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SUMMARY OF FINDINGS

The severe flooding that occurred in East, West and Gowrie Creeks in Toowoomba on the
afternoon of Monday 10January 2011 was caused by intense rainfalls over the Gowrie Creek
catchment between about 1300 hours and 1430 hours. These rains were delivered by a
southwesterly tracking storm that originated when a low pressure system off Fraser Island
moved north tocombine witha monsoonal trough. A higlpressure system off New Zealand
drove warm moist air acrosshe western Pacific and ontsoutheast Queensland.

Shortterm rainfall data are available at nine raingaugei and around Gowrie Creek catchment.
At six of these nine gauges, rainfall severities were greater than 18@ars ARI for rainfall
durations of 30 minutes to 3 hours. At another gauge, rainfall severities were greater than-50
Years ARI. Readings até¢hremaining two gauges were far less severe (less than-2@ars ARI).

On Monday afternoon, Oheavy r astamedfalingarcarat er t |
1245-1330 hours. The leavy rain peaked around 13451415 hours and generally ceased

around 1415-1445 hours, persisting for some 1.5 2.0 hours. The time of concentration of

East and West Creek catchments is estimated to ed 1.5 hours. Thus,duration ofthe flood-
producing storm waskriticald , pr ovi di ng suf fi cioatohmentareemte f or
contribute to runoff in the CBD and at the junction of East and West Creeks

The most severe rain felin a northeastsouthwest bandthat covered the middle and lower
reaches of East and West Creeks and included the Toowoomba CBhe aea of most severe
rainfall was across the middle and lower reaches of East Creek and the lower reaches of West
Creek.

Recorded water levels of relevance to Toowoomba were available at only one streamgauge, the
Cranley gauge on Gowri€reek, which is locatd about 5km downstream from the confluence

of East and West Creeks. Unfortunately, the gauge malfunctioned after 1400 hours when it had
reached a level of 3.67 m GH. The gauge appeared to resume normal functioning at about
1530 hours. Because of thignalfunction, the peak water level and time of peak at the gauge
cannot be determinedfrom the gauge records. It is inferred that peak level at the Cranley

gauge occurred about 1430 hours. It is inferred that water levels peaked in the CBD around
1400-1415 hours, which is in keeping with impressions by ToowoombayGTouncil
representatives. Wagr levels along the upper and middle reaches of East and West Creeks
probably peaked some 1830 minutes earlier. It was still rainindneavilywhen water levels

peaked along East and West Creeks and in the CBD.

Peak flood levels in the CBD and East and West Creeks occurred withih8.hours of when

heavy rain commenced. The resultant flooding was sudden, unexpected and hazardous. The

floods that occurred in EastWWe s t and Gowrie Creeks are o06fl as'l
terminology adopted in this report.

On the basis of flood debris marks, Toowoomba Regional Council surveyed some 700 peak
flood levels around the city. This information was used to create an ext®f inundation map
that showed waterway flooding occurring as a relatively narrow band of inundation, generally
some 50-100 m wide, on either side of East, West and Gowrie Creeks. The greatest width of
flooding was some 700 m and occurred around the jation of the three creeks (around the
6Fl our Millsd on Ruthven Street).

The piped drainage system in Toowoomba cagenerallycater for about the 2Year ARI storm
event, except in the CBD area where its capapcity is understood to to be up tgéars ARI The
piped drainage system will have been completely overwhelmed by the storm of Monday
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afternoon. Overland flow, as defined in this report will have occurred along streets, gutters and
footpaths and across properties, both upslope and downslope of inletlies.

On the basis of the rainfall and water level data presented here, it is concluded that:

Any inundation of property that occurred at locations remote from the area of waterway
inundation was caused by overland flow, as defined in this report.

Given he high intensity of the rainfall, it is possible that properties inundated by
waterway floodwaters may have been first inundated by overland flow. In this regard, the

6Dent Streetd® area is notabl e, where Toowc
stormwater drainage problem area.

The limits of waterway inundation shown on the mays this report are acknowledgeds
inexact. Properties around these limits may or may not have been floodedhe first
instance, and if flooded, the cause of floodingauld be by overland flow, waterway
floodwaters or both.

Factors that affected and exacerbated flooding long East, West and Gowrie Creeks on Monday
afternoon include:

Intense rainfalls ofaround critical durationfor East and West Creeks

A Owet 0 thahrhaximmizee thetvolume of surface runoff and resulted in its
immediate generation;

The highly urbanized nature of the catchment also increased the volume and immediacy
of surface runoff;

The steep and narrow nature of East and West Creeks, coupled wipid and intense
surface runoff, generated waterway floods that were sudden, deep, of high velocity and
extremely hazardous.

Waterway obstructions, such as bridges, other waterway crossings and public
infrastructure, obstructed waterflows and led to highdlood levels upstream of these
impediments. The build up of flood debris in waterway openings of bridges and other
waterway crossings further increased upstream flood levels.

In passing, it is noted that all detention basins along West Creek were oveped but did not
breach. Itis not expected that the basins had any significant effect in mitigating waterflows
passing through them.
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INTRODUCTION

1.1 BACKGROUND TO STUDY

In the aftermath of the devastating Queensland floods of December 2010 and January 2011,

the I nsurance Council of Australia (I CA) esteze
experienced floodhydrologiststo assess and report on the nature and causesf flooding in

various localities across Queensland.

The purpose of these reports is to present a simple, clear and factual description of flooding
behaviour that can be used by the general public and individual insurers to better understand
Owhat h@&@paordewhy. The foundation of these re
recorded byfederal and state government agenciethe Commonwealth Bureau of Meteorology;

the QueenslandDepartment of Envionment and Resource Management an8EQWater) and by

local councils. Discussions were held with representatives of local councils to hear firabd of

local flooding behaviour during these events.

Theseeports offer no comment or anadunngtheslood f t he
events, ie flood brecasting and warning, together with flood preparation, response, relief and
recovery activities, or the roles played by various agencies in these float management

activities. The eports are confined to rainfall and water level behavioleading upto and

during the flood events.

