1.343 1.235 1.170 1.077

0 0.000 0.000 1.500 1.376 1.250 1.185 1.087

Notes (Table 7.16.8):

[1] Sourced from Miller (1990).

[2] Pressure change coefficient (Ky) relative to upstream velocity head (VU2/2g).
[3] Pressure change coefficient (Ko) relative to downstream velocity head (V,%29).

7.16.14 Surcharge chambers
(a) General

The following discussion relates to an energy loss analysis, not a HGL analysis.

Surcharge chambers operate as three-dimensional hydraulic structures. The complicated hydraulic
interaction between the various structural components makes it inappropriate to simply add the
head loss for each component. The following is presented as a guide to the determination of
energy loss (head loss) through surcharge chambers.

The results obtained from the following analytical procedures may not be appropriate in all
circumstances. Designers should use professional judgement with regard to the appropriate
application of these procedures. Specifically, designers should review the final results and assess
its reasonability.

Surcharge chamber with or without an outlet =———EL
i Fi 7.16.19): Gl
pipe (Figure 7.16.19) NN
Energy loss components: T 5 —
The sum of: L NN : g
(i) modified 90° mitre bend loss | "f'-,j TVL -j._--f?"
(see (b) below), plus (T V.o e
. . DU _u>| qq
(i) expansion loss component i ! ald
= [(V.*/29) - (V,*/29)] T
(iii) plus screen loss (see (c) below) Figure 7.16.19

(iv) plus exit loss component = (V,%2g)

(v) plus friction loss in chamber (typically only significant for L > 10D,)
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The HGL at any location should be taken as the energy level at that location minus the local
velocity head (V%/2g).

Surcharge chamber with multiple inflow ——__EL
pipes (with or without low-flow outlet pipe — = GL
Figure 7.16.20): V, <— migoaaannnInInn
HGL analysis: | ) B ‘

Step 1: Determine the water surface elevation L
and flow velocity (V) just downstream of the
surcharge chamber.

Step 2: Calculate the energy level above the
screen:

Figure 7.16.20
ELouwet = downstream water elevation + (Vs%/2g) + (V. %/2g)

Note: The downstream water elevation (HGL) must be determined at the same location as the water velocity
(Vs).

Step 3: Calculate head loss (AHscreen) through screen (see (c) below)

Step 4: Calculate V, (the actual inflow velocity for the inflow pipe being analysed)

Step 5: Calculate friction loss (AHsic0n) Within the surcharge chamber (usually only significant if L >
10D,)

Step 6: Calculate head loss (AHq0w) for flow entering the surcharge chamber as the sum of:
(i) modified 90° mitre bend loss (see (b) below), plus

(i) expansion loss component = [(V,%/2g) - (V.%/2g)]

Step 7: Calculate energy level (EL) inside the relevant inflow pipe:

ELpipe = ELoutiet + AHscreen + AHiction + AHinfiow

Step 8: Calculate HGL in relevant inflow pipe = ELpjpe - (V.2/29)

Surcharge chamber with outlet pipe of ————EL
equivalent size (Figure 7.16.21): - GL
< [mosnasnnnnnnIn e

Y DR

Energy loss components:

(i) T-junction loss K;
(see Figure 7.16.17)

(i) plus screen loss (see (c) below)

5.V VD

(iii) plus exit loss component -
= (V.%/2g)

Figure 7.16.21
(iv) plus friction loss in chamber (typically only significant for L > 10D,)

Otherwise, if the chamber design is outside the range of Figure 7.16.17 then determine the losses
as per the recommended analysis for Figure 7.16.19.
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Surcharge chamber with smaller low-flow e _EL
outlet pipe (Figure 7.16.22): =

Determination of the pressure change <~ e
coefficient (Ky) for low-flow outlet pipe (D,): P D, ‘

Step 1: Determine equivalent inflow pipe
diameter (D,*) that carries only the low-flow pipe
discharge (Q,):

D," = Dy(Q/Q,)**

Figure 7.16.22

Step 2: Calculate (Ky) based on normal pit charts for (D,*/D,) in Appendix 1 (i.e. by ignoring that
portion of flow (Q_) discharging from the chamber, thus Qg = 0)

(b) 90 Degree mitre bend losses

The energy loss coefficient (K},) presented in equation 7.24 for a 90-degree mitre bend was
originally developed for a conduit of constant diameter (i.e. D, = D,). For the purpose of analysing
energy losses within surcharge chambers a ‘modified’ energy loss equation has been presented
(equation 7.23) which adopts the same coefficient (K,) but allows for cases where the chamber
velocity (V) may be less than the upstream velocity (V).

