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1

Sharman, Andrew

From: Sharman, Andrew
Sent: Monday, 19 September 2011 11:38 AM
To: 'Peter K ng'
Cc: Emma Curt s; Boyd Honor; 'HEATH, Brad ey'
Subject: ASIC Letter Dated 13th September 2011

Peter

I refer to your letter dated 13
th

September 2011.

Recently the Queensland Floods Commission of Inquiry (COI) has requested a very large amount of information

relating to RACQ Insurance’s response to the Queensland Floods for the hearings which are resuming in Brisbane

today. RACQ Insurance is, and has been intensively over the last 2 weeks or so, in the process of gathering that

information for the COI and will be delivering that information to the COI over the next week or so.

Some of the information being gathered for the COI is relevant to the queries raised in your letter. So that relevant

aspects of the information currently being gathered for the COI can also be provided to ASIC in response to your

queries we would be grateful if you would allow a short extension of time to respond to your letter.

We would be grateful if you could allow us until Friday 28
th

September 2011 to respond.

Regards

Andrew Sharman

Executive Manager Governance, Risk & Compliance/Company Secretary

RACQ Insurance Limited

2649 Logan Road, Eight Mile Plains

PO Box 4 Springwood 4127

Phone: (07)

Fax (07) 3423 1975

Mobile:

Email:
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1 INTRODUCTION 

This report has been undertaken by Water Technology, specialist flooding engineers.  The purpose of 

the report is to provide advice to Cooper Grace Ward Lawyers (CGW), who is acting on behalf of 

RACQ Insurance Limited (RACQI), on the cause of inundation events that occurred across the Ipswich 

Region in January 2011.  This report has been prepared upon a geographical basis.  It is recognised 

that individual properties within the geographical zone the subject of this report may be affected by 

issues that are specific to those properties.  Water Technology has identified a number of properties 

in this category and has been instructed to undertake further investigations in relation to them.  

These further investigations will be reported upon separately. 

 

We note that this report is confidential and for internal use by the client to assist them in processing 

claims for the particular event, time and location described above.   

 

This is a technical report and the author has made opinions based on generally accepted engineering 

industry standard definitions for stormwater and flooding terminology for the purposes of classifying 

the particular inundation event that occurred as noted above.  It is noted that these classifications 

are site specific and therefore the author has also provided additional information where necessary 

in order for the client to make a determination on whether a particular claim falls within RACQI’s 

policy coverage.  The decision of whether or not to pay a claim rests solely and entirely with the 

insurance company. 

 
This report and any attachments have been prepared for the purpose of gathering information 

and/or for the purpose of giving and/or receiving legal advice and/or the giving and/or 

receiving of legal advice and is both confidential and subject to legal professional privilege. 
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2 GUIDELINES AND TERMINOLOGY 

The terminology used in this report is provided in Table 2.1.  This terminology is based on the 

glossaries of following documents and information from the Bureau of Meteorology, with additional 

information and examples provided by Water Technology to further clarify the use in this report: 

 

1. “Floodplain Management in Australia: Best Practice Principles and Guidelines – SCARM 

Report 73”, 2000, CSIRO. 

2. “Queensland Urban Drainage Manual”, Second Edition, 2008, Queensland Government 

Natural Resources and Water.  

3. “Mitigating the Adverse Impacts of Flood, Bushfire and Landslide - State Planning Policy 

Guideline SPP1/03”, June 2003, Queensland Government. 

4. “Australian Rainfall and Runoff – Volume 1 – A Guide to Flood Estimation”, 1998, Institution 

of Engineers Australia. 

5. Bureau of Meteorology (2011) definitions and terminology as listed on their webpage 

http://www.bom.gov.au/hydro/flood/flooding.shtml#definitions terminology 

 

Table 2.1 Standard Terminology 

Term Definition 

Annual Exceedance 

Probability (AEP) 

The probability of exceedance of a given discharge within a period of one 

year.  Can be expressed as a percentage (eg 1% change in any one year) or 

1 in Y [years] (eg a probability of 1 in 100).  This report will generally use ARI 

terminology. 

Average Recurrence 

Interval (ARI) 

The average or expected period between exceedances of a given discharge 

expressed in years. This is a another method of expressing the magnitude 

of a particular event in probabilistic terms (eg a “100 year ARI flood” can 

also be described as a flood with an AEP of “1%”” or “1 in 100”).  The ARI of 

a flood event is a statistical estimate that gives no indication of when a 

flood of that size or larger will occur next. 

Backwater No definition in documents listed above.  We define as a body or area of 

water where there is little or no current that is connected to a drainage 

system or receiving water either above or below ground (pipe drainage).  

The water level of the backwater area is governed by the adjacent drainage 

system or receiving water. 

Breakout  No definition in the documents listed above.  Breakout flows occur when 

flow in a river system reaches a level high enough to engage a wider or an 

alternate flow path other than the normally defined channel. 

Catchment The area of land contributing stormwater runoff to a particular site or point 

under consideration.  It always relates to a particular location and includes 

the catchments of tributary streams as well as the main stream. 
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Term Definition 

Critical Storm 

Duration 

The duration of the storm event that produces the largest flood discharge 

at the location of interest. Critical storm duration depends on the 

catchment size, topography (slope, drainage path, presence of storages or 

basins), magnitude of storm, land use of the catchment (eg urban, rural or 

forest).  In general terms the critical storm duration provides an indication 

of how long a catchment takes to deliver peak flow to a particular point of 

interest following rainfall commencement.  When the rainfall is not at a 

constant intensity the timing of the peak flood will depend on the temporal 

pattern of rainfall. 

Detention Basin A large, open, free draining basin that temporarily “detains” collected 

stormwater runoff.  These basins are normally maintained in a dry 

condition between storm events. 

Drainage System A system of gully [street or field] inlets, pipes, overland flow paths, open 

channels, culverts and detention basins used to convey runoff to its 

receiving waters. 

Flash Flood Sudden and unexpected flooding caused by local heavy rainfall either at the 

site in question or upstream.  Often defined as flooding within six hours of 

the rain which causes flooding. 

Flood The temporary inundation of land by expanses of water that overtop the 

natural or artificial banks of a watercourse, including a drainage channel, 

stream, creek, river, estuary, lake or dam, or any associated water holding 

structure.  A flood can be caused by excessive rainfall, storm surge, 

dambreak or a tsunami. 

Local Runoff Refer to “Runoff” and “Stormwater Flooding”. 

Minor flood level A flood level that causes inconvenience. Low-lying areas next to 

watercourses are inundated which may require the removal of stock and 

equipment. Minor roads may be closed and low-level bridges submerged. 

Moderate flood level In addition to the above for minor flooding, the evacuation of some houses 

may be required. Main traffic routes may be covered with flood waters. The 

area of inundation is substantial in rural areas requiring the removal of 

stock. 

Major flood level In addition to the above for minor and moderate flooding, extensive rural 

areas and/or urban areas are inundated. Properties and towns are likely to 

be isolated and major traffic routes likely to be closed. Evacuation of people 

from flood affected areas may be required. 

Rainfall Intensity The rate at which rain falls, typically measured in mm/hour.  Rainfall 

intensity varies throughout a storm.  This variation is called a temporal 

pattern. 

Receiving Waters A body of water (normally sea, river, creek or larger drainage system) that 

receives flow from a generally smaller (tributary) drainage system.   
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Term Definition 

Runoff  That part of rainfall which is not lost to infiltration, evaporation, 

transpiration or depressions in the ground.   

We add that for the purposes of investigating or studying a flood it is the 

amount of rainfall that drains along the surface and into the “drainage 

system” or directly into receiving waters.  Local runoff is that which occurs 

locally to a point in question (i.e. within a backyard) and has not yet 

reached a drainage system. 

Stormwater Flooding CSIRO (2000) defines as “inundation by local runoff caused by heavier than 

usual rainfall.  Stormwater flooding can be caused by local runoff exceeding 

the capacity of an urban stormwater drainage system or by the backwater 

effects of mainstream flooding causing urban stormwater drainage systems 

to overflow.”   

We add that the capacity of the local stormwater drainage system to drain 

runoff can be lessened by backwater effects of a downstream receiving 

water system or by obstructions.  Inundation caused by backwater 

surcharging out of a stormwater drainage system from a flood would not 

necessarily be classed as stormwater flooding as the source of water or the 

flood level reached may not be caused by local runoff. 

Surface Water or 

Inundation 

Any water collecting on the ground or in an open drainage system or 

receiving water body.   

In this report we use these terms to discuss water before it is categorised 

into flood, stormwater or other. 

 

CGW has provided the following definitions for the purposes of this report: 

a) Flood – is rising water which enters a home as the result of it running off or overflowing 

from any origin or cause; 

b) Flash flood and stormwater runoff – is a sudden flood caused by heavy rain that fell no 

more than 24 hours prior to the flash flood or stormwater runoff; and 

c) Water inundation – is the influx of water onto the property (i.e. the expression is not being 

used to refer only to properties which have been completed immersed in water). 

In preparing this report the author is therefore cognisant of clarifying the time to flood as the time 

taken between the commencement of “flood-causing” rainfall and the time for a particular site to be 

flooded as RACQI’s definition will result in a wider geographic region meeting this definition than the 

standard definition defined in CSIRO (2000). 
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3 PURPOSE AND SCOPE OF THE REPORT 

The purpose of the report is to provide advice to Cooper Grace Ward Lawyers on the cause of 

inundation events that occurred across the Ipswich region in January 2011.   

 

This report is confidential and for internal use by the client to assist them in processing claims for the 

particular event, time and location described above.   

 

This report is based on: 

� A desktop review of rainfall and flow data for the Rivers and Creeks to these inundation events. 

� A review of available news and gathered internet footage and photos. 

� A review of historic flooding. 

� Site inspections. 

� Discussions with the owners and witnesses of inundated properties. 
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4 METEOROLOGY 

The National Climate Centre’s Special Climate Statement 24 (BoM, 25 January, 2011) provides an 

overview of the January 2011 rainfall which resulted in the inundation event in Ipswich.  Several 

extracts of this report are quoted below: 

 

Major Rain Events of the Period 

... 

10 to 12 January. An upper-level low combined with a humid easterly flow to bring very 

heavy rain to southeast Queensland and northeast New South Wales. The heaviest falls 

were in the areas north and west of Brisbane. ... Three-day totals exceeded 200 mm over 

most of the area bounded by Brisbane, Gympie and Toowoomba, including the majority 

of 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 

southern Queensland as far west as Dalby. The heavy rain covered a smaller area than 

was the case in the late December event. The highest daily totals observed in the 

Bureau’s regular network were 298.0 mm at Peachester and 282.6 mm at Maleny on 10 

January, while the highest three-day totals were 648.4 mm at Mount Glorious and 617.5 

mm at Peachester. Intense short-period 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 

in various locations north and west of Brisbane. It is possible that higher short-period 

falls occurred in areas between observing sites. 

... 

Extreme Daily Rainfall Totals for the Period 

... 

Peak rainfalls from the 1974 event were substantially heavier than those in 2011.  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 Brisbane than 2011, 

with Brisbane’s three-day and peak one-day totals of 600.4 mm and 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 Great Dividing Range 2011 

was the wetter of the two events (Figure 5 ...). The weeks prior to the 1974 event, whilst 

wetter than normal, were also less wet than the equivalent weeks prior to the 2011 

event. 
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Figure 4-1 Three day rainfalls for 10 to 12 January 2011 

(extract from Figure 5 - BOM, 2011) 

 

Floods resulting from the rainfall 

The 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 of the Brisbane River catchment, most 

severely in the Lockyer and Bremer catchments where numerous flood height records 

were set ..., along with the Toowoomba area just outside the Brisbane catchment. In 

Brisbane it was the second-highest 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 Condamine-Balonne catchment, with Chinchilla and Dalby 

being severely affected for the second time in less than a month. ... 
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5 RAINFALL AND STREAM GAUGING STATIONS 

Figure 5.1 and Figure 5.2 show the rainfall and stream gauging stations the entire catchment and the 

Ipswich area, respectively. 

 

Figure 5.1 Ipswich Catchment Rainfall and Stream Gauging Stations – Catchment 
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Figure 5.2 Ipswich Catchment Rainfall and Stream Gauging Stations – Ipswich Area 
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7 BREMER RIVER LEVELS 

7.1 General 

Figure 7.1 and Figure 7.2 show the translation of the January 2011 flood through Ipswich. Table 7.1 

shows the timeline of the flood wave along the Bremer River. The adopted stream gauging stations 

are on the following rivers: 

� Warrill Creek: - Churchbank Weir. 

� Bremer River: - Walloon Alert, One Mile, Ipswich 

� Brisbane River: - Moggill (just downstream of the junction of the Bremer and Brisbane Rivers) 

 

 

Table 7.1 Timeline of Events in the Bremer River, Warrill Creek and Brisbane River 

Time / Date Elapsed Time Since 

Rainfall Commencement 

(hrs) 

River Event 

0600 hrs 11 Jan 0  At Tallegalla, the rainfall causing 

the event commenced 

0800 hrs 11 Jan 2 Bremer R The Bremer River at Walloon 

shows a rapid response to the 

rainfall with the river commencing 

to rise 

1700 hrs 11 Jan 11 Bremer R The Bremer River at Walloon Peaks 

at 31.87 m 

2100 hrs 11 Jan 15 Warrill Ck Churchbank Weir (Warrill Ck) 

shows only small flows for the 

event. This is consistent with the 

generally low rainfall totals 

recorded for the Warrill Ck 

catchment. 

0100 hrs 12 Jan 19 Bremer R The Bremer River at One Mile 

peaks at 21.35 m AHD 

1300 hrs 12 Jan 29  Bremer R The Bremer River at Ipswich peaks 

at 19.4 m AHD 

1500 hrs 12 Jan 31 Brisbane R The Brisbane River at Moggill 

[040812] peaks at 17.87 m AHD 
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7.2 Discussion 

Figure 7.2 shows rainfall occurring on the 9
th

 and 10
th

 of January.  That lead to an increase in the 

river level as measured at the Walloon gauge reaching the minor flood level (5m) and approaching 

the moderate flood level (6.5m) on the 10
th

 of January.  That rainfall does not appear to have had an 

appreciable impact on river levels downstream as also shown in Figure 7.2, nor is the inundation 

associated with the minor to moderate flood level likely to have an impact in the vicinity of the 

Walloon Gauge.   

Figure 7.3 shows heavy rainfall commencing 06:00 11
th

 January resulted in a rapid increase in the 

Bremer River level at Walloon gauge. 

Figure 7.1, Figure 7.2 and Table 7.1 provide an indication of the impact of the Brisbane River on 

Bremer River flood levels.  In particular, Figure 7.2 indicates that 

� There is a clear peak in water level for the Walloon alert gauge at 1700 11 January 2011 

associated with the peak flow from the Bremer River catchment.   

� The One Mile gauge peak level (at 0100 12 January) is associated with the combined effects of 

peak flow from the Bremer River and increased Brisbane River levels from the junction of the 

Bremer and Brisbane Rivers. 

� The peak water level for the Bremer River at Ipswich (1300 12 January) occurs just slightly 

before the peak water level at the Brisbane River Moggill Gauge occurs (1500 12 January). 

� The general shape of the gauge record for the Bremer River at Ipswich is similar to the general 

shape of the Brisbane River gauge record at Moggill.  This indicates that water levels at the 

Ipswich gauge are significantly influenced by the Brisbane River “Tailwater”.  Tailwater in this 

instance refers to elevated Brisbane River levels at the Brisbane and Bremer River junction 

leading to an elevation of water levels in the Bremer River.  Without the model referred to in 

Section 8.2 we are not presently able to identify the extent of the effect of that tailwater 

upstream of the Ipswich gauge. 

 

There are some locations upstream of Ipswich where in our opinion the levels of the Bremer River 

are unlikely to be affected at all or materially affected by the effect of the Brisbane River tailwater.  

As mentioned above, without the model referred to in Section 8.2 we are not presently able to 

identify the upstream extent of the affect of the tailwater. We have however, in Schedule C to this 

report identified those properties, which, without the benefit of that modelling we are confident 

that any flooding would be unaffected by the influence of the tailwater of the Brisbane River. 
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8 BRISBANE RIVER IMPACT ON BREMER RIVER WATER LEVELS 

8.1 Overview 

An assessment was made of the impact of the Brisbane River water levels on the Bremer River 

Water levels to provide a preliminary estimate of which properties (if any) would have been 

inundated by the Bremer River in the absence of elevated Brisbane River levels. 

