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Minister’s foreword

It gives me a great deal of pleasure to present the second edition of the Queensland
Urban Drainage Manual (QUDM). Since first being published in 1992 over 900
copies of QUDM have been distributed and it has become one of the primary
reference documents for stormwater practitioners within Queensland and interstate.

Since the first edition was produced, there have been major developments in both the
recognition and understanding of the potential impacts of stormwater runoff on our
environment, as well as greater recognition of the resource value of stormwater and
promotion of its use in supplementing tradition urban supplies.

The manual’s traditional focus on safety, urban amenity and flood management
remains a fundamental aspect of the document; however, the objectives of
environmental protection and sustainable resource management have been important
additions to the list of stormwater management considerations.

These changes which require stormwater to be recognized as an important
component of a sustainable total urban water cycle have made contemporary
stormwater management a much more complex and demanding field—a trend that is
likely to only increase as we strive to meet the challenges of our expanding urban
populations.

The expanding objectives of stormwater management have meant that QUDM can
no longer be used as the sole planning and design guideline for stormwater
management, but must be supplemented with other design manuals on topics such as
water sensitive urban design, natural channel design, and erosion and sediment
control. The latest version of QUDM does not attempt to supersede such guidelines,
but complements their use within the stormwater industry.

I believe this updated version of QUDM provides stormwater managers with an
extensive guideline on current best practices for the planning and design or urban
stormwater management systems.

The Hon. Craig Wallace MP
Minister for Natural Resources and Water
and Minister Assisting the Premier in North Queensland
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Preface

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

*  Water Sensitive Urban Design

* Water Sensitive Road Design

* Natural Channel Design

*  Waterway management including fauna passage
* Erosion & Sediment Control

* Bridge and culvert design manuals

* Australian Rainfall and Runoff (ARR)

* Australian Runoff Quality (ARQ)

* various Australian Standards on product manufacture and installation

The information presented within this edition of QUDM on stormwater
quality treatment and the management of environmental impacts is not
comprehensive and should not be used to supersede other more
comprehensive and locally relevant manuals and guidelines.

This edition of QUDM has been prepared with the specific aim of:
(1) outlining the objectives of urban stormwater management;

(i1) highlighting the planning tasks local governments should undertake to
develop a stormwater strategy for their area;
(i) listing the latest legislative requirements and legal issues applicable to
stormwater management;
(iv) expanding the discussion on planning considerations for stormwater
projects;
(v) updating its traditional hydrologic and hydraulic content;
(vi) supplementing the information provided on the design of piped
drainage systems;
(vil) expanding the discussion on environmental considerations;

(viii) providing greater recognition and guidance on ‘“soft” engineering
approaches including the use and design of vegetated drainage
channels;

(ix) providing broad guidance on the application of stormwater quality
measures on small projects where it is impractical to conduct detailed
water quality modelling;

(x) expanding the discussion on the hydraulic and environmental
considerations of waterway crossings;

(xi) providing a rational approach to the management of the public safety
risk associated with stormwater systems.
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The contents of this edition of QUDM have been prepared using the
experiences and knowledge of a range of stormwater management
practitioners across government, academia and the private sector. The
QUDM partners would like to thank all who have provided input into this
review and trust that this edition of QUDM will maintain the manual’s
standing as a lead stormwater management guideline.

Preliminary — 4



Acknowledgments

The preparation of the original Manual was commissioned jointly by the
Queensland Department of Primary Industries (Water Resources) the Institute
of Municipal Engineering Australia (Queensland Division) and the Brisbane
City Council.

Edition 2 was commissioned in 2005 by the Queensland Department of
Natural Resources and Mines (NR&M) on behalf of the Department, the
Queensland Division of Institute of Public Works Engineering Australia
(IPWEAQ), and Brisbane City Council (BCC).

Steering committee members (second edition):

Bob Adamson — Brisbane City Council

Peter Barnes — Brisbane City Council

Suzanna Barnes-Gillard — Institute of Public Works Engineering Australia
Russell Cuerel — Department of Natural Resources and Water

Neville Gibson (deceased) — Brisbane City Council

Allan Herring — Pine Rivers Shire Council

Upali Jayasinghe — Department of Natural Resources and Water

Graham Jenkins — Queensland University of Technology

Chris Lawson — Connell Wagner

Patrick Murphy — Boonah Shire Council

Geoff Stallman — Environmental Protection Agency

Bill Weeks — Department of Main Roads

Grant Witheridge — Catchments & Creeks Pty. Ltd. (first draft and art work)

The Steering Committee would like to extend special thanks to MacDonnells
Solicitors (Brisbane) for their assistance in drafting Chapter 3, Geoffrey
O’Loughlin of Anstad Pty Ltd for his assistance in the development of
Chapters 4, 6 and 10; and Neil Collins of Cardno Lawson Treloar for his
assistance with Chapter 10.

STEERING COMMITTEE MEMBERS (First edition):

Department of Primary Industries, Water Resources
Mr R.I. Rees B.E.(Hons.), Grad.Dip.Mun. & Env.Eng. and
Mr R. Priman B.E.(Hons.)

Institute of Municipal Engineering Australia, Queensland Division
Mr J.F. Jolly B.E., M.L.LE.Aust. and
Mr L.M. Yates B.Eng., L.G.E.

Brisbane City Council
Mr T.W. Condon B.E., M.Eng.Sc., Grad.Dip.Bus.Admin.

