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Disclaimer 

This is not a stand alone drainage design manual. The following information is presented only 
as an overview of the Queensland Urban Drainage Manual (Department of Energy and Water 
Supply, 2013). 

No warranty or guarantee, express, implied, or statutory is made as to the accuracy, reliability, 
suitability, or results of the methods or recommendations. 

The author shall have no liability or responsibility to the user or any other person or entity with 
respect to any liability, loss, or damage caused, or alleged to be caused, directly or indirectly, by 
the adoption and use of any part of the document, including, but not limited to, any interruption 
of service, loss of business or anticipatory profits, or consequential damages resulting from the 
use of the document. 

Specifically, adoption of the recommendations and procedures presented within this field guide 
will not guarantee: 

 compliance with the Queensland Urban Drainage Manual 

 compliance with any statutory obligations 

 compliance with any local government drainage codes or regulations 

 compliance with specific water quantity or quality objectives. 
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Purpose of this field guide 

This is not a stand alone drainage design manual. The following information is presented for 
training and reference purposes only. 

The document represents only the author’s opinion. It is not a government document or 
government endorsed publication. 

This field guide has been prepared specifically to: 

 assist stormwater practitioners to locate specific topics within the 2013 ‘provisional’ edition 
of the Queensland Urban Drainage Manual 

 provide a training guide for persons new to the stormwater industry and those unfamiliar to 
the contents of the Queensland Urban Drainage Manual 

 provide a pictorial guide to the Queensland Urban Drainage Manual. 

The photos presented within this document are intended to represent the topic currently being 
discussed. These photos are presented for the purpose of depicting either a preferred or 
discouraged outcome (as the case may be). Some photos do not represent current best 
practice, but are simply the best photo available to the author at the time of publication. 

The caption and/or associated discussion should not imply that the actual site shown within the 
photograph represents either good or bad stormwater practice. The actual circumstances, site 
conditions, and history of each site are not known in each case, and may not be directly relevant 
to the issue being discussed. There may in fact be a valid reason why the design shown in the 
photo was chosen by the stormwater designer. 

About the author 

Grant Witheridge is a civil engineer with both Bachelor and Masters degrees from the University 
of NSW (UNSW). He has over 30 years experience in the fields of hydraulics, creek engineering 
and erosion & sediment control, during which time he has worked for a variety of federal, state, 
local government and private organisations. 

Grant is the principal editor of the 2007 and 2013 editions of the Queensland Urban Drainage 
Manual, as well as various publications on creek engineering and erosion control practices. 

Introduction to the Queensland Urban Drainage Manual (QUDM) 

The Queensland Urban Drainage Manual (QUDM) was originally prepared for the purpose of 
assisting engineers and designers in the planning and design of urban stormwater systems. 

QUDM was initially released in 1992 as a two-volume, hard-copy publication. In 2007 a revised 
(2nd) edition of Volume 1 was released electronically. In 2008 a slightly modified version of the 
document was released on CD-ROM with scanned images of the Volume 2 design charts. In 
2012 a revision of QUDM was commenced in response to the recommendations of the 
Queensland Floods Commission of Inquiry. 

The Queensland Urban Drainage Manual is not a stand-along guideline to urban stormwater 
management; rather it is a document that must be read in association with various other 
stormwater-related guidelines used throughout Queensland. 

QUDM is not intended to act as a floodplain management manual. Its association with 
floodplain management extends only to the recommendation of design standards (flood 
immunity) for cross drainage structures such as waterway culverts. These standards do not 
necessarily apply to flood evacuation routes. 

The hydrologic procedures presented in QUDM are considered appropriate for small 
catchments of up to 500 hectares. These procedures are not appropriate for the assessment of 
river flooding. 

QUDM requires professional interpretation and judgement to ensure the recommendations are 
appropriately adapted to local conditions. Specifically, QUDM is not a recipe book for persons 
acting outside their field of competence or experience. 

Users of QUDM and this pictorial overview must make informed decisions regarding the extent 
to which both documents can be applied to a given situation, including appropriate 
consideration of local conditions and local data. 
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Chapter 1 
 

INTRODUCTION 
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Chapter 1 – Introduction 

 

Section 1.1 – Use of manual 

 This section outlines the intended role the 
Queensland Urban Drainage Manual 
(QUDM) should play in drainage design. 

 QUDM should not be treated as a ‘recipe 

book’. 

 Application of the document requires 
professional interpretation and judgement, 
especially in regards to its integration into 
local conditions. 

 The hydrologic procedures are generally 
applicable to catchments up to 500 ha. 

Queensland Urban Drainage Manual 

 

Section 1.2 – Regional factors 

 Different communities across Queensland 
have different expectations of acceptable 

drainage standards. 

 Various regional guidelines exist across 
the State that supersede this document. 

 Consideration must be given to regional 
climatic factors and varying soil conditions. 

 There are also varying degrees of 
community acceptance of the principles of 
Water Sensitive Urban Design. 

Regional variation in urban systems 

 

Section 1.3 – Objectives of urban 
stormwater management 

The following objectives are based on the 
National Water Quality Management Strategy. 

 Protect and/or enhance receiving waters 

 Limit flooding to acceptable levels 

 Community healthy and safety 

 Principles of water sensitive urban design 

 Integration of stormwater systems into the 
natural and built environments 

 Acceptable social and economic cost 

 Enhanced community awareness 
National Water Quality Strategy 

 

Section 1.4 – Integrated catchment 
management (ICM) 

 ICM is a holistic approach to natural 
resource management; it involves: 

 the integration of social, economic and 
environmental issues 

 coordination of all the agencies, levels 
of government and interest groups 

 community consultation and 
participation 

 consideration of the hydrologic, 
geomorphologic, ecologic, soil, land 
use and cultural issues. 

Integrated catchment management 
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Chapter 1 – Introduction 

 

Section 1.5 – Total Water Cycle 
Management (TWCM) 

 Stormwater runoff is an important 
component of the total water cycle. 

 TWCM recognises that: 

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

 management practices and 
infrastructure planning must integrate 
all components of the water cycle. 

Water cycle 

 

Section 1.6 – Best practice floodplain 
management 

 QUDM is not intended to act as a 
floodplain management manual. 

 Guidance on floodplain management 
issues can be found within the National 
Floodplain Management in Australia – 
Best Practice Principles and Guidelines 

(SCARM Report 73). 

 Note; the above mentioned document is 

currently (2013) being updated. 

Floodplain Management in Australia 

 

Section 1.7 – Ecological sustainable 
development (ESD) 

 The precautionary principle should apply 
to stormwater planning—meaning a lack 
of scientific certainty should not be used 
as a reason for postponing measures to 
prevent environmental degradation. 

 Inter-generational equity should aim to 
prevent problems being passed onto 
future generations. 

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

Integrated urban development 

 

Section 1.8 – Water sensitive urban design 
(WSUD) 

 Protection of existing natural features. 

 Maintenance of natural water cycle. 

 Protection of water quality. 

 Reduced demand on potable water 
supply. 

 Minimal release of sewer overflows. 

 Integration of stormwater systems into the 
landscape to enhance visual, social, 
cultural and ecological values. 

Water sensitive drainage measures 
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Chapter 1 – Introduction 

 

Section 1.9 – Erosion and sediment control 

 Recognised importance of minimising 
sediment released to urban streams. 

 Recognised importance of temporary 
erosion and sediment control measures 
during the civil works and the building 
phases of urban development. 

 Recognised importance of temporary 
sediment control measures during the 
building phase of new development for the 
protection of newly constructed permanent 
stormwater treatment systems. 

Building site sediment controls 

 

Section 1.10 – Best management practice 

 The adoption of current best management 
practice (BMP) is required to ensure the 
delivery of acceptable stormwater 
management systems. 

 Important to continually assess proposed 
stormwater systems and design standards 
against measures currently used 
nationally and internationally. 

 BMPs for stormwater treatment rely on a 
diversity of measures and the adoption of 
a ‘treatment train’ approach. 

Stormwater retention basin 

 

Section 1.11 – Principles of stormwater 
management 

1.11.1  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 should be on volume control and 
the infiltration or evaporation of stormwater to 
maintain the natural rainfall losses. 

Rooftop garden 

 

(ii) Identify and control the primary sources 
of stormwater pollution, including: 

 sediment runoff from building and 
construction sites 

 road runoff, primarily from areas of 
heavy braking (re. brake pad dust) and 
turning (re. tyre wear), and car parks 
(re. oil drips) 

 stormwater runoff from commercial and 
industrial areas 

 stormwater runoff from residential 
areas, especially directly connected 
impervious surfaces. 

Sediment runoff 
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Chapter 1 – Introduction 

 

Section 1.11 – Principles of stormwater 
management (1.11.1 cont.) 

(iii) Develop stormwater systems based on a 
preferred management hierarchy, that 
being: 

1. Retain and/or restore valued elements 
of the natural drainage system. 

2. Implement source control measures 
using non-structural techniques. 

3. Implement source control measures 
using structural techniques. 

4. Install in-system constructed 
management techniques. 

‘Before’ and ‘after’ drain rehabilitation 

 

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

 Diversity of treatment measures 
throughout a catchment. 

 Adoption of a ‘treatment train’ approach 
utilising primary, secondary and tertiary 
treatment systems. 

 Resilient treatment systems that do not 
experience total failure upon the failure of 
any individual system.  

Regional stormwater treatment system 

 

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 

 It is important to note that property 
flooding can result from overland flows 
even if a property is above the ‘probable 
maximum flood’ (PMF) level. 

Overland flow along footpath 

 

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

 A primary focus of recent state 
government initiatives is the task of 
improving the State’s resilience to severe 
storms and floods. 

 Stormwater designs should not be limited 
to just the minor and major storm, but 
should also consider the impacts of 
severe storms. 

Damage from severe storm, Brisbane 
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(iii) Preserve the alignment and capacity of 
major drainage corridors such as 
waterways and major overland flow paths 

 A large part of urban drainage design 
focuses on the design and management 
of overland flow paths, particularly major 
overland flow paths. 

 These drainage corridors require 
sufficient land allocation, and must be 
recognised during the planning of new 
urban developments. 

 Natural waterway corridors should be 
retained through urban landscapes. 

Retention of natural waterway corridor 

 

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 

 Establish and maintain a safe, affordable 
and socially acceptable level of urban 
drainage and flood control. 

 Minimise dangerous waters. 

 Minimise the risk of injury to public and 
maintenance personnel. 

Stormwater inlet safety screen 

 

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. 

 Where practical, surround impervious 
surfaces with porous surfaces such as 
gravel beds, lawns and gardens. 

Indirect connection of impervious drains 

 

(ii) 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. 

 Where circumstances allow, urban 
stormwater can be used to recharge 
aquifers. 

 Retention of the natural stormwater 
drainage system provides social, 
environmental and economic values. 

Stormwater harvesting 
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Section 1.11 – Principles of stormwater 
management (1.11.4 cont.) 

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

 The focus of stormwater management 
includes consideration of aquatic health, 
environmental flows, channel stability 
and the protection of riparian values. 

 Preservation of natural drainage 
corridors. 

 Recognition of the benefits provided by 
riparian zones. 

Retention of natural streams 

 

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. 

 Large receiving water bodies benefit from 
pollutant removal during all storms. 

 Minor receiving water bodies benefit 
more from pollutant removal during minor 
storms, i.e. ‘the lower the flow the cleaner 
the required stream inflow’. Sediment runoff during minor storm 

 

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

 Waterways often represent the most 
important wildlife corridors within urban 
landscapes. 

 Significant benefits are gained form the 
development of a city-wide Wildlife 
Corridor Plan. 

 Urban waterways can also represent 
important vegetation conservation areas. 

Urban waterway and wildlife corridor 

 

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). 

 It is important to choose stormwater 
systems that have sustainable capital 
and maintenance costs. 

Affordable capital and ongoing costs 
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Section 1.11 – Principles of stormwater 
management (1.11.6 cont.) 

(ii) Ensure adopted stormwater management 
systems are sustainable, including: 

 safety for operating personnel 

 availability of necessary maintenance 
equipment 

 the expected technical knowledge of 
the asset managers, especially for 
systems retained in private ownership 

 the provision of suitable access for 
maintenance. 

Sediment ponds with maintenance access 

 

(iii) Ensure appropriate protection of 
stormwater treatment measures during 
the construction phase. 

 Stormwater treatment measures, 
especially filtration and infiltration 
systems, need to be protected during the 
construction and building phases of 
urban development. 

 Coarse sediments can block infiltration 
systems. 

 Fine sediments can block subsoil 
drainage systems. 

Sediment protection during construction 

 

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

 Engage the community in the 
development of parameters for the 
design and evaluation of stormwater 
management solutions. 

 Stormwater planning needs to consider 
expected changes in community values 
and standards over the life of the 
structure. 

 Important to maintain inter-generational 
equality. 

Public information noticeboard 

 

Community participation helps to:  

 Identify strategies that are responsive to 
community concerns. 

 Explore problems, issues, community 
values and alternative strategies openly. 

 Increase public ownership and acceptance 
of proposed solutions. 

 Generate broader decision making 
perspectives that are not limited to past 
practices or interests. 

 Reflect the community’s life style values 
and priorities. 

Community action groups 
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Chapter 2 
 

STORMWATER PLANNING 
 

The purpose of this chapter is to assist local governments in the development of an integrated 
set of management actions to ensure the delivery of a holistic Stormwater Management 
Strategy 
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Chapter 2 – Stormwater Planning 

 

Section 2.1 – General 

 Successful long-term outcomes depend 
on effective stormwater planning. 

 Stormwater planning within a local 
government can exist on three levels: 

 Area wide Stormwater Management 
Strategy 

 Catchment-based Stormwater 
Management Plans 

 Site-based Stormwater Management 
Plans 

Stormwater planning document 

 

Section 2.2 – Stormwater Management 
Strategy 

 A Stormwater Management Strategy may 
be used to: 

 Assist in development of stormwater 
quality management plans. 

 Guide authorities in planning, designing 
& operating stormwater infrastructure. 

 Assist in the uptake of water sensitive 
urban design concepts. 

 Guide local authorities in the integration 
of stormwater issues into other planning 
schemes. 

Fig 2.1 Stormwater planning 

 

Section 2.3 – Stormwater Management 
Plans (SMPs) 

 Stormwater Management Plans 
incorporate both water quantity and quality 
planning—these plans combine: 

 Flood studies 

 Master drainage plans 

 Stormwater quality management plans 

 Infrastructure planning  

 Stormwater Management Plans may 
attract the interest of more than one state 
government department. 

Stormwater management plans 

 

Section 2.4 – Flood studies and floodplain 
management plans 

 These plans focus is on creek and river 
flooding, unlike Master Drainage Plans, 

which generally focus on overland flows. 

 These investigations are essential for the 
planning of catchment-wide stormwater 
detention and retention measures. 

 Flood studies should integrate with 
Waterway Corridor Mapping and 
Floodplain Management Plans to develop 
an envelope of minimum floodway corridor 
widths for the control of new development. 

Creek flood damage (Brisbane 1974) 
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Chapter 2 – Stormwater Planning 

 

Section 2.5 – Master drainage plans 

 Master Drainage Plans focus on local sub-
catchments affected by flooding from 
overland flow paths and creeks. 

 Outcomes can include: 

 local flooding controls 

 relief drainage plans 

 stormwater detention and retention 
planning, including on-site detention 

 stormwater quality treatment measures 
(not always included in these local 
planning schemes). 

Property inundation flood risk map 

 

Section 2.6 – Urban stormwater quality 
management plans (USQMPs) 

 Essential content of these plans has been 
defined by the Department of Environment 
and Heritage Protection (EHP). 

 Used to identify actions that will improve 
the environmental management of urban 
stormwater and to protect environmental 
values of receiving waters. 

 Site-based Stormwater Quality 
Management Plans are prepared by land 
developers—these plans address long-
term on-site stormwater quality issues. 

Site-based stormwater quality plans 

 

Section 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. 

 These plans are required when an 
authority intends to levy infrastructure 
charges for ‘trunk’ elements of a drainage 
system. 

 In other words, councils must first 
demonstrate clear planning of stormwater 
infrastructure before setting a levy. 

Construction of drainage system 

 

Section 2.8 – Infrastructure charges 
schedules 

 Before an infrastructure charge is set, the 
item must be identified in an infrastructure 
charges schedule. 

 The schedule must state either or both: 

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

 thresholds—the thresholds for providing 
the trunk infrastructure forming part of 
the network. 

Infrastructure charges 



           

© Catchments & Creeks Pty Ltd V3, June 2013 Page 17 

Chapter 2 – Stormwater Planning 

 

Section 2.9 – Associated mapping and 
planning schemes 

2.9.1 Soil maps 

 Soil maps can assist in the development 
of Stormwater Quality Management Plans. 

 For example: 

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

 the preferred stormwater treatment 
measures may vary according to the 
soil’s infiltration capacity. 

Soil map of Brisbane 

 

2.9.2 Wildlife corridor maps 

 Wildlife corridor maps identify essential 
terrestrial and aquatic movement corridors 
that link wildlife habitat and breeding 
areas.  

 These maps are generally influenced by 
the development of Waterway Corridor 
Maps, which also influence the 
preparation of Floodplain Mapping and 
Stormwater Management Plans. 

 In urban areas, waterway corridors often 
act as important wildlife corridors. 

