Narromine Floodplain
Risk Management Study and Plan

3. POTENTIAL FLOODPLAIN MANAGEMENT MEASURES
3.1 Range of Available Measures
A variety of floodplain management measures can be implemented to reduce flood damages.

Flood modification measures change the behaviour of floods in regard to discharges and water
surface levels to reduce flood risk. This can be done by the construction of levees, flood
mitigation dams and channel improvements. Such measures are also known as “structural”
options as they involve the construction of engineering works.

Property modification measures reduce risk to properties through appropriate land use zoning,
specifying minimum floor levels for new developments, voluntary purchase of residential property
in high hazard areas, or raising existing residences in the less hazardous areas. Such options
are largely planning measures, as they are aimed at ensuring that the use of floodplains and the
design of buildings are consistent with flood risk. Property modification measures could comprise
a mix of structural and non-structural methods of damage minimisation.

Response modification measures change the response of flood affected communities to the
flood risk by increasing flood awareness, by the installation of flood warning systems and the
development of emergency management plans for property evacuation. These options are wholly
non-structural.

3.2 Community Views

Comments on potential flood management measures were sought from the local community by
way of a Questionnaire. Question 20 in the Community Questionnaire outlined a range of
potential measures. The responses are shown on Table 3.1, together with initial comments on
the feasibility of the options, which are discussed in more detail in later sections of this chapter.
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Narromine Floodplain
Risk Management Study and Plan

3.3 Flood Modification Options — Levees
3.3.1 General

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 three important factors: potential redistribution 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. Specifications for ievees typically include the following recommendations:

Design and construction supervision to be undertaken by a professional engineer.
Crest width sufficient to allow the passage of vehicles.

A freeboard for the crest level above the design flood of at least 500 mm.

Y V VYV V

Geotechnical investigation required to determine side slopes, assess material suitability and
foundation conditions.

Spillway sections for the controlled overflow of floodwaters in the event of flooding greater than
the design flood.

v

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.

A major issue to consider when evaluating levee proposals, is that unless the levee is built to exclude the
Extreme Flood, there will be a residual chance of its being overtopped over its life. Adoption of the
Extreme Flood as the design flood is usually not feasible due to the large increase in peak flood level
usually experienced compared with the lesser floods, for example the 1% AEP. At Narromine designing
for the Extreme Flood, as opposed to the 1% AEP event, would require an increase in crest levels of
around 1m.

When a flood smaller than the Extreme Flood is adopted for design, provision will need to be made for
controlled overtopping of the crest. It is usual practice to have the downstream end of the levee set lower
than the average flood gradient along its extent, so that overtopping commences at its downstream end
and continues progressively upstream as river levels rise. This allows the overtopping to take place into
a pool of water on the protected side of the levee and minimises the risk of erosion of its face.

Stormwater generated from the local catchment on the “protected” side of the levee must also be catered
for over the duration of the flood. In the western flowing streams in NSW, flooding generally lasts for
periods of several days and during that time any runoff generated locally must either be stored behind the
levee for later drainage to the river as flood levels recede, disposed of by pumping over the levee, or
conveyed downstream to a location where it can be discharged by gravity to the river.

A preliminary review of options for protecting Narromine by levees is given below.
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3.3.2 Alternative Levee Routes

The existing levee extends upstream from west of Dandaloo Street to Manildra Street, a distance of
800 m. it generally would contain 1% AEP flooding over this extent, although it is deficient in freeboard
allowance. There is a low spot in the levee which would need to be raised to exclude floodwaters from
entering the town. There are also several low points in the river bank upstream of the existing levee
between River Drive and Manildra Street which would also need to be raised in any levee upgrading
proposal.

Two alternative routes for an upgraded levee were examined in the Floodplain Management Study for the
Macquarie River Valley (SKM, 1983).

The first route was an extension of the existing levee by a 90 degree turn to run southwards along
Manildra Street to the Mitchell Highway. This levee route would not prevent flows leaving the Macquarie
River at the low points and inundating the floodplain between Crossley Drive and the Mitchell Highway.
All of the developing areas to the east, i.e. upstream, of Manildra Street would be unprotected. Flows
would still be conveyed beneath the Main Western Railway line via the culverts on the Town Cowal, with
consequent inundation of residential development in the southern side of town. This route would not
prevent damaging flooding in Narromine and is therefore, not considered viable.

The second route continues along the river bank about 4 km upstream of Manildra Street to River Drive.
Upstream of Manildra Street the route would run parallel with Crossley Drive. There are several options
for locating the levee along the frontage of existing residential properties in that street:

> Raise Crossley Drive to achieve the required level of protection. However, with this option, the
properties on the river side of Crossley Drive would not be protected. Several of these properties
have floors slightly below the 1% AEP flood level. The levee may appear to be a dam to these
residents, acting to restrict the escape of flows onto the floodplain. This route has not been
considered further in this assessment.

> Locate the levee on the river side of the properties fronting that street. Locating the levee on the
boundary of the allotments near the river bank would require a high levee, as the land falis
steeply towards the river. This would not be acceptable to residents as the levee would be very
obtrusive and would also be expensive to construct. This route has not been considered further.

> The levee could be significantly reduced in height by locating it on the river side of the respective
residences, but near the end of the building platform where natural surface levels are
considerably higher than further down the river bank. This route has been adopted for further
consideration below.

3.3.3 River Bank Levee

Figure 3.1 shows the potential route of the river bank levee. Figure 3.2 is a longitudinal profile along its
extent. For the purposes of this analysis it is assumed that the crest of the levee would be 500 mm above
the level of the 1% AEP flood. This 500 mm of freeboard is a factor of safety which allows for wave
action, uncertainties in the assessment of 1% AEP flood levels, construction tolerances and potential
settiement of the levee.

To achieve the design crest level, the existing levee would need to be raised by up to 600 mm. It has
been assumed for costing purposes that the existing levee will be incorporated in the new works.
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Narromine Floodplain
Risk Management Study and Plan

However, this assumption is subject to geotechnical testing at the design stage, as the engineering
properties and compaction of the fill material are presently unknown,

Along the rear of the residential allotments in Crossley Drive, the height of the levee would range
between 700 mm and 1 m. Although the preliminary costings were based on an earthen embankment, the
footprint of the levee could be reduced by constructing it as a low block wall covered with earth and
grassed. The visual effect of the levee would then be a low mounding in the backyards of the properties.

East of Crossley Drive, the route would follow the top of the river bank across rural land extending to the
western end of River Drive. Survey information in this area is sparse with information on natural surface
levels being confined to a line of levels taken along the estimated top of bank, together with the three
cross sections of the river and floodplain incorporated in the hydraulic model of the floodplain developed
for the flood studies. The maximum height of levee over the 3 km extent from the end of Crossiey Drive
to River Drive would be about 1 m.

Within town it would be necessary to cater for stormwater runoff from the local catchments on the
“protected” side of the levee. This could be achieved by retaining the runoff in temporary storage areas
pending its gravity drainage back to the river as flood levels recede. Alternatively it may be possible over
the duration of the river flood to discharge stormwater runoff under gravity flow conditions along the route
of the Town Cowal. This would reduce the requirements for storage of stormwater runoff. The feasibility
of this latter alternative is subject to a survey which would be required as part of more detailed
consideration of the levee scheme.

It is also possible that the levee may need to be extended west (i.e. downstream) of the commencement
of the existing levee to exclude floodwaters from the Macquarie River which potentially overtop Warren
Road between the intersection with the Mitchell Highway and the irrigation canal which crosses Warren
Road near the bridge. Flows overtopping Warren Road from the river could flow into the downstream
reach of the Town Cowal, cross the Mitcheli Highway and enter the town in the vicinity of Sixth Avenue. It
may be necessary to exclude floodwaters by constructing a low bank from the western end of the existing
levee, along the river bank to high ground. A survey of natural surface levels along the high point of the
river bank west of Dandaloo Street would be required to clarify this matter.

3.3.4 Provisions for Internal Drainage

The provision of facilities for the temporary detention and release of runoff from the protected areas of
town whilst river levels are maintained is an important issue in planning for the levee. During major
floods, river levels will be maintained near their peak level for a period of up to 5 days. The internal
stormwater system will need {o be capable of storing runoff from local storm events which occur over this
duration.

The following discussion is an introduction to potential storage requirements assuming that gravity
discharge of local runoff via the Town Cowal is not possible and it would be necessary to provide a
dedicated storage area between the levee and the urban area of town.

The existing stormwater drainage system of Narromine comprises seven major sub-catchments shown on
Figure 3.3 (PPK Consultants Pty Ltd, 1994). The individual sub-catchments and their directions of
discharge are summarised in Table 3.2. Four sub-catchments, C1, C2, C6 and C7, drain northwards and
discharge via pipelines to the Macquarie River in the north, while the remaining sub-catchments
discharge either to the town common in the south west sector of town or via open channels to the
surrounding countryside.
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Narromine Floodplain
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Runoff collected in the street gutters flows via gravity into open channels which in turn discharge to open
country to the east of the town and to the town common in the south. In the northern catchments, the
street gutters flow to a number of large diameter pipelines which in turn discharge to the Macquarie
River.

Runoff is conveyed across major roadways via short sections of underground pipelines or box culverts.
On some of the minor roads raised box culverts with their invert levels set to existing street gutter levels
have been constructed.

The majority of the local drainage problems associated with these catchments are due to the capacity of
the street gutters and road crossings being exceeded in the lower areas of the sub-catchments. This is
mainly due to the lack of underground stormwater drainage pipelines and kerb inlet pits, particularly in the
commercial areas of the town.

When the capacity of the street gutters is exceeded, the runoff tends to collect and pond in natural low
points within the town such as Payton and Dundas Parks and adjacent to the school located at the corner
of Derribong and Manildra Streets (immediately south of the railway line).

