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Foreward

Foreword
Moree’s flood plains are some of its greatest natural assets, but living with the ever
present flood risk presents some challenges for all of us. In periods of drought, it is easy
to forget that the town was ever subject to flooding. However, history tells us that large
floods have occurred, and will occur again.
It is necessary to consider how we will manage our response in the next flood, and the
ones after that; preparedness is the key. Having an effective Floodplain Risk Management
Plan that brings together all of the stakeholders ensures an appropriate balance to all of
the many competing issues.
Some of the key decisions we need to make are how we use land, where we develop new
housing, how we can help the emergency services help us, and what critical infrastructure
is needed. Each of these issues are dealt with in the Plan, which has been drawn up to
comply with State Government’s Flood Policy.
For the main part, this plan centres around flood management in and around the town of
Moree itself, including Bendygleet, Yarraman and Gwydirfield. It is the culmination of the
efforts of the Moree and Environs Floodplain Risk Management Committee members,
who come from a wide variety of backgrounds and bring a diverse array of skills to bear.
Each committee member has volunteered considerable amounts of their own time and
energy to represent the community and this plan would not have been possible without
their valuable input. I would like to sincerely thank each member of the committee for
their contribution to the Plan.
I commend the Moree and Environs Floodplain Risk Management plan to you, knowing
that our Floodplain Risk Management is in good stead for the future.

Councillor Claudia Gall
Chairperson,
Moree and Environs Flood Risk Management Committee
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Executive Summary

Executive Summary
The Mehi River, part of the Gwydir – Mehi System has a long history of flooding. Like
many NSW towns, Moree has been affected by flooding from time to time. The State
Government seeks to limit the financial, social and environmental costs of flooding
through the implementation of its Flood Management Policy, as expressed in the
Floodplain Development Manual (2005). A major keystone of the policy is an indemnity
offered to Councils who adopt Floodplain Risk Management Plans. The principles of the
Manual are such that local communities assess and make their own value decisions as to
the acceptable levels of risk and suitable strategies to manage the remaining level of risk.
The State Government provides financial assistance to Councils in meeting their
obligations under the Policy.
Flood Risk Management Plans are based on localities; this plan relates to Moree, and the
surrounding areas of Bendygleet, Yarraman and Gwydirfield, collectively known as “Moree
and Environs”. A system of risk classification is proposed that can be broken down into
five principal ideas:
1) Flood Impact Categories; these are an expression of the potential impacts that
human activity might have on flood behaviour. In essence, they indicate the major
components of flood conveyance where impeding flows would cause an afflux in
flooding somewhere else, thereby potentially worsening the impacts to others.
Nominated Flood Impact Categories are:


Floodways: areas of high flow conveyance. Floodways are very sensitive to
blockage.



Flood Storage Areas: areas of less sensitivity than floodways, but wholesale
blockage would still have significant impact on flood behaviour.

2) Frequency Hazard Categories: as the name suggests, are a classification system
based on the likely average time between inundation events. More correctly, this
translates to an annual execeedence probability, or the probability of the land being
inundated in any one twelve month period. Areas that are inundated more
frequently are in a higher frequency hazard category. The frequency hazard
category is important because it describes how often land is likely to be inundated,
and therefore is related to the potential utility of the land. Nominated frequency
hazard categories are:


F3: High frequency risk: these are areas subject to inundation more frequently
than the 10% AEP event.



F2: Moderate frequency risk: these are areas subject to inundation either at, or
less frequently than the 10% AEP event, but more frequently than 1% AEP
event.



F1: Low frequency risk: areas subject to inundation less frequently than 1% AEP
event (on average).

In calculating the land area affected by the above Frequency Hazard Categories, an
additional 500mm has been added to the theoretical flood level, to account for
errors in modelling, and a factor of safety in the prediction of flood levels from
upstream gauges.
3) Property Hazard Categories: are a classification system for the management of
damage to property due to floods. Unlike frequency hazard categories, the property
hazard categories are assessed at the 1% AEP flood only, and rely on depth and
Floodplain Risk Management Plan
Moree and Environs
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velocity combinations. Property Hazards are defined by thresholds that would have
an adverse impact on certain classes of buildings causing them to be unstable; they
do not relate to persons who might be wading through flood waters as this is a
matter considered in the discussion on Access. The defined property hazard
categories are:


P3: High property hazard; in these areas, the depth and velocity combination
may destabilise conventional light framed construction and appropriate
structural certification against flood forces is required.



P2: Moderate property hazard; in these areas, the depth and velocity
combination may destabilise lighter structures including manufactured homes
and shipping containers. Structural certification of these buildings is required but
not for more conventional light framed houses.



P1: Low property hazard; depth and velocity combinations are sufficiently low to
not warrant structural certification.

Definition of the property hazard categories is based on the 1% AEP flood event,
however, the flood levels in determining the hazards are derived from the
theoretical flood level, plus an additional height as a factor of safety dependent on
the quality of flood modelling. In the case of Moree and Environs, the factor of
safety is 500mm.
4) Flood Planning Levels: In addition to the Property Hazard Categories, further
property protection is afforded by ensuring floor levels and stock, materials and
machinery storage areas comply with minimum floor levels known as Flood
Planning Levels (FPL). Also, parts of buildings that are below these FPLs should be
constructed of appropriate flood compatible materials.
In the case of residential development, the FPL is the theoretical 1% AEP flood,
plus a freeboard. For commercial / industrial development, the FPL is the theoretical
5% AEP flood, plus a freeboard.
Freeboard comprises a number of factors and will largely be dependent on the
quality of flood modelling, including the definition of the underlying topography. In
the case of Moree and Environs, a 500mm freeboard is appropriate for the current
standard of flood modelling. This may be revised in the future subject to future flood
studies.
5) Access: The access issue is important in making decisions on the management of
evacuation. In general, it would not be appropriate to have isolated properties
where the 1% AEP flood is likely to limit opportunities for evacuation for more than
24 hours. Where access may be restricted for less time, evacuation may be of less
critical importance. The benchmark for access is 300mm depth of inundation over
the road to allow for the passage of a standard car.
The above risk classification system is used to assess risks, and solutions are proposed
to reduce the level of risk to acceptable thresholds. A timeline of risk is also important to
ensure that unreasonable levels of additional risk are not given to the community. The
timeline is broken down into the following three basic types of risk:
Existing risk; relates to the flood issues that arise out of the existing occupation of flood
prone land. Existing risk issues for Moree include:


Mapping indicates that approximately 220 properties are affected by the F3,
1700 by the F2 and a further 70 properties are affected by the F1 Frequency
Hazard Category (1990 total). Filling is recommended as the preferred solution
to reduce the F3 areas to an acceptable level of risk. This would be required
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prior to any future development of the land, therefore the existing risk would be
reduced over time.


Approximately 220 properties may be affected by the P3 property hazard
category, and 1920 properties may be affected by the P2 property hazard
category, and about 100 properties are affected by the P1 property hazard
category.



It is not known how many properties may have floor levels below the relevant
Flood Planning Level; however a house raising scheme is the most appropriate
way of managing the existing risk. Actual floor levels would need to be assessed
and the number of dwellings affected would need to be quantified to assess the
viability and practicability of a house raising scheme.



Access to the rural residential properties at Bendygleet and the residential
properties on the north west side of Moree is likely to be cut off at the Hassell
Street floodway for more than 24 hours in the 1% AEP event. Consideration
should be given to raising the Gwydir Highway at Hassell Street to ensure
acceptable access is maintained to approximately 350 existing properties.
Alternatively, and in the interim, consideration should be given to establishing a
flood evacuation centre on the western side of Moree if and when required.
Flood access issues to Yarraman should also be investigated with the likely
result being establishment of a Local Flood Evacuation Centre.

Future risk; relates to the potential for new development to be at risk from flood waters.
Future risk captures:


Rezoning; in the case of rezoning, this Plan guides appropriate land
investigations requiring ground levels and access routes to be determined so
the likely risk profile can be discovered. The principal decision criterion for
rezoning land should be whether the overall risk profile would be increased or
decreased by development in the new Land Use Zone; in general, the number
of persons at risk should be taken into account.



Development applications; Future buildings are subject to Council’s
development controls. A concurrent DCP is proposed to align with the flood risk
assessment regime in this Plan. Notable requirements are:


Floodways should not be blocked; provision is made to allow realignment
of floodways.



Not more than 20% of Flood Storage Areas (generally these are defined on
1(c) zoned land) may be blocked.



For F3 land, fill should be imported to reduce the Frequency Hazard
Category to F2 or lower. Notionally, this should amount to the entire block
(subject to requirements for batters, visual impacts and driveway access)
for Residential land, and a minimum of twice the house footprint area for
Rural Small Holdings land.



Floor levels need to be at or above the FPL.



Building materials below the FPL should be flood compatible.



Structural certification of buildings is required in the P3 property hazard
category; structural certification of light structures is required in the P2
property hazard category.

Floodplain Risk Management Plan
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The onus is on the proponent to demonstrate the likely flood behaviour and impacts
through the attainment of a Flood Information Certificate prior to lodging a development
application.

Continuing Risk; Relates to the residual risk left over after management measures are in
place. The above flood risk management strategies are appropriate for events lower than
the 1% AEP event. Where upstream gauges indicate that an event may be larger, then
identified evacuation centres on the south side of Moree on land that is truly flood free
(above the PMF level) would be required.

Continuing risk issues are largely:


Accurate gauging and understanding of the flood levels and probabilities from
upstream stations keyed into appropriate evacuation decision making.
Unnecessary evacuation can lead to community resentment and a lack of future
trust to be placed in the hands of authorities.



Evacuation powers of emergency services personnel, in particular, where a
large event is predicted to occur, and full evacuation is required, some members
of the community may be reticent to move, placing SES members unnecessarily
at risk.



A community awareness program, underpinned by flood markers, interpretative
public art and local museum displays.

A concurrent system of maps has been developed to assist the Committee, the
community and Council in assessing the level of risk, and adopting this Flood Plain Risk
Management Plan.
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Part A
Moree Plains Flood Management
1

1.1

Preliminary

Citation

This document is entitled “Moree and Environs Floodplain Risk Management Plan”; it
contains the Moree Plains Shire Council’s responses to the NSW Government’s
Floodplain Development Manual with respect to the specific case of Moree and Environs.
The document is not a Development Control Plan in accordance with the Environmental
Planning and Assessment Act (1979), however, it provides additional context to the
making of such DCPs as they might relate to flood risk management for new
development.
The Plan applies to the area shown on Map 9.1.
The document was adopted by Moree Plains Shire Council on ……….

1.2

Purpose

The purpose of this document is to:
• Provide a local expression of the principles contained in the Gazetted NSW
Floodplain Development Manual dated April 2005 as are relevant to the Moree and
Environs area.
• Provide a framework for the management of flood risk in the Moree Plains Local
Government Area
• Be the vehicle for the current flood risk management plan for the Moree and
Environs area within the Moree and Environs Area.
• Support the technical application of the Flood Risk Management of Development
chapter of the Moree Plains DCP 2008.
• Provide the underlying principles for the assessment of development applications
where the DCP does not specifically apply. In other words, this document is to
provide guidance in the assessment of all development applications.

1.3

Objectives

The objectives of this document are:
• To facilitate the application of the NSW Government Flood Policy in the specific
context of Moree and Environs; and
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• By application of the Policy, to reduce future and existing flood risk for the benefit
of all community members in the Moree and Environs area.

1.4

Definitions

The definitions as provided in the Floodplain Development Manual 2005 are adopted for
the purposes of this document, with the exception of the following:
habitable room

The definition of habitable room is extended to specifically exclude
Garage, Laundry, Water Closet and Verandah.

In addition, the following terms are also used in this document:
1% AEP Flood

The flood with a chance of occurrence of one in one hundred in
any one year. This is the preferred description to the 1:100 year
ARI event.

5% AEP Flood

The flood with a chance of occurrence of five in one hundred in
any one year. This is the preferred description of the 1:20 year
ARI event.

10% AEP Flood

The flood with a chance of occurrence of ten in one hundred in
any one year. This is the preferred description of the 1:10 year
ARI event.

Access

The continuous link between the likely location of a flood
evacuation centre, and the front door of a building. For the
purposes of the Plan, access issues are critical where the link is
inundated by more than 300mm depth for more than 24 hours in
the 1% AEP Event.

commercial /
industrial
development

Has the meaning prescribed in the Environmental Planning and
Assessment Act (1979)

Ancillary
Development

Means development on land for a purpose that is ancillary or
incidental to a purpose of parking, loading facilities, the erection of
tool houses, haysheds, stables, fowl houses or the like.

Council

The Council of the Shire of Moree Plains as constituted under the
NSW Local Government Act (1993).

DCP

A development control plan within the meaning of the
Environmental Planning and Assessment Act (1979). In this
instance, the DCP is likely to refer to the chapter within the LGA
wide DCP that relates to Flooding. It should be noted that only one
DCP can apply to any one parcel of land. Where site specific
DCP’s are developed, they should include appropriate responses
to the flood issue in accordance with the LGA wide DCP.
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design floor
level

Means the proposed reduced level (to AHD) of the habitable
rooms of a building. In general, the design floor level will be the
flood planning level, being the flood level determined by modelling,
plus a freeboard as nominated in section 5.4 of this document.
The appropriate flood planning event for different land uses is
nominated in section 5.2 of this document.

flood
information
certificate

A certificate issued by a Registered Surveyor that states the
relevant flood level, where known and the land levels so that an
assessment of impacts of flooding can be determined in the
assessment of a Development Application.

flood proofing
mound

An earth structure, usually located on a rural property intended for
the purpose of providing a level protection against flooding for
stock and / or machinery. The mound may or may not incorporate
a building.

floodway

A planning control for the purpose of excluding buildings, earth
embankments and other forms of development from an area of
land. Floodways will generally, but not always align with floodway
areas as defined in the Manual. Ultimately, floodways are defined
by mapping and are restrictive on development, however,
floodways can be moved, realigned or altered depending on the
merits of the case, as agreed by Council.

hazardous
materials

Means materials that contain significant quantities of any
substance, which if accidentally released into flood waters would
pose a significant risk in relation to the locality:
a) Human health, life or property or;
b) To the biophysical environment

frequency
hazard category

There are three frequency hazard categories, determined by the
probability that the land, would be inundated. Frequency hazard
categories are nominated and discussed in section 4.2.1 of the
Plan.