Wildlife corridor map 

 

2.9.3 Waterway corridor maps 

 Waterway corridor maps can identify: 

 corridors required for aquatic habitat 

 waterways required for fish passage 

 waterways required for terrestrial 
movement 

 minimum waterway corridor widths 
(typically defined as 30, 60 and 120 m) 

 minimum desirable riparian widths 

 Ramsar listed wetlands. 

Waterway catchment plan 

 

2.9.4 Catchment management plans 

Catchment Management Plans may address a 
wider range of issues, including: 

 land use needs, often focused on open 
space requirements 

 community needs, such as community 
education 

 flora and fauna needs, including 
catchment and inter-catchment 
corridors 

 other threats to sustainable land use 
and/or conservation needs such as 
weed control. 

Catchment management plan 
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Chapter 3 
 

LEGAL ASPECTS 
 

This chapter contains general information on the main legal issues relevant to stormwater and 
drainage. It does not purport to provide specific legal advice. Where particular stormwater or 
drainage works are proposed, a specific due diligence assessment should be made to identify 
the particular legal requirements applicable to the project. 
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Chapter 3 – Legal Aspects 

Section 3.1 – Where legal issues might 
arise 

 Legal disputes are most commonly 
associated with actual or perceived 
changes in stormwater runoff. 

 Urban development can change the 
location, volume, rate, frequency, duration, 
velocity and quality of stormwater runoff. 

 Safety issues around stormwater 
structures are becoming and increasing 
component of legal disputes. 

Section 3.2 – Nuisance at common law 

 Drainage disputes are generally a matter 
of ‘common law’. 

 Unfortunately, common law issues are not 
commonly understood and often require 
legal advice to resolve. 

 A person or organisation may be liable 
under common law principles for nuisance 
where there has been an unreasonable 
interference with a person’s use or 
enjoyment of their land. 

Section 3.2 (a) 

 Gartner v Kidman (1962) 108 CLR 12 
often forms the leading precedence. 

 In effect, an up-slope property owner must 
take reasonable steps to manage their 
stormwater runoff in a manner that allows 
the down-slope property owner to enjoy 
the ‘normal’ use of their land. 

 Also, the down-slope property owner must 
manage their property in a manner that 
allows the up-slope property to enjoy the 
‘normal’ use of their land. 

Section 3.2 (b) 

For example: 

 It would not be considered reasonable for 
a property owner to prevent an adjacent 
property owner from constructing a 
boundary fence on the ground that it may 
alter the natural flow of stormwater runoff. 

 However, while building a boundary fence 
the property owner must take reasonable 
care (regarding the fence design) to 
minimise any nuisance caused to other 
persons or properties. 

Section 3.2 (c) 

Gartner v Kidman (1962) 108 CLR 12 outlined 

the following principles. 

1. The person from whose land the water 
flows is not liable merely because surface 
water flows naturally from that person's 
land onto another person’s land. 

2. The up-slope landowner may be liable if 
water flows from their land in a more 
concentrated form than it naturally would 
due to man-made alteration of the level or 
conformation of land. 

3. The up-slope landowner 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. 

4. A nuisance will not arise where the 
damage is caused by a landowner’s 
natural and ordinary use of the land. 

5. The down-slope landowner can put in 
place measures to prevent the natural 
unconcentrated flow of water on their land, 
even where doing so damages the up-
slope 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. 

Section 3.2 (d) 

6. In putting in place measures to prevent the 
natural unconcentrated flow of water on 
their land, the down-slope landowner 
cannot divert the water onto the land of a 
third landowner to which it would not have 
naturally flowed. 

 A key component of this judgement was 
the recognition of the ‘natural and ordinary 
use of the land’. Unfortunately this term is 
not clearly defined and in effect would vary 
from site to site. 

 In an urban landscape it would be 
reasonable to assume that the ‘natural 
and ordinary use of the land’ would 
include: 

 construction of buildings appropriate for 
the land zoning 

 construction and operation of a roof 
drainage system for such buildings 

 construction of security and/or privacy 
fencing appropriate for the land zoning 

 use of the property for normal 
residential activities such as recreation, 
garden beds, hard stand areas, 
swimming pools, tennis courts 

 This use would not include activities that 
would require a change in land zoning. 

 All actions must involve ‘reasonable care 
and skill’ in their implementation. 
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Chapter 3 – Legal Aspects 

Section 3.3 – Due diligence assessment 

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. 

 Identifying the relevant land and issues 
affecting it. 

 Identifying access rights and tenure 
needed for the project. 

 Identifying planning and other approval 
requirements. 

Section 3.4 – Lawful point of discharge 

 A ‘lawful point of discharge’ test is used by 
the stormwater industry to assess whether 
discharge at a particular location is lawful. 

 It is important to note that the term ‘lawful 
point of discharge’ has no prescribed legal 
meaning. 

 The stormwater industry has adopted 
(through QUDM) a ‘two-point test’ to 
assess whether a lawful point of discharge 
exists at a particular location. 

3.4.1 – Lawful point of discharge test 

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. 

(ii) In discharging to that location, the 
discharge will not cause an actionable 
nuisance or environmental or property 
damage. 

Section 3.4.1 (cont.) 

 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 through the 
acquisition of stormwater drainage 
easements or drainage reserves over one 
or more downstream properties. 

 It is important not to limit such issues to 
just the immediate down-slope property. 

Consequences of not obtaining a drainage 
easement 

The following discussion is not provided in 
QUDM but may be implied from the contents 

of sections 3.1 and 3.4. 

 If it is not possible for an up-slope land 
developer to obtain either a lawful point of 
discharge or a drainage easement through 
the down-slope property, then it will be 
necessary for the developer to 
demonstrate that stormwater releases will 
not cause an actionable nuisance. 

 It will be necessary for the developer to 
investigate the potential impacts of 
changes to the location, peak discharge, 
frequency, duration, velocity, volume and 
water quality of stormwater runoff. 

Changes in the location of runoff 

If a proposed land development was likely to 
alter the ‘location’ where stormwater runoff 
enters a down-slope property, and a drainage 
easement did not exist, then the land 
developer would need to demonstrate the 
following. 

 The relocation of either the overland 
stormwater flow and/or the underground 
seepage flow (as the case may be) will 
not: 

 alter the neighbours use or enjoyment 
of their land 

 adversely affect the value of the land 

 cause damage to the land 

Changes in peak discharge 

 A change in the ‘peak discharge’ of flow 
entering a neighbour’s property would 
likely cause a nuisance if the property 
could potentially experience inundation of 
buildings, including non-habitable 
buildings and floors, as a result of local 
runoff. 

Changes in the frequency of runoff 

 A change in the ‘frequency’ of stormwater 
runoff entering a neighbour’s property 
would likely cause a nuisance if the 
property could potentially experience 
problems associated with waterlogged 
soils. 

 It is noted that the construction of 
stormwater infiltration systems within an 
up-slope property development could 
either increase or decrease soil 
waterlogging within adjacent properties 
depending on the sub-surface drainage 
characteristics of the local geology. 
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Changes in the duration of runoff 

 A change in the ‘duration’ of stormwater 
runoff entering a neighbour’s property 
would likely cause a nuisance if the 
property could potentially experience 
problems associated with waterlogged 
soils. 

 If a proposed up-slope land development 
was likely to increased the volume of 
stormwater runoff, and the development 
incorporated flow attenuation systems, 
then it is almost certain that the 
development would increase the duration 
of stormwater flows. 

Changes in the velocity of runoff 

 A change in the ‘velocity’ of stormwater 
runoff entering a neighbour’s property 
would likely cause a nuisance if the 
property has the potential to experience 
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 around new developments. 

Changes in the volume of runoff 

 A change in the ‘volume’ of stormwater 
runoff entering a neighbour’s property 
would likely cause a nuisance if the 
property could potentially experience 
flooding problems that result from the 
pooling of stormwater on their property. 

 Changes in the volume of runoff could 
also adversely affect the operation of 
small dams and wetlands. 

Changes in water quality 

 A change in the ‘quality’ of stormwater 
runoff entering a neighbour’s property 
would likely cause a nuisance if the 
downstream property has a water supply 
dam. 

 Temporary water quality issues may also 
arise from sedimentation problems 
experienced during the construction phase 
of the up-slope development. 

Section 3.5 – Discharge approval 

 In lieu of obtaining a drainage easement, 
some local governments may be prepared 
to accept a letter from the down-slope 
landowner granting ‘discharge approval’. 

 This is a risky approach to land 
development because a subsequent 
purchaser the down-slope land will not be 
bound by the previous owner’s contract 
unless the subsequent owner agrees to be 
so bound. 

Section 3.6 – Tenure for proposed drainage 
works 

 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. 

 Freehold land is regulated under the Land 
Title Act 1994, while non-freehold land is 
regulated under the Land Act 1994. 

 Non-freehold land includes unallocated 
State land, State land subject to reserves, 
State land leases (including pastoral 
leases), most foreshores and most 
waterways. 

Section 3.7 – Drainage reserves 

 Drainage reserves are dedicated under 
the Land Act by the responsible Minister 
on behalf of the State of Queensland. 

 Reserves can only be dedicated over 
unallocated State land. 

 This means that other existing interests in 
the State land first need to be removed. 

 More frequently, a public utility easement 
for drainage purposes will be sought over 
non-freehold land. 

Section 3.8 – Drainage easements 

 Easements are property interests to which 
land may be subject, in order to benefit 
adjacent land in a particular way. 

 Public utility easements are granted to 
public utility providers, including a local 
government, for certain specific purposes, 
which include drainage. 

 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. 
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Chapter 4 
 

CATCHMENT HYDROLOGY 
 

The hydrologic procedures provided in QUDM are considered appropriate for small catchments 
of up to 500 hectares. These procedures are generally not considered appropriate for the 
determination of design flood levels along vegetated (i.e. non-grassed) waterways. Readers 
should refer to the latest version of Australian Rainfall and Runoff (ARR) for guidelines on the 
assessment of urban catchments larger than 500 hectares, and for the determination of design 
flood levels along vegetated waterways. 
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Section 4.1 – Hydrologic methods 

 The choice of hydrologic method depends 
on the catchment conditions and output 
requirements. 

 The Rational Method is not appropriate if 
an output hydrograph is required. 

 Refer to Australian Rainfall and Runoff 
(Engineers Australia) for guidance on the 
assessment of complex catchments. 

 The Rational Method (as presented within 
QUDM) is applicable to urban catchments 
up to 500 hectares or rural catchment less 
than 25 km

2
. 

Australian Rainfall and Runoff 

 

4.1.1 – The Rational Method 

Use of the Rational Method is not considered 

appropriate for the following applications: 

 Analysis of historical storms. 

 Design of detention/retention basins. 

 Analysis of waterways containing 
significant detention or floodplain storage. 

 Urban catchments exceeding 500 ha. 

 Catchments with a time of concentration 
greater than 30 minutes where a high 
degree of reliability is required. 

Historical flood levels 

 

Section 4.2 – Hydrologic assessment 

 Design discharge rates should be based 
on a fully developed catchment in 
accordance with the Planning Scheme. 

 Flow attenuation should only be assumed 
if fully supported within the local 
government’s Planning Scheme. 

 Section 4.2.2 of QUDM provides guidance 
on the hydrologic assessment of those 
catchments containing features that are 
likely to significantly limit the applicability 
of the Rational Method. 

 Fully developed drainage catchment 

 

Catchment 1: 

 If an overland flow path passes across a 
sporting oval or park that floods and 
provides detention storage, then it is 
inappropriate to calculate the ‘travel time’ 
across the oval in order to determine the 
‘time of concentration’. 

 The Rational Method can only be applied 
upstream of the oval (point ‘P’). 

 Also, it cannot be assumed that the oval 
remains as a detention storage system 
unless it is controlled by an appropriate 
drainage easement. 

Flow path crosses a low-gradient oval 
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Catchment 2: 

 If the ‘time of travel’ of the minor storm 
runoff is significantly different from the 
‘travel time’ of the major storm runoff, then 
the standard procedure is to adopt the 
shortest travel time as the ‘time of 

concentration’ for both storms. 

 If such an approach is considered too 
conservative, then the alternative is to 
assess the catchment hydrology using an 
appropriate runoff-routing numerical 
model. 

Minor/major runoff travels different paths 

 

Catchment 4: 

 If the upstream catchment is zoned for 
future development, but currently remains 
undeveloped, then 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. 

 It should be assumed that future upstream 
development would alter existing flow 
conditions, unless otherwise agreed in 
principle by the local government or as 
conditioned within the Planning Scheme. 

Undeveloped upstream catchment 

 

Catchment 6: 

 If the drainage catchment contains 
significant instream storage or constructed 
storage systems (e.g. detention basins or 
lakes), then application of the Rational 
Method is generally inappropriate. 

 The Rational Method can be used as a 
guide to the calibration of a runoff-routing 
model by comparing the peak discharge 
rates for the catchment with the lakes and 
basins removed. 

Catchment containing detention storage 

 

Catchment 8: 

 If the drainage catchment contains a farm 
dam, then: 

 it cannot be assumed that the dam will 
remain in the future (unless controlled 
by a drainage easement) 

 development of the catchment may 
require additional detention storage to 
compensate for removal of the dam 

 The same outcome applies to catchments 
that currently experience significant 
property flooding where such flooding is 
likely to be mitigated in the future. Catchment containing a farm dam 
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Catchment 9: 

 If the drainage catchment has an area 
exceeding 500 hectares, then it is 
generally considered inappropriate to 
apply the Rational Method. 

 Catchment hydrology should be assessed 
using an appropriate runoff-routing model. 

 The Rational Method can be used as a 
guide to the calibration of a runoff-routing 
model by comparing the peak discharge 
rates at locations (e.g. A & B) where the 
catchment area does not exceed 500 ha. 

Catchment area exceeding 500 ha 

 

Catchments 10 & 11: 

 If the drainage catchment contains large 
areas of significantly different land use 
that experience significantly different 
runoff characteristics, then: 

 application of the Rational Method may 
produce questionable results 

 the Rational Method can be used as a 
guide to the calibration of a runoff-
routing model by comparing the peak 
discharge rates for various catchment 
conditions where a uniform land use is 
adopted (e.g. a fully urban catchment). 

Catchment with variable land use 

 

Catchment 13: 

 If the catchment contains a steep upper 
catchment followed by a lower gradient, 
high flood storage, lower catchment, then 
it is generally considered inappropriate to 
extent the Rational Method into the lower 
reaches of the catchment. 

 The Rational Method can be used as a 
guide to the calibration of a runoff-routing 
model by comparing the peak discharge 
rates at the base of the upper catchment 
(point ‘P’). 

Catchment with instream flood storage 

 

Section 4.3 – The Rational Method 

 The total peak flow at any point is not the 
sum of the contributing sub-area flows at 
that point, but is dependent on the time of 
concentration at that point. 

 Application of the Rational Method is 
critically dependent on the determination 
of an appropriate ‘time of concentration’. 

 In most cases the ‘time of concentration’ 
concept is only applicable to drainage 
paths where there is no significant flood 
storage. 

The Rational Method 
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Section 4.4 – Catchment area 

 Overland flow paths within urban 
catchments can be significantly different 
from those experienced for the 
undisturbed catchment. 

 In urban catchments, the full extent of the 
catchment area may not be defined simply 
by pre-development contour mapping. 

 Existing road crowns can divert 
stormwater in different directions to that 
experienced after resurfacing of the road. 

Actual (solid) and contoured (dash) areas 

 

Section 4.5 – Coefficient of discharge 

 The coefficient of discharge ‘C’ is a 
calibration coefficient that incorporates the 
effects of rainfall losses and regular 
catchment storage. 

 It should not be confused with the 
volumetric runoff coefficient (CV) used in 
the assessment of runoff volumes (see 
QUDM section 4.9). 

 Coefficients of discharge (C10) applicable 
to a 10% AEP (1 in 10 year ARI) storm are 
provided for various catchment conditions. 

QUDM Table 4.5.4 

 

Section 4.6 – Time of concentration 

 The time of concentration (tc) is defined as 
the flow travel time 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 time of concentration as used in the 
Rational Method is not the same as the 
critical storm duration or time to peak used 
in runoff-routing modelling. 

 Procedures are presented for the 
determination of time of concentration for 
five different types of catchments. QUDM Table 4.6.1 

 

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

Typical components of ‘time of concentration’: 

 Standard inlet time 

 Kerb/swale flow time 

 Piped flow time 

 Actual creek/channel flow time 

Urbanisation at top of catchment 
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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. 

Typical components of ‘time of concentration’: 

 Initial sheet flow travel time 

 Swale flow time 

 Kerb flow time 

 Piped flow time 

 Actual creek/channel flow time 

Urban catchment with upper bushland 

 

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

Analysis is similar to case (b) above. 

Typical components of ‘time of concentration’: 

 Initial sheet flow travel time 

 Swale flow time 

 Actual creek/channel flow time 

Small, non-piped, bushland catchment 

 

(d) Urban creeks with a catchment area 
less than 500 ha. 

Time of concentration for urban catchments 
containing a watercourse with defined bed and 
banks may be determined as per (e) below 
only if the following conditions apply: 

 channel storage along the watercourse 
is not significantly reduced from the 
natural (i.e. pre-urbanisation) conditions 

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

Otherwise use methods (b) or (c) above as 
appropriate. 