For initial planning it was assumed that the lines on the existing stormwater systems discharging to the
Macquarie River will be flap gated to prevent backflooding of protected areas. Assuming that runoff
would need to be stored for up to 48 hours prior to gravity release to the river, a total volume of runoff of
about 50,000 m® would need to be stored if, say, a 5% AEP local storm occurred in conjunction with a 1%
AEP river flood. As there appears to be insufficient room available on the town side of the levee for the
storage of that volume of runoff, it may be necessary to direct stormwater flows westwards to a location
where gravity discharge to the river or floodplain is feasible.

As part of progressing the concept design for the levee, survey will be required to assess the volume
available for the temporary storage of runoff. It will also be necessary to confirm the hydraulic gradient
available for the conveyance of runoff generated by the local stormwater catchments as overland flow
around the western side of town via the Town Cowal.
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3.3.5 Economic Analysis of River Bank Levee

Table 3.3 gives an indicative cost of the levee and Table 3.4 is a preliminary economic assessment. The
levee has a 1% AEP design standard and would therefore prevent damages for floods ups to that
magnitude. The present worth values of those damages therefore become the economic benefits of the
scheme. The economic analysis has been undertaken for the three discount rates nominated by NSW
Treasury Guidelines and a 20 year economic design life.

TABLE 3.3
INDICATIVE COST OF RIVER BANK LEVEE
1% AEP DESIGN STANDARD

Land Acquisition/Easements 125,000
Preliminaries (Establishment, Geotechnical Testing, Sediment Control) 35,000
Clear and Grub Foundation 80,000
Strip and Store Topsoil for later re-use 50,000
Supply, Place and Compact Fill 600,000
Place topsoil on levee faces; spray, seed, hydromulch. 210,000
Provide drainage from local catchments behind levee 50,000
Contingencies 25% 300,000
Survey, Investigation, Detail Design and Community Consultation 150,000

TABLE 3.4
ECONOMIC ANALYSIS OF
LEVEE SCHEME FOR NARROMINE
1% AEP DESIGN STANDARD

Present Worth Value of

Benefits (Damages Prevented) 2.9 2.2 1.8

$x 10°

Cost of Scheme $ x 10° 1.6 1.6 1.6

Benefit/Cost Ratio 1.8 1.4 1.1
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3.3.6 Refining the Levee Concept

The development of flood management concepts outlined in this report is necessarily constrained by
budget and data limitations, as the study is of a strategic nature. The main objective of the benefit/cost
analyses described in this Chapter of the report was to determine an economic priority for projects, rather
than determine their final costs. Further investigation of the levee concept, with the benefit of additional
survey data along its route would be required to prepare a preliminary design. The benefit/cost analysis
would also need to be refined before the feasibility of the project could be confirmed.

A feasibility study of the levee has been included as a project in the draft Floodplain Risk Management
Plan. The study activities would include survey, engineering analysis and community consultation. An
outline of the scope of work required for the study and preparation of a submission for Government
funding. is given below:

> Survey: Preparation of cross sections normal to the
line of the levee {o confirm the location of the
top of river bank; determine top of river bank
levels downstream of Dandaloo Street; as
well as invert levels of the Town Cowal to the
west of Dandaloo Street.

» Engineering Analysis Preparation of Levee profiles and cross
sections; assess requirements for disposal of
local stormwater drainage; refine costs and
benefits. Prepare submission for Govt.
Funding.

» Community Consultation Presentation of levee proposal to residents
(particularly in Crossley Drive area.)

3.4 Increase Hydraulic Capacity of Culvert at Parkes Narromine Railway

As noted in the Narromine Flood Study, 20086, reductions in flood levels in the ponding area on the
eastern side of the Parkes Narromine Railway could be achieved by increasing the hydraulic capacity of
the culverts, which presently comprise twin 600 mm diameter Armco pipes. These pipes do not have
sufficient capacity to carry flood flows, resulting in a backwater forming upstream of the railway
embankment. The area affected by ponding inciudes the potential development area on the eastern side
of the embankment, as well as existing residential areas extending to Manildra Street, where damaging
flooding would be expected in the event of a 1% AEP flood.

Improvements in the hydraulic capacity of the culverts at their present location would increase the peak
discharge in the existing drainage line on its downstream side between the railway and Town Cowal. The
impacts of the works on urban development on the western side of the railway would need to be
evaluated, as flood levels may be increased in the drainage line. To mitigate this impact, it would be
advisable to locate several new culverts spaced along the line of the railway embankment and
discharging to un-developed areas.

There is insufficient survey available to undertake a detailed assessment of this project. For the purposes
of the study an indicative costing has been prepared assuming improvements in culvert capacity from the
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present capacity of 1.5 m%s to 23 m%s, sufficient to convey the 1% AEP flow without surcharging the
railway embankment. A total of four waterway openings in the embankment has been provided, giving a
total width of opening of 24 m. An allowance has also been made for channel improvements to direct
overland flow to the new culverts.

Table 3.5 shows indicative costs and benefits of the culvert improvement scheme. The scheme may not
be required to reduce damages to existing residential property in Cathundril Street and surrounding
streets arising from breakouts from the Macquarie River if the river bank levee scheme outlined in the
previous section were implemented. With the river levee in place, flows on the Town Cowal generated
from breakouts of the river between Manildra Street and River Drive would be eliminated for floods up to
the design standard of the levee.

However, improvements in culvert capacity may still be required if development in the open space area to
the east of the Parkes Narromine Railway embankment were to proceed. This area is located on low
ground and may be vulnerable to flooding derived from overflows of the drainage systems of the local
stormwater catchments in the south — west sector of town, or backwater flooding from the Parkes
Narromine Railway arising as a result of blockage of the existing culverts.

TABLE 3.5
ECONOMIC ANALYSIS
INCREASED HYDRAULIC CAPACITY AT CULVERTS
IN PARKES NARROMINE RAILWAY
1% AEP DESIGN STANDARD

B

Present Worth Value of

Benefits (Damages Prevented) 1.3 1.0 0.8

$x10°

Cost of Scheme $ x 10° 0.88 0.88 0.88

Benefit/Cost Ratio 14 1.1 0.9
ATO041/docs/NarromineFRMS.doc Lyall & Associates

May 2008 Rev. 4.0 Page 33 Consulting Water Engineers



Narromine Floodplain
Risk Management Study and Plan

A feasibility study of the culvert improvement scheme has been included as a project in the proposed
Floodplain Risk Management Plan. The study activities would be similar to the levee scheme, requiring
survey, engineering analysis and community consultation. An outline of the scope of work required to
prepare a submission for Government funding is given below:

> Survey: Preparation of creek cross sections and
property levels on the downstream side of
the culverts; determine top of rail levels;
determine natural surface levels along
prospective overland flow route from
Cathundril Street to culvert entrance.

> Engineering Analysis Preparation of hydraulic model of overland
flow route, culvert and downstream channel;
assess requirements for culverts and
resulting flood levels; confirm no adverse
impacts to property on the downstream side
of railway line; refine costs and benefits.

» Community Consultation Presentation of culvert improvement scheme
proposal to residents (particularly on
downstream side of railway line)

Shouid development to the east of the railway proceed in the near future, it would be appropriate for
Council to seek a contribution from the developer to fund the feasibility study. A Flood Study of the area
would be required in any case before the development were aliowed to proceed.

3.5 Removal of Bank of Irrigation Canal on Western Side of Narromine

The irrigation canal is located on the western side of the golf course and runs in a southerly direction
from the river towards the Mitchell Highway (Figure 2.4). The banking on both sides of the canal reaches
elevations between 1.5 and 2 m above natural surface level.

From site inspection it appeared that the banking may block flows travelling downstream on the floodplain
and may result in a backwater effect in town. However, hydraulic modelling showed that there would be
no significant reductions in flood levels in town if the banking were removed.

The modelling showed that there was sufficient conveyance capacity available in the existing Town
Cowal branch for the escape of flows and that flood levels in the Aerodrome area would be marginally
increased by removing the banking.

Accordingly removal of the banking is not required and has not been recommended in this study.

3.6 Channel Improvements

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 clearing, which do not increase the waterway area but reduce hydraulic
roughness to major channel excavations.
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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 fo be considered. In general, channel improvements need to be carried out over a substantial
stream length to have any significant effect on flood levels.

The existing channel of the Macquarie River is a deeply incised channel with a large hydraulic capacity.
It is capable of containing flows up to the 2% AEP level without significant overbank flows.

The hydraulic model used in the Narromine Flood Study, 2006 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 stream clearing, which in any case would require a continuing program of
maintenance to remain effective. Efforts at increasing channel capacity whether by clearing and removal
of woody debris, or channel enlargement would not be supported by the Catchment Management
Authority for environmental reasons.

Whilst significant stream clearing is not warranted, Council should consider being pro-active in managing
vegetation along the banks of the Macquarie River to maintain recreation and habitat values and ensure
that hydraulic capacity is maintained:

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

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 vegetation which could form a basis for reintroduction of a wider
diversity of native plants to the area.

3.7 Flood Mitigation Storage in Burrendong Dam

Figure B4.1 of Appendix B shows the pre-dam and post-dam probability distributions of flood peaks at
Narromine. These data were prepared from the results of the analysis of peak discharges at Narromine
for the-periods 1909 — 1964 (pre-dam) and 1966 — 1998 (post-dam).

These results show that on a long term basis, the dam results in a considerable reduction in flood
impacts even as far downstream as Narromine. For example, a peak fiood level of RL 239.1 m under
present day conditions has an annual chance of exceedance of 0.5% (Figure 2.3). However, prior to
construction of the dam, this level, which approximates the peak of the February 1955 flood, had an
annual probability of exceedance of 1%. That is, it was a much more frequent event.