To foster understanding, various technical terms relevant to floods@flooding are defined in
the reportand a general description is given of the different types of floods and their causes.

1.2 TOOWOOMBA

This eport describes the nature and causes of flooding that occurred in Toowoomba on the
afternoon of Monday 10 January 2011.This was an unprecedented flood event that rapidly
swept down East and West Creeks as a sudden, high velocity flood wave that imperilled people,
caused major damage and took two lives.

The Report consists of a further 10 Sections:
Section 2 introduces the flood terminology used in this Report;
Section 3 describes the causes and nature of different types of floods;
Section 4 describes the methodologysed to assess and present data in this Report;

Section 5 provides a description and map of the catchments in Toowoomba affected by
flooding;

Section 6 is meteorological description of the January Storm Event that caused the
flooding;

Section 7 describes ainfall behaviour during the storm event;
Section 8 describes the resultant water level behaviour;
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Section 9 discusses various factors that affected flooding behaviour in Toowoomba on
10 January 2011,

Section 10 is a summary of theauses andnature of flooding in Toowoomba; and
Section 11 is a list of references.
The Report also include$our Appendices:
Appendix A is a series of radar images showing the storm bands that resulted in flooding;
Appendix B presents rainfall data recorded in and around théfected catchments;

Appendix C presents maps of Toowoomba showing the extentvaterwayinundation;
and

Appendix Dconsists of a series of photographs of the flooded areamd waterways

1.3 ACKNOWLEDGEMENTS AND DISCLAIMERS

Toowoomba Regi onal Counci l made available to
raingauges and extent of flooding data determined by a pabod survey of debris marks. The

Panel gratefully acknowledges receipt of these data, which have beastrumental in the

preparation of this report.

This report has been based on the best data and information available at time of writing. At
times, data were not available or incomplete; data used in this report have not been formally
guality-checked by the ICA Panel. This report presents an overview of flooding in the various
areas of interest; it is not intended to be used and should not be used to ascertain flooding
behaviour at the individual property level.

This report has been prepared on behalf ofral for the exclusive use of thénsurance Council of
Australia (ICA)and is subject b and issued in accordance with the provisions @fgreement
between thelCAand WorleyParsonsWRM Water and Environment Pty Ltd, and Water Studies
International. WorleyParsonsWRM Water and Environment Pty Ltd, and Water Studies
International acceptno liability or responsibility whatsoeveior or in respect of any use of or
reliance upon this report by any third party.
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BACKGROUND 1: FLOOD
TERMINOLOGY USED IN THIS
REPORT

A somewhat confusing terminology has inelndesl ved
wordssuchas O6st or mwat ecrourrusneddf,f 60,dréawantdberand o6i nund
different things to different people. For the sake of clay, this Report adopts the following

definitions.

Catchment

A catchment is the area of land that collects and convegsirface runoffto a designated point
on a waterway.

Surface Runoff

Surface runoff is the rainfall that, after hitting the ground, drainaway across the ground
surface.

Overland Flow

Overland Flow is the name given turface runoffbefore it enters awaterway. Overland flow is
caused bydirect localrainfall in the areaproducingthe overlandflow. Overland flow may collect
in surfacedepressions, which may or may not overflow.

Overland flow in rural areas can occur across naturaiagind or over agricultural land.In urban
areas, oserland flow can occurcross grass, gardenscarparksand alongstreets, gutters and
footpaths. Overland flowin urban areas is sustainedvheneverthe capacity ofthe piped
drainage systemis exceeded.

Overland flow catchments are generally smaith urban areas, but can be large ifilat, rural area,
whereit may be difficult to define thé boundaries.

Wataway

A waterway is any physically defined flow path that capturegerland flowand conveys it down
a catchment to the catchment outlet or terminus.

Note that the term O6waterwayd includes all ty

We can have O6urbahnnwateawagséas handddraur al
predominately rural areas.

~

We can have o6naturald waterways and o6modi f
physically changed to increase their capacity to convey surface runoff downstream (ie to
increase theirdischarge capacity or to limit flooding. Most urban waterways are

modi fied and can be referred to as o6modi fi

All watercourses, gullies, streamscreeks, tributaries, rivers and estuaries are
Owat er way s 0 generiddéfergnae ibaing thepsizd of the upstream catchment
area.
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Waterflow

Waterflow is any flow{discharge) whether natural or managed by human intervention, in a
waterway.

to using Howeverwher d Ost

Consideration was ¢
t relating to 6streamd

vV e
f or mer has connot a on

i n
i S

Flood

A flood is any relatively higlvaterflowthat overtops orbreachesthe natural or artificial banks in
any part of awaterway, lake or dam It alsoincludeslocal inundation caused byoverland flows
and coastal inundationresulting from raised sea levels or waves overtopping the coastline.

The above definition of flood is based on the definition given in tAeistralian Floodplain
Management Manual (SCARM, 2000) and thidew South Wales Floodplain Management
Manual (DIPNR, 2005).

The causes and nature of different types of floods are discussed in Section 3.

Flash Floods

Flash floods aresuddenand unexpectedfloods that occur withlittle or no warning Flash
Floods arecausedby short, intense rainfalls generally falling over aelativelysmall, steep
catchment areg often away from the area of interest

Flash floods have been definedad s ud d e n  a n d floodimgcaysesl bytloeal heavy
rainfall or rainfall in another area of the catciment. Often defined as flooding that occurs
within six hours of the onset of the flood e ner at i n DIRNR,i2006)a |l | s 6.

In the USA, flash floods are defined as floodsahpeak within 6 hours of commencement of the
period of intense rainfall.

Flash floods are characterized by an abrupt and rapid increase in water levels, higtterflow
velocities andextreme hazard

Floodwaters
Floodwaters are the waters causing #ood.

Note that floodwaters may originatérom inland areasas overland flowor as waterflows or as
coastal watersfrom the sea.