Preliminary — 5



Mr R.A. Halcrow B.E., M.ILE.Aust., R.P.E.Q., and
Mr D.G. Carroll B.E.(Hons.), Grad.Dip.Eng.Mgt, M.Eng.Sc, M.I.E.Aust.,
R.P.E.Q.

The Steering Committee and the authors would especially like to thank Mr
R.G. Black and Mr T. Piggott, Senior Lecturers in Civil Engineering at the
Queensland University of Technology, and Mr. J.R. Argue of the University
of South Australia.

The Steering Committee and the authors also acknowledge the permission
from the following organisations to allow quotations from, references to or
copying of material from their respective publications: Australian Road
Research Board, A.C.T. Administration, Institution of Engineers, Australia,
Queensland Transport, State Pollution Control Commission, N.S.W..

The following staff members of Neville Jones & Associates Pty Ltd and
Australian Water Engineering have made a significant contribution to the
writing of the Manual:

Neville Jones & Associates Pty Ltd

Mr N.D. Jones B.E., M.Eng.Sc., Grad.Dip.Env.Eng., F.LLE.Aust., R.P.E.Q.,
L.G.E., C.P.Eng.

Mr G.M. Anderson Assoc.Dip.Civ.Eng.

Mr C.H. Lawson B.E.(Hons.), M.Sc.E., S.M.LLE.(Aust.), R.P.E.Q., L.G.E.
C.P.Eng., and Alison Short who undertook the word processing.

Australian Water Engineering
Mr D.G. Ogle B.E.(Hons.), M.E., M.I.LP.E.N.Z., R.P.E.Q. and
Mr B.C. Tite B.E., R.P.E.Q.

Finally, thanks to Mr. Peter Gouriev of the Brisbane City Council who
designed the logo and coordinated the printing of the manual.

The following figures have been supplied courtesy of Catchments & Creeks
Pty Ltd and remain the property of Catchments & Creeks Pty Ltd: 4.02, 4.03,
4.04,7.05.4,7.05.5, 7.05.6, 7.06.1, 7.06.2, 7.06.3, 7.06.4, 7.16.4(a), (b) & (¢),
7.16.9(a) & (b), 7.16.10 (a) & (b), 7.16.11 (a) & (b), 7.16.12 (a), (b) & (d),
8.02, 8.04, 8.05, 8.06, 8.07, 8.08, 8.09, 8.10, 8.11, 8.12, 8.13, 8.14, 8.15, 8.16,
8.17, 8.18, 8.19, 8.20, 8.21, 8.22, 8.23, 9.09, 9.10, 9.11, 9.12, 9.13, 9.14, 9.15,
9.16, 9.17, 9.18, 9.19, 10.04, 10.05, 10.06, 10.07, 10.08, 10.09, 10.10, 10.11,
10.12, 12.01, 12.02, 12.03, 12.04, 12.05, 12.06, 12.07, 12.13, 12.15.

Preliminary — 6



Copyright © 2007

This document is subject to equal joint Copyright between Department of Natural
Resources & Water, Institute of Public Works Engineering Australia, Queensland
Division Ltd. and Brisbane City Council. No part of this publication can be
reproduced without prior consent by the joint owners.

Some diagrams are supplied by, and remain the intellectual property of, Catchments
& Creeks Pty Ltd. First edition 1992, First Reprint 1994, Second edition 2007.

Every effort and care has been taken by the authors and the sponsoring organisations
to verify that the methods and recommendations contained in this Manual are
appropriate for Queensland conditions. Notwithstanding these efforts, no warranty
or guarantee, express, implied, or statutory is made as to the accuracy, reliability,
suitability or results of the methods or recommendations.

The authors and sponsoring organisations 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 the
methods and recommendations of the Manual, including, but not limited to, any
interruption of service, loss of business or anticipatory profits, or consequential
damages resulting from the use of the Manual.

Use of the Manual requires professional interpretation and judgement. Appropriate
design procedures and assessment must be applied, to suit the particular
circumstances under consideration.

Published by:

Department of Natural Resources and Water
GPO Box 2454

Brisbane Qld 4001

© The State of Queensland (Department of Natural Resources and Water) 2007
The Department of Natural Resources and Water authorises the reproduction of
textual material, whole or part, in any form, provided appropriate acknowledgement
is given.

This document has been prepared with all due diligence and care, based on the best
available information at the time of publication. The department holds no
responsibility for any errors or omissions within this document. Any decisions made
by other parties based on this document are solely the responsibility of those parties.
Information contained in this document is from a number of sources and, as such,
does not necessarily represent government or departmental policy.

Published December 2007
ISBN 9781741727715
#28390

For more information on this document contact:

Department of Natural Resources and Water

Water Industry Regulation

(07) 3239 3226 <www.nrw.qld.gov.au/compliance/wic/guidelines>

This publication is available in alternative formats (including large print and
audiotape) on request. Contact NRW on (07) 340 43070 or email
<communications@nrw.qld.gov.au>.

