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EXECUTIVE SUMMARY

The Wyong River catchment is located on the Central Coast of New South Wales and occupies
a total area of 440 km?2. The catchment is drained by a network of rivers and creeks including
the Wyong River, Cedar Brush Creek, Jilliby Jilliby Creek, Porters Creek, Mardi Creek and Deep
Creek that ultimately drain into Tuggerah Lake. Tuggerah Lake, in turn, discharges to the
Pacific Ocean via a single outlet at The Entrance.

During periods of heavy rainfall within the catchment, there is potential for water to overtop
the banks of the various watercourses and inundate the adjoining floodplain. The catchment
has a long history of flooding including significant events in 1949, 1964 and 1977 as well as
more recently in 2007.

In recognition of the flooding problems confronting the Wyong River catchment, Central Coast
Council commisioned Catchment Simulation Solutions to prepare a Floodplain Risk
Management Study and Plan for the catchment. The primary goal of the project was to
quantify the nature and extent of the existing flooding problem and evaluate options that
could be potentially implemented to manage the existing, future and continuing flood risk.

This floodplain risk management study and plan updates and expands upon the ‘Lower Wyong
River Floodplain Risk Management Study’ and ‘Lower Wyong River Floodplain Risk
Management Plan’ (Paterson Consultants, 2010) that focussed on the lower (i.e.,
downstream) sections of the Wyong River catchment only. However, it should be noted that
this study excludes the Porters Creek subcatchment as well as the Tuggerah Lake foreshore
areas which were included in the ‘Porters Creek Floodplain Risk Management Study’ (Cardno,
2011) and ‘Tuggerah Lakes Floodplain Risk Management Study and Plan’ (WMAwater, 2014)
respectively.

The Existing Flooding Problem

The extent of the existing flooding problem was quantified using a computer flood model of
the Wyong River catchment. The computer model was used to simulate a range of design
floods and the outputs from the model were used to quantify the potential impact of flooding
on people and property across the catchment. The outcomes of the modelling determined
that:

& Only 3 properties would be exposed to above floor inundation during a 20% AEP flood

® More than 500 properties would be exposed to above floor inundation during a 1% AEP
flood

® More than 1,700 properties would experience above floor inundation during the
probable maximum flood

A flood damage assessment was completed as part of the study and determined that the
average annual cost of flooding would be $4.3 million if the “status quo” was maintained.
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The assessment ultimately determined that the following areas are likely to experience
significant property damage, risk to life and/or evacuation difficulties during floods within the
Wyong River catchment:

& Yarramalong valley

® Rural residential properties located in the vicinity of Deep Creek including Yarramalong
Road, Old Maitland Road, Collies Lane, McPherson Road and Mardi Road.

& The Tuggerah Straight industrial area
® Properties in the vicinity of South Tacoma and Tacoma

& Properties adjoining the Wyong River south of Wyong (e.g., Panonia Road, McDonagh
Road, Boyce Avenue).

Options for Reducing the Existing Floodplain Problem

A range of flood modification, property modification and response modification measures
were considered to help manage the existing flood risk. Each option was evaluated against a
range of criteria to provide an appraisal of the potential feasibility of each option. This
included the impact of each option on existing flood behaviour, the environment, economics
and emergency response as well as the technical feasibility of each option. The outcomes of
the detailed assessment of each option are presented in the following chapters:

& Flood Modification Options: Chapter 7.
& Property Modification Options: Chapter 8.
® Response Modification Options: Chapter 9.

Draft Floodplain Risk Management Plan

Based upon the outcomes of the detailed evaluation, the options outlined below are
recommended for implementation as part of the draft Floodplain Risk Management Plan for
the Wyong River catchment. Further detailed information on each option including costs,
implementation schedules and funding opportunities is provided in Chapter 10.

High Priority Options:
& Council to seek clarification from Department of Planning and Environment as to

whether ‘exceptional circumstances’ are required to promote safer on-site refuge above
the level of the PMF in dwellings located on land within the Flood Planning Area;

& Council to consider applying for exceptional circumstances to better ensure risk to life is
managed satisfactorily in those parts of the floodplain located between the Flood
Planning Area and the PMF extent;

® Revision to Central Coast Council’s Development Control Plan to ensure future
development and redevelopment is compatible with the flood risk;

&

Local flood plan updates including updates to flood intelligence cards;

L

Preparation of / updates to flood emergency plans for homes, businesses and
vulnerable floodplain exposures;

& Flood warning system upgrades including improving mobile phone coverage as well as
developing ways of better disseminating flood information (e.g., SMS messaging, online
flood information portal); and,

& Local drainage study for northern floodplain of the lower Wyong River.
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Medium Priority Options:
® Mardi Creek detention basin;
® Anzac Road levee;

® Various community education activities including holding community meetings,
providing property level flood information and developing strategies to discourage
dangerous behaviour (e.g., driving through floodwaters); and,

® Upgrades to evacuation route through Pioneer dairy.

Low Priority Options:
& Installation of flood gates at roadway locations that are frequently overtopped;

® Open and maintain fire trials to allow access to/from upper catchment during floods;
and,

® Flood insurance.

It is expected that implementation of the plan will have a capital cost of approximately $1.2
million. In addition to the capital costs, some options will incur ongoing maintenance costs.
Many of the options will also require a significant investment in time from various agencies
including Central Coast Council, the State Emergency Service and the Bureau of Meteorology
which are not accounted for in the overall cost estimate.

If the structural options (i.e., Mardi Creek detention basin and Anzac Road Levee) are
implemented in isolation it is expected that the number of properties exposed to above floor
flooding during a 1% AEP flood would reduce by six and flood damages would be reduced by
over $850,000 over the next 50 years. Implementation of the remaining, non-structural,
options will help ensure the flood damage potential is minimised across future development
and re-development areas and will also help to ensure the continuing flood risk is minimised
during particularly severe floods.
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1 INTRODUCTION

1.1 Background

The Wyong River catchment is located on the Central Coast of New South Wales and occupies
a total area of 440 km2. The extent of the catchment is shown in Figure 1. As shown in
Figure 1, the catchment is drained by a network of rivers and creeks including the Wyong
River, Cedar Brush Creek, lilliby Jilliby Creek, Porters Creek, Mardi Creek and Deep Creek that
ultimately drain into Tuggerah Lake. Tuggerah Lake is the largest of three interconnected
coastal lakes that discharge to the Pacific Ocean via a single outlet at The Entrance.

