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Complete list Chapter 2 Floodplain management

Of Final Rep()rt 2.1 The steering committee of the Wivenhoe Dam and Somerset
d . Dam Optimisation Study should consider whether it would
recommendations be more effective for the floodplain management investigation

to be removed from the Wivenhoe Dam and Somerset Dam
Optimisation Study.

2.2 Brisbane City Council, Ipswich City Council and Somerset
Regional Council and the Queensland Government should
ensure that, as soon as practicable, a flood study of the Brisbane
River catchment is completed in accordance with the process
determined by them under recommendation 2.5 and 2.6. The
study should:

*  be comprehensive in terms of the methodologies applied and
use different methodologies to corroborate results

* involve the collation, and creation where appropriate, of the
following data:

rainfall data including historical and design data and
radar

—  stream flow data

—  tide levels

— inundation levels and extents

— data on the operation of Wivenhoe and Somerset dams

—  river channel and floodplain characteristics including
topography, bathymetry, development and survey data

*  involve determining the correlation between any of the data
sets above

e produce suitable hydrologic models run in a Monte Carlo
framework, taking account of variability over the following
factors:

—  spatial and temporal rainfall patterns
—  saturation of the catchment
—  initial water level in dams
—  effect of operating procedures
—  physical limitations on the operation of the dams
— tidal conditions
—  closely occurring rainfall events
*  validate hydrologic models to ensure they reproduce:
—  observed hydrograph attenuation

—  probability distributions of observed values for total
flood volume and peak flow

—  timing of major tributary flows
—  observed flood behaviour under no dams conditions and
current conditions
e produce a suitable hydraulic model or models that:
—  are able to determine flood heights, extents of

inundation, velocities, rate of rise and duration of
inundation for floods of different probabilities
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2.3

2.4

2.5

2.6

2.7
2.8

2.9

2.10

—  are able to deal with movement of sediment and changes in river beds during floods
— are able to assess historical changes to river bathymetry
— are able to be run in a short time to allow detailed calibration and assessment work

—  characterise the backwater effect at the confluence of the Brisbane and Bremer rivers and other
confluences as appropriate

*  involve analysis of the joint probability of floods occurring in the Brisbane and Bremer rivers (and any
other pair of rivers if considered appropriate)

*  beiterative, and obtain a short-term estimate of the characteristics of floods of different probabilities in
all significant locations in the catchment (at least Brisbane City, Ipswich City and at Wivenhoe Dam)
in order to determine the priorities for the rest of the study.

Ipswich City Council should determine whether the results, models and maps produced by the Brisbane
River flood study are sufficient for its floodplain management. If they are not, Ipswich City Council should
ensure appropriate work is done by way of data collection and creation and hydrologic and hydraulic
modelling for use in its floodplain management.

A recent flood study should be available for use in floodplain management for every urban area in
Queensland. Where no recent study exists, one should be initiated.

The Queensland Government, in consultation with councils, should determine which urban areas
in Queensland do not have access to flood information from a current flood study. The Queensland
Government should rank those areas in order of priority in accordance with their need for updated flood
information by reference to factors including:

population

b. sophistication of land use planning and emergency management measures already in place in those
areas

c. currency of any flood risk information available to the council
d. approximate frequency of damaging floods in the area according to the historical record.
By reference to the order of priority determined in accordance with recommendation 2.5, the Queensland

Government and councils should together ensure that the council responsible for each urban area in
Queensland has access to current flood study information. This will include determining:

a. aprocess or processes by which the flood studies will be completed, including the involvement of the
Queensland Government and relevant councils
b. how, and from whom, the necessary technical and financial resources will be obtained

c. areasonable timeframe by which all flood studies required will be completed.
As far as is practicable, councils should maintain up-to-date flood information.
When commissioning a flood study, the body conducting the study should:

*  check whether others, such as surrounding councils which are not involved in the study, dam operators,
the Department of Environment and Resource Management, and the Bureau of Meteorology, are doing
work that may assist the flood study or whether any significant scientific developments are expected in
the near future, and decide whether to delay the study

e discuss the scope of work with the persons to perform the flood study as well as surrounding councils
which are not involved in the study, dam operators, the Department of Environment and Resource
Management, and the Bureau of Meteorology.

Elected representatives from councils should be informed of the results of each flood study relevant to the
council’s region, and consider the ramifications of the study for land planning and emergency management.

Elected representatives from all agencies involved in a flood study should be informed of recommendations
made for future work, and determine, on a risk basis, whether that further work is to be completed.
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2.12

2.13

2.14

2.15

2.16

2.17

2.18

2.19

2.20

2.21

2.22

The Queensland Government and Commonwealth Government should ensure the existence and
maintenance of a repository of data of the type used in flood studies. The database should include the types
of data which the expert panel specified as needed for a comprehensive flood study. Councils, Queensland
and Commonwealth Government agencies and dam operators should be able to deposit and obtain access
to data.

Councils in floodplain areas should, resources allowing, develop comprehensive floodplain management
plans that accord as closely as practicable with best practice principles.

For urban areas or areas where development is expected to occur:

a.  councils with the requisite resources should develop a flood map which shows zones of risk” (at least
three) derived from information about the likelihood and behaviour of flooding

b.  councils without the requisite resources to produce a flood behaviour map should develop a flood map
which shows the extent of floods of a range of likelihoods (at least three).

For non-urban areas or areas where limited development is expected to occur councils should consider, on
a risk basis, what level of information about flood risk is required for the area, and undertake the highest
ranked of the following options which is appropriate to that need and within the capacities (financial and
technical) of the council:

a. amap showing zones of risk” (at least three) derived from information about the likelihood and
behaviour of flooding

b. a map showing the extent of floods of a range of likelihoods (at least three)

c. aflood map based on historic flood levels that have been subjected to a flood frequency analysis to
estimate the annual exceedance probability of the selected historical flood

d. ahistoric flood map without flood frequency analysis

e. the Queensland Reconstruction Authority Interim Floodplain Assessment Overlay as a way to
determine those areas for which further flood studies are required, or

. the Queensland Reconstruction Authority Interim Floodplain Assessment Overlay (preferably refined
using local flood information) as a trigger for development assessment.

Councils should ensure that areas for which there has been no assessment of the likelihood of flooding are
indicated on a map and that, as part of the development assessment process for these, there is at least some
enquiry into whether a site proposed for development could be subject to flooding.

Councils and the Queensland Government should display on their websites all flood mapping they have
commissioned or adopted.

Flood maps, and property specific flooding information intended for use by the general public, should be
readily interpretable and should, where necessary, be accompanied by a comprehensible explanatory note.

Councils that do not currently do so should consider offering an online database which allows the public to
conduct a search on a parcel of land to find development approvals relevant to that parcel of land.

The Queensland Government should consider implementing a mechanism by which prospective purchasers
of property are alerted to the issue of flood risk. To that end, the Queensland Government should

consider consulting the Real Estate Institute of Queensland and the Law Society of Queensland as to

the appropriateness of amending standard contract conditions so as to include a ‘subject to flood search’
condition, or other means of achieving the same objective.

The Queensland Government should endeavour to ensure that Queensland conditions are appropriately
considered in the National Flood Risk Advisory Group’s review of best practice principles.

In the event that the review does not adequately account for Queensland conditions, the Queensland
Government should produce a document that provides appropriate guidelines for floodplain management
in the Queensland context.

The Queensland Government should determine whether existing guidelines are sufficient for councils to
understand best practice in the performance of flood studies and the production of flood maps. If a lack of
current guidelines is identified, the government should create and circulate guidance material for councils.
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Chapter 4 State planning instruments

4.1

4.2

4.3

4.4

4.5

4.6

4.7

The Queensland Government should:

a.  narrow the definition of ‘development commitment’ in State Planning Policy 1/03: Mitigating the
Adverse Impacts of Flood, Bushfire and Landslide to ensure more development applications are assessed
for compatibility with flood, and

b. investigate whether the compensation provisions of the Sustainable Planning Act 2009 act as a deterrent
to the inclusion of flood controls in a planning scheme and consider whether they ought be amended.

If, as part of a state interest review process, the Department of Local Government and Planning decides that
no condition should be imposed requiring a council’s proposed planning scheme to incorporate the effect of
the Department of Community Safety’s comments about State Planning Policy 1/03: Mitigating the Adverse
Impacts of Flood, Bushfire and Landslide, it should advise the Department of Community Safety of the
reasons for its decision.
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The Department of Community Safety should put in place administrative arrangements which ensure it can
readily ascertain whether its comments are being reflected in council planning schemes. If the Department
of Community Safety becomes aware that its comments are not being adequately addressed, it should take
steps to follow this up with the Department of Local Government and Planning.

The Queensland Government should ensure that the circumstances in which the Department of
Community Safety is to consult the Department of Environment and Resource Management about a
planning scheme’s flood modelling and flood mapping are clear.

The Queensland Government should change Temporary State Planning Policy 2/11: Planning for stronger
more resilient floodplains to remove the possibility of councils’ using the interim floodplain assessment
overlay mapping and Model Code as part of a permanent amendment to their existing planning scheme or
as part of a new planning scheme.

Councils should consider using the limited development (constrained land) zone in their planning schemes
for areas that have a very high flood risk.

The Queensland Government should consider amending the Sustainable Planning Acr 2009 to require that
consideration be given to the risk of flooding in the preparation or revision of a regional plan.

Chapter 5 Local planning instruments

5.1

5.2

The Queensland Government should draft model flood planning controls, using a similar format and
structure to that in the Queensland Planning Provisions, that councils can adapt for local conditions. The
Queensland Government should require these controls to be reflected in new planning schemes. This may
be achieved by including the controls in either:

e astate planning policy dealing with flood, with an accompanying amendment to the Sustainable
Planning Act 2009, or
*  the Queensland Planning Provisions.

The Queensland Government should consult councils to determine which of the two state planning
instruments is the more appropriate to include the model flood planning controls.

The Queensland Government should include in the model flood planning controls a requirement that
councils have a flood overlay map in their planning schemes. The map should identify the areas of the
council region:

e that are known not to be affected by flood

* that are affected by flood and on which councils impose planning controls (there may be subsets in
each area to which different planning controls attach)

e for which there is no flood information available to council.
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5.3

5.4

5.5

5.6

5.7

5.8

5.9

If the Queensland Government does not include a requirement for such an overlay map in the model flood
planning controls, councils should include a flood overlay map in their planning schemes. The map should
identify the areas of a council region:

*  that are known not to be affected by flood

*  that are affected by flood and on which councils impose planning controls (there may be subsets in
each area to which different planning controls attach)

e for which there is no flood information available to council.

The Queensland Government should include in the model flood planning controls a model flood overlay
code that consolidates assessment criteria relating to flood.

If the Queensland Government does not include such a code in the model flood planning controls, councils
should include in their planning schemes a flood overlay code that consolidates assessment criteria relating

to flood.

The Queensland Government should include in the model flood planning controls a model planning
scheme policy that:

e for development proposed on land susceptible to flooding, outlines what additional information an
applicant should provide to the assessment manager as part of the development application, or

e for development proposed on land where the potential for flooding is unknown, requires an applicant
to provide:

- as part of the development application, information to enable an assessment of whether the subject
land is susceptible to flooding, and

—  upon a determination the subject land is susceptible to flooding, more detailed information, to
allow an assessment of the flood risk.

If the Queensland Government does not include such a policy in the model flood planning controls,
councils should include in their planning schemes a planning scheme policy that:

*  for development proposed on land susceptible to flooding, outlines what additional information an
applicant should provide to the assessment manager as a part of the development application, or

e for development proposed on land where potential for flooding is unknown requires an applicant to
provide:

—  as part of the development application, information to enable an assessment of whether the subject
land is susceptible to flooding, and

—  upon a determination the subject land is susceptible to flooding, more detailed information to
allow an assessment of the flood risk.

The Queensland Government should consider amending the Sustainable Planning Act 2009 to expressly
provide either a power to remake or a power to extend a temporary local planning instrument containing
interim flood regulation for a further limited period. The power to remake or extend should:

a.  permit the modification of the temporary local planning instrument to the extent required to ensure
its provisions remain relevant, having regard to any requirement that may have been introduced or any
information that may have become available while the original temporary local planning instrument

was in force

b. be contingent on the Minister’s being satisfied that the circumstances listed in section 105 of the
Sustainable Planning Act continue to exist and that there are proper grounds for the failure to make a
4 proper g
permanent scheme amendment while the original temporary local planning instrument was in force.

The Queensland Government should consider allowing councils to amend a planning scheme to update
existing flood mapping information by way of the minor amendment process, provided that adequate public

consultation has occurred.
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Chapter 6 Satellite planning systems

6.1

6.2

Chapter 7 Development and flood considerations

7.1

7.2

7.3

7.4

7.5

7.6

7.7

7.8

7.9

The Queensland Government should consider amending the Urban Land Development Authority Act 2007,
the South Bank Corporation Act 1989, the State Development and Public Works Organisation Act 1971 insofar
as it governs state development areas, and other legislation which establishes alternative planning systems

that operate independently of the Sustainable Planning Act 2009, to require that:

* any planning scheme, interim or otherwise, appropriately reflects any state planning policy with respect

to flood
*  flood risk be considered in the assessment of any development application.
'The Coordinator-General should amend the guideline for preparing an ‘initial advice statement’ for a

significant project under the State Development and Public Works Organisation Act 1971 so that it specifically
requires an applicant to consider and provide information about the project’s flood risk.
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The Queensland Government should consider extending the application of a state planning policy dealing
with flood to the types of community infrastructure which are identified in the Sustainable Planning
Regulation 2009 and which the community needs to continue functioning, notwithstanding flood.

The Queensland Government should draft assessment criteria to be included in the model flood planning
controls that require community infrastructure (including the types of community infrastructure which
are identified in the Sustainable Planning Regulation 2009 and which the community needs to continue
functioning, notwithstanding flood) to be located and designed to function effectively during and
immediately after a flood of a specified level of risk.

If the Queensland Government does not include such assessment criteria in model flood planning controls,
councils should include assessment criteria in their planning schemes that require community infrastructure
(including the types of community infrastructure which are identified in the Sustainable Planning Regulation
2009 and which the community needs to continue functioning, notwithstanding flood) to be located and
designed to function effectively during and immediately after a flood of a specified level of risk.

The Queensland Government should draft assessment criteria to be included in the model flood planning
controls that require the impact of flood on commercial property to be minimised.

If the Queensland Government does not include such assessment criteria in the model flood planning
controls, councils should include assessment criteria in their planning schemes that require the impact of
flood on commercial property to be minimised.

The Queensland Government should ensure that the criteria under the Environmental Protection Act 1994
that apply to the assessment of development applications for material change of use for environmentally
relevant activities include consideration of the risk of flooding at the site on which the activity is proposed

to occur.

The Department of Environment and Resource Management should amend its information sheet about
applications for a material change of use for environmentally relevant activities so that applicants are
prompted to include information (if any) about the risk of flooding at the site where the activity is proposed
to occur.

The Department of Environment and Resource Management should amend the template assessment report
used to assess applications for a material change of use for environmentally relevant activities so that it
prompts departmental officers to give specific consideration, as part of the assessment process, to the risk of
flooding at the site where the activity is proposed to occur.

The Department of Environment and Resource Management should ensure that, when applications for a
material change of use for an environmentally relevant activity are approved by the department, the details
of those activities, including their nature and location, are provided to the council within whose area the
activity will be conducted.
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7.10

7.11

7.12

7.13

7.14

7.15

7.16

Councils should ensure that, when applications for environmentally relevant activities are approved by a
council, the details of those activities, including their nature and location, are provided to the Department
of Environment and Resource Management.

'The Queensland Government should draft assessment criteria to be included in the model flood planning
controls that require that:

a.  the manufacture or storage of bulk hazardous materials (as defined in State Planning Policy 1/03) take
place above a certain flood level, determined following an appropriate risk based assessment, or

b.  structures on land susceptible to flooding and used for the manufacture or storage of bulk hazardous
materials (as defined in State Planning Policy 1/03) be designed to prevent the intrusion of floodwaters.

If the Queensland Government does not include such assessment criteria in the model flood planning
controls, councils should include assessment criteria in their planning schemes that require that:

a. the manufacture or storage of bulk hazardous materials (as defined in State Planning Policy 1/03) take
place above a certain flood level, determined following an appropriate risk based assessment, or

b. structures on land susceptible to flooding and used for the manufacture or storage of bulk hazardous
materials (as defined in State Planning Policy 1/03) be designed to prevent the intrusion of floodwaters.

When approving applications for development which involve the manufacture or storage of hazardous
materials, councils should not restrict the conditions imposed to ones which are solely reliant on human
intervention to remove the materials in the event of flood.

The Queensland Government should review the code for development applications for prescribed tidal
work in the Coastal Protection and Management Regulation 2003 to consider whether the design and
construction standards should be made more stringent than the existing standards.

Councils (particularly Brisbane City Council) should consider including in their planning schemes more
stringent standards for the design and construction of prescribed tidal work than those in the code for
development applications for prescribed tidal work in the Coastal Protection and Management Regulation 2003.

The Queensland Government should consider drafting assessment criteria to be included in the model flood
planning controls which require that works in a floodplain:
*  do not reduce on-site flood storage capacity

*  counteract any changes the works will cause to flood behaviour of all floods up to and including
the applicable defined flood event by measures taken within the subject site (for example, use of
compensatory works, detention basins or other engineering mechanisms)

*  do not change the flood characteristics outside the subject site in ways that result in:

loss of flood storage

loss of/changes to flow paths

— acceleration or retardation of flows, or

— any reduction in flood warning times elsewhere on the floodplain.
If the Queensland Government does not include such assessment criteria in the model flood planning
controls, councils should consider including assessment criteria in their planning schemes which require that
works in a floodplain:
* do not reduce on-site flood storage capacity

*  counteract any changes the works will cause to flood behaviour of all floods up to and including
the acceptable defined flood event by measures taken within the subject site (for example, use of
compensatory works, detention basins or other engineering mechanisms), and

*  do not change the flood characteristics outside the subject site in ways that result in:
—  loss of flood storage
—  loss of/changes to flow paths
— acceleration or retardation of flows, or

— any reduction in flood warning times elsewhere on the floodplain.
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7.18

7.19
7.20

7.21

7.22

7.23

7.24

7.25

The Queensland Government should consider amending the Sustainable Planning Regulation 2009 so
that operational work or plumbing or drainage work (including maintenance and repair work) carried out
by or on behalf of a public sector entity authorised under a state law to carry out the work is not exempt
development under the Sustainable Planning Acr 2009 if the development has the potential to reduce
floodplain storage.

Levees should be regulated.

The Queensland Government should consult with councils to determine an effective method for the
regulation of the construction of levees in Queensland. In particular, the Queensland Government should
consider:

*  requiring a development permit for the construction of a levee by designating levees as assessable
development in the Sustainable Planning Regulation 2009, or

e requiring, ‘way oI a state annin 0lICy Oor mandator rovision in the ueenslan annin
quiring, by way of planning policy datory provision in th land Planning
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Provisions, that councils nominate the construction of a levee as assessable development in their

planning schemes.

The Queensland Government should consult with councils to formulate a definition of ‘levee’ to identify
what should be regulated.

There should be a consistent process for the determination of applications to build levees. That process
should include:

*  consulting landholders who may be affected by the proposed levee

*  obrtaining or commissioning appropriate hydrological and hydraulic studies to assess the impacts of the

proposed levee.

There should be a common set of considerations in the decision whether to approve an application to build
a levee, including:
e the impacts of the proposed levee on the catchment as a whole

*  the benefits of the proposed levee to the individual or entity applying to build the levee and to any
nearby community as a whole

*  any adverse impacts on other landholders, including the risk of levee failure
* the implications of the proposed levee for land planning and emergency management procedures
*  whether any structural, land planning or emergency management measures can be taken to mitigate the

adverse impacts of the proposed levee.

The Queensland Government should draft assessment criteria to be included in the model flood planning
controls that address:

*  the prospect of isolation or hindered evacuation

e the impact of isolation or hindered evacuation.

If the Queensland Government does not include such assessment criteria in the model flood planning
controls, councils should consider including assessment criteria in their planning schemes that address:

*  the prospect of isolation or hindered evacuation

e the impact of isolation or hindered evacuation.

Chapter 8 Development assessment in practice

8.1

8.2

Councils should, resources allowing, maintain flood maps and overland flow path maps for use in
development assessment. For urban areas these maps should be based on hydraulic modelling; the model
should be designed to allow it to be easily updated as new information (such as information about further
development) becomes available.

Councils should make their flood and overland flow maps and models available to applicants for
development approvals, and to consultants engaged by applicants.
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8.3

8.4

8.5

8.6

8.7

8.8

The Queensland Government should draft a model planning scheme policy to be included in the model
flood planning controls that sets out the information to be provided in development applications in relation
to stormwater and flooding. The policy should specify:

e the type of models and maps to be provided

*  the substantive information required to be shown in the development application

*  how the assumptions and methodologies used in preparing the models and maps should be presented

*  the form in which the information on stormwater and flooding is to be presented in the application.