Cover photographs (bottom left and right) courtesy of Grant Witheridge

Q
o =

Preliminary — 7



List of Tables:

Table Title Page
1.03.1 Key stormwater parameters and desired outcomes 1-5
2.02.1 Brief outline of various plans 2-4
2.03.1 Key aspects of SMPs for various State Government 2-6
departments
3.08.1(a) | Example of relevant statutory approvals and permits 3-10
3.08.1(b) | Example of relevant statutory approvals and permits (cont) 3-11
4.05.1 | Fraction impervious vs. development category 4-15
4.05.2 | Table of frequency factors 4-15
4.05.3(a) | Table of C10 values 4-16
4.05.3(b) | C10 values for zero fraction impervious 4-16
4.06.1 Recommended standard inlet times 4-22
4.06.2 | Recommended roof drainage system travel times 4-23
4.06.3 Recommended maximum length of overland sheet flow 4-25
4.06.4 Surface roughness or retardance factors 4-26
4.06.5 | Assumed average stream velocity for catchment areas 4-33
<500ha
4.08.1 Application of runoff volume estimation to stormwater 4-36
design
4.08.2 | Typical single storm event volumetric runoff coefficients for 4-39
various soil hydrologic groups
4.08.3 Typical infiltration rates for various soil hydrological groups 4-39
5.03.1 Summary of detention/retention system functions 5-5
5.06.1 Guidelines for basin freeboard requirements 5-14
5.08.1 Criteria for basin outlet structures 5-17
5.09.1 Recommendations for extreme flood 5-19
5.09.2 | Hazard categories 5-20
7.02.1 Recommended design average recurrence intervals 7-6
7.02.2 | Development categories 7-7
7.03.1 Flow depth and width limitations 7-11
7.04.1 Roadway flow width and depth limitations (longitudinal 7-15
drainage)
7.04.2 | Recommended values of Manning’s roughness coefficient 7-18
and flow correction factor for use in Izzard’s equation
7.05.1 Provision for blockage at kerb inlets 7-19
7.06.1 Recommended maximum spacing of access chambers 7-29
7.06.2 | Recommended maximum reduction in pipe size — single 7-32
pipes
7.08.1 Joining requirements for pipes — normal conditions 7-36
7.08.2 | Recommended minimum spacing of multiple pipes 7-37
7.10.1 Recommended minimum cover over pipes 7-41
7.11.1 Acceptable flow velocities for pipes and box sections 7-42
7.12.1 | Acceptable pipe grades for pipes flowing full 7-43
7.13.1 Design of roof gutters and downpipes 7-44
7.13.2 Roof and allotment drainage components 7-48
7.13.3 Levels of roof and allotment drainage 7-49
7.13.4 | Design recommendations for the rear of allotment drainage 7-51
system
7.13.5 | Recommended design criteria for Level II rear of allotment 7-52
drainage system
7.13.6 | Recommended design criteria for Level 111 rear of allotment 7-53

Preliminary — 8




drainage system

7.13.7 | Roof and allotment drainage system design procedure at 7-54
point of connection

7.13.8 Bypass from roof and allotment drainage system to downhill 7-55
catchments

7.16.1 Minimum freeboard recommended for kerb inlets and pits 7-75

7.16.2 | Application of freeboard recommendations 7-76

7.16.3 | Recommended values for surface roughness (normal 7-79
condition)

7.16.4 | Potential decrease in pressure change coefficient as a result 7-32
of benching

7.16.5 | Entrance (energy) loss coefficients 7-82

7.16.6 | Pressure loss coefficient at mitred fittings 7-89

7.16.7 | Energy loss coefficients for expansions and contractions 7-93

7.16.8 | Pressure change coefficients for expansions and contractions 7-94

7.16.9 | Mitre bend outlet length correction factor 7-98

7.16.10 | Trial values of Ky for use in determining H.G.L. under 7-100
partially full flow conditions

8.03.1 Suggested tailwater levels for discharge to tidal waterways 8-4

8.05.1 Minimum and maximum desirable elevation of pipe outlets 8-21
above receiving water bed level for ephemeral waterways

8.06.1 Typical bank scour velocities 8-24

9.02.1 Typical attributes of various constructed drainage channels 9-4

9.03.1 Recommended channel freeboard 9-11

9.03.2 | Typical minimum design roughness values for vegetated 9-13
channels

9.03.3 | Manning’s roughness of rock lined channels with shallow 9-14
flow

9.03.4 | Manning’s roughness for grassed channels (50-150mm blade 9-14
length)

9.03.5 Channel transition energy loss coefficients 9-17

9.05.1 Suggested permissible flow velocity for water passing 9-22
through/over vegetation

9.05.2 Suggested maximum bank gradient 9-23

9.05.3 Maximum permissible velocities for consolidated bare earth 9-24
channels and grassed channels

9.06.1 Operational differences between natural and urban waterways 9-28

9.07.1 Recommended waterway crossings in fish habitats 9-30

9.08.1 Low-flow channels within grassed or hard-lined channels 9-37

11.02.1 | Possible causes of changes in waterway characteristics 11-7

11.02.2 | Likely impacts of land use change on catchment hydrology 11-8
and waterway characteristics

11.02.3 | Likely impacts of various stormwater management practices 11-9
on catchment hydrology and waterway characteristics

11.02.4 | Likely benefits of various stormwater management practices 11-10
on catchment hydrology and waterway characteristics

11.02.5 | Incorporation of fauna issues into waterway structures 11-11

11.04.1 | Primary treatment classifications 11-21

11.04.2 | Secondary treatment classifications 11-21

11.04.3 | Tertiary treatment classifications 11-22

11.05.1 | Various design procedures 11-25

11.05.2 | Typical optimum catchment area for treatment techniques 11-26

11.05.3 | Optimum soil permeability for various treatment systems 11-27

Preliminary — 9




11.05.4 | Typical pollutant removal efficiencies of treatment systems 11-28
11.05.5 | Potential ecological impact of pollutants on waterways 11-29
11.05.6 | Typical benefits of treatment systems on waterways 11-30
11.05.7 | Suitability of treatment systems to various land uses 11-31
11.05.8 | Suitability of treatment systems to various land uses 11-32
12.02.1 | Example of “likelihood” scale 12-4
12.02.2 | Example of “consequences” scale 12-4
12.02.3 | Example of a risk assessment matrix 12-4
12.03.1 | Stormwater systems likely to represent a reasonably 12-7
foreseeable danger
12.04.1 | Contact classification 12-8
12.04.2 | Maximum ‘clear’ spacing of vertical bars 12-13
12.04.3 | Recommended slope of inlet safety screens 12-13
12.04.4 | Standard dimensions of dome inlet safety screen 12-19
12.04.5 | Dimensions of example (Figure 12.15) culvert inlet screen 12-21