The upper parts of the catchment include undeveloped forested areas, rural farms as well as
the villages of Yarramalong, Cedar Brush Creek and Dooralong. East of the Pacific Motorway
the catchment is more developed and includes the major township of Wyong as well as
Tuggerah, Mardi and Tacoma. The lower sections of the catchment are home to a range of
residential, commercial and industrial land uses including the Tuggerah Straight industrial
area.

During periods of heavy rainfall within the catchment, there is potential for water to overtop
the banks of the various watercourses and inundate the adjoining floodplain. The catchment
has a long history of flooding including significant events in 1964 and 1977 as well as more
recently in 2007.

In recognition of the flooding problems confronting the Wyong River catchment, Central Coast
Council resolved to prepare a Floodplain Risk Management Study and Plan for the catchment.

1.2 The Floodplain Risk Management Process

The Wyong River Floodplain Risk Management Study and Plan has been prepared in
accordance with the requirements of the NSW Government’s ‘Floodplain Development
Manual” (NSW Government, 2005). The ‘Floodplain Development Manual’ guides the
implementation of the State Government’s Flood Policy. The Flood Policy is directed towards
providing solutions to existing flooding problems in developed areas and ensuring that new
development is compatible with the flood hazard and does not create additional flooding
problems in other areas. The Policy is defined in the NSW Government’s ‘Floodplain
Development Manual’ (NSW Government, 2005).

Under the Policy, the management of flood liable land remains the responsibility of Local
Government. The State Government subsidises flood mitigation works to alleviate existing
problems and provides specialist technical advice to assist Local Government in its floodplain
management responsibilities.

The Policy provides for technical and financial support by the State Government through the
following stages:
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Floodplain Established by the
Risk local council, must
Management include community

. groups and state
Committee agency specialists

Data Flood Flog(ijspklaln Flog(i:ispklaln Implementation
Collection Study Management Management of

Plan

Study Plan

mpilation of existin Defines the nature and Determines options in Preferred options Flood, response and
c?:ta 251 (cJoII(écfior? ofg extent of the flood consideration of publicly exhibited and property modification
additional data. problem, in technical social, ecological and subject to revision in measures including
Usually undertaken by rather than map form. economic factors Eght of"responses(.j A mitigation works, planning
consultants appointed Usually undertaken by relating to flood risk. ho””a y a_llppf;ove bl)'/ controls, flood warnings,
by the council. consultants appointed Usually undertaken by the council after public flood readiness and
by the council. consultants appointed exhibition and any response plans,
by the council. necessary revisions environmental rehabilitation,
due to public ongoing data collection and
comments. monitoring.

Stages 1 and 2 of the process were previously completed culminating in the preparation of
the ‘Wyong River Catchment Flood Study’ (BMT WBM, 2014).

Central Coast Council engaged Catchment Simulation Solutions to prepare The Wyong River
Catchment Floodplain Risk Management Study and Plan, which represent stages 3 and 4 of
the process outlined above. The aim of the Floodplain Risk Management Study is to identify,
assess and compare various options for managing the flood risk across the catchment. The
Floodplain Risk Management Plan draws on the outcomes of the Study and provides a set of
recommended options that will outline how to best manage the existing, future and
continuing flood risk across the floodplain of the Wyong River catchment.

This floodplain risk management study and plan updates and expands upon the ‘Lower Wyong
River Floodplain Risk Management Study’ and ‘Lower Wyong River Floodplain Risk
Management Plan’ (Paterson Consultants), that was adopted by Council in 2010. These
previous investigations focussed on the lower (i.e., downstream) sections of the Wyong River
catchment only.

It should be noted that the Wyong River catchment includes Porters Creek. However, the
Porters Creek subcatchment is not included in this study as it was previously considered in the
‘Porters Creek Floodplain Risk Management Study’ (Cardno, 2011). Similarly, the Wyong River
drains into Tuggerah Lake. Those areas located on the foreshore of Tuggerah Lake were
previously considered as part of the ‘Tuggerah Lakes Floodplain Risk Management Study and
Plan’ (WMAwater, 2014) and are not included in this study.
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1.3 Report Structure

The following report forms the Floodplain Risk Management Study and Plan for the Wyong
River Catchment. It has been divided into the following sections:

6

Section 2 - Background Information: Provides general information regarding the
catchment, including the history of flooding as well as existing planning and emergency
response protocols

Section 3 — The Existing Flood Risk: Describes the current impact of flooding on the
community for a range of different floods. This includes an assessment of the impact of
flooding on key facilities, the potential cost of flooding as well as the potential for
floodwater to damage buildings and/or pose a danger to personal safety.

Section 4 — Current Planning Measures: summarises the main legislation, policy and
guidelines that affect the development of land.

Section 5 — Current Emergency Management Protocols: provides an overview of
emergency management measures that are currently implemented across the
catchment to assist in managing the flood risk. Opportunities to improve these existing
protocols are also discussed.

Sections 6 to 9: discusses the merits of a range of flood, property and response
modification measures that could be potentially implemented to manage the existing,
future and continuing flood risk across the catchment

Section 10 — Draft Floodplain Risk Management Plan: provides a preferred list of options
that are considered appropriate for adoption by Council to manage the flood risk.




2 CATCHMENT INFORMATION

2.1 Catchment Description

The Wyong River catchment is located on the Central Coast of New South Wales and occupies
a total area of 440 km?2. The extent of the catchment is shown in Figure 1, which is enclosed
in Volume 2.

The headwaters of the Wyong River are located at the foot of the Watagan Mountains. The
river generally flows in a south and then south-easterly direction. The upper sections of the
catchment are characterised by extensive forested areas. However, rural residential
properties and small villages are also prominent. The villages include Cedar Brush Creek
(population 278), Yarramalong (population 446), Lemon Tree (population 385), Dooralong
(population 336), Wyong Creek (population 387) and Jilliby (population 1,766).