The 1% AEP flood under present day conditions would reach a level of RL 238.7 m. By definition, this
flood has an annual chance of exceedance of 1%. The analysis presented in Appendix A predicted
damages at Narromine for that flood, would be of the order of $ 44 Million. Prior to construction of the
dam, a peak of this magnitude would have a 2% annual probability of exceedance.
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The above data indicate that the dam has halved the annual probability of exceedance of major floods. It
may be possible to achieve further reductions in the probability of major flooding downstream of the dam
by increasing the storage devoted to flood mitigation, but this would be at the expense of the water
conservation storage component.

Since construction of the dam in 1965, large scale irrigation development has taken place in the
Macquarie Valley in response to the resulting increased security of water supply. Although there would be
increased flood mitigation benefits if the flood mitigation component were increased, the reduction in the
volume of regulated flow available for irrigation may result in an adverse impact on the overall economic
performance of the dam. Optimisation of the water conservation versus flood mitigation roles of the
storage is, however, outside the scope of this present investigation.

3.8 Property Modification Measures
3.8.1 Considerations for Setting Flood Planning Level

Flood Planning Level — Selection of the Flood Planning Level (FPL) for an area is an important and
fundamental decision as the standard is the reference point for the preparation of floodplain management
plans. It is based on adoption of the peak level reached by a particular flood with an appropriate
aliowance for freeboard. It involves balancing social, economic and ecological considerations against the
consequences of flooding, with a view to minimising the potential for property damage and the risk to life
and limb. If the adopted FPL is too low, new development in areas above the FPL (particularly where the
difference in level is not great) may be inundated relatively frequently and damage to associated public
services will be greater. Alternatively, adoption of an excessively high flood planning level will subject
land that is rarely flooded to unwarranted controls.

In the Narromine floodplain, there are a number of land use classes which need to be considered in
terms of setting appropriate flood planning levels (FPL’s):

¢ Residential
e Commercial and industrial

e Essential community facilities, critical utilities (electricity, water supply and sewage treatment
facilities) and special uses which require special consideration, such as schools, hospitals, retirement
and nursing homes.

Councils are responsible for determining the appropriate FPL’s within their local government area. Whilst
the flood used to determine the residential FPL is a decision of the Council, the Floodplain Development
Manual, 2005 highlights that FPL’s for typical residential development would generally be based around
the 1% AEP flood, plus an appropriate freeboard (typically 500 mm).

The Circular issued by the Department of Planning on 31 January 2007 contained a package of changes
concerning flood related development conirols on land above the 1 in 100 year flood and up to the
Probable Maximum Flood. The package included an amendment to the Environmental Planning and
Assessment Regulation 2000 in relation to the questions about flooding to be answered in Section 149
planning certificates, a revised ministerial direction (Direction 15) regarding flood prone land (issued
under Section 117 of the EP&A Act, 1979) and a new Guideline concerning flood-related development
controls in low flood risk areas.

The Circular advised that Councils will need to follow both the Floodplain Development Manual, 2005 as
well as the Guideline to gain the legal protection given by Section 733 of the Local Government Act.
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The Department of Planning Guideline confirmed that unless exceptional circumstances applied, Councils
should adopt the 1% AEP flood with appropriate freeboard as the FPL for residential development. 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.

Unless there were exceptional circumstances, Council should not impose flood-related development
controls on residential development on land with a low probability of flooding, that is land above the
residential FPL (denoted low flood risk areas in the Guideline).

Nevertheless, the safety of people and associated emergency response management needs to be
considered in low flood risk areas, which may result in:

>  Restrictions on types of development which are particularly vulnerable to emergency
response, for example, developments for aged care.

>  Restrictions on critical emergency response and recovery facilities and infrastructure. These
aim to ensure that these facilities and the infrastructure can fulfil their emergency response
and recovery functions during and after a flood event. Examples include evacuation centres
and routes, hospitals and major utility facilities.

Consideration of the data on flooding patterns and the economic impacts of flooding supports retaining
the 1% AEP flood (with freeboard) for setting the FPL of residential development in Narromine. For
commercial and industrial development a lower FPL could be adopted, with the provision of a “mezzanine
area” at a higher level for the temporary storage of goods.'For essential services and uses requiring
special consideration as identified above, a higher FPL should be adopted.

3.8.2 Outline of draft Flood Policy
Features of the proposed Flood Policy for Narromine, as set out in Appendix C are outlined below:

The floodplain, or extent of flood prone land, has been defined as the area inundated by the Extreme
Flood, which is a flood with a peak discharge equal to three times the 1% AEP peak. The flood prone
land has been divided into six flood risk precincts using the depth and flow velocity data derived in the
Narromine Flood Study, 2006 and subsequent hydraulic studies outlined in Section 2.7. The extents of
the precincts, shown on Figure 5.2, have been identified using existing sources of survey data
(see Note D below). The precincts are:

> The “Macquarie River Floodway”. This is the area conveying most of the flow in the Macquarie
River in the event of a 1% AEP flood. The Flood Policy does not permit development in this area.

The “Town Cowal Floodway” was zoned as a floodway in the Narromine LEP, 1997, but as noted
in Section 2.4 of this report under ffem 7, may have been defined on imprecise survey data.
Section 2.7 identified the extent of the floodway in a hydraulic sense using existing sources of
survey data. (The hydraulic floodway is the area where significant flow velocities would be
expected at the 1% AEP flood and which should be kept clear of future development). It is
suggested that when assessing developments, Council adopt the dashed lines as representing
the extent of the floodway and therefore the limit of encroachment. In the future upgrading of the
LEP, the dashed lines could be revised using any additional survey data available and should
then replace the presently zoned “Town Cowal Floodway”.
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» The “Manildra Street/River Drive Precinct’ is the area on the southern floodplain between the river
and the Mitchell Highway. This Precinct includes two flow paths which act as conveyances for
floodwaters breaking out from the low points in the river bank between Manildra Street and River
Drive. Some of the flow travels eastwards to Manildra Street via the Manildra Fioodway flow path
and the remainder is conveyed via the Town Cowal through the railway culverts to the southern
side of town. These flow paths are shown dashed on Figure 5.2. Based on depth and velocity
criteria and interpretation of available survey, these flow paths are low hazard zones even though
they convey significant rates of flow. Note A provides further commentary on proposed'
development controls.

» The “High Hazard Ponding Area” is the precinct on the eastern side of the Parkes Narromine
railway embankment. There are sparse data on natural surface levels available in this area.
However, on the basis of available information it appears that although flow velocities would be
low, peak depths of inundation in excess of 1 m would be expected in the event of the 1% AEP
flood. In this area in-fill residential development would be permitted, subject to minimum floor
level requirements (1% AEP flood level plus 500 mm freeboard). However, prior to consideration
of any sub-division development proposal, Council would require the applicant to demonstrate
that the area could be developed without an increase in the overall flood risk to the population. As
a minimum, Council would require a site survey and a Flood Study of the area, which would
specifically consider the potential backwater effects resulting from surcharge of culverts in the
Parkes — Narromine Railway embankment and incorporate suitable measures to mitigate any
resulting flood affectation.

> The “Intermediate Floodplain” is the remaining fand inundated by the 1% AEP flood and not falling
in the above categories of flood prone land. Within this land, there would only be the requirement
for minimum residential floor levels to be set at 1% AEP flood levels plus 500 mm. All land uses
would be permitted in this zone. Refer Note B and Note C for requirements of other classes of
development.

» The “Outer Floodplain” is the remainder of the floodplain between the 1% AEP flood extent and
the Extreme Flood. In this area the same controls would apply over minimum floor levels as for
the Intermediate Floodplain. The purpose of the Outer Floodplain would mainly be to define the
potential flooded area, i.e. the extent of the “Fioodplain”.

Note A. Assessing Developments in “Manildra Street/River Drive Precinct’

Two residential sub-divisions have been approved in this area, with minimum floor levels equal to the 1%
AEP flood plus 500 mm freeboard (based on Narromine Flood Study, 2006). In order to maintain a flow
path for the conveyance of floodwaters within the confines of the dashed lines representing the Manildra
Floodway, residences should be set on individual fill platforms extending over the footprint of the building,
with the balance of the allotment remaining at existing natural surface level.

Alternatively, (and more desirably) the buildings could be constructed on piers with the area beneath left
open for the conveyance of flow. No more than 50 per cent of the width of the allotment normal to the
general east to west direction of flow across the sub-divisions should be developed so that it obstructs
the flow. There should also be controls on inter-allotment fences. “Impermeable” fences should not be
permitted as they would tend to block the flow and may adversely re-direct it to adjacent areas, or be
subject to sudden failure due fo the build up of water on the upstream side.
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Note B. Assessing Commercial and Industrial Development Proposals

Most of the commercial and industrial development in Narromine is located in the “Intermediate
Floodplain,” with an industrial area in the southern portion of the “Manildra Street/River Drive Precinct” in
a location where flooding is of a ponding nature. Data presented in Appendix A (ref. Figure A4.1) shows
that the median depth of above-floor inundation of existing properties in the event of a 1% AEP flood
would be 200 mm. The maximum depth of flooding would be 900 mm.

The policy recommends the same FPL as for residential development (i.e. minimum floor levels set at the
1% AEP flood level plus 500 mm). However, where it is not practicable to achieve this level, Council may
approve a lesser level commensurate with the local streetscape. However, in this eventuality, the
applicant is to provide an area within the development for the temporary storage of goods at a minimum
level equal to the 1% AEP flood plus 500 mm of freeboard. This area should be the larger of 20 % of the
gross floor area, or 20 m?.

Note C. Developments Requiring a Higher Level of Protection

Essential Community Facilities, Critical Utilities and Flood Vulnerable Residential Development (which
include nursing homes, aged care facilities and the like) require a higher degree of protection to reduce
the risk to individuals and, in the case of essential infrastructure, to ensure that they are capable of
continuing to function during major fiooding.