If the Queensland Government does not include such a policy in the model flood planning controls,
councils should include a planning scheme policy in their planning schemes that sets out the information to
be provided in development applications in relation to stormwater and flooding. The policy should specify:
e the type of models and maps to be provided

*  the substantive information required to be shown in the development application

*  how the assumptions and methodologies used in preparing the models and maps should be presented

*  the form in which the information on stormwater and flooding is to be presented in the application.
Councils should review their assessment processes to ensure that:

e the person with primary responsibility for the assessment of the development application considers
what expert input is required

*  where a development application is subject to comment by a number of professionals, the
responsibilities and accountability of each contributor are clear

*  where flood-related information is referred to an expert for advice, the expert is required to comment
on the extent of compliance by reference to each relevant assessment criteria and identify and explain

any inability to comment.

Councils should take care when imposing conditions to ensure that each condition has purpose;
standardised conditions should not be included where they have no application to the development in
question.

Councils should not rely on a condition requiring an evacuation plan as the sole basis for approving a
development susceptible to flooding.

Councils should consider providing advice to development applicants during pre-lodgement meetings, and
at the time of receiving a development application, about the way in which the development will be assessed
for flood risk and what flood information council will be relying on to make this assessment.

Chapter 9 Building controls

9.1

The proposed new part of the Queensland Development Code, Mandatory Part 3.5 ‘Construction of
buildings in flood hazard areas’, should be amended so that the performance requirement relating to
building design and construction (Performance Requirement P1) for building on a lot will only be triggered
where the council has:

*  designated part of its area as a natural hazard management area (flood) under section 13 of the Building
Regulation 2006, and
e cither:

—  declared a height to be the expected flood level under section 13 of the Building Regulation 2006,

or
— adopted a highest recorded flood level for the lot, and
e cither:

— declared a velocity to be the expected maximum velocity of flood water for the area in which the
lot is located, or

—  designated the area in which the lot is located an inactive flow or backwater area.
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9.2

9.3

The proposed new part of the Queensland Development Code, Mandatory Part 3.5 ‘Construction of
buildings in flood hazard areas’, should be amended so that the performance requirements about utilities
and sanitary drains (Performance Requirement P2 and P3) for building on a lot will only be triggered where
the council has:

*  designated part of its area as a natural hazard management area (flood) under section 13 of the Building
Regulation 2006, and
e cither:

—  declared a height to be the expected flood level under section 13 of the Building Regulation 2006,
or

— adopted a highest recorded flood level for the lot.

The Queensland Government should consider amending the ‘Limitation’ section of the proposed new part
of the Queensland Development Code, Mandatory Part 3.5 ‘Construction of buildings in flood hazard
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areas’, to allow for the possible application of ‘acceptable solution A1’ to a building located on a lot if:

* it is reasonable to expect the part of the lot on which the building work is proposed to be subjected to a

maximum velocity of less than 1.5 metres per second, or

e the part of the lot on which the building work is proposed is located in an inactive flow or backwater
area.

Chapter 10 Essential services

10.1

10.2

10.3

10.4

10.5

10.6

10.7

10.8

10.9
10.10

The Queensland Government should consider including in the criteria in the Queensland Plumbing and
Wastewater Code a requirement that the risk of leakage from private on-site sewerage systems during floods
be minimised.

Authorities responsible for the construction of sewerage infrastructure should, when embarking on new
works, undertake risk and cost/benefit assessments to determine the level at which electrical infrastructure
that may be vulnerable to inundation should be placed.

Authorities responsible for the management of sewerage infrastructure should conduct a review of their
existing infrastructure to identify electrical infrastructure that may be vulnerable to inundation and perform
risk and cost/benefit assessments to determine if it should be relocated to a higher level.

Queensland Urban Utilities should make the results of its trials on the use of caps for overflow relief gully
grates available to other authorities responsible for sewerage infrastructure. Consideration should be given
by those authorities as to how the results can be used to improve the flood resilience of their sewerage
networks.

If the Queensland Development Code is amended to include provisions requiring homeowners to install
sewage reflux valves, the Queensland Government should develop and make available to homeowners
appropriate guidance material to assist them in meeting their responsibilities to maintain reflux valves.

Queensland Urban Utilities, and other distributor-retailers and councils, that have identified a practice of
stormwater drains being connected to sewerage infrastructure, should conduct a program of education to
raise public awareness that this practice is illegal and impedes the operation of the sewerage infrastructure.

Councils and distributor-retailers should agree to protocols for the exchange of information about
suspected illegal connections, the steps being taken to investigate them or the basis for concluding that no
investigation is required, and the results of any investigations or enforcement actions.

'The Department of Environment and Resource Management should review the Queensland Urban
Drainage Manual to determine whether it requires updating or improvement, in particular, to reflect the
current law and to take into account insights gained from the 2010/2011 floods.

All councils should, resources allowing, map the overland flow paths of their urban areas.

Councils should consider amending their planning schemes to include provisions directed to consideration
of the flood resilience of basements as a factor in determining the appropriateness of a material change
of use.
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10.11

10.12

10.13

10.14

10.15

10.16

10.17

10.18

10.19

10.20

10.21

10.22

10.23

In assessing and determining development applications for material change of use in areas susceptible to
flood, councils should consider whether the new developments locate essential services infrastructure above
basement level, o, alternatively, whether essential services infrastructure located at basement level can be
constructed so that it can continue to function during a flood.

SunWater and the Central Highlands Regional Council should determine the issues of ownership and
responsibility for maintenance of the LN1 drain system in Emerald.

'The Bundaberg Regional Council should investigate the adequacy of the drain and take reasonable steps to
ensure the Moore Park area is effectively served.

All councils should periodically conduct risk assessments to identify areas at risk of backflow flooding. In
respect of such areas, councils should consider how such risks can be lessened, including in that process
consideration of the installation of backflow prevention devices. Backflow devices should not, however, be
installed unless and until a full risk based assessment has been undertaken.

Councils should conduct education campaigns directed to ensuring that all residents and property owners
in areas identified as being at risk of backflow flooding are aware of the circumstances in which backflow
flooding can occur, the hazard it presents and what should be done if it occurs.

The Queensland Government should draft assessment criteria to be included in the model flood planning
controls that require critical infrastructure in assessable substation developments is built to remain
operational during and immediately after a flood of a particular magnitude. That magnitude should be
determined by an appropriate risk assessment.

If the Queensland Government does not include such assessment criteria in the model flood planning
controls, councils should include assessment criteria in their planning schemes that require critical
infrastructure in assessable substation developments is built to remain operational during and immediately
after a flood of a particular magnitude. That magnitude should be determined by an appropriate risk
assessment.

The Queensland Government should consider measures to ensure that requirements are included in the
designation of land for community infrastructure under the Sustainable Planning Act 2009 to ensure that
critical infrastructure for operating works under the Electricity Act is built to remain operational during
and immediately after a flood of a particular magnitude. That magnitude should be determined by an
appropriate risk assessment.

Electricity distributors should consider installing connection points for generators to provide electricity
supply to non-flooded areas that have had their supply cut during floods.

The Queensland Government should consider whether there should be a legislative requirement that
customer dedicated assets be built at or above the applicable defined flood level and if so, the Queensland
Government should consider which legislation should contain such a requirement.

The Queensland Government should consider implementing mandatory requirements to ensure that all
conduits for the purpose of providing electrical supply below the applicable defined flood level are sealed to
prevent floodwaters from entering them or flowing into them.

Carriers, councils and the Australian Communications and Media Authority should take into account the
risk of flooding when considering the placement of telecommunications facilities.

Queensland Rail and QR National should continue to investigate opportunities for increasing the flood
resilience of their networks, including raising the height of critical equipment.

Chapter 11 Buy-backs and land swaps

11.1

Councils should consider implementing a property buy-back program in areas that are particularly
vulnerable to regular flooding, as part of a broader floodplain management strategy, where possible
obtaining funding from the Natural Disaster Resilience Program for this purpose.
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Chapter 12 Performance of private insurers

12.1

12.2

12.3

12.4

12.5

When a policy-holder makes a claim, the insurer should ascertain the policy-holder’s preferred method
of contact and ensure that it is used (with other modes of communication if necessary) to keep the
policyholder informed about the progress of the claim. However, important decisions regarding the claim
— for example, determinations about the outcome of the claim and settlement sums — should always be
confirmed in writing.

Insurers should review their existing systems and processes and implement any improvements necessary to

ensure that accurate and complete records of conversations with policy-holders are made.

Letters notifying policy-holders that their claims have been denied should, at a minimum, state the
information upon which the insurer has relied in making the decision. These letters should also advise
policy-holders that copies of the information will be made available upon request (in accordance with clause
3.4.3 of the General Insurance Code of Practice) and indicate how policy-holders can make a request.
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The Insurance Council of Australia should consider an amendment to Part 3 of the code which requires
insurers to notify policy-holders of the information on which they relied in assessing claims.

The Insurance Council of Australia should amend clause 3.4.3 of the General Insurance Code of Practice so
that it requires insurers to inform policy-holders of their right to request a review of an insurer’s decision to
refuse to provide access to information on which it relied in assessing claims.

Chapter 13 Mining

13.1

13.2

13.3

13.4

13.5

13.6

13.7

13.8

13.9

Mine operators should obtain all public seasonal forecasts issued by the Bureau of Meteorology relevant to
the regions in which their operations are located.

Any mine operator of a site at high risk of flood should obtain the best forecast information available
(seasonal and short term) for the region in which the mine is located.

The Department of Environment and Resource Management should prepare a list of relevant considerations
to be taken into account in performing a risk assessment to decide which sites to inspect. Bureau of

Meteorology forecasts should be one consideration.

The Department of Environment and Resource Management should conduct risk assessments in time for
site inspections, and the implementation of solutions to problems identified at inspections, to take place
before 1 November of each year.

The Queensland Government should work collaboratively with the Commonwealth Government and mine
operators to ensure co-ordinated and effective monitoring of salts, metals and other contaminants in marine

environments that may be affected by mine discharges.

The Queensland Government should determine, as far as possible, the impact of mine discharges during the
2010/2011 wet season on freshwater and marine water quality and fauna and flora.

The Department of Environment and Resource Management should assist mine operators in their
applications for amended environmental authorities to ensure, as far as possible, that each environmental
authority contains a tailored version of Table 4 of the model conditions. The Department of Environment
and Resource Management should provide to mining companies its monitoring data and its suggested
values for Table 4 on the basis of an assessment of the catchment which takes into account the cumulative
effect of different operators’ releases.

Unless the Department of Environment and Resource Management has decided not to permit discharges,
it should assist each mine operator in its application for an environmental authority to ensure, as far as

possible, that each authority includes provisions for discharges during times of heavy rainfall and flood.

The Queensland Government should legislate to clarify the purposes for which a transitional environmental
program can be granted. In particular, if the government considers the transitional environmental program
the appropriate regulatory mechanism to deal with the discharge of water from mines during flood, section
330 of the Environmental Protection Act 1994 should be clarified to make it clear that it extends to that use.

Queensland Floods Commission of Inquiry | Final Report




7]
=)
=}
E=
<
a=]
(=}
(9]
=
g
Q
9]
(]
Yl
-
™
(=}
8.4
(=7
Tﬁ
=)
o v
=
e
=]
-
7]
o=
Q
st
=
(oW
g
Q
@)

24

13.10

13.11

13.12

13.13

13.14

13.15

13.16

13.17

13.18

13.19

The Queensland Government should refine the criteria which must be considered in assessment of
applications for relaxation of environmental authority conditions, by transitional environmental program or
otherwise, in response to flood.

The Queensland Government should consider amending the Environmental Protection Act 1994 so that it
allows for the relaxation of environmental authority conditions, by transitional environmental program or
otherwise, as to discharge of water:

e pre-emptively, in advance of rainfall or flooding events, or

e for all mines in a catchment that is flooding.

The Queensland Government should prepare a procedural guide for officers deciding whether to grant a
relaxation of environmental authority conditions, by transitional environmental program or otherwise, with

guidance as to:

*  the meaning of each criterion
*  examples of the types of things that may be relevant to each criterion

* the priority, if any, to be afforded to different criteria.

The Queensland Government should make public the procedural guide used by Department of
Environment and Resource Management officers to decide whether to grant a transitional environmental
program.

The Queensland Government should consider amending the Environmental Protection Act 1994 to provide a
definition of the term ‘emergency’ for the purposes of section 468 of that Act.

The Queensland Government should make public the procedural guide used by Department of
Environment and Resource Management officers to decide whether to grant an emergency direction.

The Queensland Government should amend the Environmental Protection Act 1994 so as to permit an
emergency direction to be given orally where it is not practicable to provide the direction in writing, with
provision for its subsequent confirmation in writing.

The Queensland Government should determine which of its agencies should take responsibility for the
management of all existing and new abandoned mine sites in Queensland.

The Department of Employment, Economic Development and Innovation should assemble all information
currently available to the abandoned mine land program into a single database. The Queensland
Government should ensure, using whatever information is available, that the list of abandoned mines is as
complete as possible. This should at least include a review of all information held by the Department of
Environment and Resource Management and the Department of Employment, Economic Development
and Innovation.

The Queensland Government should seek information about the size, features and condition of abandoned
mines, including whether the mine or its surrounding environment were adversely affected by flood, from
private landholders who have abandoned mines on their properties.

Chapter 15 Emergency response and other interim report
issues

15.1

Councils should support and encourage business owners to develop private flood evacuation plans by
providing the following to business owners in areas known to be affected by flood:

*  information about the benefits of evacuation plans

e contact details of relevant council and emergency service personnel for inclusion in evacuation plans.
Councils should consider making available to business owners locality specific information that would assist

them to develop evacuation plans for commercial premises, for example, any evacuation sub-plan created
under Emergency Management Queensland’s disaster evacuation guidelines.
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15.3

15.4

15.5

15.6

15.7

15.8

15.9

15.10

15.11

15.12

'The fire service should ensure that station officers are familiar with the procedure for contacting
management when requesting the calling in of additional staff; and, in particular, that they have available
to them the names and current telephone numbers of the officers to be contacted in the first instance, with
alternative contact details in the event that those officers prove unavailable.

The Queensland Fire and Rescue Service should require that each region records in writing the results of its
risk assessment undertaken as part of its annual review of its special operations functional plan.

'The Disaster Management Act 2003 should be amended to give the chief executive of the department
administering the Act (or his or her delegate) the authority to appoint an officer of Emergency Management
Queensland to direct SES operations in extraordinary circumstances.

Emergency Management Queensland, in consultation with councils, should develop a directive that makes
clear the authority of an officer of that agency to command a major SES operation. This could be expected
to occur when a deployment of additional SES members is made to a region because the response needed
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is beyond the capacity of its local units. The directive should make clear the powers of the officer and his

or her reporting responsibilities to disaster managers in these circumstances. Emergency Management
Queensland must also ensure that any officer who assumes such a role has adequate training and skills in the

conduct of disaster operations.

Emergency Management Queensland should ensure its staff, SES members and disaster managers are
familiar with the directive when it is developed.

Emergency Management Queensland, in consultation with councils, should develop clear directives about:

*  the communication and reporting that should take place between the SES and disaster managers,
including in relation to task allocation and completion, once disaster management groups have been
activated

*  the communication and reporting that should take place between the SES and disaster managers,
including in relation to task allocation and completion, once disaster management groups have been
activated

e the process for dealing with requests for assistance that exceed an SES unit’s capacity to respond them

*  the process for seeking extra support for an SES unit that has been overwhelmed by a disaster (whether
by way of Emergency Management Queensland or the disaster management arrangements or both)

*  the role of SES liaison officers in communications with disaster managers about SES disaster operations

*  the role of incident controllers, and their teams, relative to those SES (or Emergency Management
Queensland) personnel charged with the command of SES operations.

Emergency Management Queensland should ensure its staff, SES members and disaster managers are
familiar with the directives it develops in relation to these matters.

Emergency Management Queensland should develop and implement a new formula for the distribution
of its recurrent SES subsidy, which takes into account relevant factors including the size of a local SES
contingent and the population, area and natural hazard risk profile of the local government area concerned.

Emergency Management Queensland should pursue the execution of the ‘Local Arrangements’” with
councils where a Memorandum of Agreement is in place. The contents of the arrangements should be
reviewed and updated regularly.

Emergency Management Queensland should simplify the process by which SES members gain recognition
for prior qualifications so that unnecessary duplication of training can be avoided.
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Chapter 16 Operation of Wivenhoe and Somerset dams

16.1  The Crime and Misconduct Commission should investigate whether the conduct of Mr Tibaldi, Mr Ayre
and Mr Malone relating to:

*  preparation of documents surrounding the January 2011 flood event, including the 17 January
2011 brief to the Minister, the 2 March 2011 flood event report, and statements provided to the

Commission
*  oral testimony given to the Commission
evidences offence/s against the Criminal Code, and/or official misconduct under the Crime and Misconduct

Act 2001 committed by any, or all, of them.

16.2  Seqwater should ensure that proper support and oversight mechanisms are put in place around both the
substantive and procedural aspects of drafting flood event reports. Seqwater should consider engaging
consultants with expertise in the production of reports following significant events to advise on these
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mechanisms. Measures to be considered should include:

*  ensuring appropriate systems are in place to ensure the recollections of flood engineers and other parties
are recorded immediately after the event, perhaps by engaging an external party to interview the flood
engineers and other parties

*  ensuring that a methodology for writing the report is set out clearly in advance, in writing, and that the
final report includes a statement of that methodology

*  putting in place systems to ensure that members of senior management have sufficient understanding
of both the methodology and process by which the report is prepared to allow themselves to be satisfied
that these are appropriate.

16.3  'The Department of Environment and Resource Management should ensure that an independent and
appropriately qualified person immediately starts the task of reviewing the March flood event report to
ensure that the review is completed before the start of the 2012/2013 wet season.

16.4  Seqwater should ensure that any future peer review process:

* is co-ordinated by someone independent of those who wrote the report

e entails the provision of all relevant information to the peer reviewers

e  permits sufficient time for the review

*  documents all contact between those whose actions are under review and the reviewers.

16.5 The Queensland Government should resolve the discrepancy in recorded peak river height for the January
2011 flood of the Brisbane River between the Brisbane City and Port Office gauges.

Chapter 17 Other dam issues

17.1  'The steering committees of the Wivenhoe Dam and Somerset Dam Optimisation Study and the North Pine
Dam Optimisation Study should consider removing the water supply security investigation from each study.

17.2  'The steering committee of the North Pine Dam Optimisation Study should consider whether it would
be beneficial for the floodplain management investigation to be removed from the North Pine Dam
Optimisation Study.

17.3  'The Queensland Government should ensure that, when it considers options for the operational strategies to
be employed at Wivenhoe and Somerset dams, and North Pine Dam, it is presented with a wide range of
options which prioritise differing objectives. The Queensland Government should determine the operational
strategies by considering the implications of each option over a range of flood events for at least:

* inundation of urban and rural areas
*  water supply security
*  dam safety

e  submerging of bridges
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17.4

17.5

17.6

17.7

17.8

17.9

17.10

17.11

17.12

17.13

17.14

e bank slumping and erosion
*  riparian fauna and flora.

Seqwater should, in creating the new Wivenhoe and North Pine flood mitigation manuals, comprehensively

consider:
* the amount of discretion that is able to be exercised by the flood engineers and the senior flood
engineers, and the description of the circumstances in which such discretion may be exercised

e the circumstances in which it might be appropriate to release water in advance of an impending flood
on the basis of forecasts from the Bureau of Meteorology

e if strategies of the form of strategy W2 and W3 in Revision 7 are included in the revised manual, or
any strategy defined as a ‘transition strategy’, when and how those strategies should be implemented

e if the concept of ‘urban inundation’ is relevant to the operation of the dam, how it should be defined,
and if the definition involves diverse concepts, how those concepts can be related back to the strategies,
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so that flood engineers can reach a clear understanding of their objectives and primary considerations

*  if the concept of ‘natural peak flow’ is relevant, how it should be defined.

'The conditions for the use of a particular strategy in all flood mitigation manuals should reflect objective
standards.

The Queensland Government should ensure that all flood mitigation manuals include the requirement that
those operating the dam during flood events hold current registrations as professional engineers.

Seqwater should consider engaging a technical writer to develop completely new manuals after the
operational strategies for Wivenhoe, Somerset and North Pine dams are set by the Queensland Government.

Seqwater should ensure a legal review of the Wivenhoe manual and the North Pine manual is completed
before the manual is submitted for approval.

The Queensland Government should consider whether North Pine Dam should be operated as a flood
mitigation dam when it considers possible operating strategies and full supply levels as part of the longer
term review of the Manual of Operational Procedures for Flood Mitigation at North Pine Dam.

The Queensland Government should amend the Wazer Supply (Safety and Reliability) Act 2008 to designate
the Minister as the person who must approve a flood mitigation manual.

The assessment of flood mitigation manuals should be completed by a person with appropriate expertise
who has had no involvement in its development, at any stage, and who can be seen to be independent of all
individuals who were so involved.

The Queensland Government should continue to assess and review the adequacy of work procedures DS 5.1
and 5.3, having regard to the need for flood mitigation manuals to reflect the will of the executive.