Preliminary — 10




List of Figures:

Figure Title Page
2.01 Linkage between stormwater strategy and various 2-3
management plans
4.01 Examples of catchments that may be subject to partial area 4-10
effects
4.02 Kerb flow diverted by road crown 4-12
4.03 Surface flow following re-profiling of the road crown 4-12
4.04 Catchment boundaries showing the difference between the 4-13
natural contour catchment and the actual urban drainage
catchment
4.05 Application of standard inlet time 4-21
4.06 (a) | Typical roof drainage systems - residential 4-23
4.06 (b) | Typical roof drainage systems - industrial 4-23
4.07 Overland sheet flow times — shallow sheet flow only 4-25
4.08 Overland sheet flow times using kinematic wave equation 4-27
4.09 Flow travel time in pipes and channels 4-28
4.10 Kerb and channel flow time using Manning’s equation 4-29
4.11 Kerb and channel velocity using Izzard’s equation 2-30
4.12 Derivation of the equal area slope (S.) of main stream 4-33
5.01 Additional temporal patterns for use in design of 5-12
embankments and high level outlets
5.02 Typical outlets for small basins 5-16
7.03.1(a) | Major storm flow design criteria 7-12
7.03.1(b) | Major storm flow design criteria 7-13
7.04.1 Typical flow width criteria (minor storm) 7-14
7.04.2 Half road flow 7-17
7.05.1 A sag in a road with supercritical approach flows (“HJ” 7-22
indicates a hydraulic jump)
7.05.2 Limiting condition for a sag inlet to act as an on-grade inlet 7-22
(n=0.013)
7.05.3 Flow chart for determining kerb inlet positions on grade 7-24
7.05.4 Field inlet operation under weir flow 7-26
7.05.5 Field inlet operating under free orifice flow 7-26
7.05.6 Minimum lip width required for scour protection 7-27
7.06.1 Flow lines resulting from inflow pipe directed at pit centre 7-30
7.06.2 Inflow pipe directed at centre of outflow pipe 7-30
7.06.3 Bellmouth entrance to outlet pipe 7-31
7.06.4 Inlet chamber showing water level well above outlet obvert 7-31
7.13.1(a) | Levels of roof and allotment drainage system 7-46
7.13.1(b) | Levels of roof and allotment drainage system 7-46
7.13.1(c) | Levels of roof and allotment drainage system 7-46
7.13.1(d) | Levels of roof and allotment drainage system 7-46
7.13.1(e) | Levels of roof and allotment drainage system 7-47
7.13.2 Effects of trunk drainage network 7-50
7.15.1 Kerb inlet capacity for major storm 7-62
7.15.2(a) | Flow chart for initial design assessment 7-64
7.15.2(b) | Flow chart for initial design assessment 7-65
7.15.2(c) | Flow chart for initial design assessment 7-66
7.16.1 Hydraulics for a single pipe reach 7-70
7.16.2 Hydraulic grade line design method flow chart — method one 7-72
7.16.3 Hydraulic grade line design method flow chart — method two 7-73

Preliminary — 11




7.16.4(a) | Tailwater above pipe obvert 7-77
7.16.4(b) | Tailwater below pipe obvert 7-77
7.16.4(c) | Tailwater below pipe invert 7-77
7.16.5 Nomenclature at structures 7-80
7.16.6 Coefficient Ky and Ky calculation procedure flow chart 7-81
7.16.7(a) | Half-height benching 7-82
7.16.7(b) | Full-height benching 7-82
7.16.8(a) | Projecting from fill 7-84
7.16.8(b) | Headwall with wingwalls 7-84
7.16.8(c) | Mitred to conform to fill slope 7-84
7.16.8(d) | Hooded entrance 7-84
7.16.9(a) | Unconfined outlet jet — side view 7-86
7.16.9(b) | Unconfined outlet jet — plan view 7-86
7.16.10(a) | Outlet jet confined on one side — side view 7-86
7.16.10(b) | Outlet jet confined on one side — plan view 7-86
7.16.11(a) | Outlet jet confined on two sides — side view 7-87
7.16.11(b) | Outlet jet confined on two sides — plan view 7-87
7.16.12(a) | Outlet jet confined on three sides — side view 7-87
7.16.12(b) | Outlet jet confined on three sides — plan view 7-87
7.16.13 Bend loss coefficient 7-88
7.16.14 | Penetration loss coefficient 7-90
7.16.15 Branch line nomenclature 7-91
7.16.16 Energy loss coefficients at branch lines 7-92
7.16.17 Energy loss coefficients at branch lines 7-92
7.16.18 Sudden expansion and contraction 7-93
7.16.19(a) | Surcharge chamber with or without outlet pipe 7-95
7.16.19(b) | Surcharge chamber with multiple inflow pipes 7-96
7.16.19(c) | Surcharge chamber with outlet pipe of equivalent size 7-96
7.16.19(d) | Surcharge chamber with smaller low-flow outlet pipe 7-97
7.16.20 H.G.L. determination for pipes flowing partially full 7-99
8.01 Tidal variations 8-2
8.02 Example catchment showing side drain and main catchment 8-6
8.03 Intensity-Frequency-Duration plot for Brisbane airport 8-9
8.04 Tidal channel with high level bypass channel 8-11
8.05 Minimum desirable outlet setback 8-15
8.06 Discharge to swale or spoon drain 8-17
8.07 Recommended scour protection at crest of drop chutes 8-18
8.08 Discharge through surcharge chamber 8-18
8.09 Discharge into constructed outlet channel 8-19
8.10 Outlet channel with benching to allow flow bypassing of a 8-20
heavily vegetated low-flow channel
8.11 Discharge directly into a watercourse 8-21
8.12 Rock pad outlet 8-24
8.13 Sizing of rock outlet pads 8-25
8.14 Typical rock outlet pad layout 8-25
8.15 Rock mattress outlet 8-26
8.16 Forced hydraulic jump basin 8-26
8.17 Hydraulic jump chamber 8-27
8.18 Riprap basin 8-28
8.19 Single pipe outlet 8-28
8.20 Twin pipe outlet 8-29
8.21 USBR Type VI impact basin 8-30
8.22 Contra Costa energy dissipater 8-30