The present Flood Policy of 2005 nominates a minimum floor level equal to the 0.5% AEP flood level for
this category of development (but without a freeboard allowance). The Narromine Flood Study, 2006
showed that on the southern side of town the 0.5% AEP fiood level is less than 500 mm above the 1%
AEP level. Therefore, unless a freeboard allowance were incorporated, the floor levels of this category of
development could be lower than the residential FPL at that location.

The draft Flood Policy adopts the 0.5% AEP flood level plus 500 mm as the FPL for Essential Community
Facilities and Critical Utilities and for these classes of development to be designed to be able to continue
to function in the event of an Extreme Flood.

The policy recommends the same FPL for Flood Vulnerable Residential Development (i.e. minimum floor
levels set at the 0.5% AEP flood level plus 500 mm). However, where it is not practicable to achieve this
level, Council may approve a lesser level commensurate with local site conditions. However, in this
eventuality, the applicant is to ensure that valuable equipment necessary for the operation of the facility
is located at or above the recommended FPL, either permanently or via relocation to a temporary storage
area of an area suitable for this purpose.

Note D. Limitations of Currently Available Survey for Presenting Flood Data

The survey available to construct the maps showing flood related information in this study and the
Narromine Flood Study, 2006 are based on 2 m contour survey, plus isolated cross sections of the
floodplain and some private surveys of parcels of land. The maps are therefore to be used as “indicators”
as to whether land may be subject to flood related controls, with actual site survey accompanying
development proposals to confirm the flood affectation of individual allotments and their location within
the flood risk precinct system.

As directed by the Department of Planning in the Guideline of 31 January 2007, notification on S149
Certificates that properties are subject to flood related development controls should only apply for land
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lying within the extent of the respective Flood Planning Levels (FPL's) for the various categories of land
use. Unfortunately, the indicative nature of the flood mapping available to Council does not presently
allow the extents of the FPL's to be defined with confidence and as a consequence it is possible that
some properties near the flood fringe may be incorrectly identified as floodprone on $148 Certificates.
This situation could be rectified by carrying out aerial mapping of the town which would allow definition of
natural surface levels to 100 — 150 mm accuracy.

3.8.3 Voluntary Purchase of Flood Prone Residential Property

This flood management measure involves the purchase of properties by Council for subsequent rezoning
for more appropriate land use. These properties which are usually located in high hazard areas would be
purchased at an equitable price and only where voluntarily offered. Where a property is considered to
qualify for a voluntary purchase (VP) scheme the owner is notified that the body controlling the scheme
(the Council in the case of Narromine) 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 negotiation between Council and the owners. Valuations are
based on equivalent properties that are not affected by flooding.

It would be expected that the properties subject to the greatest inundation would be the most likely to be
incorporated in a voluntary purchase scheme. In the event of a 1% AEP flood, there would be about 26
properties that would be subject to above floor inundation of 1.0 m or more, with a maximum depth of
inundation of 1.2 m in the low-lying area on the southern side of town in the Fifth Avenue area, which lies
within the backwater influence of the Parkes Narromine Railway embankment. No properties in this area
or other areas in Narromine would be flooded in the event of a 2% AEP flood.

Individual valuations have not been carried out but, on the assumption of an average market price of
$300,000, the capital cost of a voluntary purchase scheme could amount to $7.8 million. The benefits of a
voluntary purchase scheme are represented by the long-term average annual damages in the affected
properties brought back to a present worth value using an appropriate discount rate. Table 3.6 shows the
economic analysis. The benefit:cost ratio would only amount to 0.025 for a 7% discount rate and is
therefore not economically justifiable on a scheme-wide basis.

It must be recognised however, that the principal objective of a VP scheme is to remove residents located
in the most dangerous and frequently flooded areas of the floodplain. Consequently, there could
theoretically be properties in flood prone areas that would qualify for VP on the grounds of public safety,
even though they would not qualify on strictly economic grounds. In the case of Narromine, although
there are residential properties located in a nominally high hazard zone on the basis of depth of
inundation for the 1% AEP flood, the long warning time available and the fact that there are no difficulties
likely to be experienced regarding evacuation, mean that there are no public safety grounds for initiating
a VP scheme. The measure was also not favoured by the Community (Table 3.1).

Accordingly a VP scheme is not recommended as a flood management measure for Narromine.
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TABLE 3.6
ECONOMIC ANALYSIS OF VOLUNTARY
PURCHASE SCHEME FOR NARROMINE

Present Worth Value of

Benefits (Damages Prevented) 0.3 0.23 0.19
$x10°

Cost of Scheme $ x 10° 7.8 7.8 7.8
Benefit/Cost Ratio 0.04 0.03 0.02

3.8.4 Flood Proofing by House Raising

This term refers to procedures undertaken, usually on a property by property basis, to protect structures
from damage by floodwaters. The most common process is to raise the affected house by a convenient
amount so that the floor level is at or above the FPL. For weatherboard and similar buildings this can be
achieved by jacking up the house, constructing new supports, stairways and balconies and reconnecting
services. Alternatively, where the house contains high ceilings, floor levels can be raised within rooms
without actually raising the house. It is usually not practical fo raise brick or masonry houses.

Most of the costs associated with this measure relate to the dis-connection and re-connection of services.
Accordingly, houses may be raised a considerable elevation without incurring large incremental costs.

The State and Federal Governments have agreed that flood mitigation funds will be available for house
raising, subject to the same economic evaluation and subsidy arrangements that apply to other structural
and non-structural flood mitigation measures.

In accepting schemes for eligibility, the Government has laid down the following conditions:
> House raising should be part of an adopted Floodplain Management Plan

» The scheme should be administered by the local authority.

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

Council’s principal role in subsidised voluntary house raising would be to:

> Define a habitable floor level, which it will have already done in exercising controls over new
house building in the area
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» Guarantee a payment to the builder after satisfactory completion of the agreed work

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

However, assuming that it was feasible to raise half the 26 residences inundated by 1 m or more at the
1% AEP level of flooding and the cost per raising above the extreme flood level was $50,000, the total
cost would be $650,000. Table 3.7 shows the economics of the scheme.

Clearly, house raising is not an economically viable flood management measure at Narromine and for the
reasons stated previously, could not be justified on grounds of increasing public safety. This strategy is
also not favoured by the Community (Table 3.1) and has not been considered further.

TABLE 3.7
ECONOMIC ANALYSIS OF HOUSE RAISING
SCHEME FOR NARROMINE

Present Worth Value of

Benefits (Damages Saved) 0.145 0.115 0.092
$x 10°

Cost of Scheme $ x 10° 0.65 0.65 0.65
Benefit/Cost Ratio 0.22 0.18 0.14

3.9 Flood Response Modification Measures
3.9.1 Flood Forecasting, Warning and Evacuation Planning

Flood forecasting and warning can be an effective flood management measure if there is sufficient
warning time for the community to react to the warning. An effective flood warning system has three key
components, i.e. a flood forecasting system, a flood warning broadcast system and an evacuation plan. A
system has been implemented by BOM which monitors meteorologic conditions and is also capable of
predicting flood behaviour in real time during intense storm conditions. It forms the first stage of the flood
warning/emergency response system for the Macquarie River catchment.

From the information on flooding characteristics presented in Section 2.4, the flood response to major
storms on the Macquarie River catchment is expected to be up to a week (i.e. from the occurrence of the
peak rainfall to the occurrence of the peak discharge in the lower reaches of the Macquarie River).

Response to flood warnings by SES and police follows procedures set out in the Narromine Local Flood
Plan, 2007. The Plan was prepared by the Narromine Local Emergency Management Committee in
accordance with the State Emergency Management Act and incorporates the results of the Narromine
Flood Study, 2006. The plan aims to ensure co-ordinated and efficient management of the prevention,
preparation of response and recovery arrangements for emergencies within the Narromine area.
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The SES should review and if necessary update their emergency management procedures based on the
information contained in this present study in regard to extents of inundation and flooded properties (in
particular the information on the locations of flooded properties shown on Figure 2.7 and in data supplied
to Council).

3.9.2 Public Awareness

Community awareness and appreciation of the existing flood hazards in the floodplain would promote
proper land use and development in flood affected areas. A well informed community would be more
receptive to requirements for flood proofing of buildings and general building and development controls
imposed by Council.

One aspect of a community’s preparedness for flooding is the “flood awareness” of individuals. This
includes awareness of the flood threat in their area and how to protect themselves against it. it is fair to
assume that the level of awareness drops as individuals’ memories of previous experience dim with time.

Means by which community awareness of flood risks can be maintained or may be increased include:

Permanent marks in the area showing the levels reached by previous floods (eg. the 1955 flood).
Teaching about floods in schools.

3. Sending out reguiar information with rates notices. The information contained in this Study and
Plan could be edited and used for this purpose.

Displays at Council offices using the above information.
Educational videos and photographs of historic flooding in the area.

Talks by SES officers with participation by Council and longstanding residents with first hand
experience of flooding in the area.

The benefits of a regular flood-preparedness campaign would extend to more than just reducing
monetary losses. The campaign would also have social benefits by improving people’s feeling of control,
since they would have a better idea of how to respond to a flood emergency. However, given the lack of
significant flooding in the area since the last major floods in 1955 and 1990, it may be difficult to generate
the interest and co-operation required. These difficulties will need to be considered in planning any
public awareness exercise.

3.9.3 - Business Floodsafe Plans

SES has recently published a Toolkit manual to allow commercial and industrial businesses to prepare a
Business Floodsafe Plan based on their individual risk. These Plans are intended to assist commercial
and businesses reduce the risks of flooding to people, property and profits. The Plans would incorporate
information on:

»  The frequency and nature of the flood risk.
>  What steps to take in advance of flooding to minimise risk.

> Developing procedures for lifting and evacuating goods and property.

