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S1. BACKGROUND

S1.1. Status of Wellington Floodplain Management Plan

The Wellington Floodplain Management Study and Plan were originally prepared in
1996 by Lyall & Macoun Consulting Engineers and the Plan subsequently adopted by
Wellington Council. The 1996 Study described the Wellington floodplain and defined
flooding characteristics, quantified flood damages and determined flood hazard.
Existing and potential floodplain management measures were described and
appropriate measures for inclusion in the Floodplain Management Plan were
identified and prioritised.

Subsequently, staff from Lyall & Macoun formed Evans & Peck. Wellington Council
engaged Evans & Peck to carry out a review of the 1996 Plan and its implementation
in light of the publication of the NSW Government’s 2005 Floodplain Development
Manual (‘2005 FDM’) and the time elapsed since the preparation of the original Plan.

This Floodplain Risk Management Study (FRMS) 2013 contains:
e an update of the out-of-date sections and appendices of the 1996 Study;

e arevised and updated Floodplain Risk Management Plan (FRMP) 2013 that takes
into account:

o the terminology and philosophy in the 2005 FDM;
o the actions taken by Council to implement the 1996 FRMP;

o the requirement for Council to incorporate new elements and revise
existing elements in the FRMP.

This Summary presents the updated findings of the FRMS 2013, including the
updated FRMP.

S1.2. NSW Flood Prone Land Policy & the Floodplain Development
Manual

The primary objective of the NSW Government’s Flood Prone Land Policy is to reduce
the impact of flooding and flood liability on individual owners and occupiers of flood
prone property, and to reduce private and public losses resulting from floods. At the
same time, the policy recognises the benefits flowing from the use, occupation and
development of flood prone land. The policy promotes the use of a merit approach
which balances social, economic, environmental and flood risk factors to determine
whether particular development or use of the floodplain is appropriate and sustainable.

The Floodplain Development Manual (NSW Government, 2005) (‘2005 FDM’) was
prepared in accordance with the NSW Government’s Flood Prone Land Policy. It
guides councils in the development and implementation of detailed local floodplain risk
management plans to produce robust and effective floodplain risk management
outcomes. The 2005 FDM also outlines the technical assistance provided by the State
Government throughout the floodplain risk management process.

20131126 Summary & Recommendations.docx Page S1 November 2013



Wellington Floodplain Risk Management Study 2013
Summary and Floodplain Risk Management Plan

__‘#
WELLINGTON
COUNCIL

NS

The FRMS 2013 takes into account the changes in the 2005 FDM and updates the
1996 Study in keeping with the updated approach.

The steps involved in formulating and implementing a FRMP are shown in Figure S1,
which depicts the Floodplain Risk Management Process as outlined in the 2005 FDM.
The Floodplain Risk Management Process was developed in response to, and is
consistent with, the NSW Flood Prone Lands Policy.

Floodplain Established by the local
Risk council, must include
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Committee state agency specialists
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Figure S1: The Floodplain Risk Management Process

A Floodplain Risk Management Plan is an integrated mix of management measures
for the floodplain that address existing, future and residual flood risks. These plans
are based on a detailed analysis of the impact of floods on existing land-uses and
infrastructure, together with an assessment of future needs and community
expectations regarding uses of the floodplain. In addition to flooding behaviour
Floodplain Risk Management Plans also consider the social, economic and
environmental impacts of flooding, floodplain management measures and the
development of flood-liable lands. In this way, a Floodplain Risk Management Plan
represents a responsible and equitable compromise between the use of the
floodplain for various purposes and the impact of flooding on adopted land-uses.

Such an approach will limit future flood losses to socially responsible levels whilst
ensuring that floodplains are not unnecessarily sterilised, nor development
unreasonably restricted - providing that development is adequately controlled and
does not adversely affect flooding behaviour to an unacceptable degree, either at the
development site or elsewhere.
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There are a number of terms which have specific meaning in relation to floods and
floodplain management. The following definitions, as provided by the 2005 FDM,
reflect current government policies that are relevant to Wellington:
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Flood liable land: The area of land which is subject to inundation by floods up to and
including an extreme flood such as a probable maximum flood (PMF). Synonymous with
flood prone land and floodplain.

Flood mitigation work: Work designed and constructed for the express purpose of
mitigating flood impacts. It involves changing the characteristics of flood behaviour to
alter the level, location, volume, speed or timing of flood waters to mitigate flood impacts.
Types of works may include excavation, construction or enlargement of any fill, wall, or
levee that will alter riverine flood behaviour, local overland flooding, or tidal action so as
to mitigate flood impacts.

Flood planning levels (FPL): The combinations of flood levels (derived from significant
historical flood events or floods of specific AEPs) and freeboards selected for floodplain
risk management purposes, as determined in management studies and incorporated in
management plans.

Flood risk precinct: An area of land with similar flood risks and where similar
development controls may be applied by a council to manage the flood risk. (The flood
risk is determined based on the existing development in the precinct or assuming the
precinct is developed with typical residential uses). (See also Risk).

Floodway: Those areas of the floodplain where a significant discharge of water occurs
during floods. Floodways are often aligned with naturally defined channels. Floodways
are areas that, even if only partially blocked, would cause a significant redistribution of
flood flow, or a significant increase in flood levels.

Freeboard: A factor of safety expressed as the height above the design flood level.
Freeboard provides a factor of safety to compensate for uncertainties in the estimation of
flood levels across the floodplain, such as wave action, localised hydraulic behaviour
and impacts that are specific event related, such as levee and embankment settlement.

Hazard: Flooding which has the potential to cause damage to the community. Definitions
of high and low hazard categories are provided in Appendix L of the 2005 FPM.

High Flood Risk Precinct: Those parts of the floodplain where the depth and velocity of
flood waters and evacuation difficulties would pose an unacceptable risk to types of
development and activity.

For Wellington, the High Flood Risk Precinct is the area of land subject to high hydraulic
hazard (floodway) in a 126 AEP flood event. The flood hazard in this area cannot be
reduced by methods such as filling without creating unacceptable flood hazard elsewhere
on the floodplain. In comparison, the flood hazard in a high hydraulic flood fringe area
can be managed by methods such as filling without adversely affecting flood hazard
elsewhere on the floodplain.
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Medium Flood Risk Precinct: Those parts of the floodplain where there would still be a
significant risk of flood damage, but these damages can be minimised by the application
of appropriate development controls.

For Wellington, the Medium Flood Risk Precinct applies to land area below the extent of
the 1% AEP flood level +0.5 m, but above the high hazard 1% AEP extent.

Low Flood Risk Precinct: Those parts of the floodplain where the risk of damages is low
for most land uses and, therefore, most land uses would be permitted. Those uses
considered critical or requiring maximum protection against risk from flooding should be
identified as undesirable land uses in this precinct.

For Wellington, the Low Flood Risk Precinct applies to all land within the floodplain
(i.e. within the extent of the PMF) not identified as being within either the High
or Medium Flood Risk Precincts.

Merit approach: The principles of the merit approach are embodied in the FDM (NSW
Government, 2005) and weigh up social, economic, ecological and cultural impacts of land
use options for different flood prone areas together with flood damage, hazard and
behaviour implications, and environmental protection and wellbeing of the State’s rivers
and floodplains.

Probable maximum flood (PMF): The largest flood that could conceivably occur at a
particular location. The land inundated by this flood is ‘flood liable land’. For Wellington,
the ‘Extreme Flood’ (see below) has been adopted as a surrogate for the PMF.

Extreme flood: Because of the flood mitigation effect of Burrendong Dam and the
complex interactions between floods on the Macquarie River and Bell River, a simple
definition of the PMF is not possible for Wellington. For purposes of defining ‘flood liable
land’ two extreme flood scenarios (notionally 0.002% AEP) have been assessed:

e Extreme Flood in the Macquarie River (EMAC) which has been defined as the flood
levels arising from a combination of the flow at Wellington resulting from the PMP
design flood inflow to Burrendong Dam with the dam full at the commencement of
the flood and without dam failure (20,000 m®/s) and the 1% AEP flow in the Bell
River (2,140 m®/s).

e Extreme Flood in the Bell River (EBELL) which has been defined as the flood levels
arising from a combination of an extreme flood in the Bell River (8,350 m®/s) and a
19%AEP flood in the Macquarie River (2,800 m®/s).

Reliable access: Reliable access during a flood means the ability for people to safely
evacuate an area subject to imminent flooding to a defined regional evacuation route
within effective warning time, having regard to the depth and velocity of flood waters, the
suitability of the local evacuation route, and without a need to travel through areas where
water depths increase.

Risk: Risk is measured in terms of consequences and likelihood. In the context of
floodplain management, it is the likelihood and consequences arising from the interaction
of floods, communities and the environment. For example, the potential inundation of an
aged person’s facility presents a greater flood risk than the potential inundation of a
sports ground amenities block (if both buildings were to experience the same type and
probability of flooding). Reducing the probability of flooding reduces the risk, increasing
the consequences increases risk. (See also flood risk precinct).
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Flood Frequency

In this report, the frequency of floods is generally referred to in terms of their
Annual Exceedance Probability (AEP). The frequency of floods may also be referred
to in terms of their Average Recurrence Interval (ARI). The approximate
correspondence between these two systems is:

Annual Exceedance Average Recurrence
Probability Interval
(AEP) % (ARIl) - years

0.2 500

0.5 200

1 100

19.5

20 4.5

50 1.4

The AEP of a flood represents the percentage chance of its being equalled or exceeded
in any one year. Thus a 5% AEP flood has a 5% chance of being equalled or exceeded
in any one year; a 1% AEP flood has a 1% chance, and so on. The larger the flood the
smaller the chance of its being experienced. A 1% AEP flood is also equivalent to a
100 year ARI flood. Over a long period of, say 1000 years, 10 such floods would be
expected to occur, at an average frequency of once in 100 years. This does not mean
that a 100 year ARI flood will occur at regular intervals, or that only one 100 year ARI
flood will be experienced in any 100 year period.

While a 1% AEP flood is a major flood event, it does not define the upper limit of
possible flooding. Over the course of a human lifetime of, say 70 years, there is a
50% chance that a flood at least as big as a 1% AEP will be experienced. There is a
30% chance that a 0.5% AEP flood will be experienced over this period.

Reference is also made in this report to "extreme" flood events on the Macquarie and
Bell Rivers. These floods approximate the upper limit of flooding on these two
streams and are extremely rare floods. Such floods are analysed to determine the
consequences of an event much greater than the floods on which the Flood Planning
Levels are based, so that appropriate planning and response measures may be
considered for inclusion in the FRMP. The definition of the extreme floods in
Wellington is provided in Section S1.3 above.
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S2. FLOOD CHARACTERISTICS

S2.1. Physical Setting

The town of Wellington is located at the confluence of the Macquarie and Bell Rivers in
the north-west of NSW, about 350 km from Sydney, and has a population of 5,400.
Upstream of the confluence, the Macquarie River has a catchment area of 14,250 km?.
The Bell River has a catchment of 1,860 km?®.

There are two major water storage dams upstream of Wellington. Burrendong Dam
(completed in 1965) is located at the confluence of the Macquarie and Cudgegong
Rivers approximately 30 km upstream of Wellington, and Windamere Dam (completed
in 1984) is situated on the Cudgegong River approximately 30 km upstream of
Mudgee.

Burrendong Dam has a total catchment area of 13,900 km?, which is approximately
86% of the catchment at Wellington. The dam has a total storage volume of 1,680 GL
of which 480 GL is allocated to flood mitigation. This flood mitigation volume
represents approximately half the volume of runoff which passed the dam site in the
February 1955 flood. That flood resulted in the highest recorded flood level in the 19"
century on the Macquarie River at Wellington.

Due to the high percentage of the catchment controlled by the dam, the large flood
mitigation capacity and the planned operation of the spillway gates during floods,
Burrendong Dam has a significant effect on the majority of flood events at Wellington.
If the dam had been in existence at the time of the February 1955 flood, the flood
peak at the Mitchell Highway bridge in Wellington would have been reduced by 8.4 m.
A flood which had a peak inflow to the dam greater than the February 1955 flood
occurred in August 1990. If the dam had not been in existence, the August 1990 flood
would have been 3.5 m higher than the recorded peak at the Mitchell Highway bridge.

Windamere Dam has a total storage capacity of 368 GL and controls a catchment area
of 1,070 km?, which represents about 7% of the catchment area at Wellington. The
reservoir has no reserved storage capacity or operating rules designed to reduce flood
flows. The small proportion of the catchment controlled by the dam together with the
absence of flood mitigation storage or operating rules mean that the dam has no
significant effect on flood flows at Wellington.

As shown in Figure S2, most of the urban development including the main business
and commercial area in Wellington is located in the wedge of land between the left
bank of the Macquarie River and the right bank of the Bell River (looking
downstream). Approximately 590 ha of land within the study area would be
inundated in the event of a 1% AEP flood. Of this, about 40 ha is zoned as
environmental management or for residential or business uses, with the remainder
being zoned largely for open space or agriculture.

The 0.5% AEP flood would be about 1 m higher than 1% AEP flood and would
inundate about 660 ha of which about 55 ha are zoned for residential or business
purposes. The 0.2% AEP flood would be a further 1 m higher than the 0.5% flood
and would inundate approximately 740 ha, including about 90 ha zoned for
residential and business purposes.
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Depending on location, the EMAC event would be around 12.5 m higher than the 1%
AEP flood. In such a flood approximately 1,100 ha within the study area would be
flooded.

S2.2. Floodplain Definition and Topography

Flooding in Wellington is influenced by the magnitude and synchronisation of flows in
the Macquarie and Bell Rivers. Most of the town is considered to be flood free even
for major floods of the order of 0.2% AEP, but parts of the commercial area near the
Mitchell Highway - Warne Street intersection have been subject to flooding.
Floodwaters enter this area by surcharging the banks of the Bell River either due to
high flows in the Bell River alone, or in conjunction with backwater flooding from the
Macquarie River. Properties along Ford Street and Gobolion Street, low lying rural
properties on the Bell River floodplain and parts of Montefiores are also subject to
inundation.

The Macquarie River upstream of the confluence has an incised channel about 15 m
deep with a confined overbank area. For the 1% AEP flood, the width of flow would
be 150 m and flow velocities in excess of 2 m/s. The difference in peak level
between 5% and 1% AEP is about 3 m.

The Bell River, by comparison, has a much smaller channel, typically around 5 m
deep and 50 m wide, but a much more extensive floodplain. The bank is overtopped
in the event of minor floods of the order of 10% AEP, and the floodplain is inundated
to a depth of about 2 m for floods of 5% AEP. For a 1% AEP flood the maximum
depth of inundation on the left bank would be about 3 m and the width of flow in
excess of 1 km. The difference in peak flood levels between 5% and 1% AEP floods
is only about 1 m. For a 1% AEP flood, the flow velocity would be of the order of 1.0
- 1.2 m/s in the channel and 0.5 m/s on the floodplain. Backwater influences from
the Macquarie River extend upstream as far as Maughan Street.

Downstream of the confluence of the Bell and Macquarie Rivers the floodplain of the
Macquarie River becomes more extensive, with a width of around 800 m for a
1% AEP flood. The difference in peak levels between 5% and 1% AEP floods would
be about 3.2 m. Flow velocities are generally higher than above the confluence,
reflecting the increase in bed slope, which averages 1 m/km. The maximum velocity
in the channel would be experienced at a narrow section about 1 km downstream of
the confluence where the velocity would increase from 2.5 to 3.2 m/s between 5%
and 1% AEP floods.

Two extreme flood conditions, which are designated EMAC and EBELL, have been
adopted in this study for defining "extreme" flood conditions for planning purposes:

. Extreme Flood in the Macquarie River (EMAC) which has been defined as the
flood levels arising from a combination of the flow at Wellington resulting from
the PMP design flood inflow to Burrendong Dam with the dam full at the
commencement of the flood and without dam failure (20,000 m®/s) and the 1%
AEP flow in the Bell River (2,140 m?/s).

. Extreme Flood in the Bell River (EBELL) which has been defined as the flood
levels arising from a combination of an extreme flood in the Bell River
(8,350 m3/s) and a 1% AEP flood in the Macquarie River (2,800 m?/s).
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The EMAC case gives the higher levels and has been adopted in this study for
defining "extreme" flood conditions for planning purposes.

In 2001, State Water undertook safety studies of all major dams as part of the 24
Dams Portfolio Risk Assessment (SKM, 2001). As part of these safety studies, the
Burrendong risk analysis estimated the discharge from the dam as 20,000 m®/s
(probable maximum design flood without dam failure), compared to 15,700 m*/s
used in the 1996 Study. As part of this 2013 update, the EMAC was re-modelled
with the revised estimate of the Macquarie River discharge at Wellington. The
resulting increase in EMAC flood levels in the Macquarie River range between 2.5 m
and 5 m, with an average increase of around 3.6 m, when compared with the 1996
EMAC results.

A rural flood mitigation scheme was implemented for the lower reaches of the Bell
River in the 1980s, extending from the golf course to a location just upstream of the
confluence with Curra Creek. The scheme aimed at confining minor flood flows, up
to around the 30% AEP level, in the main channel and in defined floodways and
depressions on the floodplain, thereby providing protection for up to 400 ha of river
flats under cultivation outside these flooded areas.

HOW FLOODING AFFECTS THE COMMUNITY

The numbers of flood affected properties and the resulting flood damages for various
floods are summarised in Tables S1 and S2. Table S1 makes the distinction
between flood "affected" properties where the water can be expected to be on the
land around the house (to within the 0.5 m freeboard allowance) and flood
"damaged" properties where the flood water would be above the floor of the
property and cause some damage.

Table S1: Total Number of Properties Inundated

Number of Properties Inundated

Flood Event Residential Commercial/ Caravans Public Buildings
(% AEP) Industrial

A B A B A/B A B

5% 30 1 1 0 1 1
2% 36 25 4 4 0 1 1
1% 87 47 6 6 5 2 1
0.5% 164 102 20 14 10 2 2
0.2% 393 327 36 31 15 4 4
EMAC 1,134 1,131 73 73 38 18 18
EBELL 636 629 69 69 32 11 10

Note: A — flood-affected property (flooded to within 0.5 m freeboard allowance)

B — flood-damaged property
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Table S2: Estimated Flood Damages (2012 Values)

Flood Residential Commercial Caravans Public Total Cum AAD
Event / Industrial Buildings

% AEP $ x 1,000 $ x 1,000 $x1,000 $x1,000 $x1,000 $x1,000
5% 795 5 0 650 1,450 109
2% 1,799 74 0 650 2,523 168
1% 3,541 158 250 650 4,599 204
0.5% 8,070 323 500 685 9,578 239
0.2% 22,625 1,058 780 1,032 25,495 292
EMAC 122,455 25,383 1,961 9,317 159,116 475
EBELL 60,603 18,487 1,630 4,653 85,373

The data in Table S2 indicate that flood damage within Wellington could be as high
as $159 million as a result of an extreme flood. Overall the average annual
damages attributable to flooding in Wellington are modest and reflect the
considerable flood protection already afforded to Wellington by Burrendong Dam.