Manual (the)

The NSW Government Floodplain Development Manual the
management of flood liable land dated April 2005 as Gazetted by
the NSW Government on 6 May 2005.

Floodplain Risk Management Plan
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minor addition

Means an extension or extensions of an existing structure to a
maximum increase of ground floor area of 50% from the
floorspace as existing at 2 September 1997. Ground floor area is
taken to be that area of the dwelling as adapted from the definition
of "gross leasable floor area" in the Model Provisions with respect
to floorspace, namely:
“…the area … is taken to be the area within the outer face of
the external enclosing walls as measured at a height of 1,400
millimetres above each floor level excluding:
(i) columns, fin walls, sun control devices and any
elements, projections or works outside the general line of
the outer face of the external wall
(ii) lift towers, cooling towers, machinery and plant rooms
and ancillary storage space and vertical air-conditioning
ducts
(iii) car-parking … and any internal access thereto.”

minor building
development

Means swimming pools, storage areas, sheds, carports, domestic
garages and the like.

Plan (the)

This document forms the Plan, which comprises a locality based
flood risk management plan as required by the Manual, together
with a generalised discussion of the principles underpinning the
plan, and the requirements for future amendments to flood
studies.

probable
maximum flood
(PMF)

The largest possible flood that could conceivably occur. In the
absence of detailed study analysis of the height and flow volume
of the PMF flood, for the Gwydir / Mehi system at Moree and
environs, it is taken as 1.00m above the 1% AEP flood.

Property hazard
category

There are three property hazard categories, determined by the
combination of depth and velocity where the energy of the flood
flow would not have a detrimental effect on certain classes of
structures. Property hazard categories are nominated and
discussed in section 4.2.2 of the Plan.

residential
development

Means dwellings, residential flat buildings, motels, boarding
houses, hostels, caravan parks, units for the aged and any place
where persons would ordinarily be expected to reside and sleep.

Floodplain Risk Management Plan
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Part B
General Flood Risk Management
2

2.1

Background

Flood risk management framework

Through S 733 of the Local Government Act, the NSW State Government offers a degree
of indemnity to Councils with respect to their liability for flood damage, provided that
Council has acted in accordance with the principles of the gazetted manual (the Manual).
The current manual is dated April 2005, and was notified in the Government Gazette of 6
May 2005. In the course of this policy, a number of quotes from the Manual are used to
describe Moree Plains Shire Council’s interpretation of the Manual and its principles.
Section 1.6 of the manual describes the principles of effective flood risk management.
They are summarised as:


Use of a risk management hierarchy of avoidance, minimisation and mitigation.



The use of flood risk management plans.



Incorporation of the future land use elements of plans into the development control
framework (LEP and DCP)

Ad hoc decision making on a case by case basis is discouraged and is expressly against
the principles of the Manual:
“Case by case decision making cannot account for the cumulative impacts on flood
behaviour and risks, caused by individual developments or works. This form of ad hoc
assessment contravenes the principles of the manual.” (S 1.6 of the Manual).
Accordingly, it is necessary to develop a strategic approach to flood risk management,
and to set a framework for consistent management of the issue in a way that is equitable
to all, regardless of location or industry.
Clearly, the centrepiece of the flood risk management process is the flood risk
management plan; however there are geographic limitations on the preparation of flood
risk management plans:
“Management plans need to be specific to individual floodplain and specific locations
within the floodplain due to variation in flood hazard, exposure and vulnerability.”
(Section 1.6 of the Manual)
This document is broken down into three principal parts. Part A contains the citation and
contextural information in the hierarchy of Council’s strategic planning framework; Part B
contains the generalised responses to the Manual in the context of Moree and Environs
and Part C comprises specific flood risk management strategies for the locality.
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2.2

The flood environment

The Moree Plains Shire Local Government Area comprises nearly 18,000 square
kilometres in northern central NSW. It shares its northern border with Queensland on the
alignment of the Macintyre River. The administrative centre is Moree, approximately 300
kilometres west of Yamba on the NSW coast.
There are two major river systems draining through the LGA. Both rivers confluence at
Collarenebri, forming part of the Murray – Darling Basin, which eventually discharges to
the Great Australian Bite at Adelaide. The Macintyre River to the north forms the border
with Queensland, and the Gwydir River flows through the centre of the LGA, with a side
branch, the Mehi, flowing through the town of Moree.
The majority of the Moree LGA is considerably flood-liable with flooding being a relatively
common occurrence. The Manual (Appendix A) notes significant flood events in the
Gwydir / Mehi System in 1984, 1976, 1974, 1971, 1956, 1955, 1950, 1949, 1921 and
1910; while flooding in the Macintyre System is noted for 1996, 1991, 1983, 1976, 1956,
1921 and 1890.
Having regard for the close proximity of the two catchments, it is likely that flood events
would be precipitated by the same climactic conditions, and it is expected that there would
be some alignment of the major flood years. It appears from the above that major flooding
occurs roughly at 10 year intervals.
Notably, there is less major flooding in the Gwydir system since 1975 when the Copeton
Dam was completed. The dam lies on the Gwydir / Mehi System approximately 200Km
upstream of Moree and is likely to have had some mitigative effect on flooding in recent
years.
Typically, the catchments to both river systems are very large, in the vicinity of 10,000
square kilometres with stream lengths in the order of 300 – 400 Kilometres. The resultant
response times of the catchments, which are a function of size, are typically in the order of
many days. Flooding in Moree therefore has the following general characteristics:


Flood warning times are long, in the order of days. There is usually sufficient time
to prepare for an impending flood event.



Flood volumes are very large; there would usually be little impact on the severity of
flooding due to anthropogenic activity, however, this assumption needs to be
tested on an appropriate scale with regard to equity between landowners and
proposed and existing development areas

Each of the floods noted above will have had different degrees of severity. While the
frequency appears to be approximately 10 years, there will have been more major floods
with catastrophic consequences, and some floods with less severe impacts. Not all of the
floods above (by definition) could be a 1% AEP event, while it is likely that one or two
would have been in excess of the 1% AEP flood.

Floodplain Risk Management Plan
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2.3

Why is a generalised part of The Plan needed?

2.3.1 To facilitate application of principles
NSW Government Flood Policy and Manual Principles
The NSW Government Flood Policy and accompanying Manual are by necessity general
in nature and principles oriented.
In applying these principles to the specific needs of Moree, it has been found that some
technical aspects (particularly in the Appendices to the NSW Flood Manual) need to be
adapted to the Moree context to best preserve and apply the NSW Government Flood
Policy principles.
This has required description, explanation and elaboration of some technical aspects
which are contained in this generalised part of the Plan.
This part of the Plan is intended to gather the necessary technical background guidance
and elaboration to enable those with the appropriate professional qualification and
experience to translate the principles of the specific, locality based plans into reality, and
in a way that fits the Moree context.
It is possible that a greater degree of information or analysis is required than can be
achieved through cursory response to the DCP. This may require specialist advice to be
obtained. This policy is not intended to provide technical training and background ‘from
the ground up’ to allow those with insufficient or no previous expertise in the specialised
areas of flood analysis and risk management to generate solutions ‘from scratch’.
2.3.2 To assist certainty and consistency in detailed design
Many technical issues related to flooding potentiality have alternative approaches and
methodologies. This policy seeks to clarify Council’s position in the most needed areas,
and so impart greater certainty and consistency in the application of management
principles across Moree Plains Shire.
It should be noted that flood management principles allow alternative technical
approaches to be submitted for consideration if desired, provided supporting reasoning
and information demonstrate a successful implementation of the principles of this policy.

2.4

The flood management process

2.4.1 General
The flood management process is detailed in Section 2 of the Manual; the generic steps
are represented in figure 2.1 below:
As discussed in section 1 of this document, flood management planning is to take place
specifically in regard to locality. “Management plans need to be specific to individual
floodplain and specific locations within the floodplain due to variation in flood hazard,
exposure and vulnerability.” (Section 1.6 of the Manual)

Floodplain Risk Management Plan
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Figure 2.1 The floodplain risk management process (NSW Gov Manual 2005)

This process can take many years. In recognition that Council and the community will
require decision making capability before full completion of this process, appendix C of the
Manual states:
“During the management process, a local flood risk management policy consistent
with the principles of the manual can help Councils to control development whilst the
management plan is completed.
The content of the policy is likely to vary with the available information. The policy can
be updated during the process to reflect the improved knowledge and the higher
degree of information available, and incorporate any management decisions made by
Council during this period.” (Section C9 of the Manual)
In the interim, ahead of full flood risk management plans being developed for other areas
in the Moree Plains LGA this document is the policy as discussed in S C9 of the Manual.
Accordingly, this document will assist Moree Plains Shire Council in assessing
Development Applications for areas outside the applicability of the Plan.

2.4.2 Floodplain Risk Management Committee
“The first formal step in the process is the formation of a committee chaired by
council”. (Section 2.2 of the Manual)
Moree Plains Shire Council has formed a committee for the Moree and Environs area.
The committee is chaired by Council and comprises community representatives, technical
experts, Government departments and the SES.
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2.4.3 Data Collection
Prior to this document being compiled, a number of existing flood studies and flood
management studies had been prepared, including:
Gwydir Valley Floodplain Atlas (1981)
Prepared for the NSW Water Resources Commission. This study was based on
historical information only and showed only extent of inundation and direction of flow.
Gwydir Valley Floodplain Management Study (1982)
Investigates floodplain management issues for the total Gwydir River Basin; The
study considered flood mitigation measures including flood proofing of flood liable
buildings, relocation of flood liable buildings, levees and to ‘do nothing’. The levee
option was given a high priority recommendation, but has not been constructed
because of costs.
Moree / Pallamallawa Floodplain Management Studies, Vol 1 Moree (1983)
Closely examines two preferred floodplain management strategies comprising of
different levee options in concert with other structural and non structural measures.
The report investigates likely costs for consideration of the options by Council and
State Government Agencies.
Moree flood study (1993)
The 1993 flood study conducted by Paterson Consultants Pty Ltd underpins the
technical definition of flood behaviour for the Moree area.
Moree and environs floodplain management study (1995)
The 1995 floodplain management study which contained 1% AEP flood contours,
hazard categories and declared floodways was a follow on report from the 1993
Moree Flood Study. The hydraulic model used to calculate the flood data was not
described in the Management Study.
The study did not consider the likely impacts or appropriate management of the full
extent of risk up to and including the PMF event as this was not a State Government
requirement at the time of the flood study.
Moree Plains Shire Council DCP 11, Moree and Environs Floodplain
Development and Management Plan
The former DCP was used to inform the principles from a perspective of the historical
management of Development Applications.

2.4.4 Flood Study
“ A flood study is a comprehensive technical investigation of flood behaviour
(Appendix F). It defines the nature of flood risk by providing information on the extent,
level and velocity of floodwaters and on the distribution of flood flows across various
sections of the floodplain (shown in Fig 2.2) for the full range of flood events up to the
PMF.” (Section 2.4 of the Manual)
The requirement for the full range of flood events to be considered up to the PMF is
relatively new (introduced into the Manual’s predecessors in 2001).
Flood studies for Moree and Environs, and earlier studies do not generally disclose the
likely level of inundation and hazard for the PMF. Accordingly, there may need to be some
revisiting of these studies.
“The flood study also determines hydraulic and hazard categories within the
floodplain for the potential range of floods and land use scenarios in order to consider
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cumulative effects. The manual recognises three hydraulic categories (floodways,
flood storage and flood fringe) and two hazard categories (high and low), as
described in appendix L.” (Section 2.4 of the Manual).
The flood studies should identify hydraulic categories and hazards (two separate issues)
in accordance with carefully considered localised factors. Appendix L of the Manual gives
appropriate guidance, and the local conditions for the Moree LGA are considered in
sections 3 and 4 of this document respectively.
In turn, the generalised assessment of the hydraulic categories and hazards should be
used to determine the locations of boundaries between the categories in subsequent flood
studies and flood risk management studies. Also, the final categories as developed in
sections 3 and 4 of this report are manifest in the DCP, and accordingly, the DCP is
considered in the general strategic sense, and is an appropriate reference point for the
assessment of development applications.
Notwithstanding the categories as determined by flood studies, it may be possible to
reduce hazards in accordance with the principles of the Manual by the creation of flood
mounds or the adoption of an appropriate building form. These options must also be
considered in a strategic context which is discussed in section 8.