Prior to approving a flood mitigation manual, the Queensland Government should be satisfied that its terms
are expressed in a manner that allows a determination of compliance with it to be made by reference to
objective standards.

The Department of Environment and Resource Management should prepare formal work procedures for
the review of flood event reports created under emergency action plans and flood mitigation manuals. These
should include procedures for:

*  making enquiries with the owners of referable dams that have catchments that have been subject to
heavy rainfall (or where there is other reason to believe the emergency action plan has been triggered) as
to whether the emergency action plans have been triggered

*  reminding owners of referable dams that have had emergency action plans triggered of their obligation

to submit a flood event report

*  upon receipt of a flood event report, reviewing it, identifying any dam safety or other issues or areas
where insufficient detail has been provided, raising those matters with the dam owner or other affected
party and identifying appropriate remedial steps
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17.15

17.16

17.17

17.18

17.19

17.20

17.21

17.22

17.23

17.24

17.25

17.26

17.27

*  raising any issues identified in the report that are beyond the expertise of the Department of
Environment and Resource Management, or are likely to be of particular interest to another body, with
the appropriate body

*  keeping a record of the process and results of the review of the flood event report

* fixing an appropriate timeline for the completion of each of the above steps: the time required may
depend on specific circumstances, but must allow for any potential safety issues to be identified and
remedied efficiently.

As part of the longer term review of the Manual of Operational Procedures for Flood Mitigation at
Wivenhoe Dam and Somerset Dam the Queensland Government should consider whether the dam
operators should be able to extend the drawdown of the lake beyond seven days in order to reduce
downstream bank slumping.

CS Energy should supplement physical monitoring of Splityard Creek Dam with visual monitoring by
installing surveillance cameras or similar devices.

CS Energy and Seqwater should agree upon and adhere to a formal communication protocol that requires
CS Energy personnel to advise Seqwater, through the Flood Operations Centre, of water movements
between Splityard Creck Dam and Wivenhoe Dam or Pryde Creek once a flood event is declared under
the Manual of Operational Procedures for Flood Mitigation at Wivenhoe Dam and Somerset Dam. The
protocol should ensure that a direct line of communication is established between CS Energy personnel
physically located at the power station and the Flood Operations Centre.

The protocol should make provision for the use of telephone and/or radio where communication by email is
not possible. Where necessary, CS Energy and Seqwater should make additional radio equipment available

to relevant personnel.

CS Energy should put in place contingency measures to ensure email and telephone communications at
Wivenhoe Power Station are not entirely dependent on a network located off-site.

CS Energy should review its emergency action plan and business procedures to ensure they are wholly
consistent and give appropriate consideration to flooding as a possible emergency event.

CS Energy should amend its business procedure to remove any ambiguity as to the establishment of
communications with Seqwater and to acknowledge the formal communications protocol regarding releases.

The Queensland Government should consider whether to empower Seqwater, through the flood operations
centre, to direct CS Energy to stop or delay releases from Splityard Creek Dam where a flood event

is declared under the Manual of Operational Procedures for Flood Mitigation at Wivenhoe Dam and
Somerset Dam.

Seqwater should consider commissioning an investigation into the extent of cracking below the level of the
upper gallery of Somerset Dam and the impact of any such cracking on the dam’s stability and, in turn, its
operation.

Seqwater should ensure that the Somerset Dam gallery is not susceptible to flooding during overtopping

events.

The Department of Transport and Main Roads, in conjunction with Brisbane City Council and Somerset
Regional Council, should investigate options for the upgrade of Brisbane River crossings between Wivenhoe
Dam and Colleges Crossing and undertake a cost-benefit analysis of these to determine the outcome which
best serves the public interest.

As part of the longer term review of the Manual of Operational Procedures for Flood Mitigation at
Wivenhoe Dam and Somerset Dam, the Queensland Government should consider the impact of possible
upgrades of bridges downstream of Wivenhoe Dam on different operating strategies for the dam.

Wide Bay Water should, in addition to its usual wet season preparations and maintenance, undertake the
following activities in advance of each wet season:
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17.28

17.29

17.30

17.31

17.32

17.33

17.34

17.35

17.36

e conduct training for personnel on dam operation, including contingency plans for the situation in
which one or more of the gates is inoperable

*  hold meetings of key personnel of Wide Bay Water involved in the operation of the dam during floods,
which:

— in addition to any other matters, inform staff about the current status of the gates, dam operation
strategies and contingency plans for the situation in which one or more of the gates is inoperable

— are recorded in minutes which document the information provided and are made available to all
operational staff.

The Department of Environment and Resource Management should require Wide Bay Water, in advance of
every wet season, to provide details of its expectation as to the operability of the crest gates if a flood occurs,
until such time as all gates have been demonstrated to work as designed.

Toowoomba Regional Council should engage external consultants to carry out failure impact assessments on

(2}
=)
=]
‘2
[y}
=]
=
(P}
=
=
Q
Q
()
S
-
S
=)
g
e~
=
=
S5
(S
(<]
-
A
Q
-
=
o
=
Q
O

the detention basins along East Creek.

Toowoomba Regional Council and the Department of Environment and Resource Management should
continue to co-operate to assess the referable dam status of existing detention basins and any future

detention basins constructed in the West Creek and East Creek catchment areas.

‘The Queensland Government should legislate to oblige each owner of a referable dam to have an emergency
action plan approved by the appropriate Queensland Government agency. Such plans should be reviewed
periodically.

The Queensland Government should, in consultation with the Department of Environment and Resource
Management and Emergency Management Queensland, determine which agency is appropriate to review
and approve emergency action plans for referable dams.

Prior to each wet season, the Department of Environment and Resource Management should audit the
compliance of each owner of a referable dam with the obligation to have an emergency action plan approved
by the Queensland Government.

The Department of Environment and Resource Management should prioritise dam safety audits according
to risk. The risk assessment should be informed by criteria including;

e structure and materials used in construction

e age of the dam

*  time since last inspection

*  occurrence of a flood event since last audit and the size of that flood event

*  population at risk if the dam were to fail

*  experience and capability of dam owner

*  dam owner compliance history

*  time since last audit.

The Department of Environment and Resource Management and Emergency Management Queensland
should ensure that each has copies of current emergency action plans for all dams in Queensland.

The Department of Environment and Resource Management should conduct periodic dam safety
information and education sessions with emergency management personnel including those from
Emergency Management Queensland, local and district disaster management groups and local councils.
Priority should be given to sessions if the Bureau of Meteorology forecasts a wet season with a greater than
50 per cent chance of above median rainfall.
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Preface

The Commission was set up fourteen months ago to enquire into seven matters arising out of the 2010/2011
floods, identified in the terms of reference as: preparation and planning for the floods by governments, agencies
and the community; the adequacy of the response to the floods; management of essential services; the adequacy of
forecasts and early warning systems; insurers’ performance of their responsibilities; the operation of dams; and land
use planning to minimise flood impacts. It was a broad and daunting range of subject matter. Those questions had
to be examined over a very large geographical area, because most of the state was affected; inquiries had to be made
and hearings held in a variety of locations.

The Commission came under criticism towards the end of its term when it had to re-convene to examine whether
the account of operational strategies to which the flood engineers responsible for Wivenhoe Dam had sworn

in hearings was in fact correct. Not all of the criticism was fair, or acknowledged the pressures under which the
Commission was operating, in endeavouring to cover all of its terms of reference in a limited time. It would have
been quite impracticable for the Commission to take all the evidence given on oath before it and check it for
inconsistency against the mountain of documents received. Time simply did not allow that. And the Commission’s
approach across the terms of reference has not been one of seeking to attribute blame; its brief was not to seek out
wrong-doers but, as the Order in Council establishing it specifies, to make recommendations for the improvement
of preparation and planning for future floods and emergency response in natural disasters, as well as for any
legislative change needed. But the need to examine these particular allegations was made all the more acute by the
fact that a commission of this kind is so dependent, given its time constraints, on truthful evidence.

As to how the floods were managed, there is no doubt that they took a state more accustomed to drought by
surprise. Generally, though, Queenslanders can be relieved that governments at all levels were able to provide a
prompt, if not perfect, response, which compares favourably with the apparent paralysis of government agencies and
breakdown in order apparent on the Gulf coast after Hurricane Katrina struck New Orleans.! In Queensland there
was an already existing, coherent emergency management structure, although it had not yet been tested by disaster
of these proportions. Although some councils struggled, there was no breakdown in order, and people came to the
assistance of others.

There is certainly a good deal of room for improvement in planning for emergency response, as the many
recommendations in this report and the interim report demonstrate. But this note of caution must be sounded: the
disastrous floods which struck south-east Queensland in the week of 10 January 2011 were unprecedented, in many
places completely unexpected, and struck at so many points at once that no government could be expected to have
the capacity to respond seamlessly and immediately everywhere, and in all ways needed. A great deal can be done

to improve readiness to deal with disaster generally, but it is impossible that any government could be permanently
ready to come at once to the assistance of everyone needing help in a disaster of that scale and suddenness, unless it
were to maintain a standing force of rescue personnel beyond the present capacity of society to fund.

Even a large dam such as Wivenhoe has a limited flood mitigation capacity when the volume of water entering it
is significantly larger than its storage capacity. Its flood mitigation effect for Brisbane was further limited by the
fact that floodwaters from other parts of the Brisbane River catchment entered the river downstream of the dam,
through the Bremer River and the Lockyer Creek. The flooding in Brisbane and Ipswich could, as Mr Babister’s
study has shown, have been reduced to some degree had the dam had its capacity reduced to 75 per cent prior to
the December rains; but to appreciate what the magnitude of the rain would be and that it would fall in the dam
area would have required a more than human capacity of prediction. What is concerning, though, is the apparent
inertia of government when the possibility was raised.

The Commission has found non-compliance with the manual under which the dam was to be operated. What
should not be overlooked is that the manual itself was ambiguous, unclear and difficult to use, and was not based
on the best, most current research and information. The Commission has made a number of recommendations to
ensure its thorough review, including of the operating strategies contained in it, based on comprehensive scientific
investigations and modelling.

So far as insurance is concerned, the Commission’s terms of reference did not extend to what has emerged as the
major complaint: the fact that many people thought they were insured for flood, but have found that the wording
of their policies actually excludes their claims. It was sensible not to ask the Commission to enquire into the
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problem of definition, because it has already been the subject of two other inquiries. But it meant that the field

of what was to be addressed was limited to insurers’ performance where they were responsible for meeting claims.
Despite the Commission’s efforts to encourage members of the public to provide their accounts, evidence has been
scant, perhaps for reasons which are suggested in the relevant chapter. The Commission has not been prepared

to make sweeping findings on limited evidence. Where ways of managing claims better have emerged from the
evidence, recommendations have been made.

This report has dealt at considerable length with the land planning systems of the State and their application by
councils. In land use planning, attention to flood risk has been ad hoc. The recommendations made are designed
to insert into the land planning system uniform controls which will ensure that the risk of flood is consistently
recognised and planning assessments made with regard to it. Queensland also lacks a coherent approach to
floodplain management; a number of recommendations have been made relating to the need for current and
comprehensive flood studies and flood mapping, particularly in urban areas.

One of the heartening aspects of the Commission’s work has been the many people who took the time and trouble,
whether they were directly affected or not, to write submissions with considered and sincere ideas. Some will be
unhappy that their views were not adopted; but I am genuinely grateful to all who contributed their efforts.

I want to thank counsel assisting and the staff of the Commission for their remarkable efforts, energy and esprit

de corps over a testing year. Staff members in their twenties abandoned their social lives to work absurdly long
hours, oblivious to weekends and public holidays; older Commission officers strained the affections of their families
doing the same. Nothing could have been achieved without the hard work and steadiness of purpose of the four
counsel assisting. And my thanks go also to the Deputy Commissioners for their good humour and patience
through sittings close and far, under all sorts of conditions. Mr O’Sullivan, particularly, made himself available for
community meetings around the state, in the towns he knows well from his long career.

It is hoped that this report and the interim report will serve as a detailed record for the future, of what happened
in the floods and where things went wrong. The areas to which this report is directed are the longer term. Years

of drought did not promote rigour in flood planning, whether in relation to disaster response, dam management
or land use. Complacency about flood prevailed, at least in parts of the state, over many years. And there is a risk
that the recommendations made here will be enthusiastically taken up in the short term, but, absent another flood
disaster in the next few years, priorities will drift and the lessons will be forgotten.

C.E. Holmes
Commissioner

(Endnote)

1 A Failure of Initiative: The Final Report of the Select
Bipartisan Committee to Investigate the Preparation
for and Response to Hurricane Katrina.
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1 Introduction

Prolonged and extensive rainfall over large areas of Queensland, coupled
with already saturated catchments, led to flooding of historic proportions
in Queensland in December 2010, stretching into January 2011.!

Thirty-three people died in the 2010/2011 floods; three remain missing.
More than 78 per cent of the state (an area bigger than France and
Germany combined) was declared a disaster zone; over 2.5 million people
were affected.? Some 29 000 homes and businesses suffered some form
of inundation.’ The Queensland Reconstruction Authority has estimated
that the cost of flooding events will be in excess of $5 billion.*

The scale of the disaster led to the establishment, on 17 January 2011, of
the Commission of Inquiry into the Queensland floods of 2010/2011.

1.1 Report to government

The Queensland Government set the matters that the Commission
must consider as part of its inquiries (the ‘terms of reference’), and
the timeframes in which the Commission must deliver its findings and

recommendations to government.

In accordance with the order establishing it, the Commission provided
the Queensland Government with an interim report on 1 August 2011.
The order originally required the Commission to provide a final report

to the Queensland Government by 17 January 2012. The date for the
final report (this report) was first extended to 24 February 2012 because
of the Commission’s extensive public hearing schedule and the volume of
evidence to be considered; in late January that date was further extended
to 16 March 2012 to allow the Commission to take further evidence in
relation to the dam operation strategies applied at Wivenhoe Dam during
the January 2011 flood event.

The Commission’s interim report focused on those matters that the
Commission had identified as needing to be addressed before the
2011/2012 wet season. In particular, it dealt with preparation and

First day of Inquiry hearings, 11 April 2011 (photo courtesy The Courier-Mail)
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planning for floods and steps needed to ensure an emergency response that would prevent the loss of life and
property. It also recommended that should the Bureau of Meteorology predict with confidence equal to or greater
than 2010’ prediction another wet season of similar proportions, the full supply level of Wivenhoe Dam should be
lowered to 75 per cent in the 2011/2012 wet season (a step which was in fact taken). In all cases, the Commission
sought to identify recommendations that could realistically be put into effect in the short term, but it also made
recommendations about work of such importance that it should be commenced, even if it could not be completed,
before the next wet season.

Given the very short time available to it before the interim report was required to be provided to Government (six
months) the Commission endeavoured to make that report as comprehensive as possible about the operation of
dams, and emergency warnings, preparation, planning and response to floods, including some aspects of managing
the supply of essential services during the 2010/2011 floods.

Some of these issues required further examination and are addressed in this final report. Because the issues of
insurance and land planning were not matters which lent themselves to useful recommendations for the next wet

season, the Commission deferred its consideration of those aspects of its terms of reference to this final report.

1.2 The Commission of Inquiry

The Commission was established under the Commissions of Inquiry Acr 1950 as an independent body with wide-
ranging powers of investigation.

The Honourable Justice Catherine Holmes was appointed as Commissioner to lead the inquiry. Mr James (Jim)
O’Sullivan AC and Mr Phillip Cummins were appointed as Deputy Commissioners to assist her.

Two barristers, Mr Peter Callaghan SC and Ms Elizabeth Wilson SC were first appointed as counsel assisting the
Commission. Later, Ms Kerri Mellifont SC and Ms Nicole Kefford were also appointed as counsel assisting the
Commission. Mr Mark Hinson SC provided advice on aspects of land planning legislation.

Staff of the Commission were drawn from fields of expertise relevant to the Commission’s work including the legal,
policy, research and policing professions. Experts in certain fields were also engaged to provide advice on particular
matters, including hydrology and town planning matters. A list of experts engaged is in Appendix 5.

1.3 The Commission’s work

The Commission’s findings and recommendations in this report and its interim report were the result of an
examination of an enormous amount of information. This information was obtained through a variety of means,
including written submissions, community meetings, material sought from organisations and individuals with
particular knowledge, and public hearings. The Commission sought to ensure it was informed in a balanced way,
receiving the views of the public and those of organisations which played a part in the preparation and response to
the floods, across a range of perspectives from urban and regional areas.

More than 700 written submissions were received. They addressed the entire range of matters into which the

Commission was to inquire.

At the outset of its investigations, the Commission held community consultation sessions in Grantham and
Murphys Creek in the Lockyer Valley. No formal evidence was taken at these meetings; it was a useful way for the
Commission to hear directly from members of the Lockyer Valley community what they regarded as the questions
needing to be considered by the Commission.

The Commissioner and deputies visited the Lockyer Valley twice in January 2011, to see first hand the immediate
effects of the devastating flash flooding that occurred there on 10 January 2011. The Commissioner and deputies
also visited the Wivenhoe and Somerset dams to see them in operation.

Community meetings were held in 16 locations in central, southern and western Queensland. Led by Deputy
Commissioner O’Sullivan, those meetings provided information about how community members could participate
in the inquiry process. Through the community meetings, the Commission identified individuals and organisations
in regional areas from whom it sought further information. Meetings were held before the interim report, and again
after its delivery, when time permitted trips to those communities which could not be visited in the first round. In
total, the Deputy Commissioner and Commission staff, including the Commission’s police investigators, travelled

Queensland Floods Commission of Inquiry | Final Report

33



some 4154 kilometres throughout Queensland in the
course of holding community meetings.

Through the duration of the Commission, community
meetings were held in:

. Jericho

. Alpha

. Chinchilla

. Condamine
. Surat

. Tara

o Rolleston

. Theodore

. Mundubbera
. Gayndah

. Gin Gin

. Taroom

. Charleville

. Roma

. Cunnamulla
. Warwick.

The Commission’s police investigators obtained
information to inform its research by making contact
with communities throughout Queensland which were
directly affected by the 2010/20211 floods and travelling
to regional areas to obtain statements from local people

affected by flooding.

The Commission also used its powers under the
2011 flood height marked on gum tree, Balonne River at Commissions of Inquiry Act 1950 to obtain statements
St George (photo courtesy Gerard Hinchliffe) and documents from members of the public, experts,

public servants and members of non-government
organisations. Some of those individuals were also called
as witnesses in the Commission’s public hearings.

Public hearings were held around the state. The Commission sat for 68 days in total, and 6133 pages of transcripts
of evidence were produced. Thirty-one days of hearings took place before the Commission’s interim report was
delivered. In its second round of hearings, the Commission sat again in Brisbane, Ipswich and Emerald, this

time focusing on land planning and insurance related issues. It also held hearings for the first time in Bundaberg,
Maryborough and Gympie, where it examined, in addition to those issues, the emergency preparation for and
response to the 2010/2011 floods. A third round of hearings was held over a ten day period in early February 2012
to examine allegations of misconduct on the part of flood operations engineers in the application and reporting of
dam operation strategies for Wivenhoe Dam.

Details of the public hearings held over the entire period of the Commission are set out below:

e Brisbane (49 days)

e Toowoomba (5 days)
e Dalby (1 day)

*  Goondiwindi (1 day)
e St George (1 day)

e Ipswich (3 days)
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*  Rockhampton (1 day)
e Emerald (3 days)

*  Bundaberg (2 days)

*  Maryborough (1 day)
*  Gympie (1 day).

'The hearings were held in a range of venues, from town halls to regional court houses. The total number of
witnesses who gave evidence in the Commission’s public hearings was 345: 176 people gave evidence in the first
round of hearings held before the Commission’s interim report, 142 people gave evidence in the second round, and
27 witnesses were called in the third round. (Some of those who gave evidence in the third round had also been
called as witnesses in the first round of hearings).

The Commissioner presided at each of these public hearings, assisted by the two deputy Commissioners, with

the exception of the last part of the public hearings, in which the conduct of Seqwater and its employees in the
reporting of dam operation strategies was in issue. At the Commissioner’s request, Deputy Commissioner Cummins
stood aside on becoming aware that a company for which he had contracted to work after the Commission’s close
had been engaged by Seqwater to be part of a review committee examining technical work completed for the long
term review of the Wivenhoe and North Pine dam manuals. While he remained a Deputy Commissioner, to avoid
any possible perception of a conflict of interest, he did not take any further part in the Commission’s work.

Hearings were open to the public and conducted within a legal framework: witnesses gave evidence and were
cross examined, exhibits were tendered and transcripts prepared. Lifeline counsellors engaged by the Queensland
Government were available to support witnesses before, during and after their appearances before the Commission.

There was no requirement for those involved to have legal representation, although some witnesses chose to seek
permission from the Commission to be legally represented when they appeared at the hearings.

The Commission received a number of applications from individuals and entities seeking leave to appear as parties
in the course of the inquiry. Those whose interests were likely to be affected in an individual, direct and immediate
way by the Commission’s findings or recommendations were given leave to appear, enabling them to challenge
evidence by cross-examination. Appendix 2 sets out the parties who were granted leave to appear as a party to the
proceedings before the Commission.

