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Abstract

Professional civil engineers hold an important responsibility to consider the impact
of surface runoff in the design of developments of any type. Surface runoff from
rainfall can produce large amounts of discharge through overland flow corridors
including creeks, rivers and can damage property, life and the natural environment.
Effective management of surface runoff is necessary to reduce risk of potential

damages.

This research aims to investigate the impact of sub five minute time of concentration (T¢) in
high density urban developments to determine if the current minimum T; (as used
Australia wide as part of hydrological calculations) is promoting inaccurate design solutions.
The findings will allow conclusions to be drawn on realistic minimum T¢ s for small urban
design cases and recommendations for reducing the minimum T in the current

Queensland Urban Drainage Manual (QUDM).

This project looks to confirm that urban drainage guidelines in Australia are in touch with
current urban site characteristics and that responsible design solutions are promoted in

order to reduce risk to property and life.

A mixed method research approach was used to investigate the project topic. Primary data
was collected in the form of physically test T in residential sub catchments which was then
compared against comparative modelling results replicating the same design scenarios.
Additionally, secondary data was collected in the form of a content analysis on the opinions

and views of industry professionals and relevant authority representatives.

Early results indicate that T of between two and five minutes is a very realistic T¢ for urban
sub catchments. Preliminary modelling has confirmed that a reduced T can equate to a

higher catchment discharge.

It is clear that because of the current findings catchment discharges have the potential to
be underestimated because of assuming a minimum 5 minute T.. This study should be
considered during the consideration of urban water quality design principles and devices,
which is an important aspect of development engineering responsibility. Additionally, as

roofed catchments utilise use of downpipes for directing flow to the outlet point, it should
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be investigated whether current Australia Standard plumbing guidelines (Standards

Australia, 2003) recognise the feasibility of sub five minute catchment T.

Investigation has confirmed that sub five minute T¢s are realistic and produce a higher flow
from catchments. For this reason it is suggested that drainage guidelines consider
minimum T¢ of less than five minutes (down to the shortest duration of available IFD data

that is available for that particular area).
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University of Southern Queensland
Faculty of Health, Engineering and Sciences

ENG4111/ENG4112 Research Project

Limitations of Use

The Council of the University of Southern Queensland, its Faculty of Health,
Engineering & Sciences, and the staff of the University of Southern Queensland, do
not accept any responsibility for the truth, accuracy or completeness of material

contained within or associated with this dissertation.

Persons using all or any part of this material do so at their own risk, and not at the
risk of the Council of the University of Southern Queensland, its Faculty of Health,

Engineering & Sciences or the staff of the University of Southern Queensland.

This dissertation reports an educational exercise and has no purpose or validity
beyond this exercise. The sole purpose of the course pair entitled “Research
Project” is to contribute to the overall education within the student’s chosen
degree program. This document, the associated hardware, software, drawings, and
other material set out in the associated appendices should not be used for any

other purpose: if they are so used, it is entirely at the risk of the user.
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Glossary of Terms

AEP — Average Exceedance Probability
ARI — Average Recurrence Interval

ARR - Australian Rainfall and Runoff (Reference document for flood estimation

published by Engineers Australia)
BOM - Bureau of Meteorology (Australian Government Executive Agency)

Detention — Detaining water in a tank or basin to allow discharge to be released at

a reduced rate to help reduce flooding or erosion in rivers and streams

F; — Fraction Impervious

GFA — Gross Floor Area

IFD — Intensity-Frequency-Duration

Impervious Surface — A surface which fluid will not pass though and will run off

Tc = Time of Concentration — Time needed for water to flow from the most remote

point in a catchment to the catchment outlet

QUDM - Queensland Urban Drainage Manual
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CHAPTER 1 - INTRODUCTION

1.1  Outline of the Study

Catchment time of concentration (T¢ ) is defined as being the time needed for water
to flow from the most remote point in a catchment to the catchment outlet This
research aims to investigate the impact of sub five minute T¢ in urban development
to determine if the current five minute minimum T¢ (as used Australia wide as part
of hydrological calculations) is promoting inaccurate design solutions. The findings
will allow conclusions to be drawn on realistic Tc minima for urban design cases
and recommendations for reducing the minimum T¢ in the current Queensland
Urban Drainage Manual (QUDM) third edition 2013 (IPWEA (Queensland),
2013)may be made. Both stormwater runoff quantity and quality design will be
considered in the scope of this investigation, which is outlined in detail in section

1.4.