Preliminary — 12




8.23 Impact columns 8-31
9.01 C1 — Hard lined channel 9-5
9.02 C2 — Grass channel with low-flow pipe 9-5
9.03 C3 — Grass channel with low-flow channel 9-5
9.04 C4 — Vegetated channel with no formal low-flow channel 9-6
9.05 C5 — Vegetated trapezoidal channel with low-flow channel 9-7
9.06 C6 — Two-stage vegetated channel and floodway 9-8
9.07 C7 — Multi-stage vegetated channel with low-flow channel 9-9
9.08 Channel freeboard 9-12
9.09 Boundary layer conditions for flow passing from a smooth 9-21
channel surface onto a rough channel surface
9.10 Introduction of salt-grass bypass channel to minimise the 9-25
hydraulic impact of mangroves
9.11 Earth low-flow channel 9-39
9.12 Vegetated low-flow channel 9-39
9.13 Rock and vegetation low-flow channel 9-40
9.14 Non-vegetated, loose rock low-flow channel 9-41
9.15 Grouted rock low-flow channel 9-41
9.16 Pool-riffle system within earth, rock or vegetated low-flow 9-42
channel
9.17 Gabion or rock mattress low-flow channel 9-42
9.18 Concrete low-flow channel 9-43
9.19 Grass swale 9-44
10.01 Subcritical flow with subcritical tailwater 10-2
10.02 Subcritical flow with critical depth at tailwater 10-2
10.03 Combined subcritical and supercritical flow 10-3
10.04 Example flow path of overtopping flows 10-8
10.05 Minimum desirable flow depth over placed or settled bed 10-9
material
10.06 Multi-cell culvert with wet and dry cells 10-9
10.07 Culvert inlet with debris deflector walls 10-11
10.08(a) | Multi-cell culvert showing original channel cross section 10-11
10.08(b) | Typical long-term sedimentation within alluvial waterways 10-11
10.09 Sediment training walls incorporated with debris deflector 10-12
walls
10.10 Various arrangements of sediment training wall with and 10-12
without a debris deflector wall
10.11 Floodplain culvert adjacent a bridge crossing 10-13
10.12 High and medium flow area requirements for fish friendly 10-14
culverts
12.01 Dome inlet screen 12-11
12.02 Major inlet structure 12-11
12.03 Hinged inlet bar screen 12-11
12.04 Bar screen with upper stepping board inlet screen 12-12
12.05 Fixed stepping board inlet screen 12-12
12.06 Alternative major inlet structure 12-12
12.07 Design requirements for inlet screens 12-14
12.08 Inlet screen mounted away from the inlet 12-16
12.09 Inlet screen mounted close to the inlet 12-16
12.10 Outlet screen with minimal blockage 12-17
12.11 Partially blocked outlet screen 12-18
12.12 Outlet screen mounted away from the outlet 12-18
12.13 Minimum width requirements of dome safety inlet screen 12-19

Preliminary — 13




12.14 Diagrammatic representation of approach flow angle (plan 12-20
view)
12.15 Standard culvert inlet safety screen 12-21

Preliminary — 14




List of Equations:

Equation Title Page
4.01 Rational method equation 4-9
4.02 Rational method equation 4-9
4.03 Rational Method equation with variable land uses 4-9
4.04 Partial area effects — simplified procedure 4-11
4.05 Coefficient of discharge 4-14
4.06 Friend’s equation 4-25
4.07 Kinematic wave equation for overland sheet flow time 4-26
4.08 Manning equation open channel flow 4-31
4.09 Travel time in open channel flow 4-31
4.10 Bransby-Williams’equation 4-32
4.11 Modified Friend’s equation 4-32
4.12 Composite volumetric runoff coefficient 4-40
4.13 Rational Method runoff volume estimate 4-40
4.14 Unit hydrograph method catchment lag 4-41
4.15 RAFTS urbanisation 4-41
4.16 RORB relative delay time of storage 4-42
4.17 RORB empirical coefficient 4-42
4.18 WBNM pervious lag 4-42
4.19 WBNM impervious lag 4-42
4.20 WBNM stream channel lag 4-43
5.01 Initial basin sizing — Culp, 1948 5-10
5.02 Initial basin sizing — Boyd, 1989 5-10
5.03 Initial basin sizing — Carroll, 1990 5-10
5.04 Initial basin sizing — Basha, 1994 5-10
5.05 Reduction ratio 5-10
5.06 Manual routing of flows through a basin 5-11
7.01 Depth*velocity product limit 7-11
7.02 Izzard’s equation for flow on road 7-17
7.03 Izzard’s equation for flow on road 7-17
7.04 Field inlet weir flow 7-25
7.05 Field inlet orifice flow 7-26
7.06 Field inlet minimum lip width 7-27
7.07 Flow capacity calculations 7-61
7.08 Flow capacity calculations 7-61
7.09 Flow capacity calculations 7-61
7.10 Pipe friction loss 7-68
7.11 Junction loss 7-68
7.12 Water surface elevation (W.S.E.) 7-75
7.13 Manning’s equation 7-79
7.14 Structure head loss 7-80
7.15 Head loss at inlets 7-84
7.16 Pressure change coefficient 7-84
7.17 Exit loss 7-86
7.18 Pressure change coefficient 7-87
7.19 Bend loss 7-88
7.20 Obstruction pressure change 7-90
7.21 Expansion loss coefficient 7-94
7.22 Contraction loss coefficient 7-94
7.23 90 degree mitre bend loss 7-97

Preliminary — 15




7.24 90 degree mitre bend loss coefficient 7-97
7.25 Screen head loss 7-98
7.26 Screen head loss coefficient 7-98
7.27 Equivalent pipe diameter 7-101
7.28 Equivalent pipe velocity 7-101
7.29 Equivalent pipe diameter 7-101
7.30 Equivalent pipe velocity 7-101
8.01 Coincident flooding — combined discharge 8-7

8.02 Coincident flooding — side drain discharge 8-7

8.03 Coincident flooding — main catchment discharge 8-7

8.04 Coincident flooding — combined discharge 8-7

8.05 Coincident flooding — side drain discharge 8-7

8.06 Coincident flooding — main catchment discharge 8-7

9.01 Manning’s equation 9-12
9.02 Manning’s roughness for rock in shallow water 9-14
9.03 Composite channel roughness 9-15
9.04 Effective wetted perimeter for channels with wide floodways 9-16
9.05 Effective channel wetted perimeter 9-16
9.06 Channel transition energy loss 9-17
9.07 Energy loss associated with channels bends 9-18
9.08 Superelevation associated with channel bends 9-18
9.09 Superelevation associated with channel bends 9-18
9.10 Low-flow channel discharge 9-38
10.01 Subcritical flow with subcritical tailwater 10-2
10.02 Subcritical flow with critical depth at tailwater 10-3
10.03 Combined subcritical and supercritical flow 10-3
10.04 Length of channel containing subcritical flow 10-3
10.05 Preliminary culvert sizing 10-6
10.06 Preliminary culvert sizing 10-7
10.07 Culvert head loss (culverts flowing full) 10-7
10.08 Exit loss coefficient (culverts flowing full) 10-7
12.01 Head loss of inlet screens 12-15
12.02 Head loss coefficient for inlet screens 12-15
12.03 Head loss of inlet screens 12-15
12.04 Head loss coefficient for inlet screens 12-15
12.05 Head loss for inlet screen located well upstream of inlet 12-16
12.06 Head loss for inlet screen mounted close to the inlet 12-16
12.07 Head loss for inlet screen mounted close to the inlet 12-16
12.08 Head loss for outlet screen with minimal blockage 12-17
12.09 Head loss for outlet screen with partial blockage 12-18
12.10 Head loss for outlet screen located well downstream of the 12-18

outlet
12.11 Maximum upstream energy level (head) prior to orifice flow 12-19

conditions
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Amendments to volume 2

1992/94 Edition

2006 Edition

Charts1to 6

Symbols and abbreviations

Updated in Volume 1 (2006)

Table 5.04.1

Superseded by Table 4.05.1

Table 5.04.2 Superseded by Table 4.05.3
Table 5.04.3 Table 4.05.2 (unchanged)
Table 5.05.1 Table 4.06.1 (unchanged)
Table 5.05.2 Superseded by Table 4.06.3
Figure 5.05.2 Figure 4.07 (unchanged)
Table 5.05.5 Table 4.06.2 (unchanged)
Figure 5.05.5 Figure 4.06 (unchanged)

Figure 5.05.6

Figure 4.09 (unchanged)

Figure 5.05.7

Figure 4.10 (unchanged)

Figure 5.05.8

Figure 4.11 (unchanged)

1992/94 Edition 2006 Edition
Charts 7 to 29
Table 5.06.2 Modified Table 7.02.2
Table 5.06.1 Modified Table 7.02.1
Table 5.08.1 Modified Table 7.03.1

Figure 5.08.1 (a)

Modified Figure 7.03.1(a)

Figure 5.08.1 (b)

Modified Figure 7.03.1(b)

Table 5.09.1

Modified Table 7.04.1

Table 5.10.1

Modified Table 7.05.1

Figure 5.10.1

Figure 7.05.1 (unchanged)

Figure 5.10.2

Figure 7.05.2 (unchanged)

Figure 5.10.3

Figure 7.05.3 (unchanged)

Table 5.11.1 Modified Table 7.06.1

Table 5.11.2 Table 7.06.2 (unchanged)

Table 5.13.1 Table 7.08.1 (unchanged)

Table 5.13.2 Table 7.08.2 (unchanged)

Table 5.15.1 Table 7.10.1 (unchanged)