The data in Tables S1 and S2 update the 1996 results. The numbers of residential
properties impacted and the estimated value of damages has increased due to the
following factors:

e additional properties have been included in the analysis as a result of the
revised estimate of the extreme flood;

. residential damage estimates have been updated based on the DECC Guideline
methodology;

e application of CPI to 1996 commercial and public damage estimates to update
to 2012 values.

The use of the DECC’s Guideline to calculate residential damages has substantially
increased the value of estimated residential damages and the number of properties
classified as flood affected, due to the change in methodology and assumptions
made in the DECC Guideline method. It should be noted that there has been no
change in the depth of inundation of properties for any of the modelled
flood events, with the exception of the EMAC.

Tables S1 and S2 do not include dwellings which may be impacted by overland
flooding from the Aspley Drainage system (refer Section S4.1.3 below). The
investigation of the Aspley Drainage system did not include assessment of flood
extents, identification of properties flooded, depths of flooding or damages.
However, an indication of the numbers of properties which may be impacted by
overland flooding caused by the 1% AEP event in this system includes:

e Railway Ave 8 e Arthur St (East) 6
e Zouch St/Cross St 8 e Arthur St (West) 2
e Zouch/Hawkins/Simpson 9 e Apsley St 4
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The impact of flooding on infrastructure such as roads, bridges and electricity varies
depending on the size of flood. Table S3 provides a listing of effects of flooding on
the infrastructure in Wellington.

Table S3: Qualitative Effects of Flooding on Infrastructure and

Community Assets

Flood Event (%% AEP)

Damage Sector

5 2 1 0.5 0.2 EMAC EBELL

Electricity 0 3 3 3,8 3,8 3,8 3,8
Telephone 0 0 0 0 0 11 11
Roads 1 1 1 1 1 1 1
Bridges 0 4 4,7 4,7,9 4,7,9 4,7,9,12 4,7,9
Sewerage system 0 5 5 5 5 5,13 5,13
Water supply 0 0 0 0 10 10 10
Parks and showground 2 2,6 2,6 2,6 2,6 2,6 2,6
SES headquarters 0 0 0 0 0 14 0
Hospital (Gisborne St) 0 0 ] 0 0 15 0

Notes relating to Table S3:

wn e o

>

© N oo

No significant damages likely to be incurred 9. Mitchell Highway flooded

Roads on Bell River floodplain flooded 10. Water treatment works flooded
Pioneer Park flooded 11. Telephone exchange flooded

Power poles at Herbert St bridge and pole mounted transformer on 12. Railway bridge flooded
Macquarie/Bell floodplain flooded

Herbert St and pedestrian suspension bridge in vicinity of Cameron 13. Sewage Treatment Plant flooded
Park flooded

Pump station in vicinity of Arthur and Gobolion Streets flooded 14. SES HQ flood affected

Cameron Park and Showground/Racecourse flooded 15. Hospital in Gishorne St flood affected
Maughan Street flooded EMAC = Extreme flood in the Macquarie River
Pad mounted transformer on Maughan Street adjacent to Bowling EBELL = Extreme flood in the Bell River
Club flooded

Flooding of the Macquarie and Bell Rivers raises the following social implications for
life in Wellington:

Significant tracts of rural land within the study area are used for market
gardens and other agricultural pursuits. These areas are contained within the
fertile floodplain of both the Macquarie and Bell Rivers. Flooding of these areas
has the potential for a significant impact on the economic viability of such
activities and commensurate social impact both on the land owners and
businesses which depend upon the viability of those activities.

Main Road No. 233 (Maughan Street) passes through Wellington. Residents of
rural areas to the west of Wellington are inconvenienced when that main road
is severed by floodwaters near the Showground/Racecourse.
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. Percy Street/Mitchell Highway is the "main" street of Wellington. This section
of Wellington contains the majority of the business/commercial and retailing
activity of Wellington. This area could be flooded for several days during the
extreme flood event causing significant social disruption to the town and the
surrounding rural areas.

e As expected, an extreme flood would also impact on significantly more
residential property than the 1% AEP flood. In an extreme flood the area
generally bounded by Whiteley Street, the Macquarie River, the Bell River and
Percy Street would be subject to flooding, with varying degrees of inundation
of structures. A significant section of residential land bound by the Mitchell
Highway, Montefiores Street and Lay Street would also be inundated during the
extreme event. The social disruption associated with such an event would be
significant.

. During an extreme flood, the majority of shops, a number of schools,
churches, the post office, motor registry, ambulance station, telephone
exchange, police station, SES HQ and the Hospital in Gisborne Street would be
inundated, with varying degrees of impact and social upheaval.

S4. FLOODPLAIN MANAGEMENT PLAN

The following sections set out the recommended elements of the Wellington
Floodplain Risk Management Plan 2013, and provide information on funding and
implementation. The FRMP is summarised on Table S4.

In accordance with the requirements of the 2005 FDM, this Plan identifies three
broad categories of management actions:

. management of the existing flood risk faced by the existing development;

. management of future flood risk that might arise from new development or
redevelopment of the existing housing stock;

. management of the continuing flood risk that remains after all floodplain
management measures are implemented.

S4.1. Management of Existing Flood Risk

The management of existing flood risks is concerned with reducing flood impacts on
the existing housing stock and community facilities. With the benefit of hindsight it
can be seen that some buildings are located inappropriately or have floor levels that
give rise to an unnecessarily high risk of flood damage. Management of the existing
flood risk is concerned with correcting the worst of these existing problems.

It is recommended that following measures be incorporated in the updated FRMP:
e voluntary purchase;

e voluntary house raising;

e Apsley Drain overland flow investigations and works.
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S4.1.1. Voluntary Purchase

Removal of housing is generally accepted as a cost effective means of correcting
previous decisions to build in high hazard areas in the floodplain. The voluntary
purchase of residential property in hazardous areas has been part of subsidised
floodplain management programs in NSW for over 20 years.

Where a property is considered to qualify for a voluntary purchase scheme, the
owner is notified that the body controlling the scheme (usually but not always
Council) is prepared to purchase the property when the owner is ready to sell. There
is no compulsion whatsoever to sell at any time. The price is determined by
independent valuers and the Valuer General, and by negotiations between Council
and the owners. Valuations are based on an equivalent residence which is not
affected by flooding.

The timing of any agreed purchase is at the discretion of the landowner. Once the
property is purchased, buildings are usually demolished. The land must then be
used for flood compatible activities.

A voluntary purchase scheme could be adopted for houses exposed to hazardous
conditions. Investigations by Council since the 1996 Study in conjunction with the
updated hazard mapping indicates that 14 residential properties remain located in
the high hazard area in 2013 and are considered candidates for inclusion in a
voluntary purchase scheme, if it were to be pursued.

Council will need to reach consensus about the criteria to be applied in setting
priorities for listing properties on a voluntary purchase program. The process for
finalising the houses to be placed on the list is described in Floodplain Management
Guideline for Voluntary Purchase Schemes and involve the following steps:

e As part of the process of Council's formal adoption of the FRMP, seek
agreement in principle to establish a voluntary purchase program and
determine the criteria to be applied in placing residences on the program.
Such criteria would normally be based on factors such as severity of flooding,
hazard and isolation.

. Seek funding subsidies from State and Federal Government.

e Analysis should then be undertaken by Council to determine the flood levels
applicable to a particular residence using procedures specified in the Floodplain
Management Study, which are to be used in conjunction with the Flood Maps
that accompany the FRMS.

. Review and revise the list of candidate properties to be placed on the voluntary
purchase scheme using the criteria adopted by Council in adopting the FRMP.

. Make personal approach to each resident concerned to explain the nature of
the voluntary purchase program.

. Issue formal letters to residents concerned.
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S4.1.2. Voluntary House Raising

House raising refers to raising existing structures by jacking up the house,
constructing new supports, stairways and balconies and reconnecting services. It is
generally not practical or economical to raise brick or masonry houses. The
technique is therefore limited to dwellings of timber frame construction with fibro-
cement or timber cladding. House raising is most applicable to dwellings which are
not in high hazard areas.

Under the Voluntary House Raising Program, the NSW Government provides financial
assistance to raise a dwelling to put the habitable floor level at the FPL, where it is
shown to be cost effective.

Council's principal role in subsidised voluntary house raising is to:

e define a habitable floor level, which it will have already done in exercising
controls over new house building in the area;

e guarantee a payment to the builder after satisfactory completion of the agreed
work; and

. monitor the area of voluntary house raising to ensure that redevelopment does
not occur to re-establish habitable areas below the design floor level.

Three residential dwellings in Wellington could be candidates for a house raising
scheme. It will be necessary for Council to make further investigations regarding the
final list of properties it wishes to include in a voluntary purchase scheme in
accordance with the Floodplain Management Guideline for Voluntary House Raising
Schemes.

S4.1.3. Apsley Drain Works

Council identified that the Apsley Drain was a potential source of overland flooding
as defined by the 2005 FDM, as it occurs along a trunk system, involves depths of
flow in excess of 0.3 m and has the potential to flood a number of properties.

Investigations into the Apsley Drain were carried out as part of the FRMS update.
The results indicated that flow is above bank height along the majority of the trunk
channel in the 1% AEP flood under existing conditions and that it is sufficiently high
to threaten habitable buildings in a number of locations.

A number of mitigation measures to address the under capacity of the system were
identified and assessed. Council’s preferred option is the construction of a surface
detention basin in Apex Park upstream of the railway, as it was found to the most
advantageous flood mitigation option of all the options assessed, capable of
substantially reducing flows and flood levels throughout the catchment. The benefits
of this option include the reduction of both the depth of inundation and the risk of
habitable flooding at the following locations:

. in the Railway Avenue area, in the 1% AEP event;
. downstream of Simpson Street;
° between Cross Street and Zouch Streets; and

° on the eastern side of Arthur Street..
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Preliminary details of the required basin configuration have been provided as part of
the FRMS.

In order to progress the basin option, it is recommended that the following steps be
included in the FRMP:

1. Survey floor and ground levels of the properties potentially impacted by
overland flooding of the Apsley drainage system and carry out a damages
assessment in accordance with the Residential Flood Damages Floodplain Risk
Management Guideline (DECC, 2007).

2. Investigate the invert levels and cover depths of the stormwater pipelines
along Maxwell Street which currently discharge to the open channel
downstream of Maxwell Street to determine if it is practicable to divert these
pipelines into the detention basin in Apex Park.

3. Undertake concept design of the inlet structure for the diverted pipes, the low
flow channel and the outlet at Maxwell Street to determine if the basin is can
be constructed for a reasonable cost.

4. Carry out an assessment of Apex Park to determine if there are any current
land uses, buildings, buried or above ground services, heritage objects or trees
which would provide constraints on the construct or operation of the basin.

5. Consult with the local community to determine if they are amenable to the use
of the Park as a detention basin, given the flood mitigation benefits to the
catchment.

6. Undertake a costing of the basin and assess the cost:benefit ratio of the
proposal, using the damages avoided (from Step 1) as the benefits of the
proposal.

7. If the proposal is feasible, acceptable to the community and the cost:benefit
analysis is favourable, detailed design followed by construction of the proposal
should be carried out.

8. Determine extent of residual overland flow flooding and update LEP flood
mapping to allow implementation of planning controls.

Regular maintenance of the drainage system, including the open channel, pipe inlets
and outlets, would complement structural flood mitigation measures and provide
cost-effective benefits. Inspection of the stormwater system in 2011 identified
significant silting of the Apsley Drain stormwater system which has substantially
reduced the capacity of the system. This is a relatively inexpensive option to
improve conveyance.

S4.2. Management of Future Flood Risk

Management of future flood risk is concerned with ensuring that future development
is not subject to unacceptable risk and that existing flood conditions are not
exacerbated by unwise future development. The recommended floodplain planning
measures are contained in several existing or proposed policy documents, as
outlined below.
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S4.2.1. Recommended FPL

The 1996 Study recommended that “the flood level corresponding with the 0.5% AEP
flood should be used to define flood prone land which will be subject to flood related
planning controls in Wellington.” No freeboard was included.

In light of the 2005 FDM, the updated recommendation is for a range of FPLs that
adopts the default 1% AEP event plus a freeboard of 500 mm for general residential
development considerations but an extreme flood event for sensitive uses and
critical facilities and emergency management considerations for all development.
Other FPLs may be appropriate for specific development components such as non-
habitable floors and robust structures such as park amenity buildings.

S4.2.2. Categories of Flood Prone Land
It is recommended that all land inundated by the extreme flood (EMAC) be classified
into flood risk ‘precincts’ that reflect the characteristics of flooding on the land and
the consequent hazard. Different flood-related development controls would apply
depending on the precinct and the type of development. Three flood risk precincts
are recommended for Wellington:

High Flood This refers to land subject to a high hydraulic hazard in a
Risk Precinct 1% AEP flood.

The High Flood Risk Precinct is where major impacts on flood
behaviour, high flood damages, potential risk to life or evacuation
problems would be anticipated. Most development should be
restricted in this precinct. Without compliance with flood related
building and planning controls there would be a significant risk of
flood damages and changes in flood behaviour in this precinct.

Medium Flood This refers to the area below the 126 AEP flood level
Risk Precinct +0.5 m, but above the high hazard 1% AEP extent.

Development within the Medium Flood Risk Precinct would still be
at significant risk of flood damage, but these damages can be
minimised by the application of appropriate development
controls.

Low Flood This refers to all other land within the floodplain that is not

Risk Precinct in a High or Medium Flood Risk Precinct, that is land above
the 126 AEP flood level + 0.5 m and below the level of the
PMF.

In the Low Flood Risk Precinct the risk of damages is low for most
land uses and, therefore, most land uses would be permitted
without flood related development controls. Those uses
considered critical or requiring maximum protection against risk
from flooding should be identified as undesirable land uses in this
precinct.
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S4.2.3. Wellington LEP 2012

The 2012 LEP should be amended to incorporate the revised approach presented in
the 2005 FDM (as amended by the 2007 Flood Planning Guideline) as follows:

Flood Planning Clause and Mapping

The LEP flood planning clause provides for the mapping of any area as the “flood
planning area” subject to the restrictions provided by the Flood Planning Guideline. It
is recommended that the clause be amended to define ‘flood liable land’ consistent
with the 2005 FDM as all land inundated up to the extreme flood and provide that the
clause applies to all flood liable land. This would allow the terms ‘flood planning area’,
‘flood planning level’ (FPLs) and ‘flood planning map’ to be dispensed with, as the
2005 FDM definitions applying pursuant to the LEP flood planning clause would suffice.
This would allow the DCP to be consistent with the LEP where the DCP imposes
requirements on critical and sensitive uses above the 1% AEP flood plus freeboard,
which are not subject to the restrictions in the Flood Planning Guideline.

These refinements to the LEP clause would retain consistency with the intent of the
clause and provide greater simplicity and clearer information to the public.

Prohibition of Development in High Flood Risk Area

The LEP flood planning clause does not allow the introduction of prohibitions on flood
sensitive developments generally or within certain parts of the floodplain (e.g. in a
floodway). However, Council should consider the full risks of flooding when deciding
upon the land use zone to apply to individual properties. If appropriate, Council should
apply restrictive zones (such as an ‘Environmental’ zone) and development standards
(such as a larger minimum lot size) available within LEP 2012 when undertaking future
reviews.

Suitability of Land Use Zones in High Flood Risk Precinct

Council should review the suitability of the land use zones within the Wellington
township based on consideration of planning issues, including flood risk. A
preliminary review of the land use zones identified the following areas zoned
Environmental Management (E3) within the High Flood Risk Precinct:

the land immediately south of Montefiores Street;

the vacant land at the eastern end of Gobolion Street;
e the residential sized lots surrounding Paringa Place;

e the vacant land at the western end of Apsley Street and Hawkins Street.

In these locations, any development or redevelopment currently permitted is unlikely
to be acceptably achievable due to the location within the extent of the high flood
risk precinct.

S4.2.4. Wellington DCP 2013

DCP 2013 should be amended to reflect the risk management approach to determine
appropriate development within the floodplain. This will require an amendment of
DCP 2013 to replace the existing flood related development controls contained in
section C2 Flood Hazard. The new draft flood risk management DCP provisions
should be ratified through the floodplain development management process and
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endorsed with the adoption of the FRMP, prior to being implemented by Council
through the EP&A Act process.

The replacement chapter should generally be structured to conform to the style and
level of detail of the overall DCP as far as possible. A recommended replacement
chapter is provided in Appendix E which incorporates the following:

e Applies to all areas within the LGA affected by flooding (regardless of whether
mapped or not).

° Definitions are consistent with the 2005 FDM where relevant.

e Objectives include the broader flood risk management issues such as emergency
evacuation and climate change effects.

e  Controls relating to:

a) Floor level

b) Building components and method

c) Structural soundness

d) Flood affectation

e) Car parking and driveway access

) Evacuation

Q) Management and design.

. Multiple flood planning levels are applied to different parts of a development (eg

habitable and non-habitable floors, car parking etc) and different land uses,
where appropriate.

. No controls are to apply to standard residential development on land above the
1% AEP (plus freeboard), except a requirement to consider emergency
management issues (i.e. ability to safely evacuate or shelter in place during
floods up to an extreme flood). This exception will invoke a requirement to
apply for “exceptional circumstances” dispensation in accordance with the 2007
Flood Planning Guideline. To avoid delaying the implementation of the
recommended DCP planning controls, the DCP could be amended in two stages.
The second amendment could provide additional controls deferred until
“exceptional circumstances” dispensation has been granted.

e Controls are to apply FPLs up to the EMAC to land uses considered more
sensitive to flood hazards or which may be critical to emergency management
operations or the recovery of the community post floods (eg Hospital, SES,
Police, etc.).

e Special considerations for filling and fencing that have the potential to affect
flood levels or redirect flow.

e General considerations recognise that compliance with the flood risk
management controls is not authorisation for development that would be
otherwise unacceptable due to other issues.

. Information requirements which specify the need and scope for a flood study
where existing information is not available but flood hazards are suspected.

Flood compatible building materials and methods should be included in a “building
code” that could be appended to or referred to in Council's DCP as a standard
condition for building in parts of the floodplain.
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Central to the recommended DCP controls is the flood planning control matrix. The
principal controls contained within the matrix include:

. Minimum floor level of residential dwellings located within the Medium and Low
Flood Risk Precinct must be the flood level corresponding to the 1% AEP flood
plus 500 mm.

e Controls on the location of essential services such as hospitals and emergency
services.