2.4.5 Floodplain Risk Management Study
“The purpose of a management study is to identify, assess and compare various risk
management options and consider opportunities of environmental enhancement as
part of mitigation works.” (Section 2.5 of the Manual)
Floodplain risk management studies are an assessment of mitigative measures that could
be applied in order to reduce the overall risk to acceptable levels. The first step is to
consider the results of the flood study, and identify areas of high risk. Options are then
developed to reduce the risks. Typically, these may involve the following measures, as
identified in Table 2.1 of the Manual, reproduced below:

Figure 2.2 Typical Floodplain Risk Management Measures (NSW Gov Manual 2005)

It should be remembered that the full extent of flood risk needs to be considered. That
incorporates a two dimensional matrix relating to probability and the management of
Existing, Future and Continuing risk. A suggested matrix for Moree is presented in Table
2.1.
Note that the management of continuing risk is dependent on reliable and accurate
estimation of the likely peak flood level from upstream gauges. It is noted that the number
and frequency of upstream river gauges is important in this issue and options to improve
river gauging, and therefore warning time, should be investigated. This is particularly
challenging and should involve cooperation from State and Federal Government
agencies, specifically, the Bureau of Meteorology.
Floodplain risk management studies should then make an assessment of costs versus the
likely benefits that would be achieved by each of the proposed measures. Extensive
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community consultation is required so that the Committee, on behalf of the community,
can make appropriate value decisions on the measures to be implemented.
Existing Risk
Up to the 10% AEP
+ 500mm envelope
Very frequent
inundation, high
frequency risk to
manage.
10% AEP +500mm
– 5% AEP +500mm
envelope
Moderately frequent
inundation. Much of
North Moree’s
existing
development lies in
this zone.

5% AEP +500mm 1% AEP + 500mm
envelope

Future Risk

Risk to be managed
over time as
development
opportunities arise.

New development
should not be
approved unless
land is filled.

House raising
schemes where floor
levels are lower than
1% AEP + 500mm.

New floor areas for
residential
development to be
higher than 1%
AEP + 500mm.

Stock management
for commercial
development where
floor levels are lower
than 5% AEP +
500mm
House raising
schemes where floor
levels are lower than
1% AEP + 500mm.

New floor areas for
commercial
development to be
higher than 5%
AEP + 500mm.
New floor areas for
residential
development to be
higher than 1%
AEP + 500mm.

Continuing Risk
Management via
voluntary
exclusion, ie
education
campaigns “Don’t
play in flood
water”

Optional
evacuation where
suitable access is
likely to be
available
Local evacuation
centres higher
than 1% AEP +
500mm

Mandatory evacuation required
1% + 500mm PMF envelope

Identified evacuation centres to be higher than PMF (South
Moree)

Table 2.1 Floodplain Risk Management Study Matrix

“The impact of management measures should be assessed on a cumulative, rather
than individual or ad hoc basis within the context of the management plan. This
includes the impact of development of flood behaviour and the number of people who
may require evacuation, particularly in rare flood events.” (S2.5 of the Manual)
This means that development controls should be developed such that equity forms an
integral component of the proposed option. Where structural measures are imposed, or
planning measures that would limit development, or types of development such that the
flood behaviour is likely to change, for example, floodways and ring levees, the underlying
flood modelling should be re run in order to make an accurate assessment of the benefits,
and to redefine hazards, so that future controls, including development controls, will be
responsive to the likely flood behaviour after implementation of any adopted plan.
Flood planning levels, as they relate to forms of development control, should be set at the
flood risk management study stage. In the case of Moree, a detailed discussion on the
adoption of appropriate generic flood planning levels is given in Section 5 of this
document, with specific issues in relation to different forms of land use given in Section 8.
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Appendix G of the Manual further discusses the preparation of flood risk management
studies.
“There are three specific types of flood risks that need to be addressed in the
management study:


The management of flood damage and personal danger to the existing
community and properties at risk (the existing risk).



The management of flood damage and personal danger in areas yet to be
developed (the future risk).



The management of personal danger, in particular (with flood damage a lesser
consideration), associated with management measures being overwhelmed
by a larger flood than used to design works or manage future development,
and / or in areas not protected by measures, eg outside a levee (the
continuing risk).” (Section G4 of the Manual)

It is noted that property risk and personal danger are expressly separated from each
other.
Part of the specific environment of Moree means long warning times are available and
peak flood levels should be known well in advance of the peak arriving in town.
Accordingly, the management of personal safety is dependent on effective evacuation,
which in turn relies on the hydraulic relationships between Moree and upstream flood
gauges. In this regard, the emergency services rely heavily on expert advice from the
Bureau of Meteorology. In addition, evacuation may be optional in some cases,
depending on the local circumstances, the length of inundation of access, and the flood
preparedness of occupants. In other cases (events higher than the flood planning level)
evacuation may be mandatory.
The selection of a particular risk level is a matter for each community to consider on its
merits. There are no prescribed risk levels that form minimum requirements; the Manual
states”
"Some communities may decide to accept a greater flood risk, because there are
significant benefits from occupying the floodplain. Other communities may see little
advantage in remaining at risk to flooding and accept the cost and benefits of
management measures including mitigation works" (Section B6 of the Manual)
This approach is reflected in Table 2.1, where floods of a particular magnitude, as chosen
by the Committee, are used to assess particular impacts. 10% AEP is chosen for
assessment of high Frequency Risk because this is essentially the risk level that the
Moree community has historically accepted. There is evidence of this in the absence of
ring levees around Moree, notwithstanding that significant areas of North Moree are
subject to 10% AEP flood inundation (with 500mm allowance for a factor of safety, the
500mm is more related to the accuracy with which emergency agencies can predict the
likely peak flood level from upstream gauges and historical flood events).
5% is chosen as the next benchmark because it keys into historical approaches to the
management of commercial development. 500mm is added as the freeboard, but can be
varied depending on the quality of the underpinning flood modelling.
1% AEP is chosen because this is the historical flood standard applied in much of NSW,
and is generally referred to in the Manual as the assessment standard for property risk.
500mm is added as the freeboard, but can be varied depending on the quality of the
underpinning flood modelling.
The PMF is chosen as the upper limit of flooding such that truly flood free land can be
identified and appropriate planning can be initiated for emergency management
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(evacuation centres). In this way, the full range of flood risk is managed to appropriate
levels for both property and personal safety and the objectives of the State Government
Policy are met.
G5.2 in the Manual describes the selection of hazard and hydraulic impact categorisation
as steps in the flood risk management study process. However, it is argued that in order
for development controls and other management measures to be consistent across the
LGA, these should be developed generically, and then the categories should be applied to
the ground as a result of initially a flood study, but finally as a result of a flood
management study such that the land on which the generic controls (and their associated
impacts, such a prohibition of development) are applied is reflective of proposed flood
mitigation measures. In this way, the full impacts of proposed flood management
measures can be appropriately gauged at the flood management study stage, and
cumulative impacts are addressed.

2.4.6 Floodplain risk management plan
“The purpose of a management plan is to provide input into the strategic and statutory
planning roles of councils. It does not, by intent, purport to be the only document
relevant to development of flood prone land. The management plan provides the type
of information necessary for adequate forward planning for flood prone land.” (Section
2.6 of the Manual)
The preparation and finalisation of the plan is discussed in Appendix H of the Manual.
Essentially, the plan represents the adopted measures identified in the flood risk
management study, after careful consideration of all the factors required: Social,
Economic and Environmental (the triple bottom line). The final plan needs to be adopted
by Council on the recommendation of the Committee. Strong community input is required.
Where full flood risk management plans have not been finalised, the generic principles
adopted in this document form the basis for development assessment. Accordingly, this
document has been divided into parts B and C to delineate the generic principles from the
specific measures, which extend beyond the influence of Development Applications.
Therefore, in the interim, this document serves as the living expression of the continuing
evolvement of flood management plans in the Moree Plains LGA and part B has two main
functions:
1. It provides generic principles for the assessment of development applications
ahead of full plans being finalised for other localities in the LGA.
2. It provides a reference point for the future development of flood studies and flood
management studies, to enable appropriate and useful information to be output
from studies, and guides the Committee in the process of initiating studies and
adopting and implementing appropriate plans in line with the State Government
Policy, as expressed in the gazetted manual.
The final adopted plan will generally contain recommendations for the implementation of
flood management measures that will be in addition to development controls. These may
attract Government funding and require the cooperation of other Government
departments, usually the Department of Water and Energy.
Section 2.7, 2.8 and 2.9 of the Manual discuss plan review, implementation and funding
respectively, with links to the Appendices where appropriate.

Floodplain Risk Management Plan
Moree and Environs

20

Flood Impact Categories

3

3.1

Flood Impact Categories

Overview

Flood impact categories are tools aimed at managing the potential for flood flows to be
adversely redistributed. In short, they are an assessment of the potential for human
activity to affect the behaviour of flood waters, and thereby cause adverse impacts
elsewhere in the catchment. They are an essential tool in strategically managing floodprone land because they enable assessment of the cumulative impact of a range of
decisions on flood behaviours on a long term basis.
There are three flood impact categories: floodway, flood storage and flood fringe.
In broad terms:
-

Floodways are areas that are required for the conveyance of flood water. The
restriction of floodways will have a significant impact on flooding outside the
floodway. They are sensitive to changes in flow.

-

Flood storage areas offset the impacts of flooding elsewhere in the catchment by
storing a volume of water and preventing it from having significant impacts
(especially downstream). They are sensitive to volume displacement.

-

Flood fringe areas are the remaining areas from which floodwater can be displaced
without any significant impact.

The definition of these Flood Impact Categories (or “Hydraulic Categories”) needs to
consider all floods up to and including the Probable Maximum Flood (PMF). For example:
“It is essential that this be investigated across the full range of potential floods as the
definition of the floodway is one of the critical steps in the floodplain risk management
process” (s L4 of the Manual); and
The fundamental merit approach recommended in by the NSW Government policy
requires Hydraulic Impact Categories to be determined. For example:
“ At the outset, it should be realised that hydraulic … categories …should not be used
for the assessment of development proposals on an isolated or individual basis…(but)
rather…are to be used for assessing the suitability of future types of land use and
development…” (s L2 of the Manual); and
“In determining appropriate hydraulic categories, it is important that the cumulative
impact of progressive development be evaluated, particularly with respect to floodway
and flood storage areas. Whilst the impact of individual developments may be small,
the cumulative effect of the ultimate development of the area can be significant and
may result in unacceptable increases in flood levels and flood velocities elsewhere on
the floodplain.” (s L3 of the Manual )
In general it is impossible to provide explicitly quantitative criteria for defining floodways
and flood storages, as the significance of such areas is context specific. (See also s L4 of
the Manual 2001)
It must be clearly recognised that the definition of floodways and flood storages is
completely independent of the determination of flood hazards. While there may often be
an intersection (and sometimes coincidence) of floodways and hazardous areas, the
determination and responses to flood hazards are separate issues.
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3.2

Floodways

In the first instance, floodways are areas that are set aside for the conveyance of flood
waters. They are therefore nominated in order to restrict development that might have an
impact on the flow conveyance. By implication, areas that are not floodways are able to
be developed to restrict flood flows.
The nomination of land as a floodway does not mean that the land must be clear felled
and is not allowed to support riparian vegetation. As the ecological values of riverbank
land are well established and subject to more frequent benefits than should the land be
left bare, it is recommended that future modelling of floodways include appropriate
roughness factors for riparian vegetation.
Above all else, floodways are planning controls. They are restrictive on development and
therefore need to have strict links to the LEP. However, they should not be cast in stone,
as the conveyance function may be able to be performed in some other way. That is it is
important to convey flood flows from one place to another place, but the route in between
may be varied in order to suit the development potential of a parcel of land.
Floodways should therefore be defined at the flood study stage based on an initial
assessment of conveyance (numerically equal to the depth and velocity product), with a
nominal 70% of total conveyance (for the 1% AEP event) confined to floodways. The
majority of these floodways will align with river channels, however, some may align with
the existing development footprint.
Where floodways are nominated, allowance should be made in modelling to include
friction factors that recognise the potential for floodways to be planted, or to support
appropriate riparian vegetation.
Where initial floodways affect existing development, the floodway should be moved out of
that area and alternatives sought elsewhere. Where a floodway is constrained by existing
development on both sides, the floodway may need to be narrowed, and there will be a
resulting impact on the flood profile.
The flood model should be re run, but this time, (with) the areas that are not floodways
should be given an artificial very high roughness such that flow can only be conveyed by
floodways. This model then becomes the reference model for examination of risk at the
floodplain risk management study stage, at which time high risk areas should be
questioned. One of the flood risk management tools that is available is the expansion of
the floodway areas, which may, if adopted, require compulsory acquisition of property
within the floodway. Accordingly, there is a cost and a benefit associated with expanding
floodways, and the relative cost / benefit ratio, and the quantum of dollars required to
achieve an appropriate management solution can be compared with other management
measures and adopted as required.
Once defined, floodways could still be altered, however, the alteration would need to be
supported by an appropriate flood study that showed that there would be no additional
(even minor) impact on flood behaviour. Therefore, floodways could potentially be
realigned, but it is unlikely that the width or depth could be decreased.