Table 5.16.1 Table 7.11.1 (unchanged)

Table 5.18.1 Table 7.13.1 (unchanged)

Table 5.17.1 Table 7.12.1 (unchanged)

Chart No. 15 Unchanged (not available in Vol 1)
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Chart No. 16 Unchanged (not available in Vol 1)
Figure 5.18.1 (a) to (e) Figure 7.13.1 (unchanged)

Table 5.18.2 Modified Table 7.13.2

Table 5.18.3 Modified Table 7.13.3

Table 5.18.4 Modified Table 7.13.4

Table 5.18.5 Table 7.13.5 (unchanged)

Figure 5.18.2 Figure 7.13.2 (unchanged)

Table 5.18.6 Modified Table 7.13.6

Table 5.18.7 Table 7.13.7 (unchanged)

Table 5.18.8 Modified Table 7.13.8

Figure 5.20.2 (a) Figures 7.15.2(a) & (¢) (unchanged)
Figure 5.20.2 (b) Figure 7.15.2(b) (unchanged)

Figure 5.21.1

Figure 7.16.1 (unchanged)

Figure 5.21.2

Figure 7.16.2 (unchanged)

Figure 5.21.3

Figure 7.16.3 (unchanged)

Table 5.21.1 Modified Table 7.16.1
Table 5.21.2 Modified Table 7.16.2
Equation 5.21.4 Equation 7.13 (unchanged)
Table 5.21.3 Modified Table 7.16.3
Figure 8.01 Deleted

Table 8.01 Table 9.03.5 (unchanged)
Equation 8.05 Equation 9.06 (unchanged)
Table 8.02 Table 9.03.1 (unchanged)
Figure 8.02 Modified Figure 9.08
Table 8.03 Table 9.05.3 (unchanged)
Table 8.04 Modified Table 9.08.1

1992/94 Edition

2006 Edition

Charts 30 to 60

Figure 5.21.4

Modified Figure 7.16.5

Figure 5.21.5

Figure 7.16.6 (unchanged)

Charts 31 to 55

Unchanged

Table 5.21.6

Table 7.16.6 (unchanged)

Figure 5.21.7

Figure 7.16.13 (unchanged)

Figure 5.21.11

Superseded by Tables 7.16.7, 7.16.8

Figure 5.21.8

Figure 7.16.14 (unchanged)

Table 5.21.4

Table 7.16.4 (unchanged)

Figure 5.21.6

Figure 7.16.8 (unchanged)
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Table 5.21.5 Table 7.16.5 (unchanged)

Figure 5.21.12 Figure 7.16.20 (unchanged)

Table 5.21.7 Table 7.16.10 (unchanged)
1992/94 Edition 2006 Edition

Road flow

Chart A2-1 to A2-5 Unchanged

Inlet capacity

All charts Unchanged

Pressure change

All text Unchanged

Calculation sheets

All charts Unchanged

Example drawings

All charts Unchanged

Standard drawings

Chart R-01 Unchanged
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Symbols and abbreviations

AEP

catchment area
equivalent area of pipe

clear opening area of gully
inlet

impervious catchment area

area of lateral pipe at a
junction

area of outflow pipe at a
junction

pervious catchment area

annual exceedance
probability (percent)

ACHA 4boriginal Cultural

ARI

ARR

Heritage Act, 2003 (Qld)

average recurrence interval
(years)

"Australian Rainfall &
Runoft"

channel base width

channel width, routing
parameter RAFTS Model
or junction pit width

coefficient of discharge

interpolation coefficient for
intermediate Q,/0, ratios in
the Hare pressure change
coefficient charts

coefficient of discharge —
impervious area

coefficient of discharge —
pervious area

Cy total energy loss coefficient

Cy, weighted coefficient of
runoff

G coefficient of discharge for
ARI of “y” years

Ceir  Weir coefficient

(C.4) equivalent impervious area

CPM Act
Coastal Protection and
Management Act, 1995
(Qld)

CHMP
Cultural Heritage
Management Plan under
the ACHA

d channel flow depth or
diameter of obstructing
pipe

dyy average flow distance in
channel network

d. depth of flow at crown of
road, or critical depth in
closed conduit flow

dy depth of flow in gutter, or
channel adjacent to a kerb

d, depth of flow at pavement
edge (lip)

D pipe diameter, or duration
of rainfall excess

D, equivalent pipe diameter

Dy pipe diameter — far lateral
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Dy pipe diameter — lateral

Dy, pipe diameter — lateral left
looking downstream

Dir  pipe diameter — lateral right
looking downstream

D, pipe diameter — near lateral

D, pipe diameter for outlet
pipe

DOGIT

Deeds of Grant in Trust

DOT Department of Transport,

D,

d/s

EIS

EP Act

FRC

Queensland

pipe diameter for upstream
pipe

downstream

Environmental Impact
Statement

Environmental Protection
Act 1994(Qld)

Darcy-Weisbach friction
factor

fraction impervious

kerb and channel flow
correction factor in

Izzard Equation, or

factor of proportionality in
Bransby-Williams'
Equation

frequency factor

fibre-reinforced cement
(pipes)

gravitational acceleration,
(9.79 m/s” in Queensland)

ha

=
N

hy

By

depth of water
hectares (area)

pressure change at a
surcharge manhole

head loss (pressure change)
at a channel bend

height (distance) to the
centreline of an obstructing
pipe from the most distant
pipe wall

pipe friction head loss
(pressure change) or
pressure change at far
lateral

gully head loss — grate
inflow

head loss (pressure change)
at near lateral

head loss at penetration

head loss or pressure
change at a structure

superelevation (difference
in level) of the water
surface across an open
channel at a bend

head loss at a channel
transition

head loss (pressure change)
for the main pipe at a
structure

change in water surface
elevation

H.G.L. hydraulic grade line

HAT highest astronomical tide
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Health Act
Health Act 1937 (Qld)
1 average rainfall intensity