The Wyong River is joined by a number of tributaries across the upper catchment. This
includes:

& Jilliby Jilliby Creek;

® Cedar Brush Creek;
® Porters Creek; and,
& Deep Creek.

The size of each of the major subcatchments contained within the Wyong River catchment are
summarised in Table 1.

Tablel Subcatchment Parameters for Major Wyong River Subcatchments

Area
Subcatchment - % of Total
Catchment Area
Cedar Brush Creek 71 16%
Jilliby Jilliby Creek 100 23%
Porters Creek 55 13%
Deep Creek 9 2%
Mardi / Tuggerah Creek 12 3%

Downstream of the confluence of the Wyong River and lJilliby Jilliby Creek the topography
flattens appreciably, and the floodplain becomes more expansive. Several major
transportation routes are located across this section of the catchment including M1 Pacific
Motorway, Pacific Highway and Main Northern Railway.
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Urban development is more prominent across the downstream sections of the catchment.
This includes the major township of Wyong (population 3,632) as well as Mardi (population
3,439), Tuggerah (population 1,017) and Tacoma / South Tacoma (combined population 751).
Land use across each of these urban centres includes a mix of residential, industrial and
commercial as well as open space.

The Tuggerah straight industrial area is also located immediately south of the Wyong River
within the lower catchment (refer Figure 1). The majority of the industrial area drains into
Mardi Creek and then into Tuggerah Creek which forms another tributary of the Wyong River.
Mardi Dam, a water supply dam for Central Coast Council, is located within the headwaters of
the Mardi Creek catchment. This dam does not currently function as a flood storage basin
(i.e., its purpose is water supply).

The Wyong River ultimately discharges into Tuggerah Lake. Tuggerah Lake discharges to the
Pacific Ocean across a sandy beach berm at The Entrance, which is intermittently open and
closed. Tuggerah Lake also drains a number of other significant catchments including
Ourimbah Creek as well as the Budgewoi Lake and Munmorah Lake catchments.

Figure 3 shows the variation in ground surface elevation across the catchment. As shown in
Figure 3, elevations vary from 0 mAHD in the vicinity of Tuggerah Lake to over 300 mAHD in
the headwaters of the catchment. The areas located east of the Pacific Motorway are typically
located below 10 mAHD.

2.2 Flood History

The Wyong River catchment has a significant history of flooding although records for areas
outside of the main township of Wyong are scant. The largest flood on record occurred in
June 1949 and produced a peak water level of about 4.2 mAHD at the Wyong railway bridge
(BMT WBM, 2014). Other significant events occurred in June 1964 (4.1 mAHD at the railway
bridge) and March 1977 (3.6 mAHD at the railway bridge). The most recent flood occurred in
June 2007 and produced a peak water level of about 2.6 mAHD at the Wyong railway bridge.
A summary of peak historic water levels are provided in Table 2.

Table2 Major Historic Flood Levels at the Wyong Railway Bridge (BMT WBM, 2014)

Year Flood Level
(mAHD)
1949 4.2
1964 4.1
1927 3.8
1977 3.6
1930 3.2
2007 2.6
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The available historic flood information indicates that most significant floods tend to occur
around June. Significant rainfall at this time of year is generally associated with east coast
lows which produce significant rainfall over multiple days in conjunction with elevated ocean
water levels. Consequently, the most significant flooding typically occurs as a result of
extended periods of rainfall. Nevertheless, flooding across the Tuggerah straight industrial
area can also occur as a result of relatively short duration rainfall bursts. Plate 1 shows
floodwaters across Anzac Road at Tuggerah during the 2007 flood.

Plate1 Floodwaters in Anzac Road, Tuggerah during 2007 flood (photo provided by Mr Phil Hearne).

A range of flood photos were also provided by Council for the 2007 flood across other sections
of the Wyong River catchment. A selection of these photos and are presented in Plates 2 to
6. As noted in Table 2, the 2007 flood was not a particularly large event relative to other past
floods — the flood levels reached in the 2007 event were estimated to be roughly equivalent
to a 10% AEP event in the Wyong River catchment (BMT WBM, 2014). However, the
photographs show significant inundation extents and many roadways cut by water.
Accordingly, it does not take a particularly large flood to produce significant impacts to those
living and working within the catchment.

2.3 Local Environment

The Wyong River catchment extends across a large geographic area with a variety of land uses,
flora and fauna.
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Plate 2 Looking east along Yarramalong Road from the old Maitland Road Intersection during 2007 flood
(photo provided by the SES via Central Coast Council).

Plate 3  Looking south west from Mardi Road towards Pacific Motorway during 2007 flood (photo provided
by the SES via Central Coast Council)
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Plate4 Looking south along McPherson Road towards Mardi during 2007 flood (photo provided by the SES
via Central Coast Council)

Plate 5 Looking north from Collies Lane towards Wyong River during 2007 flood (photo provided by the
SES via Central Coast Council)
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Plate 6 Looking west along Collies Lane during 2007 flood (photo provided by the SES via Central Coast
Council)

2.3.1 Soils

1:250,000 geological mapping for Sydney (LPI, 2002) indicates that the elevated sections of
the Wyong River catchment are underlain by claystones, sandstone and shales while the lower
sections of the catchment typically comprise alluvial material (sands, silts, gravels and clays).

The soil types across the lower sections of the catchment typically have a moderate to high
water holding capacity, are poorly drained and are subject to seasonal waterlogging. The
waterlogged nature of much of the floodplain area results in a low rate of organic matter
breakdown leading to a significant presence of organic matter (Patterson Consultants, 2010).
Despite the high levels of organic matter, the soils tend to have low fertility, owing to the low
soil pH.