Those who unsuccessfully sought leave to appear on the basis of a more general interest in the matters the subject
of the inquiry were given other opportunities to put forward their views and information, by way of submission,
formal statement or being called to give evidence.

In the course of its work the Commission has given effect to the principle of natural justice and has given notice to
those whose conduct might be the subject of adverse findings in this and the interim report.

At all times the Commission ensured that its work was as open and accessible as possible to the general public. The
Commission’s website (www.floodcommission.qld.gov.au) provided information about the progress of the inquiry as
well as email, postal and telephone contact details so that anyone, regardless of geographical location, could provide
information or submissions to the Commission. The website also provided live streaming of the public hearings.
Daily transcripts from the public hearings were placed on the website within 24 hours (and in most cases the same
day), so that the public could be kept informed of the Commission’s progress. The website proved a very popular
source of information for people following the inquiry: for example, in the six months from September 2011 to
February 2012, it received over 66 000 visits and nearly 280 000 page views.

Submissions made to the Commission and exhibits tendered as part of the public hearings were also published on
the website, redacted of personal information that would breach an individual’s privacy, or represent a risk to public
safety. Closing submissions made by parties and counsel assisting the Commission on the matters explored in the
third round of hearings will be placed on the website on publication of this report, redacted of any submissions
adverse to a party’s interests about which the Commission did not make a finding. The Commission’s view is that it
would be unfair to publish allegations damaging to reputation which were not in the event substantiated.

The Commission’s interim report and this final report are also available on the Commission’s website.

The Commission has conducted its investigations, community meetings, public hearings and delivered its reports
well within the budget allocated by the Queensland Government.

Queensland Floods Commission of Inquiry | Final Report

35




1.4 Structure of this report

The report begins with an examination of floodplain management (chapter 2), which is, in many respects, at

the heart of the Commission’s inquiry. It covers the range of responses to flood risk that the Commission has
investigated from its inception to this final report: emergency warnings, preparation, planning and response, dams,
levees, and land use planning. This report proposes a fundamental shift in approach; the focus on just one flood,
often the so-called ‘1 in 100 year’ flood, must now be abandoned. Floods come in all sizes; a proper approach to
flood risk will consider them all.

The second part of the report (chapters 3-11) details the results of the Commission’s examination of how local and
regional planning systems can best minimise the impact of floods.

This part of the report commences, in chapter 3, with a summary of the land planning framework and how it
works, covering the Sustainable Planning Act 2009 (the legislation which in most cases governs land planning in
Queensland), the instruments made under it, and how development is assessed. Bearing in mind that land planning
is a complex area of the law, with a peculiar language of its own, the Commission has sought, to the extent possible,
to use language intelligible to those not familiar with the intricacies of planning schemes.

Various aspects of state and local planning instruments are considered in chapters 4 and 5 respectively. Chapter 6,
on ‘satellite’ legislation, explains how some pieces of planning legislation which are independent of the Sustainable
Planning Act 2009 operate.

Some particular challenges which flood-susceptible land presents in planning are considered in chapter 7, including
the problems of storing hazardous materials on a floodplain and isolation of properties by flooding of low-lying
access routes. This chapter also addresses the issue of controls for the development of levees.

How the development assessment process works in practice where flooding is a consideration is detailed, with some

particular case examples, in chapter 8.

Chapter 9 considers the role of building controls in minimising damage caused by flooding through the regulation
of design and construction, and the implications of possible changes to the Queensland Development Code to
regulate building in flood hazard areas.

Chapter 10 provides an overview of the damage caused by the 2010/2011 floods to sewerage, stormwater,
electricity, telecommunications, and roads and rail infrastructure. It considers how damage to essential services

infrastructure can be minimised in future floods, with a particular emphasis on planning and design measures.

Larger-scale measures to mitigate the impact of flooding are examined in chapter 11 Buybacks and land swaps,
including the initiative to rebuild Grantham in the wake of the flash flooding disaster of 10 January 2011.

A significant term of reference not dealt with by the Commission in the interim report is the performance of private
insurers in meeting their claims responsibilities. This is addressed in chapter 12.

The results of the Commission’s investigations into the Queensland Government’s response to flooding at active and
abandoned mine sites are set out in chapter 13.

The Commission, in its interim report, made a number of recommendations designed to avoid a repetition of the
number of flood-related deaths that occurred in the 2010/2011 floods. Chapter 14 of this final report discusses the
circumstances of the flood related deaths, and sets out each finding or recommendation made by the Commission
to address the systemic issues raised by those deaths.

Chapter 15 concerns a variety of matters raised, but not finally dealt with, in the Commission’s interim report:
emergency communications; review of disaster management plans; the Queensland Fire and Rescue Service’s
response to the events of 10 January 2011 and its risk assessment process; the structure and funding of the SES
and local SES attempts at providing a warning to Grantham residents on 10 January; and whether the quarry at
Grantham had any role in the Grantham flooding.

Chapter 16 examines the application and reporting of dam operating strategies for Wivenhoe Dam. In particular,
this chapter examines allegations as to the versions given by Seqwater and its employees of the strategies under
which the dam was operated between 7 January and 11 January 2011; conclusions are reached about what in fact
occurred and recommendations are made accordingly.
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Chapter 17 examines several different aspects of dam operations, including the functioning of some particular
dams, the longer term review of the manual, bank slumping, cracks in Somerset Dam, bridges and crossings near
dams, and some relevant dam functions of DERM.

The recommendations from this report are set out following the Commissioner’s preface. As was the case in the
interim report, particular recommendations are also set out in the chapter to which they relate, preceded by a
discussion of the facts and material relied on in making them. The recommendations made in the Commission’s
interim report are set out in Appendix 3.

1.5 General observations

All topics in the Commission’s interim and final reports are related, in one way or another, to the concept of flood
risk. That is a term capable of more than one meaning; although usually it embodies both likelihood of flooding
and the consequences of flood when it comes. Sometimes, though, it relates only to likelihood. How it is used

in this report depends on context. Where the Commission uses expressions such as ‘susceptible to flooding’,
‘vulnerable to flooding’ or ‘at risk of flooding’ it does not use them in any technical sense; they should be regarded
as having their ordinary meaning.

This report does not attempt to catalogue every action taken in preparing for the 2010/2011 floods; it also does
not attempt to exhaustively examine every development application or insurance claim. While the Commission
did examine particular developments and particular insurance claims, and has set out the results of some of
those investigations in this report, it does so by way of illustration of the issues being examined, as part of the
Commission’s attempt to find a better way of preparing for and responding to floods in the future.

At all times, the Commission has been cognisant of the requirement in its terms of reference to make
recommendations that are ‘appropriate, feasible and cost effective’ to improve the response to any future floods

or other natural disasters. Where the Commission has identified a recommendation that has significant cost
implications, the report details this in the relevant part, and frames the recommendation appropriately. However,
in the time available to it, the Commission has not been in a position to exhaustively seek evidence on the cost of
various alternatives. Instead, it has focussed on making recommendations about what might usefully be achieved.

The recommendations made by the Commission are focussed on flood-related matters, given the significance of
the particular kind of natural disaster experienced in Queensland. However all levels of government, in considering
their response to the recommendations, should consider how they might also be applied in other natural disasters.

(Endnotes)

1 A detailed description of the extent of flooding
across Queensland is set out in the Commission’s
interim report, chapter 1 Summary of weather and
flood events.

2 Queensland Government, Operation
Queenslander: the State Community, Economic
and Environmental Recovery and Reconstruction
Plan, 2011 [p3].

3 Queensland Government, Operation
Queenslander: the State Community, Economic
and Environmental Recovery and Reconstruction
Plan, 2011 [p4].

4 Queensland Government, Operation
Queenslander: the State Community, Economic
and Environmental Recovery and Reconstruction
Plan, 2011 [p4].

5  The full terms of reference for the Commission is

at Appendix 1.
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2 Floodplain management

A floodplain is an area of land adjacent to a creek, river, estuary, lake,
dam or artificial channel, which is subject to inundation by floodwater.'
Most cities and towns in Queensland are located on floodplains.? There
are ample benefits associated with making use of fertile floodplain lands,
but they come with an obvious drawback: by definition, floodplain land
is subject to flooding.

No recommendations made by this Commission, even if implemented by
government, can control the forces of nature. At some time in the future,
parts of Queensland will experience floods of a magnitude as great as, or
greater than, those of the 2010/2011 wet season. Existing science cannot
predict when they will happen, or how severe they will be.

Contemporary society does not countenance a fatalistic approach to
such inevitabilities, even if their occurrence is unpredictable. There is an
expectation that government will act to protect its citizens from disaster,
and that all available science should be applied so that the nature and
extent of the risk is known and appropriate action taken to ameliorate it.

With that in mind, government agencies need to engage in a process of
floodplain management involving a combination of land planning and
building controls, emergency management procedures, and structural
mitigation measures such as levees and dams. This chapter addresses the
preparatory steps government should take to enable the best possible
decisions to be made about floodplain management measures. The
implementation of particular floodplain management measures is
considered in more detail elsewhere in this report and the Commission’s
interim report.’

The most useful scientific exercise currently available to underpin
government’s response to flood risk is a flood study. A flood study is
the scientific investigation of flooding in a particular area, usually the
catchment of a river system. It may involve hydrologic and hydraulic
investigations, and a statistical analysis of the frequency with which
floods have occurred.

Any such process will be only as effective as the science that enables it,
and the reliability of results will necessarily depend upon the quality
of data. There is no single way of performing a flood study. It can be

a simple exercise, or one that is as complex and detailed as resources
will allow. The Commission did not attempt to codify the science and
practice of flood studies. Rather, it convened a panel of experts and
was informed by their consensus as to the status of some existing flood
studies, the procedures that would ideally be involved in future studies,
and the need to reform the way in which essential data is managed.

The experts’ consensus is a good blueprint, but it must be accepted

that it is, for the most part, only governments who can afford to
undertake major flood studies. As much as any government process, the
management of a flood study will be subject to a range of influences.

In this context, it was instructive for the Commission to examine the
history of flood studies in Brisbane and Ipswich over the last 30 years.
‘That examination reinforced the proposition that a flood study is a
scientific exercise, and if the utility of its results is to be maintained
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there is an ever present need for governments to stay abreast of scientific developments, and the possibilities they
create for the refinement and expansion of existing knowledge.

Once completed, a flood study will be useful only if it can be understood by an audience that extends well beyond
the scientific community. To that end, the results can be visually represented in the form of a flood map. A map that
reflects the results of a comprehensive flood study is the most valuable form of flood map, and can usefully inform
important public and commercial decisions. It can demonstrate not just the potential extent of a flood, but also

the risk of its occurrence and the manner in which it might behave. There are, however, other types of flood maps
that can also be useful to governments and individuals, depending on the information required and the resources
available to provide it. The Commission has endorsed a hierarchy of flood maps that might be used by governments

2 Floodplain management

in Queensland, according to their circumstances: see 2.7.3 Assessment of mapping options.

At most, however, a flood map is a theoretical two-dimensional representation of what is likely to be a complex and
dynamic situation involving countless variables. It cannot be assumed that human judgment about such matters will
always be assisted by scientific understanding, or governed by common sense and logic.

For example, the Q100 figure, as represented on a flood map depicting it, is intended to convey the proposition
that, in any given year, there is a 1 per cent chance that the area depicted will be inundated — to some extent — by
floodwater. As the Commission discovered, many members of the public did not understand the term ‘Q100’ in
that way. The very notion that a map depicting a Q100 line was an effective means of communicating the results of
a flood study was challenged.*

This example is just one illustration of why a government’s responsibility does not end with the procurement of

a flood map. The complications involved in preparing for and responding to flood are such that it is desirable for
governments to implement comprehensive floodplain management plans in accordance with principles which have
already been developed for that purpose. By so doing, they might begin to meet the expectation that government
protect its constituents from floods which are yet to be experienced, but which will inevitably occur.

e

Flood damaged property, West End (photo courtesy Paul Rees)
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2.1 Principles of floodplain management

Historically, governments have managed the risks associated with occupying the floodplain in a number of ways,
from ad hoc decision-making based on past experience through to comprehensive planning and emergency response
strategies. Approaches of the former kind are obviously unsatisfactory. Not only do they fail to ensure that a range
of potential flood events is considered, they do not address other factors involved in mitigating the impact of
flooding and responding to it.

In an atcempt to develop a nationally consistent approach to floodplain management, the Standing Committee

on Agriculture and Resource Management® sought to develop a series of best practice guidelines. These guidelines
are set out in its report number 73, Floodplain Management in Australia: best practice principles and guidelines
(2000).¢ The National Flood Risk Advisory Group is currently developing a new floodplain management manual
that will supersede Floodplain Management in Australia. The Commission has been advised that a draft of the
new manual is likely to be finalised by mid-2012. In the meantime, Floodplain Management in Australia is widely
considered to set out the best practice principles for floodplain management.”

According to Floodplain Management in Australia, best practice requires the identification and implementation of
an appropriate mix of four different kinds of floodplain management measures:

*  land use planning controls (for example, zoning requirements to ensure compatibility between land use

and flood risk)
*  building controls (for example, minimum flood levels and flood-proofing)
*  structural measures (for example, flood mitigation works such as the construction of levees)
*  flood emergency measures (for example, flood warning, evacuation and recovery plans).

Determining precisely which measures are appropriate and how best to distribute resources among them can be a
complicated process. With this in mind, Floodplain Management in Australia outlines a series of steps it considers
should be undertaken. This process begins in earnest with the conduct of a flood study.®

Once a flood study has been completed, the relevant government agency (typically a council) will be in a position
to conduct enquiries into the appropriate mix of flood mitigation measures. Where possible, this should be done by
way of a formal floodplain management study and guided by appropriate flood mapping. The conclusions drawn
from those enquiries can then be implemented in accordance with a floodplain management plan, the development
of which is considered in more detail in section 2.6.1 Preparing a floodplain management plan.

2.2 Flood studies

A flood study allows the likelihood of flooding at particular locations as well as the characteristics of each flood,
such as extent of inundation, flow, depth and velocity, to be determined. Flood studies form the foundation upon
which floodplain management measures are builg; it is not possible to adequately manage the risk of flooding if
that risk is not properly understood. There is no single way of doing flood studies: they may be comprehensive or
relatively simple.

Flood studies typically have two main components:

*  ahydrologic study aimed at determining rainfall and associated stream flows in a range of scenarios

e a hydraulic analysis that estimates the behaviour of flood flow (that is, flow rate, velocity, depth and
extent of inundation) as it passes through the floodplain.

Some matters of terminology should be dealt with at the outset. The likelihood of flooding occurring at a particular
point is often described in terms of annual exceedance probability (likelihood that a particular flood flow or height
will be exceeded in any one year) or average recurrence interval (average period in years between floods of a particular
size or greater).” A flood with an annual exceedance probability of 1 per cent has an average recurrence interval of
100." The flood line which represents the extent of such a flood is commonly known as the Q100. In this report,
the Commission will use the term ‘flood with an annual exceedance probability of one per cent or its shortened
form, ‘1% AEP flood’, except where another term may be needed to maintain consistency with the evidence.

The term ‘flood hazard’ is sometimes used to refer to the behaviour or characteristics of floodwaters (that is, velocity,
depth, rate of rise, and length of inundation). However, flood hazard is defined in Floodplain Management in
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Australia as ‘potential loss of life, injury and economic loss caused by future flood events’.! The level of flood hazard
in that sense will vary with a number of factors:
*  flood behaviour (depth, velocity, rate of rise, duration)

*  topography (for example, whether there are evacuation routes, or whether land is surrounded by
floodwater)

* the nature of the population at risk and the types of land use in the flooded area

*  emergency management issues (such as the adequacy of flood forecasting, flood warning and evacuation
plans).'
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A flood study is a scientific investigation; it involves no matters of policy. It can determine the characteristics

of floods with different likelihood of occurring, but cannot determine ‘hazard’; the latter involves qualitative
considerations such as the nature of land use and the efficacy of evacuation plans. Models created during a flood
study can be used to create flood maps — see section 2.7 Flood mapping for land planning controls below.

2.3 A flood study of the Brisbane River catchment
2.3.1 The expert panel

The Commission heard evidence from a panel of experts about flood studies for the Brisbane and Bremer

rivers. Those rivers were of particular interest to the Commission because of the large urban centres — Brisbane

and Ipswich — that flooded in January 2011. The Brisbane River panel included eight experts, who were either
hydrologists or hydraulic engineers: three engaged by the Commission (Dr Rory Nathan, Mr Mark Babister and
Dr Michael Leonard), three engaged by Brisbane City Council (Professor Colin Apelt, Mr Erwin Weinmann and
Mr Drew Bewsher) and one engaged by each of Ipswich City Council (Mr Neil Collins) and the Insurance Council
of Australia (Mr Sharmil Markar). The Bremer River panel comprised the experts engaged by the Commission,

Ipswich City Council and the Insurance Council of Australia.

Expert panel of hydrologists and engineers, Inquiry hearings, 26 October 2011 (photo courtesy The Courier-Mail)

The Commission initially engaged Mr Babister to prepare reports giving his best estimate of the Q100 at certain
points along the Brisbane and Bremer rivers."” The other experts on the panels responded to Mr Babister’s report
with reports of their own.'¥ Before giving evidence in public hearings of the Commission, the experts participated
in a conference with an independent facilitator, Mr Peter Davis SC, and produced a joint expert statement. In that
statement, all experts, including Mr Babister, agreed that his estimate was not an appropriate flood level figure
corresponding to the Q100 because he had not been able to complete a comprehensive flood study.”” (Given the
short timeframes under which the Commission has worked, Mr Babister was given only four weeks to produce

a report;'¢ it represented his best efforts in the time available to him to calculate Q100 without the benefit of a
comprehensive flood study."”) The reports prepared by each expert were critiques of Mr Babister’s methodology and
results. The joint expert statement diverged significantly from that topic. It focussed on the sort of comprehensive
flood study which would be necessary to obtain a sound estimate of the level that would be reached by floods of
different probabilities, such as the Q100.'® The joint expert statement' sets out a blueprint for a best practice flood
study for the Brisbane River catchment.
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2.3.2 A comprehensive study of the Brisbane River catchment

The joint statement of the expert panel recommended that a flood study analyse flood behaviour throughout the
entire Brisbane River catcchment.? That analysis would lead to a determination of the likelihood and characteristics
of flood in Brisbane and Ipswich.? They suggested that such a study should be conducted over a range of possible
floods from the flood with a 50 per cent annual exceedance probability through to the probable maximum flood.*

The experts considered that it would not be appropriate for them to prescribe the methodology for conducting
the flood study, but did recommend that the study should be comprehensive in use of data sources and range of
methodologies.”> Corroboration of results could be obtained by comparing estimates of flow, height, velocity or
depth using different methodologies.**

The proposed data, hydrologic investigations and hydraulic investigations to be used in the study are set out in

the joint expert statement. The joint statement gives no opinion on the exact order in which different pieces of
work should be done, but during public hearings the experts supported an iterative approach to the flood study.”
‘That would involve an initial data collection and hydrologic modelling to arrive at estimates of floods of different
likelihoods. These estimates would not be final figures, but would be used to determine which factors introduced
the most uncertainty. The work would then focus on reducing the uncertainty created by those factors, for example
by refining data sets or creating modelled data, thus producing the best returns from the least effort.”® The process
of data collection, hydrologic and hydraulic modelling set out below is likely to need to be undertaken more than

once.

Dr Nathan gave a rough estimate of the time required to complete the entire study as three years.”” That period
incorporates time spent developing the framework for the completion of the study with all agencies that are to be
involved, including councils and dam operators.?® He estimated the cost of the study in professional fees as in the
‘low numbers of millions’.? He estimated that the first iteration, being the characterisation of the flood risk, would
take between 12 and 18 months.*

1. Collection of data

Significant work is required on data.> The experts recommended the collation of existing data along with any
review or analysis of it, and the collection of further data on historical events. In addition, the study should involve
a fresh analysis and review of data relied upon in previous studies.” The creation of a central repository of flood
study data may assist in this task: see section 2.5.5 Central repository of flood study dara.