Inundation

Inundationrefers tothe covering of land, property and associated infrastructure and
possessions byfloodwaters Col | oqui ally, &6inundationd can b

Thus, we caerlansfipwiarku rod dtéterffonrid n u n d and @oastabwaters
i nundati ono

These three different types of inundation can occur separately or togethdn some casesit

can be difficult to separate out the individuatontributions to the overall inundation Inareas of
rainfall, overlandflow inundation and waterflow inundation often occur together, properties first
being inundated byoverland flowand then bywaterflow. In areas where the rain is not falling,
overland flow inundationwill not occur, butwaterflow inundationfrom rainfall over upstream
areas can occur.

It should be noted that waterflows breaching or overtopping the banks of a channel can
inundate areas emote from their source. In these circumstances, waterflow inundation can be
confused with overland flow inundation.
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BACKGROUND 2: CAUSES AND
NATURE OF FLOODING

3.1 CAUSES OF FLOODING

There are five separate physical phenomena that cause flooding:
1. Exessiverainfall (overland flow andwvaterflow);

2. The operation or failure of water storages and flood protection levees (dam release and
dam break/levee break floods);

Elevated coastal water levels (storm surge floods);
Undersea earthquakes (tsunamis); and

Geomorphological events (theflood accompanying thecollapse of landslip and glacier
lakes).

Group 1 fl ood®fac ahfn ab lékecaisé thay drd dadsed by floedroducing

rainfalls. Group 2 floodsare Man-ma d e F beoaos# théy are caused by theperation and

failure of manmade infrastructure (dams and flood protection levees). Groups 3 and 4 floods

can be Maearrinteidmdeciubedheydase@aused by maritime phenomentoy

pressure synoptic systemsind undersea earthquakes) and predomirtaly affect water levels

along the coastline and in estuaries. Groupfoodsc an be Geamuerdp ol ogi c al
because of their underlying geomorphological nature.

The first three groups of floods are commonly experienced in Australia. Theress a small
risk of tsunami flooding. Geomorphological floodse unlikely tooccur in Australia and will not
be discussed furthet

3.2 RAINFALL FLOODS

3.2.1 Catchment Response

The behaviour of rainfall floods is determined to a large extent by the intensity andation of

the flood-producing rainfalls and by the response of the catchment upstream of the point of
interest, which in turn depends upon catchment size and waterway steepness. The smaller and
steeper a catchment, the more quickly it will gather and conyesurface runoff to the catchment
outlet, ie the more quickly the catchment will respond in generating overland flow and waterway
flooding.

There is a critical storm duration associated with each catchment that depends upon its size,
drainage networkandvat er way steepness. When a storm i

1 Geomorphological floods occur in highly mountainous regions, such as the Himalayas and the Andes. These floods result from
landslips (generally caused by intense rainfall or tectonic movement) into a river channel creating a temporary dam tregfill
thenbreaches or by the coll apse of the ice wall of a glacier | ak:
intense rainfalls can cause landslips without forming a temporary dam, where the accompanying landslip can sweep entire
villages away. In many cases, the resulting loss of life and damage exceeds that of any accompanying waterway flood. The
devastation of such landslips is common imountainous areas ofAsia, butis rare in Australia.
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occurs, surface runoff from all areas of the catchment contributes to waterflow at the point of
interest, so maximizing waterflow and any resultant flooding. If a storm is of less ttzaitical
duration, only some of the catchment is contributing to waterflow when the storm ceases
(partial catchment effect), so resulting in less waterflow and flooding at the point of interest.

Smaller, shorter, steeper catchments have a shorter criticeform duration than larger, longer,
flatter catchments, ie they respond more quickly to rainfall events.

3.2.2 Overland Flow Floods

Overland flow is the name given to surface runoff (or stormwater runoff) as it makes its way
overland towards a defined waterwagr before it ends up in a surface depression (see Section
2). An overland flow flood occurs when overland flows inundate property, possessions and
infrastructure. In urban areas, overland flow flooding is exacerbated when the intensity of
stormwater rundf exceeds the capacity of the piped drainage system, causiagrface runoff to
flow down gutters, streets, footpaths and across properties.

Overland flow floods are sometimes referred t

3.2.3 Waterway Floods

A waterway is any physically defed flow path that captures overland flow and conveys it down
a catchment to the catchment outlet or terminus (see Section 2). Waterway floods occur when
a waterway overflows obreachesit banks (see Section 2). Waterways include watercourses,
gullies, creeks, streams, rivers, etc. The difference between these waterways is principally one
of catchment size, the further upstream a waterway one goes, the smaller its tributary
catchment area and the steeper its bedslope (in general). This has an effectftmod behaviour,
which can be illustrated in terms of tributary flooding and mainstream flooding.

Tributary Floods

A tributary is a waterway that flows into a |
quickly to rainfall events than their reeiving waterway: tributary catchment areas are smaller;

their waterways are generally steeper, especially the upper reaches. The critical storm duration

of a tributary is generally less than that of the receiving waterway. The speed of flow of tributary
floodwaters is generally greater than that of floodwaters in the receiving waterway, especially in

the steep upper reaches.

We can distinguish three types of tributary flooding behaviour.

Under intense rainfall conditions, the steep upper reaches and poBhi flatter middle
reaches can experiencdlash flooding(see Section 2 andoelow).

Water levels in the receiving waterway can influence flooding behaviour along lower
tributary reaches. A receiving waterway flood passing downstream will increase water
levels at the confluence. Thi$ b a ¢ k widl ih tern itlhpede any tributary floodlows
enteringthe receiving waterway ando increase tributary flood levels along lower
tributary reaches( t bba c & wa t &.rNote that ighere i8 no upstream tributary
flood, receiving waterway floodwaterlowing upstream can floodlower tributary reaches
(bbackwater. fl oodingé

In the absence of flash flooding and backwater effects and flooding,n o r watetwdy
flooding will occur along the tributary, dictated by waterway steepnesbtannel
capacitiesand discharges.
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3.3

3.4

Mainstream Floods

Mainstream floods result from the amalgamation of upstream tributary floods. As a mainstream
floodwave moves downstream, it is reinforced by tributary floodwaves entering the mainstream
and Gbpaicgkgiyngd on t he passi ngesuttanimaisstreamtood f | oo d
depends upon the nature, severity and timing of tributary floods as they enter the mainstream.