1.2 Introduction

Professional civil engineers hold an important responsibility to consider the impact
of surface runoff in the design of developments of any type. Surface runoff and
flooding from rainfall, in both rural and urban areas, can produce large amounts of
discharge through creeks, rivers and overland flow areas (natural or artificial) and

can damage property, life and natural resources.

For this reason civil engineers are tasked with the responsibility to minimise the
damage during storm events by safely and effectively conveying surface flow
through adequately sized open or closed conduits to an outlet location where it will

not affect property or life.

South East Queensland is in a location that is subject to relatively intense storms,
compared to other locations within Australia. An example of the extreme nature of
South East Queensland’s rainfall extent was on display during January 2011 during
which an extremely intense storm event occurred in the Toowoomba region which

caused significant damage to property and life in the Toowoomba CBD from flash
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flooding. This event drew international news coverage, especially the footage

caught of flash flooding within Toowoomba.

Since January 2011 development policies have been updated to revise flooding
levels in order to ensure future development has less risk of flood damage, with
minimum developable floor levels rising in many locations throughout Brisbane and

surrounding cities.

While storm events leading up to the Toowoomba flash floods of January 2011
were extreme with an estimated ARl in the order of 1 in 200 to 1 in 300 for a one
hour duration storm event (Neil Collins, 2011), given the potential damage events
like this can impose it highlights the responsibility engineers have in the community

to ensure adequate design of drainage infrastructure.

Figure 1.1 - Toowoomba Floods (Australian Broadcasting Corporation, 2011)

In Australia (and around the world) urban density is steadily increasing. While cities
are still expanding out from the city centre, they are also increasing in height with
many inner city suburbs changing from houses or low rise apartments into

medium/high rise apartments with increased areas of pavement.

In South East Queensland the regulations that curb what type of developments can

be built change almost every year and in the past few years the new land use, state
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and local planning policies (Brisbane City Council, 2014) have been updated
accordingly. This has meant that many areas of low and medium density residential
areas have been rezoned as medium and high density residential land use, with the
development application process for these higher density sites becoming
increasingly easy. Additionally, as house and apartment prices in Australia increase,
the minimum allowed gross floor area (GFA) is starting to decrease to keep entry
level size houses within reach of first home buyers. As an example of the impact
these rule changes are having on the landscape; on a standard size residential lot in
an inner city suburb of around 1000m’ it means that developers are now
demolishing any existing single unit dwelling houses and building up to 12 units
(multi storey townhouses) within the same lot area, with associated visitor car

parking and paved courtyard areas.

Refer Appendix B through E for an example of recent developments within Brisbane
and Ipswich. These developments will be analysed later within this dissertation, and
were chosen because of their very high fraction impervious and potentially short T
to the outlet point. When comparing the existing and developed scenarios within
Appendix B through E it is easy to see the dramatic increase in impervious area.
While a single house within a 1000m? lot may have a site fraction impervious of
around 25% - 35%, up to 12 units with paved areas on the same site may increase
the fraction impervious close to 95%. For commercial development sites it is not

uncommon for a site to become fully impervious.

Most state and local council guidelines have clear guidelines on the hydrologic

objectives of drainage design for a new development. Most importantly, these are;

. The proposed development shall ensure that all stormwater drainage is
directed to a lawful point of discharge (QUDM, 2013)

. No increase in post development discharges, up to and including the 100
year ARI at the lawful point of discharge; and,

J No adverse impact on adjoining or downstream properties.
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