8.2 Methodology 

A hydraulic model of the Brisbane and Bremer Rivers has been previously developed by others for 

use in flood planning and management of the rivers. Requests to access this model or equivalent 

have recently been made to SEQWater, Brisbane City Council and Ipswich City Council.  

Unfortunately, at the time of writing of this report, no response to whether or not this model is 

available has been received.   

In order to undertake a preliminary assessment of the impact of Brisbane River tailwater levels, a 

course MIKE-11 hydraulic model was developed based upon survey data available at the time of 

writing of this report for Ipswich and estimated river discharges based upon the recorded rainfall 

and river discharge data. This model was checked for broad consistency to the recorded inundation 

levels in Ipswich. 

The MIKE-11 hydraulic model was used to model the effect of the rain in the catchment of the 

Bremer River through Ipswich City under two conditions: 

� A Brisbane River level of 17.87 m AHD (which represents the peak level at the Moggill gauge on 

the 12
th

 January) to represent the January 2011 Event. 

� A lowered Brisbane River level to represent the effect of the rain in the Bremer River 

catchment without a corresponding flood in the Brisbane River.  

 

Figure 8.1 shows the modelling results. The following is of note with respect to Figure 8.1: 

� The blue line provides a good representation (when compared available flood imagery 

www.nearmap.com.au and the Queensland Reconstruction Authority Interactive mapping tool 

(http://qldreconstruction.org.au/your-community-reconstruction-updates/interactive-map) of 

the recorded inundation extent. 

� The yellow line shows that, based upon the modelling assumptions, without elevated Brisbane 

River levels, Bremer River flows would have been essentially confined within bank. 

� The majority of properties that were inundated by river water are located between the two 

river level estimates. 

The approach adopted provides a reasonable estimate of the extent of the Bremer River inundation 

making an assumption that there were not elevated water levels within the Brisbane River, but 

conservative in the sense that it shows the level below which the Bremer River would not have fallen 

making that assumption. 

For a more accurate estimate the previously developed model should be used or alternatively this 

current model could be calibrated. 
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9 BRISBANE RIVER INUNDATION 

Areas of Ipswich City downstream of the Bremer River – Brisbane River confluence were 

inundated by the Brisbane River during the January 2011 event.  

9.1 The Brisbane River Catchment Above Wivenhoe Dam 

� Wivenhoe Dam experienced significant inflows over the period 9th (Sunday), 10th (Monday) 

and 11th (Tuesday) of January associated with rainfall in the catchment above Wivenhoe 

during this same period. 

� Rainfall commenced at approximately 06:00 on the 9th (Sunday) of January. 

� These inflows contributed to a peak outflow from Wivenhoe occurring at approximately 

00:00 (midnight) on the 12th (Wednesday) of January. 

� Significant Wivenhoe discharges occurred greater than 24 hours after the commencement of 

the rainfall event that lead to the significant inflows into Wivenhoe dam.  Therefore, any 

inundation directly associated with the Brisbane River flows below Wivenhoe dam would be 

attributable to the rain event that commenced at approximately 06:00 9th January (and 

indeed earlier rainfall). 

9.2 Brisbane River Catchment Below Wivenhoe Dam 

� No rainfall was recorded at the Brisbane Rainfall Gauge within the 24 hours preceding the 

peak Brisbane River level. 

� A significant rainfall event occurred at Tallegalla in the Upper Bremer River catchment 

between approximately 06:00 and 15:00 on 11
th

 January. 

� Figure 7-3 shows the rapid response of the Bremer River at Walloon to the Tallegalla rainfall. 

� The available gauging information presented in Figure 7-4 indicates that in terms of peak 

flow, the Bremer River contributed of the order of 15-25% of the Brisbane River flow.  This is 

a necessarily imprecise figure because it is based on derived discharge information (which is 

both incomplete and in any event imprecise) and there are additional catchments 

contributing to both the Brisbane and Bremer River flows downstream of these gauges. 

� Due to high Brisbane River tailwater levels there would have been some attenuation of the 

peak flow rate in the lower reaches of the Bremer River. 

� This means that the overall contribution of water from the Bremer River to the Brisbane 

River (in terms of peak flow) is likely to be less than the estimate above.  Based on the data 

currently available it is not possible to quantify how much less. 

 

  

192



Cooper Grace Ward Lawyers 

Investigation of the January 2011 Inundation Event - Ipswich 

 

20 

10 CONCLUSIONS 

10.1 Bremer River Inundation 

From our review of the available data for the January 2011 event we have formed the following 

opinions with regard to Bremer River inundation in the Ipswich area: 

� Heavy rainfall commenced within the Bremer River Catchment at approximately 0600 hrs 11 

January 2011. 

� The Bremer River peaked at the One Mile Gauge at 0100 hrs 12 January (19 hrs later). 

� The Bremer River peaked at the Ipswich Gauge at 1300 hrs 12 January (29 hrs later). 

� There are some locations upstream of Ipswich where in our opinion the levels of the Bremer 

River are unlikely to be affected at all or materially affected by the effect of the Brisbane 

River tailwater.  As mentioned above, without the model referred to in Section 8.2 we are 

not presently able to identify the upstream extent of the effect of the tailwater.  We have 

however, in Schedule C to this report identified those properties, which, without the benefit 

of that modelling we are confident that any flooding would be unaffected by the influence of 

the tailwater of the Brisbane River. 

� Bremer River water levels within the lower reaches were impacted by high Brisbane River 

tailwater levels.  These properties are included in Schedule B Part 1 as indicated below. 

� Preliminary modelling showed that the Brisbane River tailwater level substantially increased 

water levels in the lower Bremer River. 

10.2 Site Specific Issues 

As mentioned at the outset Water Technology has identified from within the properties listed in 

Schedule B Part 1 a number of properties where, in addition to flooding as described under the 

preceding heading, it is possible flooding may have occurred by some different mechanism. 

These properties have been identified as requiring further investigation based upon site specific 

criteria including proximity to elevated floodplain features and potentially restrictive drainage 

culverts/channels. 

These properties will be the subject of further investigations which will be reported upon separately.  

They have been listed in Schedule B Part 3. 

10.3 Brisbane River Inundation 

From our review of the available data for the event of January, 2011 we have formed the following 

opinions with regard to direct Brisbane River inundation in the Ipswich area: 

� Damage directly associated with Brisbane River inundation generally in the Goodna area 

post 06:00 on the 12
th

 (Wednesday) of January has been caused by “flood”. 

� A small proportion of the overall depth of the Brisbane River generally in the Goodna area 

pre 06:00 on the 12
th

 (Wednesday) may be partially attributable to rainfall that fell within 

the catchments downstream of Wivenhoe Dam in the preceding 24 hours. 

� Thereafter, the Brisbane River water level continued to rise steadily to its peak level 

recorded (at the Moggill Gauge) at approximately 15:00 on the 12
th

 (Wednesday) January. 

The properties referred to above are generally in the Goodna area and inundated by flood are 

identified in Schedule A. 
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As mentioned above, it is possible that some individual properties within the list in Schedule A 

similarly may have been affected by stormwater runoff, either because of their particular location or 

because of characteristics unique to those properties.  Further investigations would be required to 

identify the existence of properties which fall into this category, if any.  Water Technology has been 

instructed to seek to identify any properties that fall within this category.  It has not been possible at 

the time of writing this report to identify any such properties. 

10.4 Schedule B 

Schedule B lists the sites where it has not been possible to formulate an opinion at the time of 

provision of this report.  It includes properties inundated by that part of the Bremer River which was 

affected by the elevated Brisbane River tailwater (Schedule B Part 1) and properties which appear to 

be outside the inundation zone (Schedule B Part 2) but which may or may not be subject to the same 

inundation mechanism in respect of the properties listed in Schedule B part 1.  
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93 Boundary Street, PO Box 5700, West End 4101   

tel: (07) 3105 1460   fax: (07) 3846 5144   www.watech.com.au 

 

 

 

 

 

Subject to Legal Professional Privilege 

Cooper Grace Ward 

Level 21 400 George St 

Brisbane QLD 4001 

 

Attn: Andrew Ward 

Dear Andrew, 

SUBJECT:  INDEPENDENT ANALYSIS – WATER INUNDATION – IPSWICH REGION 

We refer to our report dated March 2011 (the report) and subsequent letters of 14 March, 20 March, 25 

March, 29 March, 6 April, 14 April 2011, two letters of 19 April 2011, 6 May 2011, 16 May 2011, 19 May 2011 

and 6 June 2011. 

The purpose of this update is to report on Water Technology’s further investigations into the likely cause of 

Bremer river inundation within the city of Ipswich. 

1.0 Background 

Section 7 of the report contained the following discussion: 

 

“Figure 7.1, Figure 7.2 and Table 7.1 provide an indication of the impact of the Brisbane 

River on Bremer River flood levels. In particular, Figure 7.2 indicates that 

��There is a clear peak in water level for the Walloon alert gauge at 1700 11 January 

2011 associated with the peak flow from the Bremer River catchment. 

��The One Mile gauge peak level (at 0100 12 January) is associated with the combined 

effects of peak flow from the Bremer River and increased Brisbane River levels from 

the junction of the Bremer and Brisbane Rivers. 

��The peak water level for the Bremer River at Ipswich (1300 12 January) occurs just 

slightly before the peak water level at the Brisbane River Moggill Gauge occurs (1500 

12 January). 

��The general shape of the gauge record for the Bremer River at Ipswich is similar to 

the general shape of the Brisbane River gauge record at Moggill. This indicates that 

water levels at the Ipswich gauge are significantly influenced by the Brisbane River 

“Tailwater”. Tailwater in this instance refers to elevated Brisbane River levels at the 

Brisbane and Bremer River junction leading to an elevation of water levels in the 

Bremer River. Without the model referred to in Section 8.2 we are not presently able 

to identify the extent of the effect of that tailwater upstream of the Ipswich gauge. 
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There are some locations upstream of Ipswich where in our opinion the levels of the 

Bremer River are unlikely to be affected at all or materially affected by the effect of the 

Brisbane River tailwater. As mentioned above, without the model referred to in Section 

8.2 we are not presently able to identify the upstream extent of the affect of the 

tailwater. We have however, in Schedule C to this report identified those properties, 

which, without the benefit of that modelling we are confident that any flooding would 

be unaffected by the influence of the tailwater of the Brisbane River.“ 

Since the preparation of the report, Water Technology has now been provided with the Brisbane River Mike 

11 model and other relevant information.  This model has been used to further investigate the impact of the 

Brisbane River on Bremer River flood levels as is discussed in the following sections. 

2.0 Previous Analysis 

The report presented the results of the preliminary analysis of the Bremer River undertaken prior to Water 

Technology having access to the Brisbane River Mike 11 model.  This previous analysis also utilised a Mike11 

model developed from terrain information and preliminary discharge estimates for the January 2011 event in 

the Bremer River that were available to the Water Technology at the time. 

This model was checked for broad consistency to the recorded inundation levels in Ipswich. 

Section 8 of the report states: 

“Figure 8.1 shows the modelling results. The following is of note with respect to Figure 8.1:  

��� The blue line provides a good representation (when compared available flood imagery 

www.nearmap.com.au and the Queensland Reconstruction Authority Interactive 

mapping tool (http://qldreconstruction.org.au/your-community-reconstruction-

updates/interactive-map) of the recorded inundation extent.  

��� The yellow line shows that, based upon the modelling assumptions, without elevated 

Brisbane River levels, Bremer River flows would have been essentially confined within 

bank.  

��� The majority of properties that were inundated by river water are located between the 

two river level estimates.  

The approach adopted provides a reasonable estimate of the extent of the Bremer River 

inundation making an assumption that there were not elevated water levels within the Brisbane 

River, but conservative in the sense that it shows the level below which the Bremer River would 

not have fallen making that assumption. For a more accurate estimate the previously developed 

model should be used or alternatively this current model could be calibrated.” 

3.0 Water Technology’s Further Analysis 

While the above original analysis was conducted using the best available information, Water Technology’s 

subsequent analysis has had the benefit of substantial further information which only became available after 

the original analysis was performed, including: 

� The Brisbane River Mike11 model (provided by Brisbane City Council), which contained important 

information that Water Technology did not have access to (for example Water Technology did not 

have any information about characteristics of any of the river systems below the water level when 

performing the original analysis), 

� LIDAR terrain information (provided by DERM) covering the area under consideration, which was 

much more detailed than the terrain information Water Technology had access to when performing 

the original analysis, 
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� SEQWater’s submission to the Queensland Floods Commission of Inquiry “January 2011 Flood Event 

– Report on the operation of Somerset Dam and Wivenhoe Dam” 2 March 2011, which contained 

information (particularly with regard to Bremer River catchment inflows) that was not available at 

the time of the original analysis. 

Following receipt of the above information, Water Technology undertook a further analysis of the inundation 

mechanisms along the length of the Bremer River.  Please note that for the purposes of this investigation, the 

area of interest is defined as the Bremer River from Amberley to the junction with the Brisbane River.   

The steps that were carried out by Water Technology to complete this further analysis are as follows: 

1. The Brisbane River Mike11 model provided by Brisbane City Council was established on Water 

Technology’s system. 

2. The Brisbane River model is large and covers from Wivenhoe Dam wall to the mouth of the Brisbane 

River together with a selection of major tributaries to the Brisbane River downstream of Wivenhoe 

Dam wall.  Water Technology therefore simplified the model structure in the area of interest ie the 

Bremer River from Amberley to its junction with the Brisbane River.  The revised model structure is 

shown in Attachment A. 

3. The inflow of water into the Bremer River from the catchment (upstream of the Bremer River / 

Warrill Creek junction) in the relevant period was fed into the model.  These inflows were based on a 

combination of gauge observations and information presented in SEQWater’s submission to the 

Queensland Floods Commission of Inquiry “January 2011 Flood Event – Report on the operation of 

Somerset Dam and Wivenhoe Dam” 2 March 2011. 

4. The inflow of water into the Brisbane River from both Wivenhoe Dam and Lockyer Creek based on 

information presented in SEQWater’s submission to the Queensland Floods Commission of Inquiry 

was also fed into the model. 

5. The model was used to simulate the January 2011 flood event over the period 8 January 2011 to 14 

January 2011.  This enabled time histories of water levels for the January 2011 event at various 

locations throughout the Brisbane and Bremer River system to be produced. 

6. The time histories of water level as produced by the model were checked against water levels as 

recorded at gauging stations. 

In particular, water levels as recorded on the Brisbane River at the Moggill Gauge and the Bremer 

River at the One Mile, Brassall and Ipswich gauges were examined in detail.  In addition, the 

Bundamba (Hanlon’s Bridge) gauge on Bundamba Creek was examined.  This gauge is located just 

upstream of the junction of Bundamba Creek and the Bremer River and (for this particular event) 

provides an accurate indication of elevated Bremer River water levels. 

The general shape and peak water levels recorded at the Brassall gauge are inconsistent with the 

One Mile Creek gauge and Ipswich gauge records suggesting that there is some inaccuracy in the 

Brassall Gauge record.  The source of these inconsistencies has not been examined, but the Brassall 

gauge record has not been used for detailed comparisons. 

7. Other sources of information used to check the model predictions included the inundation 

information provided by the Insurance Council of Australia and the flood photography available 

through www.nearmap.com. 

8. The comparison with the available gauge records and other relevant information indicated that the 

model as received did not reproduce the January 2011 event accurately in the area of interest.  

Sources of inaccuracy could include any (or all) of the following: 
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a. Uncertainty in catchment inflows, 

b. Uncertainty in the original model accuracy through the area of interest, 

c. Modifications to the terrain since model establishment, 

9. In order to accurately reproduce the observed water levels for the January 2011 event, the hydraulic 

“roughness” of the model throughout the Bremer River was adjusted in order to ensure accurate 

representation of gauged water levels across the full range of water levels experienced. 