. Restrictions on buildings within the High Flood Risk Precinct - developments
must be located outside the High Flood Risk Precinct.

e  Strict controls on earthworks and fill that alter land surface levels within the High
Flood Risk Precinct.

These controls are similar to those proposed in the 1996 Study and therefore do not
result in any additional imposition for developers.

Exempt and Complying Development

The Codes SEPP provides that unless there is sufficient information to confirm that a
site is not subject to high flood risks/hazards then the relevant Codes SEPP provisions
cannot be applied. That is, unless there is certainty that a site is not high risk/hazard,
it must be assumed that it is for the purposes of applying the Codes SEPP. Council
advises that they do not have sufficient information to confidently advise that any land
is not subject to high flood risk/hazard listed in clauses 3.36C and 3A.38 of the Codes
SEPP. It is understood that even with the now available flood mapping in the township
there remains some uncertainty as to some of categories listed in the SEPP.

It is recommended that the FRMP specify that at a minimum all areas with no flood
risk mapping must be assumed to be a flood storage area, floodway area, flow path,
high hazard area, or high risk area for the purposes of the Codes SEPP. Should
Council consider that even in the areas where flood risk mapping is now available
there remains some uncertainty as to whether some category such as a flow path
may exist, Council should specify that these areas also are assumed to be subject to
that category. This would have the effect of excluding the application of the Codes
SEPP in areas where sufficient flood risk information is not currently available, which
would consequently require the lodgement of a DA where flood risk management
issues could be reviewed by Council.

S4.2.5. Section 149 Certificates

Council should review the form and content of Section 149 Certificates to consider the
following:

e All properties known to be located within the extent of the EMAC should be
notified that flood related planning controls apply. This would be subject to
the full implementation of the recommended DCP controls recommended,
until which time notifications should specify that flood related development
controls do not apply to residential development other than specified
sensitive uses. This would also have the effect of identifying that the
property is a “flood control lot” for the purposes of complying development
provisions.
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¢ Inundation from stormwater and overland flow (except for ’'local drainage’) is
flooding’ under the 2005 FDM and should be recognised on Council’s Section
149 certificates.

e Where Council is unsure of whether a property contains flood liable land (due
to the lack of flood investigations and mapping in particular areas) a general
notation to this effect could be provided with an explanation that a flood
study may identify that the land is subject to flooding, in which case flood
related controls could apply.

¢ Noting further flood risk information may be available upon enquiry to Council
and/or (if a S149(2) Certificate is being issued) in a Section 149(5)
Certificate.

e Provide information on a Section 149(5) certificate that reflects whether a
property is known to be flood affected based on existing studies or Council
cannot confirm whether a property is flood affected or not due to the absence
of existing information.

Appropriate wording for the notifications should be determined based on legal
advice. This should occur concurrently with the adoption of the recommended
review of LEP 2013 and amendments to DCP 2013 or before. Ideally the revised
notifications should reference the flood risk precinct category, if known, for a
property and include its definition.

S4.3. Management of Continuing Flood Risk

Even if all flood risk management measures recommended in this study were
implemented, there would still be a continuing risk associated with the extreme
flood, as the recommended management measures only address flood mitigation at
the 1% AEP flood or less. The continuing flood risk is the risk to lives and property
from the extreme flood, even after all possible flood risk management measures
have been implemented.

The management of continuing flood risk is concerned with ensuring that adverse
effects on the community are minimised in the event of floods larger than those used
to designate planning controls such as the FPL. This can be achieved through the
SES’s Local Flood Plan. The information provided in the updated FRMS should be
used to update the SES’s Local Flood Plan as an action under the FRMP.

Flood awareness, to increase community awareness of areas subject to flood risk
and therefore preparedness, should be undertaken by preparing flood risk maps
(showing high, medium and low precincts) and incorporating these into the planning
controls available to the public and notified on S149 Planning Certificates.

S4.4. Funding

Broad funding requirements for the recommended flood risk management measures
updated to 2012 values are provided in Table S4, along with a priority ranking in
the overall plan.

The estimated costs are the total costs for each scheme, irrespective of where that
funding may be obtained. The costs do not include costs for land acquisition, nor do
they include compensation to landholders where drainage works are carried out on
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their land. Payment of compensation, in cases where works are carried out on
private property for the assistance of the landholder, may render the scheme not
cost effective.

S4.5. Implementation Program

The draft Flood Risk Management Study and Plan 2013 was endorsed by the
Floodplain Risk Management Committee at its meeting dated 20 August 2013. It
was exhibited by Wellington Council from 1 to 30 September 2013. No submissions
were received.

The steps to progress the floodplain management process from this point onwards
are:

. submit the final FRMP 2013 to Council;

e  Council to adopt the FRMP 2013 and submit an application for funding assistance
to the OEH;

e as funds become available from the OEH and/or Council's own resources,
implement the recommended flood risk management measures in accordance
with the ranking in Table S4.

The FRMP should be regarded as a dynamic instrument requiring review and
modification over time. The catalysts for change could include new flood events and
experiences, legislative change, alterations in the availability of funding, reviews of
planning strategies and importantly, the outcome of some of the studies proposed in
this report as part of the FRMP. In any event, a thorough review every 5 years is
warranted to ensure the ongoing relevance of the FRMP.

The action program for implementing the FRMP is therefore:

e confirm the projects set out in Table S4 and their priority ranking

e carry out design studies for schemes, liaise with residents and implement
projects according to priority and funding constraints.
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Table S4: Funding Requirements for Recommended Works and Measures
Project Rank>* Indicative Cost ($) Comment
Existing Flood Risk
Voluntary Purchase 2 $1.8 million Cost given is estimated capital cost of purchasing the 14

residences which are located within the 1% AEP High Hazard
Precinct. The NSW Government may fund a portion of the
capital cost.

House Raising 3 $195,000 Cost given is estimated cost of raising three timber framed
residences at $65,000 each. The NSW Government may fund a
portion of the capital cost.

Apsley Drainage Mitigation Measures 1 ¢ Further investigation: Council Council to implement recommendations of the Apsley Drainage
staff Costs Study. Council to carry further investigations, consultation and
e Concept design & cost costing for the construction of a detention basin at Apex Park.

estimate: $30,000
e Construction cost (TBA)

Future Flood Risk

Planning Measures 1 Council Costs Amend LEP 2012, DCP 2013 and S149 certificate notifications.

Continuing Flood Risk

Provide data for the SES’s Local Flood 1 Council/ SES costs Council/SES to undertake this work using results of this current
Plan study.
Flood Awareness 1 Council costs Council to prepare flood risk maps showing high, medium and

low precincts and incorporate into planning controls available to
the public and notified on S149 Planning Certificates.

* Note: Measures are ranked within each flood risk category (existing, future and continuing)
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1.1

1.2

INTRODUCTION

Background

The Wellington Floodplain Management Study and Plan were originally prepared in
1996 by Lyall & Macoun Consulting Engineers. Wellington Council subsequently
adopted the Floodplain Management Plan. The 1996 Study described the Wellington
floodplain and defined flooding characteristics, quantified flood damages and
determined flood hazard. Existing and potential floodplain management measures
were described and appropriate measures for inclusion in the Floodplain Management
Plan were identified and prioritised.

Subsequently the staff from Lyall & Macoun involved in the preparation of the 1996
Study and Plan joined Evans & Peck. Wellington Council has engaged Evans & Peck to
carry out a review of the 1996 Plan and its implementation in light of the publication of
the NSW Government’s (2005) Floodplain Development Manual (the ‘2005 FDM’) and
the time elapsed since the preparation of the original Plan.

This Floodplain Risk Management Study (FRMS) 2013 contains:

e an update of the sections and appendices of the 1996 Study that are out of
date;

e arevised and updated Floodplain Risk Management Plan (FRMP) 2013 that takes
into account:

o] the terminology and philosophy in the 2005 FDM;
o the actions taken by Council to implement the 1996 FRMP;

o the requirement for Council to incorporate new elements and revise
existing elements in the FRMP.

Structure

The Wellington FRMS 2013 covers the following topics:

The Summary and Recommendations preceding this report
summarises this report and presents the recommended flood
mitigation options for Wellington.

Chapter 2 The Wellington Floodplain, describes the existing situation in
relation to the physical setting and flood producing mechanism, flood
extents and resulting flood damages, transport linkages, planning
instruments and the existing flood emergency system. It draws upon
previous investigations including the Wellington Flood Study carried
out by the Department of Land and Water Conservation (DLWC) in
1995, as well as data supplied by Council and a revised estimate of
extreme flood conditions at Wellington.

Chapter 3 Flood Planning Levels and Flood Risk Precincts, details the issues
which were evaluated in preparing recommendations for the Flood
Planning Levels and Flood Risk Precincts.
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Chapter 4 Status of the 1996 Plan Implementation, contains an assessment
of the progress of the implementation of the 1996 FRMP.

Chapter 5 Potential Floodplain Management Measures, presents an
appraisal of potential measures which may be incorporated in the
FRMP.

Chapter 6 Selection of Floodplain Management Measures, outlines a range
of considerations to be taken into account in the selection of the mix of
measures recommended for inclusion in the FRMP.

Chapter 7 The updated Flood Risk Management Plan 2013, summarises the
recommended elements for inclusion in the FRMP and provides
information on funding and implementation.

Several technical appendices have been prepared which provide background
information:

Appendix A A description of the flood conditions in the Macquarie and Bell Rivers,
including review of the 1995 Flood Study and the results of additional
hydraulic modelling undertaken for the 2013 study

Appendix B A review of the effects of Burrendong Dam in attenuating floods
Appendix C An assessment of urban flood damages in Wellington

Appendix D  An appraisal of existing emergency management procedures
Appendix E Recommended amendments to Wellington LEP 2012 and DCP 2013
Appendix F Report on the Aspley Drainage Study

Appendix G Background to the selection of floodplain management measures

Appendix H Candidates for Voluntary Purchase and House Raising Schemes

NSW Flood Prone Land Policy & the Floodplain Development
Manual

NSW Flood Prone Land Policy

The primary objective of the NSW Government’s Flood Prone Land Policy is to reduce
the impact of flooding and flood liability on individual owners and occupiers of flood
prone property, and to reduce private and public losses resulting from floods. At the
same time, the policy recognises the benefits flowing from the use, occupation and
development of flood prone land.

The policy promotes the use of a merit approach which balances social, economic,
environmental and flood risk factors to determine whether particular development or
use of the floodplain is appropriate and sustainable.

In this way the policy avoids the unnecessary sterilisation of flood prone land. Equally
it ensures that flood prone land is not the subject of uncontrolled development
inconsistent with its exposure to flooding.

The policy highlights that primary responsibility for floodplain risk management rests
with councils, which are provided with financial and technical support by the State
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Government. The Commonwealth has also historically shown a willingness to be
involved by providing financial assistance to local government in partnership with the
State Government.

NSW Floodplain Development Manual

The Floodplain Development Manual (NSW Government, 2005) (‘2005 FDM’) was
prepared in accordance with the NSW Government’s Flood Prone Land Policy. It
guides councils in the development and implementation of detailed local floodplain risk
management plans to produce robust and effective floodplain risk management
outcomes. The 2005 FDM also outlines the technical assistance provided by the State
Government throughout the floodplain risk management process.

The 2005 FDM is concerned with the management of the consequences of flooding as
they relate to the human occupation of the floodplain for both urban development and
agricultural production. It addresses flood risk in recognition of the fact that
management decisions taken in respect of the human occupation of the floodplain
need to satisfy the social and economic needs of the community as well as being
compatible with the maintenance or enhancement of the natural ecosystems that the
floodplain sustains.

In 1986 the NSW Government released the first Floodplain Development Manual
(‘1986 FDM’) to assist consent authorities to deal with flood liable land. It represented
the practical expression of the Government’s merit based Flood Prone Land Policy
which had been introduced in 1984 to overcome the sterilisation of floodplains
resulting from rigorous planning controls introduced in the 1977 Environment and
Planning Circular No.15.

The 1986 FDM was very successful in assisting local councils in their management of
the use and development of flood prone land. In 2001, a revised Floodplain
Management Manual (‘2001 FMM’) was prepared to update the 1986 FDM to make it
consistent with a series of improvements to both policy and practice which has been
introduced in the intervening period. Specifically the 2001 FMM emphasised the need:

e to explicitly consider the full range of flood sizes up to and including the
probable maximum flood (PMF) when developing a floodplain risk management
plan;

e to recognise existing, future and continuing flood risk on a strategic rather than
on an ad hoc individual proposal basis;

e for local councils, with support from State Government, to manage local
overland flooding in a similar manner to riverine flooding; and

e to promote the preparation and adoption of local flood plans (prepared under the
guidance of SES) that address flood readiness, response and recovery.

In 2003 major changes were made to the composition of agencies with responsibilities
for floodplain risk management. This necessitated changes to the 2001 FMM and
provided an opportunity, in light of experience with the 2001 FMM, to further clarify
the intent of the policy. In particular, this clarification aimed to reduce the potential
for inconsistent interpretation by consent authorities, particularly with respect to the
interaction between the determination of flood planning levels and the consideration of
rare floods up to the PMF.
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The 2005 FDM replaces the 1986 FDM as the NSW Government’s Manual relating to
the management of flood liable land in accordance with Section 733 of the Local
Government Act 1993.

The 1996 Wellington Floodplain Management Study and Plan were prepared in
accordance with the 1986 FDM. The FRMS 2013 takes into account the changes in
both the 2001 FMM and the 2005 FDM and updates the 1996 Study in keeping with
the updated approach.

1.3.3 The Floodplain Risk Management Process

The steps involved in formulating and implementing a Floodplain Management Plan
are shown in Figure 1.1, which depicts the Floodplain Risk Management Process as
outlined in Figure 2.1 of the 2005 FDM.

With reference to Figure 1.1, Council has to date completed the following:

e established a Floodplain Management Committee. The Committee, which is
composed of Local and State Government representatives, held its first meeting
on 8 February 1995;

e carried out a Flood Study - prepared by the Department of Land and Water
Conservation (DLWC) in June 1995;

e carried out a Floodplain Risk Management Study and prepared a Floodplain Risk
Management Plan (Lyall & Macoun Consulting Engineers, 1996);

. implemented some of the items in the 1996 Flood Risk Management Plan (refer
Chapter 5).
This FRMS 2013 updates the 1996 Floodplain Management Study and Plan.

The draft Flood Risk Management Study and Plan 2013 was endorsed by the Floodplain
Risk Management Committee at its meeting dated 20 August 2013. It was exhibited
by Wellington Council from 1 to 30 September 2013. No submissions were received.
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consultants map form. flood risk. Usually by the council after
appointed by Usually undertaken by public exhibition
the council. undertaken by consultants and any necessary
consultants appointed by the revisions due to
appointed by council. public comments.
the council.
Figure 1.1: The Floodplain Risk Management Process

1.4 Definitions and Terminology

There are a number of terms which have specific meaning in relation to floods and

floodplain management.

The following definitions reflect current government policies

and the definitions provided in the 2005 FDM.

Flood liable land

The area of land which is subject to inundation by floods up to
and including an extreme flood such as a probable maximum
flood (PMF). Synonymous with flood prone land and floodplain.

Flood mitigation
work

Work designed and constructed for the express purpose of
mitigating flood impacts. It involves changing the
characteristics of flood behaviour to alter the level, location,
volume, speed or timing of flood waters to mitigate flood
impacts. Types of works may include excavation, construction
or enlargement of any fill, wall, or levee that will alter riverine
flood behaviour, local overland flooding, or tidal action so as to
mitigate flood impacts.

Flood planning levels
(FPL)

The combinations of flood levels (derived from significant
historical flood events or floods of specific AEPs) and freeboards
selected for floodplain risk management purposes, as
determined in management studies and incorporated in
management plans.
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Flood risk precinct

An area of land with similar flood risks and where similar
development controls may be applied by a council to manage
the flood risk. (The flood risk is determined based on the
existing development in the precinct or assuming the precinct is
developed with typical residential uses). (See also Risk).

Floodway

Those areas of the floodplain where a significant discharge of
water occurs during floods. Floodways are often aligned with
naturally defined channels. Floodways are areas that, even if
only partially blocked, would cause a significant redistribution of
flood flow, or a significant increase in flood levels.

Freeboard

A factor of safety expressed as the height above the design
flood level. Freeboard provides a factor of safety to
compensate for uncertainties in the estimation of flood levels
across the floodplain, such as wave action, localised
hydraulic behaviour and impacts that are specific event
related, such as levee and embankment settlement.

Hazard

Flooding which has the potential to cause damage to the
community. Definitions of high and low hazard categories are
provided in Appendix L of the 2005 FPM.

High Flood Risk
Precinct

Those parts of the floodplain where the depth and velocity of
flood waters and evacuation difficulties would pose an
unacceptable risk to types of development and activity.

For Wellington, the High Flood Risk Precinct is the area of land
subject to high hydraulic hazard (floodway) in a 126 AEP
flood event. The flood hazard in this area cannot be reduced
by methods such as filling without creating unacceptable flood
hazard elsewhere on the floodplain. In comparison, the flood
hazard in a high hydraulic flood fringe area can be managed by
methods such as filling without adversely affecting flood hazard
elsewhere on the floodplain.

Medium Flood Risk
Precinct

Those parts of the floodplain where there would still be a
significant risk of flood damage, but these damages can be
minimised by the application of appropriate development
controls.

For Wellington, the Medium Flood Risk Precinct applies to land
area below the extent of the 1% AEP flood level +0.5 m,
but above the high hazard 126 AEP extent.

Low Flood Risk
Precinct

Those parts of the floodplain where the risk of damages is low
for most land uses and, therefore, most land uses would be
permitted. Those uses considered critical or requiring
maximum protection against risk from flooding should be
identified as undesirable land uses in this precinct.

For Wellington, the Low Flood Risk Precinct applies to all land
within the floodplain (i.e. within the extent of the PMF)
not identified as being within either the High or Medium
Flood Risk Precincts.
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Merit approach

The principles of the merit approach are embodied in the FDM
(NSW Government, 2005) and weigh up social, economic,
ecological and cultural impacts of land use options for different
flood prone areas together with flood damage, hazard and
behaviour implications, and environmental protection and
wellbeing of the State’s rivers and floodplains.

Probable maximum
flood (PMF)

The largest flood that could conceivably occur at a particular
location. The land inundated by this flood is ‘flood liable land’.
For Wellington, the ‘Extreme Flood’ (see below) has been
adopted as a surrogate for the PMF.