The Office of Environment and Heritage has also mapped the occurrence of Acid Sulphate Soils
(ASS) along the coast of NSW, including the Wyong River catchment. When exposed to
oxygen, ASS oxidise and sulphuric acid is released, reducing soil fertility, killing vegetation and
reducing fish population. The ASS mapping indicates a large variation in ASS soil potential
across the catchment from no known occurrence / low probability of occurrence in areas west
of the Pacific Motorway to a high probability of occurrence ASS across the lower floodplain
areas. Across the lower floodplain areas, the depth to ASS material is considered to range
from less than 1 metre to between 1m and 3m. The potential for ASS across the lower
floodplain has been confirmed by investigations across the Pioneer Dairy site (Patterson
Consultants, 2010).
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2.3.2 Vegetation

The upper sections of the Wyong River catchment have been partly cleared to allow for rural
residential development. The residual forested areas typically comprise Stringybark,
Mahogany and moist, layered forest. The riparian areas adjoining the major watercourses are
generally classified as alluvial, gallery rainforest.

The lower sections of the catchment have been more extensively modified and cleared. In
general, the remaining vegetation communities are contained in close proximity to
watercourses and wetland areas. This includes estuarine swamp oak forest adjoining the
banks of the Wyong River, Mardi Creek and Tuggerah Creek as well as blackbutt, melaleuca,
paperbark and woollybutt forests in the upper reaches of the Mardi Creek catchment.

Much of the lower Wyong River floodplain is classified under State Environmental Planning
Policy (SEPP) No. 71 Coastal Protection (refer Figure 2). Furthermore, areas located within
100 metres of the Wyong River plus adjoining wetlands (refer following section) are classified
as “sensitive” coastal areas under SEPP71. This SEPP designation restricts development where
there is potential for water quality to be adversely impacted (e.g., through stormwater or
effluent discharge).

2.3.3 Wetlands

The Wyong River catchment includes several State Environmental Planning Policy (SEPP) No.

14 wetlands located to the east of the Pacific Highway. The location of the SEPP14 wetlands

is shown in Figure 2 and includes:

& SEPP 14 Wetland No. 896 (located north of Kooindah Waters Estate and east of the
Wyong Race Club).

& SEPP 14 Wetland No. 897 (generally bound by Kooindah Waters Golf Course, McDonagh
Road, Braithwaite Road and Pollock Avenue).

& SEPP 14 Wetland No. 899 (located to the south and east of Kooindah Waters Golf
Course).

® SEPP 14 Wetland No. 899a (located to the west of Kooindah Waters Golf Course and to
the north of Meander Village).

& SEPP 14 Wetland No. 900 (located on the southern floodplain of the Wyong River
adjoining the Pioneer Dairy site). This wetland is also referred to as the “Tuggerah
Oxbow”.

The SEPP14 designation indicates that these areas have been formally classified as coastal
wetlands and are protected in the environmental and economic interests of the State. This
generally prevents clearing, filling, draining or the construction of levees within the wetland.

2.3.4 Heritage
A number of sites within the Wyong River catchment are currently protected through heritage
listing under the Wyong Local Environmental Plan 2013. The location of heritage items are
shown in Figure 2.
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Several parcels of land are also subject to Aboriginal land claims and/or are the location of
Aboriginal heritage sites. The location of the Aboriginal land claims and heritage items are
shown in Figure 2.

Notably, the Pioneer Dairy site falls under the heritage register as well as an Aboriginal lands
claim (in addition to part sections of the site falling within a SEPP14 wetland and SEPP71
Coastal zone).

2.4 Demographics

Having an understanding of the characteristics of the population living and working within the
catchment is an important component of developing and assessing potential flood risk
management measures. For example, the availability of internet, the primary language
spoken at home and the availability of a motor vehicle can have a strong bearing on the
feasibility of different education, flood warning and evacuation strategies.

In this regard, the Australian Bureau of Statistics (ABS) provides a range of information for the
various communities that are contained within the catchment that was collected as part the
2011 census. A summary of pertinent information extracted from the ABS website
(http://www.abs.gov.au/) is provided in Table 3.

The information presented in Table 3 shows that:
& English is the only language spoken at home in 97% of households.

& 83% of households have an internet connection with the majority (74%) having access to
high speed broadband.

® The median age of residents within the catchment is 40.

& The Dooralong Valley show a high level of address continuity with over 90% of the
population residing at the same address over the past 5 years. Accordingly, most of the
population in this area is likely to have experienced at last one large flood (e.g., 2007).
Conversely, the Yarramalong Valley, Wyong and Tuggerah only shows 50% of the
population residing at the same address for more than 5 years. This more transient
population is less likely to have experienced a significant flood at the current place of
residence leading to a reduced level of flood awareness.

2.5 Community Consultation

A community questionnaire was prepared and distributed to approximately 2,500 residential
and business properties in the catchment. A copy of the questionnaire is included in
Appendix E.

The questionnaire sought information from the community regarding whether they had
experienced flooding, their level of flood awareness and how they would respond in a future
major flood. A total of 256 questionnaire responses were received and a summary of all
guestionnaire responses is provided in Appendix E. Most of the responses included addresses
enabling spatial interpretation of the questionnaire responses (refer Figure E1).
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Table3 Summary of Catchment Demographics

Village/Town
Statistic Dooralong JiIIi.b\./, Little Yég;i?;ﬁgﬁ' Wyong Tacoma
& Lemon Jilliby & Wyong | Tuggerah & South
Tree Allison Ck& Creek Tacoma
Ravensdale
Zzzfvﬁe‘:t 44% 45% 59% 57% | 35% | 46% 34%
" 5 Year 10 or
2 s equivalent 44% 40% 31% 32% 37% 41% 48%
(%] o
] =]
S 2 Did not
i Complete Year 12% 15% 10% 11% | 28% | 14% 17%
o
=] 10
©
é_ Same usual
S " = address 1 year 99% 84% 77% 87% 79% 76% 84%
¢ 2 | agoasin2011
T B
25 Same usual
© | address 5 years 94% 63% 52% 67% 50% 50% 64%
ago asin 2011
Average No.
Motor Vehicles 2.2 2.4 2.0 2.4 1.3 1.5 2.1
per dwelling
Average persons | 3 3.1 2.4 28 | 22 2.7 3.1
per dwelling
[0}
Speaks English
g § | Do NEE 97% 99% 98% 96% | 95% | 96% | 99%
I Bad
Z 2 o Speaks oth
2| 8% Iapne;u:g?e- o 3% 1% 1% 4% | 5% | 4% 1%
n % .
oo
% Separate house 99% 98% 99% 94% 75% 77% 100%
g P Semi-detached,
® L%"::er terrace 0% 0% 0% 6% | 13% | 23% 0%
m ’
k3 townhouse
S Flat, unit or
g apa;“tment' 0% 1% 1% 0% 11% 0% 0%
a:;j; dc";’f;'\'lr;i). 1% 1% 1% 0% | 2% | 1% 0%
c
g CN:n':;Strlr;it 12% 10% 15% 14% | 35% | 19% | 15%
(7] (]
= € | Broadband 79% 78% 78% 81% | 53% | 68% 78%
E= o
= = | Dial-up 7% 6% 5% 0% 3% 3% 0%
o c
2 2 | Other 3% 3% 0% 2% 3% 7% 3%
= [
E “_6 Internet
g connection not 5% 3% 2% 3% 5% 2% 3%
>
s stated