Equation 7.23 can only be used in association with an energy loss correction for flow expansion
(as presented in the above design procedures), and only when the chamber velocity is equal to, or
less than, the upstream velocity.

A coefficient multiplier (C,) is applied to the energy loss coefficient to account for a short chamber
length (L). This correction makes allowance for additional energy losses caused by poor flow
distribution within the surcharge chamber immediately after a sharp bend.

AH = K, (V.%/2g) (7.23)
K,=1.2(C,) (7.24)
where:
K, = head loss coefficient
C, = correction for short outlet pipe length (refer to Table 7.16.9)
Table 7.16.9 — Mitre bend outlet length correction factor!"
L/Dy ™ Co
0 2.8
0.5 2.0
1.0 1.5
>1.7 1.0
Notes (Table 7.16.9):
[1] Sourced from Miller (1990).
[2] If more than one pipe enters the chamber, then let Du equal the average pipe diameter.
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(c) Screen losses

Head loss through a clean or partially blocked screen may be assessed based on equation 7.25.

AH = K* (V,%/2g) (7.25)
where:
K*=245A,-A7 (7.26)
and:
AH = Head (energy) loss [m]
K:* = head loss coefficient based on velocity through screen
A, = Arearatio=AyA=1-A/A
A, = Blockage surface area of the screen bars (including debris blockage where
applicable and that part of the screen not directly impacted by the outlet jet) (m?)
A, = Net flow area through screen that is in direct alignment with the outflow jet (i.e.

excluding bars, debris and any non-effective flow area of the screen)
A = Gross flow area at the screen, A=A, + A, (mz)
V, = flow velocity through the partially blocked screen (m/s)
Vs = surface flow velocity well downstream of the screen (m/s)
g = acceleration due to gravity (9.80 m/s?)

Technical note 7.16.1

Equation 7.25 has been developed from the original recommendations of US Bureau of
Reclamation (1987). The coefficients are generally higher than those recommended by
researchers such as Miller (1990) but are considered to provide more realistic values for heavily
blocked screens. The coefficients provided by equation 7.26 for a ‘clean’ screen (say A, < 0.2) are
however comparable with those recommended by Miller. A detailed discussion on screen losses is
provided in section 12.5.6 of this Manual.

7.16.15 Hydraulic grade line (pipes flowing partially full)
For established flow in a pipe running partially full the HGL will correspond with the water surface.

At the upstream end of a pipe reach at a structure the position of the HGL and water surface will
depend upon the depth of flow in the downstream pipe and the head loss occurring at the
structure.

The following procedure is commonly used to determine the HGL and water surface at the
structure.

Queensland Urban Drainage Manual Provisional edition, 2013 7-90




Manhole

Point ‘Sy’

Point ‘S’

| DN

P

L= HGL Case B

Assumed HGL if pipe HGL + structure loss > pipe obvert

Figure 7.16.23 — HGL determination for pipes flowing partially full

Configuration 1: Straight through line

(a) Determine HGL at the entry to the outlet pipe (location ‘S’) for pipe running partially full.

(b) Add structure loss (K,.V,%2g) where V, is the velocity in the downstream pipe running

partially full and K, = 0.5.

(c) Case A: If the calculated HGL at the structure is less than the obvert level of the outlet
pipe (location S;) adopt the calculated HGL as the HGL.

— HGL Case A

Case B: If the calculated HGL at the structure is greater than the obvert level of the outlet

pipe (location S;) then assume that the downstream pipe is running full at the
outlet from the structure. A revised HGL at the structure should then be

determined using the appropriate head loss chart based upon the velocity in the
downstream pipe running full, and with the structure loss added to the level of

the obvert of the outlet pipe (location S)

Other configurations:

A similar procedure should be used for the determination of the HGL except that in assessing the

trial HGL in Step (b) the following values (Table 7.16.10) of K, are recommended.