10. For example, it was observed that the peak water level on the Brisbane River at the Moggill Gauge 

was approximately 1.7m lower than the peak water level of the Bremer River as indicated by the 

Bundamba (Hanlons Bridge) gauge.  Given the closeness of these two gauges this appeared to be an 

anomaly.   

11. Water Technology took steps to verify that these recorded peak water levels were correct.  These 

steps included: 

a. Conducting a detailed comparison of the Ipswich, Bundamba (Hanlon St) and Moggill gauge 

records over the period of the January 2011 event, 

b. Comparing the recorded inundation extent reported by the Insurance Council of Australia 

with the topographic data, 

c. Reviewing available information on flood surface profiles through this area from previous 

flood events (eg 1974). 

12. Having confirmed that the recorded peak water levels were consistent with other data, Water 

Technology investigated the possibility that cross section data included in the Brisbane River Mike11 

model may have been missing key (restrictive) cross sections in the lower reaches of the Bremer 

River.  Water Technology did this by comparing cross section data within the received model to 

topographic information (based on LIDAR).  This analysis confirmed that the cross section data in the 

received model was consistent with topographic information in the area considered. 

13. Having confirmed the above matters, Water Technology considered adjusting other parameters in 

the model to replicate the behaviour referred to in paragraph 10 above across the full range of 

recorded water levels.  Ultimately, the adjustment made was to modify the hydraulic roughness 

around the junction of the Brisbane and Bremer Rivers (which necessitated consequential 

modifications throughout the rest of the Bremer River model) to replicate the recorded event.  The 

modification that was made was to introduce higher roughness values into the upper levels of the 

cross sections of the Bremer River. 

14. Although there are other variables (in particular Bremer River inflows) I believe it was appropriate to 

make the adjustments referred to in paragraph 13 for the following reasons: 

a. Of the possible parameters the greatest uncertainty is associated with roughness because it 

is inherently difficult to quantify, and the roughness parameter actually incorporates the 

effect of a large number of varying physical processes (eg topographic features not 

represented by the cross sections, meandering, obstructions and vegetation). 

b. It was not possible to replicate in the model both the peak and rising limbs of the observed 

event through the lower reaches of the Bremer River without modifying the hydraulic 

roughness description. 
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c. There did not appear to be any principled basis to depart from the Bremer River inflow 

information derived using information contained in SEQWater’s submission to the 

Queensland Floods Commission of Inquiry “January 2011 Flood Event – Report on the 

operation of Somerset Dam and Wivenhoe Dam” 2 March 2011. 

d. While not commonly done in Australia, the approach of varying roughness vertically is 

commonly used internationally in narrow, deep rivers.  Relative to the characteristics of most 

Australian rivers, this section of the Bremer River is quite narrow and therefore, in my 

opinion, it is appropriate to adopt this international practice. 

15. Once the model accurately reproduced the behaviour of the January 2011 event in the area of 

interest, two further simulations were performed.  These were: 

a. Low Brisbane Tailwater - Water flowing into the Bremer River from the catchment upstream 

of the junction between Bremer River and Warrill Creek at the rate reported by SEQWater in 

the period from 8 to 14 January 2011, but assuming typical levels of tailwater in the Brisbane 

River at the same time; 

b. Low Flow – normal inflows from both the Bremer and Brisbane River catchments. 

16. The output of the model following the completion of the simulations is a series of time histories of 

flows and levels throughout the modelled area for each scenario.  These time histories enable the 

respective contributions from the relevant inputs to be determined, in this case the inputs being the 

inputs from the inflow into the Bremer River on the one hand, and the Brisbane River tailwater, on 

the other. 

The time histories of water levels at key gauge stations are presented in Attachment B.  The thick 

blue line shows the actual recorded water level at each of the gauges.  The thin blue line shows the 

results of this model recreating the January 2011 event.  The red line shows the results of the model 

using the Low Brisbane Tailwater scenario.  The green line shows the results of the model using the 

Low Flow scenario. 

A long section of the Bremer River with the various scenarios plotted is presented in Attachment C.  

The thin blue line shows the peak water level predicted by this model recreating the January 2011 

event.  The red line shows the peak water level predicted by this model based on the Low Brisbane 

Tailwater.  The green line shows the peak water level predicted by this model based on the Low 

Flow.  The invert (or base) of the river is also plotted on the long section by a brown line. 

17. The results of the simulations were applied to terrain data to generate inundation lines that 

represent the likely effects of the modelled scenarios. 

These inundation lines are presented in Attachment D.  The thick blue line shows the inundation 

extent as provided by the Insurance Council.  The red line shows the inundation extent predicted by 

the model based on the Low Brisbane Tailwater. 
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4.0 Conclusions 

 

The simulations of the Bremer River conducted during the course of this analysis should still be regarded as 

provisional.  A comprehensive investigation of the study area would involve a thorough review of the 

hydrology and hydraulics of the study area and a complete recalibration of the modified Brisbane River 

Mike11 model. 

However, in my opinion, the analysis conducted is suitable to provide an indication of the order of magnitude 

of the effects of the Brisbane River tailwater on inundation within the Bremer River. 

Based on the simulations conducted using the modified Brisbane River Mike11 model, attachments B and C 

indicate that: 

� At the One Mile gauge, the elevated Brisbane River levels are predicted to have increased the 

Bremer River level by approximately 0.5m, 

� Attachment C clearly shows the sloping water surface through this reach of the river containing the 

One Mile gauge, extending down to approximately the Ipswich gauge, 

� At the Ipswich gauge, the elevated Brisbane River levels are predicted to have increased the Bremer 

River level by approximately 4m, 

� Attachment C shows the water surface slope “flattening out” as the floodplain broadens downstream 

of the Ipswich gauge, 

� Levels downstream of the Ipswich gauge appear to be controlled by a combination of the tailwater 

level in the Brisbane River and the restrictive cross sections near the mouth of the Bremer River.  For 

the simulated January 2011 event, the high Brisbane River tailwater appears to be the dominant 

factor.  For the low Brisbane River tailwater simulation, the restrictive cross sections near the mouth 

appear to be the dominant factor. 

� At the Bundamba gauge, the elevated Brisbane River levels are predicted to have increased the 

Bremer River level by approximately 5m. 

Please do not hesitate to contact me if you have any queries. 

For and on behalf of 

Water Technology Pty Ltd 

 

 

Mr Steve Clark 

Director 
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Attachment D – Aerial Photographs with inundation lines with the Insurance Council of Australia 

Inundation Zone (thick blue line) and flood extents for the Low Brisbane Tailwater 

scenario (red line) 
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 ����
 � ��;�9;���� ��;�9;���� � !  ' � � ��������,�� �5;�	;����

�++$��$ �;�	;���� ������� �;�9;���� �;�9;���� 	������ %� �, �� � ��� ���
 � ��;�9;���� ��;�9;���� � !  ' � � ���5����,�� ��;��;����

�+1&" �++�2< �;�9;���� �;�9;���� �������� 2� �, �� � ��� ���
 � 9;�9;���� 9;�9;���� �� 
� 
� � � �55����,�� �;�	;����

�+1&" %�� �" �;�5;���� ���5�� �;�9;���� �;�9;���� ������� 2� 5, $ ��� �� ��;�9;���� ��;�9;���� �� 
� 
� � � �������,�� �������,�� �5;�9;���� �5;�9;���� �5;�	;����

�12��2<< �;�9;���� �;�9;���� 9�	���� 2� �, "���  ��� ; ��
 ����
 � �;�9;���� �;�9;���� � !  ' � �� 
� 
� �����9�,9� ��5����,�� ���5����,�� ��������,�� ��;�9;���� ��;�9;���� �;��;���� �9;��;����

& �+< ��;��;���� ����5�� �;�9;���� �;�9;���� 5������ %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ��	����,�� ��5����,�� ��	9����,�� �������,�� ��;�9;���� ��;�9;���� 9;��;���� �9;��;����

& �+< �;�	;���� ����5�� �;�9;���� 	;�9;���� �������� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ��9����,�� ��5����,�� ��������,�� �	�����,�� �	;�9;���� �	;�9;���� �9;��;����

�21�<<2� %+ �& ��;��;���� ���5�� �;�9;���� �;�9;���� ��	���� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� 
� 
� � � ����5��,�� �55����,�� �	;�9;���� ��;�9;���� �9;��;����

�2�& %�� �" ��;�	;���� ����5�� �;�9;���� �;�9;���� ������� %� �, "���  ��� ; ��
 ����
 � �5;�9;���� �5;�9;���� � !  ' � �� 
� 
� �������,�� ��������,�� �9�����,�� ��;�9;���� �5;�	;����

���& %�� �" ��;��;���� ����5�� �;�9;���� 	;�9;���� ���5��� %� �, �� � ��� ���
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �9�����,�� �	5�5��,�� ��������,�� �������,�� �;��;���� �5;�9;���� ��;��;���� �9;��;����

& �+< �;�	;���� ����5�� �;�9;���� �;�9;���� ��	5��� %� �, �� � ��� ���
 � 9;�9;���� 9;�9;���� � !  ' � �� 
� 
� ��5��5��,�� �������,�� ��������,�� ��5����� �� ��;�9;���� ��;�9;���� ��;�9;���� �9;��;����

���$2��2 5;�	;���� ����5�� �;�9;���� �;�9;���� ��	���� %� �, �� � ��� ���
 � �;�9;���� �;�9;���� � !  ' � �� 
� 
� ���	����,�� �������,�� ���5����,�� ��	���� �� �;��;���� ��;�9;���� �;��;���� �9;��;����

���$2��2 �;�9;���� �;�9;���� ��55��� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� ���� ��

 ��� 
 ����5�,�� ��5�����,�� ��;��;����

�212<�� ��;��;���� ����5�� �;�9;���� 	;�9;���� ���	���� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ��9��	�5,�� �5�����,�� ���5����,�� �������� �� 9;��;���� 9;��;���� 9;��;���� �9;��;����

���$2��2 ��;��;���� ����5�� �;�9;���� �;�9;���� ���5��� %� �, "���  ��� ; ��
 � ��
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ��5���5�,9� �5	����,�� ��������,�� ���9���� �� 5;��;���� �9;�9;���� 5;��;���� �9;��;����

�2� � %+���& 5;�	;���� ����5�� �;�9;���� �;�9;���� ��	5��� %� �, �� � ��� ���
 � �5;�9;���� �5;�9;���� � !  ' � �� 
� 
� �5	�9��,�� �������,�� ���5����,�� ������� �� ��;�9;���� ��;�9;���� ��;�9;���� ��;��;����

�++�2< ��;��;���� ����5�� �;�9;���� 	;�9;���� 5�5���� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ��9����,9	 ��5���5,�� ��	�����,�� �������,�� ��;��;���� �5;�9;���� ��;��;���� �9;��;����

�21�<<2� %+ �& ��;��;���� ���5�� �;�9;���� �;�9;���� ���5��� %� �, "���  ��� ; ��
 � ��
 � ��;�9;���� ��;�9;���� �� 
� 
� � � �������,�� �������,�� ��;�9;���� ��;�9;���� �9;��;����

�2� � %+���& �9;�	;���� ����5�� �;�9;���� �;�9;���� �;�9;���� 	��5��� %� 	, 1� �� ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ����9��,�� �������,�� ���9����,�� ������� �� ��;�9;���� ��;�9;���� ��;�9;���� �5;�	;����

�+1&" �++�2< �	;��;���� ����5�� �;�9;���� 	;�9;���� ���5��� %� �, "���  ��� ; ��
 � ��
 � ��;�9;���� ��;�9;���� �� ���� ��

 ��� 
 ����9��,�� ���9����,�� ������� �� ��;�9;���� �9;��;����

�12��2<< �;�9;���� �;�9;���� ��55��� %� �, "���  ��� ; ��
 ����
 � 9;�9;���� 9;�9;���� � !  ' � �� 
� 
� �������,5� ��������,�� �������,�� �;�9;���� �5;�	;����

& �+< �;�	;���� ����5�� �;�9;���� �;�9;���� ���55��� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �����9�,�� �������,�� ��	9����,�� �������� �� ��;�9;���� ��;�9;���� ��;�9;���� ��;��;����

�+1&" �++�2< ��;�	;���� ����5�� �;�9;���� �;�9;���� ������� %� �, �� � ��� ���
 � 9;�9;���� 9;�9;���� � !  ' � �� 
� 
� ����5��,�� ��5����,�� ��9�����,�� ��9���� �� �5;�9;���� 9;�9;���� �;�	;����

& �+< ��;��;���� ����5�� �;�9;���� 	;�9;���� ������� 2� �, "���  ��� ; ��
 ����
 � �9;�9;���� �9;�9;���� � !  ' � �� 
� 
� �	5��59,�� ��5����,�� ��������,�� �	�����,�� ��;��;���� ��;�9;���� ��;��;���� �9;��;����
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�+1&" �++�2< ��;�	;���� ������� �;�9;���� �;�9;���� 	������ %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � � ��������,�� �5;�	;����

�++1�� %+���& �	;��;���� ����5�� �;�9;���� 	;�9;���� ������� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �	����9,�9 ��5����,�� �	������,�� �������,�� �	;�9;���� �	;�9;���� �9;��;����

�12��2<< �;�5;���� ���5�� �;�9;���� �;�9;���� ����	��� %� �, "���  ��� ; ��
 ����
 � �;�9;���� �;�9;���� �� 
� 
� � � ��5����,�� ��,�� �5	����,�� ��;�9;���� ��;�9;���� �5;�	;����

�+1&" �++�2< �9;�	;���� ���5�� �;�9;���� 5;�9;���� ���	5��� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �9��5��,�� ����5��,�� ���5����,�� �5�����,�� ��;�9;���� ��;�9;���� ��;�9;���� �5;�	;����

�+1&" �++�2< ��;�	;���� ����5�� �;�9;���� �;�9;���� ��	5��� %� 	, 1� �� �5;�9;���� �5;�9;���� � !  ' � �� 
� 
� ��5����,�� ���5����,�� ������� �� �;��;���� �;�	;����

�2�& %�� �" 9;�	;���� ����5�� �;�9;���� �;�9;���� �������� 2� 	, 1� �� �5;�9;���� �5;�9;���� � !  ' � �� 
� 
� ��5���9,�9 �������,�� ��9�����,�� ���	���� �� ��;��;���� ��;��;���� ��;��;���� �;�	;����

�2�& %�� �" ��;��;���� ����5�� �;�9;���� 	;�9;���� ��5���� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ��������,�� �������� �� �9;��;����

�+1&" �++�2< �;�9;���� 9;�9;���� �������� 2� �, �� � ��� ���
 � 9;�9;���� 9;�9;���� �� ���� ��

 ��� 
 �	������,�� 9;�9;���� �5;�	;����

���$2��2 �;�9;���� �;�9;���� ���	���� 2� �, �� � ��� ���
 � �5;�9;���� �5;�9;���� � !  ' � �� 
� 
� �5��555,9� �������,�� ��������,�� �������,�� �9;�9;���� �9;�9;���� ��;�9;���� �9;��;����

�2� � %+���& ��;��;���� ���5�� �;�9;���� �;�9;���� �;�9;���� ������� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� 
� 
� � � �����	�,�� ��	����,�� ��;�9;���� ��;�9;���� �9;��;����

1 ��1� �� �;�5;���� ����5�� �;�9;���� 	;�9;���� ��	���� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �99�5��,�� ���9����,�� �������� �� �;��;���� �5;�	;����

�21�<<2� %+ �& ��;��;���� ����5�� �;�9;���� �;�9;���� ���5��� %� 	, 1� �� ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �����5��,�� ��	����,�� ��������,�� ��	����� �� ��;�9;���� ��;�9;���� ��;�9;���� �9;��;����

�212<�� �;�5;���� ����5�� �;�9;���� 	;�9;���� 9�	���� 2� �, "���  ��� ; ��
 ����
 � �	;�9;���� �	;�9;���� � !  ' � �� 
� 
� �����	��,�� ����5��,�� ��������,�� ��5����,�� 5;��;���� 5;��;���� �	;��;���� �5;�	;����

�++1�� %+���& ��;�	;���� ����5�� �;�9;���� 	;�9;���� �������� %� �, "���  ��� ; ��
 ����
 � �5;�9;���� �5;�9;���� � !  ' � �� 
� 
� �����5�,�� ��5�	�9,5� ��5�����,�� �95����,�� �;��;���� �;��;���� �;��;���� �5;�	;����

�++1�� %+���& �;�9;���� 	;�9;���� ���	5��� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ������,�� ������5,�� ���5����,�� ��5����,�� �5;�9;���� �5;�9;���� �5;�9;���� �5;�	;����

& �+< ��;��;���� ����5�� �;�9;���� 	;�9;���� ���	���� 2� �, "���  ��� ; ��
 ����
 � �	;�9;���� �	;�9;���� � !  ' � �� 
� 
� ��5�5��,�� ���	����,�� �������,�� ��;�9;���� �9;��;����

�+1&" �++�2< ��;�	;���� ���5�� �;�9;���� �;�9;���� ������� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� 
� 
� � � �������,�� �5	����,�� ��;�9;���� ��;�9;���� �;�	;����

�++1�� %+���& �	;��;���� ����5�� �;�9;���� 	;�9;���� ����5��� 2� �, 2 '�� ; $ ���
 ����
 � ��;�9;���� ��;�9;���� �� 
� 
� � � �	9����,�� ��5�����,�� �������,�� �5;�9;���� �9;��;����

�+1&" �++�2< ��;�	;���� ������� �;�9;���� 	;�9;���� ������� %� 	, 1� �� �9;�9;���� �9;�9;���� � !  ' � �� 
� 
� ��5����,�� ���5����,�� �������,�� ��;�9;���� �;�	;����

�+1&" �++�2< ��;�	;���� ������� �;�9;���� 5;�9;���� 9������ 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � � �����5��,�� ��������,�� �;��;���� 9;��;���� �5;�	;����

�+1&" �++�2< �9;�	;���� ���5�� �;�9;���� 	;�9;���� ������� %� �, �� � ��� ���
 � 	;�9;���� 	;�9;���� �� 
� 
� � � �9��9�,�� ��	���� �� �	;�9;���� �	;�9;���� �5;�	;����

�+1&" �++�2< ��;�	;���� ������� �;�9;���� �;�9;���� ���5��� %� �, �� � ��� ���
 � �5;�9;���� �5;�9;���� � !  ' � � �9��5��,�� ��������,�� ��;��;���� �;�	;����

�2� � %+���& ��;�	;���� ����5�� �;�9;���� �;�9;���� ���5��� %� 5, $ ��� �� �;�9;���� �;�9;���� � !  ' � �� 
� 
� ������9,�� �������,�� ��������,�� ������� �� ��;�9;���� ��;�9;���� ��;�9;���� ��;�	;����

�++�2< �;�9;���� 	;�9;���� 	;�9;���� 	�	���� %� 	, 1� �� �5;�9;���� �5;�9;���� � !  ' � �� 
� 
� ������,�� �������,�� ��5�����,�� �������,�� ��;�9;���� ��;�9;���� ��;�9;���� �;�	;����

���$2��2 ��;�	;���� ����5�� �;�9;���� 	;�9;���� 9������ 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ����5��,�� �	�����,�� ���5����,�� �9�����,�� ��;�9;���� ��;�9;���� ��;�9;���� �9;��;����

�212<�� ��;�	;���� ����5�� �;�9;���� 	;�9;���� �������� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ��	���	�,�� �5	����,�� ��������,�� ���9���� �� �;��;���� �;��;���� ��;��;���� �9;��;����

�+1&" �++�2< �;�9;���� �;�9;���� 9������ 2� �, �� � ��� ���
 � �;�9;���� �;�9;���� �� ���� ��

 ��� 
 ��,�� �9�����,�� �;�9;���� �5;�	;����

�212<�� ��;�	;���� ����5�� �;�9;���� �;�9;���� 	������ %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ��������,�� �	5����,�� �5������,�� ������� �� ��;�9;���� ��;�9;���� ��;�9;���� ��;�	;����

�12��2<< ��;�	;���� ���5�� �;�9;���� �;�9;���� ������� %� 	, 1� �� 9;�9;���� 9;�9;���� �� 
� 
� � � ��5����,�� ��5����,�� �;�9;���� �;�9;���� �;�	;����

�212<�� ��;�	;���� ����5�� �;�9;���� 	;�9;���� ������� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �9�����,9� ����5��,�� ��������,�� �������,�� ��;�9;���� ��;�9;���� ��;�9;���� ��;�	;����

�2�& %�� �" ��;�	;���� ����5�� �;�9;���� �;�9;���� �������� %� 	, 1� �� ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ���	��95,�5 �	�����,�� ��	�����,�� �9�����,�� 9;��;���� ��;�9;���� �9;��;����

�+1&" %�� �" ��;��;���� ����5�� �;�9;���� �;�9;���� ���5��� %� �, "���  ��� ; ��
 ����
 � �;�9;���� �;�9;���� � !  ' � �� 
� 
� �	����5,�� �������,�� ��������,�� �������� �� ��;�9;���� ��;�9;���� ��;�9;���� �9;��;����

�+1&" �++�2< �9;�	;���� ����5�� �;�9;���� 	;�9;���� 	������ %� �, "���  ��� ; ��
 ����
 � �	;�9;���� �	;�9;���� � !  ' � �� 
� 
� �������,�� ������5,�� ���	����,�� �������� �� �;��;���� �;��;���� �;��;���� �5;�	;����

�+1&" �++�2< �	;��;���� ���5�� �;�9;���� �;�9;���� ���	��� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� 
� 
� � � �������,�� �������,�� ��;�9;���� ��;�9;���� �9;��;����

& �+< ��;��;���� ����5�� �;�9;���� �;�9;���� �������� 2� �, �� � ��� ���
 � 9;�9;���� 9;�9;���� � !  ' � �� 
� 
� �	�	����,�� �������,�� �9;��;����

�+1&" �++�2< �	;�	;���� ����5�� �;�9;���� �;�9;���� ���	5��� 2� 5, $ ��� �� ��;�9;���� ��;�9;���� � !  ' � �� 
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� ����99�,�� �������,�� ��55����,�� �������,�� ��;��;���� ��;�9;���� �;�	;����

�++1�� %+���& �;�	;���� ���5�� �;�9;���� 	;�9;���� ��55��� %� �, �� � ��� ���
 � 	;�9;���� 	;�9;���� �� 
� 
� � � �	�����,�� �������,�� ��;�9;���� ��;�9;���� ��;��;����

1 ��1� �� ��;�	;���� ����5�� �;�9;���� 	;�9;���� ���5��� %� 	, 1� �� ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �������,�� �5�����,�� �	������,�� �������� �� 9;��;���� 9;��;���� 9;��;���� �5;�	;����

�++�2< ��;�	;���� ����5�� �;�9;���� �;�9;���� ������� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �	�����,�5 �	��5��,�� ���	����,�� ��5����,�� ��;�9;���� ��;�9;���� �5;�	;����

& �+< ��;��;���� ����5�� �;�9;���� �;�9;���� 	�	���� %� �, "���  ��� ; ��
 ����
 � �9;�9;���� �9;�9;���� � !  ' � �� 
� 
� ��	���	,9� ��5����,�� ���5����,�� �������,�� ��;�9;���� ��;�9;���� ��;�9;���� �9;��;����

�++1�� %+���& �;�9;���� 5;�9;���� 	������ %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �	��,�� ���	9�,�� ��������,�� �5�����,�� ��;�9;���� ��;�9;���� ��;�9;���� ��;��;����

<� �""21$& 	;�	;���� ����5�� �;�9;���� �;�9;���� ������� 2� 	, 1� �� ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ��5�	��,9	 ��5����,�� ��5�����,�� �5�����,�� �;��;���� ��;�9;���� ��;��;����

�12��2<< ��;��;���� ���5�� �;�9;���� 	;�9;���� ���5���� 2� 	, 1� �� �9;�9;���� �9;�9;���� �� 
� 
� � � ��5����,�� �	�����,�� ��;�9;���� ��;�9;���� �9;��;����

�+1&" �++�2< ��;�	;���� ����5�� �;�9;���� �;�9;���� ��5���� %� �, 2 '�� ; $ ���
 ����
 � 9;�9;���� 9;�9;���� � !  ' � �� 
� 
� ��������,�� ����5��,�� �	������,�� ������� �� 9;�9;���� 9;�9;���� ��;�9;���� �;�	;����

�+1&" %�� �" ��;�	;���� ����5�� �;�9;���� �;�9;���� 9�55��� 2� �, "���  ��� ; ��
 � ��
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �	��		,�� ��5�5��,�� ��	9����,�� �	����� �� �5;�9;���� �5;�9;���� ��;�9;���� �5;�	;����

�+1&" �++�2< ��;�	;���� ����5�� �;�9;���� 	;�9;���� ������� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �5�����,�� ��5�����,�� �������� �� �;��;���� �;�	;����

�212<�� ��;�	;���� ����5�� �;�9;���� 	;�9;���� �������� 2� �, "���  ��� ; ��
 ����
 � �5;�9;���� �5;�9;���� � !  ' � �� 
� 
� ����55�,�� ��5����,�� ��	�����,�� ��5����,�� ��;�9;���� ��;�9;���� ��;�9;���� �5;�	;����

�+1&" �++�2< ��;�	;���� ���5�� �;�9;���� 	;�9;���� ������� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� 
� 
� � � �	���9,�� �������,�� ��;�9;���� ��;�9;���� �;�	;����

�12��2<< ��;�	;���� ���5�� �;�9;���� �;�9;���� �������� 2� �, �� � ��� ���
 � �;�9;���� �;�9;���� �� 
� 
� � � �������,�� ��,�� ��5���� �� ��;�9;���� ��;�9;���� �5;�	;����

& �+< �	;��;���� ����5�� �;�9;���� 	;�9;���� ������� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� 
� 
� � � �	��5�,�� ���5����,�� �������,�� �	;�9;���� �9;��;����

���$2��2 �;�5;���� ���5�� �;�9;���� �;�9;���� ���5��� 2� �, "���  ��� ; ��
 � ��
 � ��;�9;���� ��;�9;���� �� 
� 
� � � ��5����,�� �	5���� �� ��;�9;���� ��;�9;���� ��;��;����

�+1&" �++�2< ��;�	;���� ����5�� �;�9;���� �;�9;���� ���	��� %� �, "���  ��� ; ��
 ����
 � �;�9;���� �;�9;���� � !  ' � �� 
� 
� ��5����,�� ��������,�� �	�����,�� �;��;���� �5;�	;����

�++�2< �;�9;���� 	;�9;���� �������� 2� 	, 1� �� 5;��;���� 5;��;���� � !  ' � �� 
� 
� ���9�5��,�� ����5��,�� ��������,�� �5����� �� �;��;���� �;��;���� ��;��;���� �;�	;����

& �+< �;�9;���� �;�9;���� ���5��� %� �, �� � ��� ���
 � �5;�9;���� �5;�9;���� � !  ' � � ��9�����,�� �9;��;����
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���& %�� �" �;�9;���� 	;�9;���� �������� %� �, "���  ��� ; ��
 ����
 � �5;�9;���� �5;�9;���� � !  ' � �� 
� 
� ���5,�� ��5�����,�� �5�����,�� ��;�9;���� �9;��;����

���$2��2 ��;��;���� ����5�� �;�9;���� �;�9;���� 	��5��� %� 	, 1� �� �;�9;���� �;�9;���� � !  ' � �� 
� 
� ����5��,�� ����5��,�� ��������,�� �5����� �� �;��;���� �;��;���� �9;��;����

�+1&" �++�2< ��;�	;���� ����5�� �;�9;���� 	;�9;���� �������� 2� 	, 1� �� ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ��5����,�� ���5��,�� ��������,�� �	����� �� �;��;���� �;��;���� 5;��;���� �;�	;����

�+1&" %�� �" �;�9;���� �;�9;���� 9�5���� 2� 	, 1� �� ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ������,�� ����5��,�9 ��������,�� ������� �� ��;�9;���� ��;�9;���� �9;�9;���� �5;�	;����

�2�& %�� �" �;�	;���� ����5�� �;�9;���� �;�9;���� ���5���� 2� �, 2 '�� ; $ ���
 ����
 � �5;�9;���� �5;�9;���� � !  ' � �� 
� 
� ��������,�� ��5����,�� ���5����,�� �	5���� �� 9;��;���� ��;�9;���� �9;��;����

���$2��2 �;�9;���� 	;�9;���� ��55��� 2� �, �� � ��� ���
 � �	;�9;���� �	;�9;���� � !  ' � � ���5����,�� �;�	;����

�212<�� �;�	;���� ���5�� �;�9;���� �;�9;���� �������� 2� �, "���  ��� ; ��
 � ��
 � ��;�9;���� ��;�9;���� �� 
� 
� � � ��5����,�� �5�����,�� ��;�9;���� ��;�9;���� �9;��;����

���$2��2 �;�9;���� �;�9;���� �������� 2� �, 2 '�� ; $ ���
 ����
 � �5;�9;���� �5;�9;���� �� 
� 
� � � �������,�� ��;��;����

�12��2<< 	;�5;���� ����5�� �;�9;���� �;�9;���� 5��5��� %� �, "���  ��� ; ��
 ����
 � 9;�9;���� 9;�9;���� � !  ' � �� 
� 
� �����95,	� ��5����,�� ��������,�� �	�����,�� �;�9;���� �;�9;���� �;�9;���� �5;�	;����

�+1&" �++�2< �9;�	;���� ������� �;�9;���� 5;�9;���� 5;�9;���� ����5��� %� 	, 1� �� ��;�9;���� ��;�9;���� � !  ' � � ������5,�� ���9����,�� ��;�9;���� �;��;���� �5;�	;����

<� �""21$& �;�9;���� �;�9;���� 	�	5��� %� 	, 1� �� ��;�9;���� ��;�9;���� �� 
� 
� � � ���5��,�� �������,�� ��;�9;���� ��;�9;���� �9;��;����

�+1&" �++�2< ��;�	;���� ���5�� �;�9;���� �;�9;���� 	������ %� �, "���  ��� ; ��
 ����
 � �5;�9;���� �5;�9;���� � !  ' � �� 
� 
� �95����,�� ��5����,�� ��5�����,�� �������,�� �9;�9;���� �9;�9;���� ��;�9;���� �5;�	;����

�++1�� %+���& ��;��;���� ����5�� �;�9;���� 	;�9;���� 	;�9;���� ��	5��� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
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� ��5����,�� ��������,�� �5�����,�� �;��;���� ��;��;����

���$2��2 ��;�	;���� ����5�� �;�9;���� �;�9;���� ��	5��� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ������	,9� ��5����,�� ��������,�� ������� �� ��;�9;���� ��;�9;���� ��;�9;���� �9;��;����

�+1&" �++�2< ��;�	;���� ���5�� �;�9;���� 	;�9;���� 	�5	��� %� 5, $ ��� �� �	;�9;���� �	;�9;���� �� 
� 
� � � ��5����,�� ��5���� �� �5;�9;���� �5;�9;���� �;�	;����

�+1&" �++�2< �;�9;���� �;�9;���� �������� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� 
� 
� � � �����5,�� �������,�� ��;�9;���� ��;�9;���� �5;�	;����

�+1&" %�� �" �9;�	;���� ����5�� �;�9;���� �;�9;���� �������� 2� �, 2 '�� ; $ ���
 ����
 � �	;�9;���� �	;�9;���� � !  ' � �� 
� 
� ����5�,�� ������,�� ��������,�� ������� �� �5;�9;���� �5;�9;���� ��;�9;���� �5;�	;����

�2�& %�� �" �;�9;���� 	;�9;���� ���5���� %� 	, 1� �� �5;�9;���� �5;�9;���� �� 
� 
� � � �	����,�� ��,�� �5�����,�� �5;�9;���� ��;�9;���� ��;��;����

�+1&" %�� �" ��;��;���� ���5�� �;�9;���� �;�9;���� ����5��� 2� �, "���  ��� ; ��
 ����
 � �5;�9;���� �5;�9;���� �� 
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� � � �����	,�� �������,�� �9;�9;���� �9;�9;���� �9;��;����

���$2��2 ��;��;���� ����5�� �;�9;���� �;�9;���� 	��5��� %� �, "���  ��� ; ��
 ����
 � �;�9;���� �;�9;���� � !  ' � �� 
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� �9��5��,�� �	��5��,�� ��������,�� �9�����,�� ��;�9;���� ��;��;���� ��;��;���� �9;��;����

& �+< ��;�5;���� ����5�� �;�9;���� �;�9;���� 	�	5��� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
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� ��5����,�� �	������,�� �	�����,�� ��;�9;���� ��;�5;����

�++1�� %+���& �;�9;���� 	;�9;���� ���5���� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
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� �������,�� �����	�,�� ���9����,�� ��	����,�� �5;�9;���� �5;�9;���� �5;�9;���� �9;��;����

���$2��2 ��;��;���� ���5�� �;�9;���� �;�9;���� 9�	5��� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� 
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& �+< �9;�	;���� ���5�� �;�9;���� �;�9;���� �;�9;���� ���5��� %� �, �� � ��� ���
 � ��;�9;���� ��;�9;���� �� 
� 
� � � �������,�� ��9����,�� �5;�9;���� �5;�9;���� �5;�	;����

�+1&" �++�2< ��;�	;���� ����5�� �;�9;���� 	;�9;���� ���	���� 2� �, "���  ��� ; ��
 � ��
 � ��;�9;���� ��;�9;���� � !  ' � �� 
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� ��������,�� ��9����,�� �	������,�� ������� �� �5;��;���� �5;��;���� �5;�	;����

& �+< �;�9;���� �;�9;���� ���	���� 2� �, �� � ��� ���
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 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �������,	� �������,�� ��������,�� �������,�� �;��;���� �;��;���� 9;��;���� �;�	;����

�2�& %�� �" �;�9;���� 	;�9;���� ��	���� %� �, 2 '�� ; $ ���
 ����
 � ��;�9;���� ��;�9;���� � !  ' � � ����,�� �	������,�� 5;��;���� 5;��;���� ��;��;����

�21�<<2� %+ �& 	;�	;���� ����5�� �;�9;���� �;�9;���� ���5���� 2� �, "���  ��� ; ��
 ����
 � �9;�9;���� �9;�9;���� � !  ' � �� 
� 
� ��9	�	�	,�� ����5��,�� ���5����,�� �55����,�� ��;��;���� ��;��;���� ��;��;���� ��;��;����

���$2��2 ��;��;���� ����5�� �;�9;���� �;�9;���� ������� %� �, �� � ��� ���
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ���	��55,5� ����5��,�� �	������,�� �������� �� 5;��;���� 5;��;���� �;��;���� ��;��;����

�+1&" �++�2< �9;�	;���� ���5�� �;�9;���� 	;�9;���� �������� 2� 5, $ ��� �� 5;��;���� 5;��;���� �� 
� 
� � � �9��,�� ��	����,�� 5;��;���� 5;��;���� �5;�	;����

�21�<<2� %+ �& ��;�	;���� ���5�� �;�9;���� �;�9;���� �������� 2� 	, 1� �� �9;�9;���� �9;�9;���� �� 
� 
� � � ��5�5��,�� �5�����,�� ��;�9;���� ��;�9;���� �5;�	;����

�+1&" �++�2< ��;�	;���� ���5�� �;�9;���� 	;�9;���� ������� %� �, "���  ��� ; ��
 ����
 � �	;�9;���� �	;�9;���� �� 
� 
� � � �������,�� �������,�� �5;�9;���� �5;�9;���� �;�	;����

�+1&" �++�2< ��;�	;���� ����5�� �;�9;���� �;�9;���� 	��5��� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �����	�,5� ������,�� ��������,�� �������,�� �;��;���� �;��;���� �;�	;����

���$2��2 ��;�	;���� ����5�� �;�9;���� �;�9;���� ��55��� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �	9�5��,�� ��5����,�� �������,�� �	�����,�� ��;�9;���� ��;�9;���� ��;�9;���� �5;�	;����

�2�& %�� �" �;�9;���� 	;�9;���� �������� %� 	, 1� �� 	;�9;���� 	;�9;���� � !  ' � �� 
� 
� ���	,55 �5�9��,�� ��������,�� �������,�� �;��;���� �;��;���� �;��;���� ��;��;����

& �+< �	;�	;���� ����5�� �;�9;���� �;�9;���� 	��	��� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ����99�,�� ��	�5��,�� �	������,�� �������,�� ��;�9;���� ��;�9;���� ��;�9;���� ��;��;����

�2� � %+���& ��;��;���� ����5�� �;�9;���� �;�9;���� 	�5���� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ����	��,�� ��	��5	,�� ��55����,�� �99����,�� ��;��;���� �9;�9;���� �9;��;����

�2�& %�� �" 5;�	;���� ����5�� �;�9;���� �;�9;���� ���	���� 2� �, "���  ��� ; ��
 ����
 � �5;�9;���� �5;�9;���� � !  ' � �� 
� 
� ��5�		�,5� ���9����,�� �9�����,�� �9;�9;���� ��;��;����

�2�& %�� �" ��;�	;���� ����5�� �;�9;���� 	;�9;���� ������� %� 	, 1� �� ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ����5��,�� ��9�	��,�� ��������,�� �	�����,�� �	;�9;���� �	;�9;���� ��;�9;���� �5;�	;����

�12��2<< ��;��;���� ������� �;�9;���� �;�9;���� �������� 2� �, �� � ��� ���
 � �9;�9;���� �9;�9;���� � !  ' � � ��	����,�9 ��5�����,�� ��;�9;���� ��;�9;���� �9;��;����

�+1&" �++�2< ��;��;���� ����5�� �;�9;���� 	;�9;���� ���9��� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ���9����,�� ��������,�� �9;��;����

���$2��2 ��;��;���� ����5�� �;�9;���� �;�9;���� ������� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ��������,�� �	����5,�� ��������,�� �������� �� �;��;���� ��;�9;���� �	;��;���� �9;��;����

& �+< �;�	;���� ����5�� �;�9;���� �;�9;���� ������� 2� �, "���  ��� ; ��
 ����
 � 9;�9;���� 9;�9;���� � !  ' � �� 
� 
� ��5�5��,�� ����9	�,�� ��������,�� �������,�� �;�9;���� �;�9;���� �;�9;���� ��;��;����

�+1&" �++�2< �;�9;���� 	;�9;���� ������� %� �, "���  ��� ; ��
 ����
 � �9;�9;���� �9;�9;���� � !  ' � �� 
� 
� ������,�� �	��	�,55 ���9����,�� ��5����,�� ��;�9;���� ��;�9;���� ��;�9;���� �;�	;����

�+1&" %�� �" �9;�	;���� ����5�� �;�9;���� �;�9;���� 5;�9;���� �������� 2� �, "���  ��� ; ��
 � ��
 � �	;�9;���� �	;�9;���� � !  ' � �� 
� 
� �������,5� �����9�,�� ���	����,�� ������� �� �5;�9;���� �5;�9;���� �5;�9;���� �5;�	;����

& �+< ��;�	;���� ���5�� �;�9;���� �;�9;���� ����5��� 2� �, �� � ��� ���
 � 9;�9;���� 9;�9;���� �� 
� 
� � � ����	5,�� �������,�� �;�9;���� �;�9;���� �5;�	;����

�++1�� %+���& �;�	;���� ����5�� �;�9;���� 	;�9;���� ������� %� �, �� � ��� ���
 � �5;�9;���� �5;�9;���� � !  ' � �� 
� 
� ���9����,�� �5��5��,�� �������,�� �5�����,�� �;��;���� �;��;���� ��;��;���� �9;��;����

�++1�� %+���& �;�	;���� ����5�� �;�9;���� 	;�9;���� ������� %� �, �� � ��� ���
 � �5;�9;���� �5;�9;���� � !  ' � �� 
� 
� �	�����,�� ��9�5��,�� �������,�� �5�����,�� ��;�9;���� ��;�9;���� ��;�9;���� ��;��;����

& �+< �;�9;���� �;�9;���� 5������ %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ������,�� �	9�,�� ��������,�� ��������,�� ��;�9;���� ��;�9;���� ��;�9;���� ��;��;����

�+1&" �++�2< �;��;���� ���5�� �;�9;���� �;�9;���� 	������ %� �, "���  ��� ; ��
 ����
 � �;�9;���� �;�9;���� �� 
� 
� � � �5	����,�� ���9����,�� ��;�9;���� ��;�9;���� �;�	;����

�++�2< 	;�	;���� ������� �;�9;���� �;�9;���� ��	5��� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � � �59�5��,�� ���9����,�� ��;�9;���� ��;�9;���� ��;��;����

�21�<<2� %+ �& �;�9;���� �;�9;���� ����5��� %� �, "���  ��� ; ��
 ����
 � �9;�9;���� �9;�9;���� � !  ' � �� 
� 
� ��������,�� �5�����,�� �9;��;����

���$2��2 ��;�	;���� ����5�� �;�9;���� �;�9;���� 	������ %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ���	�	�5,5� ��5����,�� ��5�����,�� �	�����,�� �9;�9;���� �9;�9;���� �9;�9;���� �9;��;����

�212<�� ��;�5;���� ����5�� �;�9;���� 5;�9;���� �������� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ����9��,�5 ������,�� ��������,�� �5�����,�� �;��;���� �;��;���� �;��;���� ��;�5;����

& �+< �;�9;���� �;�9;���� ������� 2� �, "���  ��� ; ��
 ����
 � �5;�9;���� �5;�9;���� �� 
� 
� � � ���		�,�� ���5����,�� �9;�9;���� �9;�9;���� ��;��;����
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�++$��$ �;�9;���� 	;�9;���� ���5��� 2� �, �� � ��� ���
 � �9;�9;���� �9;�9;���� � !  ' � � �9�9��,99 ��������,�� �������,�� ��;�9;���� ��;��;���� �9;��;����

�2� � %+���& �;�9;���� 5;�9;���� �������� 2� 5, $ ��� �� �	;�9;���� �	;�9;���� � !  ' � �� 
� 
� �������,�� ��������,�� �9�����,�� �5;�9;���� �5;�	;����

�+1&" �++�2< �;�5;���� ����5�� �;�9;���� 	;�9;���� 9��5��� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �5�����,�� �	������,�� �������� �� �5;�9;���� �5;�	;����

�+1&" �++�2< �;�5;���� ������� �;�9;���� 	;�9;���� 9��5��� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � � ��	�5��,�� ��9�����,�� �;��;���� �;�	;����

�+1&" %�� �" �;�	;���� ����5�� �;�9;���� �;�9;���� ��	5��� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �����9�,	� ����9��,�� ���9����,�� �5�����,�� �;��;���� �;��;���� �	;��;���� ��;��;����

�2�& %�� �" �;�9;���� 	;�9;���� ������� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �������,�� ��5�����,�� �5�����,�� ��;�9;���� �9;��;����

�2�& %�� �" �	;�	;���� ���5�� �;�9;���� 	;�9;���� ���9��� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� 
� 
� � � ��	��9�,�5 �	�����,�� ��;�9;���� ��;�9;���� ��;��;����

�21�<<2� %+ �& ��;�	;���� ����5�� �;�9;���� �;�9;���� 	�5���� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �����5��,�� ��5����,�� ��	�����,�� �������,�� ��;�9;���� ��;�9;���� �;��;���� �9;��;����

���$2��2 �;�	;���� ���5�� �;�9;���� �;�9;���� ���5��� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� 
� 
� � � ��5����,�� �������,�� �;��;���� ��;��;���� �9;��;����

�++$��$ �;�9;���� �;�9;���� ������� %� 	, 1� �� ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ��5���5,9� ��������,�� ��	����,�� ��;�9;���� ��;��;����

�2� � %+���& �;�	;���� ������� �;�9;���� �;�9;���� ����5��� %� �, "���  ��� ; ��
 ����
 � �;�9;���� �;�9;���� � !  ' � � ��9�9��,�� ��������,�� ��;�9;���� ��;�9;���� ��;��;����

�212<�� �	;��;���� ����5�� �;�9;���� �;�9;���� ���5��� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �������,�� ����5��,�� ��������,�� ��5����,�� ��;�9;���� ��;�9;���� �;��;���� ��;��;����

�2� � %+���& �	;��;���� ����5�� �;�9;���� �;�9;���� ������� %� 	, 1� �� ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ����9��,�� �5��95,�� �	������,�� ���5���� �� �;��;���� �;��;���� 5;��;���� �9;��;����

�212<�� �;�9;���� 	;�9;���� ��5���� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �5		����,�� ��	����� �� �5;�	;����

�212<�� �;�9;���� 	;�9;���� ������� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� 
� 
� � � ��	���	,�� ��������,�� �������� �� �;��;���� �;��;���� �5;�	;����

�2�& %�� �" 	;�	;���� ������� �;�9;���� 9;�9;���� ���5���� 2� �, �� � ��� ���
 � �	;�9;���� �	;�9;���� � !  ' � � ��������,�� ��;��;����

�+1&" �++�2< �;�9;���� 	;�9;���� 	;�9;���� 	������ %� �, "���  ��� ; ��
 ����
 � �5;�9;���� �5;�9;���� �� 
� 
� � � ���5����,�� �;�	;����

���$2��2 �;�9;���� �;�9;���� �������� 2� �, �� � ��� ���
 � 5;�9;���� 5;�9;���� �� ���� ��

 ��� 
 �5������,�� �	�����,�� 5;�9;���� ��;��;����

�2�& %�� �" 	;�5;���� ������� �;�9;���� �;�9;���� ���5��� %� 	, 1� �� ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �	�����,�� ����5��,�� ��5�����,�� �55���� �� ��;�9;���� ��;�9;���� ��;�9;���� �5;�	;����

�212<�� ��;��;���� ����5�� �;�9;���� �;�9;���� ��	���� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ��5�����,�� �5�����,�� �5������,�� �������� �� ��;��;���� ��;��;���� ��;��;���� �9;��;����

���$2��2 �	;��;���� ����5�� �;�9;���� �;�9;���� �������� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ���	��	9,5� �	��5��,�� ��9�����,�� �������,�� �;��;���� ��;�9;���� �;��;���� �9;��;����

�+1&" �++�2< ��;��;���� ���5�� �;�9;���� �;�9;���� ���	���� 2� �, "���  ��� ; ��
 ����
 � �5;�9;���� �5;�9;���� �� 
� 
� � � �������,�� �5	����,�� ��;�9;���� ��;�9;���� ��;��;����

�12��2<< ��;�	;���� ���5�� �;�9;���� 	;�9;���� ����	��� 2� 5, $ ��� �� ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� ��������,�� �9�����,�� ��;��;����

�++�2< �;�9;���� 5;�9;���� 5;�9;���� ���5���� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �5��	�,5� ��	����,�� ���5����,�� ��5����,�� ��;�9;���� ��;�9;���� ��;�9;���� �5;�	;����

���$2��2 �;�9;���� �;�9;���� ����5��� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� 
� 
� � � �������,�� �������,�� ��;�9;���� ��;�9;���� ��;��;����

�12��2<< ��;�	;���� ���5�� �;�9;���� 	;�9;���� ���5��� 2� 	, 1� �� ��;�9;���� ��;�9;���� �� 
� 
� � � ����5��,�� �55����,�� ��;�9;���� ��;�9;���� ��;��;����

�2�& %�� �" ��;�	;���� ������� �;�9;���� �;�9;���� ���		��� 2� 	, 1� �� ��;�9;���� ��;�9;���� � !  ' � � �����5��,�� ��	�����,�� ��,�� 9;��;���� �5;�	;����

�+1&" �++�2< �	;�	;���� ���5�� �;�9;���� �;�9;���� ������� %� �, �� � ��� ���
 � �;�9;���� �;�9;���� �� ���� ��

 ��� 
 ��,�� �5�����,�� �;�9;���� �;�	;����

�2�& %�� �" �;�9;���� 	;�9;���� 	��5��� %� �, �� � ��� ���
 � ��;�9;���� ��;�9;���� �� 
� 
� � � ����55,�� �5�����,�� ��;�9;���� ��;�9;���� ��;��;����

�212<�� �;�9;���� 	;�9;���� ��	5��� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� � !  ' � � ��5����,	� �	������,�� ���5���� �� ��;�9;���� ��;�9;���� ��;��;����

�+1&" �++�2< ��;�	;���� ���5�� �;�9;���� 	;�9;���� ���	5��� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� 
� 
� � � ��5����,�� ��5����,�� �5;�9;���� �5;�9;���� �5;�	;����

�+1&" �++�2< �	;�	;���� ���5�� �;�9;���� 	;�9;���� 	�	5��� %� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� 
� 
� � � ��	���5,9� �������,�� ��;�9;���� ��;�9;���� ��;��;����

%�� �" �	;�	;���� ���5�� �;�9;���� �;�9;���� ��5���� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� 
� 
� � � ��	��	�,�� ��,�� �������,�� ��;�9;���� ��;�9;���� ��;��;����

�+1&" �++�2< �;�5;���� ���5�� �;�9;���� 	;�9;���� ���5��� 2� �, "���  ��� ; ��
 ����
 � ��;�9;���� ��;�9;���� �� 
� 
� � � ��	����,�� ��	����,�� �;��;���� �;��;���� ��;��;����

�+1&" %�� �" 	;�	;���� ����5�� �;�9;���� �;�9;���� ���	���� 2� �, "���  ��� ; ��
 � ��
 � ��;�9;���� ��;�9;���� � !  ' � �� 
� 
� �����	�,�� ��5����,�� ��������,�� ��5���� �� ��;��;���� ��;��;���� ��;��;����

�+1&" �++�2< ��;�5;���� ���5�� �;�9;���� �;�9;���� ������� %� 	, 1� �� 9;��;���� 9;��;���� �� 
� 
� � � �������,�� �5	���� �� 9;��;���� ��;��;���� ��;�5;����

�+1&" �++�2< �;�9;���� 	;�9;���� 	��5��� %� �, "���  ��� ; ��
 ����
 � �5;�9;���� �5;�9;���� � !  ' � � ����	�	,�� ��������,�� ��;�9;���� ��;�9;���� ��;��;����

� � � ( 
�!��( 

5

214



ATTACHMENT 4 

  

215





 

 

 
REPORT BY RACQ INSURANCE LIMITED ON ITS 

 INVESTIGATIONS INTO BRISBANE FLOODS 
 

This document has been prepared by RACQ Insurance Limited to provide its policyholders with some 
further details of the investigations it has carried out into the flooding which occurred in Brisbane in 
January 2011. 