The responses to the questionnaire indicate that:

& 77% of respondents have experienced some form of inundation or disruption as a result
of flooding in the catchment. This includes (also refer Plate 7 and Figure E1):
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-> Traffic disruptions (140 respondents);
-> Garage inundation (49 respondents); and,
-> House or business inundated above floor level (11 respondents).

Plate 7 Types of flooding impacts reported by the community.

The population has a mixed level of flood awareness. Of those who answered question
5, about 31% of respondents admitted that they did not know whether their house or
business was potentially flood liable or not. However, of the 34% who claimed to know
that their house or business could not be flooded, more than half are located within the
PMF extent (as defined in the ‘Wyong River Catchment Flood Study’). And, interestingly,
of the 35% who claimed to know that their house or business could be flooded, about
14% are actually located beyond the PMF floodplain.

People’s understanding of flood risks can also be assessed through answers to question
6 and GIS analysis. About 70% of those who believed their house or business could be
flooded in the 1% AEP event were correct. Most of the other respondents who
incorrectly think they could be flooded in such an event are located in Mardi. About
84% of those who believed their house or business could be flooded in the PMF event
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were correct. But 61% of these houses or businesses are actually located within the 1%
AEP extent — people could be flooded more frequently than they think.

Questions 7-9 were designed to gain an understanding of people’s likely behaviours
during future flood emergencies. It was found that 63% of respondents indicated they
would remain at home and only 8% indicated they would evacuate to an official
evacuation centre. Figure E2 shows the spatial distribution of those respondents that
would evacuate versus seek refuge at home (considered further in Section 5.4.2). In
order of priority, the reasons for remaining at home were:

- residents felt confident that their home could not be flooded and they could cope with
temporary isolation;

- a need to care for animals;

- the discomfort/inconvenience/cost of evacuating; and,

- concern about security of an evacuated property.

For those intending to evacuate, safety of the family was the overriding concern.

The questionnaire also sought feedback on a preliminary list of flood risk mitigation measures
that were under consideration as part of the study. Further discussion on the community
feedback on each option is presented in Sections 7, 8 and 9.

Two community information sessions were also conducted at Central Coast Council’s Wyong
office during the study. The information sessions included a brief presentation on the study
and provided an opportunity for the community to ask questions about the study and
comment on issues of concern. Issues of concern that were raised at the information sessions
include:

¢

Tuggerah Lake Entrance: A number of individuals felt the Tuggerah Lake entrance at The
Entrance was a primary contributor to the flooding problems across the lower Wyong
River catchment. They suggested that the entrance channel should be dredged and a
breakwater constructed to maintain a permanent opening. A discussion on the
Tuggerah Lake entrance is provided in Section 7.4.6. Dredging of the Wyong River
channel was also raised and a discussion on this option is provided in Section 7.4.6.

Lack of Maintenance in Drainage Channels: Several individuals stated that many of the
smaller drainage channels (notably around Lake Road and McDonagh Road) have not
been maintained for a significant amount of time. As a result, significant vegetation has
built up along the drainage lines and many of the culverts are partly or fully blocked by
debris preventing these areas from draining during local rainfall events. Furthermore,
some drains around Lake Road were being obstructed by earthworks/fill and residents
needed to dig out channels for themselves to drain the area. Further discussion on the
potential impact of clearing of vegetation and regular maintenance is provided in
Section 7.4.4.
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3 THE EXISTING FLOODING PROBLEM

3.1 Overview

In order to identify and evaluate potential options for managing the flood risk, it is first
important to have an understanding of the nature and extent of the existing flood risk. This is
typically achieved through the preparation of a flood study, which provides information on
key flood characteristics (e.g., flood depths, levels and velocities) for a range of floods up to
and including the Probable Maximum Flood. Central Coast Council (then Wyong Shire Council)
commissioned the “Wyong River Catchment Flood Study” (BMT WBM, 2014) to fulfil this
requirement. Further information on the flood study and the associated outputs that were
used to describe the existing flooding problem are provided in the following sections.

Once existing flood behaviour is defined, it is then necessary to use this information to gain
an understanding of the risk to which the community may be exposed. This allows a targeted
assessment of areas where the flood risk is considered to be unacceptable and where flood
risk management measures may be best implemented to reduce the flood risk to more
tolerable levels. In this regard, a flood risk and damage assessment was also prepared and is
documented in the following sections.

3.2 Existing Flood Behaviour

3.2.1 Previous Flood Studies

A range of flood studies have been prepared in the past to assist in better understanding the
extent of the existing flooding problem across the Wyong River catchment. These past studies
include:

® Upper Wyong River Flood Study (Public Works, 1988);
® Lower Wyong River Flood Study Review (Webb, McKeown & Associates, 1992a);
& Mardi Creek Flood Study (Webb, McKeown & Associates, 1992b);

More recently, Central Coast Council (then Wyong Shire Council) commissioned the ‘Wyong
River Catchment Flood Study’ (BMT WBM, 2014) to provide an updated description of existing
flood behaviour across the full extent of the Wyong River catchment. The flood study utilised
an XP-RAFTS hydrologic model to describe the transformation of rainfall into runoff and a
TUFLOW hydraulic model to describe how that runoff would be distributed across the
catchment. The models were used to simulate a range of historic and design floods and
produce information on key flooding characteristics including floodwater depths, levels and
velocities. Overall, it is considered that the information presented in the “Wyong River
Catchment Flood Study” (BMT WBM, 2014) provides the best contemporary description of
flood behaviour for the Wyong River catchment.