Small urban creek catchment 

 

(e) Rural catchments less than 500 ha. 

 For rural catchments the time of 
concentration can be found by using: 

 Bransby-Williams’ equation 

 Modified Friend’s equation 

 Stream Velocity Method  

 A ‘standard inlet time’ is not used. 

 Its is noted that Project 5 of Engineers 
Australia’s Australian Rainfall and Runoff 
review is working on the development of 
regional flood methods for ungauged rural 
streams. 

Rural stream 
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4.6.4 – Standard inlet time 

 ‘Standard inlet time’ is defined as the 
travel time from the top of the catchment 
to the location of the first gully or field inlet. 

 In the case of Water Sensitive Urban 
Design estates, the standard inlet time 
represents the travel time to where the 
first piped inlet would have been expected 
within a non-WSUD estate). 

 If the first gully or field inlet is located 
further down the catchment slope than 
would normally be expected, then extra 
kerb travel time must be added. 

Drainage conditions at top of catchment 

 

4.6.6 – Overland flow travel time 

 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 formula presented by Friend (1954) 
(shown left) may be used for 
determination of overland sheet flow travel 
times. 

Friend’s equation for sheet flow 

 

4.6.7 – Initial estimate of kerb, pipe and 
channel flow time 

 An initial estimate of flow time can be 
determined from QUDM Figure 4.8. 

 Selection of an appropriate multiplier term 
(Δ) is critical in the use of Figure 4.8. 

QUDM Figure 4.8 

 

4.6.8 – Kerb flow travel time 

 The travel time for flow passing along a 
roadside kerb may be determined from 
either: 

 QUDM Figure 4.8 (first approximation) 

 QUDM Figure 4.9 (considered a better 
estimate than Figure 4.8) based on the 
following equation: 

t = 0.025 L / S
 0.5

 (minutes) 

 QUDM Figure 4.10 based on Izzard’s 
equation 

Kerb flow 
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4.6.9 – Pipe flow travel time 

 Wherever practical, pipe travel times 
should be based on calculated pipe 
velocities, using an appropriate Pipe Flow 
Chart (e.g. QUDM Appendix 1, charts A1-

1 and A1-2) 

 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. 

Pipe flow chart (QUDM A1-1) 

 

4.6.10 – Channel flow travel time 

 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 can be 
calculated using Manning’s uniform flow 
equation. 

Manning’s equation: 

V = (1/n) R
 2/3

 S
 1/2

 

Grass-lined drainage channel 

 

4.6.11 – Time of concentration for rural 
catchments 

 For rural catchments the time of 
concentration can be found by using: 

 Bransby-Williams’ equation 

 Modified Friend’s equation 

 Stream Velocity Method 

 An ‘inlet time’ should not be added to the 
above equations. 

 It is noted that the Bransby-Williams’ 
equation may not be appropriate in all 
regions of Australia. 

Heavily cleared rural catchment 

 

Section 4.7 – The partial area effect 

 Peak discharges determined from the 
Rational Method should be checked for 
‘partial area effects’. 

 In some situations, the maximum ‘peak 
discharge’ is achieved when only part of 
the drainage catchment is contributing. 

 In effect, if a smaller storm acting on only 
part of the catchment produces a higher 
peak discharge than a larger storm acting 
on the whole catchment, then the former 
governs the choice of peak discharge. 

Typical partial area catchment shapes 
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Section 4.8 – Intensity-frequency-duration 
data (consideration of climate change) 

 Rainfall intensities adopted for ‘design 
storms’ should incorporate an appropriate 
allowance for expected climate change. 

 A 5% increase in rainfall intensity per 
degree of global warming is currently 
(2013) considered appropriate for the 1%, 
0.5% and 0.2% AEP design storms. 

 Expected climate change is in the order of 
2°C by 2050, 3°C by 2070 and 4°C by 
2100. 

Impending storm 

 

Section 4.9 – Estimation of runoff volume 

Stormwater runoff volumes are required for 
the design of many stormwater systems. 

 Two ‘volumetric runoff coefficients’ exist; 
one for single storms and one 
representing an annual average runoff. 

 The ‘volumetric runoff coefficient’ (Cv) is 
not the same as the ‘discharge coefficient’ 

(C) used in the Rational Method. 

 Analytical procedures are automatically 
incorporated into numerical models such 
as MUSIC (a stormwater quality model). 

Flow monitoring station 

 

4.9.4 Estimation of runoff volume from a 
single storm  

 Wet sediment basins may be sized via: 

 a calibrated runoff-routing model 

 standard volumetric runoff tables for 
various soil hydrologic groups (QUDM 
Table 4.9.2 is suitable only for low 
gradient catchments) 

 direct extraction of rainfall losses from 
the design rainfall hyetograph. 

 Estimating runoff volume using the 
Rational Method is not recommended. 

‘Wet’ sediment basin 

 

Section 4.10 – Methods for assessing the 
effects of urbanisation on hydrologic 
methods 

Procedures are outlined for the incorporation 
of urbanisation into the following hydrologic 
methods: 

 Unit hydrograph method 

 RAFTS runoff-routing method 

 RORB runoff-routing method 

 WBNM runoff-routing method 

Urbanised catchment 
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Chapter 5 
 

DETENTION/RETENTION SYSTEMS 

 
In the context of this chapter, detention/retention systems include traditional detention basins, 
on-site detention, extended detention systems and stormwater retention devices, all of which 
have the effect of reducing and delaying peak flow rates. The design of retention systems used 
to reduce the volume of runoff is not discussed within QUDM. 
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Section 5.1 – General 

 In the absence of adequate controls, 
urban development can increase peak 
discharge rates and runoff volumes. 

 Changes in the natural flow regime can 
aggravate flooding, initiate and/or increase 
creek erosion, and degrade downstream 
environmental values. 

 Detention systems delay the release of 
flows, but do not change the volume. 

 Retention systems can alter the volume 
of runoff by retaining a portion of the flow 
for a secondary use. 

Property flooding 

 

Section 5.2 – Planning issues 

 While fixing some problems, stormwater 
detention systems can also aggravate 
other problems, such as: 

 coincident flood peaks 

 increases in flooding at some locations 
while decreasing flooding at other 
locations 

 increased potential for creek erosion 

 extended periods of flood inundation 

 salt intrusion of low-lying land 

 safety issues 
Catchment planning 

 

Section 5.3 – Functions of detention 

5.03.1(a) – Discharge control 

 Peak discharge during the design storm 
may be limited to either: 

 a prescribed discharge per unit 
catchment area 

 the pre-development peak discharge 

 the hydraulic capacity of a downstream 
drainage system 

 A combination of weirs and orifice plates 
can be used within the basins outlet 
structure to control peak discharge. 

Detention basin outlet structure 

 

5.3.1(b) – Flood control 

 Both detention and retention systems can 
be used to alleviate local flooding 
problems. 

 Traditional detention systems can delay 
stormwater runoff by a few hours. 

 Extended detention systems can delay 
stormwater runoff for more than 12 hours. 

 Extended detention systems can be 
effective for the management of new 
developments located within the lower half 
of large catchments. 

Local creek flooding 
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5.3.1(c) – Erosion control 

 Limiting the peak discharge from an urban 
development to pre-development 
conditions does not necessarily prevent 
accelerated channel erosion downstream 
of the development. 

 In some cases, a detention basin can 
actually increase the risk of downstream 
channel erosion. 

 The control of accelerated creek erosion is 
best achieved by minimising changes to 
the volume of runoff, particularly for flows 
approaching bankful conditions. 

Accelerated channel erosion 

 

Section 5.3.2 – Retention systems 

5.3.2(a) – Rainwater harvesting 

 Household rainwater tanks can be 
modified to provide permanent stormwater 
retention capacity plus storm runoff 
attenuation; however, such modifications 
can be easily re-engineered by 
householders wishing to maximise 
rainwater storage. 

 Regional stormwater harvesting systems 
can provide a secondary water source 
while also providing the benefits of flood 
mitigation and runoff volume control. 

Stormwater harvesting for garden watering 

 

5.3.2(b) – Control of runoff volume 

 Stormwater retention systems can be 
designed to reduce runoff volume. 

 Reducing the total annual runoff volume 
provides water quality benefits, especially 
in circumstances where receiving waters 
consist of a lake, river, or estuary. 

 Reducing the runoff volume from urban 
developments is one of the best ways of 
reduced accelerated erosion within minor 
watercourses such as creeks. 

Stormwater treatment wetland & pond 

 

5.3.2(c) – Pollution control  

 Retention systems may incorporate 
stormwater quality treatment measures, 
such as a pond or wetland, or they may 
actually be the treatment system, such as 
an infiltration trench or basin. 

 ‘Pollutant containment systems’ trap 
pollutants for later collection and off-site 
treatment—the outlet system of these 
basins can be manually shut-off in the 
event of chemical spills to facilitate the 
containment of all pollutants. 

Roadside pollution control basin 
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Section 5.4 – Design standards 

5.4.1 – General 

 Design standards depend on the required 
functions of the basin. 

 Design functions (described in section 5.3) 
include: 

 discharge control 

 flood control 

 volume control 

 scour control 

 A separate analysis is required for each 
design function. Landscaped detention basin 

 

5.4.2 – On-site detention systems 

Generally there are three design standards: 

 a specified minimum site storage 
requirement & permissible site discharge 

 a permissible site discharge for a 
specified design storm frequency with no 
minimum storage volume specified 

 a requirement not to exceed pre-
development peak discharge rates for a 
range of design storm frequencies. 

 Storage requirements are typically around 
15 to 25 mm times the impervious surface 
area of the development. Tennis court with stormwater detention 

 

5.4.3 – Flood control systems 

If detention systems are required to control 
downstream flooding, then the design 
standards are: 

 No increase in flood levels on adjoining 
land where such an increase would cause 
damage to, or adversely affect, the land. 

 No increase in peak discharge for a range 
of storm durations, for a range of AEPs. 

 Tested storm durations should include the 
1-hr storm, 3-hr storm and three times the 
critical storm duration of the basin. 

Numerical analysis 

 

5.4.4 – Control of accelerated channel 
erosion 

 If the objective is to minimise the risk of 
accelerated channel erosion, then 
consideration must be given to those 
measures that will minimise changes to: 

 the frequency and duration of near-
bankful flows 

 the peak discharge of stream flows 
greater than the bankful flow rate. 

 It should also be noted that an increase in 
the frequency or duration of low flows may 
increase the stress to aquatic habitats. 

Bankful flow 
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Section 5.5 – Flood-routing 

 Final sizing of detention systems should 
be assessed using a suitable numerical 
runoff-routing model. 

 The basin should be checked for a range 
of temporal patterns in addition to a 
sample of historical storms (if available). 

 If the basin is located within a waterway, it 
is important to ensure that the mitigation 
effects are not duplicated within the 
channel storage component established 
for the ‘pre-basin’ case. 

Temporal patterns 

 

Section 5.6 – Basin freeboard 

 Recommended freeboards are provided in 
Table 5.6.1 

 

 

Detention basin 

 

Section 5.7 – Basin floor drainage 

 Minimum cross gradient of 1 in 80 for 
grassed basins to allow efficient surface 
drainage. 

 Minimum cross gradient of 1 in 100 for 
heavily vegetated basins (i.e. deep-rooted 
plants such as trees and shrubs). 

 Minimum invert level of mowable grassed 
areas at least 300 to 500 mm above the 
invert of an adjacent stream. 

 Adequate scour protection is required 
around outlet structures (see 7.5.4(c)). 

Scour protection around field drain 

 

Section 5.8 – Low-level outlet structures 

 Low-level outlet structures generally 
consist of orifice plates, pipes or culverts. 

 The storage-discharge curve used in the 
flood-routing analysis must accurately 
reflect expected hydraulic conditions. 

 If the basin outlet is directly connected to a 
downstream piped drainage network, then 
this system should be checked for 
undesirable surcharge. 

Outlet structure with safety fencing 
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Section 5.9 – High-level outlet structures 

 Design must ensure flooding of upstream 
properties is not made worse. 

 The spillway and embankment should be 
designed both hydraulically and 
structurally to permit the safe discharge of 
floods in excess of the ‘Design Storm. 

 ANCOLD (2000) provides a basis for 
selecting the extreme flood based upon 
consideration of the failure hazard. 

 Trees, shrubs, watering taps and other 
fixed structure must not be located within 
a grassed spillway chute. 

Staged high-flow outlet weir 

 

Section 5.10 – Embankments 

 The top-width should be at least 3 m. 

 The gradient of grassed embankments, 
including any internal grassed slopes, 
should ideally be flatter than 1 on 6 and 
never steeper than 1 on 4. 

 Steeper slopes may be used on 
embankments lined with structural facings 
or low-maintenance ground covers 

 Persons must be allowed to egress from 
the basin through several exit points 
during initial inundation. 

Basin high-flow spillway 

 

Section 5.11 – Public safety issues 

 The side slopes should be flat enough to 
allow easy egress up the ‘wet’ surface. 

 The provision of exclusion fencing around 
permanent, open water retention basins 
should be considered a last resort. 

 Where suitable land is available, 
designers should aim to restrict basin 
depths to 1.2 m during the 20 year ARI. 

 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. 

Safety fencing around outlet structure 

 

Section 5.12 – Statutory requirements 

 Works constructed within a watercourse 
generally require approval under the 
Water Supply Act 2008. 

 The embankment for a detention basin 
may be a Referable Dam requiring the 
approval of the CEO of the State agency 
administering the Water Supply Act. 

 The State agency CEO may give a dam 
owner a notice to have a dam failure 
impact assessed. 

State legislation 
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Chapter 6 
 

COMPUTER MODELS 
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Section 6.1 – Introduction 

 Designers/modellers are expected to be 
familiar with the underlying concepts used 
with numerical models and the limitations 
of these programs. 

 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. 

Numerical modelling 

 

Section 6.2 – Computer models 

 Continuous long-term simulation models 
are becoming more widely used in 
understanding the total hydrologic cycle. 

 Individual rainfall event simulations are 
aimed primarily at assessing the effects of 
severe to extreme flood events. 

 Dynamic 2D modelling is recommended 
for floodplains or urban flooding situations 
where complex flow patterns exist. 

Hydrologic modelling 

 

Section 6.3 – Reporting of numerical model 
outcomes 

 Designers who use numerical models to 
design and/or support their designs, 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: 

 to operate the model appropriately and 
therefore obtain an appropriate model 
output; and 

 to demonstrate that the model set-up 
and output are appropriate for the site 
conditions. 

 It is noted that most errors occur within the 
application of a model rather than within 
the initial development of the program. 

Hydraulic modelling 

As a minimum, the following information 
should be supplied to a regulating authority: 

 name and version of software package 

 full details of the modelling assumptions 

 review of model calibration 

 copy of the model’s ‘errors’ output file 

 copies of input data should be made 
available to the regulating authority (if 
requested). 
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Chapter 7 
 

URBAN DRAINAGE 

 
This chapter does not represent a comprehensive discussion on the design of urban drainage 
systems. Instead the chapter focuses only on the hard engineering components of urban 
drainage systems. The intent is that this chapter would be read in association with an 
appropriate local guideline on the design and application of the principles of Water Sensitive 
Urban Design, such as those presented by the South-East Queensland (Water by Design) 
Healthy Waterways Partnership. 
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Section 7.1 – Planning issues 

7.1.1 – Space allocation 

The layout of urban developments must allow 
sufficient space of stormwater systems, 
including: 

 overland flow paths 

 width requirements for both constructed 
drainage channels and the protection of 
existing waterway corridors 

 stormwater detention/retention 

 stormwater treatment systems. 

Buildings limiting waterway space 

 

7.1.2 – Water Sensitive Urban Design 

The drainage form and layout should follow 
the principles of Water Sensitive Urban Design 
(WSUD), including: 

 integrate catchment management of 
water sources 

 retention of the original location of 
major overland flow paths 

 retention of natural drainage channels 
and waterways 

 total catchment planning for optimum 
location of stormwater detention and 
retention systems. Stormwater treatment swale 

 

7.1.3 – Locating major overland flow paths 

 The layout of new urban developments 
should be based around the preferred 
location of major overland flow paths. 

 Major overland flow paths should follow 
the natural topography—avoid trying to 
carry major flows along tortuous road 
layouts. 

 Major overland flow paths should not pass 
through residential properties. 

 Extreme care must be taken to ensure 
noise control barriers do not interfere with 
the operation of overland flow paths. 

 Overland flow paths should not pass 
through waste collections compounds that 
may result in rubbish bins floating away 
during severe storms. 

 Wherever practical, the spatial density of 
overland flow paths should mimic natural 
conditions; i.e. the lateral spacing of major 
overland flow paths should match natural 
conditions. 

 Appropriate consideration should be given 
to the proposed landscaping of overland 
flow paths—easement conditions must 
allow for the control of such landscaping. 

Overland flow passing through property 

 

Overland flow blocked by noise barrier 
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7.1.4 – Provision of piped drainage 
systems 

 The adoption of Water Sensitive Urban 
Design principles does not exclude the 
use of piped drainage systems. 

 In tropical and temperate regions, the 
long-term viability of treatment swales 
typically relies on the existence of a sub-
soil drainage system directly connected to 
a formal (piped) drainage system. 

 Piped drainage systems are also utilised 
when overland flow paths have insufficient 
safety or hydraulic capacity. 