Table 7.16.10 — Trial values of K, for use in determining HGL under partially full flow

conditions

Configuration Ky
Straight through line 0.5
Change of direction: 0° to 45° 0.75
Change of direction: 46° to 90° 1.0
Multiple pipe 1.0
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Determination of water surface in the structure:

It is recommended that the water surface in the structure be determined using the above procedure
for establishing HGL in the downstream pipe, then proceeding as follows:

e Where the calculated HGL at the structure is below obvert of outlet pipe, adopt WSE = HGL.

e Where the calculated HGL at the structure is above the obvert, adopt the obvert (point S4) as
the starting point and add the value of Ky. V,%/2g determined from the appropriate design chart,
based upon the velocity in the downstream pipe running full.

7.16.16 Plotting of HGL on longitudinal section

It is recommended that the HGL be plotted on the longitudinal section. The plotted HGL should
normally be for the AEP for which the pipe system is designed.

Where different design AEPs have been adopted for separate parts of the system, the HGL
appropriate to that part of the system should be plotted. This may occur in a system where, for
example, the upper reaches are designed for 39% AEP (1 in 2 years) and the lower reaches are
designed for 1% AEP because of the occurrence of a trapped sag or the like.

7.16.17 Equivalent pipe determination

Where multiple pipes or combinations of pipes and box culverts occur at a drainage structure the
following procedure may be used for the determination of head losses:

_ FTS' LOS (7.27)
] Q)]

e

v - Q)
¢ >Q, (7.28)

Where pipes only are involved, equations 7.27 and 7.28 may be expressed as follows:

D, = XQ,
e [2 (an / Dnz)]o.s (7.29)
2
v, =429 o iz[%}i (7.0
7 D, z~ D, ) ZQ,
where:
V. = Equivalent flow velocity
D, = Equivalent pipe diameter
D, = Diameter of pipe n’
Q, = Flow for pipe n’
V., = Flow velocity for pipe ‘n’ (based on pipe flowing full)
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8.1 Introduction

The design of stormwater outlets can attract significant public and council attention; consequently
their design usually needs to satisfy a range of diverse and sometimes conflicting requirements.
The relative importance of each design requirement will vary from site to site. Designers should
consult with the local government on the preferred location, design and layout of stormwater
outlets prior to commencement of detailed design.

This chapter commences with a discussion on the selection of tailwater levels for the hydraulic
analysis of stormwater pipes commencing at their outlets. Following this is a discussion on the
design of tidal and non-tidal outlets, the use of backflow control devices, and the design of outlet
energy dissipaters.

8.2 Factors affecting tailwater level

8.2.1 Contributing factors

The starting water level used in the hydraulic analysis of stormwater drainage systems may be
influenced by the following factors:

e tidal variations

e storm surge

e wave setup

e climate change

e coincident flooding (refer to section 8.3.4)

e superelevation of channel water surface (refer to section 9.3.6 (c)).

_HAT

_MHWS

_MHWN
MSL

_MLWN
_MLws

Note: AHD and MSL may not _LAT

correspond at a given location

Figure 8.1 — Tidal variations

8.2.2 Tidal variation

Annual tide tables published by the Queensland Government predict tide levels throughout the
year and define the average levels of the tidal planes at standard ports and secondary places
along the Queensland coast.
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Care must be taken when referencing these tide tables to correctly translate the quoted levels from
their local Low Water Datum to the survey datum used for the drainage design (normally AHD).

It should be noted that tide tables do not predict actual sea levels. Actual sea levels are the result
of a combination of the above factors. Therefore, HAT (Highest Astronomical Tide) does not
represent the likely highest possible sea level (refer to the Glossary for the definition of terms in
Figure 8.1).

8.2.3 Storm surge

A storm surge (or ‘meteorological tide’) is an atmospherically driven ocean response caused by
extreme surface winds and low surface pressure associated with severe weather conditions,
usually cyclones. Strong offshore winds can generate significant ocean currents. When these
currents approach a barrier such as a shoreline, sea levels increase (‘wind setup’) as the water is
forced up against the land. The low atmospheric pressures associated with cyclones can also raise
sea levels well above predicted tide levels.

Storm induced wave action can produce both a ‘wave setup’ (a rise in mean sea level as waves
approach a shoreline) and ‘wave run-up’. Wave run-up is generally not considered in the selection
of tailwater level; however, both the actions of wave run-up and wave splash (carried by onshore
winds) can significantly influence local flooding.