The experts concluded that the following data must be used in the flood study:*

* rainfall data including:
—  historical rainfall data (including sub-daily and daily-point rainfall)
—  radar data sets

—  rainfall data, often described as design, synthetic or probabilistic, obtained through the use of
rainfall models. Such data sets are often available from the Bureau of Meteorology and include
information about average depth over catchment, temporal and spatial patterns

*  stream flow, including historical peak, continuous and anecdotal stream flow data, observed flow data
from physical gauging® and rating curves® used at different times in history

e tide levels, including historical and modelled tide levels, astronomical tides and tidal anomalies
* inundation levels and extents during historical floods

*  data about how Wivenhoe Dam and Somerset Dam are operated now and have been operated in the

past, including discharges and levels in historical and modelled events®

¢ modelled, continuous inflow and outflow data for Somerset and Wivenhoe dams to allow an
investigation of the probability of the dam being at certain levels at the start of a flood*”

¢ historical land use conditions

e river channel and floodplain characteristics for hydraulic modelling to be performed in current and
historical conditions, including:

—  topographic data obtained through LIDAR (light detection and ranging, technology that is used to
measure geospatial information) and bathymetry (mapping of river beds)
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—  structures and other development affecting flood flows

—  vegetation on the floodplain

survey data

—  characteristics of the movement of sediment in the Brisbane and Bremer rivers and major tributaries.
Given the iterative nature of the flood study, it would not be necessary for the collection, collation and review of
data to be comprehensive before any further investigations were undertaken. The extent to which this initial data
collection and collation should be completed before commencement of the study is a matter for the judgment of
those carrying out the study.
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2. Preparation of hydrologic models

Hydrologic models convert rain falling over land into flow in a stream.?® Different models are needed for different
catchments. For the Brisbane River catchment, hydrologic models relating at least to Somerset and Wivenhoe dams,
the Lockyer Creek, the Bremer River and the Brisbane River downstream of Wivenhoe Dam will be required.

The expert panel recommended that the hydrologic models be run in what is known as a Monte Carlo framework.”

3. Running hydrologic models in Monte Carlo framework

The benefit of the Monte Carlo framework is that it allows the natural variability of factors which affect flood to be
taken into account.’ It is obvious that there is no single set of conditions that will cause a flood. It is the combined
effect of when, where and the extent to which rain falls, dam levels and saturation of the catchment which causes a
flood, and there may be many different values ascribed to each one of those features.

In the past, some hydrologists have estimated the Q100 flood (or a flood of any exceedance probability) by
assuming that a rainfall event of the same probability will cause such a flood and then modelling the effect of one
such rainfall event. For example, a rainfall event with an annual exceedance probability of one per cent might be
simulated to determine the peak flow which would occur at different points in a river in a 1% AEP flood. Fixed
values have been assigned to all other relevant factors: one saturation factor, one lake level, one spatial and temporal
distribution of the rainfall, and so on. Some studies have analysed more than one rainfall event: for example studies
done for the Brisbane City Council in 2003 addressed seven rainfall events.!

The Monte Carlo framework allows the modelling to be done using thousands of different values** for each of the
factors that produce floods. Looking at all the different values of the different factors, the model can approximate
something like the thousands of possible outcomes. The hydrology expert panel recommended the following factors
be varied in different model runs:

e temporal (the period in which rain falls) and spatial (the area over which it falls) patterns of rainfall
*  saturation of the catchment

e initial water level in dams

*  variability of operating procedures of dams

*  physical limitations on operation of the dams

e tidal conditions

e previous and following rainfall events.®

Some of the factors will not be independent of each other, but will be related in some way. For example, the degree
of saturation in the catchment of the Brisbane River above Wivenhoe and the initial water level in the dams are
both dependent on the amount of rain that has fallen in the catchment in the previous weeks, months and years.
Common sense dictates that when a large amount of rain has fallen, it is more likely that the dams will be full

and the catchment will be saturated. The relationships between factors must be reflected by ascribing mutually
consistent values to them. This correlation between data sets must be determined before the Monte Carlo analysis
can be performed.*

The results of all of those model runs are considered together so that a probability distribution of the peak flow or
volume of floods that could occur from a rainfall event of a particular probability can be developed.®> A probability
distribution is a representation of the likelihood of different outcomes occurring. For example, it may be that the
modelling shows that 4 per cent of the time, a 1% AEP rainfall event will cause a flood with peak flow greater than
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7000 m?/s, or that 15 per cent of the time, a 1% AEDP rainfall event will cause a flood with peak flow greater than
9000 m?/s. The probability distribution will show how likely it is that certain values of flow will be met or exceeded
during a rainfall event of a particular probability.

4. Validation of hydrologic models

The expert panel recommended that the hydrologic models be validated by comparing the results they produce
against observed data from historical floods. Models developed in a Monte Carlo framework, taking into account
natural variability, should reproduce observed flood behaviour and natural variability of outcomes.* In particular, at
key locations, the models should be able to reproduce:

*  hydrograph attenuation (that is, the extent to which a flood is attenuated as it travels downstream by
water’s entering floodplains and natural detention basins or absorbing into soil)

*  probability distribution of the total flood volume produced by rainfall
e probability distribution of the peak flow produced by rainfall

e probability distribution of timing of flows from major tributaries

e natural flood behaviour observed in no dam conditions and current conditions.*

Dr Nathan gave evidence that this reproduction of natural variability might be more important for some factors at
different places in the catchment. His evidence was that the reproduction of volume and peak flow was important
above Wivenhoe and Somerset dams, whereas the reproduction of peak flow was the most important aspect of
validation below the dams.*

The expert panel also recommended validating the hydrologic models by comparing peak flows and flood volumes
obtained through modelling with values obtained through mathematical analysis of the historical flood record.*
That latter technique, called flood frequency analysis, produces estimations of the probabilities of different flood
heights purely from the historical record. Ideally, such an analysis would occur using data over as long a period as
possible; in practice, a flood record of 150 years at the Brisbane Port Office gauge is considered a fairly substantial
period of record.”® Flood frequency analysis uses probability theory to obtain a flood frequency curve for a particular
point on a river. The flood frequency curve can be used to determine a value (usually peak flow or height of the
flood) for floods of different probabilities (say 10 per cent and 5 per cent, through to a small probability, for
example 0.0001 per cent). The results can be compared to the results obtained from the Monte Carlo analysis.

The expert panel recommended that consideration should be given to pooling regional information in the flood
frequency analysis.”' That technique allows observed data from comparable areas to be used as though it occurred
in one place, thereby increasing the amount of data available to analyse.” This method was used by a firm of
consulting engineers and hydrologists, Sinclair Knight Merz, in 2003 to compare and combine data from different
gauges in the Brisbane River,” but could also be employed to incorporate the use of data from rivers on the
Sunshine and Gold coasts.

If the models are not validated, those performing the flood study will need to collect more data and refine the
hydrologic models until they are defensible.

5. Hydraulic modelling

A hydraulic model converts flow in a stream into flood heights, thus allowing assessment of the extent of
inundation.”® The expert panel recommended the use of a hydraulic model to determine flood levels, flows and
extents over the full floodplain surrounding the Brisbane River and its major tributaries downstream of Wivenhoe
Dam.”

The hydraulic model will also identify areas influenced by backwater at the confluence of two streams.*® Backwater
effects occur during flood when an excess of water in the larger waterway prevents water from flowing out of a
tributary, and the tributary ‘backs up’, making flood levels upstream of the confluence higher. This is particularly
important at the confluence of the Bremer and Brisbane rivers, where significant backwater effects have been
observed.” The experts emphasised the need to model that backwater carefully and precisely.>®

The experts considered that there should be one hydraulic model for the whole of the lower Brisbane River area.”
They recommended use of a standard ‘linked one-dimensional two-dimensional model’.®’ That type of model has
some parts which are one-dimensional and assume velocity is constant at different points on the cross section of a
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river. Other parts are two-dimensional and allow for changes in velocity at different depths and positions from the
banks.®! In this way, the model reflects the fact that some parts of a river system are two-dimensional and others,
such as some weirs, are one-dimensional.®

It may be necessary to develop a separate, more detailed model of the interaction at the Bremer-Brisbane
confluence.®

When creating any model, there is a balance to be struck between its complexity and its practicality. One important
indicator of its practicality is the length of time it takes to run.® The experts recommended that attention be given
to that balance, and considered that the model should:
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*  be able to assess historical changes to the river bathymetry

e run quickly enough to allow detailed calibration work and assessment of changes (the expectation being
that hundreds of simulations will be required for this purpose).®

The hydrologists and engineers undertaking the study should also consider the ability of the model to deal with
the movement of sediment and changes in river bed cross sections during flood events as a means of evaluating the
effect of changing river conditions on flood levels.*

The results of the hydraulic modelling can be represented as a probability distribution for flood height, depth or
velocity at different points along the Brisbane River for a range of floods of varying likelihood (for example Q100,
0.5 per cent, 0.001 per cent).

The iterative nature of the entire flood study means there will be some interplay between the hydrologic and
hydraulic modelling. In particular, the experts considered that the rating curves®’ derived for the hydraulic
modelling at different places down the river should be considered in the hydrologic modelling.®®

6. Joint probability considerations

The expert panel identified two areas in which a joint probability analysis was required: the relationships between
floods occurring in the Bremer and Brisbane rivers, and between flooding in the lower Brisbane River and elevated
ocean levels.

A joint probability problem arises for the Bremer-Brisbane relationship because Ipswich can be affected by flooding
in the Bremer River, flooding in the Brisbane River or both.%” The same rainfall event may cause flooding in both
rivers, which means the likelihoods of flooding in each river are linked. A joint probability analysis will determine
the likely flooding in one river given the flooding that is occurring in the other. That can be represented in the form
of a relationship (for example, a curve, such as a rating curve linking flows in the Brisbane with flows in the Bremer)
or in terms of probabilities (for example, that for a given flow in the Brisbane, there is a 90 per cent chance that a
flow above a certain level will be occurring in the Bremer).

No methodology for investigating the joint probability question was prescribed by the hydrology expert panel.”
Those completing the study should seck expert advice as to which approach should be used.

Elevated ocean levels can affect flood heights in Brisbane because it is so close to the mouth of the river.”! One
meteorological condition, such as a cyclone, may cause both flooding in the river and elevated ocean levels.”? The
flood study must, the experts said, consider the interaction between ocean levels and flooding in the Brisbane River
catchment, which will affect both the hydrologic and hydraulic modelling.”

7. Climate change
The experts agreed that the impacts of climate change should be assessed during the study.”

Climate change, and the uncertainties surrounding it, can be taken into account in a Monte Carlo analysis,”
although it has been observed that the uncertainties surrounding climate change are much greater than other
uncertainties in flood studies. Dr Leonard’s opinion was that a Monte Carlo analysis should be completed first
without taking into account climate change; later, steps could be taken to incorporate climate change into the
analysis.”* Guidance may also be found in the joint Queensland Government-Local Government Association of
Queensland Inland Flood Study, completed in 2010, which considered the impacts of climate change.””
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2.3.3 Responsibility for completing the study

The Commission recommends that the Queensland Government and councils should work together to ensure

flood studies are done for all urban areas that do not have current flood information: see recommendations made in
section 2.5.3 Ensuring all urban areas have flood studies, below. Those recommendations apply to the Brisbane River
catchment as to all catchments in Queensland. A particular consideration of the state of the study in Brisbane is
required, because a study which might involve a significant portion of the work now recommended has already been
initiated by the Queensland Government, through Seqwater. That study is called the Wivenhoe Dam and Somerset
Dam Optimisation Study.” The study’s primary aim is to inform the review of the flood mitigation manual
applicable at Wivenhoe and Somerset dams. The Commission’s view is that the flood study of the catchment might
be more efficiently performed outside the confines of the study commenced. That position is further explained in
section 17.1.1 The structure for the completion of the scientific investigations.

That said, it is a matter for the parties involved to determine the structure within which both studies are completed.
The Commission considers that the steering committee of the Optimisation Study should determine whether it is
more effective for the Brisbane River flood study to be completed inside or outside of it.

Whatever is decided, the Commission considers it the responsibility of the councils, Brisbane City Council, Ipswich
City Council and Somerset Regional Council, and the Queensland Government, in accordance with section 2.5,
below, to ensure that a flood study with the characteristics recommended is completed. Those agencies should assess
the work done (if any) within the Optimisation Study to determine whether further work is necessary for the flood
study. If further work is required, that work should be completed on a catchment wide basis in a way determined
by those agencies in accordance with the scheme set up for the completion of flood studies under section 2.5.3
Ensuring all urban areas have flood studies.

IS EE N T I BN BN EEEE EE
Recommendations

2.1  The steering committee of the Wivenhoe Dam and Somerset Dam Optimisation Study should consider
whether it would be more effective for the floodplain management investigation to be removed from the
Wivenhoe Dam and Somerset Dam Optimisation Study.

2.2 Brisbane City Council, Ipswich City Council and Somerset Regional Council and the Queensland
Government should ensure that, as soon as practicable, a flood study of the Brisbane River catchment is
completed in accordance with the process determined by them under recommendation 2.5 and 2.6.

The study should:

*  be comprehensive in terms of the methodologies applied and use different methodologies to
corroborate results

* involve the collation, and creation where appropriate, of the following data:
— rainfall data including historical and design data and radar
— stream flow data
— tide levels
— inundation levels and extents
— data on the operation of Wivenhoe and Somerset dams

— river channel and floodplain characteristics including topography, bathymetry, development and
survey data

e involve determining the correlation between any of the data sets above

e produce suitable hydrologic models run in a Monte Carlo framework, taking account of variability
over the following factors:

— spatial and temporal rainfall patterns
— saturation of the catchment

— initial water level in dams

— effect of operating procedures

— physical limitations on the operation of the dams
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— tidal conditions
— closely occurring rainfall events
e validate hydrologic models to ensure they reproduce:
— observed hydrograph attenuation
— probability distributions of observed values for total flood volume and peak flow
— timing of major tributary flows
— observed flood behaviour under no dams conditions and current conditions
e produce a suitable hydraulic model or models that:

— are able to determine flood heights, extents of inundation, velocities, rate of rise and duration of
inundation for floods of different probabilities

— are able to deal with movement of sediment and changes in river beds during floods
— are able to assess historical changes to river bathymetry
— are able to be run in a short time to allow detailed calibration and assessment work
— characterise the backwater effect at the confluence of the Brisbane and Bremer rivers and other
confluences as appropriate

e involve analysis of the joint probability of floods occurring in the Brisbane and Bremer rivers (and
any other pair of rivers if considered appropriate)

*  be iterative, and obtain a short-term estimate of the characteristics of floods of different probabilities
in all significant locations in the catchment (at least Brisbane City, Ipswich City and at Wivenhoe

Dam) in order to determine the priorities for the rest of the study.

2.3.4 Further investigations required for Ipswich

Once it has received the results of the study to be completed for the entire Brisbane catchment, Ipswich City
Council may require more refined data and mapping to assist it in its floodplain management. The further work
to be done on the Bremer River would naturally follow the Brisbane River study. However, because of the iterative
nature of the Brisbane work, it may be possible to start work on the Bremer River study before the finalisation of
the Brisbane River study.”

Ipswich City Council may require more work to be done in the way of detailed data collection, hydrologic and
hydraulic modelling for the Bremer River and its tributaries than is undertaken in the Brisbane River flood study.
The expert panel recommended the following specific steps for Bremer River hydrologic and hydraulic modelling:

e use of Brisbane River historical flood data as well as data from floods in the Bremer River®

e validation of the hydrologic model against the probability distribution of flood levels obtained from the
historical record at Ipswich.®!' This will be a check on whether the joint probability problem described
above has been solved.??

Dr Nathan indicated that the extra work required for the Bremer River would take a matter of months, not years.®
Dr Leonard gave an estimate of nine to 12 months.** The cost of the Bremer River work would be significantly less
than the Brisbane work.%

Recommendation

2.3 Ipswich City Council should determine whether the results, models and maps produced by the Brisbane
River flood study are sufficient for its floodplain management. If they are not, Ipswich City Council
should ensure appropriate work is done by way of data collection and creation and hydrologic and
hydraulic modelling for use in its floodplain management.
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2.3.5 Effect of the need for a comprehensive flood study on current
planning

The expert panel found that it could not determine whether the most recent Q100 estimates obtained by

86

both Brisbane and Ipswich city councils were appropriate flood level figures,*® because neither was based on a

comprehensive flood study.®”

Neither Brisbane nor Ipswich City Council is presently using its most recent estimate of Q100 in its planning
scheme or temporary local planning instrument. Brisbane City Council uses a ‘defined flood level in its planning
scheme of 3.7 metres at the Port Office gauge, 40 centimetres higher than the most recent estimate of the Q100,
which was set in 2003 at 3.3 metres.® Ipswich City Council’s most recent estimate of Q100 is 15.28 metres at the
David Trumpy Bridge gauge, obtained in a 2006 flood study. That study was completed after the finalisation of the
current Ipswich planning scheme, which sets the flood height corresponding to Q100 at 16.8 metres. That figure
was arrived at by an earlier flood study.

That does not render the correctness or otherwise of the councils’ most recent estimates of Q100 irrelevant. While
Brisbane has moved away from the use of the term Q100, or tying its floor level used for planning controls directly
to an estimate of the Q100, it remains a measure by which the conservatism of the defined flood level is judged. If a
flood study were to return results with a Q100 higher than Brisbane City Council’s defined flood level, the council
is likely, prudently, to reconsider its adherence to that line. Equally, new estimates of the Ipswich Q100 might affect
planning controls in the Ipswich planning scheme.

The flood levels currently used by both councils should not be discarded because of the hydrology expert panel’s
finding. Rather, they should remain in place, in the absence of some exceptional reason, while the comprehensive
flood study is performed and appropriate flood levels and extents are determined. Brisbane City Council has
implemented temporary planning controls that reference the greater of its defined flood level or the 2011 flood
line. Ipswich City Council’s temporary local planning instrument provides for temporary planning controls that
reference equal to the greatest of the defined flood level from its 2006 scheme, and the 1974 and 2011 historical
flood lines. That approach is prudent and should be continued until a comprehensive flood study is completed.®
The use of freeboard” in the Brisbane and Ipswich planning schemes over many years has also been a sensible
measure in the face of uncertainty surrounding Q100 levels.

2.4 Brisbane and Ipswich council procedures

The previous section dealt with what is now required by way of a flood study for the Brisbane River catcchment.
This section deals with the means by which two of the councils within that catchment, Brisbane City Council and
Ipswich City Council, have approached the task of obtaining and using a flood study in the past.

2.4.1 The Brisbane Q100

From 1976 to March 2011, Brisbane City Council had, as the basis for planning controls related to flood, the same
flood level: 3.7 metres at the Port Office gauge.”” In that time, the council received from expert engineers more than
one estimate of the Q100. Estimates ranged between 3.16 metres’® and 5.34 metres™ at the city gauge.

The 3.7 metre level was adopted by the council in 1976 on the basis that it represented the peak height that would
have been reached by the 1974 flood had it been mitigated by Wivenhoe Dam.? The council’s submission states
that it modelled and reviewed flood levels between 1996 and 2003;” that in 2003 an independent expert review
panel found the best estimate of Q100 was 3.3 metres at the city gauge; and that the council subsequently decided
to maintain the defined flood level used for Brisbane’s planning scheme at 3.7 metres.”® As an explanation of the
process by which estimates of the Q100 flood height were obtained, this submission is, while accurate, simplified. It
is easier to distil relevant lessons from the expanded account which follows.

The Sinclair Knight Merz study

The council commissioned Sinclair Knight Merz, consultant engineers, to perform a comprehensive flood study in
1996.”7 The final report was delivered to the council in June 1998.% It gave a best estimate for Q100 at 5.34 metres
at the city gauge,” which was 1.64 metres above the level referred to in the council’s planning controls (at 3.7
metres).
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Internal review

190 the division of the council responsible for flood management policy, received

The manager of Water Resources,
the report. He had a number of concerns related to its methodology,'®! and, after some discussion with council
officers from Water Resources and City Design (a division of the council which provides technical services to policy
divisions) decided to engage an expert in hydrology from Melbourne to review it."”> The terms of reference for the

review were settled by the manager of Water Resources.'”

His concerns were confirmed by the expert’s report, received in December 1998. The expert took issue with Sinclair
Knight Merzs methodology as to the assumption that Wivenhoe and Somerset dams would be at full supply level at
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the start of a flood, the use of aereal reduction factors and the assumption that no water would be lost to the ground

or evaporation.'® Further, he was concerned by the difference in results between the flood estimated by the design
rainfall technique and a flood frequency analysis.'” As a result of those concerns, the expert concluded that Sinclair
Knight Merz’s estimate of the Q100 was probably an overestimate.'® His report otherwise confirmed Sinclair
Knight Merzs approach and methodology as appropriate.’”” The expert made recommendations about the work to
be done in order to deal with the issues he identified.!”®

‘The manager of Water Resources decided to act on those recommendations,'”’

and enlisted City Design to do the
necessary work."'? City Design worked toward satisfying the expert’s recommendations and produced a report in
June 1999 which gave a best estimate of Q100 as 5.0 metres at the Port Office gauge.'"" The manager of Water
Resources, deciding that the report did not adequately address the expert’s concerns,''? commissioned City Design
to perform more work." The unit produced a second report in December 1999 which gave a best estimate of
Q100 as 4.7 metres at the Port Office gauge,'* one metre above the planning control level used by the council. The
manager was still not satisfied with the methodology used and considered the December report still did not meet

115

the expert’s recommendations.'® No decisions were taken in respect of the Q100 or related planning controls in

response to the June or December report: Water Resources considered further work was required.''®

Waiting for data

Officers of Water Resources then decided that the council should approach the study in concert with other
agencies.'” They opened channels of communication with the Department of Natural Resources and Mines,
the Bureau of Meteorology and the South East Queensland Water Corporation.'® A technical workshop was
held involving these agencies in October 2000. The purpose of the workshop was to determine the best practice
methodology that should be adopted for the finalisation of the Brisbane River flood study.'”