3.2.2 Flood Study Updates
The models that were developed as part of the “Wyong River Catchment Flood Study” (BMT
WBM, 2014) were reviewed as part of this study to ensure they would serve as a suitable
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baseline for describing existing flood behaviour. In general, the models were found to be fit-
for-purpose and would provide a suitable tool to use as part of the current study.
Nevertheless, the review identified that some updates to the TUFLOW model would likely
yield an improved description of flood behaviour. This included:

® The TUFLOW model did not extend a sufficient distance upstream along some minor
tributaries to provide a reliable description of main stream flood behaviour. Therefore,
the existing model was extended along these tributaries. Some updates to the XP-
RAFTS model were also necessary to allow inflows to be defined at the new upstream
model boundaries.

® The TUFLOW model was developed using topographic information that was gathered in
2007. Since that topographic information was collected, LiDAR data was gathered in
2014 and provides a better representation of contemporary topographic conditions
across the catchment. Therefore, the model was updated to take advantage of the
more recent LiDAR information.

& The TUFLOW model employed relatively broad-scale material/land use information to
describe the variation in Manning’s “n” roughness coefficients. This approach did not
account for localised variations in land use (e.g., small clusters of dense trees across
cleared areas). Recent advancements in aerial survey information permits a much more
detailed description of land use and the associated hydraulic characteristics to be
provided.

® The Wyong River catchment includes a significant number of bridges and culverts. All
bridges and culverts were modelled assuming no blockage. However, as parts of the
catchment area are significantly vegetated it was considered likely that some blockage
of these structures would be experienced. Therefore, the model was updated to include
blockage factors for each bridge/culvert in accordance with recommendations outlined
in ‘Blockage of Hydraulic Structures (Engineers Australia, 2015)’.

A more detailed description of the updates that were completed to the XP-RAFTS and TUFLOW
models are provided in Appendix A.

3.2.3 Floodwater Depths, Levels and Velocities

The updated TUFLOW model was used to simulate design flood behaviour for existing
topographic and development conditions across the Wyong River catchment for the 20% AEP,
5% AEP, 1% AEP and Probable Maximum Floods (PMF). Peak floodwater depths, levels and
velocities were extracted from the results of each design flood simulation and are presented
in Figures Al to A4 in Map Set A.

The depth and velocity maps indicate that flooding characteristics across the upper catchment
differs significantly from flood characteristics across the lower catchment. More specifically:

® The upper catchment area (i.e., upstream of the confluence of the Wyong River and
Jilliby Jilliby Creek) tends to be characterised by relatively narrow floodplains. As a
result, flood behaviour across the upper catchment areas tends to be characterised by
high floodwater depths and velocities.

® The lower catchment area comprises flatter terrain and a more expansive floodplain.
Consequently, flooding across the lower catchment area is characterised by more
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extensive inundation. The depths of inundation are still significant, however, the
movement of water across the floodplain is much slower than the upper catchment.

The results of the hydraulic modelling also highlight the following areas as being significantly
impacted by floodwaters:

® The Yarramalong Valley is exposed to rapid rises in water levels (i.e., limited warning
time) and significant floodwater depth and velocities. Floodwaters are predicted to cut
major roadways at multiple locations making evacuation difficult and potentially
hazardous if people try to drive through floodwaters. Further information on roadway
inundation is provided in Section 3.2.7.

& Rural residential properties located in the vicinity of Deep Creek including Yarramalong
Road, Old Maitland Road, Collies Lane, McPherson Road and Mardi Road. Properties in
this area can become isolated relatively early in floods. Floodwater depths are also
significant making evacuation difficult if not impossible during large floods.

® The Tuggerah Straight industrial area is subject to inundation during relatively frequent
events. Although the depths of inundation are generally not as significant as other areas
of the floodplain, the highly populated/frequented nature of this area, the “flashy”
nature of the Mardi Creek catchment and the lower floor level requirements relative to
other areas across the area does result in a significant flooding problem.

® Properties in the vicinity of South Tacoma and Tacoma are typically low lying and have
limited evacuation routes available. As a result, evacuation can be cut early in the flood
(particularly South Tacoma Road) resulting in these properties becoming isolated.

® The Wyong Aged Care facility is predicted to be inundated above floor level during
events equal to and greater than the 2% AEP event. Access to the property is also
predicted to be cut before inundation of the property itself. Due to the lack of mobility
of a significant proportion of the residents, evacuation difficulties are significant.
Further discussion on the Aged Care Facility is provided in Section 3.2.8.

3.2.4 Flood Hazard Categories

Flood hazard defines the potential impact that flooding will have on development and people
across different sections of the floodplain. More specifically, it describes the potential for
floodwaters to cause damage to property or loss of life / injury (AIDR, 2017).

It is noted that flood precinct definitions specified by Council within the Wyong Development
Control Plan 2013 (Wyong DCP 2013) (discussed in detail in Section 4.4.2) adopts four flood
risk precincts that relate to flood hazard categorisation in the 1% AEP event using Figure L2 of
the Floodplain Development Manual (FDM) (2005).

However, for this study, the variation in flood hazard across the catchment was defined using
flood hazard vulnerability curves presented in “Australian Disaster Resilience Guideline 7-3
Flood Hazard” (AIDR, 2017). This approach was selected over the hazard categorisation
defined in the FDM (2005) as it is believed to represent the latest approach to flood hazard
definition and provides better correlation between risk to life and flood hazard. The hazard
curves are reproduced in Plate 8 and are also described in Table 4.
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As shown in Plate 8, the hazard curves assess the potential vulnerability of people, cars and
structures based upon the depth and velocity of floodwaters at a particular location.