When a storm surge and wave setup are combined with the normal astronomical tide the resulting
mean water level (MWL) reached is called the ‘storm tide level’.

Designers should note the following issues:
e Predicted storm surge elevations along the Queensland coastline can vary significantly.

e A storm surge is more likely to be associated with a long duration storm event such as a
cyclone.

e The existence of a storm surge is highly probable during peak flooding of large creeks and
small rivers. However, it is likely the effects of storm surge would have passed before the flood
peak is reached in a large river system (e.g. a river with a time of concentration of days, not
hours).

e A storm surge will likely be coincident with the peak outflow from occasional minor and major
storm events on minor drainage systems and small creeks.

It is recommended that designers confer with the local government in order to determine an
appropriate tailwater level for piped and open channel outfalls to tidal waterways. The Queensland
Government provides information on predicting surge levels along the Queensland coast.

8.2.4 Wave setup

Wave setup is defined as the superelevation of water levels due to the onshore movement of water
by wave action alone. Wave setup is the change in mean water level due to wave action. It is not
the actual wave height. It may occur during, or in the absence of, a storm event.

Wave setup is likely to occur during severe storms and should be incorporated into the storm surge
prediction for coastal waters.

Wave setup can also occur on large water bodies such as lakes. Consideration should be given to

the likely water level increase caused by wave setup when nominating the starting water level in
large lakes; however, this is only likely to be in the order of a few centimetres.
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Guidelines for the determination of wave setup may be obtained from U.S. Army Corps of
Engineers (1984).

8.2.5 Climate change

Designers should consider the impact of climate change. Predictions of the possible effect on sea
level and other effects are given in the International Panel on Climate Change 4th Assessment
Report, IPCC 2007; CSIRO & Australian Greenhouse Office 2006; CSIRO & Bureau of
Meteorology 2007; and Engineers Australia 2011.

Sea level rise considerations need to take account of both a rise in mean sea level, as well as a
potential rise on storm surge. The NSW Department of Environment Climate Change and Water
2010 reports potential sea level rise, relative to 1990, of 0.4 m by 2050 and 0.9 m by 2100. CSIRO
& Bureau of Meteorology 2007 reports a potential increase in storm surge of 0.3 m for the 1 in 100
year event for the Cairns region in addition to any mean sea level rise.

Designers should ensure they are familiar with the latest design/research information and should
consult with the relevant local government.

8.3 Selection of tailwater level

8.3.1 Tailwater levels for tidal outfalls (oceans and bays)

Designers should confer with the relevant local government to establish an appropriate tailwater
level for the design of stormwater outfalls discharging to oceans or bays. Consideration should be
given to the joint probability of occurrence of the design storm, tide level and storm surge together
with an allowance for climate change.

Whilst it is not possible here to provide specific recommendations, some suggested levels are
provided in Table 8.3.1. These suggestions should in no way replace the need to confer with the
local government and for the application of sound engineering judgement.

Table 8.3.1 — Suggested tailwater levels for discharge to tidal waterways

Design condition Design tailwater level "
Minor storm 12! In the range: MHWN to MHWS
Major storm 2 In the range: MHWS to HAT
Climate change Additional 0.3 m (minimum) ©!

Notes (Table 8.3.1):

[1] The start HGL adopted for design should be determined in accordance with the rules detailed under
Ouitfall generally in section 7.16.5(a) of this Manual.

[2] Designers should also examine the effect of increased tailwater level resulting from climate change.

[3] For new developments, the local government may determine appropriate minimum floor and/or site
filling levels taking into account the predicted impact of climate change.

It is noted that the design capacity of the underground drainage system will be reduced when the
water level exceeds the design tailwater for the minor storm. This reduction in the capacity of the
underground system needs to be taken into account when determining the flow capacity for the
drainage system.
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8.3.2 Tailwater levels for tidal outfalls (rivers and creeks)

Designers should confer with the relevant local government to establish an appropriate tailwater
level for the design of stormwater outfalls to tidal waterways. Consideration should be given to the
joint probability of occurrence of the design storm, tide level (at the outfall), storm surge and
coincident flooding together with allowance for the potential effects of climate change.

The potential impact of coincident flooding (flood surcharge) on design tailwater levels is discussed
in section 8.3.4.

8.3.3 Tailwater levels for non-tidal outfalls

The design of a drainage systems which discharges to a non-tidal outfall, e.g. a lake, open
channel, creek or river, needs to take into account the expected tailwater level in the receiving
waters.