Extreme flood

Because of the flood mitigation effect of Burrendong Dam and
the complex interactions between floods on the Macquarie River
and Bell River, a simple definition of the PMF is not possible for
Wellington. For purposes of defining ‘flood liable land’ two
extreme flood scenarios (notionally 0.002% AEP) have been
assessed:

e Extreme Flood in the Macquarie River (EMAC) which has
been defined as the flood levels arising from a combination
of the flow at Wellington resulting from the PMP design flood
inflow to Burrendong Dam with the dam full at the
commencement of the flood and without dam failure
(20,000 m3/s) and the 1% AEP flow in the Bell River
(2,140 m3/s).

e Extreme Flood in the Bell River (EBELL) which has been
defined as the flood levels arising from a combination of an
extreme flood in the Bell River (8,350 m3/s) and a 19%AEP
flood in the Macquarie River (2,800 m3/s).

Reliable access

Reliable access during a flood means the ability for people to
safely evacuate an area subject to imminent flooding to a
defined regional evacuation route within effective warning time,
having regard to the depth and velocity of flood waters, the
suitability of the local evacuation route, and without a need to
travel through areas where water depths increase.

Risk

Risk is measured in terms of consequences and likelihood. In
the context of floodplain management, it is the likelihood and
consequences arising from the interaction of floods,
communities and the environment. For example, the potential
inundation of an aged person’s facility presents a greater flood
risk than the potential inundation of a sports ground amenities
block (if both buildings were to experience the same type and
probability of flooding). Reducing the probability of flooding
reduces the risk, increasing the consequences increases risk.
(See also flood risk precinct).
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Flood Frequency

In this report, the frequency of floods is generally referred to in terms of their Annual
Exceedance Probability, (AEP). The frequency of floods may also be referred to in
terms of their Average Recurrence Interval (ARI). The approximate correspondence
between these two systems is:

Annual Exceedance Probability = Average Recurrence Interval

(AEP) %0 (ARI) - years
0.2 500
0.5 200
1 100
5 19.5
20 4.5
50 1.4

The AEP of a flood represents the percentage chance of its being equalled or exceeded
in any one year. Thus a 5% AEP flood has a 5% chance of being equalled or exceeded
in any one year; a 1% AEP flood has a 1% chance, and so on. The larger the flood the
smaller the chance of its being experienced. A 1% AEP flood is also equivalent to a
100 year ARI flood. Over a long period of, say 1000 years, 10 such floods would be
expected to occur, at an average frequency of once in 100 years. This does not mean
that a 100 year ARI flood will occur at regular intervals, or that only one 100 year ARI
flood will be experienced in any 100 year period.

While a 1% AEP flood is a major flood event, it does not define the upper limit of
possible flooding. Over the course of a human lifetime of, say 70 years, there is a
50% chance that a flood at least as big as a 1% AEP will be experienced. There is a
30% chance that a 0.5% AEP flood will be experienced over this period.

Reference is also made in this report to "extreme" flood events on the Macquarie and
Bell Rivers. These floods approximate the upper limit of flooding on these two streams
and are extremely rare floods. Such floods are analysed to determine the
consequences of an event much greater than the floods on which the Flood Planning
Levels are based, so that appropriate planning and response measures may be
considered for inclusion in the FRMP.
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THE WELLINGTON FLOODPLAIN

Physical Setting

The town of Wellington is located at the confluence of the Macquarie and Bell Rivers in
the north-west of NSW, about 350 km from Sydney, and has a population of 5,400.
Upstream of the confluence, the Macquarie River has a catchment area of 14,250 km?.
The Bell River has a catchment of 1,860 km?®.

There are two major water storage dams upstream of Wellington. Burrendong Dam
(completed in 1965) is located at the confluence of the Macquarie and Cudgegong
Rivers approximately 30 km upstream of Wellington, and Windamere Dam (completed
in 1984) is situated on the Cudgegong River approximately 30 km upstream of
Mudgee (Figure 2.1).

Burrendong Dam has a total catchment area of 13,900 km?, which is approximately
86% of the catchment at Wellington. The dam has a total storage volume of 1,680 GL
of which 480 GL is allocated to flood mitigation. This flood mitigation volume
represents approximately half the volume of runoff which passed the dam site in the
February 1955 flood. That flood resulted in the highest recorded flood level in the 19"
century on the Macquarie River at Wellington.

Due to the high percentage of the catchment controlled by the dam, the large flood
mitigation capacity and the planned operation of the spillway gates during floods,
Burrendong Dam has a significant effect on the majority of flood events at Wellington.
If the dam had been in existence at the time of the February 1955 flood, the flood
peak at the Mitchell Highway bridge in Wellington would have been reduced by 8.4 m.
A flood which had a peak inflow to the dam greater than the February 1955 flood
occurred in August 1990. If the dam had not been in existence, the August 1990 flood
would have been 3.5 m higher than the recorded peak at the Mitchell Highway bridge.

Windamere Dam has a total storage capacity of 368 GL and controls a catchment area
of 1,070 km?, which represents about 7% of the catchment area at Wellington. The
reservoir has no reserved storage capacity or operating rules designed to reduce flood
flows. The small proportion of the catchment controlled by the dam together with the
absence of flood mitigation storage or operating rules mean that the dam has no
significant effect on flood flows at Wellington.

Most of the urban development including the main business and commercial area in
Wellington is located in the wedge of land between the left bank of the Macquarie
River and the right bank of the Bell River (looking downstream). A plan of the town is
shown on Figure 2.2 which also shows the approximate extent of the 1% AEP flood as
defined by the Flood Study (DLWC, 1995). The flood extent for three larger floods,
0.5%, 0.2% AEP and the Macquarie River extreme flood (EMAC), are also shown on
Figure 2.2. The first two floods are respectively about 1 m and 2 m higher than the
1% AEP event. The "extreme" flood event, as the name suggests, is indicative of the
upper limit of potential flooding in Wellington and, depending on location, is
approximately 12.5 m higher than the 1% AEP flood.
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2.2

Floodplain Definition and Topography

Flooding in Wellington is influenced by the magnitude and synchronisation of flows in
the Macquarie and Bell Rivers. Most of the town is considered to be flood free even for
major floods of the order of 0.2% AEP, but parts of the commercial area near the
Mitchell Highway - Warne Street intersection have been subject to flooding.
Floodwaters enter this area by surcharging the banks of the Bell River either due to
high flows in the Bell River alone, or in conjunction with backwater flooding from the
Macquarie River. Properties along Ford Street and Gobolion Street, low lying rural
properties on the Bell River floodplain and parts of Montefiores are also subject to
inundation.

Figure 2.3 shows typical cross sections of the floodplain. The Macquarie River
upstream of the confluence has an incised channel about 15 m deep with a confined
overbank area. For the 1% AEP flood the width of flow would be 150 m and flow
velocities would be in excess of 2 m/s. The difference in peak levels between 5% and
1% AEP floods is about 3 m.

The Bell River, in comparison, has a much smaller channel, typically around 5 m deep
and 50 m wide, but a much more extensive floodplain. The bank will be overtopped in
the event of minor floods of about 10% AEP and the floodplain will be inundated to a
depth of about 2 m for a 5% AEP flood. For the 1% AEP flood the maximum depth of
inundation on the left bank would be 3 m and the width of flow in excess of 1 km. The
difference in peak levels between 5% and 1% AEP floods is only about 1 m. For a 1%
AEP flood flow velocity would be about 1.0 - 1.2 m/s in the channel and 0.5 m/s on
the floodplain. Backwater influences from the Macquarie River extend upstream as far
as Maughan Street.

Downstream of the confluence the floodplain of the Macquarie River becomes more
extensive, with a width of around 800 m at 1% AEP. The difference in peak levels
between 5% and 1% AEP floods is 3.2 m. Flow velocities are generally higher than
above the confluence, reflecting the increase in bed slope, which averages 1 m/km.
The maximum velocity in the channel would be experienced at a narrow section about
1 km downstream of the confluence and would increase from 2.5 to 3.2 m/s between
5% and 1% AEP floods.

In 2001, State Water undertook safety studies of all major dams as part of the 24
Dams Portfolio Risk Assessment (SKM, 2001). As part of these safety studies, the
Burrendong risk analysis estimated the discharge from the dam as 20,000 m3®/s
(probable maximum design flood without dam failure), compared to 15,700 m®/s used
in the 1996 Study. As part of this 2013 update, the EMAC was remodelled with the
revised estimate of the Macquarie River discharge at Wellington. The resulting
increase in EMAC flood levels in the Macquarie River range between 2.5 m and 5 m,
with an average increase of around 3.6 m, when compared with the 1996 results.
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Figure 2.3: Typical Floodplain Cross Sections
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2.3

2.3.1

Figure 2.3 also shows peak levels reached by several floods greater than 1% AEP,
including two extreme floods which are labelled EMAC and EBELL which have been
adopted in this study for defining "extreme" flood conditions for planning purposes:

. Extreme Flood in the Macquarie River (EMAC) which has been defined as the
flood levels arising from a combination of the flow at Wellington resulting from
the PMP design flood inflow to Burrendong Dam with the dam full at the
commencement of the flood and without dam failure (20,000 m®/s) and the 1%
AEP flow in the Bell River (2,140 m®/s).

. Extreme Flood in the Bell River (EBELL) which has been defined as the flood
levels arising from a combination of an extreme flood in the Bell River
(8,350 m3/s) and a 1%AEP flood in the Macquarie River (2,800 m3/s).

The revised flood extent for the EMAC is shown on Figure 2.2, together with the 1996
extents for the other modelled events. Detailed results, including flood profiles and
tabulated flood levels, are contained in Appendix A. Figure 2.3 has also been
updated to reflect the revised peak levels reached by the EMAC.

A rural flood mitigation scheme was implemented for the lower reaches of the Bell
River in the 1980s, extending from the golf course to a location just upstream of the
confluence with Curra Creek. The scheme aimed at confining minor flood flows, up to
around the 30% AEP level, in the main channel and in defined floodways and
depressions on the floodplain, thereby providing protection for up to 400 ha of river
flats under cultivation outside these flooded areas.

The scheme was designed to replace the uncoordinated levee banks which formerly
existed, and aimed to restore the natural pattern of flood flows over the floodplain.
The design flood was only 370 m?®s, considerably smaller than a flow required to
cause damaging flooding in the urban area of Wellington. In large floods, the levees
bounding the floodways and the river banks will be overtopped. The leveed areas
between the floodways and the river will then form part of the active floodplain and
the scheme will have a progressively smaller effect on upstream and downstream
flooding patterns.

Characteristics of Flooding

Critical Gauge Heights

The SES flood classifications for the Mitchell Highway and Maughan Street gauges,
provided in the Wellington Local Flood Plan (SES, 2008), are as follows:

Flood Gauge Height (m) Gauge Height (m)
Classification Macquarie R at Mitchell Hwy Bell R at Maughan St
Minor 4.0 3.4
Moderate 9.1 5.9
Major 12.2 8.4

The gauge height at which inhabitants in flood liable areas are warned of an impending
flood is 9 m (287.6 m AHD) on the Macquarie River gauge at the Mitchell Highway.
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This corresponds to a moderate flood as classified by SES. Only two floods have
exceeded this level since construction of Burrendong Dam: in February 1971 and
August 1990. The August 1990 flood was the third significant flood event which
occurred in the period April-August 1990, and was the biggest post-Burrendong flood,
reaching a peak of 13.1 m on the Mitchell Highway gauge. Four floods greater than
the moderate flood gauge height would have been experienced between 1913, when
records began, and 1965 if the dam had been in place and operated according to
current procedures.

On the Bell River, flood heights have been recorded since 1913 at the Maughan Street
gauge. It should be noted that in 1984 the gauge at the old Maughan Street bridge
was removed and installed at the new bridge. The new gauge was incorrectly installed
and the current staff gauge is 1 m higher than the old gauge. Therefore gauge
readings taken after 1984 must incorporate the new gauge zero. When floods exceed
the gauge height of 5 m on the new gauge (289.9 m AHD), overflow from the Bell
River begins to affect nearby development. A total of 29 floods above this height have
been experienced since 1913.

Synchronisation of Flows on Bell and Macquarie Rivers

Historically, the most severe flooding has occurred when high flows in the Bell River
occurred concurrently with a major flood in the Macquarie River. This was the case in
the March 1956 flood when the level of the Bell River at the town gauge on the old
Maughan Street bridge reached 9.4 m (293.3 m AHD). By comparison, the February
1955 flood, which is the highest on record in the Macquarie River at Wellington,
produced a level of only 6.6 m (290.5 m AHD) on the old Maughan Street gauge, as
the Bell River did not simultaneously produce major flows.

In February 1955, the recorded level at the Maughan Street gauge was 290.5 m AHD
but anecdotal evidence indicates that Cameron Park (approximately 292.5 m AHD)
was flooded. The observation that Cameron Park was flooded is consistent with the
peak flood level on the Macquarie River gauge at the Mitchell Highway (293.3 m AHD).
It appears, therefore that the recorded level of 290.5 m AHD at the Maughan Street
gauge may represent the peak which occurred due to flooding in the Bell River prior to
the peak flood occurring on the Macquarie River.

The timing of Bell and Macquarie River flood peaks for the pre-1965 and post-1965
periods (ie post completion of Burrendong Dam) was examined in an investigation on
the geomorphology of the Bell River (Thoms, 1995 draft). For the pre-1965
(unregulated period), most Macquarie River peaks occurred within 3 hours of the Bell
River peak, with most Macquarie peaks occurring after the Bell peak. Since 1965, de-
synchronisation of flood peaks has occurred. The Macquarie River peak is now less
pronounced, with high flows occurring later and for a longer duration than under pre-
dam conditions, due to the attenuating effect of the flood mitigation storage.

The hydrograph alteration has resulted in a reduction in flood levels in the Macquarie
River at the time of occurrence of the Bell River peak, thereby increasing the flood
slope in the lower reaches below the Maughan Street bridge. An analysis of the
resulting increase in flow velocities in the lower Bell River is presented in Appendix A.
The increased velocities in the Bell River are a major factor in the bank erosion which
has occurred in recent years on the lower reaches of the Bell.
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2.3.3 Rate of Rise and Duration

The flood of August 1990, which took place between 2 and 8 August, provides an
example of flood behaviour under post-Burrendong Dam conditions. This flood was
around a 2% AEP event on the Macquarie River upstream of the confluence and about
300 mm below a 2% AEP flood on the Bell River. Details of this flood are provided in
the Flood Study report (DLWC, 1995) and other details were obtained by inspection of
the stage and discharge hydrographs derived by the hydraulic model prepared for that
investigation. Stage hydrographs summarising the event are presented on
Figure 2.4.

On the Bell River at Neurea, the flood peaked at 318.3 m AHD at 1800 hours on 2
August, having risen from a low level over the preceding 12 hours. The flood peak
arrived at Wellington about six hours later and reached 7.5 m (292.3 m AHD) at the
Maughan Street gauge. Floodwaters at Maughan Street rose by 5 m to the peak over
a period of 12 hours.

On the Macquarie River, significant releases from Burrendong Dam commenced on 2
August. The water level at the gauge immediately downstream of the dam increased
from 295 m to 300 m AHD over the 12 hour period to 2400 hours on 2 August. Levels
were maintained at around 300 m AHD until 0600 hours on 4 August and gradually
reduced to 298 m AHD by 2400 hours on 4 August.

At the Wellington gauge (Mitchell Highway) the flood level rose by 7 m over the 12
hour period from 1200 to 2400 hours on 2 August (285 m to 292 m AHD) and was
maintained above 290 m AHD until 1200 hours on 4 August. Subsequently, flood
levels receded to 287.5 m AHD over the following 24 hours. On the Macquarie River,
flood levels were maintained above the 5% AEP level for over 24 hours.

The data from the 1990 flood and other anecdotal data from the SES indicate that on
the Bell River floodwaters generally have a travel time of about 16 hours from the
headwaters around Molong and 6 - 8 hours from Nurea. On the Macquarie River flood
peaks take 4 - 8 hours to travel the 30 km reach from Burrendong Dam to Wellington.

The operation of Burrendong Dam for flood mitigation leads to prolonged high flows in
the Macquarie River which can also affect the lower reaches of the Bell River. For
example, in August 1990 flood levels in the vicinity of the Maughan Street bridge
inundated the approach road for two days.
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2.3.4 Comparative Flood Levels

Comparative flood levels on the Macquarie River at the Mitchell Highway are shown on
Figure 2.5. Both historic and design flood levels have been included as well as
information pertaining to bridges. It should be noted that since 1965 the magnitude
and timing of flood events on the Macquarie River have been altered due to the flood
mitigation effect of Burrendong Dam. Flood levels pre-1965 would have been reduced
significantly had the dam been constructed and estimates of these reductions are also
given on Figure 2.5.

On the Bell River, Maughan Street acts as a transport link to areas to the east,
principally Parkes. Historic and design flood levels for the Bell River at Maughan
Street are shown on Figure 2.6. Ground levels at various locations along Maughan
Street are also shown which indicate the low flood levels at which the road is
inundated.

2.4 Floodplain Zoning
Land use planning within the Wellington Council area is regulated by way of the
Wellington Local Environmental Plan (LEP) 2012. The total area of land lying within
the extent of the 1% AEP flood within Wellington town boundaries is approximately
590 ha. Table 2.1 shows the approximate breakdown of that land according to the
various zonings set out in the Wellington LEP 2012. Table 2.1 also indicates the
approximate areas of land inundated by the 0.5% and 0.2% AEP floods.
Table 2.1: Zoning of Land within 1%6, 0.5%6 and 0.2% AEP Floods
Approximate Area (ha)
Zone
1% AEP 0.5% AEP 0.2%b AEP
B2/B6 Local Centre/Enterprise Corridor <1 2 5
E3 Environmental Management 38 52 85
R1/R2/R5 Residential 2 3 5
RE1/RE2 Public/Private Recreation 50 55 55
RU1/RU4 Primary Production 490 535 530
SP2 Infrastructure 10 15 15
Totals 590 662 695
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2.5

Land Use

The indicative extent of the land use zones, based on LEP 2012, within the 1% AEP
floodplain of the Macquarie and Bell Rivers are shown on Figure 2.7. The following
discussion provides an overview of the land use types within the floodplain affected by
the 1% AEP flood.

Primary Production (RU1) and Primary Production Small Lots (RU4)

The Primary Production zone within the floodplain is predominantly located within the
the floodplain of the Bell River, north and south of Bushrangers Road and Showground
Road.

Environmental Management (E3)

Prior to LEP 2012, around 40 ha of Residential zoned land lay within the 1% AEP
floodplain, including land which backed onto both the north and south banks of the
Macquarie River, generally upstream of the confluence of the Macquarie and Bell
Rivers and an area in the vicinity of Apsley Street, Sutton Street, Lay Street, Butter
Factory Lane and Whiteley Street.

LEP 2012 has resulted in the rezoning of most of this area as Environmental
Management (E3). Only a small portion of land immediately west of the Mitchell
Highway, bounded by Gobolion Street and the Macquarie River, remains zoned as
Residential (R1).