At the workshop, a hydrologist from the department drew the attention of the council officers present to a set of
studies then being conducted, in which the department was a participant. They were designed to underpin the
application of new procedures in the recent revision of Australian Rainfall and Runoff to regions of Queensland.
One of those regions was the Wivenhoe Dam catchment. The studies included modelling of likely releases from the
dam if affected by the new design rainfalls.’”® The hydrologist from the department advised the council officers that
he expected the results of the study would include an estimate of the flow of the Q100 flood that was closer to the
council’s current estimate (from pre-1998 studies) than earlier departmental studies.'?! It was anticipated that the
work would be finalised by December 2000.'% The manager of Water Resources decided to put the council’s flood
study on hold and wait for the department’s data to be provided.'*

The department’s data was not provided in December 2000. In fact it was not provided for nearly three years, finally
being made available to the council in June 2003.'* The data was the product of a range of studies conducted by a
large number of partners, which took much longer than expected to be concluded. For current purposes it cannot
be said that any detriment was suffered because of the period of time taken for the data to become available, but the
delay illustrates how flood studies can be frustrated by circumstances outside of the control of the council.'”

Resolution

The Courier-Mail ran a number of articles in June 2003 about the manner in which the council had dealt with
flood study information.'* The June 1999 City Design report had been released to 7he Courier-Mail without the
council’s approval and was the object of public scrutiny.'”’

In July 2003, the council decided to continue the flood study with the new data received from the Department
of Natural Resources and Mines.'*® There was urgency in the council’s approach — it wanted the issue resolved
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quickly."” This was due partly to media attention and public interest'*

passed since the study started in 1996."' The Lord Mayor decided that the results obtained needed to stand up to

and partly to the length of time that had

examination; an independent review panel was viewed as the way to achieve this outcome.'* The manager of Water
Resources commissioned the independent review panel, which was chaired by the same expert who peer reviewed
the 1998 report. The manager of Water Resources also commissioned Sinclair Knight Merz to do the modelling
work for the independent review panel to review.'”®

The independent review panel’s terms of reference included the sentence ‘[e]ven if the Q100 changes from 6,800
m?/s, it is likely that the Development Control Level will remain the same as is currently used in the Brisbane City
Plan’.'*% A senior engineer in the Water Resources Branch who wrote the terms of reference said he intended to
indicate that if the independent review panel found that the Q100 was lower than previously thought, planning
control levels would not be correspondingly lowered.'?

The independent review panel had five weeks to deliver its report.'* It did no substantive modelling, but reviewed
results provided to it by Sinclair Knight Merz.'¥” The consultants from Sinclair Knight Merz were given between
one and two months to produce draft reports to be reviewed by the panel.'*® They were not to produce new models,
but to use those created in the 1996 to 1998 study.'* The manager of Water Resources gave evidence that he ‘would
have asked them how long it would take to feed the new data and information into the models."® No consideration
was given as to whether the 1998 models remained appropriate. The independent review panel was involved in
setting the scope of the work to be conducted by Sinclair Knight Merz.'*!

The prospect of performing a Monte Carlo analysis to deal with uncertainty was raised during the study. At a project
meeting attended by the independent review panel and representatives of Sinclair Knight Merz and Brisbane City
Council on 14 August 2003, it was estimated that such an analysis would at least require six weeks of work to convert
the hydrologic models. This amount of time was considered to be ‘too long’.!*? Draft reports provided to the panel
were dated 8 and 28 August 2003. In the draft reports, and in the final report in December 2003, Sinclair Knight Merz
outlined the sources of uncertainty and recommended that a Monte Carlo analysis be performed in the future.'#

Presenting results to full council

The independent review panel delivered its report to the council on 3 September 2003, seven days after the second
draft report was received. The panel determined that the best estimate of the Q100 was 3.3 metres at the city gauge,
corresponding to a flow of 6000 m?/s. The panel gave a range of uncertainty around those estimates, putting the
possible values between 2.8 and 3.8 metres and 5000 and 7000 m*/s.'%

The independent review panel report recognised the inevitable uncertainty that attaches to estimates of the flow or
height of a flood of a particular probability.'*® This remaining uncertainty arose in a number of areas including: the
accuracy of rating curves; the relationships between, on the one hand, the occurrence of flood-producing storms

146 and the choice of particular

and saturation of the catchment, and, on the other, storm occurrence and dam levels;
spatial and temporal patterns for the storms used to model the Q100 flow. As to the last point, the panel said that
a different estimate of the Q100 might be obtained by the use of different storms. That, the panel said, could be

resolved by a full Monte Carlo analysis.'"”
Having made those observations in the body of the report, the panel gave its conclusions in the following terms:

The panel notes that the current ‘best estimates’ of Q100 and of the corresponding flood level at the Port
Office, provide a sufficient basis for a decision on whether the currently accepted flood levels are broadly
acceptable. However, for general flood risk assessments and risk-based flood management decision, more
refined flood frequency estimates will ultimately be required.!®®

The report contained five suggested areas of future work. The panel ‘strongly recommend[ed]’ that a Monte Carlo

analysis be performed ‘as Council moves towards a risk-based approach to flood management’.'¥

Water Resources prepared a memorandum to civic cabinet, recommending that the independent review panel’s
best estimate of Q100 of 6000 m?/s and 3.3 metres at the city gauge be accepted, but that the planning control

150 The memorandum reasoned that the current level of 3.7 metres was within the

level be maintained at 3.7 metres.
range suggested by the independent review panel for Q100."! It noted that there was uncertainty arising from the
methods used to estimate flows and heights and climate variability.'” There was no reference in the memorandum

to the foreshadowed requirement for more refined estimates of the Q100 if the council were to make risk-based
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flood management decisions.”® Nor was there reference to the recommendation for Monte Carlo analysis. That is
unfortunate. Council officers and elected members should be cognisant of the uncertainties involved in any flood
estimate, and make decisions with that in mind."

The draft resolution had the effect of accepting the independent review panel’s best estimate of Q100 flow as 6000
m?/s and determining that the planning control level of 3.7 metres was still ‘the most appropriate level’.’”> The
draft resolution was recommended to full council by civic cabinet and then adopted by the council on 2 December
2003."¢ The council decided to adopt the ‘defined flood level’” terminology for this planning control level, moving

away from the use of the term Q100."7
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Reports received after the decision was made

The reports provided by Sinclair Knight Merz to the independent review panel were drafts. The final report of the
2003 investigations was delivered in December 2003. It determined the best estimate of Q100 to be 3.51 metres at
the city gauge and 6500 m?/s. The range of uncertainty was 2.76 metres to 4.41 metres and 5000 to 7000 m?/s.'
After further calibration of the hydraulic model, Sinclair Knight Merz provided another estimate of Q100 in
February 2004, of 3.16 metres."”’

There is no evidence that these figures were ever provided to the relevant council committee, the chief executive

or the full council. The present manager of the Water Resources Branch, who had reviewed the files, said that no
decisions were made as to giving briefings to councillors about the December 2003 report because ‘decisions had
been made in reliance on the Panel (2003)’.'*° The former manager said he would only have put information in
front of council if they had to make a decision on it; for example, if the report had suggested the council needed to
revisit the Q100.1!

The Commission considers that elected representatives should be informed of the results of all flood studies
completed for a council. See, further, section 2.5.4 Commissioning, assessment and use of flood studies.

Recommendations for future work

'The 2003 reports of Sinclair Knight Merz and the independent review panel made recommendations for work
that should be completed. One recommendation that has gained prominence, given the recommendations of the
Commission’s expert panel, is the recommendation to perform a Monte Carlo analysis.

Water Resources officers decided not to proceed with the Monte Carlo analysis. There were two reasons given to
the Commission for the decision. First, the council’s planning control level was at the top of the range for the
Q100 produced by the independent review panel.'®* Second, Water Resources, after consultation with City Design,

16

decided the Monte Carlo methodology was not sufficiently developed to be used immediately.’® Some members

of the independent review panel had advised council officers in 2003 that the recommendation went beyond best

practice.'®

The expert panel members who gave evidence before the Commission expressed varying views as to whether the
Monte Carlo method was an appropriate method to incorporate into a flood study in 2003, and if not, at what

16

time it was appropriate.'® Most agreed with Dr Nathan’s observation that hydrologists are better placed to conduct

a Monte Carlo analysis in 2011 than they were ten years ago.'® Reference was made to the improvements in

17 increased understanding of radar,'®® and the benefit of data gained

computing power between 2003 and 2011,
from the 2011 flood.'”” Others said it was feasible in 2003, but on a lesser scale than that possible with current

technology.'”®

The question as to when use of the Monte Carlo method might become appropriate was left unasked by the

council,'”!

which had no formal procedure in place to track the progress of such methodology."”? The council has
not, since 2003, implemented the recommendation to perform a Monte Carlo analysis, although it has completed

other flood risk management investigations.'”

In any case, the implementation of the technique is now supported by the whole of the Commission’s expert panel
and recommended by the Commission. See recommendation 2.2 above.
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2.4.2 The Ipswich Q100

The Commission asked Ipswich City Council about flood studies completed since 2000. Due to changes in
personnel at the council, it was unable to provide detailed information about how decisions were made regarding
each flood study, 7 but it confirmed the accuracy of a chronology provided by Mr Mark Babister in his Flood
Frequency Report on the Bremer River.'”

Inextricably intertwined with Brisbane

As stated above in section 2.3.4 Further investigations for Ipswich, the Bremer River flooding issues are a subset of the
issues to be addressed in flood studies of the Brisbane River. The work done on the Bremer River has often, sensibly,
followed work done by the Brisbane council for the Brisbane River catchment.

Ipswich City Council adopted planning schemes in 2004 and 2006. Both planning schemes include a similar flood
overlay, which depicts the council’s ‘Q20 development line’ (a flood line based on a long standing regulation line)
and the Q100 flood line.'”®

A major study of the Bremer River was performed by Sinclair Knight Merz in 2000."”7 Sinclair Knight Merz used
models produced during its study for Brisbane City Council between 1996 and 1998 to obtain estimates of the
Q100 by modelling the passage of a 1% AEP rainfall event through the Bremer River.'”® The flood levels thus
obtained were compared to flood levels arrived at by performing a flood frequency analysis on the historical record.
The two methods produced levels for the Q100 of 18.65 metres and 18.6 metres respectively at the David Trumpy
Bridge, the main gauge in Ipswich.'”

Those estimates, and other work completed in 2002 by Halliburton KBR for rural areas,'®® were used to create the
flood overlay for the 2004 planning scheme.'s' In 2003, whilst in the process of adopting the planning scheme,
Ipswich City Council found that Brisbane City Council had changed its estimate of the Q100 flow at the Brisbane

city gauge in response to the independent review panel report.'®?

The council decided to amend its overlay so that it was consistent with the independent review panel’s conclusion
that 6000 m?/s was the best estimate of the Q100 level at the Port Office gauge in Brisbane.'®® The council had no
modelling of the extent to which an event in Ipswich would produce that flow. It used, instead, mapping produced
by Sinclair Knight Merz in 2000 based on a 6800 m?/s peak flow at the Brisbane city gauge.'® That map was a
modified version of the Q50 map produced by Sinclair Knight Merz, but Ipswich City Council began using it as

a Q100 map because of the similarity of the peak flow used to create it to Brisbane City Council’s latest estimate
of Q100 flow."®> The flood overlay used in the 2006 scheme reflected only minor amendments from the 2004
scheme.'®

The 2006 studies

Brisbane City Council’s new Q100 flow was not the only new piece of information available to the Ipswich City
Council at the end of 2003. The council was also provided the dam operation and rainfall data assembled by the
Queensland Government, and so long awaited by Brisbane City Council.'"” Funding was obtained for a review and
update of the 2000 Ipswich River flood study, a task performed by Sargent Consulting in 2006. That study had the
following goals:

*  to develop a refined version of the council’s hydrologic model to account for the new information
received

* o use stochastic (Monte Carlo) simulation to account for variability in spatial and temporal rainfall
distributions, saturation and dam levels
*  to develop a refined version of the hydraulic model
* o ensure consistency of flood levels and mapping at the border of the Ipswich City Council region and
neighbouring councils’ regions, including that of Brisbane City Council
*  to produce flood mapping and flood overlays for the Ipswich planning scheme.'®®
‘The Monte Carlo analysis performed by Sargent was not of the scale recommended by the Commission’s expert
panel. The complexity of the hydrologic model limited the number of times it could be run: manual entry of data
was required on each occasion.'® As the existing model had been expensive to develop and was used by both the
Brisbane and Ipswich city councils, it was determined that building a new model was not appropriate.'”® The flow
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results obtained for the 1% AEP flood event were 20 to 30 per cent less than those obtained in the 2000 Sinclair
Knight Merz study.”' The Sargent estimate of the 1% AEP flood level at the David Trumpy Bridge was 15.28
metres.'”” The new 1% AEP flood flows and heights were not embraced by the other agencies involved in the study
— Brisbane City Council, the Bureau of Meteorology, Seqwater, the Queensland Government, SunWater and Esk
Shire Council."” Those agencies were concerned that the flows and heights were lower than those identified in
previous studies and observed in the catchment.” Further, the results were based on the assumption that significant
storage would be available in the dams at the start of the flood; other agencies did not agree this was appropriate.'”

The results of this study have not been considered for inclusion in a planning scheme, as the current Ipswich
planning scheme was finalised before the results were received.
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Joint probability

The joint probability problem at Ipswich concerns the relationship between floods occurring in the Bremer River
and the Brisbane River at the same time. As has been stated, Ipswich City Council’s flood estimates should sensibly
be attuned to work done on the Brisbane River. The recent history indicates just how dependent the council has
been on results from Brisbane River studies.

Generally, modelling commissioned by Brisbane and Ipswich city councils has made assumptions about the
magnitude of the flood that is likely to occur in the Brisbane River when a flood is occurring in the Bremer River.'
For example, some have assumed a 5% AEP flood in the Brisbane and a 1% AEP flood in the Bremer to estimate
flood heights in Ipswich."”

The Commission’s expert panel recommended that a joint probability analysis should be done in a comprehensive
Bremer River flood study.'”® Just as saturation and dam levels are likely to be related, so are floods occurring in

the Bremer and the Brisbane rivers. Their headwaters are close; one storm system could be responsible, as it was in
2011, for producing floods in each. To adopt a process of assumption about the type of flood that occurs in each is
too simplistic an approach; it is not a realistic reflection of what actually occurs. The correlation between the two
variables must be investigated.

The result of that investigation will be a set of probability distributions of the flow that is likely to occur in one

river, given a particular flow in the other.

The need for a joint probability analysis to be done was identified some time ago. Following the 2003 Brisbane
River studies, Ipswich City Council commissioned a review by Sinclair Knight Merz of Ipswich flood modelling
and overlays. The Sinclair Knight Merz memorandum, received by the council in January 2004, stated that

the coincident flows for the Brisbane and Bremer rivers were significant, but unable to be determined on the
material available. A joint probability approach was suggested.”*® The memorandum recommended further work be
performed, in particular to deal with the joint occurrence of floods issue. It was suggested that such work might be
done in conjunction with Brisbane City Council.*”"

The Sargent study in 2006, in the use of a simplified Monte Carlo framework, investigated the effects of different
spatial variations of rainfall across the entire Brisbane River catcchment. Part of that study involved different
patterns of rainfall over the upper Brisbane River, lower Brisbane River and Bremer River catchments. Variability
between storms over the Bremer and Brisbane rivers was part of the analysis, but the variability was not compared
to the historical variability between floods in the two rivers.?* It did not constitute a rigorous analysis of the joint
probability. The Commission recommends that such an analysis now be implemented: see recommendation 2.2
above.

The future

‘The next statutory review of the Ipswich planning scheme is due to commence after 2012.2% The results of the
comprehensive flood study now recommended by the Commission’s expert panel are at least three years away.
Ipswich City Council should maintain its temporary flood lines in the interim: see section 5.2 Temporary local
planning instruments. The council should be actively involved in the progress of the work to be done for the
Brisbane River. See section 2.3.3 Responsibility for completing the study, above.
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2.5 The performance of flood studies in Queensland

2.5.1 Catchment wide flood studies

Having considered both the future and the past of the Brisbane and Ipswich City Council Q100 lines, the
Commission’s focus turned to general principles that might be applicable to flood studies around Queensland. Parts
of the expert panels’ joint expert statements are applicable for all catchments. The internal processes of the Brisbane
and Ipswich city councils are a useful starting point from which to make some general points about conducting
flood studies.

Not all parts of Queensland need a comprehensive flood study. Flood studies are expensive and time consuming;
they will be justified only when their results can be used to inform land planning and emergency management
decisions that affect a large number of people. The Commission considers that all urban areas should have access to
the results of a recent flood study.

It is not best practice to conduct a flood study for an urban area alone or even for a local government area. The
performance of individual flood studies for cities and towns can lead to different or imperfect information being
used and inconsistencies in predicted flood levels at local government boundaries. A flood study should be
completed over a whole catchment to encompass the hydrology and hydraulics of all relevant waterways. This
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approach is supported by Floodplain Management in Australia,” the expert panel and more recently by the

Queensland Reconstruction Authority, and a number of submissions to the Commission.?”

Those two concepts — the expense of a flood study and the fact that it would ideally be conducted for a whole
catchment — lead to some difficulty in determining the areas for which flood studies should be initiated. Some
urban areas have current flood studies; others have studies that require updating or expansion. Still others have
never had a flood study completed. Some of those flood studies are a small part of a catchment wide study, while
others have been done on the waterways immediately surrounding the urban area. Some levels of government or
communities within a particular catchment might wish a catcchment wide study to be initiated now, while others
might be happy with the currency of their information.

Requiring the performance of all flood studies over full catchments may involve duplication and unnecessary use of
resources. The entire catchment approach is ideal, but not always practicable.

Recommendation

2.4 A recent flood study should be available for use in floodplain management for every urban area in

Queensland. Where no recent study exists, one should be initiated.

2.5.2 Who should be responsible for the performance of flood studies?

A question which was hotly debated in submissions before the Commission was which level of government should
be charged with conducting flood studies.”® The question entails twin issues: who is best placed to obtain a flood
study from experts and who should fund it.

Councils have, historically, borne the burden of producing flood studies for parts of catchments within their local
government areas. They are the principal entities involved in land use planning, development assessment and
disaster management; they are the primary users of flood maps and are best placed to assess their flood mapping
requirements.””” The completion of flood maps may require detailed information about local river conditions and
previous flooding events.?”® Councils are often the principal custodians of such information, and are best placed to
retrieve any knowledge their residents might have about previous flood levels.

Some councils have received substantial assistance from both state and federal governments. The Queensland
Government has, in 2011, through the Queensland Reconstruction Authority, collected data about floods which
occurred and provided interim floodplain maps to those councils with no mapping. Department of Environment
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and Resource Management (DERM) officers review flood maps that are proposed to be used as a flood overlay in
a planning scheme to determine whether the department has further information, which it makes available,* and
they provide advice and direction to councils on request.’* (DERM does not review the modelling behind a flood
map or consider its appropriateness for use in land planning: see section 4. 1.7 The role of DERM.)

The Commonwealth Government, through Geoscience Australia, is responsible for providing topographic data,
including digital elevation model data and contours.?!" The availability of that information substantially reduces

the cost of completing a flood study and producing a flood map.?'? It also supports projects for the production of
national guidelines.””® Both the Commonwealth and the Queensland governments contribute equally to flood study
projects that have obtained a grant under the Natural Disaster Resilience Program.?'* That program commenced in
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2008 and has allocated approximately half of its $44 million in funds; a portion of those funds have been for flood
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study projects.

It is clear, however, that the current arrangements have not been effective in ensuring the completion of adequate

flood studies across the state.

The Queensland Government submitted that flood studies, and associated mapping, should remain the
responsibility of councils.?'® It says that the lack of flood studies and maps reflects a failure by some councils to
prioritise their completion. It does not deny that some councils are incapable of performing flood studies on their
own, but it points to the provision of technical advice by the Queensland Government to councils through DERM
and the Queensland Reconstruction Authority.?”

Many councils, and their representative body, the Local Government Association of Queensland, on the other
hand, assert that the Queensland Government should play a far greater role than it has in the past.?'® That role,
they say, should entail co-ordinating the conduct of flood studies and the development of flood mapping, as well as
providing funding and technical assistance.?” They indicate that local governments do not have sufficient resources
to undertake flood studies themselves.”® Another argument for state responsibility for, or at least co-ordination of,
flood studies is their catchment wide nature: catchments often extend well beyond local government boundaries.

There are reasonable arguments on both sides of the debate, although one suspects that they are underpinned by a
uniform disinclination to accept the funding burden. The Commission is not in a position to determine how the
three tiers of government — federal, state and local — should allocate their resources. What is clear is that catchment
wide flood studies are needed in many areas, and the three levels of government should co-operate to ensure they
are produced.

2.5.3 Ensuring all urban areas have flood studies

The Commission does not intend to prescribe in detail how the Queensland Government and the councils work
together to ensure flood studies are completed for those urban areas that require it. There are some basic steps that
are required for that process.