Following acCeptance of this Floodplain Risk Management Study and draft Plan, it would be appropriate
for Council and SES to inform owners of the risk and for SES to introduce the Toolkit at seminars with the
business community.
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3.10 Summary

This Chapter has reviewed a number of potential floodplain management measures which are
summarised on Table 3.8. The review supports the feasibility of:

» Planning and Building Controls, as set out in the form of a draft Narromine Flood Policy.
» Improvements to the Flood Response System by the incorporation of data from this study in the
SES’s Narromine Local Flood Plan, as well as community education on the nature of the flood

risk.

» Structural flood mitigation works (river bank levee and improvements to capacity of drainage
system at Parkes Narromine Railway embankment).
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PROPERTY
MODIFICATION
Planning and building
controls

Voluntary Purchase
Scheme

House Raising

Reduce potential flood hazard
and losses

Purchase and removal of
residential properties in the
most flood prone areas

Prevent flooding of individual
buildings

TABLE 3.8
SUMMARY OF POTENTIAL FLOODPLAIN MANAGEMENT MEASURES

FOR NARROMINE

Mainly applies to re-development of existing sites and
future developments in floodplain; adoption of controls
based on Flood Planning Level applied according to land
use is supported for inclusion in draft Floodplain Risk
Management Plan. (Upgrading of existing mapping base
would allow a more accurate definition of flood extent and
assist administration of Flood Policy (Appendix C).

Mainly applies to high hazard area. A VP scheme is not
economically justified and not justified on social grounds.
The Narromine community did not support this measure in
the Questionnaire.

Mainly applies to low hazard area and wooden frame
residences only. A house raising scheme is not justified
economically or on social grounds. The Narromine
community did not support this measure in the
Questionnaire.

RESPONSE
MODIFICATION

Flood Response

Public Awareness
Program

Allow rapid appropriate actions
to be taken during a flood

Educate the public on the
nature of the flood risk

Incorporate data from the FRMS in SES’s Narromine Local
Flood Plan.

Cheap, effective method, which should be incorporated in
the draft FRMP. Council and SES to co-ordinate activities.

FLOOD
MODIFICATION

Levees

Increase capacity of
culverts in Parkes
Narromine Railway
embankment

Channel Improvements
Works

Flood Mitigation Dams

Prevent flooding of urban part of
Narromine.

Reduce flood levels in
residential properties in south-
west area of town.

Increase hydraulic capacity of
river to reduce flood levels

Reduce downstream flood
levels

1% AEP river bank levee appears technically feasible, and
economically justified.

Scope of investigation possible is presently limited by lack
of survey. Further work is required with benefit of survey to
confirm project feasibility and prepare a submission for
Government funding.

Scale of investigation possible is presently limited by lack
of survey. Further work is required with benefit of survey to
confirm project feasibility.

Would not be required to protect existing residential
development from river flooding if river bank levee scheme
is adopted, because the levee would reduce flows entering
the southern side of town via the Town Cowal; but may be
required to protect future residential development adjacent
to railway from local stormwater catchment flooding.

Does not reduce levels enough to substantially reduce
damages. Environmentally not feasible.

Burrendong Dam presently acts as an effective flood
mitigation dam.

Any increase in storage volume dedicated to flood
mitigation would reduce role of dam for water conservation.

The river bank levee option is a more cost-effective flood
mitigation measure for Narromine.
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4. SELECTION OF FLOODPLAIN MANAGEMENT MEASURES
4.1 Background

The Floodplain Development Manual, 2005 requires a Council to develop a Floodplain Risk Management
Plan based on balancing the merits of social, economic and economic considerations which are relevant
to the community. This chapter sets out a range of factors which need to be taken into consideration
when selecting the mix of works and measures that should be included in the draft Floodplain Risk
Management Plan.

The community will have different priorities and, therefore, each needs to establish its own set of
considerations used to assess the merits of different options. The considerations adopted by a
community must, however, recognise the State Government requirements for floodplain management as
set out in the Floodplain Development Manual, 2005 and other relevant policies. A further consideration
is that some elements of the Plan may be eligible for subsidy from State and Federal Government
sources and the requirements for such funding must, therefore, be taken into account. Typically, State
and Federal Government funding is given on the basis of merit as judged by a range of criteria:

»  Degree of flood hazard and number of properties affected

» Damage caused by flooding and the benefit/cost ratio of proposals
e The importance given to strategic planning in the overall Plan

e  Compatibility of proposals with TCM and other government policies
»  Community involvement in plan preparation

e  Availability of local funding for proposed works

The issues which need to be considered in developing a Floodplain Risk Management Plan typically
fall under the following broad headings:

e  Community Expectations and Social Impacts

* Natural Resource Management and Environmental Impact

e  Economic and Financial Feasibility

e  Technical Merit

The next section of this chapter presents a review of a range of considerations under the four headings

listed above. An analysis is then presented which assesses the performance of the available options
against the factors to be considered.

4.2 Community Expectations and Social Impacts

Community expectations are an important consideration in selecting appropriate floodplain management
measures. These expectations may encompass a range of issues which are not directly economic or
environmental in character such as:

e  Community acceptance and expectations

e  Compatibility with planning objectives

e  Administrative and political issues
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4.2.1 Community Acceptance

Flood related works and measures can have a range of effects on the community and individuals. These
effects, if strongly negative, are often enough to deter the implementation of a proposal which might
otherwise have significant merit. The issues impacting upon acceptance of a proposed measure are likely
to include:

*  Potential for individual financial loss/gain
e  Disruption to daily life during and after floods
e  Perception of fair play

e  Public safety and welfare
4.2.2 Compatibility with Planning Objectives

Narromine Council has developed a set of planning policies for future development which reflects the
long term goals of the community. These policies are embodied in the Local Environmental Plan, 1997
and the Flood Policy which has been reviewed and for which a number of suggested amendments are
detailed in Appendix C. The new Flood Policy will be a key element of the Floodplain Risk Management
Plan for the town. The recommended amendments are designed to ensure that policies for future land
use on the floodplain are consistent with the Floodplain Development Manual, 2005, and current
government thinking.

Proposals for other works and measures to be included in the Floodplain Management Plan must be
assessed for consistency with Council’s overall planning policy relating to floodplain management.

4.2.3 Administrative/Political Issues

Effective floodplain management involves the coordinated action of the community, Council and state
government agencies. Clearly, any recommendation contained in the Floodplain Management Plan will
have more chance of success if it fits within current administrative structures and allocation of
responsibilities. On the other hand, should an alteration to the administrative system be clearly beneficial
to the Plan, it should be so stated and the implications accepted.

The majority of the parties with responsibilities for floodplain management and emergency response in
the event of a flood are represented on the Floodplain Management Committee and have been consulted
in the course of this study. None of the options evaluated in Table 4.1 involves any radical changes to
the existing administrative structures and responsibilities.

4.3 Natural Resource Management and Environmental Impact
4.3.1 Total Catchment Management

Total Catchment Management (TCM) involves the coordinated and sustainable use and management of
land, water, vegetation and other natural resources on a catchment basis. It allows for a cooperative
forum where decisions may be made at both the community and government level. This is typically
achieved through a Catchment Management Committee which consists of both community and
government representatives.
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Aspects of a Floodplain Risk Management Plan which could have implications for TCM include any
proposals for flood mitigation storage basins, major levees or large scale channel enlargement works. As
outlined in Chapter 3, only the levee proposal is economically viable. Provided the levee construction
does not adversely affect riparian vegetation, then this proposal would be consistent with TCM
objectives.

4.3.2 Other Relevant Government Policies

The NSW Government has developed a number of policies which are of direct relevant to floodplain
management. The first of these are the policies enshrined in the Floodplain Development Manual, 2005,
which forms the basis for the formulation of Floodplain Risk Management Plans. The second is the State
Rivers and Estuaries Policies (NSW Water Resources Council, 1993) which is the umbrella policy for
subsidiary policies including the Wetlands Policy; the Stream Management Policy; and the Riparian Zone
Policy. The policy suggests that the overall objective should be to manage the estuarine and riparian
zones of NSW in ways which:

s Slow, halt or reverse the overall rate of degradation

e  Ensure the long term sustainability of essential biophysical functions

e  Maintains the beneficial use of these resources

For the purposes of floodplain management, these zones may be taken as the area above the tidal and
low flow level to the inner edge of the floodplain. In practice, the riparian zone merges into the floodplain
and any management policies or actions should not stop at artificially defined boundaries. Any activities
to manage these zones within the study area would be consistent with this policy by improving:

s  Sfream stability

o  Ecology and habitat

e  Buffer strip functioning

s Scenic amenity

*  Recreational amenity
4.3.3 Environmental Impact

Few floodplain management measures could be considered seriously if the impact on the environment
was extremely adverse. On the other hand, there are often opportunities for environmental enhancement
in association with floodplain management works or measures. The most likely activity to have
environmental impacts would be the levee scheme aimed at preventing flooding from the Macquarie
River.

44 Economic and Financial Feasibility

4.4.1 Economic Feasibility

There is a range of procedures available to judge the economic worth of making an investment in
floodplain management works and measures. The most common is the benefit/cost ratio (B/C) which has

been used in this study. On a purely theoretical basis, no investment should be made in a measure if the
benefits do not exceed the costs. However, many public projects are undertaken where this is not the
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case because the intangible benefits, which are not able to be quantified, are considered important. Not
all of the measures considered for Narromine in this study lend themselves to meaningful B/C analysis.

The results the economic analysis for the measures assessed in Chapter 3 are considered in the
evaluation of proposals in Table 4.1.

Chapter 3 has shown that:

e The option with the highest B/C ratio is the provision of a levee along the southern bank of the Macquarie
River. Ata 7% discount rate, the benefit/cost ratio for this measure is about 1.4. This scheme will give a
1% AEP level of protection against flooding in Narromine.

o  Another structural measure examined included improvements fo the hydraulic capacity of the culverts in
the Parkes — Narromine railway. A preliminary assessment indicated that this option may be technically
and economically feasible.