3.3

Flood Storage Areas

Flood storage areas, like floodways, are also planning controls, but they are less
restrictive than floodways. They allow flood waters to be stored without conveyance, such
that the flood volume in the flood storage area has an ameliorative impact on flood
behaviour. By implication, areas that are not flood storage areas are able to be developed
to displace flood volume, and may have an impact on flood behaviour. However, given the
broad scale of flood volumes at Moree, displacement of flood volume is not intuitively
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likely to have any significant impact. This intuition should be examined during the flood
study stage.
Notwithstanding that flood storage areas are to limit the displacement of flood water, there
is sometimes development pressure to have earth filling in order to allow for a garage on
slab to be constructed, or a stock and material refuge or the like. Accordingly, there is a
compelling argument to allow some degree of displacement on each lot within a flood
storage area. It is suggested that 20% of the site area is appropriate. However, the 20%
should be examined on its merits in each case to ensure that large areas are not excluded
from the flood volume by stealth, say by creating levees across the full width of the
frontage of a property that faces the flood flow.
It is noted that land forming works on rural properties are not managed by Council.
Development, including levees and flood mounds, is assessed by the State Government.
It is assumed that the Government’s assessment of such works on rural (1(a)) properties
is rigorous and ensures that impacts are not substantially worse on rural residential land
and in the town centre of Moree.
Flood storage areas should be defined in the same way as floodways. That is, they should
not be defined at the flood study stage, but the reference condition during flood studies
should assume that 20% of the rural and rural residential areas would be leveed or filled
to exclude flood waters.
This model then becomes the reference model for examination of risk at the floodplain
risk management study stage, at which time high risk areas should be questioned, and
one of the flood risk management tools that is available is the adoption of flood storage
areas, which would prohibit levees and fill from 80% of the affected properties. The costs
associated with the flood storage areas are negligible, but there is potentially great
benefit, and so the flood storage areas are a potentially attractive flood risk management
tool.
As with floodways, the nomination of flood storage areas in no way excludes or prohibits
the riparian vegetation. Whether natural or planted, riparian vegetation has significant
environmental benefits, and flood studies should make appropriate allowance in terms of
surface roughness. Vegetation does not generally displace significant quantities of flood
water.
Once defined, flood storage areas would underpin assessment of levees and gross lot fill
on rural residential and residential / commercial properties. The restrictions of flood
storage areas would be distributed equitably so that no one property could have a levee
installed on the basis of having a negligible impact on its own, where the cumulative
impacts of a number of properties would be unacceptable. Flood storage areas therefore
avert claims of impact on a ‘first in best dressed’ basis.

3.4

Flood Fringe Areas

Flood fringe areas are all areas that remain flood liable but are neither floodways nor flood
storage areas. Development in flood fringe areas would not have any significant effect on
the pattern of flood flows and/or flood levels.
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4.1

Hazards

Hazard overview

4.1.1 General
Flood Hazards, unlike hydraulic impact categories, are an assessment of the potential
danger that flood waters are likely to impose on people, property, animals, vehicles and
other things. Appendix L of the NSW Government manual discusses the issue of flood
hazard.
On a broad scale, there are two primary issues when considering flood hazard: risk to life
and risk to property.
The manual acknowledges the importance in effective warning time in reducing the overall
flood hazard. Largely, this is because of the opportunity to move people out of flood
affected areas before they become inundated.
The manual states:
“The consequences of flooding can be reduced if adequate time is available and is
well utilised.” (L6.2 of the Manual)
“Total available warning time is determined largely by catchment characteristics.
Larger catchments have longer the available warning times.” (L6.2 of the Manual)
This does not mean that flood hazard can be totally ignored where there is sufficient
warning time, as is generally the case for Moree Plains Shire Council. The manual goes
on to say:
“However, even if people are fully evacuated along with transportation of
possessions, a flood will generally still cause significant damage to the structural
fabric of buildings, to stock and crops, to urban infrastructure and still wreak
substantial community disruption. People are temporarily displaced from their homes
and workplaces, flood-affected buildings need to be cleaned and restored, and
transported possessions have to be returned. The whole process costs time and
money and endangers lives and affects health”. (L6.2 of the Manual)
Provisional classification of flood hazards is based on estimated water velocity multiplied
by depth on the basis that this product is a measure of either the energy of the flood
waters (where velocity dominates) or the risks associated with being submerged (where
depth dominates). These classifications are called “hydraulic hazards” because of their
relationship to the characteristics of flood flows.
However, true hazard classification also considers a range of other factors, including:


Size of flood



Effective warning time



Flood readiness



Rate of rise of flood waters



Depth and velocity of floodwaters



Duration of flooding



Evacuation problems
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Effective flood access; and



Type of development

4.1.2 Principles of defining hazard in the NSW Floodplain Management Manual
Strategic and not Ad Hoc
The NSW Government manual frequently emphasises that final hazard classifications are
made within a strategic context and not in isolation (such as for an individual property).
An example is in Fig G1 of Appendix G of the Manual where it is emphasised that groups
of people (such as a small township) must not become a refuge in rising flood waters up
to a certain likelihood event (for example, the flood planning level used to set floor levels),
only to become isolated for protracted periods or even worse, completely submerged by
higher flood levels.

At another level, the NSW Government manual indicates that the strategic decision
making needs to take into account the whole strategic planning context. In turn this may
result in some overall decisions that advance other objectives over flood risk management
issues in isolation.
Consider the full flood risk up to the PMF
The NSW Government manual requires that, in assigning a flood hazard category or
‘rating’, all floods, up to the PMF must be considered. For example, in appendix L, the
manual states
“…it is necessary to consider the difficulty of the conditions that could be expected if
an extreme event occurred.” (Section L5 of the Manual)
The primary consideration is risk to life
Appendix L of the Manual indicates a process to describe and classify flood hazards
leading to
“refining the … hazard category in the light of other relevant factors affecting the
safety of individuals”. (Section L5 of the Manual)
It is clear that the “safety of individuals” which may also be described as the “risk to life”, is
the primary issue when categorising and assigning flood hazards to assist management of
the risks.
Evasive action is the primary mechanism to manage risk to life
Most simply, the evasive action is presented as evacuation to flood free land in order to
manage the risk to life.
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The hazard Categories in the Manual’s Appendix should be revised if necessary
Appendix L of the NSW Government manual states
“…When other factors that affect hazard are identified and qualified, the provisional
hazard categories of Figure L2 should be revised if necessary” (section L5 of the
Manual)
The hazard categories that are shown in Figure L2 are “high” and “Low”. The examples
given in the appendix relate to changing a provisional category from Low to High or the
other way round.
The principles in the NSW Government Manual emphasise the need to:
• “a comprehensive analysis of flood hazard can only be made within the strategic
framework…”(section L5 of the Manual)
•

“firstly evaluate…hazard level from pure hydraulic principles, and then refining
the hydraulic hazard category in light of other relevant factors affecting the safety
of individuals” (section L5 of the Manual)

•

“…consider the difficulty of the conditions that could be expected if an extreme
event occurred” (section L5 of the Manual)

The emphasis of the Appendix to the Manual is on the proper application of principles to
the specific characteristics of flood prone areas (rather than the simple application of
certain hazard diagrams in the Appendix). The appendix states:
“…in effect the two (hazard) diagrams provide a starting point for the determination of
hazard categories.” (section L5 of the Manual)
Summary
The State Government Policy embodied in the NSW Government Manual requires that a
fully considered approach be given to the definition and management of hazards in the
specific circumstances of the area in question.
4.1.3

Applying the NSW Government Hazard Principles to Moree

Strategic and not Ad Hoc
It is recognised that, if the strategic flood environment were to be considered afresh ,
there would be no towns as we know them as we would have not developed large areas
according to current standards.
However, our towns are there and so this knowledge needs to be included in present
decision making. Where large areas are already developed, in-fill development can be
considered and may be approved, provided the necessary flood management issues have
been properly addressed. This is an example of an overall strategic context, properly
considered, resulting in different outcomes to those expected when a confined approach
is taken.
On the other hand, in areas where there is broad-scale development already in existence,
there will be some areas where further in-fill development is not appropriate. For example
the strategic context has identified floodways and, as a general approach, further in-fill
development would not be strategically appropriate in these floodways.
In summary, it is never appropriate to simply determine velocity and depth at a particular
location for any chosen flood size (likelihood) and then draw a conclusion about the
degree of flood hazard, the consequences and the appropriate management measures.
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Considering the full flood risk up to the PMF in Moree
It may be considered by some that flood risks and hazards are only assessed and
managed at the “Flood Planning Level” (i.e. generally the 1% AEP design flood levels with
an appropriate freeboard).
However, in applying the State Government principle of managing the full flood risk up to
the PMF, the approach has been taken to manage the risk to life (and the necessary
hazard definitions) at the PMF. This is a simplification that is considered appropriate for
reasons that are outlined below.
There is always the potential risk to life during all floods, not just at the PMF. However,
the PMF estimate is considered the “upper bound”, and therefore can reasonably be
considered to be an upper bound of the risk to life. However, where the consequences of
flooding are not viewed as catastrophic by land occupiers, they may prefer to stay,
creating problems for emergency services personnel. It is therefore appropriate to
examine risks to life at different events, as the management for lower events may be more
appropriate and relevant to land occupiers than a wholesale “get out of town” approach
that might be appropriate for extreme events. The decision on which level of flood
evacuation is required needs to be taken judiciously, as there can be a “boy who cried
wolf” effect for future, more severe floods. Decisions on flood evacuation need to be well
advised.
Therefore lesser floods than the PMF are also considered, to ensure the full flood risk is
examined and managed in a way commensurate with the risk.

4.2

Flood Hazard Categories

In accordance with the above principles, the following flood hazard categories have been
proposed for Moree.
4.2.1 Frequency Hazard
As Moree lies in the catchment of the Gwydir / Mehi system at the headwaters of the
Murray Darling system, the response time for flooding is in the order of a few days.
Accordingly, it is assessed that there is generally sufficient time to mobilise evacuation
plans, led mostly by the SES.
The possible exception may be consideration of a dam break scenario for the Copeton
Dam, which lies some 200km upstream. However, preliminary analysis suggests that
even at 4m/s (very fast), the impacts of dam break would be delayed by up to 15 hours
which would give sufficient time for mobilisation of evacuation procedures.
It is therefore considered appropriate, in the first instance, to categorise land according to
Frequency Hazards on the basis of whether or not land is likely to be inundated by
particular events. The outcome is an indication of whether or not land is suitable for
occupation. Land that is inundated regularly will afford the occupiers an unacceptable
exposure to the impacts of flooding. A range of frequency hazard categories is required
thus:
F3: (high frequency hazard) Land that is likely to be inundated by very frequent events
(say 10% AEP + 500mm). This is the probability level where it is unacceptable for
residents to have to deal with the impacts due to flooding (evacuation, clean up and
relocation) on an average frequency basis of more often than one in ten years on
average.
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F2: (moderate frequency hazard) Land that is likely to be inundated, or have its access
cut off between the F3 event and less common, but standard events (say 1% AEP +
500mm).
F1: (low frequency hazard): The remainder of flood liable land not in an F3 or F2
category.
Note that the Frequency Hazard categories do not rely on hydraulic hazards, just
probability of inundation.

4.2.2 Risk to property
As stated above, risk to property is considered at the 1% AEP event. While the
discussions on selection of the appropriate flood planning levels (refer part 5) allow
different levels of risk for different land uses, the issue of risk to property is primarily about
ensuring that structural flood damage is kept to a minimum for buildings and property that
are affected by flooding. Accordingly, an assessment of hydraulic behaviour is appropriate
only to ensure that buildings remain stable up to and including the 1% AEP flood.
Larger and rarer floods may therefore impact on the structural stability of buildings and the
like, however, it is considered that this is an economic and social cost that is acceptable in
the holistic approach to flood risk management over time.
It is therefore considered that the hydraulic hazard thresholds, as indicated in Appendix L
of the NSW Government floodplain development manual, are appropriate for Moree, but
only in the context of stability of buildings and only at the 1% AEP event.
In broad terms, the application of high and low hazard categories based on structural
stability is appropriate. The following property hazard categories are suggested, based on
three basic types of construction.
P3:(high property hazard) Light framed buildings are unstable. Structural certification of
buildings is required.
P2:(moderate property hazard): Light framed, fixed buildings are stable and structural
certification is not required, however manufactured homes and shipping containers are
unstable,
P1 (low property hazard): Manufactured homes, caravans and shipping containers are
stable.
Land use planning and associated flood development controls should make appropriate
provision for buildings and caravan parks based on the above property hazard categories.
The above property hazard classifications clearly require some hydraulic thresholds to be
quantified to enable their application to real flood environments. Figure L1 of the Manual
gives appropriate guidance on the relevant hydraulic behaviour with respect to the above
thresholds. The relevant thresholds have been reproduced in Figure 4.1 Below
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Figure 4.1

Property Hazard diagram.

The thresholds in figure L1 have been numerically derived in table 4.1 below:
Property
Hazards

Velocity Depth Relationship

P1
P2
P3

V < (6 – 20d) m/s, v < 2 m/s
V < 2 m/s, d < 2 m, v*d < 1 m2/s
V > 2 m/s, d > 2,m v*d > 1 m2/s

Table 4.1

Hydraulic behaviour threshold velocity - depth relationships

In an illustrative example, a depth and velocity combination of 0.5m and 0.15m/s
respectively has a Property Hazard of P1 because (6 - 20x0.15) = 3 m/s which is greater
than 0.5 m/s
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5

5.1

Flood Planning Levels

Flood Planning Levels

The term “Flood Planning Level” is defined in the Manual. It relates to the summation of
flood level plus a freeboard as used to determine flood risk management controls. In this
context, a number of flood planning levels can apply to the same parcel of land depending
on the types of flood risk management controls adopted. For example, a control relating to
floor level would be set according to a flood planning level, but if a higher level of
protection were required for a different purpose within the same building, i.e. equipment
storage, then a different flood planning level would be appropriate for that purpose.
However, for the purposes of simplicity, it is more appropriate to have one flood planning
level that depends on land use. Within the context of the DCP, and other management
tools as may be appropriate, the flood planning level is used to define minimum floor
levels only.