First, the urban areas that do not have current flood risk information will need to be identified. Those areas should
be ranked in order of priority depending on their need for the information. This will depend on a number of
factors, including population, date of last flood, date of last flood study and frequency of floods in the historical
record.

Having determined the priorities, flood studies should be conducted, whether catchment wide or on a narrower
basis if appropriate, in those areas that require them within a reasonable time. Decisions will also need to be made
about how those flood studies will be carried out, how each level of government will be involved and from whom
technical and financial resources will be sought to complete the flood studies. One avenue might be to request
assistance from the Commonwealth Government.

Queensland Floods Commission of Inquiry | Final Report




-
=
()
£
(9]
&0
g
<
=

g

]
o,

9
Qo
Qo

y—

=

N

I T T N P E e
Recommendations

2.5 The Queensland Government, in consultation with councils, should determine which urban areas
in Queensland do not have access to flood information from a current flood study. The Queensland
Government should rank those areas in order of priority in accordance with their need for updated flood
information by reference to factors including:
population

b. sophistication of land use planning and emergency management measures already in place in those
areas

c. currency of any flood risk information available to the council
d. approximate frequency of damaging floods in the area according to the historical record.

2.6 By reference to the order of priority determined in accordance with recommendation 2.5, the
Queensland Government and councils should together ensure that the council responsible for each
urban area in Queensland has access to current flood study information. This will include determining:

a. aprocess or processes by which the flood studies will be completed, including the involvement of
the Queensland Government and relevant councils
b. how, and from whom, the necessary technical and financial resources will be obtained

c. areasonable timeframe by which all flood studies required will be completed.

2.5.4 Commissioning, assessment and use of flood studies

A continuing obligation

Flood studies are often performed reactively, undertaken after a large flood or in response to the availability of a new
method or data set.”*! The obligation to maintain up-to-date information is a continuing one: all councils should
ensure they have access to up-to-date flood information and act on it for land planning and disaster management
preparation. How the results of flood studies are used in land planning and emergency management are discussed in
more detail in sections 2.6, 2.7 and 2.8 below.

The decision to commission a flood study

Flood studies should, ideally, be commissioned for whole catchments. As set out above, though, it might be

that a particular urban area needs a flood study immediately whereas others within the catchment have current
information. In that sense, a flood study for an area smaller than an entire catchment might be appropriate in the
short term. In the long term, it would make sense for councils responsible for different areas within a catcchment to
organise their new flood studies to be done together on a catchment wide basis.

Before the start of any flood study, it would be prudent to enquire as to work being done by others in developing
scientific techniques that may be relevant to the study. Enquiries should be made of the Bureau of Meteorology,
DERM, dam operators, surrounding councils and research centres.

The work to be done in a flood study will logically follow any work done by Commonwealth or state agencies such
as the Bureau or DERM.?*? A flood study completed on the best available data or in accordance with the most
recent scientific techniques will be more accurate. On the other hand, there are continuing advances in the ways
information is gathered, data is analysed and modelling is run. It may be that a flood study will be out of date only
a few years after completion. The body conducting the flood study must decide what data or scientific development
is worth waiting for, and when to go ahead with what is currently available. The balance is between accuracy of the
final result and obtaining updated results quickly.

If the decision is made to wait, timelines should be set for the completion of work that is to be done by each agency.
If unexpected delays are encountered during the waiting period, this should be brought to the attention of the chief
executives or elected representatives of all councils involved in the study.
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Initiating the study

Flood studies can be conducted internally within state or local governments or by external consultants. The

people chosen should have the relevant expertise and access to the data, models and local information necessary to
complete it.”? If possible, where data analysed or created by other agencies is to be used, it should be checked by
those performing the flood study.”* The central repository recommended in section 2.5.5 Central repository of flood
study data, should assist in this process.

The decision as to the scope of the flood study will determine many aspects of the results, in particular the level
of certainty which attaches to them. If resources were unlimited, there would undoubtedly be a recent and
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comprehensive flood study for all catchments. As they are not, there must be a balance between the resources to be

expended and the level of certainty of the results.?”® For a catchment wide flood study, decisions will need to made
within each council involved as to how much can be spent from their budgets. Any contribution by state or federal
governments must also be taken into account. Councils should be heavily involved in the determination of the
scope of the work of the study, as they will use the results upon completion. Therefore, all relevant councils should
consider the options for the scope of the flood study and their implications for resources and certainty.

Once a scope of work has been determined, detailed instructions will need to be drafted. This should be done by
persons with technical expertise in hydrology and hydraulics. It should not involve any statement of the likely
planning or emergency management decisions which may flow from decisions of those performing the flood
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study.?? The science should be kept separate from the policy.

Assessment and use of results by councils

Regardless of who completes or funds the flood studies, it will be councils who use the information in them to
make decisions about land planning and emergency management to reduce the flood risk to their communities.
Once a flood study is completed, it is councils who must take responsibility for its assessment and use.

At the end of the flood study, results should be presented to all councils affected. Some councils will have internal
officers skilled in hydrology to review flood study reports.??’ In all cases, council officers should engage in frank
discussion with hydrologists or engineers completing a flood study, to ensure that any limitations and any
uncertainty attaching to its results are clearly understood. Experts must take some responsibility, too, for ensuring
the uncertainties attaching to their results are clearly stated. It was conceded in evidence before the Commission
that hydrologists and engineers have not always done a good job of communicating uncertainty and the
implications of that uncertainty for future decisions.”

If a council is not satisfied with the methodology by which a flood study is completed, an independent review
may be appropriate; although care must be taken not to become mired in an extensive trail of expert reviews and
opinions. Uncertainty and limitations are inevitable;?” they can be factored into the risk management processes that

should be used by councils before acting on the results.

The use to which flood studies are put depends heavily on local circumstances; the Commission can make no
recommendation that has universal application. At the conclusion of each flood study relevant to the council’s
region, it should be presented to the full council. Consideration should be given to the impacts of the result on
current land planning and emergency management arrangements. Council officers can usefully provide information
and advice to assist in those decisions.?”

Recommendations for further work

Where a flood study report makes recommendations for further work, it should be elected representatives

who determine, after receiving risk based advice, whether the further work suggested should be completed.?!

For a catchment wide flood study, it may be the elected representatives from all agencies involved in the flood

study who make the decision together. Officers of state and local governments do, of course, add value by their
recommendations as to whether further work should be completed, but should not be deciding the mactter. This is
the only way to achieve the balance between the public interest in obtaining highly accurate flood levels and the cost
of the resources required to obtain them.

It would be useful for larger councils and the Queensland Government, who may receive many expert reports
with varying recommendations, to create and maintain a database of those recommendations to track their
implementation. If particular recommendations are not able to be immediately implemented because of the state of
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the science, or other investigations that are continuing, steps should be taken to ensure they are acted upon when
practicable.

| B I I B EE B2 B BB
Recommendations

2.7 Asfar as is practicable, councils should maintain up-to-date flood information.
2.8 When commissioning a flood study, the body conducting the study should:

e check whether others, such as surrounding councils which are not involved in the study, dam
operators, the Department of Environment and Resource Management, and the Bureau of
Meteorology, are doing work that may assist the flood study or whether any significant scientific
developments are expected in the near future, and decide whether to delay the study

e discuss the scope of work with the persons to perform the flood study as well as surrounding
councils which are not involved in the study, dam operators, the Department of Environment and
Resource Management, and the Bureau of Meteorology.

2.9 Elected representatives from councils should be informed of the results of each flood study relevant
to the council’s region, and consider the ramifications of the study for land planning and emergency
management.

2.10  Elected representatives from all agencies involved in a flood study should be informed of
recommendations made for future work, and determine, on a risk basis, whether that further work is to
be completed.

2.5.5 Central repository of flood study data

The panel of experts described in section 2.3.1 was frustrated in their consideration of the Brisbane River and
Bremer River Q100 levels by the lack of a central repository for data needed for flood studies. Mr Babister gave
evidence that there were numerous examples of data that was not available to others conducting studies or to him

in his examination of this topic. One example was data created by the Queensland Government in 2003, showing
the attenuation provided by the dams for modelled rainfall events.?* Dr Nathan gave the example of LIDAR data
(high resolution data on the topography of the earth) which allows hydrologists to define the potential of a flood
plain to absorb rainfall, carrying capacity of rivers and the extent of inundation which would be caused by a flood of

a certain height.

The expert panel recommended that a central repository of flood-related data be created, maintained and
updated.?** That recommendation was made in the context of determining what would be required to obtain a
robust estimate of the Q100. The Commission has only considered the appropriate characteristics of the repository
through the prism of what is required for flood studies used in land planning. The repository could be useful for
other agencies or address other data deficiencies. For example, it could be used to provide information to insurers,
or to provide flood maps to the public (see section 2.9 below regarding the provision of information to the public).
Whether the repository is used to fulfil those purposes is a question for those responsible for the repository.

Responsibility for the repository of data

Different suggestions were made as to which agency should be responsible for such a repository. DERM?* and
the Bureau of Meteorology** were nominated, as, more generally, were Queensland®” and Commonwealth
governments.”*® Dr Nathan suggested that councils would be best placed to maintain the repository for their

catchments.?®

Geoscience Australia, a Commonwealth agency, maintains a database of flood studies around Australia. It has
a web portal which allows access to flood studies around Australia.?* The Natural Disaster Insurance Review

report recommended that an agency be created to co-ordinate a national repository of flood risk information."!
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These initiatives might negate the need for a separate repository of data for Queensland. The Commonwealth and
Queensland governments should determine, jointly, whether the repository should be established within those
initiatives or as a separate entity. In any case, they must ensure that the data needed for flood studies is available to
all who might need it.

Contents of the repository of data

At a minimum, the repository should hold the data listed as necessary for the completion of a comprehensive
flood study.*** Some data will simply need to be collated. Other data does not yet exist, and will be created as flood
studies are performed for catchments around Queensland. As those flood studies are performed, the data used or
created from models and the analysis of it should immediately be given to the repository.

The data should be accompanied by the results of any review or analysis of that data.*** The methodology used to
obtain the data should also be specified. That information will assist those using the data to determine how much

reliance should be placed on it.2#

The repository’s records must make it possible to ascertain what the data held was at any particular point in time so

that those subsequently considering work done in reliance on it can understand the basis on which the work was
done.

Where a flood study is to be performed by independent consultants, the obligation for ensuring that all data used or
created is available to the central repository should fall on the council or other body commissioning the study. All
levels of government should contribute to the body of knowledge about floods in Queensland.

Access

The experts considered that the data should be available for access by all agencies involved in the creation and use of
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flood studies;* that would include, at least, the Bureau of Meteorology, dam operators and all levels of government.

A range of issues will need to be considered in the decision as to who should have access to the database: questions
of intellectual property, impacts on land values, insurance prices and liability for incorrect information.?” To deal
with these issues, the agency with responsibility for the repository may need to create contractual arrangements for

the deposit of, and access to, the data.?®

The complexity of such issues should not be allowed to prevent the development of the repository. A repository
would ensure the availability of data to those undertaking flood studies and increase the accuracy of those flood

% an important consideration; on the evidence

studies. At the same time, it should have the effect of reducing costs,
before the Commission, cost is a major obstacle in the way of councils wishing to undertake flood studies. See

section 2.5 The performance of flood studies in Queensland.

B I I B O EE BEBE B BB
Recommendation

2.11 The Queensland Government and Commonwealth Government should ensure the existence and
maintenance of a repository of data of the type used in flood studies. The database should include the
types of data which the expert panel specified as needed for a comprehensive flood study. Councils,
Queensland and Commonwealth Government agencies and dam operators should be able to deposit and
obtain access to data.
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2.6 Using flood studies in floodplain management

Performing flood studies and producing flood maps is of little use unless the information gained is used by
government and provided to others.

Firstly, all levels of government must use effectively the information they have gained. Councils require such
information to impose appropriate planning controls, set minimum floor levels for development of different types
and institute effective emergency management procedures. That may be done under the auspices of a floodplain
management plan. The Queensland Government similarly needs such information, in its case to attend to state-
wide concerns, such as the construction of dams, flood mitigation or the placement of public infrastructure. Those
decisions should be made as part of a floodplain management approach consistent with the best practice principles
outlined in Floodplain Management in Australia.

Secondly, the information should be provided to the public and others with a legitimate need for it. Floodplain
Management in Australia states that communities in areas susceptible to flood should be made aware of the flood
risk to which they are subject.® The focus is on their need to understand emergency management procedures, such
as evacuation, in which they may be involved during a flood.?' The Commission considers that individuals might
also benefit from the provision of information for land planning purposes. Government can do only so much;
individuals’ decisions within the scope of land planning, such as decisions about where and how to build, have an
impact on the resilience of the community to flood: see section 2.9 Distribution of flood information, below.

2.6.1 Preparing a floodplain management plan

Floodplain Management in Australia describes a floodplain management plan as the cornerstone of effective
floodplain management. Such a plan should outline the mix of land planning and building controls, emergency
management plans and structural flood mitigation measures to be employed in a catchment. Decisions as to
the distribution of resources across these types of measures are complex; they require economic, social and

environmental costs and benefits to be weighed against each other.?

Floodplain Management in Australia
recommends that this decision-making process be informed by the results of a floodplain management study. Such
a study involves the identification of people and property at risk of flooding, an assessment of the acceptability of

different levels of flood risk and a consideration of the relative merits of possible management measures.”?

Floodplain Management in Australia recommends that a floodplain management plan should be reviewed at regular
intervals of not more than 10 yearsand after severe flood events.”** There may be significant expenses associated
with the establishment and review of floodplain management plans. In the case of larger, fast-growing regions or
those particularly susceptible to flooding, however, the benefits are likely to outweigh the costs. Those benefits
include reduced risk to human life and public health, improved decision-making in relation to appropriate land
use, integration of land use planning, emergency management and structural floodplain management measures, and

increased community understanding of flood risks.**

2.6.2 Responsibility for floodplain management

The Commission considers that councils should be responsible for the development of floodplain management
plans. Councils are responsible for the imposition of development conditions and have detailed knowledge of
local river conditions and past flood events. They are best positioned to engage in the investigations necessary to
determine the appropriate mix of floodplain management measures.

This is not, however, to say that other government agencies should not play a role in floodplain management.
Floodplain Management in Australia states that the role of state and territory governments is to co-ordinate the

»6 which may involve

implementation of floodplain management plans in accordance with appropriate standards,
providing advice to councils in the areas of planning, hydrology and emergency management. It also notes that

the Commonwealth Government has previously been involved in floodplain management by way of, for example,
financial assistance for the development and implementation of floodplain management plans, flood forecasting by

the Bureau of Meteorology and financial relief to ameliorate the effects of flooding.

Councils’ concerns about their financial and technical ability to produce flood maps are equally applicable to the
creation of floodplain management plans. However, the need for floodplain management plans to integrate a range
of measures (such as planning scheme controls and emergency management planning) that are most appropriately
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administered at a local level requires that councils be primarily responsible for the creation and implementation
of such plans. Many councils may require assistance from higher levels of government to develop floodplain
management plans. All three levels of government should work together to ensure that all councils are able to
adequately manage the flood risk posed in their local areas.

2.6.3 Councils’ floodplain management activities

It appears that many councils had not implemented a comprehensive management plan that accords with
best practice principles as at the 2010/2011 wet season. The best practice principles are just that: they are not
mandatory. And it must be said that there is a vast disparity in size and resources between Queensland’s largest
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and smallest councils. Accordingly, the Commission recognises that it is not possible for all councils to develop

floodplain management plans that adhere with best practice principles in all possible respects.

By no means, however, should this be taken as a suggestion that the best practice principles ought to be discarded.
As discussed above, adherence to the process and principles set out in Floodplain Management in Australia by
developing a single, overarching, floodplain management plan, is likely to result in a more efficient distribution of
resources among various floodplain management measures.

It was not possible for the Commission to engage in a comprehensive review of the floodplain management
measures adopted by each council within the state. Nevertheless, the Commission’s investigations revealed that
councils have implemented a range of useful floodplain management measures.

Brisbane City Council, as Queensland’s (and Australia’s) largest local government has substantial resources and
staff with expertise in the technical disciplines necessary to conduct effective floodplain management.”” As is to
be expected, the council has invested a great deal of resources on flood-related planning and mitigation.?”® The
measures it has implemented provide a useful illustration of the kinds of floodplain management mechanisms that
councils can adopt.

In 2005, for example, Brisbane City Council established the Lord Mayor’s Taskforce on Suburban Flooding.”? The
taskforce was required to consider a range of flood-related issues, with a particular focus on creek and local flooding.
In the years following the release of the taskforce’s report, the council has implemented a range of floodplain

management measures including:

* investigations of flood risk, including undertaking flood studies for a number of creeks, and modelling

the probable maximum flood of the Brisbane River**

e the voluntary home purchase scheme*!
*  drainage works programs®®*

*  emergency management measures including the establishment of a local disaster management group, a
local disaster co-ordination centre, a disaster management plan’® and the development of the ‘Bender’
flood model and the Brisbane River Flood Forecasting System allowing predictions to be made as to the
peak level of flood waters at various locations

* initiatives aimed at informing the community of flood risk, including community awareness and

264

education programs, the provision of free flood maps and FloodWise property reports,” and early

warning alert services regarding the possible impact of creek flooding and severe storms.?®

Brisbane City Council is not the only council taking active steps towards the implementation of an appropriate
range of floodplain management measures. The Rockhampton Regional Council, for example, arranged for a
detailed flood study to be conducted after the 2010/2011 wet season.?*® This flood study included hydrologic and
hydraulic modelling of the impact of 2, 5, 10, 20, 50, 100 average recurrence interval flood events and the probable
maximum flood, as well as a brief consideration of emergency management planning, community awareness, and
planning controls. The study commissioned by Rockhampton Regional Council should not be mistaken for a
comprehensive floodplain management plan, but it is likely to provide a useful foundation from which the council
will be able to develop one.
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Recommendation

2.12 Councils in floodplain areas should, resources allowing, develop comprehensive floodplain management

plans that accord as closely as practicable with best practice principles.

2.7 Flood mapping for land planning controls

There is a variety of land use planning measures councils can employ to manage floodplains. They include devising
appropriate assessment criteria, and determining minimum floor levels for different types of development. Many of
them are dealt with in more detail in chapters 3 to 11 of this report. The Commission’s focus in this chapter is the
production of mapping, a key tool to translate knowledge of flood risk into effective land planning controls.

2.7.1 The absence of flood maps in Queensland

Flood maps are based on the results of flood studies and, by showing information about the extent, likelihood and
characteristics of flooding, as well as its consequences, can form the basis of decisions about the best way to use land
in the floodplain.?®’

There is currently a lack of flood mapping in Queensland planning schemes. A recent report commissioned by the
Queensland Reconstruction Authority in conjunction with the Department of Local Government and Planning
reviewed 127 of Queensland’s 137 planning schemes®*® and established that 80 out of the 127 planning schemes
reviewed (63 per cent) contained no flood-related mapping.*® Of the remaining 47 planning schemes with maps,
only 23.6 per cent were completed in accordance with the guideline to State Planning Policy 1/03: Mitigating the
Adverse Impacts of Flood, Bushfire and Landslide*° It must be recognised that the review assessed the existence of
flood mapping in the context of Queensland planning schemes and is therefore not conclusive as to the proportion
of councils who have created flood maps for other purposes. However, even taking its restricted scope into account,
the review’s conclusions lead the Commission to find that there is, in Queensland, a wholly inadequate level of
flood mapping.

There are two principal reasons for the inadequate level of flood mapping within Queensland:

e There is no requirement that councils undertake flood mapping by the operation of State Planning Policy
1/03, the Sustainable Planning Act 2009, or any other piece of legislation.

e Inalmost every case, creating a comprehensive flood map involves undertaking a detailed flood study: an
expensive, time consuming and technically complex process, beyond the reach of many councils.

2.7.2 The effectiveness of flood maps in land planning

Flood maps are used in the preparation of planning schemes, and the assessment of development applications. As
to the first process, councils need enough information to understand the risk of flooding and to put in place the

271 Decisions

appropriate planning controls to minimise or eradicate the effects of flooding on people and property.
about what controls to put in place, and where they should operate, should be informed by a clear understanding
of the risk of flooding, obtained by reference to information about the chance of flooding, and its potential

consequences for people and property. The second process — the assessment of development applications — usually
requires council assessment officers to have regard to a planning scheme’s flood overlay map. Such maps depict the

land constrained by flooding and to which the council has attached planning controls.

The cost of creating the flood map will almost always be an issue. But employing significant resources is not
always necessary. If development pressures are small and the potential for damage from flooding is minimal, the
costs incurred creating a detailed flood map using a flood study may not be justified.””> However, for towns and
cities with substantial populations, and for areas where development is expected to occur, there is a clear need to
understand where and when flooding will occur, so that its effects can be mitigated.?”

The costs of flood mapping are not only borne by governments. Developers may incur costs too: councils can
require additional flood investigations about the likelihood and behaviour of flooding at a proposed site. Preparing
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this material can be costly, a fact which should be considered when councils engage in the process of determining
the most appropriate map for their purposes.”’