Plate 8 Flood hazard vulnerability curves (Australian Government, 2014)

Table4 Description of Adopted Flood Hazard Categories (Australian Government, 2014)

Hazard Description
Category P

H1 Generally safe for vehicles, people and buildings. Relatively benign flood conditions. No
vulnerability constraints

H2 Unsafe for small vehicles

H3 Unsafe for vehicles, children and the elderly

H4 Unsafe for vehicles and people

H5 Unsafe for vehicles and people. All building types vulnerable to structural damage. Some less
robust building types vulnerable to failure

H6 Unsafe for vehicles and people. All building types considered vulnerable to failure.
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Peak depth, velocity and velocity-depth product outputs generated by the TUFLOW model
were used to map the variation in flood hazard across the Wyong River catchment based on
the hazard criteria shown in Plate 8 for the 1% AEP flood as well as the PMF. The resulting
hazard category maps are shown in Figures A5 and A6.

As discussed, Council’s current DCP uses the “low” and “high” flood hazard categorisation
presented in Figure L2 of the Floodplain Development Manual (FDM) (2005). Based upon
comparison of the flood hazard curves presented in Plate 8 with Figure L2 of the FDM, it is
suggested that the following “conversions” be used until the current DCP is updated to reflect
the new H1-H6 categories:

® Low Hazard: H1 - H2
& High Hazard: H3 — H6

3.2.5 Flood Emergency Response Precincts

In an effort to understand the potential emergency response requirements across different
sections of the floodplain, flood emergency response precinct (ERP) classifications were
prepared in accordance with the flow chart shown in Plate 9 (Australian Emergency
Management Institute, 2014). The ERP classifications can be used to provide an indication of
areas which may be inundated or may be isolated during floods. This information, in turn, can
be used to quantify the type of emergency response that may be required across different
sections of the floodplain during future floods. This information can be useful in emergency
response planning

Plate 9 Flow Chart for Determining Flood Emergency Response Classifications (AEMI, 2014).

Each allotment within the Wyong River catchment was classified based upon the ERP flow
chart shown above for the 1% AEP flood as well as the PMF. This was completed using the
TUFLOW model results, digital elevation model and a road network GIS layer in conjunction
with proprietary software that considered the following factors:
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® whether evacuation routes/roadways get “cut off” and the depth of inundation (a 0.2m
depth threshold was used to define a “cut” road);

& whether evacuation routes continuously rise out of the floodplain;

& whether an allotment gets inundated during the nominated design flood and whether
evacuation routes are cut or the lot becomes completely surrounded (i.e., isolated) by
water before inundation;

& if evacuation by car was not possible, whether evacuation by walking was possible (a
0.5 metre depth threshold was used to define when a route could not be traversed by
walking).

The resulting ERP classifications for the 1% AEP flood as well as the PMF are provided in
Figures A7 and A8. A range of other datasets were also generated as part of the classification
process to assist Council and the SES. This includes roadway overtopping locations, which are
discussed in more detail in Section 3.2.7.

It should be noted that the automated application of the Flood Emergency Response Planning
at allotment scales is a technique still under current research and development. For more
information, please refer to the paper, Emergency Response Planning Classification at Sub-
Precinct Scales (Ryan et al, 2014).

3.2.6 Hydraulic Categories

The NSW Government’s ‘Floodplain Development Manual” (NSW Government, 2005)
recommends subdividing flood prone areas according to the hydraulic categories presented
in Table 5. The hydraulic categories provide an indication of the potential for development
across different sections of the floodplain to impact on existing flood behaviour and highlights
areas that should be retained for the conveyance of floodwaters.

Unlike hazard categories, the “Floodplain Development Manual” (NSW Government, 2005)
does not provide quantitative criteria for defining hydraulic categories. This is because the
extent of floodway, flood storage and flood fringe areas are typically specific to a particular
catchment.

Criteria for establishing hydraulic categories for the Wyong River catchment were previously
derived for the “Wyong River Catchment Flood Study” (BMT WBM, 2014). These criteria were
reviewed as part of the current study and were determined to be suitable. The criteria are
reproduced in Table 5.

The hydraulic category maps that were developed based upon the criteria listed in Table 5 for
the 1% AEP flood and PMF are shown in Figures A9 and A10.

3.2.7 Transportation Impacts

There are a number of major roadways and a major rail link within the Wyong River catchment
which may be required for evacuation or emergency services access during floods. It is
important to have an understanding of the impacts of flooding on these transportation links
so that appropriate emergency response planning can occur.
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Table 5 Qualitative and Quantitative Criteria for Hydraulic Categories

Hydraulic
Category

Definition

Adopted Criteria*

Floodway

those areas where a significant volume of
water flows during floods

often aligned with obvious natural channels
and drainage depressions

they are areas that, even if only partially
blocked, would have a significant impact on
upstream water levels and/or would divert
water from existing flowpaths resulting in the
development of new flowpaths.

they are often, but not necessarily, areas with
deeper flow or areas where higher velocities
occur.

Velocity x Depth > 0.3

Flood Storage

those parts of the floodplain that are important
for the temporary storage of floodwaters
during the passage of a flood

if the capacity of a flood storage area is
substantially reduced by, for example, the
construction of levees or by landfill, flood levels
in nearby areas may rise and the peak
discharge downstream may be increased.

substantial reduction of the capacity of a flood
storage area can also cause a significant
redistribution of flood flows.

Velocity x Depth < 0.3
and
Depths > 0.5 metres

Flood Fringe

the remaining area of land affected by flooding,
after floodway and flood storage areas have
been defined.

development (e.g., filling) in flood fringe areas
would not have any significant effect on the
pattern of flood flows and/or flood levels.

Areas that are not
floodway or flood storage

The location where roads and railways are first overtopped was established by comparing
peak design water levels against road/rail centreline elevations. The 1% AEP and PMF floods
were also interrogated in more detail to determine:

® The time at which each roadway is first inundated;

® The maximum depth of inundation; and,

® The duration of inundation.

The location where transportation links are first overtopped during the 1% AEP and PMF
events are shown on Figures A7 and A8. The overtopping locations shown in Figures A7 and
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A8 also include labels describing the time the roads are first inundated (green label) and the
total duration of inundation (blue label). Accordingly, this provides information describing the
amount of warning time that would typically be available and how long the roadway would be
cut by floodwaters after inundation first occurs.