Property modification measures which were considered included planning measures, voluntary purchase
schemes and house raising schemes. Flood response modification measures such as flood warning,
preparedness and awareness were also reviewed. Of these non-structural measures, only the planning
measures and response modification options are considered justified (although their B/C ratios cannot
readily be quantified).

4.4.2 Financial Feasibility

Measures proposed for the Floodplain Risk Management Plan for Narromine must be capable of being
funded over the proposed period of implementation. The sources of funding are traditionally:

. Council
. NSW Government

. Commonwealth Government

Contributions from these three sources are such that, where the costs are attributable to approved
floodplain management activities, Council will bear one third of the overall cost, with the balance being
equally shared by NSW and Commonwealth Governments.

The limitations on Council funding will be related to the magnitude of Council income in any one year, its
borrowing capacity and existing commitments. The total allocation and sources of funds will vary in any
one year and are dependent on special grants. In any one year, the funds available for floodplain
management measures will be dependent on Council priorities.

Any State Government contribution is limited by the allocation to flood mitigation programs on an annual
basis. The commencement/completion of flood mitigation projects would depend on the availability of
Council’s funds and/or limited Government funding. Flood mitigation projects can take up to 5 years to
complete because of funding considerations. Since Council has many demands for drainage/road works,
the financial feasibility is likely to be a significant constraint to the rate at which works can be undertaken.
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4.5 Technical Merit
4.5.1 Engineering Feasibility

Floodplain management works, as distinct from measures, must be readily constructible and free of major
engineering constraints to become an acceptable element of any plan. Maintenance requirements should
also be considered in this assessment.

4.5.2 Performance in Exceedance Floods

Any proposed floodplain management measures must be assessed assuming that at some future time
they will be exposed to floods that exceed the FPL. It is imperative that, should an extreme flood occur,
the works and measures under consideration do not expose the community to unacceptable risks far
beyond those experienced without the work or measure.

A key consideration for extreme floods must be the provision of escape routes which allow for evacuation
as a flood develops. The most important requirement for this is that islands surrounded by deeper
floodwater should be avoided.

4.6 Ranking of Options

The considerations discussed above must be assessed in terms of their relative importance to the
community as well as the likelihood of attracting government subsidy. Although multi-objective
assessment methods are now well accepted by Government for selecting from a range of options, the
decision to provide state funds is still linked closely to economic and financial factors. The Floodplain
Management Committee and the Community, however, have expectations which give more weight to
social, environmental and planning issues.

A suggested approach to assessing the merits of various options is to use a subjective scoring system.
The chief merits of such a system are that it allows comparisons to be made between alternatives using a
common “currency”. In addition it makes the assessment of alternatives “transparent” (i.e. all important
factors are included in the analysis). The system does not, however, provide an absolute “right” answer
as to what should be included in the plan and what should be left out. Rather, it provides a method by
which the Council can re-examine its options and, if necessary, debate the relative scoring given to
aspects of the plan.

Each option is given a score according to how well the option meets the considerations discussed in
Sections 4.2 to 4.5 In order to keep the scoring simple the following system is proposed:

+2 Option rates very highly
+1 Option rates well

0 Option is neutral

-1 Option rates poorly

-2 Option rates very poorly

The scores are added to get a total for each option.

Based on considerations outlined in this chapter, Table 4.1 presents a scoring matrix for the options .
review in Chapter 3. This scoring has been used as the basis for prioritising the components of the draft
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Floodplain Management Plan. It must be emphasised, however, that the scoring shown in Table 4.1 is
not “absolute” and Council should carefully review the proposed scoring and weighting as part of
the process of finalising the overall Floodplain Risk Management Pian.

Table 4.1 indicates that there are good reasons to consider including the following elements into the
Floodplain Management Plan:

» River bank levee scheme

> Improvements fo the culverts in the Parkes Narromine Railway (if the levee option is not
implemented or prior to residential sub-division development adjacent to the railway
embankment)
Planning Controls

Flood Awareness
Review of Warning Emergency Management Procedures in the light of information on flooding in

properties presented in this Study.

Property modification measures such as voluntary purchase or house raising schemes are not viable.
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5. THE DRAFT FLOODPLAIN MANAGEMENT PLAN
5.1 The Floodplain Risk Management Process

A draft Floodplain Risk Management Plan (FRMP) has been prepared for Narromine as part of a
Government program to mitigate the impacts of major floods and reduce the hazards in the floodplain.
The FRMP has been prepared as part of the Floodplain Risk Management Process, in accordance with
NSW Government’'s Flood Prone Land Policy.

5.2 Purpose of the Plan

The overall objectives of the Floodplain Risk Management Study and draft Plan were to assess the
impacts of flooding, review policies and options for management of fiood affected land and to develop an
FRMP which:

> “Sets out the recommended program of works and measures aimed at reducing over time, the
social environmental and economic impacts of flooding and establishes a program and funding
mechanism for the FRMP.

> Proposes modifications to existing Council policies to ensure that the future development of flood
affected land is undertaken so as to be compatible with the flood hazard and risk.

» Ensures the FRMP is consistent with local emergency management planning.

» Ensures that the FRMP has the support of the community.
5.3 The Study Area
This FRMP deals with the floodplain of the Macquarie River in the vicinity of Narromine. For the
purposes of this Plan the study area comprises the reach of the Macquarie River between the Webbs

Crossing to a point about 1 km downstream of the Timbrebongie Bridge across the river.

5.4 Relevant Investigations

The Study and Plan drew on the results of the recent investigations and flood related policy documents
including: '

» Narromine Flood Study, 2006, prepared by LACE,
» Narromine Local Flood Plan, 2007, prepared by State Emergency Service.
» Narromine Flood Policy, 2005 prepared by Narromine Shire Council.

55 Community Consultation

The Floodplain Management Committee provided valuable direction over the course of the investigations,
bringing together views from key Council staff, other departments and agencies, and importantly, the
views of the community gained through:

» The delivery of a Community Newsletter to occupiers and owners of property located in the
floodplain.

» Meetings and consultation with Council over the course of the investigation.
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5.6 . Structure of Floodplain Risk Management Study and Plan

The report comprises the Floodplain Risk Management Study and draft Floodplain Risk Management
Plan and is supported by Appendices which provide additional details of the investigations undertaken for
the preparation of the Study and draft Plan.

A summary of the draft Floodplain Management Plan proposed for the study area is shown on Table 5.2
(at the end of this chapter). Figure 5.1 shows the locations of the various elements of the Plan. The draft
Plan is based on:

» The application of a graded set of planning controls that recognises both the type of
development and the flood risk of the area, to be applied through a Flood Policy for Narromine
(a draft Flood Policy is presented in Appendix C).

» Improved emergency management plans for Narromine, including incorporation of flood
information determined from the current Study in the SES’s Narromine Local Flood Plan and
the preparation of individual Business Floodsafe Plans for commercial properties subject to
flooding.

»  Further investigation of the river bank levee concept developed in the Study to protect the town
from river flooding (Section 3.3). The investigation wouid be based on better survey
information than is currently available. It would refine the concept design and economic
assessment prepared in this study and would provide documentation to support an application
for Government funding for the levee.

> Preparation of detailed designs and implementation of the levee as funding becomes available,
subject to the results of the above investigation.

> Further investigation of the proposal to augment the hydraulic capacity of the culverts in the
Parkes Narromine railway embankment to reduce flood levels in the existing residential area in
the south-west sector of Narromine (Section 3.4).

» Preparation of detailed designs and implementation of the railway culverts, subject to the
results of the above investigation and the timing of construction of the river bank levee
proposal. Following construction of the levee, the risk of flooding of the town from the river will
be reduced and the main purpose of the culverts would be to discharge runoff generated on the
local stormwater catchments.

5.7 Indicative Flooding Extents and Impact of Flooding
5.7.1 Indicative Flooding Extents

The extents of inundation shown on Figure 5.1 are indicative only, being based on available 2 m contour
mapping and limited cross sections of the floodplain comprising the hydraulic model developed in the
Narromine Flood Study, 2006. Site survey would be required to confirm flood affectation and identify
flood extents within individual properties. This level of accuracy in the flood mapping is supported by
DECC, as the costs associated with undertaking detailed ground survey in each flood affected property
presently lies outside the scope of the NSW Government'’s floodplain program. Under the program, it is
Council's responsibility to identify the flood risk within the floodplain and prepare maps showing indicative
flood extents, with the onus being on the property owner to carry out sufficient survey to allow a more
accurate picture of flood affection to be described in his allotment.
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To allow Council {o assess individual development proposals, a detailed site survey would be required to
allow the extent and depth of flooding to be evaluated using the results of the Narromine Flood Study,
2006. For this reason, applicants will be required to submit a detailed survey plan of sites for which
development is proposed.

It would, however, assist Council with the operation of the draft Flood Policy if the extent and depths of
inundation in the urban area of Narromine could be identified with greater accuracy than is presently
possible. This could be achieved at comparatively modest cost by undertaking an Airborne Laser Survey
of the study area, which would achieve accuracies in defining natural surface levels in the range 150-200
mm. This would be a vast improvement on the accuracy of existing mapping sources and would also
assist Council in the planning and design of other engineering and town planning disciplines (roads,
stormwater management, strategy studies and the like). However, the cost of the survey would be
outside the scope of the NSW Government's floodplain program and would therefore be borne by
Council.

Alternatively at a modest cost, Council could convert the Narromine Sewerage Plans which are currently
in Imperial units to a Metric scale and with levels at Australian Height Datum.

5.7.2 Impacts of Flooding

Table 5.1 shows the number of properties which would be flooded and the damages experienced for the
various classes of property in Narromine study area. Approximately halif of the residential properties in
Narromine would be flooded above floor level in the event of a 1% AEP flood. Figure 2.7 shows houses
and commercial properties which would be flooded in the event of a 1% AEP design flood.