Mainstream catchments are generally much largend flatter than tributary catchments

Accordingly, mainstream floods move more slbyjwand have more gradual onset and recession

(rise and fall)than tributary floods. Note that rainfall may only occur over certain areas of a
mainstream catchment and in these circumstances, not all tributaries will contribute equally (or

at all) to maindream flooding. Mainstream floods can influence flooding behaviour along the

| ower reaches of tributaries through ©6backwat

Flash Floods

Flash floods aresudden and unexpected floods that arise from intense rainfalls, generally over
a small, steep catchmentarea (see Section 2). When flash floods occur in the steep upper
reaches of tributary catchments, the resulting flood wave is characterized by very high
waterflows and velocitiesand abrupt water level rises, leading to extremelyazardous
conditions. In its behaviour, a flash flood is similar to a minor dam break flood (see below).

MAN-MADE FLOODS

3.3.1 Dam Release Floods

Dam release floods are caused by the rapid release of large volumes of water from a dam,
typically as an emergencyesponse to an incoming flood. If sufficiently large, the release can
overtop the banks of receivingvaterwaysand inundate downstream communities.

3.3.2 Dam Break Floods

Dam break floods occur when a dam wall breaches because of overtopping, piping, or the
undermining of its foundations, followed by erosion (earth embankments), or by structural

failure(nonear t h embankments) . The resulting dam I
of water o, is highly destruct iemeflooal bazardtbecauaec e s
of its speed of onset and the rapid.(06instant

MARITIME FLOODS

3.4.1 Storm Surge Floods

Storm surge floods are caused by tropical cyclonasd other lowpressure weather systems

increasing coastal water levels. Such weather systems do this by the action of strong onshore
windsandstormdr i ven waves Opushingd water against
respectively) and by theincreme i n coastal water | evels cause
bar omet e rHigreastfomomitabtiges in affected coastal watersan exacerbate storm

surge flooding, especially if highwater coincides with the peak of the storm sutge.

Storm surge fooding isa greater sk in the more cycloneprone areas along thenorthern coast
of Queenslandthan around the Brisbane coastline

3.4.2 Tsunamis

A tsunami is a series of fast moving waves generated by undersea tectonic movements
(undersea earthquake$. Thesewaves are barely discernible in deep oceans, but ralty grow

i nt o 0wa |I51&m haghor higheras théy enter shallow coastal areas. Tsunamis can
wreak widespread and enormous devastation on areas within their reach, as the Boxing Day
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3.5

3.6

Tsunami d 2004 demonstrated. Much of the accompanying damage is through the destruction
of buildings,

mainstream flood.

property

and

i nf r agsasinaitypicall r e

It seems that the Queensland coast, especially in Northeast Qunsland, is exposed to a risk of
tsunami flooding.

COMBINED FLOODING

Many of the above floods can and commonly do occur together, eg dam release floods and
waterway(tributary and mainstream)¥loods. Table3.1 indicates commoncombinations of

floods.

Table3.1 Interactions Between Different Types of Flood
Type of Flood 1. 2. 3. 4 5 6. 7. 8.

1. Overland Flow Floods v V V

2. Tributary Floods \% \% \% \% \%

3.  Mainstream Floods v Vv v V VvV V

4.  FlashFloods v V V

5. Dam Release Floods vV Vv \Y

6. Dam Break Floods vV Vv Vv

7.  Storm Surge Floods V

8.  Tsunami Floods

GENERAL FACTORS EXACERBATING FLOOD BEHAVIOUR

Anumber of factors can worserflood impacts byincreasing peak flood leveland velocities,
leading to higherflood damage costs.

3.6.1 Storm Duration and Intensity

A number of storm factors affect the severity ohe resultant flooding. As discussed in Section

3.2.1, a storm of critical duration or longer maximizesurface runoff, waterflows and associated

flooding at the mint of interest. The higher the rainfall intensity, the greater thesultant
overland flow andwaterflow, and the greater the resultant flooding. The spatial patterof
rainfall and movement ofa floodproducing stormcan also increase the associateddoding.

3.6.2 Catchment Topography

Steep narrowsided waterways lead to fast flowing, relatively deep flood flows. The faster the

flood flows, the more destructive they are.

2

See for example:http://www.uq.edu.au/news/?article=7153 and http://www.emergency.gld.gov.au/emg/css/tsunami.asp

r

at
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3.6.3 Antecedent Catchment Conditions

The 6hydr ol ogi c alpdecedingiiobdgproduding minsccanthavé amearked

effect on flood behaviour. If the ground is saturated, the volume of surface runoff is maximized
and surface runoff begins shortly after the
saturate the soil, etc). Thse effects increase both severity andnset of flooding.

3.6.4 Astronomical Tides

High astronomical tides raise waterflow flood levels along lower waterway reaches draining to
the sea. However, this effeatliminishesas waterflowflood discharges increase, with
waterfl ows event ua fedtsyfhihltdeo wni ng out d t he ef

3.6.5 Catchment Urbanization

Catchment urbanization results in the replacement of pervious areésoil, scrubland, forest)

with considerable areas of impervious surtaes (roofs, roads, footpaths, car parks, etc). This
increases the volume of runoff and associated flooding. However, the significance of this effect
diminisheswith increasing rainfall intensity and increasing antecedent wetnessnd is probably
negligide when rainfall intensities exceed the 4An-50 ARI event.

Urbanization also results in mammade and other obstructions to waterflow being built across
floodplainsand in waterways. The resulting loss of floodplain storage and redirection of
waterflowscausedbyroad and rail embankments and other floodplain developmentsan
increase water levels andadversely affect flood behaviouin other ways Unless adequately
sized, waterway crossings (bridges, culverts, etc) constrict waterways, impede waterflomebs
increase flood levels. Conversely, the construction of detention basins along waterways can
delay flood peaks and reduce peak flood levels.