Having regard to the requirements of the land planning system, the Commission has assessed each type of map
against the following criteria:*

1. whether the map allows a proper assessment of flood risk

2. whether the map can be used effectively as an overlay in a planning scheme

whether the map is efficient in terms of the costs incurred by the government (local or state, or both) in

generating the map.
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2.7.3 Assessment of mapping options

Q100

Queensland’s State Planning Policy 1/03: Mitigating the Adverse Impacts of Flood, Bushfire and Landslide requires
planning schemes to nominate a flood event, referred to as a defined flood event, which determines the land subject
to flood-related planning controls.”’¢ Where councils have decided to do so, most have nominated a single flood
event with a 1% AEP (Q100) to govern planning decisions in their area. This is no surprise: the 1% AEP flood has
traditionally been considered the acceptable level of risk for most forms of development in Australia.””

MBRC Q100 Fleod Area
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Moreton Bay Regional Council Q100 flood areas at Caboolture
Source: Statement of Chris Warren, Moreton Bay Regional Council, 12 September 2011

This focus on the Q100 and one defined flood event should not continue. Q100 represents only one possible flood.
Reliance on a single defined flood event contains this limitation: there are only two areas by reference to which
planning controls relevant to flood can be set — the area inside, and the area outside the line depicting the extent of
the flood. Restricting development within the extent of the 1% AEP flood will manage a portion of the risk,””® but
it does not deal with the risk of floods that are less frequent, but more severe, or those that will occur more often,
but with less damaging consequences.””’ Instead, the various areas to which planning controls apply should be
selected having regard to the likelihood, behaviour and consequences of the full range of possible floods, up to and
including the probable maximum flood.*®
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The case of Ipswich is instructive. Flood levels in the Bremer River can vary dramatically. Several members of the
expert panel sought to emphasise that in Ipswich the consequences of a flood greater than a 1% AEP could be
devastating, and far graver than would be experienced by Brisbane should a flood of the same probability occur. In
cases such as Ipswich’s, it is vitally important to have an understanding of floods greater than a 1% AEP flood and
to put in place the appropriate controls.

It would appear that, having received the Commission’s draft findings to this effect, the Queensland Government
has acknowledged the need for this shift in approach to planning; as is apparent from the Queensland
Reconstruction Authority’s draft guidelines released for public consultation in January 2012, Planning for stronger,
more resilient floodplains: Part 2 - Measures to support floodplain management in future planning schemes.

Once a council has a current flood study with a hydraulic model it can produce a map showing flood likelihood and
behaviour without incurring significant costs.

Likelihood and behaviour mapping

A flood behaviour map shows information as to likelihood of flooding in particular locations, and the characteristics
of the flood, such as velocity, rate of rise and depth. Likelihood is often indicated by lines showing the extent of
floods of different likelihoods. The characteristics of a flood can be shown in zones.

A map showing both likelihood and behaviour is best practice. It is supported by Floodplain Management in
Australia,”® State Planning Policy 1/03*** and expert land planners engaged by the Commission.?® It allows the risk
of flooding to be understood across the full spectrum of floods, thus enabling the appropriate flood-related planning
controls to be used in development assessment.?®* Those controls can differ between different zones of risk’, taking
into account the likelihood of flooding alone, the behaviour of flooding alone, or the combination of likelihood and
behaviour.?®

Given the wide range of information Emerald Township -January 2008 Flood
depicted, it is unsurprising that a flood . -

A

behaviour map is the most expensive map

to produce. Most hydraulic models created
during a flood study can produce maps which
show likelihood or behaviour. Simpler models
may not be able to produce behaviour data
accurately; if a council intends to obtain a
flood behaviour map, the base model should
be chosen with that in mind.?*® The behaviour
maps produced by such a model will each

be for a flood of a particular probability. The
council will then have a sheaf of maps, each
relevant to a flood of a particular likelihood.
Using all those maps might be useful in an
emergency management context, as it is not
always clear at the start of a flood how large it

will be.

However, for use in a planning scheme,
councils will have to choose how to aggregate
the information obtained from the model.
Detailed information about the likelihood of
flooding, and its characteristics, or the use of
many maps, may prove too complicated for a

planning scheme.” The Commission heard

from two expert town planners on this point; @ - e

each suggested that limiting the information

depicted on the map to two or three ‘hazard’
Central Highlands Regional Council Emerald 2008 flood map

Source: Attachment to statutory declaration of Luke Lankowski, Central
Highlands Regional Council, 1 September 2011

categories — ‘low’, and ‘high’, with ‘medium’
as the additional option — would suffice for
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land planning purposes.?®® A council will have to make qualitative judgments on a risk basis as to the zones it wants
to show on its map, having regard to the particular planning controls that might attach to each.”® Floodplain
Management in Australia offers some guidance about the type of flood behaviour which could define these hazard
categories. For example, ‘high hazard’ is characterised by flood depths of up to 1.0 metre and velocities of up to

1.5 metres per second.”” How that information is combined with information about likelihood is a decision for
councils. The Queensland Reconstruction Authority, in its draft guideline, Planning for stronger, more resilient
Sfloodplains: Part 2 - Measures to support floodplain management in future planning schemes, released in January 2012
also supports the approach of three ‘hazard’ categories and provides some guidance about how a council may classify
land for planning purposes.
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To date, this approach to flood mapping has rarely been undertaken in Queensland,”" although the Commission

is aware of flood mapping conducted for the Rockhampton Regional Council which has produced separate maps
showing flood velocity, flood depth and flood ‘hazard’ — the latter being a combination of velocity and depth.*?

The Commission notes that the Victorian planning system requires planning schemes to nominate certain flood-
related zones — urban floodway zone, floodway overlay, land subject to inundation overlay and special building
overlay. These zones are differentiated in terms of the flood behaviour in those areas. Different planning controls
apply within each zone. For example, land that conveys floodwaters in areas where the flood risk is high because of
existing or contemplated development, are designated as being in the ‘urban floodway zone’. Within this zone, most
land uses are prohibited.?®® Such maps may be appropriate for use in Queensland.

Likelihood maps

A flood likelihood map is a map showing the extent of floods of several different probabilities, for example, a 0.5%
AEP flood (Q200), a 1% AEP flood (Q100) and a 5% AEP flood (Q20). Each flood extent is represented by a line
on the map.?* While such a map does not show information about the behaviour of flooding, it at least shows the
frequency with which parts of the floodplain are subject to inundation. That allows planning controls to be attached
to more than one zone, for example: development in areas shown to flood with greater frequency should be subject
to stricter planning controls. By allowing multiple zones of planning control to be established, it is closer to best
practice than the approach — currently supported by State Planning Policy 1/03 — of mapping a single defined flood

event.””

Maps of floods of several different annual exceedance probabilities offer a judicious substitute for flood behaviour
mapping®® and, because they often demand less sophisticated flood modelling for its creation, may be more easily
attained. It should require little further work or expense to produce once a flood study that produces a hydraulic
model has been completed; the model itself can produce a map capable of being inserted into a planning scheme.?”

Historical flood maps

A historical flood map shows the extent of a particular flood that has occurred in the past. It may simply be an
aerial photograph of that flood. For instance, the 2010/2011 floods were captured by high definition photographs
obtained by DERM in the days and weeks after flood peaks.””® Maps were then created by cartographers who
determined the maximum extent of the flood from water and debris marks and by reference to information from
local residents. Historical flood maps can also be derived from recorded data — such as stream gauge heights and

29

peak recorded flood levels — and photographs and personal accounts of historic floods.””” Recorded data from an

historical event, such as gauge heights, could also be run through a hydraulic model to determine its extent.

Maps of historical floods can be used as defined flood events in planning schemes. These maps are attended by the
same problems as a map of a certain defined flood event — such as a 1% AEP flood — in that they restrict planning
controls to differentiation between only two zones (outside and within the extent of the historical flood).

Caution must be exercised when using historical maps to make decisions about land planning. How likely it is
that a flood will occur is an important factor in determining what flood-related land planning controls should
be put in place.’® Historical flood maps cannot convey information about likelihood, unless they incorporate
further information such as that produced by a flood frequency analysis. State Planning Policy 1/03 attempts to
deal with this problem: it recommends that a council perform a flood frequency analysis and estimate the extent
of inundation that would be experienced should a flood similar to the historical flood event reoccur by assessing
changes to the floodplain.**' The Commission supports councils’ taking such steps before using historical flood
events to regulate development in their regions.
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The cost of preparing a map of an historical event will likely be lower than a flood map of behaviour and likelihood,
or even just likelihood. Councils may choose to use the Queensland Reconstruction Authority’s maps of the
2010/2011 flood. Additional costs are likely to be incurred conducting further analysis to determine the historical
flood’s likelihood of recurrence.

Queensland Reconstruction Authority maps

The Queensland Reconstruction Authority has created a set of maps titled ‘Interim Floodplain Assessment Overlays’
that are intended to have a role in Queensland’s planning schemes. These maps are part of a broader project
undertaken by the Queensland Reconstruction Authority which also includes the creation of the Temporary State
Planning Policy 2/11: Planning for stronger, more resilient floodplains and is supported by a guideline. The operation
of the Temporary State Planning Policy is discussed in more detail in section 4.2 Temporary state planning policy.

These maps were created using satellite imagery of individual sub-basins and imposing the locations of towns and

gauging stations onto the image. Ordered drainage data,** contour data®® and the 2010/2011 flood line were also
layered onto the satellite image, as was the ‘floodplain data set’, which comprises Pre-clear Vegetation Mapping of
Landzone 3 (Alluvium), Landzone 1 (Estuarine) and SALI (Soil Flooding Limitation Mapping) data.?*

Through the use of these data sets, the maps depict areas of soil and vegetation characteristics compatible with the

39 adjusted to take into

land having been previously inundated by floodwaters, at some unknown point in history,
account current contour information®” and the 2010/2011 flood line.**” The hard copy maps identify the locations
of gauging stations, the expectation being that the user can then make inquiries as to the range of flood levels

recorded at any particular gauge.’*
Assessment of flood risk

The interim floodplain maps do not depict an annual exceedance probability, nor do they provide any information
about the risk or probability of flooding occurring in the future, or the frequency with which flooding has occurred
in the past.>” The maps’ failure to show at least the likelihood of flooding means that they are, like historical flood
maps without further analysis, of limited use in determining appropriate land planning controls.

The maps are expected to be refined by councils,’® by reference to existing flood studies, records, photographs and
local knowledge.®"" The authority has noted that, in some cases, where the process of local validation has occurred
there is a correlation between the interim floodplain line and the results of flood studies.*'? However, as one council
engineer observed, any correlation ‘defies logic’;"? it is not a reason to support the use of the maps in a land

planning context.
Use of the maps in planning schemes

According to the Queensland Reconstruction Authority, applicants, or councils, can obtain details of the highest
recorded flood levels for the gauging stations identified on the map, and use this information to determine
appropriate minimum floor levels.?'* Again, however, this process gives no indication of the likelihood of flooding,
and it remains necessary to establish how the highest historical flood level translates to a potential flood level for the

proposed development site.’"

The maps may, the authority suggested, ‘trigger’ further consideration of flood risk on a site specific basis; for
development proposed within the interim floodplain area, the applicant would be expected to demonstrate the
absence of flood risk.?' The Commission considers that the use of the floodplain data set — soil and vegetation
characteristics to identify areas congruent with previous flooding — limits the maps being used in this way. By
incorporating the floodplain data set, even refined by reference to contour lines and the 2010/2011 flood line, the
interim floodplain maps risk capturing too large an area. For several councils, the interim floodplain maps cover
large tracts of their region which had not previously been considered liable to inundation.?"” If a requirement were
imposed on all applications within the extent of the interim floodplain map to provide more detailed, site-specific
information, it could impose an onerous burden on a disproportionately large number of applicants.

The interim floodplain maps are a level above having no flood data at all. By showing topographical information,
the 2010/2011 flood line, and areas which may have been inundated in the past, the maps depict — in the words
of the authority — ‘an area of interest for potential flooding’.?'® Councils may choose to use the maps to determine
areas within their region which require more detailed flood studies and mapping. The guideline produced by the
Queensland Reconstruction Authority contemplates use of the maps in this fashion, asserting that the interim
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floodplain maps ‘provide a framework for communities to decide priorities for more detailed flood studies’.*" The
Commission agrees.

Cost

The Queensland Reconstruction Authority’s interim floodplain maps are freely available for use by councils.
Councils choosing to adopt the maps into their planning scheme will incur little expense. There may, however,

be some costs involved in validating the maps, although the authority has offered to assist councils with fewer
resources to do this. The Commission acknowledges the extensive work that has gone into the interim floodplain
maps. Working with DERM, the Queensland Reconstruction Authority has, over a matter of months, created maps
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covering most of Queensland.’® Even were resources available, it would have been impossible, in the timeframes
321

imposed on the Authority, to collate the data required to map flood risk across the entire state.

Creating a flood map from topography information

It is important that the land planning system can accommodate circumstances where the risk of flooding is
unknown.*”? One outcome of the large scale flooding that occurred across Queensland in December 2010 and
January 2011 is that locations in Queensland for which very limited flood data existed now have data — such as
rainfall and streamflow — from a large historical event.

However there will remain areas in Queensland where the likelihood of flood remains unknown. It is important
that those areas are identified, so that it is clear that the absence of information about flooding does not indicate the
absence of flood risk; rather, that it has not been evaluated. The Gladstone planning scheme, for example, uses the
designation of ‘Unknown Extent of Flooding (Lack of Information)” in the flood and storm surge mapping for its 1
per cent annual exceedance probability overlay.

The Commission considers that there are two principal options for councils in this situation:

1. Councils identify, on a map, areas of ‘unknown flood extent’. For development proposed in these areas,
certain basic information of relevance to flooding considerations should accompany every development
application;** for example, information about the elevation of a proposed development and its location
relative to watercourses.*?* Upon assessment of this basic information a council may consider further
information is necessary; if so, it can be sought at a second stage of the development process.*”

2. Councils create maps showing areas with topographical features that indicate some chance (albeit crudely
determined) of flooding. Only those proposing to develop in that area would be required to provide
additional, site based information about flooding. This assessment requires access to information about
a council region’s topography, for example, a contour map. What this kind of map would show might be
referred to as a ‘flood investigation area’.>¢

Both options rely heavily on identifying topographical characteristics synonymous with flooding: this is a
rudimentary approach to assessing flood risk, and should be used only as a last resort.*”” Where councils choose to
produce their own map, they may incur some costs in obtaining the necessary topographical information.

The best flood maps

It is not feasible, nor is it necessary, for sophisticated flood mapping to be completed on a state-wide basis.**®

There are locations where flood mapping is imperative, such as those with a large population and high levels of
development (Ipswich, for example). For locations such as rural areas that are subject to low or no development, the
expense of detailed flood mapping may well outweigh the potential benefits.

The Commission has ranked the flood maps in order of appropriateness for use in land planning:

1. Flood maps which depict both the likelihood of flooding and the characteristics of flooding,.

2. Flood maps which depict a number of different levels of flood likelihood, for example probable
maximum flood, 1 per cent (Q100) and 5 per cent (Q20) and 0.2 per cent (Q500).

3. Q100 maps — flood maps which depict the 1 per cent annual exceedance probability alone.

4. Historical flood maps.

5. Queensland Reconstruction Authority interim floodplain maps.

6. Mapping using topography.
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Recommendations

2.13  For urban areas or areas where development is expected to occur:

a.  councils with the requisite resources should develop a flood map which shows zones of risk’ (at least
three) derived from information about the likelihood and behaviour of flooding

b.  councils without the requisite resources to produce a flood behaviour map should develop a flood
map which shows the extent of floods of a range of likelihoods (at least three).

2.14  For non-urban areas or areas where limited development is expected to occur councils should consider,
on a risk basis, what level of information about flood risk is required for the area, and undertake the
highest ranked of the following options which is appropriate to that need and within the capacities
(financial and technical) of the council:

a. a map showing Zzones of risk’ (at least three) derived from information about the likelihood and
behaviour of flooding
b. a map showing the extent of floods of a range of likelihoods (at least three)

c.  aflood map based on historic flood levels that have been subjected to a flood frequency analysis to
estimate the annual exceedance probability of the selected historical flood

d.  ahistoric flood map without flood frequency analysis

e. the Queensland Reconstruction Authority Interim Floodplain Assessment Overlay as a way to

determine those areas for which further flood studies are required, or

. the Queensland Reconstruction Authority Interim Floodplain Assessment Overlay (preferably
refined using local flood information) as a trigger for development assessment.

2.15  Councils should ensure that areas for which there has been no assessment of the likelihood of flooding

are indicated on a map and that, as part of the development assessment process for these, there is at least
some enquiry into whether a site proposed for development could be subject to flooding.

2.8 Use of flood information in emergency management

The Commission’s interim report made detailed findings and recommendations about emergency management
measures.”” Further comment is provided in this chapter because of the integral role that flood modelling and
flood mapping play in preparing for and responding to a disaster. Emergency management measures are the only
measures available to address the ‘residual risk’ of flooding.*® The residual risk is that faced by the community even
after all structural measures have been built (dams, levees and so on), planning controls put in place and building
standards imposed to guard against flood.**!

The primary aim of emergency management, prior to and during a flood, is to reduce the damage caused by an
actual flood.?* During a flood, this is best achieved by accurately predicting the flooding that will occur, warning
the community and, where necessary and possible, evacuating people and property.* When planning for a
future flood event, it is necessary to have an understanding of the full range of flood events so as to plan for any

eventuality.?*

Clearly, emergency management decision-making would benefit from access to detailed flood maps which show
floods over a range of likelihoods — up to and including the probable maximum flood — as well as the behaviour
of the flooding.?*> These requirements can only be delivered by a flood behaviour map, such as that described in
section 2.7.3 Assessment of mapping options.

While flood maps are an undeniably useful tool for emergency management, during a flood, decision-making is best
informed by the use of a real-time flood model.*** Real-time flood models use current rainfall and river height data
to predict the likely extent of flooding.

During the 2010/2011 floods, the Bureau of Meteorology used a hydrologic forecasting model which collected real-
time rainfall and river level data, and combined that data with forecast rainfall data to make predictions about likely
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flood levels.?” The Bureau communicated its flood level predictions to Queensland’s state disaster coordination
centre, emergency services agencies, local governments and dam operators®*® as well as to the public via the Bureau’s
website and other forms of media, such as the radio. The Bureau’s predictions, in many cases, substantially informed
the emergency measures taken by the government and the community in response to the flooding.’*

As noted in the Commission’s interim report, Brisbane City Council also has such a model — the ‘Bender** —
which it uses during a flood to provide property specific information to the public (through its call centre) and to
determine the majority of response and recovery activities.*! Ipswich City Council expects to make available to
the public a ‘real time’ flood mapping product which the council intends will assist residents to respond to flood
disasters as they happen.®*

-
=)
(P]
g
[P)
on
]
=)
3]
&

g

=

<
Q
=

(a9

@\l

That is not to say that less sophisticated flood modelling and mapping serve no purpose in planning for or

responding to a flood event. The Commission’s interim report described how, during the 2010/2011 floods,
emergency management personnel relied on information about water heights provided by rural landowners living
near watercourses to inform their response.*” Similarly, emergency responses can be informed by reference to

historic floods, which provide a sense of the possible effects of a predicted flood.

2.9 Distribution of flood information

The distribution of flooding information to the community helps people to protect themselves, and their property,
from flooding. During a flood emergency, individuals require property specific flood information to understand
their own risk of flooding; and, if they are at risk, whether and when to evacuate. Individuals also use flood
information to make decisions about whether to undertake a certain development or purchase a property or
business.

Information provided to the public may take the form of general flood information, such as a map showing the
likely extent of flooding for a whole city, or it may be property specific information which sets out flood heights for
a particular property.

2.9.1 Providing flood information and mapping to the public

Mapping for use by the public should provide information that is useful to them in their decisions about land
planning and response to an emergency. That should include information about the likelihood of flooding at a
particular place, its depth, and the level of hazard to persons and property posed by it.

The usefulness of a particular map to the public mirrors its usefulness in a planning scheme; those that show little
in the way of likelihood of flooding or deal with only one flood event are of less use than those that deal with the
likelihood and behaviour of a full range of floods. A point of difference is the need for the public to know depth of
flooding. Planning scheme maps may show the extent of flooding, but are unlikely to contain information about
depth. However, flood levels are important to members of the public because they directly relate to the amount of
damage caused to property; it would be helpful for maps showing depth to be publicly available.

Maps should not be provided without explanation; a map that provides behaviour and likelihood information

is unlikely to be easily understood without guidance. An appropriate measure is to include with the map an
explanatory note.*** Any explanatory note should, to be understandable, avoid confusing terminology such as
Q100.** The Commission heard evidence that some people whose property was above the Q100 level thought they

were ‘safe’ from flooding; 3%

others thought that floods would occur only once every 100 years. The Commission
considers the best approach is to describe likelihood of flood in terms of annual exceedance probability as a
percentage. That, at least, makes clear that every year there is a chance of flood 