Piped drainage system 

 

7.1.5 – Provision of grassed and vegetated 
drainage channels 

 Grassed swales are generally limited to a 
maximum catchment area, which depends 
on local climatic and soil conditions. 

 In larger catchments, the first priority 
should be the retention of the ‘natural’ 
drainage system. 

 Constructed vegetated channels should 
be based on the principles of Natural 
Channel Design (refer to section 9.6). 

Constructed drainage channel 

 

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: 

 Waterways identified as important within a 
Waterway Corridor Plan, Catchment 
Management Plan, or similar strategic 
plan. 

 Any natural waterway with well-defined 
bed and banks, and associated 
floodplain/s or riparian corridors. 

Retained waterway (left) and floodplain 

 

7.1.7 – Drainage schemes within potential 
acid sulfate soil regions 

 This section introduces the topic of acid 
sulfate soils. 

 Specific guidelines for the planning of 
drainage systems located within potential 
acid sulfate soils are presented in QUDM 
section 9.7.9. 

Drain cut through acid sulfate soils 
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Section 7.2 – The major/minor system 

7.2.1 – General 

 Design of the drainage system should be 
in accordance with the major/minor flood 
management concept. 

 Section 7.3 provides appropriate Annual 
Exceedence Probabilities (AEPs) and 
equivalent ARIs for drainage design. 

 Designers should note that safety issues 
may require an increase in the capacity of 
stormwater inlets and pipes. 

Combined major/minor drainage system 

 

7.2.2 – Minor drainage system 

 The minor drainage system typically 
includes kerbs, roadside channels, 
drainage swales, inlets, underground 
drainage, junction pits, access chambers 
and outlet structures. 

 This section of QUDM provides 
recommended ‘performance objectives’ for 
the minor drainage system. 

 These, or similar performance objectives, 
are required by local governments for the 
development of their ‘drainage codes’ as 
used in development assessment. 

Discharge from a stormwater drainage pipe 

 

7.2.3 – Major drainage system 

 This section of QUDM provides 
recommended ‘performance objectives’ for 
the major drainage system. 

 The design of major underground pipe 
systems with ‘no overland flow 
component’ is strongly discouraged. 

 Appropriate consideration must be given 
to the effects of inlet and system blockage, 
and flows in excess of the nominal design 
discharge. 

Major overland flow path 

 

7.2.4 – Operation of the drainage system 
during severe storms 

 This section of QUDM represents one of 
the major changes to the design process 
from that of the 2007/2008 edition. 

 It is recommended that the stormwater 
design process be expanded to include 
the preparation of ‘Severe Storm Impact 
Statements’. 

 Recommended ‘performance objectives’ 
for the drainage system during severe 
storms are provided in this section. 

Severe storm discharge down a roadway 
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7.2.5 – Preparation of Severe Storm Impact 
Statements 

 A Severe Storm Impact Statement outlines 
how the drainage system will address the 
performance objectives listed in QUDM 
section 7.2.4. 

 The complexity and detail presented within 
a Severe Storm Impact Statement must be 
commensurate with the assessed flood 
hazard risks. 

 In some cases these statements will 
incorporate risk assessment investigations 
and/or flood modelling. 

Toowoomba, 2011 

 

Section 7.3 – Design standards 

7.3.1 – Design AEPs 

 Based on the recommendations of the 
Queensland Floods Commission of Inquiry 
(2012) this edition of QUDM has adopted 
Annual Exceedence Probability (AEP) as 
the preferred design storm terminology. 

 Tables 7.3.1 and 7.3.2 provide 
recommended AEPs and ARIs for minor 
and major drainage systems. 

 This section of QUDM also outlines 
examples where a local authority would 
assign a higher drainage design standard. 

QUDM Table 7.3.1 

 

7.3.2 – Selection of the major storm AEP 
based on risk assessment 

 The nominated major storm AEP 
presented in Table 7.3.2 may need to be 
increased in circumstances where severe 
storms (AEP < 1%) could result in 
unacceptable flood damage or safety 
risks. 

 Potential circumstances could include 
floodwater being directed through 
residential areas as a result of severe 
debris blockage of a waterway culvert. 

QUDM Table 7.3.2 

 

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. 

 Consideration must be given to: 

 floor level flooding 

 impacts on the use of the land 

 potential for unrepairable damage to 
critical infrastructure, or valued 
historical or cultural sites. Building over stormwater drain 
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7.3.4 – Land use/development categories 

 Land use or development categories are 
broadly defined in Table 7.3.3. 

 It is noted that a local governments may 
use different terminology to that presented 
in Table 7.3.3. 

Urban development 

 

7.3.5 – Essential community infrastructure 

 Essential community infrastructure 
includes: hospitals, Civil Defence 
headquarters, Police, Fire and Ambulance 
stations. 

 Minimum fill or floor levels for such 
infrastructure should allow these systems 
to be resilient to severe storms and floods. 

 Further guidance on this issue is provided 
within the State Planning Policy and the 
national floodplain management 
guidelines. 

Flooded water treatment plant 

 

7.3.6 – Overland flow paths 

 Design standards relating to overland flow 
paths are provided in Table 7.3.2. 

 The maximum allowable depth*velocity 
product (d.V) is specified in Table 7.3.5. 

 In urban areas, major overland flow paths 
should not be located within residential 
properties. 

 Consideration must be given to the 
potential impacts of property fencing and 
sound-control barriers on the operation of 
overland flow paths. 

Formal overland flow path 

 

7.3.7 – Cross drainage structures (culverts) 

 Culverts under roads should be designed 
to accept the full flow for the minor system 
AEP provided in Table 7.3.1. 

 Appropriate consideration must also be 
given to the allowable flow depth and 
depth*velocity product for flows passing 
over the road surface. 

 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 do 
not pass ‘across’ the road crown. 

Flooded culvert crossing 
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7.3.7 – Cross drainage structures (cont.) 

 This section of QUDM also discusses the 
issue of road runoff passing across the 
road surface (from one side to the other) 
when there is a change in road crossfall. 

 The ‘provisional’ version of QUDM 
indicates that design standard similar to 
‘cross drainage structures’ is required; 
however, the following should be noted: 

 such flow will likely only occur while it is 
still raining 

 in Queensland it is near impossible to 
drive during rainfall > 10% AEP. 

Stormwater spilling across a roadway 

 

7.3.8 – Flood evacuation routes 

 Guidance on the design of evacuation 
routes is provided in the State Planning 
Policy. 

 Table 7.3.1 provides recommended 
design standards for cross drainage 
structures (e.g. culverts) on minor and 
major roads. 

 Table 7.3.1 should not be used to set 
design standard for flood evacuation 
routes. 

Flooded road crossing 

 

7.3.9 – Basements and non-habitable 
rooms of buildings 

 Non-habitable room includes: bathrooms, 
laundries, water closets, pantry, corridors, 
lobby areas, 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: 

 setting minimum floor levels for non-
habitable rooms 

 controlling the types of equipment 
placed within flood-prone basements. 

Flood damage to residential basement 

 

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 

 the likelihood of users being aware of, 
or being able to respond to, any flood 
warnings 

 required flood warning signs 

 potential flood impacts caused by cars 
being wash downstream and blocking 
culverts. 

Toowoomba 2011 
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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.  

 Designers should 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. 

Floating waste and material storage bins 

 

7.3.12 – Freeboard 

 The primary purpose of freeboard is to 
address issues such as uncertainties in 
flood level prediction, structure blockages, 
wave action and variations in water level 
across the floodplain. 

 General freeboard recommendations are 
provided in tables 7.3.5 and 7.4.3, 

7.3.13 – Risk-based freeboard 
requirements 

 Risk-based freeboard requirements are 
most commonly applied to the design of 
flood levees. Flood control levee 

 

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. 

 Recommended drainage easement widths 
are discussed in section 3.8 of QUDM. 

 Currently there is a growing interest in 
councils obtaining easements over all pipe 
drainage systems that cross more than 
one property. 

Stormwater pipe 

 

Section 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. 

 The flow depth, velocity and spread 
should be limited by whichever of the 
criterion in Table 7.3.1 is the most 
restrictive. 

Excess flow width on roadway 
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Section 7.4 – Roadway flow limits and 
capacity 

7.4.1 – Flow width (minor storm) 

 Relevant flow width limitations for the 
minor storm are contained in Table 7.4.1 
and Figure 7.4.1. 

Flow depth and velocity limitations are also 
provided for: 

 Transverse flow, minor storm, Table 7.4.2 

 Longitudinal flow, major storm, Table 7.4.3 

 Transverse flow, major storm, Table 7.4.4 

QUDM Figure 7.4.1 

 

7.4.2(a) – Pedestrian safety 

 The depth*velocity product is currently 
recommended as the best design 
measure for pedestrian safety within 
shallow-water overland flow paths. 

 This edition of QUDM updates the flow 
limits based on the reports of AR&R 
Review Project 10. 

 Where there is an obvious risk of serious 
injury or loss of life, the dg .Vave product 
should be limited to 0.4 m

2
/s, otherwise a 

value of 0.6 m
2
/s is recommended. 

Overland flow 

 

7.4.2(b) – Management of supercritical 
flows along roadways 

 On steep slopes, surface flows passing 
down roadways can become supercritical. 

 Road designers should avoid sharp 
changes in road direction where such 
layouts could cause surface flows to spill 
across the road and cause traffic safety 
issues, or cause stormwater to spill into 
adjacent properties. 

Supercritical road runoff 

 

7.4.2(c) – Major flows at T-Junctions 

 If road runoff 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 a worst case scenario, the flow can 
pass across the road junction and enter 
the down-slope property. 

Road T-junction 
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7.4.2(d) – Flow capacity calculation for 
roadways with kerb and channel 

 Roadway flow capacity may be calculated 
using Izzard’s equation (QUDM eqn 7.2). 

 An equation is also provided for cases 
where the pavement and channel have 
different roughness and crossfall. 

Flow to top of kerb 

 

7.4.2(e) – Resurfacing allowance 

 Consideration should be given to the 
potential impact on road flow capacity 
caused by future resurfacing of the 
roadway. 

 Where such provision is to be included, 
allowance for a standard 25 mm (asphaltic 
concrete) resurfacing is recommended. 

 If asphalt recovery is the adopted practice, 
then resurfacing may not reduce the 
road’s flow capacity. 

 Advice should be obtained from the 
relevant road authority. 

Resurfaced roadway 

 

Section 7.5 – Stormwater inlets 

7.5.2 – Provision for blockage 

 Table 7.5.1 provides guidance on 
blockage factors for stormwater inlets. 

 At ‘sag inlets’, the capacity of the inlet 
should be taken to be the theoretical 
capacity of the kerb opening—i.e. 
assuming the grate is fully blocked. 

 On a continuous grade, the capacity of the 
inlet should be taken to be 90% of the 
combined theoretical capacity of the grate 
plus kerb (side) opening. 

Partial debris blockage of kerb inlet 

 

7.5.3 – Kerb inlets in roads 

 Kerb inlets should be provided at: 

 sag points 

 on grades in accordance with s7.4 

 at the tangent point of kerb returns or 
small radius convex curves 

 upstream of pedestrian crossings and 
bus stops 

 immediately upstream of any reverse 
crossfall pavement to prevent flow 
across the road 

 acceleration, deceleration or turn lanes. 
Flow crossing road at reverse crossfall 
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7.5.3(c) – Kerb inlets on grade 

 The kerb inlet capacity is controlled by the 
crossfall of the road pavement and the 
road’s longitudinal grade. 

 Bypass flow from a kerb inlet must be 
accounted for in the design of the 
downstream kerb inlet. 

 It is important to check that all bypass 
flows are contained within the 1.0 m flow 
width limitation. 

On-grade kerb inlet 

 

7.5.3(d) – Kerb inlets at sags 

 Ponding of water at sag inlets should be 
limited to the widths presented in s7.4. 

 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. 

 A procedure for checking the above flow 
conditions is presented in Black (1987) 
and figures 7.5.2 and 7.5.3. 

Sag point in road profile 

 

7.5.3(e) – Intersections 

 Consideration needs 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. 

 Where two falling grades meet at an 
intersection, locate the low point of the 
kerb and channel at one of the tangent 
points of the kerb return. 

Road intersection 

 

7.5.3(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 should not exceed 125 mm. 

 A maximum clear opening of 90 mm is 
recommended where it is necessary to 
exclude the entry of the torso of a 2-yr old 
child—such considerations may apply in 
parks, schools and childcare centres. 

Kerb inlet with excessive inlet height 
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Section 7.5.4 – Field inlets 

 The inflow capacity of a field inlet depends 
upon the depth of water over the inlet. 

 There are three common flow conditions 
that can exist at field (drop) inlets, 
including: 

 weir flow 

 free-outlet orifice flow 

 drowned orifice flow. 

 For shallow depths the flow will behave as 
for a sharp crested weir (left). 

Qg  =  BF. x 1.66 L.h
 3/2

 
Inlet weir flow conditions 

 

7.5.4(a) – Inflow capacity (cont.) 

 The standard orifice flow equation (below) 
only applies when atmospheric pressure 
conditions exist downstream of the grate. 

Qg  =  BF. x 0.60 Ag .(2g.h)
1/2

 

 Such flow conditions would exist if the 
design water surface elevation (WSE) is 
150 mm below the grate (as required 
during minor storm conditions). 

Free-outlet orifice flow conditions 

 

7.5.4(a) – Inflow capacity (cont.) 

 Application of the orifice flow equation 
depends on the pressure gradient across 
the orifice. 

 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. 

Fully drowned inlet conditions 

 

7.5.4(c) – Minimum width of scour 
protection lip 

 The concrete lip formed around a field 
inlet should have sufficient width to: 

 minimise the risk of grass growing over 
the grate causing blockage, and 

 prevent scour of an adjoining surface. 

 The minimum recommended lip width for 
field inlets surrounded by grass may be 

determined from QUDM equation 7.6. 

 Otherwise, field inlets can be surrounded 
by other scour resistant surfaces. 

Field inlet with wide scour protection 
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Section 7.6 – Access chambers 

7.6.1 – General 

 The maximum recommended spacing of 
access chambers is given in Table 7.6.1. 

 Chambers should be designed to accept 
the loadings detailed in QUDM s7.9. 

 Benching general reduces energy losses 
and thus improved the pit’s hydraulic 
efficiency. 

 In general, hydraulic losses are minimised 
if changes in flow velocity through the 
chamber are minimised. 

Access chamber  

 

7.6.3 – Deflection of pipe joints, splayed 
joints, etc. 

 Changes of direction for pipe lines of 
1200imm diameter or greater may be 
achieved by deflection of pipe joints, the 
use of splayed joints or fabricated bends. 

 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. 

Pipe installation 

 

7.6.4 – Reduction in pipe size 

 For single drain lines, a downstream pipe 
of smaller diameter than the upstream 
pipe may be permitted provided the 
system works hydraulically, and the 
change in diameter is no greater than that 
presented in QUDM Table 7.6.2. 

 At the location where the reduction in size 
occurs, pipes should be graded invert to 
invert to prevent the accumulation of 
sediment etc. 

QUDM Table 7.6.2 

 

7.6.5 – Surcharge chambers 

Design considerations include: 

 The potential for a person (that has been 
swept into the upstream pipe) being 
trapped inside the surcharge chamber. 

 Potential surcharge of the upstream 
system and flooding problems caused by 
debris blockage of the outlet screen. 

 Structural integrity of the chamber, outlet 
screen, top slab and concrete coping. 

 Safe maintenance access to allow 
removal of debris. 

Surcharge chamber 
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Section 7.7 – Pipeline location 

 Minor pipes connecting one kerb inlet to 
another is acceptable at the top of the 
street drainage system. 

 For pipelines greater than 600 mm it is 
recommended that any pipeline located in 
the road pavement should be 2 m towards 
the road centreline from the kerb. 

 In divided roads, drainage pipelines may 
be located within the median, normally 
offset 1.5 m from the centreline. 

 In general, pipelines should not be located 

within allotments. Pipeline location 

 

Section 7.8 – Pipe and materials standards 

7.8.3 – Pipes and pipe laying 

 It is recommended that jointing for pipes 
comply with QUDM Table 7.8.1. 

 Rubber ringed joints should be used in 
sub-groundwater installations, sandy or 
unstable ground, or where pipe movement 
is possible, such as from cut to fill. 

 Minimum diameter should be 375 mm 
except gully connection from single gully. 

 The clearance between  multiple pipes 
should be in accordance with Table 7.8.2 

Pipes ready for installation 

 

7.8.4 – Box sections 

 The minimum waterway dimension of any 
box section should normally be 300 mm 
(or 375 mm for cross drainage road 
culverts).   

 In the case of a connection from a single 
gully pit (other than in 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. 

Box section drain 

 

7.8.5 – Access chambers and structures 

 All structural concrete work should be 
executed in accordance with the current 
edition of AS3600, AS3610 & AS1302. 

 Concrete finishes should be in accordance 
with Table 3.3.1 of AS 3610. 

 The minimum concrete class for 
stormwater drainage works should be     
32 MPa for major endwalls and other 
major structures, and 25 MPa for access 
chambers, kerb inlets, minor endwalls and 
other minor structures. 

Access chamber (under construction) 
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Section 7.9 – Structural design of pipelines 
and access chambers 

 Structural design should be carried out in 
accordance with AS 3725 Loads on Buried 
Concrete Pipes, CPAA Concrete Pipe 
Selection Software, Austroads Bridge 
Design Code, and AS 2566.2. 