IDAS

ILUA

IPA

(mm/hr)

average rainfall intensity
for ARI of “y” years

average rainfall intensity
for duration of “t” hours
and ARI of “y” years

Integrated Development
Approval System under IPA

Indigenous Land Use
Agreement

Integrated Planning Act
1997 (Qld)

pipe boundary roughness
(Colebrook-White)

empirical coefficient —
RORB Model parameter

dimensionless ratio called
the relative delay time —
RORB Model

conveyance = (1/n)AR>?,
or head loss or pressure
change coefficient

pressure change coefficient
at a surcharge manhole

bend loss coefficient
entry loss coefficient

end gully pressure change
coefficient or pressure

change coefficient through
a grate

Kny

k)

K;

K1

Kir

Ky

junction pit pressure
change coefficient — higher
velocity lateral, applied to
downstream velocity head

intermediate pressure
change coefficient — lateral
pipe

junction pit pressure
change coefficient — lateral
pipe, applied to
downstream velocity head

junction pit pressure
change coefficient — left
lateral pipe (looking d/s),
applied to downstream
velocity head

junction pit pressure
change coefficient — right
lateral pipe (looking d/s),
applied to downstream
velocity head

junction pit pressure

change coefficient — lower
velocity lateral, applied to
downstream velocity head

penetration loss coefficient

junction pit pressure
change coefficient —
upstream pipe

junction pit pressure
change coefficient —
upstream pipe, applied to
downstream velocity head

intermediate pressure
change coefficient — main

pipe

water surface elevation
increment coefficient
applied to upstream
velocity head
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water surface elevation
change coefficient applied
to downstream velocity
head

L stream flow length, or
overland flow path length,
or pipe length, or

gutter flow length, or weir
length

Ley
path

Land Act
Land Act 1994 (Qld)

LAT lowest astronomical tide
LG Act
Local Government Act

1993 (0ld)

exponent — RORB Model
parameter

MHWN mean high water neap
MHWS mean high water spring
MLWN mean low water neap
MLWS mean low water spring
MSL mean sea level

MWL mean water level

M design ARI for gap flow
(years)

M;  pressure change coefficient
multiplier — lateral pipe

M, pressure change coefficient

multiplier — main pipe

effective length of drainage

n Manning’s roughness
coefficient, or Horton’s
roughness value

Ng Manning’s “n” — gutter or
channel

n, Manning’s “n” — pavement

n* surface roughness/
retardance coefficient

N design ARI for minor
system (years)

Nr Reynold's Number =
Vo.Do/v

Native Title Act
Native Title Act 1993
(Commonwealth)

NCA Nature Conservation Act,
1997 (Qld)

NSB Notes on the Science of
Building (C.S.I.LR.O.)

P wetted perimeter, or depth
of rainfall excess

pP* effective wetted perimeter

P&D Act
Plumbing and Drainage
Act 2002 (Qld)

0 flow rate (m’/s or L/s)

Or flow rate — full area, or
inflow rate — far lateral

O, surface inflow to gully inlet

OQeap  “gap” flow

O peak or design inflow rate

(0)3 lateral pipe flow to junction

pit
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QLL

QLR

Onm

On
Qo

Op
Opea
Oy
Oy

QDC

lateral pipe flow left
looking downstream

lateral pipe flow right
looking downstream

outflow rate from a
surcharge manhole

inflow rate — near lateral

peak or design outflow rate,
or outlet pipe flow

discharge rate — part area
peak flow rate
upstream pipe flow

peak discharge rate for
ARI of “y” years

Queensland Development
Code

RCBC reinforced concrete box

RCP

culvert
reinforced concrete pipe

centreline radius of a pipe
bend or reduction ratio

hydraulic radius = A/P

centreline radius of open
channel bend

inner radius of open
channel bend

outer radius of open
channel bend

rubber ring jointed

te

t

u/s

channel slope, storage or
submergence depth at a
structure

modified equal area slope
(%)

friction slope
spigot and socket

Standard Building
Regulation

routing time step

time

time of concentration or
travel time from extremity
of pervious area

travel time from extremity
of impervious area or drop
in pipe inverts at a drop

manhole

fraction of catchment
urbanised

upstream

UPVC unplasticised polyvinyl

V2/2g
14

Vave

chloride
velocity head
velocity (m/s)

average velocity of channel
flow

equivalent velocity of flow
velocity through a grate

velocity in junction pit
inflow (upstream) pipe

runoff volume (m”)
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Vi volume of inflow

V, volume of outflow, or
velocity in junction pit
outflow pipe = O,/4,

Vi storage volume

w width of flow spread from
kerb (m)

Water Act

Water Act, 2000 (Qld)

W.S.E. water surface elevation

y

Zg

general ARI expression
(years)

reciprocal of gutter or
channel cross-slope

Ah

reciprocal of pavement
cross-slope

deflection angle, or
velocity head coefficient

triangular flow correction
factor

channel flow multiplier

upstream-downstream pipe
deviation angle at junction

pit

kinematic viscosity (water)
= 1.14x 10° m%s at 15°C

water surface
superelevation at a bend in
an open channel
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