5.2

Selection of the FPLs for Moree

When a freeboard is added to the level of the Flood Planning Event, the resulting level (at
a given location) is the FPL.
The importance of flood response modification measures has become apparent in recent
years, as confirmed in the significant floods at Nyngan (1990), Coffs Harbour (1996) and
Wollongong (1998). Unless the PMF is used to derive the FPL, all flood and property
modification measures will ultimately be overwhelmed at some time by a flood larger than
the design event. The development and implementation of effective flood response within
the community is a means of reducing personal danger and property damage associated
with the risk.
In the event that a developer wished to submit a well-researched case in accordance with
the fundamental principles of the NSW Government manual to vary the flood planning
level, this could be considered. In accordance with the Manual, any such proposed
departure from a generally adopted standard would require separate consideration by
Council.
Appendix K of the NSW Government Floodplain development manual gives guidance on
the selection of an appropriate flood planning level. In general it states that different flood
planning levels may be appropriate for different land uses, however the 1% is a well
defined standard for residential use because of the social equity issues involved in
lowering the standard. However, commercial and industrial uses are subject to potential
reductions because businesses are generally not tied up in the same sociological issues,
and recovery is a matter of cost and therefore more straightforward economic analysis.
Appendix K offers further advice on the economic analysis.
The following flood planning events are proposed for the Moree Local Government Area
Land Use

Flood Planning Event

Residential

1% AEP

Commercial

5%AEP

Industrial

5% AEP
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5.3

Flood Planning Events and their accuracies

Flood Planning Events are the “design” floods that are used to set the FPL. They are
usually determined by technical flood studies and arrive at a neat, smooth water surface
that may or may not account for the dynamic effects of moving water such as bow waves
against buildings, localised drawdowns and waves set up by winds and moving vehicles
(including flood boats).
There are varying degrees of confidence and accuracies associated with the various
quantified flood studies and judgements, depending on the methods used, the accuracy of
the underlying data and the nature of the flood environment itself.
Accordingly, it is appropriate to consider the accuracy of the underlying flood study when
setting flood planning levels. For this reason, the freeboard (as discussed in section 5.4)
may be different for different areas, depending on the flood model used. In essence, part
of the output of any future flood study should be to recommend a freeboard depending on
the level of accuracy of the study itself.

5.4

Freeboard

The Manual (section K5) states:
“Freeboard is incorporated into FPLs. It is the difference between the flood event
upon which the FPL is based and the FPL itself. The purpose of freeboard is to
provide reasonable certainty that the reduced risk exposure provided by selection of a
particular flood as the basis of a FPL is actually provided given the following factors:


uncertainties in the estimates of flood levels. These can arise from a relatively
short database of past floods and past storm surges in coastal waters,
together with uncertainties and simplifications in the models used to predict
flood discharges and flood levels;



differences in water levels across the floodplain because of ‘local factors’
These factors are not able to be determined in floodplain modelling, which
assumes a static water level;



increases in water level as a result of wave action are also not determined in
floodplain modelling. Wave action can be of two types. Wind-induced waves
across fetches of open water and waves induced by boats and vehicles
moving through flooded areas. For example, wave action may be important in
the wide floodplains of the western rivers as a wind fetch 2 kilometres long
could readily generate waves up to 0.5m high;



changes in rainfall patterns and ocean water levels as a result of climate
change, as discussed in Section E6; and



the cumulative effect of subsequent infill development of existing zoned land.”

In accordance with the discussion in section 5.3, a component of the freeboard is
reflective of the flood study in each particular case. In general, the freeboard should have
a minimum 300mm level to account for wave action and other dynamic effects, on top of
which an additional freeboard should be added to account for inherent inaccuracies in the
flood model.
For the purposes of flood studies conducted thus far, the following total* freeboards are
adopted.
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Flood Study

Author

Freeboard

Moree and Environs

Paterson Consultants Pty Ltd 1995

0.5 m

* Total freeboards comprise the sum of the minimum 300mm and a factor to account for
the model used.
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6 Extreme flood events

6.1

Evolution in managing extreme flood events

There is now an explicit recognition of the need to consider the full range of flood events,
up to and including the Probable Maximum Flood (PMF), refer to Appendix A of the
Manual. This need has not always been recognised or acknowledged.
The evolution of thought and practice over time is useful when considering these issues
for the first time. The rationale behind the adoption of a management regime for extreme
floods is built on long and often bitter experience.
The following extracts from the Manual outline this evolution:
“Since 1955, floodplain risk management measures in NSW have progressed through
three phases. These phases respectively addressed the existing flood risk in
isolation (mitigation), the existing and future flood risks together (mitigation and
development control), and finally, the combination of existing, future and continuing
flood risks (strategic management)”. (Section A4 of the Manual)
“In the aftermath of the 1955 flood on the Hunter River, the NSW Government
established a state wide program for the construction of structural mitigation works
aimed at reducing the existing flood risk. Despite the expenditure of many millions of
dollars by local, State and Commonwealth Governments to address existing flood
risk, the cost of restoration, relief and assistance following floods continued to grow.”
(Section A4.1 of the Manual)
“A formal NSW Government review In the mid seventies clearly demonstrated that
this increase in costs was associated with development of flood prone areas being
approved with little or no consideration of flood risk. In response, the NSW
Government introduced stringent planning controls over most flood prone land to curb
inappropriate development.” (Section A4.2 of the Manual).
“Whilst the uniform planning control approach was successful in curbing growing
losses, it also seriously, and in some instances quite inappropriately constrained the
use of large tracts of flood prone land. This was because of the blanket nature of the
controls. … The NSW Government responded with a merit based policy in 1984.
The merit approach was restricted in its initial application to addressing existing and
future flood risk. However, it became increasingly apparent that …a continuing risk
exists in most flood prone areas. Clear examples include floods in Nyngan (1990),
Coffs Harbour (1996) and Wollongong (1998).” (Section A4.3 of the Manual).
Accordingly, the new areas in the development of the Government’s Floodplain Risk
Management Manual include:
“More explicit recognition of the need to consider to consider the full range of flood
sizes, up to and including the …PMF, but recognising that such rare floods should not
preclude or unnecessarily hamper development”. (Section A5 of the Manual)
The evolution of flood risk management has now progressed to the point where no
foreseeable flood risk (ie up to and including the PMF) is left unconsidered. In managing
the residual risk (ie up to the PMF) the Manual states:
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“In recognition of the significance of this continuing flood risk, local flood plans are
prepared …to address flood readiness, response and recovery. … They are now a
common and necessary component of responsible, integrated floodplain risk
management”. (Section A4.3 of the Manual)
Local flood plans have a dominant objective of managing risk to life. This management is
focused in the range of the continuing risk, which is clearly outside the range of influence
of controls for new development (for risk to property) and the PMF. This range has
sometimes been called the “residual risk” range.

6.2

The PMF and its relevance

The Manual states:
“The probable maximum precipitation (PMP) is the largest rainfall and the PMF the
largest corresponding flood that could physically occur at the location of interest….
The PMF is an extremely rare event and no annual execeedence probability can be
meaningful attached to it. … “ (Section A2.3 of the Manual)
“In areas where flood or property modification measures are undertaken, individuals
should be made aware that that these measures do not entirely eliminate flood risk,
and that problems can arise when floods greater than the flood used to derive the
FPL and design these measures occur. This aspect is of particular importance where
flood and property modification measures do not exclude very large floods and where
floodways can develop, levees can be overtopped, water levels can rise quickly, or
evacuation routes are cut.
... flood affected individuals should be made aware of the flood threat, the existing
flood warning and evacuation systems, and appropriate actions to be taken ...This
information is freely available from the SES and Council. The general community,
including flood prone and flood free individuals should inform themselves of flooding
matters in their area and keep up to date...” (Section 3.7 of the Manual)
Also:
“To effectively address continuing flood risk management studies and plans need to
consider the implications and consequences of the full range of flood sizes. This
includes frequent floods and floods larger than the flood used to derive the FPL up to
and including the PMF event. The emphasis in floods larger than the flood used to
derive the FPL is on danger to personal safety and associated emergency risk
management. Flood risk management measures that may be appropriate for a certain
FPL (typically the 1% AEP flood plus 0.5m freeboard for standard residential
development) may be inappropriate for larger floods.
The choice of the FPLs (see Appendix K) is often a difficult compromise between
increasing marginal costs of flood or property modification measures and decreasing
marginal benefits of protection.
What this means is not the unthinking acceptance of the limited level of protection
provided by, say, flood or property modification measures, but the need to develop
additional management measures such as response modification measures to
mitigate the danger to personal safety associated with overwhelming flood events.
Therefore a range of management measures are necessary to manage the full range
of flood risk.
The definition of the floodplain and flood prone land is based on the PMF event and
not on the more limited flood planning area. In this way, the community will be more
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receptive to directions to take action in a flood event than if they thought they were
completely protected from flooding by development controls or works.” (Section G9.2
of the Manual)
It is clearly necessary to consider extreme floods in the floodplain risk management
process so that the full flood risk can be managed. Management does not mean that
development should be prohibited in the full extent of land affected by the PMF, or that
floor levels should be raised higher than the PMF, but it does mean that appropriate
consideration needs to be given to appropriate levels of risk. Typical management
outcomes in considering the PMF would be to ensure evacuation centres and other items
of critical infrastructure are appropriately located and sized for, and that emergency
management plans are in place with regard to timing of evacuations etc.

6.3

Applying the PMF to Moree

It must be recognised that PMF estimates are at best estimates made on the basis of
limited information for a given location extremely rare events for any given location (It has
been suggested that world wide there are about 800 recorded PMF events). The very
name is intended to convey this lesser confidence in that it is only “probably” the
maximum flood.
As studies progress these estimates of the PMF will be improved, but will always remain
‘best estimates’.
The flood management issue that needs to be managed at the PMF is the risk to life. It is
not reasonable (economically or physically) to require that floods of this size and low
chance of occurrence be hydraulically mitigated, or have building controls intended to
provide protection to property set a risk to property FPL equal to the PMF.
It must be emphasised that the PMF is simply the best estimate of the upper limiting flood.
It must not skew the integrated flood risk management process and decision making. ALL
the range of flood risks must be balanced against the consequences and probabilities,
considering environmental, social and economic values.
As studies progress these estimates of the PMF will be improved, but will always remain
‘best estimates’.

6.4

Evacuation and Access

Due to the catchment characteristics at Moree, it is assessed that there is typically
sufficient warning time to allow mobilisation of emergency services for any event, and
therefore evacuation is the primary management tool for risk to life, as required by the
Manual.
Where evacuation plans are laid for events up to and including the PMF, conventional
wisdom dictates that risk to life would be managed for all events, and therefore the issue
would be resolved.
However, evacuation can be a “double edged sword” in a number of ways, namely:
Flood evacuation centres need to be resourced for the expected number of people, which
varies depending on the magnitude of the event
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People may be resourced to stay in their homes (which would have floor levels above the
1% AEP) and may choose to do so. Forced evacuation is generally unpalatable and could
create a backlash, particularly for minor events. Notwithstanding that those people may
require emergency evacuation for a variety of reasons at a later time, potentially
endangering emergency services personnel, if they are available.
Unquestionably, there will be circumstances (eg a larger than 1% AEP event) where
mandatory evacuation is appropriate.
When considering the question of evacuation, the accurate prediction of peak flood levels
becomes an issue. These predictions are usually based on the comparison of upstream
river gauge readings with historical flood events; they are at best, a guess. Accordingly,
the Bureau of Meteorology and State Government Agencies have an important role to
play, and improved river gauging and flood level modelling are an integral part of the
overall management picture.
Clearly from the above, different evacuation strategies are appropriate for different sized
events. The decision on which strategy is appropriate will be centred on access from the
property to the flood evacuation centre. In that regard, the appropriate access criteria
should relate to a standard passenger car, which may negotiate flood waters up to 300mm
deep, provided velocities are less than 1.4m/s (Keller and Mitsch, 1993)1. Accordingly,
consideration of whether or not access is cut should be based on inundation maps where
the flood surface is set 300mm below the reference event.
In the context of Moree, there is a significant cluster of residential properties on the
western side of the Hassell Street floodway that would be cut off, including the rural
residential area of Bendygleet. Yarraman would also be cut off, as would access over the
river at the northern approach to the Balo Street bridge. Evacuation management for
these areas should be dependent on the duration of inundation and the consequent time
of isolation.
In the case of minor events, smaller local evacuation centres could be established to cater
for these areas in isolation. The cluster should be delineated by areas where the access
would be cut off for more than 24 hours duration. Where access is likely to be cut for less
than 24 hours, people would be allowed to stay in their homes, or to voluntarily move to
the evacuation centre. Where access to an evacuation centre would be cut for more than
24 hours, mandatory evacuation may be required.
The location of flood centres and the direction to mandatorily evacuate, should therefore
be based on the predicted peak size of the flood as well as the access inundation period.
Accordingly, typical flood hydrographs, plotting flood level versus time are an important
output from a flood study.

1

Keller, R.J. and Mitsch, B. (1993). Safety Aspects of the Design of Roadways as Floodways. Final Report for Urban Water

Research Association, Melbourne Water Research Project. Monash University, Australia.
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7 Flood information

7.1

Issue of certificates

Flood information certificates enable the extraction of flood parameters from Council’s
current set of flood data. The most typical use for this will be at the time of Development
Application.
Note that the DCP requires a certificate to be issued by a registered surveyor detailing:
a)

A plan of the site in relation to public road frontage;

b)

Location of the proposed development, including distances from boundaries of any
proposed flood proofing mound and building;

c)

Levels to AHD, at 0.1m intervals, of the site and design levels of the proposed
developments.

d)

The location of adjacent flood mounds within a 50 metre radius measured at the toe
of the mound.

e)

Flood levels to AHD, as contours for 5%AEP, 1%AEP and PMF events.

f)

Freeboard, as nominated in the relevant flood risk management plan, or where no
plan exists, 500mm.

g)

An estimate of the Frequency Hazard Category, described in the Plan

h)

An estimate of the Property Hazard Category, described in the Plan

i)

An acknowledgement of the source of the flood information.

j)

A description of the confidence of the flood information, as indicated in the relevant
flood risk management plan, or otherwise as appropriate.