 The absolute minimum cover over any 
pipe—irrespective of location, class and 
bedding—should be 300 mm, unless 
special protection is provided. 

 The minimum strength class for concrete 
drainage pipes should be Class 2. 

Pipe construction 

 

Section 7.10 – Minimum cover over pipes 

 Minimum cover over pipes is defined in 
QUDM Table 7.10.1. 

 In special cases, cover can be reduced by 
using a higher-class pipe, special bedding 
and/or concrete protection. 

 Where pipes are laid under the footpath, 
consideration should be given to possible 
future road widening (i.e. that may 
reduced the effective cover as a result of 
the road widening). 

QUDM Table 7.10.1 

 

Section 7.11 – Flow velocity limits 

 The velocity of stormwater should be 
maintained within acceptable limits to 
ensure self cleaning of pipes and to avoid 
scouring of the conduit. 

 The range of acceptable flow velocities 
are as detailed in QUDM Table 7.11.1. 

 In steep terrain the velocity of flow should 
not be greater than the absolute maximum 
velocity of 6 m/s under pipe full conditions. 

High-velocity pipe flow 

 

Section 7.12 – Pipe grade limits 

 To conform with the requirements of 
QUDM s7.11 and construction limitations, 
the maximum and minimum pipe grades 
should be limited to that presented in 
Table 7.12.1. 

 The minimum grade of 0.10% (1:1000) is 
based on construction tolerance 
requirements. 

Low gradient pipeline 
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Section 7.13 – Roof and allotment drainage 

 Wherever practicable, the principles of 
Water Sensitive Urban Design (WSUD) 
should be implemented to minimise the 
direct connection of roof drainage systems 
to the trunk drainage network. 

 This chapter provides information on the 
design of roof and allotment drainage 
systems where the WSUD is impractical. 

 The examples provided in Figure 7.13.1 
may be appropriately modified to 
incorporate rainwater tanks and/or on-site 
detention systems. 

Level-V allotment drainage  

 

7.13.5 – The rear of allotment drainage 
system 

 Rear of allotment drainage systems (inter-
allotment drainage) provide for the 
collection of runoff from allotments falling 
away from the street. 

 The system should be designed to receive 
the peak runoff as determined from the 
guidelines set out in QUDM Table 7.13.4. 

 Issues regarding the need for easements 
over the drainage pipe remained 
unresolved at the time of release of the 
2013 provisional edition of QUDM. 

Rear of allotment drainage 

 

Section 7.14 – Public utilities and other 
services 

 In urban areas, drainage is only one of 
many public utility services that must be 
provided. 

 In general, the minimum clearance 
between the outer faces of services 
should be 200 mm. 

 Penetrations by services through 
stormwater systems should be avoided. 

Services passing through large storm drain 

 

Section 7.15 – Discharge calculations 

 This section of QUDM provides 
procedures for the determination of the 
design discharge. 

 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. 

 Underground systems should be designed 
with a suitable allowance for blockage at 
kerb inlets as described in QUDM s7.5.2. 

Discharge analysis 



           

© Catchments & Creeks Pty Ltd V3, June 2013 Page 55 

Chapter 7 – Urban drainage 

 

Section 7.16 – Hydraulic calculations 

7.16.1 – General 

 The hydraulic grade line (HGL) method is 
recommended for the analysis of 
underground stormwater pipe systems. 

 Guidance on the selection of a starting 
hydraulic grade level (tailwater level) at 
the outlet, or downstream end of the 
system, is given in Chapter 8. 

 Manning’s roughness is recommended for 
the determination of friction losses. 

Example pipe network analysis 

 

7.16.2 – Pipe and structure losses 

 Losses due to friction in pipes may be 
expressed as: 

hf  =  Sf .L 

 Losses due to obstructions, bends or 
junctions in pipelines may be expressed 
as a function of the velocity head within 
the pipe immediately downstream of the 
obstruction, bend or junction as follows: 

hs  =  K.Vo
2
/2g 

Typical flow pattern within a junction pit 

 

7.16.3 – Hydraulic grade line and total 
energy line 

 The hydraulic grade line (HGL) is a plot of 
the pressure head at any point in a 
pipeline. 

 It is noted that at access chambers and 
kerb inlets the water surface elevation 
(WSE) is normally higher than the 
theoretical HGL. 

 The HGL and WSE must be below the 
surface level at pits and kerb inlets. 

QUDM Figure 7.16.1 

 

7.16.4 – Methods of design 

 This section of QUDM outlines the 
recommended procedure for the hydraulic 
analysis of underground drainage 
systems. 

 Pipeline design by the HGL method is 
most conveniently carried out by working 
upstream from the outlet. 

 The procedures for detailed calculation 
are outlined in the flow charts contained in 
QUDM Figures 7.16.2 and 7.16.3. 

QUDM Figures 7.16.2 and 7.16.3 
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7.16.5 – Starting hydraulic grade line 

 If  T.W.L. >  O.L., then the starting    
H.G.L. = T.W.L. 

 If T.W.L. </=  O.L. and T.W.L. >/= dc, then 
the starting H.G.L. =  O.L. 

 If T.W.L. <  dc (i.e. free outfall), then the 
starting H.G.L. =  the normal flow depth 
(dn) in the outfall pipe for the given flow 
rate. 

Pipe outlet conditions 

 

7.16.6 – Freeboard at inlets and junctions 

 Table 7.16.1 provides recommendations 
for freeboard (typically 150 mm) for kerb 
inlets and access chambers. 

 The maximum W.S.E. should allow for the 
head loss resulting from surface inflow into 
the structure. 

 Design charts to determine the water 
surface elevation coefficients (Kw) are 

provided in Appendix 2 of QUDM. 

 Where an appropriate chart is not 
available; W.S.E. - H.G.L. = 0.3 Vu

2
/2g 

Surcharging access chamber 

 

7.16.7 – Pipe capacity 

 The capacities of stormwater pipes flowing 
full, but not under pressure, should be 
calculated using Manning’s equation. 

 Table 7.16.3 provides recommended 
surface roughness coefficients for various 
stormwater pipes. 

 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. 

QUDM Table 7.16.3 

 

7.16.8 – Pressure changes at junction 
structures 

 Pressure loss (or head loss) at junctions 
may be expressed as a function of the 
velocity head (Vo

2
/2g) of the flow in the 

conduit downstream of the junction. 

 The Hare Charts, Missouri Charts and the 
Cade and Thompson Charts (provided in 
Appendix 2) have been prepared 
predominantly for values of B/Do = 2. 

 In cases where B/Do > 2, it can be 
expected that values of Ku and Kw will be 
greater than those provided within the 
charts. Junction pit 
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7.16.9 – Inlets and outlets 

 Table 7.16.5 provides suggested entry 
loss coefficients (Ke) to be applied to the 
velocity head for the downstream pipe or 
culvert. 

 In circumstances where there is a 
significant approaching velocity, the 
entrance loss coefficient should be applied 
to the absolute value of the velocity head 
difference. 

 Typical exit loss coefficients and formulas 
are provided in association with QUDM 
figures 7.16.9 to 7.16.12. 

Components of entrance loss 

 

7.16.10 – Bends 

 Under certain circumstances it may be 
permissible to deflect a pipeline (s7.6.3). 

 Where pipelines are deflected an 
allowance for energy loss should be 
made—such head loss is additional to 
normal friction losses. 

 Figure 7.16.13 provides recommended 
bend loss coefficients. 

 Table 7.16.6 provides recommended bend 
loss coefficients for mitred fittings. 

QUDM Figure 7.16.13 

 

7.16.11 – Obstructions or penetrations 

 The pressure change coefficient Kp 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. 

 Where an access chamber is provided, it 
will be necessary to add the structure loss 
and the loss due to the obstruction or 
penetration, based upon the velocity in the 
downstream pipe. 

QUDM Figure 7.16.14 

 

7.16.12 – Branch lines without a structure 

 Pressure change coefficients for junctions 
with branch line connections can be 
determined from the various Design 
Charts provided in Appendix 2. 

 Both the pressure change coefficients KL 
(branch line) and Ku (main line) should be 
applied to the velocity head of the outlet 
pipe. 

 Note: the coefficients presented in Miller 
(1990) are ‘energy loss’ coefficients; 
therefore a conversion must be made for 
HGL analysis. 

QUDM Figure 7.16.17 
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7.16.13 – Expansion and contractions 
(pipes flowing full) 

 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. 

 The pressure change can be derived 
using the ‘energy loss’ coefficients 
determined from Table 7.16.7. 

 The equivalent ‘pressure change’ 
coefficients (KU and KO) are provided in 

Table 7.16.8. 
Pipe to box section expansion 

 

7.16.14 – Surcharge chambers 

 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 losses associated 
with each component. 

 This section of QUDM provides guidance 
on the determination of energy loss (head 
loss) through surcharge chambers. 

Surcharge chamber 

 

7.16.14(b) – 90 degree mitre bend losses 

 Losses associated with pipe flow entering 
a surcharge chamber are complicated by 
changes in flow velocity and the length 
(height) of the chamber. 

7.16.14(c) – Screen losses 

 Head loss through a clean or partially 
blocked screen may be assessed based 
on equation 7.25. 

 Screen losses are highly variable and 
significant variation exists between 
published equations and coefficients. 

Surcharge chamber outlet screen 

 

7.16.15 – Hydraulic grade line (pipes 
flowing partially full) 

 For flow in a pipe running partially full, the 
HGL will correspond with the water 
surface. 

 At the upstream end of a pipe reach, 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. 

Partial full flow 
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Chapter 8 
 

STORMWATER OUTLETS 
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Section 8.1 – Introduction 

 The design of stormwater outlets usually 
needs to satisfy a range of diverse and 
sometimes conflicting requirements. 

 Outlet designs need to be site specific and 
appropriate for the local conditions. 

 Local governments often have their own 
design guidelines and required outcomes. 

Outlet integrated into rock headwall 

 

Section 8.2 – Factors affecting tailwater 
level 

 Important to note that the highest 
astronomical tide (HAT) does not 

represent the highest possible sea level. 

 A storm surge is likely when flooding is the 
result of cyclonic weather conditions. 

 Wave set-up can occur in coastal regions 
as well as large water bodies such as 
lakes. 

 The potential impacts of climate change 
on sea levels are also discussed. 

Tidal outlet 

 

Section 8.3 – Selection of tailwater level 

8.3.1 – Tailwater levels for tidal outfalls 

 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. 

 Suggested design conditions are provided 
in QUDM Table 8.3.1. 

 The potential impact of coincident flooding 
(flood surcharge) on design tailwater 
levels is discussed in section 8.3.4. 

King tide within a coastal drain 

 

Section 8.3.3 – Tailwater levels for non-
tidal outfalls 

 Design tailwater levels for outfalls 
discharging into large lakes may need to 
consider the effects of wave set-up as 

discussed in section 8.2.4. 

 The starting HGL for the design storm for 
outlets into lakes or dams may need to be 
set at the overflow level. 

 The starting HGL level for the design AEP 
of a pipe discharging into a detention 
basin should be determined by analysing 
the basin operation for the same AEP. 

Stormwater outlet to urban lake 



           

© Catchments & Creeks Pty Ltd V3, June 2013 Page 61 

Chapter 8 – Stormwater outlets 

 

Section 8.3.4 – 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 to that 
of the receiving waterway. 

 Suggested analytical procedures are 
provided in this section of QUDM. 

QUDM Figure 8.2 

 

Section 8.4 – Design of tidal outlets 

Consideration should be given to the following 
when designing outlets that discharge to tidal 
waters: 

 The ecological impact of gross pollutants. 

 The use of appropriate concrete 
specifications as per AS 3600. 

 Back-flow control devices may need to be 
located within the first access chamber to 
protect its operation from vandalism, wave 
attack, debris and sand blockage. 

Flap gate located within first access pit 

 

8.4.5 – Outlets to beaches 

Consideration should be given to the following: 

 Knowledge gained from existing outlets 
located in similar coastal environments. 

 Risks and consequences of structures 
being undermined by wave action and 
longshore currents. 

 The potential for sand deposition, debris 
and fouling that may impede the function 
of flap gates. 

 Lateral pressure loads applied to exposed 
pipes by differential sand levels caused by 
longshore littoral drift. 

 Potential adverse effects of changes in the 
natural longshore littoral drift caused by 
sand deposition against the pipeline. 

 The provision of maintenance access to 
remove sand and sediment deposits from 
within the pipe. 

 It should be noted that if regular dry 
weather flows released from the outlet 
cause long-term saturation of the sand 
adjacent the outlet, then an un-natural loss 
of sand is likely to occur adjacent to the 
stormwater outlet. 

Flap gates locked by sand deposition 

 

Sand loss from in-front of outlet 
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Section 8.5 – Design of non-tidal outlets 

8.5.1 – General 

(a) Integration into the local character 

 Stormwater outlets need to be 
appropriately integrated into the aesthetics 
and functions of the site. 

 This means the outlet may or may not 
require a headwall. 

 If a headwall is used, then choose an 
appropriate material; concrete, stacked 
rock, grouted rock, gabions, etc. 

Outlet without formal headwall 

 

(b) Safety aspects 

 Safety barriers placed around the 
headwall do not have to be ‘exclusion-type 
fencing—refer to section 12.4. 

 Placing screens on outlets generally 
should be avoided; however, their use 
may be required to exclude people from 
enclosed GPTs located within the pipe. 

 Outlet screens may reduce unauthorised 
entry, but they are subject to blockage. 

 Outlet screens can also trap people swept 
into the upstream pipe network. 

Blocked outlet screen 

 

(c) Location of outlets 

 Where practical, stormwater outlets should 
be recessed into the banks to minimise 
impacts from future bank erosion, channel 
expansion, or channel migration. 

 Consideration must be given to the likely 
impacts on the existing riparian zone. 

 Consider the risk of outflows impacting 
and eroding the opposite bank—if such 
risks exist, then set the outlet at least 10 
times the pipe dia. from the opposite bank. 

 Ideally, locate outlets away from erodible 
banks and the outside of channel bends. 

Outlet recessed into channel bank 

 

(d) Direction of outlets 

 Outlets that discharge into a ‘narrow’ 
receiving channel should be angled 45 to 
60 degrees to the main channel flow. 

 A ‘narrow’ channel is defined as: 

 channel width at the bed is less than 5 
times the equivalent pipe diameter; or 

 distance from the outlet to the opposite 
bank < 10 x equiv. pipe diameter; and 

 pipe flow > 10% channel flow. 

 Stormwater outlets that discharge in an 
upstream direction should be avoided. 

QUDM Figure 8.5 
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(e) Elevation of outlets 

 Guidelines on desirable invert elevation for 
outlets discharging to grass swales, 
channels and lakes are provided in 
sections 8.5.2 to 8.5.6. 

 If the outlet discharges into a permanent 
sedimentation basin or other stormwater 
treatment system, then the outlet should 
discharge above the designated sediment 
clean-out level. 

 Submerged outlets should be avoided for 
reasons of maintenance, including 
inspections and de-silting operations. 

Bank erosion caused by elevated outlets 

 

(f) Sedimentation and pollution control 

 The outlet design should not facilitate the 
breeding of biting or nuisance insects. 

 To minimise sedimentation within the pipe, 
a minimum 1 year ARI flow velocity of 
1.2im/s is desirable. 

 Consideration must be given to the need 
for a pollution trap to be installed at the 
outlet. 

End-of-pipe litter trap during high flow 

 

(g) Maintenance requirements 

 Consideration should be given to the 
requirements for safe inspection and 
maintenance access. 

 If the outlet needs to be inspected after 
storm events or on a regular basis, then 
access must be provided in order to sight 
the outlet. 

 If sediment or debris removal is required, 
then suitable access to the outlet will be 
required. 

Wetland limits access and inspections 

 

(h) Erosion control 

 The outlet design should minimise the risk 
of bed and bank erosion. 

 If outlet flow velocities are to be reduced 
by lowering the gradient of the outlet pipe, 
this length of pipe should exceed 15xdia. 

 Nominal scour protection should extend 
three times the pipe diameter from the 
face of the outlet even if exit velocities do 
not exceed 2 m/s. 

 It is noted that bank erosion can occur if 
overland flows are diverted around the 
exposed edge of the headwall. Erosion around edge of headwall 
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8.5.2 – Discharge to grass swales 

 The outlet’s invert level should be at least 
50 mm above the swale invert to allow for 
normal grass growth. 

 The 2% AEP (50 yr ARI) depth*velocity 
product (d*V) within the swale should not 
exceed 0.4 or 0.6 depending on safety 
risk. 

 Subsoil drainage—incorporating suitable 
pervious bed materials—may be required 
to minimise long-term soil saturation along 
the swale invert. 

Outlet invert set too low adjacent swale 

 

8.5.3 – Discharge via surcharge chambers 

Prior to incorporating a surcharge chamber, 
the following issues should be considered: 

 The potential for a person being swept into 
the upstream drainage system and then 
being trapped inside the chamber. 

 Potential upstream flooding problems 
caused by debris blockage. 

 The required structural integrity of the 
outlet screen and concrete coping. 

 Safe access to allow removal of debris. 

Structural damage to surcharge chamber 

 

8.5.4 – Discharge to constructed outlet 
channel 

 Drainage channels constructed through 
parks must consider safety issues 
associated with users of the park. 