TABLE 5.1
PREDICTED FLOOD DAMAGES IN NARROMINE STUDY AREA

1 747 58 20 44
0.5 1070 142 39 113
Extreme Flood 1174 144 40 162

5.8 Land Uses

The land uses currently located within the town of Narromine comprise residential, commercial, industrial,
special use and recreational areas. Residential sub-division development is currently proceeding in flood
prone areas, which has the potential to increase the flood risk in Narromine if appropriate flood related
controls were not implemented; in particular in the area denoted the Manildra Floodway, which is located
between the river and the Mitchell Highway to the east of Manildra Street. Further industrial development
adjacent to the existing industrial area which borders the Mitchell Highway is also proposed.

ATO041/docs/NarromineFPMS.doc
May 2008 Rev. 4.0 55

Lyall & Associates
Consulting Water Engineers



Narromine Floodplain
Risk Management Study and Plan

5.9 Flood Modification Measures

Flood modification measures, also known as “structural measures” involve the construction of
engineering works which modify the pattern of flooding on the floodplain. Measures investigated in
Section 3 of the Study, and recommended for further investigation and inclusion in the draft Plan include
the river levee and augmentation of the hydraulic capacity of the culverts in the Parkes Narromine
raitlway.

5,10 Property Modification Measures

5.10.1 Draft Flood Policy

The results of the Floodplain Management Study indicate that an important measure for Narromine Shire
Council to adopt in the floodplain would be strong floodplain management planning applied consistently
by all branches of Council. A draft Flood Policy has been prepared for the guidance of Council officers in
the evaluation of development proposals and is included Appendix C. An outline of the Policy is given in

Section 3.8.2.

Flood Risk Precincts

The floodplain, or extent of flood prone land, has been defined as the area inundated by the Extreme
Flood, which is a flood with a peak discharge equal to three times the 1% AEP peak. The flood prone
land has been divided into six flood risk precincts using the depth and flow velocity data derived in the
Narromine Flood Study, 2006 and subsequent hydraulic studies outlined in Section 2.7. The extents of
the precincts, shown on Figure 5.2, have been identified using existing sources of survey data
The precincts are:

» The “Macquarie River Floodway”. This is the area conveying most of the flow in the Macquarie
River in the event of a 1% AEP flood. The Flood Policy does not permit development in this area.

The “Town Cowal Floodway” was zoned as a floodway in the Narromine LEP, 1997, but as noted
in Section 2.4 of this report under /tem 7, may have been defined on imprecise survey data.
Section 2.7 identified the extent of the floodway in a hydraulic sense using existing sources of
survey data. (The hydraulic floodway is the area where significant flow velocities would be
expected at the 1% AEP flood and which should be kept clear of future development). It is
suggested that when assessing developments, Council adopt the dashed lines as representing
the extent of the floodway and therefore the limit of encroachment. In the future upgrading of the
LEP, the dashed lines could be revised using any additional survey data available and should
then replace the presently zoned “Town Cowal Floodway”.

» The "Manildra Street/River Drive Precinct’ is the area on the southern floodplain between the river
and the Mitchell Highway. This Precinct includes two flow paths which act as conveyances for
floodwaters breaking out from the low points in'the river bank between Manildra Street and River
Drive. Some of the flow travels eastwards to Manildra Street via the Manildra Floodway flow path
and the remainder is conveyed via the Town Cowal through the railway culverts to the southern
side of town. These flow paths are shown dashed on Figure 5.2. Based on depth and velocity
criteria and interpretation of available survey, these flow paths are low hazard zones even though
they convey significant rates of flow.
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» The “High Hazard Ponding Area” is the precinct on the eastern side of the Parkes Narromine
railway embankment. There are sparse data on natural surface levels available in this area.
However, on the basis of available information it appears that although flow velocities would be
low, peak depths of inundation in excess of 1 m would be expected in the event of the 1% AEP
flood. In this area in-fill residential development would be permitted, subject to minimum floor
level requirements (1% AEP flood level plus 500 mm freeboard). However, prior to consideration
of any sub-division development proposal in this area, Council would require the applicant to
demonstrate that the area could be developed without an increase in the overall flood risk to the
population. As a minimum, Council would require a site survey and a Flood Study of the area,
which would specifically consider the potential backwater effects resulting from surcharge of
culverts in the Parkes — Narromine Railway embankment and incorporate suitable measures to
mitigate any resulting flood affectation.

> The “Intermediate Floodplain” is the remaining land inundated by the 1% AEP flood and not falling
in the above categories of flood prone land. Within this land, there would only be the requirement
for minimum residential floor levels to be set at 1% AEP flood levels plus 500 mm. All land uses
would be permitted in this zone.

> The “Outer Floodplain” is the remainder of the floodplain between the 1% AEP flood extent and
the Extreme Flood. In this area the same controls would apply over minimum floor levels as for
the Intermediate Floodplain. The purpose of the Outer Floodplain would mainly be to define the
potential flooded area, i.e. the extent of the “Floodplain”.

Flood Planning Levels

The Flood Planning Level (FPL) is the minimum floor level for the various categories of development. For
new residential, commercial and industrial development in Narromine the proposed FPL is the peak
1% AEP flood level at the particular development site, as defined in the Narromine Flood Study, 2006
plus an allowance of 500 mm for freeboard.

Essential Community Facillities, Critical Utilittes and Flood Vulnerable Residential Development (which
include nursing homes, aged care facilities and the like) require a higher degree of protection to reduce
the risk to individuals and, in the case of essential infrastructure, to ensure that they are capable of
continuing to function during major flooding.

The draft Flood Policy adopts the 0.5% AEP flood level plus 500 mm as the FPL for Essential Community
Facilities and Critical Utilities and for these classes of development to be designed to be able to continue
to function in the event of an Extreme Flood.

The policy recommends the same FPL for Flood Vulnerable Residential Development (i.e. minimum floor
levels set at the 0.5% AEP flood level plus 500 mm). However, where it is not practicable to achieve this
level, Council may approve a lesser level commensurate with local site conditions. However, in this
eventuality, the applicant is to ensure that valuable equipment necessary for the operation of the facility
is located at or above the recommended FPL, either permanently or via relocation to a temporary storage
area of an area suitable for this purpose.

The draft Flood Policy is based on the recognition that individual developments should not be evaluated
in isolation, but rather, should be considered in a strategic sense as if it were one of several
developments in the area. Whilst individual developments in isolation may not have a measurable impact
on flooding, the cumulative impacts of ongoing development could be significant.
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New buildings, or additions to existing buildings would be subjected to these building controls with the
long term objective of having all buildings in the area ultimately flood proofed. Controls need to be
imposed on a merit basis, balancing restrictive development conditions with the impact of development
on flood behaviour in the floodplain.

5.10.2 Voluntary Purchase of Residential Property

The economic analysis undertaken in the Floodplain Management Study showed that implementation of a
voluntary purchase scheme was not economically viable and could not be justified on social grounds.

5.10.3 Raising Floor Levels of Residential Property

The economic analysis undertaken in the Floodplain Management Study showed that the implementation
of a voluntary house raising program was not economically viable and could not be justified on social
grounds.

5.11 Response Modification Measures
5.11.1 Flood Warning and Response

As part of the Narromine Flood Study, 2006 water surface levels were computed for the 2, 1 and 0.5%
AEP floods, as well as the Extreme Flood event. Plans have been prepared as part of this present study,
showing the indicative extent of flooding, high hazard areas and the locations of flood affected properties.
Information is also available on the depths of inundation of residential properties in town. Consequently
there is sufficient information available to identify areas at risk from flooding for the full range of flood
events likely to trigger flood response procedures.

The Narromine Local Flood Plan, 2007 should be further developed by SES so as to produce a graded
response plan involving:

. Ranking the threatened houses according to their hazard situation, taking account of depth of
floodwaters, and means of access, as a flood develops.

. Preparing a detailed response plan which focuses on initial evacuations from the most hazardous
locations, followed by further evacuations in descending exposure to hazardous conditions.

. Preparing a plan for traffic management, which takes account of the sequence of road flooding as a
flood develops. This plan would aim to:

- maximise opportunities for the community to evacuate,
- prevent unnecessary traffic through the affected area,
- ensure access for SES operations.

5.11.2 Flood Awareness

A number of measures are recommended to maintain awareness in the community of the threat posed by
floods:

» The draft Flood Policy of Appendix C of the Study should be reviewed, amended as required
and adopted by the Council.
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>  Council should continue to promote knowledge of the characteristics of flooding among
property owners. These characteristics should include information on the frequency of
flooding and the depths at various locations. This information could be included in a flood
information booklet containing both general and site specific data and distributed with the rate
notices. The information contained in the Community Newsletters prepared for the community
consultation phase of this study wili be of assistance in the preparation of suitable
documentation. The community should also be made aware that a flood greater than historic
levels or the Flood Planning Level can, and will, occur at some time in the future. The need
for a flood response and preparedness plan to address such an occurrence should be clearly
explained.

> The Floodplain Risk Management Plan should be publicised and exhibited in Council offices
and at community gathering places to make residents aware of the measures being proposed.

5.12 Recommended Measures and Funding

Broad funding requirements for the recommended measures to be included in the draft Floodplain Risk
Management Plan are given in Table 5.2 below. The total estimated cost amounts to $2.53 Million.
These measures comprise a program of engineering investigations and capital works, preparation of
planning documentation by Council, community education on flooding by SES to improve flood

~awareness and response. They will over time, achieve the objectives of reducing the flood risk to existing

and future development for the full range of floods. Table 5.2 includes a priority ranking for
implementation of the projects and discusses potential sources of funding.