In addition, the certificate should indicate flood levels as contained in Council’s database
to enable quick assessment of the development application against Council’s flood
controls, as outlined by the DCP.

7.2

Council format and storage

Council’s flood information is stored on a specialised Geographic Information System.
Where available, flood-modelling results are migrated to this system for viewing and
interrogation by Council staff. Facsimile copies of the primary data set have been made
available in CAD format to be interpreted by specialist engineering and surveying
consultants.
Flood information needs to be checked against accurately surveyed ground levels. If this
finds that a true ground level is above an estimated flood level, then at that location it can
be concluded the ground is not flood affected for the particular estimated design flood in
question.
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7.3

Flood modelling

Council has engaged specialist consultants with financial assistance from the NSW
Government to carry out technical flood studies to estimate flood behaviours. This work is
continuing.
Council may base assessments on the flood modelling advice it receives and considers
from specialist professionals.
Generally Council does not carry out flood modelling through its own staff.

7.4

Accuracy of the model and freeboard

The purpose of freeboard is to cater for uncertainties in the estimation of flood levels
across the floodplain (See also Flood Planning Levels for a fuller description).
The accuracies or confidence intervals of the information and judgements (which
themselves will have inherent uncertainties) are taken into account when setting FPLs.
In general, the information in Council’s primary flood data base comprises direct flood
level estimates made from models or historical information. The levels therefore do not
incorporate freeboard, which needs to be added in accordance with the freeboard
nominated by the committee in section 5.4 of this document.

7.5

Confidence descriptions

Confidence categories:
Category

Confidence description

0

No specific flood information or flood management results
are available. However, the area is identified as having a
potential risk of flooding based on a field inspection or
indicative ground level contours.

1

The flood information or flood management results are
judgements only, using available indicative information
such as historic flood information, accurate ground level
contours and field inspections.

2

Results from uncalibrated flood study

3

Results from calibrated flood study

4

Results from floodplain risk management study

A brief technical discussion in respect of these categories follows:

Category 0 – No specific flood information available
In these areas there is typically no record of flooding available to Council, and there is no
quantitative estimate of flood behaviours or risks of any form. There is no reliable ground
level information available.
It is only inferred that something like the area identified may reasonably be expected to
have a risk of flooding.

Floodplain Risk Management Plan
Moree and Environs

38

Flood Information

This inference is based on field inspection only or, alternatively, very course contour
information which may have a vertical error band of + /- 2 metres or more. The
inferences are drawn from interpretations of the general topography and considerations of
how the land would have formed.

Category 1 - Flood information based on judgement
In these areas there is still no formal study or investigation. However, there is some flood
history information to verify that there are flood risks in the area, and to provide guidance
in the possible severity and extent of the flood risk.
Accurate ground level contours or enhanced visual displays of an accurate digital
elevation model (typically about +/- 0.1 m vertical accuracy with 85% confidence limits)
facilitate intuitive delineation of original floodplains and flow paths. These displays enable
patterns to be discerned that are not always apparent when viewed on ground.
Some judgements may be based on high confidence flood information, but only in a
limited geographic area, which is then used to interpret and extrapolate to other areas.
For example the difference between the 1% AEP flood level and the PMF at one location
may be known with reasonable confidence, and this is used to form a judgement on the
PMF flood levels where only 1% flood level estimates are known.
The judgements may also be for flood management decision making, such as where
floodways may reasonably be expected, or the degree of flood hazard that may exist.
It is difficult to distinguish probabilities (or likelihoods) of flooding within this confidence
category.

Category 2 - Flood study undertaken (uncalibrated)
In these areas there has been some study to assess flood behaviours on a quantitative
basis.
An example may be manual calculations carried out in broad scale based on simple
hydrologic and hydraulic analysis.
Another example may be broad scale one dimensional steady state modelling based on
preliminary air photo based contours (say +/- 1 metre vertical accuracy). Comparison with
later modelling, where these preliminary studies have been superseded by higher
confidence studies that have shown differences of estimated flood levels up to one metre,
even where the underlying terrain information was comparable.
Typically, preliminary (flood) studies have had no opportunity to calibrate to known flood
heights using observed rainfalls.
Flood studies in this category normally have the ability to assign a design likelihood to
preliminary flood level estimates.
Typically preliminary management decisions (such as the location of floodways) will be
made using judgements that are in advance of a formal flood management study or
context, but utilising quantified flood behaviour analysis.
Category 3 – Flood study prepared and calibrated
For flood studies, this category means a rigorous approach has been taken using:
•

Accurate continuous ground level surfaces and accurate information of structures
influencing hydraulic behaviour, and

•

Computer models of hydrologic and flood behaviours, and
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•

Useable rainfall and flood level data to calibrate and verify the model results.

Calibration of the flood model against known flood events will have been conducted and
the model and levels adjusted where necessary to reconcile large differences.
A range of flood likelihood flood events will have been estimated, such as 10% AEP, 5%
AEP, 2% AEP, 1% AEP and PMF floods.
Flood studies in this category will generally support quantitative assessments of flood
hazards commencing with a consideration of estimated water speeds as well as flood
levels / depths. Likely rates of rise of floodwaters are also available from these studies.
These flood studies will be reflective of existing likely flood conditions, not accounting for
the likely impacts of floodplain risk management measures.

Category 4 – Floodplain risk management study adopted
This will contain all of the hallmarks of the category 3 confidence level, but will also
incorporate re modelling of the adopted risk management measures that would impact on
flood behaviour, and therefore, represent the final outcome to which the community is
working.

Evolving Levels of Confidence
In progressing from a lower to higher confidence category, it is intended that the flood
information and decision making will become progressively less conservative. Therefore,
for a given location, as studies progress over time, it is expected that responses to the
flood risks (for example in development requirements) will become closer to the best
possible estimate for that flood environment. This means that, as studies progress in an
area, it is possible that different flood data for similar sites may become apparent. For
example, similar developments near each other, but carried out at different times, may
have different floor levels, with the newer development having the lower floor level.

7.6

Technical and implementation comment

Detailed flood information is disclosed on a flood information certificate to the extent that
the information is available. In some cases, where available flood information is
incomplete, a development proponent may be required to carry out it’s own investigations
to determine the necessary flood information.
Alternatively, a development proponent is always at liberty to commission his or her own
study and submit this to Council for consideration.
If Council concurs with further flood investigation, either voluntary or required, the results
may be used to update Council’s flood information in the public interest.
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Part C
Moree and Environs
8
8.1

Local Floodplain Risk Management

Area to which the plan applies

The plan relates to the area known as ‘Moree and Environs’, comprising the township of
Moree, as well as the outlying rural residential areas of Bendygleet to the west,
Gwydirfield to the east and Yarraman to the North. The Plan’s area of applicability is
shown on Map 9.1.

8.2

Plan history

Moree and the Environs is located on the banks of the Mehi River, part of the Gwydir
system, and has been subject to numerous flood events in the past. There is a significant
historical record of flooding, including documented peaks coming into town in
1890,1983,1910,1916, 1921, 1946, 1949,1950,1955,1971, 1974 and 1976. The historical
record indicates an approximately 15% AEP for flood events entering Moree town. The
catchment is generally large, precipitating long warning times and subsequent long
inundation times.
A number of flood studies and flood risk management studies and plans have been
prepared to date. However, the constantly evolving nature of floodplain risk management
as driven by the State Government has meant that previous studies have fallen behind
current best practice. In chronological order, previous studies relating to the Plan area are:
•

1981 Cameron McNamara Pty Ltd; Gwydir Valley Floodplain Atlas:
prepared for the NSW Water Resources Commission. This study was
based on historical information only and showed only extent of inundation
and direction of flow.

•

1982 Cameron McNamara Pty Ltd; Gwydir Valley Floodplain Management
Study: Investigates floodplain management issues for the total Gwydir
River Basin. The study considered flood mitigation measures including
flood proofing of flood liable buildings, relocation of flood liable buildings,
levees and to ‘do nothing’. The levee option was given a high priority
recommendation, but has not been constructed because of costs.

•

1983 Cameron McNamara Pty Ltd; Moree / Pallamallawa Floodplain
Management Studies, Vol 1 Moree.

•

1993 Paterson Consultants Pty Ltd; Moree Flood Study: Investigates
flooding of the Mehi River at Moree.

•

1995 Paterson Consultants Pty Ltd; Moree and Environs Flood
Management Study: Looks at a number of options for flood risk
management including prohibition of building in high risk areas, voluntary
house raising schemes and increased building controls. The study also
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gave some information and advice with regards to the ‘Environs’ areas of
Bendygleet, Gwydirfield, Yarraman and Stonnington.
•

1997 Moree Plains Shire Council; DCP 11, Moree and Environs Flood
Plain Development and Management Plan: The DCP formalises
requirements for new development in the flood affected areas around
Moree and its Environs. It adopts earlier recommendations of the Flood
Risk Management Study.

•

2001 Paterson Consultants Pty Ltd; Flood Flow Velocity Study, Rural Small
Holdings, Moree; The technical study was to give some definition to risk
categories in accordance with depth and velocity products for the environs
areas of Moree.

This plan is to:
Provide a basis for discussion and to record the decisions of the Moree and Environs
Flood Risk Management Committee in adapting flood risk management in accordance
with the principles of the Manual.
Provide the next iteration of the flood risk management plans, arising out of the previous
studies, plans and DCP as agreed by the Committee, exhibited and endorsed by Moree
Plains Shire Council.
.

8.3

Flood mapping

As discussed in Section 4.2 on Hazards, definition of Frequency Hazards is reliant on the
10% and 1% AEP events. Also, as discussed in section 5.2, the 5% AEP event is critical
in determining the appropriate level of protection for commercial and industrial
development.
Flood frequency analysis, related to gauge height (not volume rate of flow) at the Mehi
bridge at Moree, has been determined in Paterson’s 1995 Flood Management Study.
While current thinking on flood frequency analysis suggests that the LPIII probability
distribution may not be an appropriate analytical tool, this is the best information available
at this time. Accordingly, it may be prudent to review the flood study at another time,
relying more on statistical rainfall to generate design floods, rather than relying on gauge
heights.
For the purposes of this management plan, the following flood heights have been adopted
pursuant to the Moree and Environs Floodplain Management Study. It should never be
forgotten that the heights here are related to the probability of the event for Moree
and Environs Only!!!! The proposed flood risk management measures related to
probability may be transferred from Moree to other localities, however, the depths of
different events are certain to be different at different localities, and it is not valid to
transfer the concept of maximum depth to other areas.
Table 8.1: Relative staged flood probability for Moree at Mehi River Gauge

Event

Moree gauge depth
(m)

AHD level at gauge
(m AHD)

depth below 1% AEP
(m)

10% AEP

8.96

206.90

2.06

5% AEP

10.14

208.08

0.88

12 hours before and

10.02

207.96

1.0
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Event

Moree gauge depth
(m)

AHD level at gauge
(m AHD)

depth below 1% AEP
(m)

1% AEP

11.02

208.96

0.00

0.01% AEP (PMF)

12.0

209.94

(above) 0.98

after 1% AEP

In addition, the quality of ground level information varies considerably from location to
location. Accordingly, the extents of events as shown on the maps and the extents of the
various hazard and impact areas are not conclusive. They are for general reference only
to indicate the likely extent of management issues for the benefit of the Committee and
the Community.
Applications for specific development applications should be accompanied by a Flood
Information Certificate (refer section 8), which has been specifically investigated for the
land concerned.

Floodplain Risk Management Plan
Moree and Environs

43

Moree and Environs

8.4

Existing Risk

8.4.1 Risk to Life
a) Moree
Figure 8.1 and Map 9.8 shows a map of Moree with the 24 hour inundation pattern
overlaid for the purposes of access analysis. The light blue shaded region indicates areas
that are likely to be inundated by more than 300mm in depth for more than 24 hours in the
1% AEP event. The affected area has been derived by considering the flood level 12
hours before and after the theoretical peak (1.0m lower than the peak) and intersecting
with a ground surface model artificially raised 300mm. Accordingly, the map does not
indicate the full extent of flooding.
There are approximately 200 existing residential properties on the western side of the
Hassell Street Floodway which would be cut off for more than 24 hours in a 1% AEP
event.

Figure 8.1 Moree Access Analysis

Frequency Risk mapping (refer map 9.5 & Figure 8.2) indicates that around 117
residential properties may be affected by the F3 Frequency Hazard category.
Much of the township of Moree, north of the Mehi River Bridge is subject to the F2
Frequency Risk category. This has historically been the case and local flood impact
means that this large portion of the town needs to be evacuated more frequently than
once in 100 years, but less frequently than 10 years on average. This flood risk could be
reduced by the construction of a ring levee around the northern part of Moree, however,
this option has been investigated in the past and was found to be prohibitively expensive.
Accordingly, a moderate level of frequency risk, comprising some 1570 residences
continues to exist.