 Ideally, the principles of Natural Channel 
Design should be incorporated into the 
design of the outlet channel. 

 If heavy reed growth is expected within the 
channel, then consideration should be 
given to the inclusion of an elevated 
bypass channel (QUDM Figure 8.11). 

Outlet channel with elevated bypass  

 

8.5.5 – Discharge to waterways 

 The design of stormwater outlets that 
discharge directly into a waterway channel 
should consider the minimum and 
maximum outlet fall height relative to the 
channel invert as presented in Table 8.5.1. 

 Mini wetlands and other water quality 
treatment measures can be placed 
between the outlet and the receiving 
waterway. 

Side-channel treatment outlet to waterway 
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8.5.6 – Discharge to lakes 

 Submerged outlets should be avoided for 
reasons of maintenance, including 
inspections and de-silting operations. 

 Ideally, a solid outlet apron should be 
provided as a stable entry platform for 
maintenance inspections. 

 The outlet may need to be hidden by edge 
features such as an observation deck. 

 Consideration should be given to the 
installation of an appropriate pollution 
control system upstream of the outlet. 

Outlet hidden by observation deck 

 

Section 8.6 – Backflow control systems 

 Common forms of backflow prevention 
devices include flap gates, duckbill valves 
and mechanically operated gates. 

 Like any outlet system, backflow control 
devices can be subject to debris blockage. 

 The use of such devices should not occur 
without appropriate consideration of both 
the potential benefits and associated 
maintenance problems. 

Backflow control device 

 

Section 8.7 – Outlet energy dissipation 

 Energy dissipation at stormwater outlets is 
usually required to achieve either or both 
of the following: 

 control bed scour 

 control bank erosion caused by ‘jetting’. 

 Bed scour may be partly controlled 
through the use of a ‘hydraulically rough’ 
outlet pad. 

 Control of a submerged or floating ‘outlet 
jet’ is normally achieved through use of an 
impact-type energy dissipater. 

High velocity discharge 

 

(a) Rock pad outlets 

 Rock pads are most effective for low 
tailwater conditions. 

 Energy dissipation occurs as a result of 
bed friction. 

 Under deep water (drowned) conditions, 
the rock pad assists in the development of 
a thick boundary layer that helps to 
minimise bed scour downstream of the 
rock pad. 

 These types of energy dissipaters are 
generally ineffective in the control of bank 
erosion caused by outlet jetting. Rock pad 



           

© Catchments & Creeks Pty Ltd V3, June 2013 Page 66 

Chapter 8 – Stormwater outlets 

 

(b) Rock mattress outlets 

 Most effective for low tailwater conditions. 

 Energy dissipation occurs as a result of 
bed friction (less efficient than loose rock). 

 Ineffective for the control of outlet jetting. 

 Inevitable failure of the wire mattress 
followed by loss of the enclosed rocks 
should be anticipated unless stabilised by 
plants. 

 It is important to secure the leading edge 
of the mattress to prevent displacement, 
especially for outlets larger than 600 mm. 

Rock mattress pad 

 

(c) Forced hydraulic jump basin 

 Energy dissipation is primarily through the 
development of high levels of turbulence. 

 Strict tailwater requirements often exist. 

 Generally ineffective for the control of 
floating outlet jets. 

 Can represent a significant safety risk to 
persons swept through the pipe. 

Forced hydraulic jump basin 

 

(d) Hydraulic jump chamber 

 Energy dissipation is primarily through the 
development of high levels of turbulence. 

 These devices are generally less critical to 
variations in tailwater level. 

 May be ineffective for the control of 
floating outlet jets. 

 Can represent a significant safety risk to 
persons swept through the pipe. 

 Low to medium debris hazard, but may be 
difficult to de-silt. 

Hydraulic jump chamber 

 

(e) Riprap basin 

 Energy dissipation is primarily through bed 
friction and the development of high 
turbulence. 

 Effective for tailwater levels less than 3/4 
of the incoming jet height. 

 Good control of a plunging outflow, but 
minimal control of floating outlet jets. 

 Low to medium safety hazard. 

Riprap basin energy dissipater 
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(f) Single pipe outlet 

 Energy dissipation is primarily through the 
development of high levels of turbulence. 

 Generally only effective for low tailwater 
conditions. 

 Good control of a plunging outflow, but 
minimal control of floating outlet jets. 

 Medium safety hazard for persons swept 
through the pipe. 

Single pipe plunge pool energy dissipater 

 

(g) Twin pipe outlet 

 Energy dissipation is primarily through the 
development of high levels of turbulence. 

 Generally only effective for low tailwater 
conditions. 

 Good control of a plunging outflow, but 
minimal control of floating outlet jets. 

 Medium safety hazard for persons swept 
through the pipe. 

Twin pipe plunge pool energy dissipater 

 

(h) USBR Type VI impact basin 

 Energy dissipation is primarily through the 
development of high levels of turbulence. 

 Hydraulic efficiency and energy dissipation 
are generally independent of tailwater 
conditions. 

 Good control of outlet jetting. 

 Extreme safety hazard for persons swept 

through the pipe. 

 High debris hazard. 

USBR Type VI impact basin 

 

(i) & (j) Impact structures 

 Energy dissipation is primarily through 
impact, turbulence and bed friction. 

 Generally these devices are less critical to 
variations in tailwater level. 

 They provide good control of outlet jetting 
if pipe flow is less than half full. 

 Extreme safety hazard for persons swept 
through the pipe. 

 Medium to high debris hazard. 

Impact units  
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Chapter 9 
 

OPEN CHANNEL HYDRAULICS 

 
This chapter provides guidelines on the design of constructed drainage channels, including the 
design of hard-lined, grassed and vegetated channels. Discussion is not provided on the 
management of natural waterways and floodplains. 
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Section 9.1 – General 

 This chapter focuses on the design of 
constructed drainage channels. 

 For guidance on the management and 
rehabilitation of modified urban waterways 
refer other documents such as: Brisbane 
City Council’s ‘Erosion Treatment for 
Urban Creeks’ (1997) and ‘Natural 
Channel Design’ (2000) – both available 

via Council’s website. 

Natural Channel Design guideline 

 

Section 9.2 – Planning issues 

(a) Legislative requirements 

 Under the Water Act 2000, the 
Department of Natural Resources and 
Mines may require approval of the in-
stream works. 

 Instream works that may alter fish 
passage conditions may require 
acquisition of a waterway barrier permit 
from Queensland Fisheries. 

 Both departments provide guidelines for 
specific self-assessable instream works. 

State laws and policies 

 

(b) Retention of natural waterways 

 Consider retaining the natural channel in 
the following circumstances: 

 waterways identified as important within 
a Waterway Corridor Plan, Catchment 
Management Plan 

 natural waterways with well-defined 
bed, banks and floodways. 

 Ideally, residential properties should not 
back directly onto vegetated channels; 
instead, these waterway corridors should 
be viewed as urban features—this avoids 

the unlawful dumping of garden waste. 
Dumping of waste over back fence 

 

(c) Selection of channel type 

 This section of QUDM provides an 
overview of factors to be considered when 
selecting the channel form. 

 Table 9.2.1 provides a general guide to 
the selection of the channel configuration 
based on catchment area, sediment 
control and fauna requirements. 

 It is noted that Table 9.2.1 is not a 
mandatory design standard. 

QUDM Table 9.2.1 
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C4 – Vegetated channel with no formal low-
flow channel 

 A bed width greater than approximately 
3im can become impractical in constructed 
ephemeral channels. 

 If a wider channel is required, then 
consider the inclusion of a separate low-
flow channel as per C5, C6 and C7 below. 

 Channel vegetation should not be 
dominated by grasses, even though some 
grasses and other ground covers will 
usually be required for scour control. 

QUDM Figure 9.4 

 

C5 – Vegetated trapezoidal channel with 
low-flow channel 

 A well-defined low-flow channel forms part 
of the channel bed to assist in fish 
passage and the control of soil moisture 
levels across the upper channel bed. 

 Desirable maximum channel depth is 
2.5im, otherwise excessive erosion and 
vegetation damage may be expected 
during high flows and/or excessive 
sedimentation during low flows. 

QUDM Figure 9.5 

 

C6 – Two-stage vegetated channel and 
floodway 

 Channel capacity (ex. floodway) is 
typically 1 in 1 year to 1 in 10 year ARI. 

 A channel capacity in excess of 1 in 10 
year ARI should be avoided. 

 Desirable maximum main channel depth 
of 2 m relative to top of the lower bank (i.e. 
base of floodway). 

 Care must be taken to ensure any 
meandering of the channel does not 
adversely affect the passage of 
floodwaters along the floodway. 

QUDM Figure 9.6 

 

C7 – Multi-stage vegetated channel with 
low-flow channel 

 Channel capacity (ex. floodway) typically 1 
in 1 year to 1 in 10 year ARI. 

 A channel capacity in excess of 1 in 10 
year ARI should be avoided. 

 Low-flow channel capacity usually less 
than 1 in 1 year ARI. 

 The main channel is usually designed as a 
low-maintenance, heavily vegetated, 
closed canopy system. 

QUDM Figure 9.7 
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Section 9.3 – Open channel hydraulics 

9.3.1 – Hydraulic analysis 

 It is the responsibility of the designer to 
identify variations in flow conditions that 
are likely to occur along the channel and 
to design the channel accordingly. 

 This chapter of QUDM focuses on 
subcritical flow conditions. 

 Open channels operating within, or 
approaching supercritical conditions (i.e. 
Froude No. > 0.9), should be avoided. 

Subcritical flow 

 

9.3.2 – Design flow 

 Guidance on the selection of the design 
storm is provided in section 7.2. 

 Queensland State Planning Policy 
recommends adoption of the 1% AEP (1 in 
100 yr ARI) flood frequency for waterway 
flood management planning. 

 The likely effects of channel flows 
resulting from storm events in excess of 
the design storm should also be 
considered, even if the design storm is the 
1% AEP. 

Overtopping of road crossing 

 

9.3.3 – Starting tailwater level 

 Guidelines on the selection of appropriate 
tailwater conditions for tidal and non-tidal 
channel outlets are provided in Chapter 8. 

 A sensitivity analysis should be performed 
on a range of possible tailwater levels to 
confirm the suitability of the adopted 
modelling conditions. 

 The effects of coincident flooding should 
be considered at locations where a 
channel discharges into a larger drainage 
catchment. 

Junction of large and small waterway 

 

9.3.4 – Channel freeboard 

 Freeboard is incorporated into channel 
designs to reduce the risk of overtopping 
flows caused by calculation errors, minor 
wave action, channel sedimentation, or 
minor changes in vegetation roughness. 

 The inclusion of a channel freeboard 
should not be used as an excuse to 
ignore those design conditions that could 
reasonably be expected to occur. 

 QUDM Table 9.3.1 provides 
recommendations on channel freeboard. 

QUDM Figure 9.8 
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9.3.5 – Use of Manning’s equation 

 The selection of an appropriate value for 
the Manning’s roughness coefficient is 
critical and requires experience. 

 Consider channel conditions (roughness) 
just prior to normal channel maintenance. 

 Design flood levels should be based on 
expected maximum roughness; while flow 
velocities and scour control should be 
based on a low roughness condition. 

 Tables 9.3.3 and 9.3.4 (below) provide 
typical roughness values for rock and 
grass lined channels. Same channel: low and high roughness 

  

QUDM Table 9.3.3 QUDM Table 9.3.4 

 

9.3.6 – Energy losses at channel 
transitions and channel bends 

 Table 9.3.5 provides energy loss 
coefficients for channel expansions and 
contractions. 

 Equation 9.7 provides energy loss for 
sharp bends between 90 & 180 degrees. 

 Equation 9.8 provides the expected 
superelevation of water on the outside of 
significant channel bends. 

Channel expansion 

 

Section 9.4 – Constructed channels and 
hard linings 

 Contraction and expansion joints, and 
pressure relief weep holes should be 
provided within concrete channels. 

 Step irons should be provided for side 
slope steeper than 1 in 2 (1V:2H), and 
where the depth exceeds 0.9 m. 

 In non-arid regions, the long-term success 
of gabions and rock mattress-lined 
channels depends on the successful 
establishment of vegetation over the wire 
baskets. 

Concrete storm drain 
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Section 9.5 – Constructed channels with 
soft linings 

 Table 9.5.3 provides the recommended 
permissible design flow velocities for earth 
and grass-lined channels. 

 The major storm design velocity for 
vegetated channels can allow for some 
degree of vegetation damage provided 
sufficient recovery time exists between 
such flows. 

 Table 9.5.1 provides the recommended 
permissible velocities for flow passing 
through heavy vegetation. 

High-velocity, vegetated channel 

 

9.5.3 – Recommended maximum channel 
side slopes 

 A maximum bank slope of 1 in 2 (1V:2H) 
is recommended to provide safe access 
for vegetation establishment. 

 QUDM Table 9.5.2 provides guidance on 
maximum bank slopes. 

 Recommended maximum bank slopes for 
grass-lined channels is 1 in 6 (1V:6H), 
with an absolute maximum of 1 in 4. 

Reconstructed 1:2 bank slope 

 

9.5.5 – Tidal channels 

 Specific salt tolerant grass species should 
be chosen for grass-lined channels 
subject to occasional saltwater inundation. 

 If mangrove infestation is expected along 
the drainage channel, then consideration 
should be given to the inclusion of an 
elevated grass-lined bypass channel. 

 Guidance on designing drainage systems 
in and around acid sulfate soils is provided 
in section 9.7.9 of QUDM. 

Tidal waterway 

 

Section 9.6 – Natural channel design 

 Natural Channel Design (NCD) focuses on 
the design of drainage channels that look 
and function similar to natural waterways. 

 The concept is most applicable to the 
rehabilitation of old storm drains and the 
conversion of overland flow paths into 
formal drainage channels. 

 Natural channel design is not an excuse 
to allow the removal or relocation of 
natural waterways purely for commercial 
or town planning reasons. 

Rehabilitated storm drain 
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Section 9.7 – Design considerations (all 
channels) 

9.7.1 – Safety issues 

 Urban waterways and stormwater 
drainage systems can represent a 
significant safety risk. 

 Chapter 12 provides discussion on safety 
issues associated with drainage systems. 

Children playing in storm drain 

 

9.7.2 – Access and maintenance berms 

 On constructed channels, a 4.5 m wide 
access/maintenance berm is 
recommended on at least one side of 
major drainage channels. 

 A 1.5 m wide safety/access strip should be 
provided along at least one side of the 
channel, above the design flood level, in 
addition to the access/maintenance berm. 

 The provision of maintenance access 
should not damage the intended ‘natural’ 
features of the channel. 

Combined floodway and access berm 

 

9.7.3 – Fish passage 

 The legislative requirements to consider 
fish passage within natural and 
constructed waterways has increased 
significantly in recent years. 

 Consideration needs to be given to both 
the movement of fish along waterways 
and their habitat within the waterways. 

 Self-assessable codes may be obtained 
from Queensland Fisheries (DAFF) 
website. 

Constructed pool-riffles system 

 

9.7.4 – Terrestrial passage 

 In urban areas, terrestrial wildlife corridors 
are often limited to the waterways. 

 Drainage corridors can be used as wildlife 
corridors to link bushland reserves. 

 Open grassed floodways can be used to 
separate properties from riparian 
vegetation for the protection of wildlife 
habitats, bushfire control, and for limiting 
the movement of undesirable wildlife (e.g. 
snakes) into residential properties. 

 Open ground is typically not appropriate 
for terrestrial corridors. Poor terrestrial shelter & corridor values 
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9.7.5 – Connectivity 

 General connectivity should exist between 
the various natural features that exist 
within urban areas. 

 Such connectivity can benefit both flora 
and fauna. 

 The development of a council-wide 
Wildlife Corridor Map (refer to section 2.9) 
can provide a valuable planning tool for 
urban development and the design of 
drainage corridors. 

Wildlife corridor map 

 

9.7.6 – Human movement corridors 

 Human movement corridors (i.e. footpaths 
and bikeways) should ideally be limited to 
floodplains, floodways and other overbank 
areas outside the primary riparian 
vegetation zone. 

 The construction of boardwalks along 
waterways is strongly discouraged due to 
the high risk of erosion and damage to the 
boardwalk—such restrictions do not apply 
to low velocity water bodies such as 
wetlands. 

Riverside walkway 

 

9.7.7 – Open channel drop structures 
(grade control structures) 

 Due to fish passage requirements, open 
channel drop structures usually do not 
feature within modern drainage channels. 

9.7.8 – Instream lakes and wetlands 

 Constructed lakes and wetlands can 
introduce significant fish passage barriers 
into waterways. 

 Designers should minimise the adverse 
impacts these introduced water bodies 
may have on fauna habitat and passage. 

On-line lake 

 

9.7.9 – Design and construction through 
acid sulfate soils 

 Acid sulfate soils (ASS) occur naturally 
over extensive low-lying coastal areas, 
predominantly below 5 m AHD. 

 Within potential ASS areas, new drainage 
works must incorporate appropriate 
management principles such as (Dear et 
al. 2002) Queensland Acid Sulfate Soil 
Technical Manual – Soil Management 
Guidelines (accessed through DEHP). 

Drain cut through an acid sulfate soil 
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Section 9.8 – Low-flow channels 

(a) Earth low-flow channel 

 Compatible with ‘natural channel design’. 