RACQ Insurance’s investigations 

1. RACQ Insurance has carried out extensive investigations into the floods in Brisbane. These 
investigations have included site investigations of each insured property by loss adjusters and an 
analysis of relevant hydrology data, including rainfall measurements, river heights, the topography 
of the catchment area for Brisbane and the rate and speed at which water flowed through that 
catchment. 

The key results 

2. A substantial amount of rain fell in the Brisbane River catchment above Wivenhoe Dam both 
before, but particularly over the period 9, 10 and 11 January 2011 commencing at approximately 
9am on 9 January 2011. This rain caused significant inflows into the Wivenhoe Dam, the level of 
which is reported to have peaked at approximately before midnight on 11 January 2011. 

3. There were significant discharges of this water from the Wivenhoe Dam which flowed into the 
Brisbane River which worked its way down the River towards Brisbane.  A substantial amount of 
rain also fell in the Bremer River catchment from around 6.00am on 11 January 2011.This rain 
travelled down the Bremer River towards the junction of the Bremer River and the Brisbane River. 

4. The Bremer River contributed in the order of 15% to 25% of the Brisbane River’s peak flow.  This is 
a necessarily imprecise figure because some important data is still not available to us.  

5. Due to the high Brisbane River tailwater levels there was some attenuation of the peak flow rate in 
the lower reaches of the Bremer River.  This means that the overall contribution of the Bremer 
River to the Brisbane River is likely to be less than the above estimate but we cannot presently say 
by how much less.  

6. A small proportion of the overall depth of the Brisbane River prior to 6.00am on 12 January 2011 
may be partially attributable to the rain that fell in the Bremer River catchment on 11 January 2011. 
However, the overwhelming influence on the flooding of the Brisbane River was the rain which fell 
some days earlier and its subsequent release from the Wivenhoe Dam. 

7. After 6.00am on 12 January 2011, the Brisbane River continued to rise to its peak level of 4.45m 
(recorded at the Brisbane City Gauge at approximately 4.00am on 13 January 2011).  

Impact on application of policy 

8. RACQ Insurance’s standard policy provides coverage for loss or damage caused by “Flash flood or 
stormwater run-off”. That expression is defined as “A sudden flood caused by heavy rain that fell no 
more than 24 hours prior to the flash flood or stormwater run-off”. Otherwise, RACQ Insurance’s 
standard policy does not cover flooding. 

9. The majority of properties that reported damage in Brisbane were inundated as a result of the 
release of water from Wivenhoe Dam that followed the rainfall in the Brisbane River catchment that 
commenced on 9 January 2011.   

10. This does not meet the requirements of “Flash flood or stormwater run-off” as defined in RACQI’s 
standard policy.  Claims for loss or damage in Brisbane will, therefore, generally not be covered. 

11. There may be some properties which have suffered damage at different times or as a result of 
different causes specific to their location. Decisions on these claims will be made on a case by 
case basis. 
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REPORT BY RACQ INSURANCE LIMITED ON ITS 
 INVESTIGATIONS INTO BUNDABERG FLOODS 

 

This document has been prepared by RACQ Insurance Limited to provide its policyholders with details of 
the investigations it has carried out into the flooding which occurred in the Bundaberg region in December 
2010. 

RACQ Insurance’s investigations 

1. RACQ Insurance has carried out extensive investigations into the floods in the Bundaberg region. 
These investigations have included site investigations of each insured property by loss adjusters 
and an analysis of relevant hydrology data, including rainfall measurements, river heights, the 
topography of the catchment area for the Bundaberg region and the rate and speed at which water 
flowed through that catchment. 

The key results 

2. A substantial amount of rain fell in the Burnett River catchment area (south of Bundaberg) between 
16 December 2010 and 19 December 2010. This rain caused the Burnett River catchment to be 
saturated. 

3. There was further substantial rainfall in the Burnett River catchment between 22 and 28 December 
2010. The heaviest rain fell on the morning of 25 December 2010.  This rainfall was associated 
with a moist easterly flow brought into the region by Cyclone Tasha which was first declared a 
tropical low on 24 December 2010.  

4. The Burnett River levels rose  and ultimately peaked on 30 December 2010. 

5. There was localised rainfall in Bundaberg on 27 and 28 December 2010. However, this rain had no 
appreciable effect on the peak flood level on 30 December 2010. 

6. The rain which fell between 22 and 28 December 2010 (and particularly the rain on 25 December 
2010) was the principal cause of inundation in Bundaberg which peaked on 30 December 2010. 

Impact on application of policy 

7. RACQ Insurance’s standard policy provides coverage for loss or damage caused by “Flash flood or 
stormwater run-off”. That expression is defined as “A sudden flood caused by heavy rain that fell no 
more than 24 hours prior to the flash flood or stormwater run-off”. Otherwise, RACQ Insurance’s 
standard policy does not cover flooding. 

8. The majority of properties that reported damage in the Bundaberg region were inundated as a 
result of flooding due to rain that fell more than 24 hours prior to the flood occurring (i.e. rain which 
fell between 22 and 28 December 2010) and are therefore not covered by the Policy.  

9. There may be some areas which have suffered damage at different times or as a result of different 
causes specific to their location. Decisions on these claims will be made on a case by case basis. 
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REPORT BY RACQ INSURANCE LIMITED ON ITS 

 INVESTIGATIONS INTO THE CABOOLTURE REGION 
 

This document has been prepared by RACQ Insurance Limited to provide its policyholders with some 
further details of the investigations it has carried out into the flooding which occurred in the Caboolture 
region in January 2011. 

RACQ Insurance’s investigations 

1. RACQ Insurance has carried out extensive investigations into the floods in the Caboolture region 
(comprising the area in and around the Bureau of Meteorology stations at Wamuran, Upper 
Caboolture, Caboolture WTP, Round Mt AL, Morayfield AL, Burpengary AL WTP, Beachmere and 
Browns Creek). These investigations have included site investigations of each insured property by 
loss adjusters and an analysis of relevant hydrology data, including rainfall measurements, river 
heights, the topography of the catchment for the Caboolture region and the rate and speed at which 
water flowed through the catchment. 

The key results 

2. A substantial amount of rain fell in the Caboolture region on 11 January 2011, with the heaviest rain 
falling between approximately 5.00am and 2.00pm on 11 January 2011. 

3. The rainfall intensities recorded over the western areas in the Caboolture region were significantly 
higher than those recorded near the coast and to the southwest of Caboolture. 

4. Peak inundation levels were recorded at a number of the Bureau of Meteorology stations in the 
Caboolture region, including Upper Caboolture at 10.00am on 11 January 2011 (within 5 hours of 
the commencement of the rainfall event), Caboolture WTP at approximately 1.30pm on 11 January 
2011 (within 8 hours of the commencement of the rainfall event) and for all areas downstream of 
these locations within 12 – 14 hours of the commencement of the rainfall event. 

5. There are some parts of the Caboolture region that are not directly connected with a water course 
that had a water level gauge. However, the nature of the rainfall patterns in the Caboolture region, 
including those areas where rain and water level gauges are available, suggests that peak 
inundation would have occurred in these areas within the course of the (9 hour) rainfall event. 

Impact on application of policy 

6. RACQ Insurance’s standard policy provides coverage for loss or damage caused by “Flash flood or 
stormwater run-off”. That expression is defined as “A sudden flood caused by heavy rain that fell no 
more than 24 hours prior to the flash flood or stormwater run-off”. Otherwise, RACQ Insurance’s 
standard policy does not cover flooding. 

7. The majority of properties that reported damage in the Caboolture region were inundated as a 
result of flooding due to rain that fell within 24 hours of the flood occurring and are, therefore, 
covered by the Policy. 

8. There may be some areas which have suffered damage at different times or as a result of different 
causes specific to their location. Decisions on these claims will be made on a case by case basis. 
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REPORT BY RACQ INSURANCE LIMITED ON ITS 
 INVESTIGATIONS INTO CHINCHILLA FLOODS 

 

This document has been prepared by RACQ Insurance Limited to provide its policyholders with details of 
the investigations it has carried out into the flooding which occurred in Chinchilla in December 2010 and 
January 2011. 

RACQ Insurance’s investigations 

1. RACQ Insurance has carried out extensive investigations into the floods in Chinchilla. These 
investigations have included site investigations of each insured property by loss adjusters and an 
analysis of relevant hydrology data, including rainfall measurements, river heights, the topography 
of the catchment area for Chinchilla and the rate and speed at which water flowed through that 
catchment. 

The key results 

2. Chinchilla was inundated by two different flood events, which peaked on 28 December 2010 and 12 
January 2011 respectively. 

28 December 2010 event 

3. Charleys Creek had an elevated water level on the days leading up to the peak. 

4. Heavy rainfall commenced in the catchment at approximately 2.00am on 23 December 2010. Its 
impact on the level of Charleys Creek was small and the water had largely drained away within 24 
hours.  

5. Further rainfall commenced at approximately 6.00pm on 25 December 2010. The level of Charleys 
Creek did not change materially within the next 24 hours. The water level did not rise above the 
Major flood height (6 metres) until around 3.00am on 27 December 2010 and it did not peak (at 
7.24 metres) until around 6.00am on 28 December 2010 (approximately 60 hours after the second 
rainfall event commenced). 

12 January 2011 event 

6. Further heavy rain fell in the catchment from around 12.00pm on 10 January 2011.   

7. 24 hours after the commencement of this rainfall, the level of Charleys Creek increased 
significantly to approximately 6.53 metres. The level of Charleys Creek then continued to rise in the 
absence of any further rain, peaking at approximately 7.00am on 12 January 2011 at 7.45 metres 
(approximately 31 hours after the commencement of the rainfall). 

Impact on application of policy 

8. RACQ Insurance’s standard policy provides coverage for loss or damage caused by “Flash flood or 
stormwater run-off”. That expression is defined as “A sudden flood caused by heavy rain that fell no 
more than 24 hours prior to the flash flood or stormwater run-off”. Otherwise, RACQ Insurance’s 
standard policy does not cover flooding. 

9. The majority of properties that reported damage in Chinchilla on 28 December 2010 were 
inundated as a result of flooding due to rain that fell outside 24 hours of the flood occurring. These 
claims will, therefore, not be covered by the policy.  

10. The majority of properties that were inundated on 28 December 2010 were inundated for a second 
time on 12 January 2011. As noted, the inundation on 12 January 2011 was the result of rain that 
fell within 24 hours of the flood occurring and is therefore covered by the policy. Therefore, any 
damage that can be shown to have been caused exclusively by the 12 January 2011 flooding will 
be covered under the policy. 

Individual Properties 

11. There may be some areas which have suffered damage at different times or as a result of different 
causes specific to their location. RACQI is continuing to investigate these areas and decisions on 
these claims will be made on a case by case basis. 
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REPORT BY RACQ INSURANCE LIMITED ON ITS 

 INVESTIGATIONS INTO DALBY FLOODS 
 

This document has been prepared by RACQ Insurance Limited to provide its policyholders with details of 
the investigations it has carried out into the flooding which occurred in Dalby in December 2010 and 
January 2011. 

RACQ Insurance’s investigations 

1. RACQ Insurance has carried out extensive investigations into the floods in Dalby. These 
investigations have included site investigations of each insured property by loss adjusters and an 
analysis of relevant hydrology data, including rainfall measurements, river heights, the topography 
of the catchment area for Dalby and the rate and speed at which water flowed through that 
catchment. 

The key results 

2. Dalby was inundated by three different flood events occurring on 20 December 2010, 27 December 
2010 and 10 January 2011.  

20 December 2010 Event 

3. Rain starting in the catchment around 8.00pm on 16 December 2010 had the effect of elevating the 
Myall Creek water levels.  

4. By around 6.00am on 20 December 2010 the Myall Creek water level had risen to approximately 
2.3 metres. It reached its peak of 2.84 metres at around 2.00pm on 20 December 2010. 

27 December 2010 Event 

5. The level of the Myall Creek was slightly elevated by earlier rainfall.  

6. The inundation peak on 27 December 2010 was a result of rain falling between approximately 
7.00pm on 25 December 2010 and approximately 2.00pm on 27 December 2010. By 7.00pm on 26 
December 2010 (24 hours after the rain commenced), the water level was approximately the same 
as that at the commencement of the rainfall – around 0.74 metres.  

7. From this time, as a result of further heavy rain, the Myall Creek water level began to rise again. 
The water level peaked at 3.54 metres at approximately 7.00pm on 27 December 2010 (48 hours 
after commencement of the rainfall event).  

8. The majority of the rainfall that led to the peak fell in the period 32 hours preceding it.  

10 January 2011 Event 

9. The level of the Myall Creek was elevated due to rain failing on 6 and 7 January 2011. This rain 
caused the Myall Creek level to rise to a height of approximately 2.54 metres at around 7.00am on 
7 January 2011. By around 3.00pm on 9 January 2011, most of this water had drained away.  

10. Heavy rain starting falling at approximately 11.00am on 9 January 2011. By approximately 11.00am 
on 10 January 2011 the Myall Creek water level had risen considerably to 3.39 metres. The water 
level peaked at 3.74 metres at approximately 5.00pm on 10 January 2011 (32 hours after the 
rainfall commenced).  

11. The peak water level was attributable to rain that commenced falling more than 24 hours before the 
peak, but significant rain continued to fall within 24 hours of the peak and which caused Myall 
Creek to continue to rise to its ultimate peak.  

Impact on application of policy 

12. RACQ Insurance’s standard policy provides coverage for loss or damage caused by “Flash flood or 
stormwater run-off”. That expression is defined as “A sudden flood caused by heavy rain that fell no 
more than 24 hours prior to the flash flood or stormwater run-off”. Otherwise, RACQ Insurance’s 
standard policy does not cover flooding. 
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13. Damage caused by the water level reaching 2.3 metres at the Myall Creek gauge around 20 
December 2010 would be a result of rain that fell within 24 hours of the flood. To the extent that 
claims relate to damage caused by this water level, they will be covered by the policy.  

14. The dominant cause of damage caused by the water levels beyond this (ie above 2.3 metres and 
up to the peak level of 2.94 metres at the Myall Creek gauge) on 20 December 2010 was rain that 
fell more than 24 hours earlier. Accordingly, a claim for such damage is not be covered by the 
policy. 