The objectives of the Environmental Management zone (E3) include:

e To protect, manage and restore areas with special ecological, scientific, cultural
or aesthetic values.

e To provide for a limited range of development that does not have an adverse
effect on those values.

e To identify land along the Macquarie and Bell Rivers in proximity to the Town of
Wellington suitable for low impact development that addresses the flood prone
nature of this land.

Further discussion relating to this zoning is provided in Section E5.3 in Appendix E.

Business (Local Centre/Enterprise Corridor) (B2/B6)

There are few businesses located within the 1% AEP floodplain of the Macquarie and
Bell Rivers in Wellington. The only identified land use within the Business zone was
the Apsley Bowling Club located at the corner of Percy Street and Maughan Street.
Other businesses located in the 1% AEP floodplain but in zones other than the
Business zone include:

e the Visitor’'s Centre in Cameron Park (Wellington Travel);
. the Riverside Caravan Park, Federal Street;

. the Bridge Motel, 5 Lee Street;

e  structures associated with the Showground/Racecourse;

e greenhouses located in Bushrangers Creek Road and Showground Road.

The majority of businesses located in the Central Business District of Wellington would,
however, be affected by the EMAC flood event.
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2.6

2.6.1

Infrastructure (SP2)

Land uses zoned Infrastructure within the 1% AEP floodplain are the Water Treatment
Works and the Gas Depot in Falls Road, and the Sewage Treatment Plant in Brennans
Way.

Public Recreation (RE1) and Private Recreation (RE2)
Areas zoned Public Recreation located within the 1% AEP floodplain include:

. John Oxley Park;
. Pioneer Park;

° Cameron Park.

The Showground/Racecourse in Showground Road was rezoned from Special Uses to
Private Recreation (RE2 ) under LEP 2012.

Other park areas within the 1% AEP floodplain which are not zoned Public Recreation
include Bell Park (zoned Primary Production (RU1)).

There are also a number of essential services located on land inundated by the EMAC
including:

e  SES facilities;

. Council Chambers;

e Police Station;

e  Ambulance Station;

e Telephone Exchange;

. Hospital.
Flood Damages

Introduction
This section updates the damage assessment presented in the 1996 Study.

As noted in Section 2.3, flooding commences in the lower Bell River floodplain when
the level at the new Maughan Street gauge reaches 5 m, but flooding does not have a
significant effect until a 5% AEP flood (8.1 m gauge height) occurs. A detailed
assessment of potential flood damages for floods from the 5% AEP event to the
extreme event was carried out for this study and is reported in Appendix C. For this
analysis, the depths of inundation for various floods were derived from the results of
the hydraulic analysis presented in the Flood Study and the revised estimate of the
EMAC extreme flood, details of building structure and state of repair were obtained
from a drive-by survey, and floor levels were determined from a level survey
undertaken by a local surveyor.

Damages were assessed using well recognised techniques developed and tested in
numerous urban and rural flooding situations in NSW. Damages to residential,
industrial, commercial and public buildings were included. There are no data available
on historic flood damages to the residential and commercial/industrial sectors in
Wellington. Accordingly, it was necessary to transpose data on damages experienced
as a result of flooding in other centres. To that extent, the estimated values are
"potential’ damages rather than damages actually experienced. The estimated
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"potential” damages have been adjusted to allow for a reduction in the actual damages
which would occur when residents move possessions to higher levels or take easily
portable items to a safe location in event of a flood.

The assessment involved estimating the damages to residential, commercial and
industrial and public buildings for various design floods. For the 2013 review,
residential damages were re-calculated based on the Floodplain Risk Management
Guideline for Residential Flood Damages (DECC, 2007).

For commercial/industrial and public properties damage estimates from the 1996
Floodplain Management Study were updated by applying CPI.

Potential and actual flood damages were estimated for floods from the 5% AEP event
to the extreme event. Damages for the extreme flood on the Macquarie River (EMAC)
were re-calculated based on the revised estimate of extreme flood levels and extent.

The numbers of flood-affected properties and the resulting flood damages are
summarised in Table 2.2 and Table 2.3 respectively.

Table 2.2 makes the distinction between ‘flood-affected’ properties, where water is
expected to be on the land around the house (to within the 0.5 m freeboard
allowance), and ‘flood-damaged’ properties, where the flood water would be above the
floor of the property and cause some damage. Figure 2.8 shows the relationship
between flood damages and flood frequency and Figure 2.9 shows the cumulative
average annual damages related to flood frequency.

Table 2.2: Estimated Number of Inundated Properties

Number of Properties Inundated

Flood Event Residential Commercial/ Caravans Public Buildings
(%06 AEP) Industrial

A B A B A/B A B

5% 30 6 1 1 0 1 1
2% 36 25 4 4 0 1 1
1% 87 47 6 6 5 2 1
0.5% 164 102 20 14 10 2 2
0.2% 393 327 36 31 15 4 4
EMAC 1,134 1,131 73 73 38 18 18
EBELL 636 629 69 69 32 11 10

Note: A — flood-affected property (flooded to within 0.5 m freeboard allowance)

B — flood-damaged property
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Figure 2.9: Cumulative Average Annual Damages
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Table 2.3: Estimated Damages (2012 Values)
Flood Residential Commercial Caravans Public Total Cum AAD
Event / Industrial Buildings
% AEP $x1,000 $x1,000 $x1,000 $x1,000 $x1,000 $x1,000
5% 795 5 0 650 1,450 109
2% 1,799 74 0 650 2,523 168
1% 3,541 158 250 650 4,599 204
0.5% 8,070 323 500 685 9,578 239
0.2% 22,625 1,058 780 1,032 25,495 292
EMAC 122,455 25,383 1,961 9,317 159,116 475
EBELL 60,603 18,487 1,630 4,653 85,373

Table 2.3 indicates that flood damages increase progressively with the magnitude of
the flood up to about $25.5 million at a 0.2% AEP flood. For an extreme flood,
however, the damages could be up to $159 million. The average annual damages
increase steadily up to the extreme flood. Overall the average annual damages in
Wellington are modest and reflect the considerable flood mitigation protection afforded
by Burrendong Dam.

The numbers of residential properties impacted and the estimated value of damages
has increased when compared to the 1996 Study due to the following factors:

e additional properties have been included in the analysis as a result of the revised
estimate of the extreme flood;

. residential damages have been updated based on the DECC Guideline
methodology;

e application of CPI to 1996 commercial and public damage estimates to update to
2012 values.

The use of the DECC’s Guideline to calculate residential damages has substantially
increased the value of estimated residential damages and the number of properties
classified as flood affected, due to the change in methodology and assumptions made
in the DECC Guideline method. It should be noted that there has been no change in
the depth of inundation of properties for any of the modelled flood events,
with the exception of the EMAC.

Table 2.2 and Table 2.3 do not include dwellings which may be impacted by overland
flooding of the Aspley Drainage system (refer Appendix F). The investigation of the
Aspley Drainage system did not include assessment of flood extents, identification of
properties flooded, depths of flooding or damages. However, an indication of the
numbers of properties which may be impacted by overland flooding caused by the 1%
AEP event in this system includes:

e Railway Ave 8 e Arthur St (East) 6
e Zouch St/Cross St 8 e Arthur St (West) 2
e Zouch/Hawkins/Simpson 9 e Apsley St 4
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Further investigation is required to confirm the numbers of properties impacted by
overland flooding of the Apsley Drainage system and the resulting damages that would
occur in the event of a flood.

The impact of flooding on infrastructure such as roads, bridges and electricity varies
depending on the size of flood. Table 2.4 provides a summary of indicative damages
likely to be suffered by infrastructure in Wellington for various design flood events.

Table 2.4: Qualitative Effects of Flooding on Infrastructure
and Community Assets

Damage Sector Flood Event (AEP)
5% 2% 1% 0.5% 0.2%0 EMAC EBELL
Electricity 0 3 3 3,8 3,8 3,8 3,8
Telephone 0 0 0 0 0 11 11
Roads 1 1 1 1 1 1 1
Bridges (0} 4 4,7 4,7,9 4,7,9 4,7,9,12 4,7,9
Sewerage system 0 5 5 5 5 5,13 5,13
Water supply 0 0 0 0 10 10 10
Parks and showground 2 2,6 2,6 2,6 2,6 2,6 2,6
SES headquarters 0 0 0 0 0 14 0
Hospital (Gisborne St) 0 0 0 0 0 15 0
Notes relating to Table 2.4:
0. No significant damages likely to be incurred 9. Mitchell Highway flooded
1. Roads on Bell River floodplain flooded 10. Water treatment works flooded
2. Pioneer Park flooded 11. Telephone exchange flooded
3. Power poles at Herbert St bridge and pole mounted transformer on 12. Railway bridge flooded
Macquarie/Bell floodplain flooded
4. Herbert St and pedestrian suspension bridge in vicinity of Cameron 13. Sewage Treatment Plant flooded
Park flooded
5. Pump station in vicinity of Arthur and Gobolion Streets flooded 14. SES HQ flood affected
6. Cameron Park and Showground/Racecourse flooded 15. Hospital in Gishorne St flood affected
7. Maughan Street flooded EMAC = Extreme flood in the Macquarie River
8. Pad mounted transformer on Maughan Street adjacent to Bowling EBELL = Extreme flood in the Bell River
Club flooded
2.7 Flood Hazard

This section provides an update on the information relating to flood hazard which was
contained in Section 2.7 of the 1996 Study.

The concept of flood hazard is discussed in Appendix L of the 2005 FDM. The 2005
FDM defines hazard as flooding which has the potential to cause damage to the
community. The provisional hazard is related to a measure of the combination of
depth and velocity at a particular location. Figure L2 from the FDM (reproduced below
as Figure 2.10) shows the provisional hazard ratings, and the interface between High
and Low hazard zones.
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Figure 2.10: Provisional Hazard Rating

The provisional hazard can be increased or reduced after consideration of the following
factors:

. effective warning time;

o flood awareness;

. rate of rise of floodwaters;
e duration of flooding;

e  evacuation problems;

e  access;

e potential flood damages.

Wellington has a potential warning time of around 6-8 hours of flooding from the Bell
River based on the travel time of the flood wave from the Neurea gauge and 6 hours
warning from the Macquarie River as estimated by the time of travel of the flood wave
from Burrendong Dam. (The effective warning time is, however, considerably longer
due to the monitoring of the incoming flood peak by the gate operators). In addition
the duration of peak flooding would usually be less than one day for a major event,
although high flows may be prolonged on the Macquarie River due to releases from
Burrendong Dam. These factors would suggest maintenance of, but not an increase
in, the provisional hazard rating. Other factors, such as reasonable flood awareness in
the town resulting from recent flood experience, absence of major evacuation
problems or access problems due to the depth of flooding and relatively low potential
damages would suggest that an increase in the hazard rating was not warranted. On
balance, therefore, the provisional hazard rating should not be changed.
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The hydraulic modelling results (see Appendix A), in conjunction with the damages
model (Appendix C), were used to determine provisional hazard zones for the study
area in the event of a 1% AEP flood, based on the guidelines provided in the 2005
FDM. These zones consist of:

. high hazard: possible danger to personal safety, evacuation by trucks difficult,
able-bodied adults would have difficulty in wading to safety, potential for
significant structural damage to buildings.

. low hazard: should it be necessary, trucks could evacuate people and their
possessions, able-bodied adults would have little difficulty in wading to safety

For the 2013 review, the 2005 MIKE-11 hydraulic model was updated to a 1D geo-
referenced MIKE-11 model based on an aerial photo and LiDAR data supplied by
Council to produce the 1% AEP high hazard map.

Figure 2.11 shows the extent of the 1% AEP high hazard area, which is equivalent to
the High Hazard Flood Risk Precinct (excluding evacuation issues) adopted for planning
purposes. Based on the updated high hazard area definition, it is estimated that
around 27 residential lots would have some portion of land located within the 1% AEP
high hazard area. Of these, 13 residential dwellings within the high hazard area would
experience above floor flooding. A list of these properties and a map showing their
location is provided in Appendix H (supplied separately to Council).
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2.8 Social Effects

The 2005 FDM categorises flood damages as either tangible or intangible, with tangible
damages further subdivided into direct and indirect. Essentially, tangible damages
relate to the impact of flooding on the economic operation of Wellington while
intangible damages or losses relate to the social impact of that flooding. Social
impacts which could arise from flooding in Wellington include:

inconvenience;

isolation;

disruption;

psychological disturbances as a result of anxiety and trauma, and

physical ill-health.

Flooding raises the following social implications for life in Wellington:

Significant tracts of rural land within the study area are used for market gardens
and other agricultural pursuits. These areas are contained within the fertile
floodplain of both the Macquarie and Bell Rivers. Flooding of these areas has the
potential for a significant impact on the economic viability of such activities and
commensurate social impact both on the land owners and businesses which
depend upon the viability of those activities.

Main Road No. 233 (Maughan Street) passes through Wellington. Residents of
rural areas to the west of Wellington are inconvenienced when that main road is
severed by floodwaters near the Showground/Racecourse. As occurred in
August 1990, this road can be inundated for two or more days in a major flood.

Percy Street/Mitchell Highway is the main street of Wellington. This section of
Wellington contains the majority of the business/commercial and retailing
activity of Wellington. This area could be flooded for several days during the
extreme flood event causing significant social disruption to the town and the
surrounding rural areas.

As expected, an extreme flood event would also impact on significantly more
residential property than the 1% AEP event. In an extreme flood event the area
generally bounded by Whiteley Street, the Macquarie River, the Bell River and
Percy Street would be subject to flooding, with varying degrees of inundation of
structures. A significant section of residential land bounded by the Mitchell
Highway, Montefiores Street and Lay Street would also be inundated during the
extreme flood event. The social disruption associated with such an event would
be significant.

During an extreme event, the majority of shops, a number of schools, churches,
the post office, motor registry, ambulance station, telephone exchange, SES HQ,
the hospital in Gisborne Street and police station would be inundated, which
would contribute to the major social impact of such an event.

The above list is not exhaustive but provides an indication of the extent of the
potential social impact of flooding in Wellington.
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2.9

Environmental Considerations

The majority of the floodplain within the township of Wellington has been developed
for agriculture or urban purposes. The only remaining "natural" areas lie within the
river banks, particularly along the Macquarie River.

The Bell and Macquarie Rivers have different geomorphological forms within the
township. The Bell River is characterised by having an incised channel which, over
recent years, has been unstable and has started to undercut the deep alluvial
floodplain deposits and to leave near vertical banks. The geomorphic behaviour of the
Bell River within the town has been the subject of a geomorphological study (Thoms,
1995). In 1994, the then Department of Water Resources installed three weirs in the
bed of the Bell in an attempt to provide a series of pools and to reduce the bank scour
occurring.

The hydraulic analyses described in Appendix A show that releases from the flood
mitigation storage component of Burrendong Dam at a rate of 460 m*/s would result
in tailwater levels at the Bell River confluence which would significantly reduce the
flood slope and velocities on the lower reaches of the Bell River. This flow is
equivalent to the 50% AEP peak discharge on the Macquarie River upstream of the
confluence under pre-dam conditions. It amounts to a volume of 40 GL/day or 8% of
the flood mitigation storage component of the dam.

The flood operation procedure of the dam (Appendix B) aims to maximise the flood
mitigation potential of the storage and, if possible, take account of downstream flows,
particularly on the Bell River. That is, releases are delayed, where possible, to follow
and not compound the flood peaks from various downstream tributaries.

It may be practicable to maintain a release from the dam to cushion the effects of high
flows on the Bell River, whilst maintaining the flood mitigation objectives. This may,
in turn, reduce scour near the junction. However to investigate this matter further
would require an operational study of the dam which is outside the scope of this
present investigation.

The Macquarie River has a stable V shaped channel along much of its length through
Wellington. The channel is generally 15 m deep and most of the floodwater is
contained within its banks. The main river channel contains remnant vegetation
including some large eucalypts but has also been subject to invasion by exotic species
such as willows and weed species from domestic gardens. The invasion of exotic
species along the river bank has the potential to increase the hydraulic roughness and
raise flood levels. There does not appear to be any evidence that this has occurred
yet, but monitoring of the vegetation along the Macquarie would be warranted to
ensure that exotic species did not produce a significant increase in hydraulic
roughness.

Council should consider a pro-active approach to the management of the vegetation
along the riverine corridor of the Macquarie and prepare a vegetation management
plan to maintain the original native vegetation and maintain a corridor for the
movement of native birds and animals along the river.
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2.10 Administrative/Political Considerations

The entire floodplain within the study area lies within the town of Wellington, the NSW
State seat of Orange and the Federal electorate of Wellington.

Administrative interfaces on issues relating to this Floodplain Risk Management Study
occur with respect to the following:

e Flood Warning Bureau of Meteorology, Council and the State Emergency
Service (SES).

e Planning Controls DP&l, Council.

e Funding Commonwealth Government, OEH, Council. Any request
for funds to implement the recommendations of this report
will be submitted through OEH with assistance sought
from the Commonwealth.

e Floodplain crossings Both the Roads and Maritime Services and Transport for
NSW own bridge and approach embankment works on the
floodplain and would be interested in any recommendation
concerning these works.

e Welfare Management Department of Family and Community Services, a range of
service groups, Council, SES and Police. The
arrangements under the State Emergency Management
Organisation structure create numerous interfaces in the
delivery of welfare services.

e Total Catchment Central West Catchment Management Authority (CMA),
Management whose Head Office is located in Wellington. On 1 January
2014, the functions of the CMA will be taken over by the
Central West Local Land Services.

2.11 Transport Links

The Mitchell Highway bridge over the Macquarie River is the main access route
between Wellington and Dubbo. The bridge is a comparatively recent structure with a
deck level ranging between 295.4 and 295.9 m AHD and deep steel girders. The 1%
AEP flood level is 292.6 m AHD, giving about 500 mm of freeboard between the peak
water level and the underside of the girders. Longitudinal sections of the bridge
approaches are not available. It appears that the bridge has been constructed at
grade and therefore the route would remain flood free in the event of major flooding,
at least in the vicinity of Wellington.

The Main Western Railway bridge is located 200 m upstream of the road bridge and is
a high level structure above the 1% AEP flood peak.

Maughan Street, which is the main road link with Parkes (MR 233) has a bridge over
the Bell River which has a deck level of 292.9 m AHD, slightly lower than the 1% AEP
peak flood level (293 m AHD). While the bridge structure is set at a high level, the
approaches on the Bell River floodplain are around 4 m lower (289.3 m AHD). This
level is about 2.7 m below the peak level of a 5% AEP flood. Consequently, the
approaches are impassable in a minor flood event. While floods originating from the
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Bell River catchment are of relatively short duration, the bridge lies within the
influence of backwater flooding from the Macquarie River, where flood peaks are
prolonged by the attenuating effects of Burrendong Dam. The bridge approaches
could be inundated for up to two days in a major flood such as the 1990 event.