 Highly susceptible to erosion unless soils 
are erosion resistant. 

 Some degree of vegetation establishment 
should be expected unless located with a 
heavily shaded area or arid region. 

 These types of low-flow channels are 
generally not recommended unless there 
is a demonstrated history of successful 
application within the region. 

Earth channel 

 

(b) Vegetated low-flow channel 

 Compatible with ‘natural channel design’. 

 The banks of the low-flow channel can be 
susceptible to erosion as bed vegetation 
becomes thicker and stronger. 

 Generally relies on shading by suitable 
canopy cover (riparian zone) to control 
weeds and excess vegetation growth. 

 Important to study and mimic successful 
local examples of vegetated low-flow 
channels. 

Vegetated channel 

 

(c) Rock and vegetation low-flow channel 

 Compatible with ‘natural channel design’. 

 Generally a high degree of stability. 

 Long-term success requires on effective 
control over sediment inflow (note: de-
silting activities can damage the rock 
cover). 

 Generally relies on shading by canopy 
cover (riparian zone) to control weeds and 
excess vegetation growth (note: channels 
can be difficult to weed). 

Rock and vegetation 

 

(d) Non-vegetated, loose rock low-flow 
channel 

 May or may not be compatible with the 
principles of ‘natural channel design’. 

 Medium to high degree of stability. 

 Generally prone to weed/reed infestation 
unless heavily shaded or located within 
arid and semi-arid regions. 

 Very difficult to weed or de-silt without 
disturbing the rocks. 

 Should be dominated by rocks > 200 mm. 

Rock-lined channel 
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(e) Grouted rock low-flow channel 

 Not compatible with the principles of 
‘natural channel design’. 

 Erosion can be common along the edges 
of the grouted rock. 

 Can cause elevated water temperatures 
unless shaded. 

 These low-flow channels typically have 
minimal ecological benefit. 

Grouted rock 

 

(f) Pool-riffle system within earth, rock or 
vegetated low-flow channel 

 Compatible with ‘natural channel design’. 

 Can provide water quality benefits. 

 Medium to high ecological benefits. 

 Most successfully used on mild gradient 
channels 1 in 50 to 1 in 100 for earth 
channels, or up to 1 in 20 for fully rock-
lined low-flow channels. 

 The channel must have sufficient dry 
weather flow to maintain water quality 
within the pools. 

Pool-riffle system 

 

(g) Gabion or rock mattress low-flow 
channel 

 Not compatible with the principles of 
‘natural channel design’. 

 Weed or vine invasion can be a problem. 

 Very difficult to weed or de-silt. 

 Long-term success requires the 
development of a low maintenance, 
vegetated conditions. 

 Selection and controlling the vegetation 
cover is critical. 

Gabions and rock mattresses 

 

(h) Concrete low-flow channel 

 Not compatible with the principles of 
‘natural channel design’. 

 Typically associated with high safety risks. 

 Very poor ecological attributes. 

 Very poor water quality attributes including 
high temperatures. 

 Soil erosion is common along the edges of 
the concrete channel. 

Concrete-lined channel 
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Section 9.9 – Use of rock in drainage 
channels 

 This section of QUDM provides rock sizing 
equations based on ‘loose rock’ 
placement. 

 In waterways it is usually preferred that 
placement rock is appropriately vegetated 
to improve aesthetics and rock stability. 

 The rock-sizing equations assume the 
rock has a fractured angular shape. 

 If ‘rounded’ rock is used, then a larger rock 
size is required (i.e. K1 > 1.0). 

Revegetated rock-lined channel 

 

9.9.2 – Rock sizing for the lining of 
drainage channels 

 Equation 9.11 represents a modification of 
the equation originally presented by 
Isbash (1936). 

 This equation requires a prediction of the 
expected flow turbulence (K) which in this 
document is based on channel slope. 

 Equation 9.11 reduces to the following 
commonly used equation for angular rock 
with a specific gravity, sr = 2.6. 

d50 (mm) = 40 V
 2
 

Rock-lined stormwater drain 

 

9.9.3 – Rock sizing for the lining of batter 
chutes 

 Batter chutes provide drainage down 
steep embankments. 

 The flow in batter chutes is expected to be 
supercritical (i.e. whitewater). 

 Wherever practical, batter chutes should 
be constructed along a ‘straight’ alignment 
to minimise the risk of water spilling out of 
the channel. 

 Rock is sized using equations similar to 
those used for dam spillways and 
waterway chutes. 

Rock-lined batter chute 

 

9.9.4 – Rock sizing for the stabilisation of 
channel banks 

 Equation 9.11 can be used to size rock 
placed on the bed and banks of waterway 
channels. 

 Bank slope is generally not critical unless 
the slope is steeper than 1:2 (V:H). 

 For bank slopes of 1:1.5, a 25% increase 
in rock size is recommended. 

 Guidance is also provided in this section 
on the selection of an appropriate ‘bank 
flow velocity’ relative to the average 
channel velocity. Rock-lined creek bank 
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9.9.5 – Rock sizing for the design of 
constructed waterway riffles 

 Constructed riffles and other fishways 
need to be formed from rocks containing 
sufficient quantities of small rocks to 
minimise interflow (flow through the rock 
voids). 

 Table 9.9.6 provides a suggested 
distribution of rock sizes for ‘constructed’ 
riffles. 

 Riffle rock size is determined as the 
largest rock size as assessed from two 
flow conditions described in QUDM. 

Constructed pool-riffle system 

 

9.9.6 – Rock sizing for the stabilisation of 
waterway and gully chutes 

 A gully chute is a steep drainage channel, 
typically of uniform cross-section, used to 
stabilise flow into, or out of, a gully. 

 The maximum recommended rock size is 
d50 = 600 mm due to the difficulties of 
placing such rock. 

 The total drop height generally should not 
exceed 1.2 m; however, if fish passage is 
required, then the fall of an individual drop 
should not exceed 0.5 m. 

Rock-lined gully chute 

 

9.9.7 – Rock sizing for the design of outlet 
structures 

 Outlet structures are typically used as 
energy dissipaters on the outlets of 
stormwater pipes, batter chutes and 
waterway culverts. 

 A rock size and pad length design chart 
for the sizing of single pipe outlets is 
provided in Figure 8.13 of QUDM. 

 A rock size and pad length design chart 
for the sizing of multiple pipe/cell outlets is 
provided in Figure 10.12 of QUDM. 

Rock pad outlet structure 

 

9.9.8 – Rock sizing for the design of energy 
dissipaters 

 Most energy dissipaters contain two zones 
where rock stabilisation may be used. 

 Zone 1 is the primary energy dissipation 
zone where turbulence and energy losses 
are the greatest. 

 Zone 2 is the area immediately 
downstream of Zone 1 where flows are 
allowed to return to normal ‘uniform’ flow 
conditions prior to entering the receiving 
channel. 

Rock placement d/s of drop structure 
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Chapter 10 
 

WATERWAY CROSSINGS 

 
This chapter provides an overview of hydraulic and environmental considerations only. It does 
not represent a comprehensive guideline to the hydraulic or structural design of waterway cross 
drainage structures. 
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Section 10.1 – Bridge crossings 

 Bridges are generally the preferred means 
of crossing environmentally sensitive 
waterways and waterways containing 
threatened fish species. 

 Ideally, stormwater runoff from bridges 
should be collected and filtered through 
riparian vegetation before discharging into 
the stream. 

 QUDM provides guidance on the hydraulic 
analysis of scupper pipe drainage 
systems. 

Bridge drainage via scupper pipes 

 

10.1.2 – Blockage factors 

 New blockage factors have been 
introduced into this edition of QUDM 
based on the reports of AR&R Project 11. 

 Blockage typically depends on the risk of 
debris wrapped around central piers. 

 100% blockage of large road bridges is 
most unlikely; however, small footbridges 
can experience significant debris 
blockage. 

Debris blockage around bridge pier 

 

Section 10.2 – Causeway crossings 

 Hydraulics of causeways is generally 
described by broad-crested weir formulas. 

 Causeways have a high potential to 
adversely affect fish passage conditions. 

 A maximum depth*velocity product (d*V) 
of 0.3, a maximum flow depth of 200 mm 
should allow trafficable conditions across 
‘urban’ causeways. 

 Warning signs should clearly indicate 
likely trafficable hazards. 

Causeway with minor overflow 

 

Section 10.3 – Ford crossings 

 Bed-level ford crossings are only suitable 
for low traffic movement across alluvial 
(i.e. sand or gravel-based) streams. 

 Crossings protected with rock (say greater 
than 150 mm) are likely to require a 
downstream sill, such as a log, to 
minimise displacement of the rock. 

 Fixed bed ford crossings (e.g. concrete 
bed level crossings) should not be used to 
cross an alluvial stream that experiences 
significant movement of the bed material. 

Ford crossing 
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Section 10.4 – Culvert crossings 

 This section of QUDM provides a ‘general 
guide’ to the design of waterway culverts. 

 Designers are referred to the design 
procedures presented in the Road 
Drainage Design Manual (Queensland 

Main Roads) for detailed information. 

Multi-cell, multi-purpose box culvert 

 

10.4.1 – Choice of design storm 

 Recommended design storms for road 
culverts are provided in Table 7.3.1. 

 Some authorities may require flood-free 
access to new residential areas during the 
major design storm to allow safe access 
for emergency vehicles. 

 Consideration must be given to the 
consequences of flows in excess of the 
major storm, and the effects of full or 
partial debris blockage of the culvert. 

Flood overtopping road culvert 

 

10.4.2 – Consideration of flows in excess of 
design storms 

 Consideration should be given to the likely 
effects of channel flows in excess of the 
design ARI storm event including: 

 likelihood of significant debris blockage 

 relative elevation of adjacent floor 
levels 

 the damaging path of bypass flows 
(QUDM Figure 10.4). 

Flows bypassing around traffic barriers 

 

10.4.3 – Location and alignment of culverts 

 Ideal locations include: 

 straight sections of the waterway 

 well downstream of sharp bends 

 on a stable channel section 

 upstream of a channel riffle. 

 Ideally, culverts should be aligned with the 
downstream channel (options A or C, left). 

 Avoid realigning the channel to match the 
culvert; instead, align the culvert to match 
the channel. 

Options for the alignment of culverts 
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10.4.4 – Allowable afflux 

 The afflux caused by flood events must 
not cause unacceptable damage to 
adjacent properties, or adversely affect the 
value or use of these properties. 

 Adequate freeboard (minimum 100 mm) 
should exist between the upstream water 
surface and the lowest part of the road 
crown during the designated non-
overtopping event. 

Flood overtopping a road culvert 

 

10.4.5 – Culvert sizing considerations 

 Minimum 375 mm diameter/height. 

 A diagonal > 6 m significantly reduces the 
risk of 100% blockage. 

 Maximum use should be made of 
available height to reduce blockage risk 
and improve safety for persons swept 
through the culvert. 

 Culvert sizing may also be controlled by 
fish passage requirements—refer to 
Queensland Fisheries guidelines. 

Maximum height culverts should be used 

 

10.4.6 – Preliminary sizing of culverts 

 For ‘outlet controlled’ culverts, a first 
estimate of the culvert size may be 
obtained from: 

ΔH  =  C (V
 2
/2g) 

 Typically the constant ‘C’ equals 1.5 for 
large culverts, and 1.7 for small culverts. 

 A detailed equation is also provided for the 
determination of the combined entry, 
friction and exit losses of outlet-controlled 
culverts. 

Box culvert 

 

10.4.7 – Hydraulic analysis of culvert 

 Final sizing should be done using a 
suitable numerical model. 

 Hand calculations are generally only 
suitable for low risk culverts. 

  ‘Inlet control’ conditions require free 
surface flow conditions to exist at the 
culvert outlet. 

 Culverts should not be sized using Inlet 
Control Charts if the outlet of the culvert is 

likely to be drowned. 

Numerical analysis of culvert flow 



           

© Catchments & Creeks Pty Ltd V3, June 2013 Page 84 

Chapter 10 – Waterway crossings 

 

10.4.8 – Culvert elevation and gradient 

 Generally the gradient of the culvert 
should match that of the stream; however, 
flat gradient culverts are sometimes used 
to improve fish passage. 

 In fish habitats, the invert of at least one 
cell should be set below bed level to allow 
the settling of natural bed sediments and 
to achieve a minimum 0.2 to 0.5 m flow 
depth during periods of low flow. 

Culvert with sunken invert 

 

10.4.9 – Minimum cover 

 Minimum cover over cells should be: 

 300 mm over concrete pipes 

 100 mm over reinforced concrete 
culverts, slab link box culverts, and 
reinforced concrete slab deck culverts 

 600 mm over corrugated metal pipes. 

 Designers should refer to the latest 
recommendations from the Concrete Pipe 
Association of Australasia to confirm 
desirable minimum cover requirements. 

Thin deck box culvert 

 

10.4.10 – Debris deflector walls 

 Adopted blockage conditions should 
reflect both the likelihood of occurrence 
and the consequences of such blockage. 

 Typical blockage allowance of 10% to 
20% of the culvert flow area, but if the 
height < 3 m or width < 5 m, the risk of 
100% blockage increases. 

 Typical 100% blockage of handrails and 
traffic barriers. 

 Debris deflector walls (left) can help to 
reduce the risk of blockage. 

Debris deflector walls 

 

10.4.11 – Sediment control measures 

 Sedimentation can be managed using one 
or more of the following: 

 formation of an upstream sedimentation 
pond 

 formation of multi-cell culverts with 
variable inverts 

 installation of sediment training walls 
(left) to restrict low flows to just one 
cell—thus helping to keep sediment 
mobile during low flows. 

Culvert with sediment training wall 
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10.4.12 – Roadway barriers 

 Prior to the installation of any traffic safety 
barriers, consideration must be given to 
their impact on flood levels and terrestrial 
passage. 

 During overtopping flows, raised median 
strips can increase upstream flood levels 
as well as restrict traffic movement to one 
side of the road. 

 In critical flood control areas, it may be 
necessary to use a painted median. 

Traffic control barriers 

 

10.4.13 – Terrestrial passage requirements 

 Terrestrial passage considerations are 
required when the road crosses a fauna 
corridor and traffic conditions on the road 
are such that unacceptable road kills are 
likely to occur. 

 Dry passage should extend through the 
culvert along one or both sides of 
waterway channel as required. 

 Designers should refer to Queensland 
Main Roads’ Fauna Sensitive Road 
Design guidelines. 

Terrestrial passage through culvert 

 

10.4.14 – Fish passage requirements 

 Fish passage requirements generally 
apply if permanent water exists upstream 
of the culvert. 

 Fish passage requirements may also 
apply to floodplain culverts through which 
fish may pass during flood events. 

 The culvert flow area should mimic the 
natural channel flow area. 

 Ideally, minimum flow depths of 0.2 to 
0.5im should exist during periods of low 
flow. 

Fish friendly rural culvert 

 

10.4.15 – Outlet scour control 

 A revised rock-sizing chart is provided in 
this edition of QUDM. 

 Discussion on the attributes of various 
energy dissipaters is provided in QUDM 
section 8.6 

 Extreme care must be taken in regards 
potential safety risks to persons or aquatic 
life swept through the culvert. 

 Minimum 0.6 m depth of cut-off wall. 

Rock pad scour protection 
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Chapter 11 
 

ENVIRONMENTAL CONSIDERATIONS 

 
This chapter provides a general overview of environmental considerations. The general 
guidance is not comprehensive and should be supplements with further reading. The framework 
for the management of water quality, including stormwater management, is based on the 
National Water Quality Management Strategy. 



           

© Catchments & Creeks Pty Ltd V3, June 2013 Page 87 

Chapter 11 – Environmental considerations 

 

Section 11.1 – Introduction 

 A legal cornerstone for the 
environmentally responsible management 
of stormwater within Queensland is the 
‘general environmental duty’ as presented 
within the Environmental Protection Act. 

 Consideration must be given to potential 
adverse impacts resulting from changes to 
the natural water cycle. 

 It is the responsibility of the stormwater 
designer to be aware of what is 
considered current best management 
practice within the stormwater industry. 

National water quality strategy 

 

Section 11.2 – Waterway management 

11.2.2 – Waterway integrity 

 Significant changes can occur as a result 
of changes in catchment hydrology. 

 Bushland and grassland have significantly 
different hydrologic properties even 
though both have 0% impervious. 

 The radius of channel bends often 
depends on the channel width, thus as 
channels expand due to erosion, so to 
may channel meandering. 

 Waterways are best protected through 
water sensitive urban design. 

Accelerated channel erosion 

 

11.2.3 – Effects of changes in tidal 
exchange 

 Major drainage works in low-lying areas 
can alter the tidal exchange causing: 

 increase channel scour 

 relocation of mangroves 

 relocation of aquatic life 

 changes in extent of brackish water 

 adverse impacts on surrounding 
freshwater wetlands. 

Tidal waterway 

 

11.2.4 – Cause and effect of changes in 
catchment hydrology 

 This section of QUDM provides various 
tables summarising the impact of 
urbanisation on waterways, including  

 typical causes of change 

 impacts of changes in land use 

 impacts of various stormwater 
management practices 

 benefits of various stormwater 
management practices 

 impacts of waterway fauna. 