15. The flood that occurred on 27 December 2010, which peaked at 3.54 metres at approximately 
7.00pm on 27 December 2010, was caused by rain which had commenced falling 48 hours earlier.  
Consequently, damage caused by this flood will not be covered by the policy.  

16. Any damage caused exclusively by the water level of 3.5 metres at approximately 12noon on 
10 January 2011 will be covered.  Damage caused thereafter is not covered as this will have 
resulted from rain that fell more than 24 hours before that damage occurred.  

Individual Properties 

17. There may be some areas which have suffered damage at different times or as a result of different 
causes specific to their location. RACQI is continuing to investigate these areas and decisions on 
these claims will be made on a case by case basis. 
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REPORT BY RACQ INSURANCE LIMITED ON ITS 

 INVESTIGATIONS INTO IPSWICH FLOODS  
(APPROACHING THE BREMER RIVER AND BRISBANE RIVER JUNCTION) 

 

This document has been prepared by RACQ Insurance Limited to provide its policyholders with details of 
the investigations it has carried out into the flooding which occurred in Ipswich (approaching the Bremer 
River and Brisbane River junction) in January 2011. 

RACQ Insurance’s investigations 

1. RACQ Insurance has carried out extensive investigations into the floods in Ipswich (approaching 
the Bremer River and Brisbane River junction). These investigations have included site 
investigations of each insured property by loss adjusters and an analysis of relevant hydrology data, 
including rainfall measurements, river heights, the topography of the catchment area for Ipswich 
and the rate and speed at which water flowed through that catchment. 

The key results 

2. A substantial amount of rain fell in the Bremer River catchment from around 6.00am on 11 January 
2011. At approximately 5.00pm on 11 January 2011 the Bremer River peaked at Walloon at 
31.87m.   

3. This water travelled down the Bremer River causing inundation to some properties upstream of the 
junction of the Bremer and Brisbane Rivers.   

4. As this water headed down the Bremer River towards the junction with the Brisbane River, the 
Brisbane River started to have a major effect. The level of the Brisbane River was elevated at this 
time due to earlier rain and releases from the Wivenhoe Dam due in particular to rain which fell in 
the dam’s catchment area from around 6.00am on 9 January 2011. The elevated level of the 
Brisbane River meant that the water from the Bremer River could not flow into the Brisbane River at 
the same rate as it normally would. 

5. Accordingly, for properties along the Bremer River approaching the junction with the Brisbane 
River, there were two mechanisms contributing to the flooding – one being the rain which had 
recently fallen in the Bremer River catchment and the other being the elevated level of the Brisbane 
River which inhibited that water’s flow into the Brisbane River.  

6. The peak of the Bremer River at One Mile (21.35m AHD) at approximately 1.00am on 12 January 
2011 was attributable to the combined effects of flow from the Bremer River and the elevated levels 
of the Brisbane River. Likewise, the shape of the gauge results for the Bremer River at Ipswich is 
similar to the general shape of the Brisbane River gauge results at the Brisbane River Moggill 
Gauge, indicating that the Brisbane River was having a major influence on the levels of the Bremer 
River in this area. 

Impact on application of policy 

7. RACQ Insurance’s standard policy provides coverage for loss or damage caused by “Flash flood or 
stormwater run-off”. That expression is defined as “A sudden flood caused by heavy rain that fell no 
more than 24 hours prior to the flash flood or stormwater run-off”. Otherwise, RACQ Insurance’s 
standard policy does not cover flooding. 

8. As noted, the area comprising areas of the Bremer River approaching the junction of the Bremer 
River and the Brisbane River were flooded by a combination of:  

(a) the rain in the upper part of the catchment (which had occurred within 24 hours); and  

(b) the effect of the elevated levels of the Brisbane River (which was caused by the release of 
water from the Wivenhoe Dam following rain which fell more than 24 hours before the 
event).  

9. As the rain which fell within 24 hours was not the dominant cause of the flooding in this area, it 
does not meet the requirements of “Flash flood or stormwater run-off” as defined in RACQI’s 
standard policy and is therefore not covered. 
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Individual Properties 

10. There may be some areas which have suffered damage at different times or as a result of different 
causes specific to their location. RACQI is continuing to investigate these areas and decisions on 
these claims will be made on a case by case basis. 
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REPORT BY RACQ INSURANCE LIMITED ON ITS 

 INVESTIGATIONS INTO IPSWICH FLOODS  
(DOWNSTREAM OF THE BREMER AND BRISBANE RIVER JUNCTION) 

 

This document has been prepared by RACQ Insurance Limited to provide its policyholders with details of 
the investigations it has carried out into the flooding which occurred in Ipswich (downstream of the Bremer 
and Brisbane River junction) in January 2011. 

RACQ Insurance’s investigations 

1. RACQ Insurance has carried out extensive investigations into the floods in Ipswich (downstream of 
the Bremer and Brisbane River junction). These investigations have included site investigations of 
each insured property by loss adjusters and an analysis of relevant hydrology data, including rainfall 
measurements, river heights, the topography of the catchment area for Ipswich and the rate and 
speed at which water flowed through that catchment. 

The key results 

2. A substantial amount of rain fell in the Bremer River catchment from around 6.00am on 11 January 
2011. At approximately 5.00pm on 11 January 2011 the Bremer River peaked at Walloon at 
31.87m.   

3. This water travelled down the Bremer River towards the junction of the Bremer and Brisbane 
Rivers.   

4. There are some areas of Ipswich downstream of the junction between the Bremer River and the 
Brisbane River (such as Goodna) which were inundated. The Brisbane River Moggill Gauge 
indicates that the peak water level around this area occurred around 3.00pm on 12 January 2011.  

5. This flooding was attributable to the release of water from the Wivenhoe Dam. Some of the rain 
which began falling in the Bremer River catchment around 6.00am on 11 January 2011 would have 
flowed into the Brisbane River by this point, but the overwhelming cause of the flooding in these 
areas was the flood water from the Brisbane River that had been released from Wivenhoe Dam in 
particular as a result of the heavy rain that had fallen in the dam’s catchment area since 6.00 am on 
9 January 2011.  

Impact on application of policy 

6. RACQ Insurance’s standard policy provides coverage for loss or damage caused by “Flash flood or 
stormwater run-off”. That expression is defined as “A sudden flood caused by heavy rain that fell no 
more than 24 hours prior to the flash flood or stormwater run-off”. Otherwise, RACQ Insurance’s 
standard policy does not cover flooding. 

7. As noted, the areas around Goodna, where the peak inundation by the Brisbane River occurred at 
around 3.00pm on 12 January 2011.  

8. The dominant cause of this inundation was the rain which fell in the Wivenhoe Dam catchment in 
particular the rain commencing around 6.00am on 9 January 2011 which was then released into 
the Brisbane River. 

9. Damage caused to properties by this event is not covered under the policy. 

Individual Properties 

10. There may be some areas which have suffered damage at different times or as a result of different 
causes specific to their location. RACQ Insurance is continuing to investigate these areas and 
decisions on these claims will be made on a case by case basis. 
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REPORT BY RACQ INSURANCE LIMITED ON ITS 

 INVESTIGATIONS INTO IPSWICH FLOODS  
(UPPER BREMER RIVER CATCHMENT AREA) 

 

This document has been prepared by RACQ Insurance Limited to provide its policyholders with details of 
the investigations it has carried out into the flooding which occurred in Ipswich (in the upper Bremer River 
catchment area) in January 2011. 

RACQ Insurance’s investigations 

1. RACQ Insurance has carried out extensive investigations into the floods in Ipswich (downstream of 
the Bremer and Brisbane River). These investigations have included site investigations of each 
insured property by loss adjusters and an analysis of relevant hydrology data, including rainfall 
measurements, river heights, the topography of the catchment area for Ipswich and the rate and 
speed at which water flowed through that catchment. 

The key results 

2. A substantial amount of rain fell in the Bremer River catchment from around 6.00am on 11 January 
2011. At approximately 5.00pm on 11 January 2011 the Bremer River peaked at Walloon at 
31.87m.   

3. This water travelled down the Bremer River towards to the junction of the Bremer and Brisbane 
Rivers and, in the areas approaching the junction of the Bremer and Brisbane Rivers, began to 
interact with the Brisbane River. 

4. However, there are some upstream areas of the Bremer River (those covered by this report) where 
the Bremer River is unlikely to have been materially affected by the Brisbane river, and therefore 
any inundation is attributable to the rain which fell in the Bremer River catchment from around 
6.00am on 11 January 2011.  

Impact on application of policy 

5. RACQ Insurance’s standard policy provides coverage for loss or damage caused by “Flash flood or 
stormwater run-off”. That expression is defined as “A sudden flood caused by heavy rain that fell no 
more than 24 hours prior to the flash flood or stormwater run-off”. Otherwise, RACQ Insurance’s 
standard policy does not cover flooding. 

6. As stated above, the upstream areas of the Bremer River covered by this report were flooded by 
rain which fell not more than 24 hours earlier (starting at 6.00am on 11 January 2011).  

7. The flooding in these upstream areas meets the requirements of “Flash flood or stormwater run-off” 
as defined in RACQI’s standard policy and is therefore covered. 

Individual Properties 

8. There may be some areas which have suffered damage at different times or as a result of different 
causes specific to their location. RACQI is continuing to investigate these areas and decisions on 
these claims will be made on a case by case basis. 
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REPORT BY RACQ INSURANCE LIMITED ON ITS 

 INVESTIGATIONS INTO THE LOWER LOCKYER VALLEY FLOODS 
 

This document has been prepared by RACQ Insurance Limited to provide its policyholders with details of 
the investigations it has carried out into the flooding which occurred in the Lower Lockyer Valley in 
January 2011. 

RACQ Insurance’s investigations 

1. RACQ Insurance has carried out extensive investigations into the floods in the Lower Lockyer 
Valley. These investigations have included site investigations of each insured property by loss 
adjusters and an analysis of relevant hydrology data, including rainfall measurements, river heights, 
the topography of the catchment area for the Lower Lockyer Valley and the rate and speed at which 
water flowed through that catchment. 

2. The Lower Lockyer includes the following: 

(a) Lockyer Creek Reach from the Catchment Divide to Gatton;  

(b) Laidley Creek extending downstream to Laidley; and 

(c) Downstream Reaches to Brisbane River junction. 

The key results 

Lockyer Creek Reach from the Catchment Divide to Gatton  

3. A substantial amount of rain fell in the Lockyer Creek Reach from the Catchment Divide to Gatton 
over the period 5 January 2011 to 11 January 2011, with the heaviest rain falling between 9 
January 2011 and 11 January 2011. 

4. The rainfall and river gauge data that is available for this area indicates that each rainfall event had 
an impact on the catchment causing flood peaks within 24 hours of each rainfall event. 

Laidley Creek extending downstream to Laidley 

5. A substantial amount of rain fell in Laidley Creek extending downstream to Laidley over the period 
5 January 2011 to 11 January 2011, with the heaviest rain falling between 9 January 2011 and 11 
January 2011. 

6. The rainfall and river gauge data that is available for this area indicates that each rainfall event had 
an impact on the catchment causing flood peaks within 24 hours of each rainfall event. 

Downstream Reaches to Brisbane River junction 

7. A substantial amount of rain fell in Downstream Reaches to Brisbane River junction over the period 
5 January 2011 to 11 January 2011, with the heaviest rain falling between 9 January 2011 and 11 
January 2011. 

8. The peak water level which occurred at approximately midnight on 6 January 2011, was attributable 
to rainfall which fell in the preceding 24 hours.  

9. The peak water level which occurred at approximately 06:00 on 10 January 2011, was attributable 
to rainfall which fell in the preceding 24 hours augmenting somewhat elevated water levels 
themselves caused by rain which had fallen earlier than the preceding 24 hours.  

10. The peak water level which occurred at approximately 18:00 on 11 January 2011, was attributable 
to rainfall which fell in the preceding 24 hours augmenting substantially elevated water levels 
themselves caused by rain which had fallen earlier than the preceding 24 hours. 
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Impact on application of policy 

11. RACQ Insurance’s standard policy provides coverage for loss or damage caused by “Flash flood or 
stormwater run-off”. That expression is defined as “A sudden flood caused by heavy rain that fell no 
more than 24 hours prior to the flash flood or stormwater run-off”. Otherwise, RACQ Insurance’s 
standard policy does not cover flooding. 

12. The majority of properties that reported damage in the Lockyer Creek Reach from the Catchment 
Divide to Gatton and Laidley Creek extending downstream to Laidley were inundated as a result of 
flooding due to rain that fell within 24 hours of the flood occurring. These claims will, therefore, be 
covered by the Policy. 

13. For properties that reported damage in the Downstream Reaches to Brisbane River junction, the 
inundation was the result of rain that fell both within, and outside of, 24 hours of the flood occurring. 

14. Without accessing further information and undertaking further investigations it is not possible at this 
stage to confirm whether the requirements of “Flash flood or stormwater run-off” as defined in 
RACQI’s standard policy are satisfied. Further investigations are being undertaken to assess the 
cause of inundation for properties in this part of the Lower Lockyer Valley. 

15. There may be some areas which have suffered damage at different times or as a result of different 
causes specific to their location. Decisions on these claims will be made on a case by case basis. 
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REPORT BY RACQ INSURANCE LIMITED ON ITS 
 INVESTIGATIONS INTO MIDDLE BRISBANE RIVER REACHES FLOODS 

 

This document has been prepared by RACQ Insurance Limited to provide its policy holders with 
details of the investigations it has carried out into the flooding which occurred across the Middle 
Brisbane River Reaches region (Middle Brisbane) in January 2011. Middle Brisbane includes the 
areas of Fernvale, Lowood, Wivenhoe Pocket and other locations in the vicinity of these areas. 

RACQ Insurance’s investigations 

1. RACQ Insurance has carried out extensive investigations into the floods in Middle Brisbane. 
These investigations have included site investigations of each insured’s property by loss 
adjusters and, in some cases, hydrologists and an analysis of relevant hydrology data, including 
rainfall measurements, river heights, the topography of the catchment area for Middle Brisbane 
and the rate and speed at which water flowed through that catchment. 

The key results 

2. There were two events that occurred on 11 January 2011 causing inundation in Middle 
Brisbane: 

(a) the overflowing of local creeks and streams and the presence of stormwater run-off 
attributable to significant rain that fell over the Middle Brisbane catchment area between 
approximately 4:00am and 3:00pm on 11 January 2011 (First Event); 

(b) the rising Brisbane River after approximately 4:00 pm on 11 January 2011 which was 
caused by significant releases of water from Wivenhoe Dam. The majority of the water 
released from Wivenhoe Dam at this time had fallen as rain over the Wivenhoe Dam 
catchment area on 9 January 2011 or earlier (Second Event). 

3. While the First Event and Second Event occurred on the same day, they are distinct events and 
the inundation from the First Event had largely receded prior to the commencement of the 
Second Event. 

Impact on application of the policy 

4. RACQ Insurance’s standard policy (Policy) provides coverage for loss or damage caused by 
“Flash flood or stormwater run-off”. That expression is defined in the Policy as “A sudden flood 
caused by heavy rain that fell no more than 24 hours prior to the flash flood or stormwater run-
off”.  Otherwise, RACQ Insurance’s standard policy does not cover flooding. 

5. Damage suffered during the First Event was a result of flooding that was attributable to rain that 
fell within 24 hours of the flood occurring.  Damage caused by the First Event will be covered by 
the Policy as it meets the definition of “Flash flood or stormwater run-off”. 

6. Damage caused by the Second Event was a result of direct inundation of rising waters from the 
Brisbane River. The water which caused this inundation had generally fallen as rain on or before 
9 January 2011 and was stored in the Wivenhoe Dam before being released on 11 January 
2011. 

7. Accordingly, this rain had fallen more than 24 hours prior to the inundation occurring and 
damage caused to properties by the Second Event will not be covered by the Policy. 
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REPORT BY RACQ INSURANCE LIMITED ON ITS 

 INVESTIGATIONS INTO MORETON BAY FLOODS. 
 