In cases where the tailwater level is not affected by stormwater runoff from an external catchment,
e.g. in a detention basin or an open channel receiving water from only the subject drainage
system, the tailwater level should be determined in accordance with (a) and (b) below.

In cases where the tailwater level is affected by stormwater runoff from an external catchment, the
critical design situation for surcharging of the drainage system may occur when the flow rate in the
drainage system is less than the design flow rate. In such cases, the critical tailwater level and the
drainage discharge should be determined by an investigation of the joint probabilities of flooding in
both the subject drainage system and its receiving waters. Suggested procedures for assessing
coincident flooding are provided in section 8.3.4.

In situations where the catchment area of the receiving waters is relatively large in comparison with
the catchment area of the drainage system, it may be appropriate to treat the two waterways as
independent drainage systems.

(a) Outlet to lakes and dams

Design tailwater levels for outfalls discharging into large lakes may need to consider the effects of
‘wave setup’ as discussed in section 8.2.4 as well as potential seasonal variation in water level.

As a design storm event is likely to occur following a period of consistent rainfall, it is reasonable to
assume that the lake or dam will be at or approaching full capacity at the time the design storm
occurs. The starting HGL for the design storm should therefore be set at the overflow level of the
lake or dam (e.g. crest of the emergency spillway) or at a level above the overflow level consistent
with the calculated total inflow to the storage.

Note that under certain circumstances, the starting HGL may be lower than that discussed above.
For example, where the AEP of design storm for the side catchment is low (e.g. 1 in 2 years) and
the lake is large; thus the lake may or may not be full. In such cases the starting HGL should be
determined in consultation with the relevant local government.

(b) Outlets to detention/retention basins

It is usual for a detention basin to be designed and checked for a number of storm events. The
starting HGL level for the design AEP of the pipe system should be determined by analysing the
detention basin for the same AEP as the pipeline being designed. If other pipe systems contribute
and have catchment characteristics vastly different to those for the system being designed, then
the designer must consider the behaviour of the system as a whole.
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8.34 Coincident flooding

Water levels within receiving waters may be affected by flood flows passing down the receiving
waterway. The severity of this coincident flooding will depend principally on the ratio of the time of
concentration of the side channel/drain relative to that of the receiving waterway.

Various procedures which permit the assessment of the most critical combination of flow and
tailwater are described below. The appropriate maximum tailwater derived after consideration of
each procedure should be adopted.

Consideration should also be given to the rules for determining starting HGL as detailed in section
7.16.5 of this Manual.

The following procedures are based on Carroll (1990).

(a) Simplified rational method for discharge to smaller creeks

To determine the critical combination of tailwater level and stormwater discharge (Qs), check both
cases (i) and (ii) below and where appropriate, any additional intermediate cases. The tailwater

level should be based on the combined channel flow rate (Qgompineq)-

Subscripts ‘s’ and ‘m’ refer to the ‘side drain’ or stream and ‘main stream’ respectively as shown in
Figure 8.2.

Catchment ‘M’ 120 min
(t;, = 150 min)

150 min
90 min

60 min

-<—|[sochrone

> 70 min
Q ‘ 30 min 60 min Catchment ‘S’
(tes = 70 min)
Figure 8.2 — Example catchment showing side drain and main catchment
(i) Case with rainfall intensity corresponding to time of concentration for side drain.
Qcombined = Qs + Qm (81)
where: Qs =Cs. 5. Ag (8.2)
Qn = Cp. ls. Ay (tes/tcm) (8.3)
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In this case Q,, is the flow in the main stream occurring when the peak in the side drain Q;
takes place.

(i) Case with rainfall intensity corresponding to time of concentration of main stream.