Indicator of increased nutrient levels 
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Section 11.3 – Stormwater quality 
management 

11.3.1 – Planning issues 

Step 1: Consider soil properties 

 Stormwater quality management usually 
depends on the soil’s infiltration capacity. 

 In sandy soils, focus on infiltration 
practices. 

 In clayey soils, choose filtration practices. 

 Soil properties can also influence the 
operation of urban lakes. 

Sodic soils typically produce brown lakes 

 

Step 2: Consider opportunities for 
stormwater infiltration 

 Encouraging stormwater infiltration has 
many benefits, even on clayey soils. 

 High stormwater infiltration, however, can 
impact on some urban landscaping. 

 Caution; stormwater infiltration can cause 
inter-lot seepage problems on terraced 
urban landscapes. 

 Infiltration practices should focus on a 
variety of practices, not just grass swales. 

Stormwater infiltration in car park 

 

Step 3: Look for natural opportunities 
available within the catchment 

 It is important to look for existing natural 
land features that lend themselves to 
stormwater infiltration, retention and 
treatment, such as: 

 areas of sandy soil 

 natural depressions 

 land that could not reasonable be 
developed for urban use 

 stormwater drains crossing open space. 

Opportunity for drain rehabilitation 

 

Step 4: Consider the maintenance 
capabilities of the land owner 

 Tailor stormwater treatment systems and 
their maintenance to the capabilities of, 
and equipment owned by, the proposed 
asset manager. 

 Avoid systems that require asset owners 
to enter dangerous or confined spaces. 

 Develop a maintenance program that 
outlines maintenance requirements, 
frequency and procedures. 

Maintenance of gully trap 
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Step 5: Review conditions for the retention 
of natural waterways and the adoption of 
Natural Channel Design drainage systems 

 First priority should be to develop urban 
areas around natural waterways, or to 
rehabilitate modified waterways as 
‘natural’ features of the urban landscape. 

 Guidelines for the retention of natural 
waterways are provided in section 9.2 of 
QUDM. 

 Guidelines for the adoption of Natural 
Channel Design are provided in section 
9.6 of QUDM. 

Retained urban waterway 

 

Step 6: Look at the needs of receiving 
waters 

 Large water bodies such as lakes and 
rivers are typically adversely affected 
more by fine sediments (clays) than 
coarse sediments. 

 Minor water bodies need protection from 
both coarse and fine sediment. 

 It is important to remember that 
groundwater is also a ‘receiving water’. 

Wetland affected by coarse sediment 

 

11.3.2 – Water sensitive urban design 

Water Sensitive Urban Design seeks to: 

 preserve the existing topography 

 integrate public open space with 
stormwater drainage corridors 

 preserve the natural water cycle 

 utilise surface water and groundwater 
as a valued resource 

 protect water quality 

 minimise the capital and maintenance 
costs. 

Urban stormwater treatment wetland 

 

Section 11.3.3 – Water sensitive road 
design 

Urban roadways can incorporate many water 
sensitive features, including: 

 reduced road widths 

 stormwater detention/retention 

 stormwater treatment systems 

 pollution containment systems 

 indirectly connected impervious surface 
areas 

 appropriate selection of low leaf-litter 
street trees. 

Bio-filtration cell 
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Section 11.4 – Stormwater treatment 
techniques 

11.4.1 – General 

The National Water Quality Management 
Strategy stormwater quality management 
hierarchy is: 

 retain, restore, or rehabilitate valuable 
ecosystems 

 source control through non-structural 
measures 

 source control through structural 
measures 

 regional instream treatment measures. National water quality strategy 

 

11.4.2 – Non-structural source control 

 This section of QUDM provides general 
guidance on the use of non-structural 
source control measures with specific 
reference to: 

 state government authorities 

 local governments 

 business units 

 the public. 

‘Adopt-A-Road’ litter control campaign 

 

11.4.3 – Structural controls 

 This section of QUDM provides an 
overview of the various treatment 
mechanics and the classification of these 
systems into primary, secondary and 
tertiary control measures. 

 Tables 11.4.1 to 11.4.3 provide a 
summary of the key pollutants targeted by 
various treatment processes. 

QUDM Table 11.4.2 

 

Section 11.5 – Selection of treatment 
techniques 

 This section outlines the various 
processes that can be used to identify the 
preferred treatment techniques. 

 Designing to achieve a specified 
percentage reduction in pollutant runoff is 
the most common method in Queensland. 

 Tables 11.5.2 to 11.5.8 provide ‘general 
guidance’ on the selection of stormwater 
treatment techniques for low risk sites 
where the time and expense of numerical 
modelling cannot be justified. 

QUDM Table 11.5.7 
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Section 11.6 – Stormwater management 
plans 

11.6.1 – General 

 Stormwater Management Plans identify 
proposed site protection and stormwater 
treatment measures. 

 There are two forms of Stormwater 
Management Plans: 

 Urban Stormwater Quality Management 
Plans (discussed in section 2.6) 

 Site-based Stormwater Management 
Plans. 

QUDM Figure 2.1 

 

(a) Erosion and sediment control 

 Erosion and Sediment Control Plans 
(ESCPs) should be developed for the 
building/construction phase of all urban 
developments. 

 The degree of complexity and detail 
provided in the ESCP depends on the 
extent and complexity of the works. 

 The Best Practice Erosion and Sediment 
Control document (IECA, 2008) is a 6-part 
publication including design fact sheets, 
field guides and standard drawings. 

IECA, 2008 

 

(b) Site-based stormwater management 
plans 

 Site-based Stormwater Management 
Plans are normally developed by an 
applicant as part of a ‘development 
application’ for approval under the 
Sustainable Planning Act, 2009. 

 The legislative requirements of site-based 
Stormwater Management Plans are 
outlined within the Queensland State 
Planning Policy. 

Site-based stormwater management plan 

 

(c) Site-based Stormwater Management 
Plans – Post-construction phase 

Where necessary, a separate SMP may be 
required for the post-construction maintenance 
phase to address the following issues: 

 water quality objectives and indicators 

 statement of who is responsible for 
each task 

 management and maintenance of 
permanent stormwater treatment 
systems 

 site inspection and monitoring 

 incident reporting procedures. Water quality monitoring 
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Chapter 12 
 

SAFETY ASPECTS 
 

This chapter of QUDM provides general guidance on the management of safety risks 
associated with stormwater drainage systems. The information should not be taken as 
‘mandatory’ and the recommendations must be applied on a site-by-site basis. In effect, the 
information provided should be considered only as the ‘starting point’ for more detailed site-
specific discussions. 
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Section 12.1 – General 

 Urban drainage networks can represent a 
significant safety risk. 

 Appropriate safety management includes: 

 designing to avoid safety risks 

 appropriate consideration of the risks 
associated with land that surrounds 
drainage systems (e.g. land slope) 

 providing suitable exit points 

 minimising the risk of public entry into 
closed conduit systems that are likely to 
be flowing full at time of entry. 

Safety advisory sign 

 

Section 12.2 – Risk assessment 

 Guidance on risk assessment is provided 
in Australian Standard AS 4360. 

 The main elements of the risk 
management are: 

 communicate and consult 

 establish the context 

 identify risks 

 evaluate risks 

 treat risks 

 monitor and review. 

QUDM tables 12.2.3 and 12.3.7 

 

Section 12.3 – Example safety ranking 
system 

 This section of QUDM provides an 
example safety risk ranking system 
developed for ‘stormwater inlets’. 

 The ranking system is based on a risk 
‘scores’ being applied to: 

 potential for the conduit to flow full 

 length of the conduit 

 flow conditions within the conduit 

 flow conditions at the outlet of the 
conduit. 

Safety risks within stormwater pipe 

 

Section 12.4 – Safety fencing 

 Three categories of fencing are discussed: 

 childproof fencing 

 exclusion fencing 

 barrier fencing 

 First preference is to design to avoid the 
need for fencing, especially adjacent 
natural waterways and wetlands. 

 ‘Barrier fencing’ does not exclude access; 
instead it focuses on providing a visual 
warning of danger and preventing 
accidental falls. 

Fenced detention basin outlet 
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Section 12.5 – Inlet and outlet screens 

12.5.1 – General 

 This section of QUDM provides guidance 
on the use and design of inlet and outlet 
screens. 

 These recommendations should not be 
considered mandatory, but a guide only—
each site must be assessed on a case-by-
case basis. 

 Typical ‘clear’ bar spacings are provided in 
section 12.5.5. 

Inlet screen 

 

12.5.2 – Use of outlet screens 

 Outlet screens should not be used in 
circumstances where an unauthorised 
person could enter, or be swept into, the 
upstream pipe network during a period of 
pipe flow. 

 Consideration must be given to the 
expected debris loading. 

 Hydraulic investigations should consider 
the consequences of 100% blockage. 

 All upstream inlets and access chambers 
should be secured against unauthorised 
entry. 

Screened stormwater outlet 

 

12.5.3 – Site conditions where barrier 
fencing or inlet/outlet screens may not be 
appropriate 

 The existence of any screen should aim to 
improve the overall safety of the 
stormwater system. 

 Screens may not be appropriate if they 
interfere with essential aquatic or 
terrestrial movement. 

 Screens may not be appropriate if 
increased energy losses resulting from 
debris blockages increases property 
flooding and/or associated safety risks. 

Debris blocked outlet screen 

 

12.5.4 – Inlet screen arrangement 

 Figures 12.1 to 12.6 provide examples of 
possible inlet screen arrangements. 

 Compared to horizontal inlet screens, 
dome screens provide: 

 reduced risk of 100% debris blockage 

 reduced safety risks (in some cases) 

 reduced risk of damage by traffic. 

Dome inlet screen 
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12.5.5 – Design guidelines for inlet and 
outlet screens 

 Maximum clear bar spacing of: 

 100 mm for childproof fencing 

 125 mm for inlet screens 

 150 mm for outlet screens 

 Maximum clear spacing of the screen 
above ground level is 125imm and 
150imm for inlet and outlet screens. 

 Maximum inclined spacing of horizontal 
support bars is 600 mm (i.e. to allow 

trapped persons to climb out of danger). 
Inlet screen 

 

Horizontal inlet screens: 

 Generally limited to domestic inlets 
receiving water from a single property. 

 Highly susceptible to debris blockage. 

 Generally not recommended if 100% 
blockage will cause ponding to exceed 
300 mm over screen. 

Vertical inlet screens: 

 Limited to a maximum height of 375 mm. 

 Maximum approach velocity 1 m/s through 
screen if there is the risk of a person being 
trapped against the screen and drowning. 

Vertical-sided inlet screen 

 

Single stage inclined screens: 

 Limited to a maximum height of 1200 mm 
with an approach velocity not exceeding   
1 m/s, or 600 mm with an approach 
velocity exceeding 1 m/s. 

 Maximum recommended slope of 45 
degrees. 

 Maximum approach velocity 1 m/s through 
screen if there is the risk of a person being 
trapped against the screen and drowning. 

Inclined inlet screen 

 

Parabolic inclined screens: 

 Maximum bottom clear height of 125 mm. 

 Vertical bars allowed to a height of 375 to 
600 mm depending on the approach 
velocity. 

 Maximum recommended slope of 45 
degrees to a height of 1200 mm. 

 Maximum recommended slope of 1:3 to 
1:5 (V:H), depending on safety risk, above 
a height of 1200 mm. 

 The intent is to ensure that the water 
surface does not meet the screen at 90°. 

Parabolic inlet screens 
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12.5.6 – Hydraulics of inlet screens 

 This section of QUDM provides guidance 
on the numerical analysis of energy losses 
through ‘clean’ and ‘partially blocked’ inlet 
screens. 

 Note; in some cases, screen and structure 
inlet losses need to be calculated 
separately, while in other cases the inlet 
and screen should be analysed as a single 
structure. 

Partially blocked inlet screen 

 

12.5.7 – Hydraulics of outlet screens 

 This section of QUDM provides guidance 
on the numerical analysis of energy losses 
through ‘clean’ and ‘partially blocked’ 
outlet screens. 

 Note; in some cases, screen and structure 
outlet losses need to be calculated 
separately, while in other cases the outlet 
and screen should be analysed as a single 
structure. 

Partially blocked outlet screen 

 

12.5.8 – Dome field inlet safety screens 

 This section of QUDM provides guidance 
on the design of dome inlet screens when 
the screen is used in locations where: 

 the public have access 

 water depths could exceed 1200 mm 
adjacent the screen, or 600 mm above 
the screen (in cases a trapped child). 

 Flow velocities at the face of the screen 
can be controlled by setting the screen 
bars back from the face of the drop inlet 
(defined in QUDM as the dimension ‘W’). 

Dome inlet screen 

 

12.5.9 – Example culvert inlet screen 

 This section of QUDM provides typical 
dimensions of a culvert inlet screen for 
various sized box and pipe inlets. 

 The assumed design parameters are 
listed, including: 

 net open surface area of the inlet 
screen is at least three times the cross-
sectional area of the pipe/culvert inlet 

 total width of the screen bars is 
assumed to cause a 14% reduction in 
the effective flow area at the screen 

Inlet screen 
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Chapters 13 to 15 
 

MISCELLANEOUS MATTERS 
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Section 13.1 – Relief drainage or upgrading 
works 

 A number of measures can be taken to 
improve the capacity of an existing 
drainage system, including: 

 removal of blockages 

 shaping of overland flow paths 

 reducing head losses through junction 
pits by improving stream flow paths. 

 Actions can be based on a benefit/cost 
analysis. 

Upgrade works 

 

Section 13.2 – Plan presentation 

 Standard drawings are available from: 

 Department of Main Roads 

 Institute of Public Works Engineering, 
Australia (IPWEA) 

 International Erosion Control 
Association (IECA) re. temporary 
construction site drainage works 

 Accurate ‘as-constructed’ plans should be 
prepared for all drainage works. 

Construction plan 

 

Section 13.3 – Subsoil drainage 

 The installation of subsoil drains allows 
seepage water to be collected and 
conveyed into the drainage system. 

 Gerke, 1987 (Australian Road Research 
Board) provides recommendations in 
respect to the design and installation of 
subsoil drains. 

 A minimum of 3 m of subsoil drain should 
be installed on the upstream side of, and 
discharging to, every access chamber or 
gully inlet. 

Subsoil drain 

 

Section 13.4 – Scheme ranking methods 

 This section of QUDM provides details of 
three ranking methods: 

 triple bottom line method 

 Pseudo benefit cost analysis 

 Hurrell and Lees procedure 

 The Triple Bottom Line ranking method 
allows the incorporation of financial, 
ecological and social issues. 

Numerical analysis 
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Section 13.5 – Symbols and abbreviations 

 In this edition of QUDM, the list of symbols 
and abbreviations has been moved from 
the front of the document (as per the 2007 
edition) to Chapter 13. 

Section 13.5 ‘Symbols and abbreviations’ 

 

Section 13.6 – Glossary of terms 

 In this edition of QUDM, the ‘glossary of 
terms’ has been moved from the front of 
the document (as per the 2007 edition) to 
Chapter 13. 

Section 13.6 ‘Glossary of terms’ 

 

Chapter 14 – References 

 Chapter 14 of QUDM contains the full list 
of references. 

Chapter 14 ‘References’ 

 

Chapter 15 – Index 

 Chapter 15 of QUDM contains a detailed 
index of stormwater topics discussed 
within the document. 

Chapter 15 ‘Index’ 
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HYDRAULIC DESIGN CHARTS 
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Appendix 1 – Pipe flow design charts 

 Appendix 1 provides various design charts 
associated with the hydraulics of closed 
conduit flow. 

 Table A1.1.1 provides recommended 
‘design’ Manning’s roughness coefficients 
for various types of stormwater pipes. 

 Design charts include: 

 Pipe flow capacity chart (Manning's 
equation) 

 Hydraulic elements for pipes flowing 
partially full 

Pipe flow capacity chart 

 

Appendix 2 – Structure pressure change 
coefficient charts 

 Appendix 2 provides various design charts 
associated with the hydraulics of junction 
chambers. 

 This appendix also provides discussion on 
how to use the design charts. 

 The primary focus on the design charts is 
the determination of hydraulic parameters 
‘KU’ (the HGL coefficient) and ‘KW’ (the pit 

water surface coefficient). 

Pressure change chart for grade-inlet pit 

 

Appendix 3 – Road flow capacity charts 

 Appendix 3 provides road flow capacity 
tables for four road widths; 6, 7, 8 and 12 
metres. 

 The data for a 6 metre width road is 
common for all roads of greater width up 
to depth of flow at crown for the 6 metre 
road, but not for greater depths. 

Road flow capacity chart for 6 m road 

 

 

 
 


	Disclaimer
	Principal reference and supporting documents:
	Contents Page
	Purpose of this field guide
	About the author
	Introduction to the Queensland Urban Drainage Manual (QUDM)
	Chapter 1 – Introduction
	Chapter 2 – Stormwater Planning
	Chapter 3 – Legal Aspects
	Chapter 4 – Catchment Hydrology
	Chapter 5 – Detention and retention systems
	Chapter 6 – Computer models
	Chapter 7 – Urban drainage
	Chapter 8 – Stormwater outlets
	Chapter 9 – Open channel hydraulics
	Chapter 10 – Waterway crossings
	Chapter 11 – Environmental considerations
	Chapter 12 – Safety aspects
	Chapters 13 to 15 – Miscellaneous matters
	Appendixes 1 to 3 – Design charts