The Nature and Causes of Flooding in Toowoomba, January 2011 ICA Hydrology Panel
14 February 2011

10



The Nature and Causes of Flooding in Toowoomba, January 2011 ICA Hydrology Panel
14 February 2011

4.1

4.2

BACKGROUND 3: METHODOLOGY
AND PRESENTATION OF DATA

METHODOLOGY

The relative timing od | o rairfdllsdand water level rises imareas of interestcan indicate the
cause of any resultant inundation. Three situations can be distinguished:

1. Inthe area of interest rain is falling, but there is no waterway floodingln this situation, it
is clear thatanyinundation will be caused by overland flow floodwaters.

2. Rainis not falling in the area of interest, but the waterway is floodingdn this situation, it
is clear thatany inundation will be caused by waterfloloodwaters

3. Inthe area of interest rain is falling at the same time asthe waterway is flooding.The
cause of floodingin this situation is not immediately clear: it could result from waterway
floodwaters, overland flow floodwaters, or a combination of both. Careful assessment of
local topography andthe relative timing oflocal rainfall, water level rise and inundation in
the area of interest can shed light on the likely causef flooding

Thus, the methodology of this Report consists of the assembly, assessment and comparison of
recordedlocal rainfall and water level datasupplemented by discussions with local council
representatives to better understand local flooding behaviour.

RAINFALL DATA

4.2.1 Sources of Data

In Queensland rainfall data are collected by variousommonwealthand state gorernment
agencies and by some local councils. TlmmmmonwealthBureau of Meteorology (BoM) is
charged with collectingand archivingrainfall data for various purposesincluding flood
forecasting and warning.A number of state government departments ceitt rainfall data for
their own specific needs: SEQWater for water supply purposes, Sunwater for irrigation
management, local Water Boards for water supplhd state Department of Environment and
Resource Management (DERMgr catchment management purposs. All of these state
agenciesmake their rainfall dataavailableto BoM. In conjunction with BoM, a number of local
councils install rainfall and water level monitoring networks for flood warning purposes-(so
called ALERT systems). Both Council and BhlVe access to theseALERata.

Rainfall stations are generally of two types: daitgad stations that report 24hour rainfalls for
the period ending at 0900 hours each day, andventbasedé s hor t dationsat i on d
(pluviographs)that recordthe time atwhich small increments ofainfall occur (typically 1 mm or
0.5 mm increments) Daily rainfall data, which are readily availabfeom the BoM website, are
useful for examining the spatial distribution of rainfalhnd antecedent catchment wetnesshut
daily data areoften too coarseto meaningfully interpretthe cause ofinundation. Pluviograph
data, with its much finer time resolutionis needed, especiallyn smaller catchments.

11
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In passing, it is noted that rainfall intensity and duration can varygsiificantly with distance (and
in an unknown manner) as one moves away from a raingauge. Thus, care needs to be taken in
implying rainfall behaviour away from the closest raingauge.

4.2.2 Presentation of Data

Pluviograph data can be presented as either incremtal rainfalls or as cumulative rainfall.
Figure4.1 shows the rainfall recorded by the gauge &oma Airportover the period 13 March
2010. The plot of incrementalainfall clearly showsghe timing and duration of the heaviest
falls; the steepness of theplot of cumulative rainfalls indicatedgntensity and the final plateau
indicates total rainfall for the event.

200 24
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Figure4.1 30-Minute Rainfalls at Roma Airport Station] to 3 March 2010
The spatial distribution of rainfall is most easily depicted as isohyets, or lines (or bands) of equal

rainfall plotted over the area of interest.Figure4.2 shows 24-hour rainfall isohyets for
Queensland on 10January 2011.

4.3 WATER LEVEL DATA

4.3.1 Sources of Data

In Queensland, water level data are collected by the same agencies that collect rainfathda
(see Sectio4.2.1). When a flood has passed, many local councils collect peak flood level data
to define the extent of inundation, depths of overtopping at adways and bridges, etc.

4.3.2 Presentation of Data

Streamgauges are used to measure water levels in a waterway. Water levels are recorded
more-orless continuously and the resulting graph of water level versus time (the stage
hydrograph) indicates water levddehaviour. Figure4.3 shows the stage hydrograph for Bungil

Creek at Tabers for the period-3 December 2010. The o6rising |
the onsetof flooding (the arrival of floodwaters and their spilling onto the floodplain); the
6recession | imbd defines the retreat of fl ooc

12
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4.4 EXTENT OF INUNDATION DATA

Where possible, the Report includes map showingthed e xt ent of i nundati on
interest. Estimates of the extent of inundation are based on peak flood levels, either recorded

at streamgauges or provided by local councils. If a digital elevation model (DEM) is available for
the area of intereg, peak flood level datad supplemented by design flood surfacdata3 6 can

be used to generate an extent ahundation map. Figure4.4 showsan extent of inundation

map for Roma for the flood event of 7 March 1997

3 As part of their flood mapping program, local councils generate extent of flooding maps for standard flood eventsh@gne-in-
100 year flood). This information can be used to assist in estimating the extent of inundation in areas where there a femoor
recorded peak flood levels.
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Figure 5.2 - Peak WSL and Flow Vectors - Existing Case (March 1997 Event)

Figure4.4 Extent of Flood InundationRoma £lood Evenon 7 March 1997(Source: Egis, 2002)
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5.1

5.2

CATCHMENT DESCRIPTION

DRAINAGE NETWORK

The Cityof Toowoomba is drained by Gowrie Creek and its tributaries (East Creek, West Creek
and Black Gully) as shown iRigure5.1. East and West creeks rise in the southermpart of the

city and converge just to the north of the Central Business District (CBBJ)ack Gully joins

Gowrie Creek approximately 2 km downstream (north) of the confluence of East and West
Creeks. The catchment area ofsowrie Creek to the northern hndary of the Toowoomba City

is approximately 51 kmd. Of this, East Creek, West Creek and Black Gully catchments command
areas of about 14.6 kn#, 16.2 km2 and 7.3 km? respectively.

Gowrie Creek and its tributaries have steep channel gradients and atszichments that are

quite steep. Typical gradients of the catchments draining towards East, West and Gowrie
Creeks and Black Gully are of the order of 3 to 5 percent, with the longitudinal gradients of the
waterways themselves of the order of 0.5 to 2.0gvcent (WBM, 1998). Therefore, Gowrie Creek
catchment is likely to respond quickly to heavy rainfaland the water level risein its waterways
is likely to be quite rapid.