Floodplain Risk Management Plan
Moree and Environs

44

Moree and Environs

Figure 8.2 Moree Frequency Hazard Categories

b) Bendygleet
Figure 8.3 and Map 9.8 shows a map of Bendygleet with the 24 hour inundation pattern
overlaid for the purposes of access analysis. The light blue shaded region indicates areas
that are likely to be inundated by more than 300mm in depth for more than 24 hours in the
1% AEP event. The affected area has been derived by considering the flood level 12
hours before and after the theoretical peak (1.0m lower than the peak) and intersecting
with a ground surface model artificially raised 300mm. Accordingly, the map does not
indicate the full extent of flooding.
Approximately 10 existing rural residential properties would be cut off for more than 24
hours in a 1% AEP event. However, the flat nature of the topography is such that the area
is generally sensitive to small changes in flood level and accordingly, it is likely that
inundation of these accesses would not be for much longer than 24 hours.
Only 5 – 6 properties are affected by the F3 frequency risk category and a further 125
properties are affected by the F2 Frequency Hazard Category. Refer map 9.5 and Figure
8.4 for mapping results.
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Figure 8.3 Bendygleet Access Analysis

Figure 8.4 Bendygleet Frequency Hazard Categories
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c) Yarraman
Figure 8.5 and Map 9.8 shows a map of Yarraman with the 24 hour inundation pattern
overlaid for the purposes of access analysis. The light blue shaded region indicates areas
that are likely to be inundated by more than 300mm in depth for more than 24 hours in the
1% AEP event. The affected area has been derived by considering the flood level 12
hours before and after the theoretical peak (1.0m lower than the peak) and intersecting
with a ground surface model artificially raised 300mm. Accordingly, the map does not
indicate the full extent of flooding.
The access analysis indicates that the whole of Yarraman would be isolated for more than
24 hours in a 1% AEP event.

Figure 8.5 Yarraman Access Analysis

However, only 1 property is affected by the F3 Frequency Hazard Category and around
60 properties affected by the F2 frequency risk category. Refer map 9.5 and Figure 8.6 for
preliminary mapping results. Note that maps are based on uncompleted ground survey
and more detailed investigations are required to properly identify the affected properties
for the purposes of ameliorative action.

Figure 8.6 Yarraman Frequency Hazard Categories
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d) Gwydirfield
Figure 8.7 and Map 10.8 shows a map of
Gwydirfield with the 24 hour inundation
pattern overlaid for the purposes of access
analysis. The light blue shaded region
indicates areas that are likely to be
inundated by more than 300mm in depth
for more than 24 hours in the 1% AEP
event. The affected area has been derived
by considering the flood level 12 hours
before and after the theoretical peak (1.0m
lower than the peak) and intersecting with
a ground surface model artificially raised
300mm. Accordingly, the map does not
indicate the full extent of flooding.
The access analysis indicates that parts of
Gwydirfield would be isolated for more
than 24 hours in a 1% AEP event; however
access may be able to be maintained to
the southern connection with the Newell
Highway subject to further more detailed
analysis of the levels on Gwydirfield Road.
Figure 8.7 Yarraman Access Analysis

There are currently 7 allotments within the
Gwydirfield area that are affected by the F3
Frequency Hazard Category, and a further 30
properties that are subject to the F2
Frequency Hazard Category. These properties
are currently zoned 1(a) rural, and therefore
do not add to the current risk profile. However,
should a rezoning application be considered,
Flood risk management issues would need to
be carefully considered. This will especially
consider the issue of access and likely time of
inundation of that access.

Figure 8.8. Gwydirfield Frequency Hazard
Categories
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8.4.2 Property Risk
a) Moree
Due to the long history of flooding, much of the residential property risk has already been
alleviated and Council has required minimum floor levels for new dwellings since 1997.
Even before this, prior flood experience had lead many dwellings to be raised. Preliminary
mapping suggests that as many as 185 residential properties may be in the P3 Property
Hazard Category, and up to 1465 residential properties may be in the P2 Property Hazard
Category. However, this mapping does not resolve the floor levels of the buildings on
these properties and further more detailed survey of floor levels would be required to
support ameliorative measures. Paterson (1995) suggested that approximately 1162
property floors were below the 1% AEP + 500mm level.
For commercial development, as it is considered that the stock and equipment turnover
for business is typically more frequent than for residential development, a higher degree of
risk is generally acceptable. It is proposed to adopt the 5% AEP event, plus freeboard
(500mm depending on quality of modelling) as the flood planning level (FPL) for
commercial and industrial development in accordance with the historic State standard.
Mapping suggests that there are around 9 commercial and 2 industrial properties affected
by the P3 Property Hazard Category and 251 commercial and 44 industrial properties
affected by the P2 Property Hazard Category, however, further survey of floor levels
would be required to confirm the properties that would be appropriate for ameliorative
measures.
Notably, many of the commercial properties are also the subject of heritage value whether
listed, or in a heritage conservation area, or just having some informal heritage merit.
Heritage value would also need to be considered in the formulation of management
measures.

Figure 8.9 Moree Property Hazard Categories
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b) Bendygleet
Preliminary mapping suggests Bendygleet has approximately 8 properties in the P3
Property Hazard Category, and 117 properties in the P2 property hazard category.
Largely, the Bendygleet rural residential area has been developed since introduction of
Council’s DCP, and therefore, floor levels and building materials have been generally
constructed to appropriate levels of flood risk. Accordingly there are not likely to be any
significant existing property risk issues in Bendygleet.

Figure 8.10 Bendygleet Propery Risk Categories

c) Yarraman
Preliminary
mapping
suggests
Yarraman has only 1 property in the P3
Property Hazard Category, and 62
properties in the P2 property hazard
category.
Due to the relatively high frequency of
inundation, and past experience with
floods,
most
of
the
existing
development in Yarraman has been
built to appropriate levels of flood risk.
Accordingly there are not likely to be
any significant existing property risk
issues in Yarraman.

Figure 8.11 Yarraman Propery Risk Categories
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d) Gwydirfield
At the moment preliminary mapping suggests
that 9 rural properties are subject to the P3
Property Hazard Category and 28 rural
properties are subject to the P2 property hazard
category.
This mapping does not disclose any residential
use or floor levels of buildings. Any existing
dwellings that are lower than the 1% + 500mm
flood planning level should be subject to the
same flood management measures as other
residential property in Moree.

Figure 8.12 Gwydirfield Propery Risk Categories

8.5

Reduction of Existing Risk

8.5.1 Floodways
Floodways are an effective means of reducing flood risk by ensuring that the affected land
is appropriately open to flood flows, thereby reducing potential future impacts that would
arise out of blocking the floodways due to buildings, filling or levees.
Floodways had previously been nominated in earlier flood studies on the basis of notional
high conveyance flows. However, the impact of blocking the floodways has not been
modelled.
In keeping with the theme of ensuring that floodways are for the conveyance of flood
waters, additional floodways should be nominated over the main river channels within the
floodplain management plan areas.
It is recommended that the potential impacts of blocking the floodways be modelled during
future flood studies, to confirm their relevance.
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The nomination of land as a floodway does not mean that the land must be clear felled
and is not allowed to support riparian vegetation. As the ecological values of riverbank
land are well established and subject to more frequent benefits than should the land be
left bare, it is recommended that future modelling of floodways include appropriate
roughness factors for riparian vegetation.
In the interim, it is recommended that the floodways be retained in the planning controls to
maintain their historical tenure with the land. It should be noted that the nomination of
floodways does not relate to total inflexibility and therefore does not represent a
sterilization of the land. However a proponent would need to demonstrate that adequate
flood conveyance, at least equal to that provided by the floodway, could be provided
following development of land affected by a floodway.
Historically nominated floodways are described below:
a) Kamilaroi Drive
This floodway is on the Broadwater on the northern limits of the Moree town area. Its
current land use is 1(a) General Rural.
b) Balo Street
This floodway on the southern side of the Woolworths Supermarket development starts on
the western side of Balo Street, and connects to the Mehi River downstream of the main
bridge. Ostensibly, the upstream end of the floodway should continue to the east side of
Balo Street to connect to the Mehi River upstream of the bridge. Land use is currently 6(a)
Public Open Space.
c) Edward Street
This floodway is aligned with the River Bank between Edward and Albert Streets. It
provides additional width for flood flows and is currently zoned 6(a) Public Open Space
d) Coolibah Road (north)
This floodway was originally nominated by Cameron McNamara Pty Ltd in 1983 pursuant
to the very first Moree Flood Management Study. It had been retained through the
historical reincarnations of the Moree Flood Management Plans, however, a local study by
Paterson Consultants on behalf of land developers demonstrated that the floodway was of
little relevance. Accordingly, Council approved a light industrial / commercial development
on the site. It is recommended that the floodway be deleted from the flood management
plan and planning controls.
e) Coolibah Road (south)
Like the Edward Street Floodway, this floodway is an extension of the river bank. It
appears however to be wholly within the river’s cadastral boundaries and is therefore
unzoned.
f) Hassell Street
This floodway aligns with Greenbah Creek, a mostly dry creek bed that only flows during
times of high rain and flood. For the most part, the floodway lies within the yards of
established residential properties and therefore sustains a moderate degree of
development pressure. This particular floodway is also important for moderate to heavy
local rainfall events and it is imperative that it remains nominated, even if it is shown not to
have a significant impact in reducing the effects of the 1% or larger floods.
The northern section of Greenbah Creek is not currently nominated as floodway, despite
the obvious depression in the ground, probably due to the land being zoned a
combination of 6(a) and 1(a) Rural. This ‘missing link’ should be nominated as a floodway.
Recommended future floodways are shown on Figure 9.7
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8.5.1 Flood Storage Areas
It is noted that significant areas of the rural zones of Bendygleet, Yarraman and
Gwydirfield are subject to wide but slow moving floodwaters. While the overall flood
volumes are considered to be large, it is not inconceivable that wholesale exclusion of
flood waters by the construction of Levees by individual property owners could have unsustainable impacts, particularly upstream.
Although it is unlikely that a levee around one single property could have a significant
impact, the cumulative impacts of a number of properties, especially where those
properties adjoin, could be unreasonable. Accordingly, it is recommended that all rural
and rural residential areas covered by the plan are nominated as flood storage areas, the
impact of which means that only 20% of the property can be leveed or filled to exclude
flood water.
Recommended flood storage areas are shown on Map 9.7.

8.5.2 Risk to Life
As discussed at Section 4.1.2 “Evasive action is the primary mechanism to manage risk to
life: Most simply, the evasive action is presented as evacuation to flood free land in order
to manage the risk to life. Accordingly, the principal means of managing risk to life, is to
utilise evacuation contingencies. Also, as discussed at Section 6.4, it is necessary to have
different evacuation plans depending on the predicted magnitude of the event. In some
cases, for events smaller than the 1% AEP, it may be prudent to allow on site refuge.
For events smaller than the 1% AEP Flood:
•
The location of flood evacuation centres needs to be carefully considered. It is clear
from Figure 8.2, that there is no land with sufficiently high enough freeboard to be
considered a viable option for a flood evacuation centre on the northern side of the
Mehi River (principal commercial area of Moree).
•

A significant number (approx 900) of properties would have the surrounding land
inundated by more than 300mm for more than 24 hours in the 1% AEP event.
Mandatory evacuation for these properties north of Gwydir Street would therefore be
required, however, due to the general sloping of the land to the north, access would
not be cut off suddenly and there are opportunities for progressive evacuation.

•

In many areas subject to inundation, the onset of flood water may be delayed by the
installation of flood gates on the drainage system outlets, particularly at the banks of
The Broadwater and the Mehi River as typically, the river banks are higher than the
surrounding land levels. However, flood gates can be problematic in their reliability
and maintenance tends to be an issue. Opportunities for installation of flood gates on
stormwater outlets to The Broadwater and Mehi River should be investigated.

•

The Gwydir Highway is also likely to be cut at the Hassell Street floodway, further
isolating approximately 200 properties on the western side of the floodway, and at
Bendygleet. Similarly to Balo Street, this area should be investigated for raising,
Particular attention will need to be paid to retaining the functionality of the floodway,
and box culvert sections are likely to be required, making this a relatively expensive
option.

•

If the Hassell Street floodway were to be raised, there would still be approximately 75
properties subject to isolation for more than 24 hours in a 1% AEP event on the
northern side of the intersection of Tirzah and Boonery Roads. Mandatory
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evacuations of these properties would also be required, depending on detailed
investigation of road levels at Boonery Road.
•

Figure 8.3 indicates that Bendygleet may contain a small number of rural residential
properties where the access would be cut off by more than 300mm for more than 24
hours in a 1% AEP event. Mandatory evacuations for events smaller that the 1%
AEP may be difficult to manage. Accordingly, these properties should be prepared to
accept a higher level of risk, and should be encouraged to have emergency flood
stores of water, food, medications, first aid and self contained power generation on
the basis of the 1(c) Rural Small Holdings zoning.

•

Figure 8.5 indicates all of Yarraman is likely to be cut off for more than 24 hours. For
the sake of consistency, properties in this area should also be encouraged to stock
up on emergency stores on the basis of land use zoning.

•

Figure 8.7 indicates that the few existing rural properties in Gwydirfield may have
inundated access, and should also be encouraged to have emergency supply stores
on the basis of zoning.

•

In general, in the management of all of these flood events where the roads would be
partly inundated (by less than 300mm) and therefore still be relied on for access, an
inspection of the roads should be undertaken and guide posts installed necessary to
delineate the edges of the pavement.

For events larger than the 1% AEP Flood:
As there is no guarantee that floor levels would not be inundated for all properties, and all
access would be cut for significant periods of time, mandatory evacuation for all properties
north of Anne Street, including the rural residential properties, should be required.