Qeombined = Qs + Qm (8.4)
where: Qs =Cs. |l . A (8.5)
Qn=Cn.ln.An (8.6)
In this case Qs is the flow in the side drain occurring when the peak in the main drain Q,,
takes place.
Example:

Determine the critical combination of discharge and tailwater for a design AEP of 2% (1 in 50 year)
for discharge from the side drain under the following circumstances.

s:rtac;r:t‘:'r‘; A (ha) Cso t. (min) | 5o (mm/hr)
Side drain 5 0.87 12 200
Main stream 500 0.82 120 90
Case (i) Case (ii) Intermediate

Qs 242 1.09 1.84
Qm 22.78 102.50 31.74
Qoombined 25.20 103.59 33.58
Tailwater level 12.0 14.2 12.3
Stream bed level at outfall R.L. 10.00

Side drain invert level R.L. 10.50

Side drain obvert level (say) R.L.11.70

The intermediate case considered above has been assessed for t, = 22 min.
(b) Hydrograph procedure for non-tidal creeks and rivers

Step 1 Using an appropriate runoff/routing model determine the runoff hydrographs for the main
and side catchments using the critical design storm duration for the side catchment.

Step 2 From the hydrograph for the main catchment read the discharge in the main stream at the
time corresponding to the peak in the side drain. Determine the tailwater level in the main
stream for this discharge and undertake backwater analysis in the side drain for this
tailwater level and the side drain peak discharge.

Step 3 From the hydrograph for the side catchment read the discharge in the side drain at the
time corresponding to the peak in the main stream. Determine the tailwater level in the
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Step 4

Step 5

main stream at the peak discharge and undertake backwater analysis in the side drain for
this tailwater level and corresponding discharge in the side drain.

Repeat the above analysis for the critical design storm for the receiving waterway, and for
intermediate storm periods if appropriate. If the receiving waterway has a time of
concentration significantly larger than the side catchment, then it may be reasonable to
consider only the critical design storm duration of the side catchment.

Adopt the envelope of the highest calculated backwater profiles in the side drain. The
designer should consider an appropriate range of coincident flood levels.

(c) Quick IFD method

This met

hod is useful in providing a quick result and an indication of the ARI of the corresponding

events. It is similar to procedure (a) above and it is not intended to replace more rigorous
procedures such as (b) above.

PART 1:

Step 1

Step 2
Step 3

Step 4

Step 5

Step 6

Step 7

PART 2:

Step 8

Step 9

Step 10

Step 11

Plot the point corresponding to the design ARI and ;s for the side drain on the IFD
curves (Figure 8.3) for the location in question.

Calculate the peak discharge for the side drain for the design ARI.
Calculate the total rainfall depth in mm that has fallen on the side catchment in period ts.

Determine the rainfall intensity applicable to the main catchment by application of the
same depth over the period ¢,

Calculate the peak discharge for the full area of the main catchment for the intensity
determined in Step 4 and determine the applicable tailwater level for the combined peak
discharges.

Plot the point on the IFD curves for the intensity determined in Step 4.

The ARI determined in Step 6 is an indication of the ARI of the discharge in the main
stream corresponding to the design ARI for the side drain.

Plot the point on the IFD curve (Figure 8.3) corresponding to t.,, and I, for the main
stream, for an appropriate main stream ARI.

Draw a horizontal line, i.e. constant intensity to intersect the IFD curve at t, for the side
drain. Note the ARI.

Calculate peak discharge for both catchments for intensity I,, and determine tailwater
level for combined discharges.

Carry out backwater analysis for the side drain discharge and tailwater level determined
in Step 10.
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Step 12 The ARI determined in Step 9 is an indication of the ARI of the discharge in the side

drain corresponding to a selected rarer event in the main stream.

500 |- I-F-D Data
B Brisbane Airport
200 |- Side drain ARI = approx. 1 year (Part 2)
ls = 141 f=—= ==
= § S \ Main stream ARI = 1 year (Part 1)
€ YF NN
E FIm=235 1 >
b 20 | I_ ‘b
5 F | |
b= - ARI 100
£ E = | | ARI 50
:fF £ & hE
s I < | §| ARI 5
‘s 2 no 1 ARI 2
12 9 E| ARI1
1 Ll II 1 I| Ll 1l 11l I I 1 Ll 111 II 1 1 L1 1111 I 1
01 02 05 1 2 5 10 20 50 100 200

Duration (hours)

Figure 8.3 — Intensity-frequency-duration plot (Brisbane Airport)

Example: PART 1
Side drain ARI = 10 years
t.s = 20 minutes
Is = 141 mm/h
Rainfall depth = 47 mm
tem = 2hr
I, = 23.5mm/h
Main stream ARI = 1 year
PART 2
Main stream ARl = 50 years
l, = 62 mm/h
Side drain ARI = approximately 1 year

8.4 Design of tidal outlets

Works constructed in tidal a