The waterways of the Gowrie Creek catchment, especially East and West Creeks haen
significantly modified over the yearsGowrie Creek itself (downstream of the Confluence of East
and West Creekspresentlyappears to be in a relatively natural stateEast and West Creeks
have been heavily modified with concrete and grass linethannels, online detention basins,
water features, drop structures, etc. Anumber of photographs taken along these creeks during
a site visit is shown inAppendixD.

IMPACT OF URBANIZATION

Most of the catchment of Gowrie Creek has been urbanised (semgure5.1), mostly for
residential purposes, along with significant areasf commercial and industrial land use.The
urbanisation of the catchment has often allowed defopment up the edge of waterways,
reducing the flow capacity and flood storage along sections of these waterways.

Urbanisation has significantly changed thpre-developmentdrainage characteristics of Gowrie
Creek catchment. Surface runoff from the devéoped parts of the catchment is now conveyed to
Gowrie Creek and its tributaries via a piped drainage system, with any surface runoff in excess
of the capacity of the piped drainage system flowing into the respective waterways as overland
flow along roadsopen spaces, etc.

Urbanisation has also resulted in the construction of a significant number of road crossings (e.g.
culverts, bridges) across Gowrie Creek and its tributaries. These structures constrict flows and
have the potential to significantly impet on the flood behaviour of these waterways, particularly
if blocked by debrisduring a flood event
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METEOROLOGY OF 10 JANUARY
2011 STORM EVENT

6.1 SYNOPTIC SITUATION

The rainfall event that caused flooding in Toowoomlme 10 January 2011 culminated from the
interaction of a lowpressure system (10001005 hPa) off the mid and south Queensland coasts
and upper leveland monsoonal troughs. The lgpressure system travelled south from Mackay
(Friday7 January) to an area northeast of Fraser islan&#turday, Sunday & January), before
moving closer to the coastNlonday10 January).

Early onSunday9 January, the lowpressure system combined with mupper level trough to
deliver heavy rains to southeast Queenslaraver much of Sunday (A highpressure system off
New Zealand forced warm moist air into the upper level troughy Toowoomba, about 80 mm
of rain fell to 0900 hours on Monday 10 Januar{see Table7.3).

The upper level trough dissipated early ddonday10 January, butthe low-pressure system
intensified (1000 hPa) and moved north to combine with monsoonal trough, which was
moving south. This again led to heavy rainfalls across the southeast corner, warm moist air
being delivered by the high of New Zealandnh Toowoomba, 126150 mm of rain fell to 0900
hours on Tuesday 11January (se€lTable7.3)

Over the latter pat of Monday 10 January, the loyressure system and monsoonal trough
moved north and west, with rainfall declining and ceasirigee Table 7.3 for daily rainfalls to 15
January)

6.2 BUREAU OF METEOROLOGY

BoM has released a Special Climate Statement pertaining to the weather, rainfall and flooding
that occurred over the period November 2010 to January 2011 (BoM, 2011). The following
extracts are quoted from this Special Climate Statement.

6.2.1 Synoptic Situation

d.0 to 12 January.An uppeHevel low combined with a humid easterly flow to bring
very heavy rai to southeast Queensland and northeast New South Waleghe
heaviest falls were in the areas north and west of Brisbane (Figure 1@hreeday
totals exceeded 200 mm over most of the area bounded by Brisbane, Gympie and
Toowoomba, including the majoritgf the Brisbane River Catchment.Further

south, totals exceeding 100 mm extended to the coast and adjacent ranges of
New South Wales north of Coffs Harbour, locally approaching 200 mm on parts of
the Northern Tablelands, and also extended into inland sthern Queensland as

far west as Dalby.The heavy rain covered a smaller area than was the case in the
late Decemberevent.The hi ghest daily totals observe
network were 298.0 mm at Peachester and 282.6 mm at Maleny on 10 January
while the highest threeday totals were 648.4 mm at Mount Glorious and 617.5

mm at Peachester. Intense sho#gberiod falls also occurred during the event, with
one-hour falls in excess of 60 mm occurring on both 10 and 11 January at
numerous stations invarious locations north and west of Brisbanelt is possible

that higher shortperiod falls occurred in areas between observing sités.
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6.2.2

6.2.3

Comparison with Revious Eventsn Southeast Queensland

&Vhile all of the data is yet to be compiled, a preliminary cgarison can be made
between thethree-day rainfall totals from the 1012 January 2011 event with
those of 2527 January 1974 is shown in Figure 5. Peak rainfalls from the 1974
event were substantially heavier than those in 2011. A number of stations had
three-day totals from 2527 January 197 in excess of 1000 mm, the highest
being 1215.0 mm at Mount Tamborine, compared with the 2011 event peak of
648.4 mm. Many stations in the 1974 event experienced daily totals which
exceeded 400 mm; the highest were 563.2 mm at Mount Tamborine and 561.5
mm at Wundurra, in the Gold Coast hinterland, while in the Brisbane area 475.8
mm fell on 26 January at Enoggera Reservoir. 1974 also saw much heavier
rainfall in metropolitan Br i-dayandmakt han
one-day totals of 600.4 mmand 314.0 mm in 1974 comparing with 166.2 mm
and 110.8 mm in 2011. However, in 1974 the heaviest rains were close to the
coast, whereas in 2011 heavy falls spread further inland, and on the western
fringe of the Brisbane River catchment and on the Greatiling Range 2011 was
the wetter of the two events (Figure 5, right). The weeks prior to the 1974 event,
whilst wetter than normal, were also less wet than the equivalent weeks prior to
the 2011 event. Over the Brisbane River catchment as a whole, averabese-day
rainfall in the 1974 event was 348.5 mm, compared with 286.4 mm in 2011, and
all four major subcatchments were also wetter in 1974 than in 2011, although by
small margins in the cases of the Bremer (1974 442.1 mm; 2011 417.1 mm) and
Lockyer (197 331.3 mm; 2011 292.0 mm) sub-catchments.