A low level bridge across the Macquarie River has been constructed at Herbert Street
linking the business district with the urban area of Montefiores. This bridge suffered
damage in the August 1990 flood and can be expected to be flooded in floods smaller
than the 5% AEP. However, there is alternative access between Montefiores and the
town via the Mitchell Highway.

In summary, apart from the flooding of Maughan Street, there are no major issues
relating to loss of access to and from Wellington during flood events.
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3.1

FLOOD PLANNING LEVELS AND FLOOD RISK
PRECINCTS

This section updates Section 3 of the 1996 Study. It has been updated to take
account of the revised approach recommended in the 2005 FDM. Sections 3.1 to 3.4
discuss the factors associated with the selection of FPLs.

General

The merit-based approach to floodplain management introduced by the 2005 FDM
raises the need to select FPLs based on the particular local circumstances of flooding
rather than adopting a state-wide standard. Key definitions provided in the 2005 FDM
include:

e Flood planning area: the area of land below the FPL and thus subject to
flood related development controls.

The concept of flood planning area generally supersedes the “flood liable
land” concept in the 1986 FDM.

e Flood planning levels: the combinations of flood levels (derived from
significant historical flood events or floods of specific AEPs) and freeboards
selected for floodplain risk management purposes, as determined in
management studies and incorporated in management plans.

FPLs supersede the “standard flood event” in the 1986 FDM.

Two important aspects of the adoption of FPLs are:

. Different FPLs may be set to reflect different flood hazards at different locations
on the floodplain. In addition, FPLs may reflect the different consequences of
flooding to different types of development on the floodplain.

e The FPL incorporates an adopted freeboard. The adopted freeboard is the
difference between the flood event upon which the FPL is based and the FPL
itself.

Various land uses are subject to different consequences (risks) from the flood hazard
(e.g. the consequences of the flooding of a hospital are significantly different to the
consequences of the flooding of an amenities block in parkland). Accordingly, there
needs to be a simple approach reflecting the different flood risk to different land uses
within the floodplain, while maintaining an understanding that flood risks still exist.
The Flood Planning Control Matrix approach outlined in Section 4.3.1 is an
appropriate methodology to address these issues.

The merit approach is inherent in the selection of an FPL. It involves comparing social
and economic considerations with the consequences of flooding, with a view to
balancing the potential for property damage and danger to personal safety against the
value of floodplain occupation. If the adopted FPL is too low for the type of
development, new developments may be inundated relatively frequently, people may
be subject to unnecessary danger and damage to associated public services will be
greater. Alternatively, adoption of an excessively high FPL may subject land that is
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3.2

3.2.1

rarely flooded to unwarranted controls, reducing its productive usage to flood
compatible activities.

Section 3.2 sets out the factors that influence the selection of an FPL and
recommends an appropriate FPL for Wellington. Section 3.3 provides information on
the incorporation of selected FPLs within the Flood Planning Control Matrix.

FPL Factors

In accordance with the 2005 FDM, FPLs for new residential development will generally
be based on the 1% AEP flood while the 2007 Flood Planning Guideline® explicitly
restricts the adoption of a FPL greater than the 1% AEP flood (plus freeboard) for most
residential development greater than the 1% AEP flood (plus freeboard). While there
is potential to vary this, the 2005 FDM (as amended by the Flood Planning Guideline)
states that this should only occur where it can be clearly demonstrated that the
circumstances are exceptional. In proposing a case for exceptional circumstances, a
Council would need to demonstrate that a different FPL was required for the
management of residential development due to local flood behaviour, flood history,
associated flood hazards or a particular historic flood.

There are a range of factors which are assessed in selecting the flood event upon
which the FPL is based:

risk to life

° social issues
° economic factors
° environmental issues

° cultural issues.

These factors are assessed in Sections 3.2.1 to 3.2.3 in order to establish whether
exceptional circumstances are present in Wellington that would warrant basing the FPL
for residential development on a flood other than the 1% AEP flood.

Risk to Life

Consequences of the full range of floods

Risk to life issues relate to the consequences of the full range of floods including the
flood used to derive the FPL and rarer floods.

A flood greater than that on which the FPL is based will eventually occur, and when it
does, the potential exists for an increase in flood damages and hazard if the FPL has
been set too low and has resulted in a large amount of unwise development. The
occurrence of a flood greater than the FPL will always result in additional damages,
unless the extreme flood is adopted as the basis for the FPL for all levels of
development. Reference to Table 2.3 shows that damages increase by about double

1 see Department of Planning Circular dated January 31, 2007 (Reference PS 07-003). The Flood Planning Guideline issued by
the Minister in effect relates to a package of directions and changes to the EPA Act, Regulation and Floodplain Development

Manual.
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between the 1% and 0.5% AEPs, and the 0.2% AEP is approximately 2.5 times that
again.

Conclusion: The extreme flood should be the FPL for emergency management (risk
to life) planning considerations. FPLs greater than the 1% AEP event
could be applied to sensitive uses and critical facilities to minimise the
consequences of an extreme event, which could be devastating to the
sustainability of the town. Damages to residential properties in a 1%
AEP event may have significant impacts on individuals but not on the
sustainability of the town as a whole.

Emergency Response and Evacuation Issues

A flood runner would start to flow between the 1% and 0.5% AEP events in the vicinity
of Montefiores and Gipps Streets and would isolate a high area of land near Teamsters
Park (Figure 2.2). Between the 0.5% and 0.2% AEP floods a second flood runner
would start to flow in the vicinity of Montefiores and Queens Streets. This runner
traverses low lying land to the north east of Montefiores and effectively severs access
to the Montefiores area to the west of Queens Street. The flood runners create flood
islands which result in a highly hazardous situation which could warrant an FPL based
on a rarer event. However, all other areas have direct access to high ground.

Conclusion: The extreme flood should be the FPL for emergency management (risk
to life) planning considerations. FPLs greater than the 1% AEP event
could be applied to sensitive uses and critical facilities to minimise the
consequences of an extreme event, which could be devastating to the
sustainability of the town. Damages to residential properties in a 1%
AEP event may have significant impacts on individuals but not but not
on the sustainability of the town as a whole.

Flood Readiness

Does the flood history in Wellington suggest an FPL based on a particular flood? This
involves a consideration of the magnitude and frequency of historic floods as well as
the "flood awareness" of the population.

Flood levels in the Macquarie River at Wellington have been reduced by the operation
of Burrendong Dam as a flood mitigation storage since its construction in 1965. The
current 1% AEP flood level (post-dam) at the Mitchell Highway Bridge is 292.6 m AHD.
The August 1990 flood reached a level about 1 m below the 1% AEP flood at this
location and was generally around a 2% AEP flood along the frontage of the Macquarie
and Bell Rivers in Wellington.

Experience in the August 1990 flood suggests that there is considerable flood
awareness within the town which would support the adoption of an FPL based on no
less than that particular event. On the other hand, the census data indicates that
between successive censuses, typically 30% of the population of the town changed
address. This suggests that, in a relatively short period after a major flood, there are
likely to be a significant number of residents who have not experienced a flood.

Flood perception in the town is influenced by the attitude that the dam will provide
protection from all future flood events. While it is true that the dam has a powerful
attenuating effect on downstream flooding, the actual reduction in flood peaks for a
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3.2.2

particular flood will depend on the initial storage contents, the peak and volume of the
inflow flood and the method of operation of the gate.

The results of the damages assessment described in Section 2.6 have shown that
damaging flooding may still be experienced under post-dam conditions for
comparatively frequent flood events and there is therefore no room for complacency.

Conclusion: Appropriate basis for the FPL is no less than the 1% AEP flood.
Social Issues
Existing level of development

As land is developed, the options for changing its use and management are greatly
reduced. This is due to the significant investment, both public and private, in existing
development and associated infrastructure, such as buildings, roads, drainage, water
supply, sewerage and electricity. The scale of existing investment is frequently such
that the development cannot reasonably be abandoned, even if it is does have a high
potential for flood damage.

In general, land within the 1% AEP floodplain in Wellington is zoned Primary
Production, and flooding in urban zoned land is confined to areas on the flood fringe,
mainly on the right bank of the Bell River. Several houses on urban land on the left
bank of the Macquarie River will also be damaged in a 1% AEP flood. As shown in
Table 2.2, 47 residential and six commercial properties could be damaged in a 1%
AEP flood. For the same event, flood waters would encroach on an additional 40
residential properties. This suggests that the existing zoning is compatible with a 1%
AEP event as the basis for the FPL. Adoption of a lower FPL, say a 5% AEP event,
might result in a considerable increase in damages as a result of future encroachment
into the floodplain. At present, the 5% AEP flood is around the threshold event at
which significant damaging flooding commences and would damage six residential and
one commercial property.

Floods larger than 1% AEP up to the 0.5% AEP result in a gradual increase in the
extent of land inundated. The 0.5% AEP flood has a peak level generally about 1-
1.4 m higher than the 1% AEP flood along the Macquarie River, while on the Bell River
the difference in levels is around 900 mm. Beyond the 0.5% AEP event, there is a
continuing gradual increase in flood extent on the Bell River and on the
Macquarie River upstream of the Mitchell Highway. For a 0.5% AEP flood, there would
be a significant increase in the extent of flooding in the Montefiores area, where a
bench on the right floodplain would be inundated forming an island in the vicinity of
Teamsters Park. It is estimated that 102 residences, 14 commercial premises and 2
public buildings would be damaged in the 0.5% AEP event.

The 0.2% AEP flood is generally around 1.3 m higher than the 1% AEP flood on the
Bell River, 2.6 m higher on the Macquarie River upstream of the confluence and 1.8 m
higher in the Montefiores area. The 0.2% AEP flood is a rare event having a
probability of exceedance of 1 in 500 in any one year, (Oor an average recurrence
interval of 500 years), and a probability of about 1 in 8 of being exceeded during a
lifetime of 70 years. It is estimated that 327 residences, 31 commercial premises and
4 public buildings would be damaged in the 0.2% AEP event.
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In the Montefiores area, access would be a problem during a 0.2% AEP flood due to
the presence of two major flood runners which would isolate pockets of higher land.
In this area it would be prudent to minimise development on land which does not have
flood free access to high ground in major floods.

From the above discussion, it appears that the basis for the FPL should be at least the
1% AEP flood. Due to the topography of the floodplain, larger floods result in
comparatively small increase in flood extent, although flood levels are higher.
Consequently a slightly higher standard could reasonably be adopted.

Conclusion: Appropriate basis for the FPL is in the range of 1% - 0.5% AEP
floods.

Current FPLs for planning purposes

The current FPL used for planning purposes has generally been set by a previous
decision of council which may be based upon previous studies or historical precedent.
It should therefore be an important consideration when determining FPLs for new
development in the management study.

LEP 2012 requires all new buildings within the ‘Flood Planning Land’ on the Flood
Planning Map to have floor levels that are 500 mm above the 1% AEP flood level at
that location.

Should a 1% AEP flood be used as a basis for minimum floor levels it would not affect
existing residential areas and the business district, which are already subject to this
minimum level. The economic impact on the town would, therefore, be nil and as such
a 1% AEP would probably be supported by the community.

Any increase in the FPL would carry with it the burden of increased development costs,
or of development opportunities foregone, which flow through to the community’s cost
of living. On the other hand, too low a standard would encourage unwise development
and would increase average annual flood damages.

Conclusion: Appropriate basis for the FPL is no less than the 1% AEP flood.
Land values and social equity

Land values are influenced by the proximity of the land to natural features such as
watercourses, employment and community facilities. Most of the community is aware
that overbank flows from watercourses happen from time to time and land values
incorporate this awareness. Some people have the perception that specific estimates
of the likelihood of flooding have a much greater impact on land values than the
general community awareness of flooding does. Therefore as FPLs are based on
specific estimates of the likelihood of flooding, decisions about FPLs must recognise
the associated social equity issues. This is particularly relevant if the decision about
FPLs limits the type of development that may occur at a site.

Should a 1% AEP flood be used as a basis for minimum floor levels it would not affect
existing residential areas and the business district which are already subject to this
minimum level. The economic impact on the town would, therefore, be nil, and as
such a 1% AEP would probably be supported by the community.
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Adoption of a very rare flood as the basis for the FPL would carry with it the burden of
increased development costs, or of development opportunities foregone, which would
flow through to the community’s cost of living. On the other hand, too low a standard
would encourage unwise development and would increase average annual flood
damages.

The social impacts of flooding on Wellington are small because of the flood mitigation
effect of Burrendong Dam. The major social impacts associated with flooding are the
inconvenience caused by flooding of roads and the stress and trauma associated with
flooding of residences. Changing the FPL within a reasonable range will not have a
significant social impact.

Conclusion: Appropriate basis for the FPL is at least the 1% AEP flood
Economic Factors
Future Development

A key consideration in new development cases is the ability of people to financially
recover from severe flood events. This is an area where residents generally have less
flexibility than businesses.

Most of the 1% AEP floodplain has been zoned for rural, agricultural or open space
activities. The area zoned urban has some potential for more intense land use in the
business zone as well as for infill of vacant residential lots and development of existing
lots in the residential areas. However, the main pressure for residential development
is in the Montefiores area, north of the Macquarie River. Development commenced in
this area in the early 1980s and there are around 130 houses in the area, with the
possibility of an additional 200. Around 10 new dwellings are being built each year.

In general, the existing development pattern does not impose a major constraint on
the selection of an FPL based on the 1% AEP level. However, adoption of a
significantly rarer event may constrain future development. Against this, it should be
recognised that adoption of the 1% AEP as the basis for the FPL is likely to lead to a
steepening of the damage-frequency curve (see Figure 2.8) for lower frequency
(rarer) floods, as future development decisions would allow development to occur in
that range. The overall effect would be to increase the average annual value of
damages. Adoption of a somewhat rarer flood as the basis for the FPL would reduce
that effect.

An additional consideration is that the flood runners in the Montefiores area operate at
the 0.5% and 0.2% AEP events and would create flood islands which could result in a
highly hazardous situation.

There are approximately 75 undeveloped residential properties and a commercial block
that would be affected by the 0.5% AEP flood but which are not affected by the 1%
AEP flood. The effect of adopting a FPL based on the 0.5% event would be to allow
Council to impose minimum floor levels for new buildings on these blocks. It is
unlikely that the adoption of a 0.5% AEP flood as the basis for the FPL would lead to
prohibition of building on any of these blocks.

The demand for greenfield land for urban development in Wellington appears limited.
The number of persons and dwellings within the Wellington township remained
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generally stable between the 2006 and 2011 censuses?. The most recent population
projections from the Department of Planning and Infrastructure® indicate that the
population of the LGA will decrease from about 8,600 to 7,100 persons over the next
25 years. Therefore, the maintaining of a higher FPL would not likely have the impact
of constraining the orderly and economic expansion of the township to meet future
housing needs.

Conclusion: Appropriate basis for the FPL is no less than the 1% AEP flood for
habitable floor levels but an extreme flood for the purposes of assessing evacuation
capability.

Potential Flood Damages

Does the nature or rate of increase of flood damages vary greatly within the feasible
range of floods associated with the FPL?

Historic development has resulted in the potential for flood damages to commence
with a 5% AEP flood, where flooding affects several properties on the floodplain of the
Bell River. Figure 2.8 shows the relationship between damages and flood frequency
while Figure 2.9 shows the cumulative average annual damages.

On the basis of the considerable potential for flood damages under present day
conditions and the shape of the damages-frequency relationship, adopting the 1% AEP
event as the minimum basis for the FPL appears reasonable. If such an FPL was
adopted and appropriate policies implemented, then, in the long term, there should be
minimal damage to new complying development associated with floods up to and
including the 1% AEP flood. However, the cumulative average annual damages
continue to increase up to the extreme flood. In order to minimise the long term
average annual losses to the community, the 0.5% AEP flood would be an appropriate
basis for the FPL.

Conclusion: Appropriate basis for the FPL is no less than 0.5% AEP flood.
Environmental Issues

It may be possible to choose an FPL to meet multiple objectives. For example, areas
immediately adjacent to the watercourse (riparian zone) may also have a high
conservation value and be below the proposed FPL. By ensuring this land is not
developed inappropriately, valuable habitat areas may also be conserved. However,
land use limits are a more appropriate tool for this purpose.

There would be no impact on the riverine environment as a result of adopting a
particular flood to define the FPL.

2 ‘Place of usual residence’ 2006 and 2011 census data for the ‘Wellington urban centre’ shows that the number of person
decreased marginally from 4,660 to 4540 as did the number of occupied and unoccupied private dwellings which fell from
2,141 to 2,077. The decrease in dwelling numbers is questionable and may relate to minor changes to census collector
districts but nonetheless reflect minimal growth rates.

s Department of Planning, 2010.
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3.3

3.3.1

3.3.2

3.3.3

3.3.4

Cultural Issues

FPLs are unlikely to result in significant impacts on cultural issues. These are more
likely to be affected by location of protection works or new development areas.
However, the FPL of a protection work, such as a levee may impact on the views from
a cultural site. Where this is a key issue for the site it may need consideration in
balance with flood risk management objectives.

There would be no impact on cultural issues as a result of adopting a particular flood
to define the FPL.

Recommended FPL

Selection of the flood upon which the FPL is based

Based on the assessment in Sections 3.2.1 to 3.2.3, there are no exceptional
circumstances at Wellington that would provide adequate justification for adopting a
residential FPL that is inconsistent with the 2005 FDM (as amended by the 2007 Flood
Planning Guideline) other than for emergency management considerations. FPLs up to
an extreme flood would be warranted generally for emergency management
considerations and for sensitive uses and critical facilities.

Freeboard Selection

Freeboard is incorporated into FPLs. It is the difference between the flood 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 an FPL is actually provided.

The 2005 FDM states that, in the majority of circumstances, a freeboard of 0.5 m is
acceptable for new residential development controls. There are no exceptional
circumstances at Wellington that would justify a different freeboard.

Recommended FPL

The 1996 Study recommended that “the flood level corresponding with the 0.5% AEP
flood should be used to define flood prone land which will be subject to flood related
planning controls in Wellington.” No freeboard was included.

This recommendation has changed in light of the 2005 FDM for the reasons outlined in
the preceding sections. The updated recommendation is a range of FPLs that adopts
the default 1% AEP event plus a freeboard of 0.5 m for general residential
development considerations, and an extreme flood event for sensitive uses, critical
facilities and emergency management considerations for all development. Other FPLs
may be appropriate for specific development components such as non-habitable floors,
robust structures and park amenity buildings.