8.5.3 Property Risk
a) General
A broad assessment of the property risk categories identifies that there are no significant
areas of incompatibility, that is the existing development is not structurally inadequate.
This is probably through a process of ‘natural selection’ whereby any structurally
inadequate buildings would have already suffered damage as a result of historical floods.
However, the last significant flood occurred in 1976 and it would be worthwhile conducting
an assessment of more recent applications to ensure structural adequacy has been
determined. Note that structural certification was historically a requirement of the 1997
DCP.
b) Residential (2(a) Zone)
There may be significant number of existing dwellings with floor levels lower than the flood
planning level of 1%AEP + 500mm. It is recommended that Council pursues a house
raising scheme for these dwellings. In essence, the house raising scheme could be jointly
funded by property owners and the State Government as part of its flood risk
management policy. Council would be responsible for facilitating and administering the
scheme, but would need to underpin the scheme with a floor level survey in the first
instance to identify the affected properties.
c) Rural Residential (Rural Small Holdings 1(c) Zone
In general, most of these dwellings have been developed since Council introduced
minimum floor level standards in 1997. Accordingly, there is no special treatment required
to reduce existing levels of property risk.
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d) Commercial
For existing commercial buildings that have a degree of risk because they have floors
below the 5% + 500mm flood planning level, and concurrent heritage conservation value,
there is little that can be done to reduce the risk, other than ensuring that owners and
tenants have appropriate stock storage facilities either off site or located higher than the
minimum risk level on site. Therefore, it would be prudent for business owners to consider
the 5% AEP + 500mm level, and to make appropriate provision for moving stock,
machinery and equipment to higher ground where required. This could involve temporary
storage facilities off site, or property modification on site to provide limited storage. Each
case would need to be determined by the owner on its merits, however, Council could
facilitate the process, including attracting State Government grant funding where
appropriate.
In some circumstances, it may be possible to deploy removable flood barriers, such as
Floodgate™.
For commercial buildings that do not have intrinsic heritage value, it may be possible to
reduce risk by raising floors, but the practicality would need to be assessed on a case by
case basis.
It is recommended that a survey of commercial building risk be undertaken with a view to
incorporating risk management measures in association with risk management for
residential property, to be jointly funded by the building owner and State Government, but
facilitated and administered by Council

8.5.4 Frequency Hazard
While property within F3 frequency risk category is likely to be inundated too regularly for
satisfactory occupation, redevelopment of the F3 land is considered an effective way to
reduce the existing risk.
Any redevelopment of the high risk properties (F3) would require the placement of fill to
reduce the frequency hazard. Land currently zoned as 2(a) would be treated by filling the
lot to the 10% AEP level + 500mm (F2). However, land zoned 1(c) is also typically
encumbered by the Flood Storage flood impact category and therefore scope to fill is
limited to 20% of the land area. Having regard to the size and typical amenity of most rural
residential allotments, a minimum F2 land area of twice the house footprint area is
considered appropriate and is recommended.
A possible solution, other than redevelopment, is voluntary purchase. However, voluntary
purchase is likely to be expensive and would need to be justified on a cost / benefit ratio
basis. Accordingly, the area should be investigated further for this option. Levees are not
considered to be a desirable option to reduce the frequency hazard category as these
produce problems associated with stormwater drainage.
For the F2, frequency risk category, the moderated degree of flood risk can only be
reduced by excluding flood waters from a larger portion of the town. This would involve
construction of a ring levee, which has been proposed on other occasions, but found to be
prohibitively expensive.
Accordingly, F2 frequency risk areas are not reduced under the plan. Management of
frequency risk is dealt with in the discussion on residual management measures
(Continuing Risk).
It is considered that the F1 frequency risk category (for which evacuations would need to
take place for rare and extreme events on a less than 100 a year recurrence interval)
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represents the acceptable level of frequency risk, for which the community in general is
prepared to live with on an ongoing basis.

8.6

Future Risk

a) Rezoning
Land use is primarily driven by the Local Environmental Plan (LEP) and the rezoning
process. In essence, existing flood studies should inform proposed rezoning, however,
flood risk management planning depends on a combination of ground levels and flood
levels. Accordingly, detailed investigation into ground levels would generally be required
ahead of informed decision making on flood risk management to inform potential rezoning.
Such detailed discovery of the ground levels, will in turn allow for flood management
planning and therefore will allow the boundaries of the applicable areas for the Flood Risk
Management Plan to be expanded.
Notwithstanding this advice, the relevant S117 direction, with respect to rezoning flood
prone land, will also need to be carefully considered.
There is currently some pressure to rezone 1(a) Rural land in Gwydirfield to 1(c) Rural
Small Holdings. Access will be the critical factor in determining the rezoning potential. In
that regard, Figure 8.7 indicates that Gwydirfield Road has good access potential for the
majority of its length in all but a few short areas. Consideration should be given to further
investigating the levels ahead of any rezoning applications to determine if access is
genuinely available, or if it would need to be augmented by works. Note: The main access
route would be to the new Moree Bypass.
b) Residential and Commercial Development
For all new buildings, floor levels should be set at or above the FPL derived from the 1%
AEP event, plus freeboard in the case of residential (including rural residential)
development, and the 5% AEP event, plus freeboard in the case of commercial and
industrial development.
For alterations and additions, the tendency for “development by stealth” needs also to be
balanced against the reasonable need for property owners to improve existing dwellings.
For example, a dwelling might have a floor level lower than the FPL, and the owners might
be considering extending the floor area to accommodate a new bedroom. In general, the
principal issue should be whether or not flood risk is unreasonably increased, given that
the dwelling might be already subject to a degree of risk. In that regard the definition of
‘minor addition’ from the proposed consolidated DCP is appropriate in defining the limits of
extension to existing development.
The definition is repeated below for reference:

“minor addition” means an extension or extensions of an existing structure to a
maximum increase of ground floor area of 50% from the floorspace as existing at 2
September 1997. Ground floor area is taken to be that area of the dwelling as adapted
from the definition of "gross leasable floor area" in the Model Provisions with respect to
floorspace, namely:
“…the area … is taken to be the area within the outer face of the external enclosing
walls as measured at a height of 1,400 millimetres above each floor level excluding:
(i) columns, fin walls, sun control devices and any elements, projections or
works outside the general line of the outer face of the external wall
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(ii) lift towers, cooling towers, machinery and plant rooms and ancillary storage
space and vertical air-conditioning ducts
(iii) car-parking … and any internal access thereto.”
(Environmental Planning and Assessment Model Provisions1980)

Open verandas, and patios, storage space (non habitable) and car parking are
specifically excluded, although service areas such as bathrooms and laundries are
included.
Building materials should be of a flood proof nature where building areas are below the
FPL, and the management of stock and materials should also be considered.
There is some pressure to intensify residential development within Moree north of the
Mehi River.
This is largely within the F2 frequency hazard category and accordingly, further intensified
occupation will mean that more people would need to be evacuated during times of
moderate to large floods. However, the underlying demand for such development is
generally low, and would usually be driven by an aging population profile, which has a
concurrent reduced occupancy rate. Therefore, when considered in the existing social and
economic context of Moree, this may be considered to be acceptable. Accordingly, it is
recommended that dual occupancy, unit development and further residential development
(subdivision) be permitted within the F2 frequency risk zone. Areas in the F3 frequency
risk hazard category should clearly not be rezoned.
Structural certification of new buildings is required where the property hazard category is
in the P2 - P3 range.

b) Rural development
Flood proofing mounds are considered to be an appropriate way of reducing future
property risk, allowing a limited area (less than 20% of the lot area, in accordance with the
requirements for flood storage areas). These are not mandatory; however, they are
encouraged as a means of reducing flood risk for rural residential properties. Where they
are provided, they should have a minimum level of 500mm above the 1% AEP flood. As
the mounds are not mandatory, it is not possible to enforce the minimum height, and any
height would offer an increased level of protection. Accordingly, flood proofing mounds of
any height are encouraged, provided the site in total complies with the 20% maximum
displacement area requirement of the flood storage areas.

8.7

Continuing Risk

8.7.1 Frequency risk
Management of the moderate level of frequency risk remaining in Moree, particularly north
of the Mehi River, remains the prerogative of the State Emergency Service. Evacuation
centres have historically been set up in South Moree
Flood management controls for Copeton Dam: Copeton dam can provide a level of flood
protection depending on the controlled release of upstream waters. Note: This is not
related to any emergency measures that might be required as a result of dam break.
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Preliminary analysis of a potential dam break at Copeton Dam suggests that Moree,
including south Moree, could be inundated and accordingly, such dam break may require
full evacuation of the town. This should be further investigated and appropriate emergency
plans made. Should such an event occur, the relevance of this Plan would be invalid.
8.7.2 Community Awareness
A program to educate residents and visitors is a useful tool in maintaining the community’s
awareness of the ever present flood risk, especially in the intervening periods between
flood events. For Moree, the most recent major flood with significant impact on the town
occurred in 1976. There are a number of clear consequences of not having a major flood
in over thirty years:


A sense of complacency can set in, that as no large floods have occurred in living
memory of many of the town’s residents, the real risk can be ignored.



The laws of averages suggest that a major flood event is due in the foreseeable
future.



The severity of the impacts of the most recent flood can fade into memory. The
consequent impacts of the next event can be more distressing because of their
unexpectedness.

There is therefore a compelling argument to have some form of community awareness
program. Media campaigns and the like are generally ineffective, due to the irrelevance of
the message in consideration of the time frame between events.
Flood markers are a good reference guide to generate interest, and usually take the form
of a metal plate fixed to power poles or buildings at some known historical flood event, for
example, the 1971 event, at its peak.
Council could initiate a flood marker program with assistance from the State Government.
8.7.3 Evacuation
As discussed in Section 8.5.2, the principal residual flood risk management option for
Moree is evacuation. This should be either discretionary, or mandatory depending on the
circumstances of access.
Where access is likely to be cut by more than 300mm depth for more than 24 hours,
evacuation should be mandatory, and for all events larger than the 1% AEP, early
evacuation should also be mandatory so as not to create islands of trapped people that
would be difficult or impossible to manage.
Note also that different evacuation responses may be appropriate for different events, and
(subject to funding) it is possible to analyse events of differing probabilities for differing
evacuation strategies.
Part of the specific environment of Moree means long warning times are available and
peak flood levels should be known well in advance of the peak arriving in town.
Accordingly, the management of personal safety is wound into the principles of
evacuation, which in turn relies on the hydraulic relationships between Moree and
upstream flood gauges. In this regard, the emergency services rely heavily on expert
advice from the Bureau of Meteorology.
There is a case for emergency services personnel to be given special powers to require
occupants to evacuate. However, this power should be used judiciously depending on the
likely peak flood level. The granting of powers for emergency services personnel is a
matter for Parliament, and outside the range of influence of this plan.
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8.8

Status of plan implementation

Planning controls may be proposed in a draft DCP to align with the principles of this Plan.
The Plan is final and adopted.

8.9

Recommendations

8.9.1 Generic Criteria for Future Flood Studies
Future flood studies should quantify the 10%, 5%, 1% and PMF events in order to inform
future iterations of the Flood Management Plan. Outputs should comprise velocities,
levels, extents and fully developed hydrographs to determine the likely impacts, timing
and duration of inundation. In addition, future flood studies should also consider the
following:


Recommended freeboards: freeboards should be recommended as these are, in
part, a function of the model and the nature of the flood surface developed.



2D modelling is preferred. The complex nature of flooding, particularly with regard
to the interaction of channels, floodplain and flood runners means that two
dimensional modelling is the most appropriate tool for analysis.



Underpinning by accurate ground survey, probably obtained by Aerial Laser
Survey or Photogrammetry.



F1, F2 and F3 Frequency Hazard Areas, and P1, P2 and P3 Property Hazard
Areas should be identified and mapped.



Access studies, showing the area that would be inundated for more than 24 Hours
in a 1% AEP event.

Future flood risk management studies should also:


Identify areas of unacceptable life and property risk, and recommend solutions for
management, for existing built areas (existing risk) and new development (future
risk). Some solutions may involve back zoning.



Solutions, particularly where they involve the definition of additional floodways or
flood storage areas, should be remodelled to ensure that impacts of measures are
appropriately considered, either as costs, or benefits.



Solutions should be costed and developed into a cost – benefit ratio for
comparison, using “Anuflood”, or similar analysis tool.

Future flood risk management plans should adopt the preferred flood risk management
strategies, and be amended and updated on a regular basis to ensure currency.

8.9.2 Specific Recommendations
The following specific recommendations are made for continuing flood risk management
in the Moree and Environs area:


An amendment to the Moree Plains Development Control Plan be proposed and
informed by this plan to guide new development
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Nominated floodways be amended by the removal of The Coolibah Road (North)
Floodway and the extension of the Hassell Street Floodway as suggested on
figure 9.7



Flood Storage Areas be nominated as indicated in figure 9.7



Council investigates installation of floodgates on the drainage system at the
Broadwater and Mehi to delay the onset of floodwater through the stormwater
drainage system



Council investigates the raising of the Gwydir Highway at Hassell Street to improve
flood access to the western side of Moree, notably, West Moree and Bendygleet



An emergency preparation plan and education program be initiated, particularly
with affected rural residential properties. This may include advice on food and
water stores etc



All roads likely to be inundated at critical evacuation locations be investigated and
additional guide posts be installed if necessary to delineate the road



Council pursues a study to assess commercial and residential floor levels to
underpin a future house raising scheme and to facilitate a risk management plan in
the affected commercial zone



When required, specific investigations be carried out by the proponents of
rezonings to demonstrate how the principles of flood risk management as
indicated in this Plan would be addressed



A community awareness program be initiated. This could include the roll out of a
system of historical flood markers and be tied in with an emergency preparation
program



Improvement in flood warning times be investigated through improvement in the
understanding and the number of upstream flood gauges and the relationship to
flood heights in Moree.
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9.1

Plan of Applicability
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9.2

Interpolated 10% AEP Flood Surface
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9.3

Interpolated 5% AEP Flood Surface
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9.4

1% AEP Flood Surface
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9.5

Frequency Hazard Categories*
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9.6

Property Hazard Categories*
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9.7

Flood Impact Categories
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9.8

Flood Access Analysis
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