Insufficient rainfall data exist for a comprehensive assessment of the 1893 event.
However, the available station data indicate that peak rainfalls in the region
during the 1893 event were much heavier than thosduring either the 1974 or
2011 events. Crohamhurst, in the Glasshouse Mountains inland from the
Sunshine Coast, received 907.0 mm on 3 February 1893, which remains an
Australian daily record, whilst thre€day totals included 1715.0 mm at Mooloolah
and 1680.3 mm at Crohamhurs

Resulting Floods

d'he most destructive floods during the period occurred during the second week of
January in the southeast corner of Queensland and adjacent border areas of New
South Wales. There was major flooding through most b&tBrisbane River
catchment, most severely in the Lockyer and Bremer catchments where numerous
flood height records were set (Table 4), along with the Toowoomba area just
outside the Brisbane catchment. In Brisbane it was the secoimighest flood of the
last 100 years, after January 1974. The flooding caused substantial loss of life,
and thousands of properties were inundated in metropolitan Brisbane and
elsewhere. Major flooding with inundation of properties also extended inland to
the upper CondamineBalonne catchment, with Chinchilla and Dalby being

severely affected for the second time in less than a month. Other rivers which
experienced major flooding during the period included the Mary River around and
upstream of Maryborough and Gympie, the MacintyRaver around Tenterfield and
Goondiwindi, and the Clarence around and downstream of Grafton.
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6.3

RADAR IMAGES

Appendix A contains snapshotsf radar imagesfrom the Mount Stapylton weather radar
operated by BoM. These imageshow the inferred rate of rairdill overthe period Saturday 8
January to Wednesday 12 January. The following aspects of these images are noted:

Awesterly travelling storm passed to the south of Toowoomlste on Saturday night(8
January - see Figue Al.

A southwesterly travelling strm passed to the north of Toowoomba around daybreak on
Sunday morning (9 Januang see Figure A2.

Two major westerly travelling storms passed over Toowoomba on Sunday (9 January), the
first between 1000-1300 hrs (see Figure A3) and the second between 185@2400 hours

(see Figures A4 and A5). These storms accounted for the high rainfalls in Tawla in

the 24-hour period ending at 0900 hours on Monday 10 January (s@@able7.3).

Southwesterly moving storms again passed over Toowoomba between OS8®D0 hours
on Monday morning (10 Januang see Figure A6. The rain from these events will also
be includedin the rainfall totals to 0900 hours on Monday morning.

On Monday at 1100 hours, a major storm cell has developed to the northeast of
Toowoomba (see Figure A7). This storm cell travels southwesterly and blankets
Toowoomba between 1200 to 1500 hours (see Figure A7). Intense rainfalls occur
between 1300 and 1400 hours (the yellow areas in Figure A7Jhis is the storm that
caused flooding in Toowoomba on Monday afternoon 10 Januarfter the flood
producing storm has passed, little rainfall occurs, except around 20100 hours (see
Figure A8).

On Tuesdaymorning (11 January) another series of southwesterly moving storms passes
over Toowoombdetween 0500 and 0800 hours (see Figures A9 and A10). From 0900
to 1600 hours on the Tuesday, major storm clouds cover the area to the east of
Toowoomba along a northeastly-southwesterly axis (see Figures A10 and A11).

From 1900 hours onwards on Tuesday evening, the rain has disappeared (see Figures
All and A12).
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7.1

RAINFALL BEHAVIOUR DURING THE
10 JANUARY 2011 STORM EVENT

AVAILABLE DATA

7.1.1 Toowoomba Regional Council

Shortduration rainfall (pluviograph) dataare collected by Toowoomba Regional Counati 11
locations within and in the immediatevicinity of the Gowrie Creek catchmentOn 10 January
2011, two stations malfunctioned. Thdocationsand detailsof the nine functioning stationsare
shown inFigure5.1 and Table7.1.

Table7.1 Available Short Duration Rainfall Stations

Station No Station Name Station Location

1 Wetalla Wetalla Sewerage Treatment Plant

2 Prince Henry Dr  Prince Henry Drive

3 Prescott St Corner Prescott and Goggs Streets

4 Picnic Point Tank at Picnic Point

5 Eastern Valley Eastern Valley at South Street and Mackenzie Street

6 Alderley St Alderley Street at West Creek

7 Middle Ridge Middle Ridge Pump Station

8 usQ University of Southern Queensland

9 Gabbinbar Gabbinbar Reservoir at Nelson Street

7.1.2 Bureau of Meteorology

There are two other short duration rainfall stationgperated by the Commonwealth Bureau of
Meteorology (BoMyvithin the Gowrie Creek catchment, namely Toowoomba Aleriqie Ridge)
and Toowoomba Aero These two stations are designated A and B &igure5.1. Details of
these stationsare shown inTable7.2. Short duration data for these two stations were not
available at the time of preparing this report. However, 2#bur data at these stations were
available fromthe BoMwebsite.

Table7.2 Available Daily Read Rainfall Stations

Station No Station Name Station Location

A Toowoomba Aero Toowoomba Airport4 km to west of CBD

B Middle Ridge t22¢622Y0F ! [9we¢s Ofz2as i
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7.2 RECORDED RAINFALLS

7.2.1 Daily Rainfalls

Table7.3 shows the daily rainfalls recordeét the BoM stationsat Toow@mba Airportand

Middle Ridgefor the period 1-15 January 2011. These data were obtained from the BoM

website. The high rainfdls of the storm event areevident (rainfall to 0900 hrs on 11 January).

Major falls also occurred on 3 January, 6 January and on the day preceding the storm event (to
0900 hourson 10 January) when some 80 mm of rain fell Thus, Gowrie Creek catchmentas
well and truly ©6pr i mahpblevelantededest wetness anmedditels oi | s
before the floodproducing storm event.

Table7.3 Daily Rainfalls, Toowoomba,-15 January 2011

Date 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Toowoomba 76 468 08 0 67.8 168 226 52 836 1234 266 10 02 O

Airport

'\é'%gls 0 144 92 10 248 546 162 166 3.4 808 1496 422 16 0 O

7.2.2 Rainfall Intensities

Figure7.1 shows cumulative rainfalls recorded at the rainfall stations listed ifable7.1.