This document has been prepared by RACQ Insurance Limited to provide its policyholders with some 
further details of the investigations it has carried out into the flooding which occurred in the “Moreton Bay 
investigation area” in January 2011. 

RACQ Insurance’s investigations 

1. RACQ Insurance has carried out extensive investigations into the floods in the Moreton Bay 
investigation area (comprising the area in and around the Bureau of Meteorology stations at  
Baxters Creek, Dayboro WTP, Kobble Creek AL, Mt Samson, Lake Kurwongbah, North Pine Dam, 
Cedar Creek, Mt Glorious, Samford Village, Upper Kedron and Deagon). These investigations have 
included site investigations of each insured property by loss adjusters and an analysis of relevant 
hydrology data, including rainfall measurements, river heights, the topography of the catchment for 
the Moreton Bay investigation area and the rate and speed at which water flowed through the 
catchment. 

The key results 

2. A substantial amount of rain fell in the Moreton Bay investigation area, commencing at 
approximately 5.00am on 11 January 2011 and continuing until approximately 2.00pm on the same 
day. 

3. Peak inundation levels were recorded at a number of the Bureau of Meteorology stations in the 
Moreton Bay investigation area (including, Baxters Creek, Kobble Creek, Cedar Creek, North Pine 
Dam, Samford Village, Lake Kurwongbah and Deagon) within 9 hours of the commencement of the 
rainfall event. 

4. In some parts of the Moreton Bay investigation area, there were multiple rain events which led to 
local river/creek systems peaking more than once. This is reflected at the rain and river gauges at 
North Pine Dam, Lake Kurwongbah and Samford Village amongst others. 

5. In each case, the peak in the river level caused by the rain event receded quickly before the 
subsequent rain event led to a further peak in the river/creek. 

6. There are some parts of the Moreton Bay investigation area that are not directly connected with a 
water course that had a water level gauge. However, the nature of the rainfall patterns in the 
Moreton Bay investigation area, including those areas where rain and water level gauges are 
available, suggests that peak inundation would have occurred in these areas within the course of 
the (9 hour) rainfall event. 

Impact on application of policy 

7. RACQ Insurance’s standard policy provides coverage for loss or damage caused by “Flash flood or 
stormwater run-off”. That expression is defined as “A sudden flood caused by heavy rain that fell no 
more than 24 hours prior to the flash flood or stormwater run-off”. Otherwise, RACQ Insurance’s 
standard policy does not cover flooding. 

8. The majority of properties that reported damage in the Moreton Bay investigation area were 
inundated as a result of rain that fell within 24 hours of the flood occurring and are, therefore, 
covered by the Policy. 

9. There may be some properties within the Moreton Bay investigation area  which have suffered 
damage which is not explained by the mechanisms set out above but which occurred at different 
times or as a result of different causes specific to their location.   Decisions on these claims will be 
made on a case by case basis. 
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REPORT BY RACQ INSURANCE LIMITED ON ITS 

 INVESTIGATIONS INTO OAKEY FLOODS 
 

This document has been prepared by RACQ Insurance Limited to provide its policyholders with details of 
the investigations it has carried out into the flooding which occurred in Oakey in January 2011. 

RACQ Insurance’s investigations 

1. RACQ Insurance has carried out extensive investigations into the floods in Oakey. These 
investigations have included site investigations of each insured property by loss adjusters and an 
analysis of relevant hydrology data, including rainfall measurements, river heights, the topography 
of the catchment area for Oakey and the rate and speed at which water flowed through that 
catchment. 

The key results 

2. Significant rain fell in the Oakey Creek catchment over the period from 9 to 11 January 2011. Other 
moderate rainfalls were also experienced in the preceding four days. 

3. The heaviest rain fell in the catchment over three main periods at around noon to 11.00pm on 
9 January 2011, noon to 6.00pm on 10 January 2011 and midnight on 10 January 2011 to noon on 
11 January 2011. 

4. Stream gauging station data has been requested but has not been made available at this point.  
However, the rainfall data and other available evidence indicates that:  

(a) it is most likely that the 9 and 10 January 2011 rainfall resulted in elevated levels in Oakey 
Creek.  However, the Creek did not reach a level to cause flooding on 10 January 2011;  

(b) the 11 January 2011 rainfall further increased Oakey Creek discharges and inundation of the 
Town occurred;  

(c) the inundation that occurred on 11 January 2011 was a result of the rainfall that occurred 
over 9, 10 and 11 January 2011.  

5. However, without this stream gauging data, it is not possible to identify the specific time at which 
the flood waters rose to a level which caused damage to property.   

Impact on application of policy 

6. RACQ Insurance’s standard policy provides coverage for loss or damage caused by “Flash flood or 
stormwater run-off”. That expression is defined as “A sudden flood caused by heavy rain that fell no 
more than 24 hours prior to the flash flood or stormwater run-off”. Otherwise, RACQ Insurance’s 
standard policy does not cover flooding. 

7. Without accessing further river gauge information, it is not possible at this stage to confirm whether 
the requirements of “Flash flood or stormwater run-off”, as defined in RACQI’s standard policy, is 
satisfied. Further investigations are being undertaken to assess the cause of inundation for 
properties in Oakey. 
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REPORT BY RACQ INSURANCE LIMITED ON ITS 

 INVESTIGATIONS INTO REGIONAL FITZROY FLOODS (THEODORE) 
 

This document has been prepared by RACQ Insurance Limited to provide its policyholders with details of 
the investigations it has carried out into the flooding which occurred in Regional Fitzroy (Theodore) in 
December 2010/January 2011. 

RACQ Insurance’s investigations 

1. RACQ Insurance has carried out extensive investigations into the floods in Regional Fitzroy 
(Theodore). These investigations have included site investigations of each insured property by loss 
adjusters, site inspections of selected properties by hydrologists and an analysis of relevant 
hydrology data, including rainfall measurements, river heights, the topography of the catchment 
area for the Fitzroy River and the rate and speed at which water flowed through that catchment. 

The key results 

2. Theodore was inundated to varying extents during the period from 23 December 2010 to 7 January 
2011.The inundation of Theodore peaked on 1 January 2011 when the level of the Dawson River at 
Theodore was recorded at 14.7 metres. 

3. Heavy rainfall commenced in the upper reaches of the Theodore Catchment (at Injune and 
Taroom) on 17 December 2010 and continued falling until 19 December 2010. As a result of this 
rain, the levels of the Dawson River had risen well above the Major Flood Level of 12 metres on 23 
December 2010. 

4. A rainfall event on 22 December 2010 maintained the high levels of the Dawson River. 

5. Further rain falling throughout the upper catchment on 25 and 26 December 2010 caused the 
Dawson River to continue to rise. The river reached 14.4 metres at approximately 5.00am on 28 
December 2010, which is more than 2 metres over the major flood level (when the township of 
Theodore was evacuated). 

6. The Dawson River receded slightly, only to rise again to the ultimate peak of 14.7 metres on 1 
January 2011. This was again the result of rain that had commenced falling more than 24 hours 
earlier. 

7. The high tailwater level in the Dawson River may have had a significant effect on the levels of 
Castle Creek, adjacent to the Theodore township. However, given that the rain that caused the 
overflow of both those waterways had commenced falling more than 24 hours before those events 
occurred, their respective contributions to the inundation of Theodore is not relevant. 

Impact on application of policy 

8. RACQ Insurance’s standard policy provides coverage for loss or damage caused by “Flash flood or 
stormwater run-off”. That expression is defined as “A sudden flood caused by heavy rain that fell no 
more than 24 hours prior to the flash flood or stormwater run-off”. Otherwise, RACQ Insurance’s 
standard policy does not cover flooding. 

9. Each of the claims received by RACQ Insurance reporting damage in Theodore over the period 
from 23 December 2010 to 1 January 2011 were inundated as a result of flooding due to rain that 
fell outside 24 hours of the flood occurring. These claims will, therefore, not be covered by the 
policy.  
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REPORT BY RACQ INSURANCE LIMITED ON ITS 

 INVESTIGATIONS INTO ROCKHAMPTON FLOODS 
 

This document has been prepared by RACQ Insurance Limited to provide its policyholders with some 
further details of the investigations it has carried out into the flooding which occurred in Rockhampton in 
January 2011. 

RACQ Insurance’s investigations 

1. RACQ Insurance has carried out extensive investigations into the floods in Rockhampton. These 
investigations have included site investigations of each insured property by loss adjusters and an 
analysis of relevant hydrology data, including rainfall measurements, river heights, the topography 
of the catchment area for Rockhampton and the rate and speed at which water flowed through that 
catchment. 

The key results 

2. The Fitzroy River was elevated during December 2010. It reached a Moderate flood level on 14 
December 2010 which peaked at 7.65m on 16 December 2010. This was attributable primarily to 
the cumulative rainfall that fell between 1 to 4 December 2010 with some further contribution from 
rainfall on 11 and 12 December 2010 

3. The river then fell to 5.5m on 23 December 2010 and from there began to rise due to the 
widespread rainfall occurring from 23 to 28 December 2010.  This rainfall was associated with a 
moist easterly flow brought into the region by Cyclone Tasha, which was first declared a tropical low 
on 24 December 2010.  

4. The Fitzroy River then flooded with a peak at 9.2m on or about 4 January 2011. The period of time 
that the river was in flood was substantial. It maintained levels of over 9m till 11 January 2011 and 
was over the Major flood level of 8.5m for the period from 1 to 14 January 2011. 

5. There was local rainfall in the City of Rockhampton around the times that the Fitzroy River level 
was peaking (eg on 6 January 2011). However, this rainfall was of a relatively low intensity and 
occurred after the flood had peaked. 

Impact on application of policy 

6. RACQ Insurance’s standard policy provides coverage for loss or damage caused by “Flash flood or 
stormwater run-off”. That expression is defined as “A sudden flood caused by heavy rain that fell no 
more than 24 hours prior to the flash flood or stormwater run-off”. Otherwise, RACQ Insurance’s 
standard policy does not cover flooding. 

7. RACQ Insurance’s findings indicate that the flooding which occurred in Rockhampton in January 
2011 was the result of rain which had fallen between 23 and 28 December 2010. As this rain fell 
more than 24 hours before the flooding, it does not meet the requirements of “Flash flood or 
stormwater run-off” as defined in RACQI’s standard policy and is therefore not covered by the 
Policy. 
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REPORT BY RACQ INSURANCE LIMITED ON ITS 

 INVESTIGATIONS INTO THE SUNSHINE COAST FLOODS 
 

This document has been prepared by RACQ Insurance Limited to provide its policyholders with details of 
the investigations it has carried out into the flooding which occurred on the Sunshine Coast in January 
2011. 

RACQ Insurance’s investigations 

1. RACQ Insurance has carried out extensive investigations into the floods on the Sunshine Coast. 
These investigations have included site investigations of each insured property by loss adjusters 
and an analysis of relevant hydrology data, including rainfall measurements, river heights, the 
topography of the catchment area for Sunshine Coast and the rate and speed at which water 
flowed through that catchment. 

The key results 

2. The most significant rainfall event for this region occurred on 11 January 2011. The area gauges 
for Palmwoods, Warana bridge, Nambour and West Woombye experienced three peaks of rainfall 
on 9, 10 and 11 January 2011. 

3. At the Warana bridge Nambour and West Woombye gauges each peak had subsided before the 
next significant rainfall event occurred. 

4. The Palmwoods Sports Ground station, before the 11 January 2011 event, the water had receded 
to the minor flood level of 3.5 meters.  The peak on 11 January 2011 was recorded at 5.0 meters 
gauge datum.  This inundation occurred in less than twenty-four hours. 

5. The Tewantin gauge shows that there were two peaks, 9 January and 11 January 2011.  The 9 
January 2011 peak was not above the anticipated high tide level and the 11 January event was only 
slightly above (less than 0.2 meters).  This downpour could have exceeded the capacity of the 
stormwater system. 

6. The Picnic Point station had one peak on 11 January 2011 with minor rainfall occurring in the days 
prior to the inundation. The gauge maintained higher levels than expected due to the freshwater 
discharge from the Maroochy River system.  Due to the intensity of the rain, it is possible that the 
stormwater drainage system would have failed. 

Impact on application of policy 

7. RACQ Insurance’s standard policy provides coverage for loss or damage caused by “Flash flood or 
stormwater run-off”. That expression is defined as “A sudden flood caused by heavy rain that fell no 
more than 24 hours prior to the flash flood or stormwater run-off”. Otherwise, RACQ Insurance’s 
standard policy does not cover flooding. 

8. Any damage that arises from the flood events detailed above is likely to fall within the definition of 
Flash flood or stormwater run-off. To the extent that claims relate to damage caused by these 
inundations, they will be covered by the policy.  

Individual Properties 

9. There may be some areas which have suffered damage at different times or as a result of different 
causes specific to their location. RACQI is continuing to investigate these areas and decisions on 
these claims will be made on a case by case basis. 
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REPORT BY RACQ INSURANCE LIMITED ON ITS 
 INVESTIGATIONS INTO WARWICK FLOODS 

 

This document has been prepared by RACQ Insurance Limited to provide its policyholders with details of 
the investigations it has carried out into the flooding which occurred in Warwick in December 2010 and 
January 2011. 

RACQ Insurance’s investigations 

1. RACQ Insurance has carried out extensive investigations into the floods in Warwick. These 
investigations have included site investigations of each insured property by loss adjusters and an 
analysis of relevant hydrology data, including rainfall measurements, river heights, the topography 
of the catchment area for Warwick and the rate and speed at which water flowed through that 
catchment. 

The key results 

2. Warwick was inundated by two different flood events, which peaked on 27 December 2010 and 11 
January 2011 respectively. 

27 December 2010 

3. Rain in the catchment starting around 1.00am on 26 December 2010 had the effect of elevating the 
Condamine River levels (at the Warwick and Murrays Bridge gauges). This rainfall continued for 
approximately 37 hours until around 2.00pm on 27 December 2010. 

4. 24 hours after the commencement of this rain, the Condamine River level was approximately 
2.56m at the Warwick gauge, well below the Minor flood level of 4.0 metres. 

5. The Condamine River level did not reach the Major flood level height of 6 metres until around 
4.30pm on 27 December 2010 (approximately 40.5 hours after rainfall commencement). 

6. The maximum inundation level of 7.09m at Warwick occurred at around 9.00pm on 27 December 
2010 (44 hours after the rainfall commenced). The majority of the rainfall that led to this peak fell in 
the period commencing within 24 hours of the peak occurring. 

11 January 2011 

7. The 11 January 2011 event was attributable to the combined effect of a number of storms 
commencing at around 4.00am on 6 January 2011. The first storm caused the Condamine River to 
rise, with each successive storm either increasing or maintaining the elevated water level. 

8. Between around 4.00am on 6 January 2011 and 3.00pm on around 10 January 2011, the 
maximum height of the Condamine River was approximately 3.3 metres (below the Minor flood 
level of 4 metres). 

9. A storm commencing at around 6.00am on 10 January 2011 resulted in the Condamine River 
reaching the Moderate flood level of 5 metres at around 10.00pm on 10 January 2011 and a further 
storm commencing around 8.00am on 11 January 2011 contributed to the Condamine River level 
peaking at 7.73 metres at around 8.00pm on 11 January 2011. 

10. The majority of the rainfall that led to this peak fell in the period commencing within 24 hours of the 
peak occurring. 

Impact on application of policy 

11. RACQ Insurance’s standard policy provides coverage for loss or damage caused by “Flash flood or 
stormwater run-off”. That expression is defined as “A sudden flood caused by heavy rain that fell no 
more than 24 hours prior to the flash flood or stormwater run-off”. Otherwise, RACQ Insurance’s 
standard policy does not cover flooding. 
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12. The flooding on both 27 December 2010 and 11 January 2011 was contributed to by rain which fell 
more than 24 hours earlier, however, our investigations lead us to conclude that the real cause of 
the peak flooding on those days was heavy rain that fell within 24 hours of those peaks occurring.   

13. Accordingly, both of these flood events meet the requirements of “Flash flood and stormwater run 
off “as defined in RACQI’s standard policy and are therefore covered. 

Individual Properties 

14. There may be some areas which have suffered damage at different times or as a result of different 
causes specific to their location. RACQI is continuing to investigate these areas and decisions on 
these claims will be made on a case by case basis. 
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