AT041/docs/NarromineFPMS.doc Lyall & Associates
May 2008 Rev. 4.0 59 Consulting Water Engineers



sieaulbuly Jajep Bunnsuod
sajejpossy ¥ |leAq

0’y "ASY B00Z Aei
20" SINdAOUILIOLIEN/SIOP/|FOLY

uolln £5°2%

1509 pajewnsy |ejoy

‘Buipuny jo Ajigelieae sy pue Apmis
Alfiqisea 8y} WOl SWION0 B|genone;
e uo puadap pinom sinseaw sjy |

‘ajgejieAe Buipuny usym |1ounog Aq pejusaweidw aq o) 81 SHIOA
*SHAIND JO UORBJUSNOOP PuE UBisep pa|eiep aiedald

(*spea|no paAoidul) 1o} pasu sy} aanpas
Aigissod pue Aemjley eui jo weasnsdn Buspuod
8onpel pinom 29A8| sjueq JaAly "pejuswe|dw) s
allayds 9eA8] MUEY ISALL Joyloym pue Apnjs oAode
al) JO syInsal oy} uo Juspusdap St SWLYDS) SHIOM
HeAIND Jonnsuos pue ubisap pajejsp eledeld

“juswueqS ABMijel JO apIs uie)sea

uo puef Jo siadojaAsp WoJ} SUORNGIU0D
‘Aivageulsyje 1o ‘Buipuny JUBUWILIBAOD

pue flounoy selinbas ) “KjrioRd winipaw
B SBY}| 'UMO} JO JOJODS JSOM-YINOoS 8y} U}
s{eA8| pooyj Buonpal pue SUBAIND Mau 8y}
Buptaoad ut deys )siy ay) | ansesw siyl

*Bulpuny JusWUIBA0L) pue [}OUNOY J0) UOoiSSIWgNS B aiedald

*UolEYNSUOD AJUNWWOY axelsapun

‘Apms juswebeuepy

3Spy ujejdpooy- siy) uf pajuasald sisfjeue olwouoda pue Bulsoo jeniu; oYy sulal ‘ubisap jdaosuod aiedeld
‘Jound

19]EMLLIOIS [BD0] PUEB SMOJ} JOAL LJO] JO |0NU0D 10} sjustslinbai ssasse 0] sisAeue ojjneipAy pue o16ojoIpAH
Jusunjuequis Aem|ies ay) Jo wesssdn UMO} JO 10J03S 1SEM-UINOS U S|9A3] S9BHNS jeinjeu kaaing

000°'05$

‘Aemiiey aujWwoleN soled Ul SHaAND Jo
Ayoedeo oynespAy BujpesBdn jo Apnyg Ay

‘Buipuny juswiulenos)
pue f1ouno jo Aylliqejieae suy pue Apnis
Aiqisea 8y} wiol) sWIONO S[(BINOAR)

€ Uo puadap pjnom ainsesw sy

‘ajqe|ieae Butpuny usym [1BUNOY AQ pejuswa|dwi ag 0} 812 SHIOA
*99A9) JO uoljejuawnoop pue ubjsap pajelsp aledald

NG 13

(Apmys
aA0ge B} Jo sHnsal oy} Uo juspuadsp) ooas)
10 uojonysuoo pue ubisep pajiejep Jo uoheledald

*Buipuny JUSLIUIBAOS) PuB [IDUNoD
saJnbal )| "pooj 43V %) € JO 80uands0
ay} wodj Bupnsal syoediu] OILIOUOIS BY) JO

mala ul Kjaorid By e sey pue 8aAg| ay)
Buipiroid ui days iS4y 8Y) St BINSeBW SIY |

*Buipunj JustIBAOS) PUE [IDUNOY 4O} UoISSIWGNS e aledaid

‘uoljejnsuo) AJunwwIos axelapun

‘Apnm)g JuswoeBeuepy

ysiy uiejdpool s|uy Ul pajyussald s|sAjeue oruouo9s pue Bunsod |enul sulas ‘ubisep jdeouos asedsid
“jueq JeAM jo do} aulyap o} aaAs| Jo sjnoi pasodold Buofe Asaing

000'08$

*09A9| Yueq JoAl Jo Apmg Allgiseay

*Buipuny JuswuiaAog) alinbal
jou seop )] ‘Kjiiopd 4By e sey pue
S3SSO0| POOJ} IONPAS PINOM BINSEBW SIU|

ool §3S paysignd Apusdal ey) uo paseq

sjuswdojaasp [BlISNPUl PUB [B0JSLUWIOT [ENPIAIPU| 10§ UB[d 8j8SP00]4 ssaulsng e jo uofeledaid abeinoousy
‘Apms uewabeuepy 481y urejdpoold ayy uj payuasald

uojeLlIoU] 8U} Uo paseq “YslI POOJ) BY) JO SJUBPISSI SSIAPE 0] 8INYD0Ig UCHEUMO| poo|] atedald 0) SIS

$1S0D S,JBUMO pue 8,838

‘sjuawdojdaap |euisnpul pue
|eIOIBWWOD JO SIBUMC pue Sjudpises 40} wesbold
uojjeonpe pue sseualeme poojy jusws|duw)

‘Buipun} JUSWIUIBA0D)

asnbau jou saop )| ‘KlIoad ybig

e sey pue sainpasold Juawabeuew
AousBiawa anoidwiy pinom ainsesiu siy)

*1°Z 9anB|4 uo UMOYS Bie {3V %1 J& |8Ad] J00y
BAOQE pelepunul) SAOUBpPISS) PBpoold ‘Apms Juswebeueyy ysiy ulejdpool SiYy U] pejussaid juswdojersp
auoid pooj) Jo suojeoo] uo uopeuuojul sjesodioou] 0} S JO0Z ‘UBld POO|d |e0OT SulwoueN S,.83S

§)S00 §3§ pue |PUNoH

sainpaooid
asuodsas Aousblawa pooy u| uoisnpul loj §3S
0} a|qejlene s ueld yeip pue Apms juswabeuep
¥R uejdpoojd  SIU) U] elep  pool  aansul

*Butpun) JUaWIUIBA0S)

aJinbal jou saop )| ‘aulwoLEN

up juswdopasp [eruspisal psejosfoid jo
mata up KJriond gbiy e sey asnseaw sjyj.

‘Asnins oys

pue 9002 ‘ApmS pool supoeN Ul pajussald ejep asn 0} sjesodoid Juswido|sasp JO UOIBN|EASD § [|ouUNo)
‘uswdinba s|qenjea jo abeiols o) Joj Wik 9OG Sh(d POOl IV %G°0 18 Bjge|iRAR S| Bale ue papirosd

“1d4 [enuapisal ay) o} jenba [9A3] JOOJ} B MOJB ABW [IOUNOD "PIBOGSSH WL O0G SHid POCH JHV %60 84
0} (sauioy Buisinu ‘suosied pefie “6's) juewdoieas(] jejuspisay 9|qRISUINA POO|, 10} S|AS] JOO| WNLLIUIY
PO SWBAXT U} JO JUSAS B UL LORIURY O BjGR 84 O] ANJI0L) PUE PIBOYHBI) WW 00§ SMid POD] 43V %860
ag 0] SHONIDG [BHUSSST SO JEONLD PUB SBINEY AUNWILDY BHUSSST 0§ SIBAS] OO} WINUIHUIN
*spoob jo abeioys Aiesodws) sy 10) Wiw 0OG Snid Poop 431 %1

1B 8|qe|ieAr s| ease ue pap|acid ‘Juawido|aAasp [BLISNPUYRIOISUWILIOD J0) [9AB] JOO)) JBMO] B Moje ABLU {10UN0D
‘pieoqssl) ww QG snid pools dv % 8¢ 0} JUSWJOBASD |elUBNISET 10§ SIOAS| J0G]) WRLUIUIN

Z'G 2anB14 UO UMOYS SE SJOU0BId YSIY POO|- XIS 0lU} Papialp Ule|dpooiy

*pooj4 swaxg ay) Aq pajepunu| pue| se pauep
‘urerdpooyy su) uyim uoneool J1sy) pue yuswdojaasp Jo adA) 8y} uo peseq S|OUOD POOY JO Jos PBpels
(0 xjpuaddy) Aojjo pooj4 Jeip ul pesieLIUNS se ule|dpool)

JuswdoeAsp |0RUOD

NV1d INJWIOVNVI MSIH NiV1ddOO0Td 14vid ININOHUVN
NI NOISMTONI ¥0d SANSYIN AIANTWNO DY
g’sanavt

S}S09 JJB}S S,|lounod

‘QUIIOLIBN
Joj Aoljo4 pooj{ WeIP U0 Ppaseq  S|OIU0D
wswdojaasp Juausa(dwi|

papuswiwioosl  ay)

ueld pue Apms Jusuwisbeuely 3spy
usejdpooyy ausuorrep




Narromine Floodplain
Risk Management Study and Plan

513

iImplementation Program

The steps in advancing the floodplain management process from this point onwards are:

»

Floodplain Management Committee to consider and adopt recommendations of this study. In
particular, the Committee should review the basis for ranking floodplain management measures
(as set out in Table 4.1) and confirm the proposed works and measures to be included in the
proposed plan as set out in Table 5.2.

Exhibit the draft Plan and Study Report and seek community comment.

Consider public comment, modify the draft Plan if and as required, and submit the final Plan to
Council.

Council adopt the Plan and submit an application for funding assistance from the Floodplain
Management Program administered by DECC and/or the Natural Disaster Mitigation Program
administered by the State Emergency Management Committee and other agencies.

As funds become available from DECC, other Government agencies and/or Council’'s own
resources implement the measures in accordance with the established priorities.

The Plan 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 the shire planning strategies and importantly, the outcome of some
of the studies proposed in this report as part of the Plan. In any event, a thorough review every five
years is warranted to ensure the ongoing relevance of the Plan.
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