Climate Change

The 2005 FDM recommends that the impacts of climate change be assessed in the
Flood Study, however this was not done in the Wellington Flood Study. The potential
adverse impacts of climate change on flooding behaviour include altered weather
patterns which may intensify storms and so increase the severity of the resulting
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floods. Consideration of the associated impacts through sensitivity analyses may lead
to:

e deciding to adopt a higher FPL now to provide a certain level of future
protection; or

e deciding upon a particular level of flood protection now that will lead to a
reduced level of flood protection in the future.

The 2005 FDM recommends that an appropriate FPL for residential development would
still generally be the 1% AEP flood event plus 0.5 m freeboard. Freeboard could be
expected to account for reasonable change in risk over time and therefore selection of
a more conservative FPL is not generally necessary.

The Floodplain Risk Management Guideline - Practical Consideration of Climate Change
(DECC, 2007) recommends that “flood studies and associated reports should have a
section that specifically addresses climate change. The scope of reporting should
include an outline of the modelling and analyses undertaken and their limitations,
discuss the impacts of climate change on flood behaviour and outline any associated
conclusions and recommendations. Where the study also looks at ramifications of
flooding and examines management options, these issues should also be addressed in
the climate change section of the report.

Where the project or decision making has progressed beyond this stage and climate
change has not been considered, it is recommended that it be considered to ensure
that decisions and options are robust and adaptive enough to deal with relevant
climate change impacts for the locality. This may be undertaken as part of a review to
the FRMP (required at least every 5 years under the 2005 FDM), as part of the
preliminary concept design for a works project or as part of a review of works or
development strategies that have been implemented.”

It is recommended that future reviews of the FRMP address climate change impacts in
accordance with the DECC Guideline and the 2005 FDM. This does not, however,
change the FPLs recommended in Section 3.3.3 above.

Categories of Flood Prone Land

The 2005 FDM promotes the appropriate use of flood liable land by breaking it down
into areas based on:

e frequency of inundation
. hydraulic function comprising of:
o floodways in which floodwaters are conveyed

o flood storage areas where flood waters are temporarily stored during
flood events

o flood fringe areas
e flood hazard (a minimum of two categories: high and low).
It is proposed that all land inundated by the extreme flood (EMAC) be classified into
flood risk ‘precincts’ that reflect the characteristics of flooding on the land and the

consequent hazard. Different flood-related development controls would apply
depending on the precinct and the type of development.
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Three flood risk precincts are recommended for Wellington:

High Flood This refers to land subject to a high hydraulic hazard in a
Risk Precinct 1% AEP flood.

The High Flood Risk Precinct is where major impacts on flood
behaviour, high flood damages, potential risk to life or evacuation
problems would be anticipated. Most development should be
restricted in this precinct. Without compliance with flood related
building and planning controls there would be a significant risk of
flood damages and changes in flood behaviour in this precinct.

Medium Flood This refers to the area below the 126 AEP flood level
Risk Precinct +0.5 m, but above the high hazard 126 AEP extent.

Development within the Medium Flood Risk Precinct would still be
at significant risk of flood damage, but these damages can be
minimised by the application of appropriate development controls.

Low Flood This refers to all other land within the floodplain that is not

Risk Precinct in a High or Medium Flood Risk Precinct, that is, land above
the 1% AEP flood level + 0.5 m and below the level of the
extreme flood.

In the Low Flood Risk Precinct the risk of damages is low for most
land uses and, therefore, most land uses would be permitted
without flood related development controls. Those uses considered
critical or requiring maximum protection against risk from flooding
should be identified as undesirable land uses in this precinct.

These precincts have been formulated to provide a basis for strategic planning and
development control having regard to the specific characteristics of the Wellington
Floodplain. Recommendations for planning controls within these three precincts are
presented in Section 4.3 and Appendix E.

The other major purpose of the precincts is to identify and recognise the potential
flood risk for all persons and properties affected by the EMAC extreme flood,
regardless of whether any specific development controls are to be applied. This
provides a basis for flood awareness programs, evacuation and emergency planning
and to maximise the preparedness of the community.

The extent of inundation was defined as part of the 1996 Study on 1:5,000 scale GIS
Flood Extent Maps with a 2 m contour spacing. As part of this update, the extent of
inundation for the following events has been defined based on a 0.5 m contour
spacing:

. 1% AEP High Hazard zone

e 1% AEP + 0.5 m

. Extreme flood (EMAC/EBELL).

These extents have been provided to Council as GIS layers for use in conjunction with
the flood planning measures discussed in Section 4.3.1.

The Flood Extent Maps should be used as a guide only, with the final flood status
determined by comparing the relevant FPL with ground survey.
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4.1

POTENTIAL FLOODPLAIN MANAGEMENT MEASURES

This section supersedes Section 5 of the 1996 Study and identifies measures to
manage flood risk within Wellington.

The information has been re-organised and re-presented according to the revised
approach outlined in the 2005 FDM, which requires a strategic approach to the
assessment and consideration of the following three types of flood risk:

e existing flood risk - the management of flood damage and personal danger to
the existing community and properties at risk to an acceptable level

e future flood risk - the management of flood damage and personal danger in
areas yet to be developed to an acceptable level

e continuing flood 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, e.g. outside a
levee.

Sections 4.1 to 4.4 provide information on potential floodplain management
measures, including measures from the 1996 Plan and new measures that have since
been identified. The management measures are reviewed for appropriateness and
ranked according to various criteria in Section 6 and Appendix G.

Flood Risk and Available Measures

The 1986 FDM dealt with both existing and future flood risks by considering flood
mitigation and development controls. The 2005 FDM takes a more strategic approach,
requiring assessment and consideration of existing, future and continuing risk.
The 1996 Study categorised potential floodplain management measures in terms of:

e  property modification measures

. response modification measures

° flood modification measures.

Table 4.1 shows the relationship between these categories and the risk approach.

Table 4.1: Floodplain Risk Management Measures

Type of Property Modification Response Modification Flood Modification

Flood Risk Measures Measures Measures
Existing e voluntary purchase e flood control dams
e voluntary house raising e retarding basins
e flood proofing buildings e levees
e flood access e bypass floodways

e riverine management

o flood gates
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Table 4.1: Floodplain Risk Management Measures

Type of Property Modification Response Modification Flood Modification
Flood Risk Measures Measures Measures

Future

e zoning e community awareness
(indirectly by
information derived
from planning
documents)

e building and
development controls

Continuing e community awareness

e community readiness

e flood prediction and
warning

e |ocal flood plans

e evacuation
arrangements

e recovery plans

4.2

4.2.1

Sections 4.2 to 4.4 provide details on the various measures applicable to Wellington.

Measures to Alleviate Existing Flood Risk

Voluntary Purchase

In certain high hazard areas of the floodplain it may be impractical or uneconomic to
mitigate flooding to existing properties at risk. In such circumstances it may be
appropriate to cease occupation of such properties in order to free both residents and
potential rescuers from the danger and cost of future floods.

Removal of flood affected housing is generally accepted as a cost effective means of
correcting previous decisions to build in high hazard areas. These areas are those that
would fall within a High Flood Risk Precinct. The voluntary purchase of residential
property in high hazard areas has been part of subsidised floodplain management
programs in NSW. After purchase, the property is removed or demolished and the site
rezoned to a flood compatible use e.g. public open space.

A criterion applied by State Government agencies is that the property must be in a
high hazard area where the depth of inundation and flow velocity are such that life
could be threatened, damage of property is likely and evacuation difficult.

Where a property qualifies for voluntary purchase, the owner is notified that the body
controlling the voluntary purchase scheme (the Council in the case of Wellington) is
prepared to purchase the property when the owner is ready to sell. At no time is the
property owner under any compulsion to sell. The price is determined by independent
valuers and the Valuer General, and by negotiation between Council and the owners.
Valuations are based on equivalent properties which are not affected by flooding.

The 1996 Study identified 16 residential and two commercial properties as being
located in the high hazard area. The two commercial properties (the greenhouses and
showground sheds on Maughan Street), which are located on the Bell River floodplain,
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do not qualify for inclusion in a voluntary purchase scheme due to their commercial
nature.

Investigations by Council since the 1996 Study in conjunction with the updated hazard
mapping indicates that 14 residential properties remain located in the high hazard
area in 2013 and are considered candidates for inclusion in a voluntary purchase
scheme, if it were to be pursued.

Council has provided an estimate of the valuation of the residential properties
concerned, with a total indicative capital cost of a voluntary purchase scheme of
around $1.8M. Assuming that this cost would be spread over a 20 year period, the net
present cost of the scheme (for a 7% discount rate) would be about $950,000. The
present worth of benefits, determined from the damages assessment, would amount
to $770,000, resulting in a benefit-cost ratio of 0.8. The scheme is therefore not
economically justifiable, but should be considered due to the position of the residential
properties in the high hazard area and the difficulty of flood evacuations from these
houses.

A list of properties for further consideration for inclusion in a voluntary purchase
scheme has been supplied confidentially to Council (refer Appendix H). It will be
necessary for Council to make further investigations regarding the final list of
properties it wishes to include in a voluntary purchase scheme in accordance with the
Floodplain Management Guideline for Voluntary Purchase Schemes (provided in
Appendix H).

Flood Proofing

This term refers to procedures undertaken, usually on a property by property basis, to
protect structures from damage by floodwaters. The required floor level can be
achieved in suitable existing structures by jacking up the house, constructing new
supports, stairways and balconies and reconnecting services. It is generally not
practical or economical to raise brick or masonry houses. The technique is therefore
limited to dwellings of timber frame construction with fibro-cement or timber cladding.
House raising is most applicable to dwellings which are not in high hazard areas.

Other procedures to flood proof properties include the construction of levees or
diversion banks to deflect floodwaters away from individual residences. These banks
could take the form of grass mounding or low block walls. Each situation should be
evaluated separately and a site plan prepared showing the required works. In
addition, the cumulative effects of such measures, which could exacerbate flooding,
should be considered. Runoff from within protected areas must be catered for by
temporary storage or drainage to downstream areas. On occasions, micro pump-out
systems have been used to dispose of internal drainage. Waterproofing the outer
skins of structures and providing floodgates/shutters on doorways and windows have
also been used. This method is usually only applied to brick or masonry structures, is
not common and not usually very aesthetically pleasing.

It is understood that flood proofing measures have been implemented by one
householder on a property located in, or close to, the high hazard zone in Montefiores
Street. Flood proofing is more applicable to areas which are not in high hazard zones.
In high hazard areas removal of property is more applicable, although there would be
some overlap between houses recommended for voluntary purchase and houses
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recommended for flood proofing. In practice, each area would have to be carefully
evaluated to determine the best mix.

In accepting schemes for eligibility the Government has laid down the following
conditions:

. house raising should be part of an adopted Floodplain Risk Management Plan

e the scheme should be administered by the local authority.

The Government also requires that the Council carries out ongoing monitoring in
subsidised voluntary house raising areas to ensure that redevelopment does not occur
to re-establish habitable areas below the design floor level. In addition, it is expected
that the Council will ensure that subsequent owners are made aware of restrictions on
development below the design floor level by documentation provided during the
conveyancing process.

Under the Voluntary House Raising Program, where it is shown to be cost effective,
the NSW Government may provide financial assistance to raise a dwelling to put the
habitable floor level at the FPL.

Council's principal role in subsidised voluntary house raising is to:

e define a habitable floor level, which it will have already done in exercising
controls over new house building in the area;

e guarantee a payment to the builder after satisfactory completion of the agreed
work; and

. monitor the area of voluntary house raising to ensure that redevelopment does
not occur to re-establish habitable areas below the design floor level.

Three residential dwellings in Wellington could be candidates for a house raising
scheme. The approximate cost to raise a medium sized house is around $65,000 in
2012 values, based on experience in Kempsey. Therefore the capital cost of a house
raising scheme could amount to $195,000. Assuming that this cost would be spread
over a 20 year period, the net present cost of the scheme (for a 7% discount rate)
would be about $105,000. The present worth of benefits, determined from the
damages assessment, would amount to $70,000, resulting in a benefit-cost ratio of
0.7. The scheme is therefore approaching economic justification and could be
considered.

Flood proofing of commercial premises could be achieved through the provision of
floodgates/shutters on openings.

A list of properties for further consideration for inclusion in a voluntary house raising
scheme has been supplied confidentially to Council (refer Appendix H). It will be
necessary for Council to make further investigations regarding the final list of
properties it wishes to include in a voluntary purchase scheme in accordance with the
Floodplain Management Guideline for Voluntary House Raising Schemes (provided in
Appendix H).

Channel Works

The hydraulic capacity of a river may be increased by widening, deepening or
straightening the channel and by clearing the banks of obstructions. The scope of
such improvements can vary from minor works such as de-snagging and bank
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clearing, which do not increase the waterway area but reduce hydraulic roughness, to
major channel excavations.

Careful attention to design is required to ensure stability of the channel is maintained
and scour or sediment build up is minimised. A degree of sinuosity is often provided
in the channel route for these and aesthetic reasons. The potential for channel
improvements to increase downstream flood peaks also needs to be considered. In
general, channel improvements need to be carried out over a substantial stream
length to have any significant effect on flood levels.

Stream Clearing and Vegetation Management

The existing channel of the Macquarie River upstream of the Bell River confluence is a
deeply incised channel with a large hydraulic capacity. It is capable of containing
flows up to the 1% AEP level without significant overbank flows.

The calibrated hydraulic model used in the Flood Study (DLWC, 1995) assigned values
of hydraulic roughness of around 0.05. These values are characteristic of a
hydraulically efficient channel which would not be significantly improved by minor
clearing, which in any case would require a continuing program of maintenance to
remain effective.

Downstream of the confluence, the channel is less incised but maintains a high
hydraulic capacity. In this reach hydraulic roughness of the model was generally 0.04.

The Bell River has suffered considerable instability over the years which has resulted
in significant costs incurred in efforts to control bed and bank erosion. An
investigation by Thoms in 1995 suggests that erosion on the lower Bell River is mainly
due to bank instability and that the bed of the river is relatively stable. The report
also states that de-snagging of the river appears to have caused local scour of the
banks due to channel smoothing and subsequent velocity increases.

Efforts at increasing channel capacity whether by minor clearing or channel
enlargement would not be supported by the relevant Authorities as they may promote
further instability.

Whilst significant stream clearing is not warranted, Council should consider being pro-
active in managing vegetation in order to prevent the need arising in future,
particularly along the incised section of the Macquarie River. Both rivers provide open
space corridors through the town which offer the potential to provide a significant
recreation and habitat resource whilst ensuring that hydraulic capacity is maintained:

e The vegetation along the riverine corridors should be managed to maintain
hydraulic conveyance capacity. Invasion of exotic trees such as willows and
shrubby vegetation on the higher banks will increase the hydraulic roughness
compared to the original riverine vegetation. Whilst the effect of invasive exotic
species is unlikely to have a significant effect because of the size of the channel,
maintenance of hydraulic capacity should be an important consideration in the
future management of these areas.

e The riverine corridor provides a natural pathway for the movement of native
animals and birds through the urban area. Enhancement of the habitat value
would also provide a haven and encourage native bird populations within the
town. The Macquarie River corridor appears to have retained some of its original
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vegetation which could form a basis for reintroduction of a wider diversity of
native plants to the area.

e The river corridors have the potential to provide a valuable passive recreational
resource for the town. The creation of a walking path along the river banks
could provide a contrasting tranquil natural environment linking some of the
other parks in town.

The 1996 Study recommended that Council be pro-active in managing riverine
vegetation, particularly along the incised section of the Macquarie River. The main
focus subsequent to the 1996 Study has been the management of Bell River erosion
and bed stabilisation works.

Council is seeking funding to install the bank protection works listed in Table 4.2 and
shown on Figure 4.1.

Table 4.2: Bell River Bank Protection Works
Priority Area on Figure 4.1 Length of
Protection (m)
1 1 Bell River eastern bank at confluence of 280

Bell and Macquarie Rivers

2 6&7 Bell River eastern bank 200

3 3 Bell River northern bank 170

These works are not eligible for funding under the Floodplain Management Program
administered by OEH, as they are not located within the urban area, and are therefore
not recommended for inclusion in the FRMP. Council applied for funding for these
works under the NSW Environmental Trust in 2013 and has been placed on the
reserve list.

Any riverine management works implemented as part of the FRMP would need to be
carried out in accordance with the relevant legislation, including:

) Water Management Act 2000;
. Native Vegetation Act 2003;

. Fisheries Management Act 1991.
Water Management Act 2000

Instream works are regulated by the controlled activity provisions of the Water
Management Act 2000 (WM Act). The NSW Office of Water (NOW) administers the
WM Act and is required to assess the impact of any proposed controlled activity to
ensure that no more than minimal harm will be done to waterfront land as a
consequence of carrying out the controlled activity. Instream works include
modifications or enhancements to the watercourse, channel realignment, bed control
structures, pipe laying and cable trenching etc.
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Figure 4.1: Bell River Channel Changes and Bank Erosion
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Although Councils are exempt from NOW’s controlled activity approvals, the NOW'’s
Guidelines for instream works on waterfront land must still be followed.

The design and construction of works or activities within a watercourse or adjoining
waterfront land should protect and enhance water flow, water quality, stream ecology
and existing riparian vegetation. Impacts on the hydrologic, hydraulic and geomorphic
functions of a watercourse should also be minimised. The design and construction
footprint and the extent of disturbances within waterfront land should be minimised.
Consultation with relevant government agencies at the concept stage of development
and during the design phase is recommended.

All waterfront land disturbed by the construction or installation of a controlled activity
should be rehabilitated in such a way that the integrity of the watercourse and its
riparian corridor is restored or rehabilitated.

Considerations to be addressed in the design and construction of instream works are
provided in the Guideline and include:

. Identify the width of the riparian corridor in accordance with the NSW Office of
Water guidelines for riparian corridors.

e  Consider the full width of the riparian corridor and its functions in the design and
construction of any instream works. Where possible, the design should
accommodate fully structured native vegetation.

. Identify alternative options and detail the reasons for selecting the preferred
option/s.

. Minimise the design and construction footprint and proposed extent of
disturbances to soil and vegetation within watercourse or waterfront land.

. Maintain or mimic existing or natural hydraulic, hydrologic, geomorphic and
ecological functions of the watercourse. Demonstrate the instream works will
not have a detrimental impact on these functions.

. Maintain the natural geomorphic processes.
. Maintain the natural hydrological regimes.

e Protect against scour by designing and providing necessary scour protection, for
example, rock riprap and vegetation.

e Stabilise and rehabilitate all disturbed areas including topsoiling, revegetation,
mulching, weed control and maintenance in order to adequately restore the
integrity of the riparian corridor.