Appendix B shows 15ninute rainfalls recorded at the various stations between 0900 hours and
1600 hours on 10 January 2011. These data indicate that flooding in Toowoomba was caused
by intense rain that fell on the Gowrie Creek catchment between approximately 1200 hours and
1500 hours on 10th January. The most intense rain burst occurred during a-#ainute period
1330-1415 hours.

Table7.4 shows the recorded maximum rainfall intensitieat the rainfall stations listed in Table

7.1. Table7.4 also shows the severity, represented as the average recurrence interval (ARI), of
rainfalls recorded at the dove stations for a range of storm durations from 5 minutes to 12

hours. Desi gn rainfall ARI&s were determined usi:
(IE Aust, 1998). Appendix B, which shows plots of rainfall severtytensity-duration, alsoshows

how the severity of rainfall varies with duration over the storm everitheresults of Table7.4

and Appendix Bndicate that:

The most intense rainfalls (with ARIs of greater than 100ears) occurred in aortheast
southwestband across the centre of the catchmentspecifically encompassing
raingauges at USQ, Middle Ridg@RC) Eastern Valley, Alderly Street, Prescott & Goggs
and Prince Henry Drive This zone oextreme rainfallis shown onFigure7.2. Rainfall
intensities in the southeast corner of the catchment (Picnic Point and Gabbampwere
less that 20-Years ARI.Rainfall intensities at Wetalla in the northern extremity of the
catchment were above 5@Years ARI, but below 100 eas ARI. Note that the zone of
extremerainfall includes the CBD.

The difference between the rainfall intesities and totals at Picnic Point and Gabbinbar is
considerable compared to the band of extreme rainfalls to the immediate northwest of
these gauges, and the functioning of these two gauges must be questioned.
Alternatively, the reduced rainfall at PicniBoint and Gabbinbar may reflect local factors
associated with the nature of the storm and orographic effects of the escarpment.

The highest rainfall severities were recorded for storm durationsleétween 30 minutes
and 3 hours, with 22 hour duration events being greater than 100Years ARI at all
stations in the extreme band of rainfalls across the middle reaches of the catchment.

Prince Henry Drive station recorded the mc
greater than 100 years for durationsanging from 30 minutes to 3 hours.
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Figure7.1 Cumulative Rainfalls, Toowoomba oMonday10 January 2011
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Table7.4 RecordedMaximum Rainfall Intensities and Severities in Toowoomba, 10 January 2011

5min 72.0 6 144.0 4 156.0 7 54.0 <1 150.0 5 138.0 4 144.0 5 106.4 2 84.0 <1
10min 69.0 12 144.0 18 132.0 14 48.0 <1 126.0 10 129.0 12 132.0 14 106.4 4 75.0 1
15min 66.0 17 140.0 38 120.0 18 46.0 <1 112.0 12 120.0 18 122.0 19 106.4 10 72.0 2
20min 63.0 21 135.0 89 108.0 29 46.5 <1 105.0 22 1155 42 109.5 31 93.0 13 67.5 2
30min 61.0 31 128.0 100.0 67 45.0 1 98.0 51 104.0 86 103.0 82 90.0 38 67.0 6
lhr 52.5 58 94.0 81.0 40.5 4 78.5 74.5 - 77.5 72.0 51.5 15
2hr 29.3 59 57.5 50.5 32.8 14 48.0 42.8 81 46.8 43.2 313 13
3hr 20.7 62 40.0 34.7 25.5 17 33.0 80 29.2 43 32.3 94 29.8 61 22.2 9
6hr 11.8 71 20.5 18.3 13.4 7 175 33 15.3 17 17.6 45 16.1 31 12.6 6
12hr 6.8 82 11.0 23 10.0 20 7.3 4 9.4 13 8.0 6 9.5 19 8.6 12 6.9 3
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Inspection of the rainfall hyetographs in Appendix B indicates that the heaviest falls generally
occurred between 1300 and 1430 hours, with peak falls occurring just before or just after 1400

hours.

The highest 3@ninute falls, all of which occurred in th period 1330-1430, ranged from

60 mm at Prince Henry Drive to 450 mm at all other stations except Picnic Point (22 mm),
Gabbinbar (32 mm) and Wetalla (30 mm).

7.3 RAINFALL ISOHYETS

Figure7.3 to Figure7.9 showisohyets ofcumulative rainfall across Toowoomba, as meased
from 1200 hours on Monday 10January. The southwest passagsf the stormacross the Cityis
clearly apparent, as is the central zone of high rainfall he following aspects of rainfall
behaviour are noted:

Little rain fell between 1200 and 1300 hours (sed-igure7.4) and that which did was
limited to the northeast side of Gowrie Creek catchment (220 mm total).

By 1330 hours, widespread rain had fallen over the northern part of the catchment (see
Figure7.5), bringing the total rainfall since 1200 hours to 380 mm over the northern
area of the catchment and 1620 mm in the south.

The main burst of heavy rain fell between 1330 anti400 hours (seeFigure7.6),
increasing the total fall since 1200 hours over the central eastern area of Gowrie Creek
catchment to 8090 mm. The heaviest falls wer@ver the lower reaches of West Creek,
the lower and middle reaches of East Creek, and the Reach of Gowrie Creek from the
confluence of East and West Creeks downstream to Blacks Gully. The area of heavy
rainfall includes the CBD.

Heavy rain continued to fththrough to 1430 hours (seeFigure7.7), the heaviest falls
occurring over the middle eastern area of the catchment (total rainfall since 1200 hours
of 100-120 mm) and the escarpment (total rainfall of 130 mm).

ComparingFigure7.7 and Figure7.8, it is seen that little additional rainfall occurred
between 1430 and 1500 hours.

Additional rain fell between 1500 and 1600 hours, increasing the area of heavy rainfall
and driving the total rainfall the rainfall band further to the southwest (compmaFigure
7.8 and Figure7.9).
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Figure7.3 Cumulative Rainfall to 1200 Hours, Monday 10 January Figure7.4 Cumulative Rainfall to 12001300 Hours, Monday 10
January
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