. Monitor and maintain all in-stream works until suitably stabilised.
Native Vegetation Act 2003

There is a range of measures available under the Native Vegetation Act 2003 and
certain provisions of the Native Vegetation Conservation Act 1997 that may allow
thinning of vegetation in flowpaths within the floodplain. Any proposals to undertake
vegetation clearing to maintain flowpaths should be discussed with the Central West
CMA (whose functions are to be taken over by Central West Local Land Services from
1 January 2014). The method of thinning should be one that minimises soil
disturbance and reduces damage to non-target species. It is equally important that
flowpaths be maintained and regularly inspected for damage, with identified problems
promptly fixed. Such maintenance could include slashing and desilting.
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4.2.4 Flood Mitigation Dams

Burrendong Dam, which was completed in 1965, controls 86% of the catchment above
Wellington. As noted in Sections 2.2 and 2.3, studies by DLWC have shown that the
dam reduces peak flood levels of major floods on the Macquarie River very
significantly. A more detailed technical discussion of its influence on downstream flood
flows is given in Appendix B.

Apart from the zone of backwater influence from the Macquarie River, which extends
from the confluence upstream to Maughan Street, flooding along the Bell River is
controlled by runoff from its own catchment which has an area of 1,860 km? at
Wellington and is unregulated.

In 1973, the Department of Water Resources carried out an investigation into the
feasibility of constructing a water conservation storage dam on the Bell River. In all,
nine sites were investigated in the middle to upper reaches of the catchment. Site
number 9, which is located downstream of Larras Lea and about 36 km upstream of
Wellington, was considered the best dam site. This site controls about 960 km?,
equivalent to 50% of the catchment of the Bell River at Wellington.

Dams with a conservation storage ranging between 68 and 308 GL were investigated
and preliminary layouts prepared. Details are shown in Table 4.3.

Table 4.3: Details of Conservation Storages on the Bell River (DWR, 1973)
Storage Full Supply Crest Level Width of Capital
Volume Level Spillway Cost

(m)

(GL) (m) (m) $M (1973)
68 462 474.9 51.8 8.1
185 475 486 58.2 11.8
308 483.4 491.6 92.9 14.1

The study showed that none of the dams investigated was economically justified as a
conservation storage. Possible flood mitigation benefits were not considered. Each
dam was provided with an uncontrolled spillway designed to convey a flood with a
peak discharge of 5,500 m®/s and a 5 day volume of 470 GL, equivalent to about
490 mm of runoff from the catchment. The dams were not designed with a flood
mitigation purpose in mind. However, it appears that due to the considerable volume
of flood storage available above full supply level, a considerable reduction in the
magnitude of the inflow peak would be achieved.

In the case of the 185 GL storage dam, and after allowing 1 m of freeboard between
top water level and the crest of the dam, the inflow peak of 5500 m*/s would be
reduced to an outflow of 2,750 m®/s.

These flows compare with the following Bell River discharges at Wellington, as given in
the Flood Study (DLWC, 1995):

e 19 AEP 2,140 m3/s
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e 0.2% AEP 3,220 m%/s
e 0.002% AEP 8,350 m®/s
e PMF 12,800 m®/s

Based on the assumption that peak flows increase according to the ratio of the
catchment area raised to the power 0.7, the corresponding flows at the dam site are:

e 19 AEP 1,300 m®/s

e 0.2% AEP 2,000 m*/s
e 0.002% AEP 5,100 m®/s
e PMF 7,800 m3/s

Optimisation of the air space above full supply level by the provision of a gated
spillway (at additional cost), together with implementation of a flood prediction system
similar to that used for Burrendong Dam, could be expected to achieve additional
reductions in peak outflow than could be obtained by the uncontrolled spillway
adopted in the 1973 study. Consequently, the dam would be expected to have a
significant effect in reducing flood peaks in the rural areas near the dam site.
However, these effects would become progressively smaller as the area of
uncontrolled catchment below the dam becomes larger. Flood routing studies, outside
the scope of this present investigation, would be required to assess the reduction in
the flood peak at Wellington.

In 2012 values the estimated capital cost of 185 GL or 308 GL dams are $90M and
$106M respectively. Given the magnitude of urban damages at Wellington, which
have a cumulative average annual value of about $239,000 for floods up to the 0.5%
AEP flood, or a net present value of $3M at 7% discount rate, the dam would not be
economically justified on the grounds of reduced flood damages in Wellington. The
reduction in rural damages would increase the benefits of the dam, but there are no
data presently available to quantify these effects. Even after including rural benefits,
it is unlikely that the dam would be economically justified as a flood mitigation
storage.

Levees and Road Raising

Levees are an effective means of protecting flood affected properties up to the chosen
design flood level. In designing a levee it is necessary to take account of potential re-
distribution of flood flows, the requirements for disposal of internal drainage from the
protected area and the consequences of overtopping the levee in floods greater than
the design event.

Levees are usually constructed of compacted soil won from local sources and carefully
placed to strict engineering standards. NOW has issued criteria to provide a
preliminary guide to a local authority in preparing specifications for levees which
include the following recommendations:

e design and construction supervision to be undertaken by a professional engineer
e crest width sufficient to allow the passage of vehicles

e a freeboard for the crest level above the design flood of at least one metre (for
urban levees)
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e geotechnical investigation required to determine side slopes, assess material
suitability and foundation conditions.

Reinforced concrete and concrete block walls are often used in situations where there
is insufficient land available for earth banks. Such walls are provided with reinforced
concrete footings of sufficient width to withstand overturning during flood events.

Damaging flooding occurs in flood fringe areas along the right bank of the Bell River
and along both banks of the Macquarie River, for which levee schemes are considered
in the following sections.

There are also several other properties located within the floodplain of the Bell River in
the vicinity of Showground Road. However, to protect these particular houses a single
or multiple ring levee scheme would be required which could result in isolation and the
subsequent potential for evacuation problems. It is considered unwise to promote
development in such areas and therefore ring levees are not recommended.

Bell River Levee

To protect the Bell River flood fringe where potential damages are the most highly
concentrated, a levee would be required to run diagonally between the intersection of
Palmer Street and the Mitchell Highway to the Zouch - Percy Street intersection. A
short section of levee would be required which would extend eastwards along Palmer
Street to tie into high ground. For preliminary planning purposes, a levee to protect
against a 1% AEP flood has been examined. The levee would be approximately 600 m
long and up to 2.7 m high and would protect both residential and commercial
development along Apsley and Arthur Streets. In all, a total of 9 existing buildings
would be protected which are currently flooded at the 1% AEP flood.

The total cost of earthworks and road repaving is estimated at $638,000 and there
would be additional costs incurred in provision for temporary storage of internal
runoff. The catchment draining to the protected area extends to the eastern boundary
of the township and drains under the railway line towards the Bell River. It is about
110 ha in area. Storage of runoff from such a large area would cause major problems.
The size of the storage basin required to contain local runoff could require removal of
the houses which the levee is built to protect. Alternatively, it may be possible to
direct the local runoff away from the protected area and hence reduce the
requirements for storage.

Assuming that a storage basin could be provided to contain local runoff, the benefits of
the scheme amount to the average annual damages currently incurred in the flooded
properties up to the 1% AEP level in the protected area. In present worth terms, at a
7% p.a. discount rate, they amount to no greater than $60,000, giving a benefit cost
ratio of 0.09. Accordingly, the scheme is clearly uneconomic and is not worthy of
further consideration.

An alternative solution for the worst affected houses in the area which would be
protected by a levee would be to implement a voluntary purchase scheme as outlined
in Section 5.2.1.
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Macquarie River Levee

On the Macquarie River flood fringe along Gobolion Street, there are 3 residential
properties affected by the 1% AEP flood. The construction of a levee to protect these
properties could not be economically justified. The levee would need to be located
within the allotments and due to the steepness of the Macquarie River banks the
amount of fill required would be large or a flood wall would have to be used instead of
a levee.

Montefiores Levee and Road Raising

In the Montefiores area significant damages to properties commence for the 0.5% AEP
flood event with 6 residential properties along Montefiores Street near Herbert Street
being inundated. A further 23 properties would be inundated for the 0.2% AEP flood
event, 16 of which are located in the south-western corner of the Montefiores area and
the remainder located on Gipps Street near Tollemache Street. In addition, floodwater
will tend to break out from the Macquarie River and flow in a north westerly direction
forming two islands which will become isolated at the 0.5% AEP flood.

The SES Flood Plan (Annex B) identifies the risk of isolation of the area in a major
flood and includes the need to closely monitor flood levels and assess whether
evacuation is required.

The construction of a levee would need to ensure that obstruction of flows in the
existing flood channels do not adversely affect flood levels elsewhere. The
construction of a major levee scheme to protect the 23 residential properties would
prevent the operation of the flood runners in rare flood events. However, hydraulic
modelling showed that blocking the flood runners would cause only a small increase in
flood levels. For the 0.2% AEP event the increase in peak levels in the Macquarie
River was only 30 mm.

There are however practical difficulties associated with a riverside levee, as the
construction of a levee to provide protection up to the 0.2% AEP flood level to
properties fronting the Macquarie River on the southern side of Montefiores Street
would require a levee of approximately 5 m height. The footprint of such a high levee
would be large and its construction would be difficult without an extensive resumption
of land. The construction of a levee scheme in the Montefiores area to give residential
properties protection up to the 0.2% AEP flood level is not considered practicable,
would involve significant capital works expenditure and is not worthy of further
consideration.

Local Overland Flooding

The 2005 FDM requires that local overland flow flooding be considered within the same
framework as ‘mainstream’ flooding. Council identified that the Apsley Drain was a
potential source of overland flooding as defined by the FDM, as it occurs along a trunk
system, involves depths of flow in excess of 0.3 m and has the potential to flood a
number of properties. It was therefore assessed as part of this 2013 FRMS. The
detailed assessment of the Apsley Drain is provided in Appendix F.
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The primary objectives of the Aspley Drainage Study were to:

e define the existing overland flow flood behaviour of the catchment based on a
hydrologic/hydraulic model of the trunk channel system;

e assess the effectiveness of a number of physical flood mitigation options; and

e determine, in collaboration with Wellington Council, the preferred flood
mitigation option for the catchment.

Wellington Council requested that the assessment specifically examine the existing
flood behaviour around the following properties:

e the single property on the railway side of the intersection between Kennard
Street (Simpson Street) and Swift Street;

e several properties facing the railway line along Railway Avenue east of the
culvert beneath the railway embankment;

e properties adjacent to and above the concrete channel in the residential block
surrounded by Cross Street, Maxwell Street, Simpson Street and Zouch Street.

e several properties along the eastern side of Arthur Street between Zouch Street
and Hawkins Street adjacent to the open channel to the north and south.

Council’s concerns were based on the perceived potential for flooding to occur in these
areas rather than confirmed reports of flooding at these properties in the past.

A DRAINS model was developed for the study as it was able to model both the
catchment hydrology and the channel hydraulics to provide a basic assessment of
potential flood levels and the ability to assess various flood mitigation options.

The DRAINS model was run for the 20%, 5% and 1% AEP flood events. The results
indicated that flow would be above bank height along the majority of the trunk
channel in the 1% AEP flood under existing conditions and that the flood level would
be sufficiently high to threaten habitable buildings in a number of locations. The
Drainage Study was not intended to definitively identify habitable properties that
would be inundated in the various floods, as floor levels of residences were not
surveyed and local flood extents were not produced. However, by comparing ground
levels in each lot with the estimated flood level at the closest channel cross section,
groups of properties that may be at risk of flooding were identified.

Under existing conditions, in a 20% AEP flood event the modelling indicated that the
following properties are at risk of inundation:

. west side of Cross Street both north and south of the open channel;

e between Cross Street and Zouch Street adjacent to the open channel and above
the covered channel;

. north and south of the open channel on the eastern side of Arthur Street.

In a 5% AEP flood event the properties located both north and south of the open
channel immediately west of Simpson Street, between Zouch and Hawkins Streets
would also be at risk of flooding. In a 1% AEP flood event 6 - 8 properties on the
eastern side of Railway Avenue adjacent to the railway culvert would also be at risk of
flooding, in addition to the properties identified above.
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To address the limitations of the system the following mitigation options were
assessed:

M1 - construction of a surface detention basin in Apex Park upstream of the
railway;

M2 - construction of a surface detention basin in Apex Park upstream of the
railway;

M3 - enlargement of the culvert beneath the Mitchell Highway (Arthur Street);

M4 - widening of the open channel immediately upstream of the Highway (Arthur
Street); and

M5 - enlargement of the covered channel from the rear of Zouch Street to Kennard
Park.

Each of these options was modelled in DRAINS to assess the impact on flood levels at
all locations within the model.

Following review of the model results, Council indicated that its preferred option was
Option M1 as it provided the best flood mitigation results, and was capable of
substantially reducing flows and flood levels throughout the catchment. The benefits
of Option M1 include the reduction of both the depth of inundation and the risk of
habitable flooding at the following locations:

. in the Railway Avenue area, in the 1% AEP event;
. downstream of Simpson Street;
. between Cross Street and Zouch Streets; and
° on the eastern side of Arthur Street.
It should be noted that, following implementation of Option M1, there would still be a

residual risk of habitable building flooding in the area between Cross Street and Zouch
Street, and on the eastern side of Arthur Street.

The general configuration of the required basin is as follows:

. Base level 301.65 m AHD
e Top Water Level (TWL) 303.0 m AHD
e  Surface Area at TWL 10,000 m?

e Storage Volume at TWL 8,500 m®

e  Outlet Diameter 600 mm

A low flow channel would be required to convey low flows in a southerly direction
along the western boundary adjacent to the rail corridor from Kennard Street to
Maxwell Street. Diversion of major stormwater pipelines would also be necessary to
divert runoff from Thornton and Pierce Streets which currently discharges into the
open channel downstream of Maxwell Street. An inlet and energy dissipation structure
would be required where this pipe flow is introduced to the basin to ensure flow would
not spill out into the dry basin area in small flood events and to ensure the inflow
would not cause erosion in larger events.

In order to progress the basin option, it is recommended that the following steps be
included in the updated FRMP:
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1. Survey floor and ground levels of the properties potentially impacted by overland
flooding from the Apsley drainage system and carry out a damages assessment
in accordance with the Residential Flood Damages Floodplain Risk Management
Guideline (DECC, 2007).

2. Investigate the invert levels and cover depths of the stormwater pipelines along
Maxwell Street which currently discharge to the open channel downstream of
Maxwell Street to determine if it is practicable to divert these pipelines into the
detention basin in Apex Park.

3. Undertake concept design of the inlet structure for the diverted pipes, the low
flow channel and the outlet at Maxwell Street to determine if the basin is can be
constructed for a reasonable cost.

4. Carry out an assessment of Apex Park to determine if there are any current land
uses, buildings, buried or above ground services, heritage objects or trees which
would provide constraints on the construct or operation of the basin.

5. Consult with the local community to determine if they are amenable to the use
of the Park as a detention basin, given the flood mitigation benefits to the
catchment. (Note that this arrangement is commonly used in new residential
developments and the amenity of the park as open space would be retained.)

6. Undertake a costing of the basin and assess the cost:benefit ratio of the
proposal, using the damages avoided (from Step 1) as the benefits of the
proposal.

7. If the proposal is feasible, acceptable to the community and the cost:benefit

analysis is favourable, detailed design followed by construction of the proposal
should be carried out.

8. Determine extent of residual overland flow flooding and update the LEP flood
mapping to allow implementation of planning controls.

Regular maintenance of the drainage system, including the open channel, pipe inlets
and outlets, would complement structural flood mitigation measures and provide cost-
effective benefits. Inspection of the stormwater system in 2011 identified significant
silting of the Apsley Drain stormwater system which has substantially reduced the
capacity of the system. This is a relatively inexpensive option to improve conveyance.

Measures to Alleviate Future Flood Risk

Planning Measures

One of the most effective future flood risk management measures for Council to adopt
is strong floodplain management planning. Appendix E contains recommendations
for updating Wellington Council’s 2012 LEP and DCP 2013 to incorporate the revised
approach presented in the 2005 FDM (as amended by the 2007 Flood Planning
Guideline including Direction 4.3 issued by the Minister for Planning under
Section 117(2) of the EP&A Act on 1 July 2009). A summary of these
recommendations is provided below.
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4.3.1.1 Wellington LEP

The 1996 Study reviewed the 1987 LEP and the draft 1995 LEP. Council has since
adopted 1995 LEP, which has subsequently been replaced with LEP 2012.

Flood Planning Clause and Mapping

LEP 2012 contains the DP&I standard LEP flood planning clause, which is considered
generally appropriate. The clause provides recognition of flood risk as a relevant
consideration when assessing a development application. The clause does not prohibit
development but identifies the specific matters to be addressed with a development
application.

The issues with the LEP flood planning clause are whether the area to which the clause
applies should also include the low flood risk precinct and whether the flood planning
maps should differentiate between the medium and high flood risk precincts. The
consequence of the LEP flood planning clause, and the outcome reflected in the LEP
2012 Flood Maps, is that only the residential flood planning area*® is mapped and not
the full flood planning area as defined in the 2005 FDM.

The LEP flood planning clause provides for the mapping of any area as the “flood
planning area” subject to the restrictions provided by the Flood Planning Guideline. It
is recommended that the clause be amended to define ‘flood liable land’ consistent
with the 2005 FDM as all land inundated up to the extreme flood and provide that the
clause applies to all flood liable land. This would allow the terms ‘flood planning area’,
‘flood planning level’ (FPLs) and ‘flood planning map’ to be dispensed with, as the
2005 FDM definitions applying pursuant to the LEP flood planning clause would suffice.

This would allow the DCP to be consistent with the LEP where the DCP imposes
requirements on critical and sensitive uses above the 1% AEP flood plus freeboard,
which are not subject to the restrictions in the Flood Planning Guideline. Where a DCP
provision is inconsistent with an LEP, the DCP provision has no effect in accordance
with clause 74C(5) of the EP&A Act.

It is considered that these refinements to the LEP clause would retain consistency with
the intent of the clause and provide greater simplicity and clearer information to the
public. This will be a matter for Council to discuss with the DP&Il when reviewing LEP
2012 in the future.

Prohibition of Development in High Flood Risk Area

The LEP flood planning clause does not allow the introduction of prohibitions on flood
sensitive developments generally or within certain parts of the floodplain (eg in a
floodway). However, Council should consider the full risks of flooding when deciding
upon the land use zones to apply to individual properties. If appropriate, Council
should apply restrictive zones (such as an ‘Environmental’ zone) and development
standards (such as a larger minimum lot size) available within LEP 2012 when
undertaking future reviews.

4 The residential flood planning area in this context is a reference to the 1% AEP (plus 0.5m) FPL (medium and high flood risk
precincts) and not the low flood risk precinct where emergency management measures are also relevant.
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Review of Land Use Zones in High Flood Risk Precinct

A preliminary review of the appropriateness of the land use zones within the
Wellington township with regard to flood risk was undertaken by overlaying the flood
risk maps (s