Further detailed information describing inundation characteristics for major roadways within
the catchment is provided in Appendix B.

The information presented in Figures A7 and A8 and Appendix B indicate that:
® Upstream of M1 Pacific Motorway

® Brush Creek Road — Access would be cut during all design events at three different
locations. Less than 8 hours of warning time would typically be available from the initial
onset of rainfall before access is cut.

® Ravensdale Road — Access would be cut during all design events at two different
locations. Less than 8 hours of warning time would typically be available before access
is cut.

® Yarramalong Road — Access would be cut during all design events at multiple locations
along the full length of the roadway. The roadway is first predicted to be overtopped
near the Wyong Creek crossing. At least 12 hours of warning time would typically be
available.

& Dooralong Road — Access would be cut during all design events at four locations. The
depths of inundation are generally less than 1 metre during the 20% AEP event and
more than 20 hours of warning time would be available during these more frequent
events. However, the warning time is predicted to drop to less than 8 hours during
more severe floods (e.g., 1% AEP event)

® Jilliby Road — Access is predicted to be cut at three locations during all design floods.
However, more than 24 hours warning time would typically be available.

& 0ld Maitland Road — Access is predicted to be cut during events as frequent as the 20%
AEP event near the Deep Creek culvert crossing. Over 30 hours of warning time would
be available during the more frequent events decreasing to less than 3 hours during the
PMF.

& Alison Road —is predicted to be overtopped during the 5% AEP event near the Porters
Creek crossing. At least 20 hours of warning time would typically be available during all
events up to and including the 1% AEP. The warning time would drop to less than 6
hours during the PMF.

& M1 Pacific Motorway — Not inundated during all events up to and including the 1% AEP
event. Access is cut at several locations during the PMF although more than 16 hours of
warning time would generally be available.

&

Downstream of M1 Pacific Motorway

McPherson Road —is predicted to be overtopped in the 20% AEP flood near Old
Maitland Road. Over 30 hours of warning time would typically be available during
frequent floods. The available warning time is predicted to drop to less than 20 hours
during the 1% AEP event and less than 5 hours during the PMF.

L
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& Gavenlock Road —is predicted to be cut during the 20% AEP event near Johnson Road.
More than 24 hours of warning time would be available during all events up to and
including the 1%AEP event.

® Wyong Road — the west bound travel lanes of Wyong Road are predicted to be
inundated near Gavenlock Road during the 5% AEP event. However, the east bound
lanes would remain trafficable up to and including the 1% AEP event. Less than 6 hours
of warning time would typically be available for the west bound lanes.

& Pacific Highway — Is predicted to be overtopped during the 5% AEP event near the South
Tacoma Road intersection. In excess of 24 hours warning time would typically be
available during more frequent floods, however, this is predicted to drop to less than 3
hours during the PMF.

& Railway Line —the railway line is typically elevated above the floodplain and is predicted
to remain “flood free” during all events up to and including the 1% AEP event. However,
overtopping depths in excess of 4 metres are predicted during the PMF with less than 2
hours of warning time.

® South Tacoma Road —is predicted to be overtopped during all design floods where it
passes beneath the Pacific Highway / Railway bridges. The roadway at this point is
located at approximately 1.2 mAHD. Less than 24 hours of warning time would typically
be available before access along South Tacoma Road is cut.

® Panonia Road — access is predicted to be cut during the 5% where Panonia Road passes
beneath the Pacific Highway / Railway bridges. More than 24 hours of warning time
would typically be available during all events up to and including the 1% AEP event
although only ~6 hours warning time would be available during the PMF.

& Boyce Avenue —is predicted to be inundated during the 1% AEP event near its
intersection with McDonagh Road. More than 24 hours of warning time would typically
be available during the 1% AEP event although only 6 hours would be available during
the PMF.

® McDonagh Road —is predicted to be overtopped during the 5% AEP event immediately
south of the Kooindah Waters Golf Course. At least 24 hours of warning time would
generally be available during events up to and including the 1% AEP but less than 7
hours warning would be available during the PMF

& Pollock Avenue — access is predicted to be cut near the HopeTown school during the 5%
AEP event. The available warning time is predicted to exceed 26 hours during all events
up to and including the 1% AEP event. Approximately 4 hours of warning time would be
available during the PMF.

It should be noted that the roadway inundation information is based on “design” flood
information. No two floods are the same and future floods will likely exhibit different
characteristics. Nevertheless, the information provides a good indication of the relative
susceptibility of different roadways to inundation and can assist emergency services in
evacuation planning.

3.2.8 Impact of Flooding on Key/Vulnerable Facilities
The Wyong River catchment is home to a range of property types and infrastructure. This
includes facilities where the occupants may be particularly vulnerable during floods, such as
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schools, child care centres and aged care facilities. In addition, some facilities will play
important roles for emergency response and evacuation purposes during future floods (e.g.,
hospitals & evacuation centres). Therefore, it is important to have an understanding of the
potential vulnerability of these facilities during a range of floods.

A list of key and vulnerable facilities within the Wyong River catchment are summarised in
Table 6. Table 6 also summarises if the facility is predicted to be subject to inundation and if
access to the facility will be cut during any of the design floods simulated as part of the study.
The key and vulnerable facilities are also shown on Figures Al to A10.

The information summarised in Table 6 indicates the Wyong Aged Care Facility is particularly
susceptible to inundation. More specifically access would be cut and inundation of the
property is predicted during each of the design flood events (however, above floor inundation
is not anticipated until the 1% AEP event). Plate 10 also indicates that access to the aged care
facility would be cut before inundation of the property occurs. As a result, the aged care
facility is located within a ‘low flood island’.

Plate 10 Wyong Aged Care Facility during 2007 flood showing all access roads inundated

Table 6 also shows that all three aged care facilities located within the catchment would be
impacted by floodwaters during the 1% AEP flood (i.e., access would be cut and the property
would be inundated).

In general, the evacuation centres are not predicted to be impacted during any of the
simulated design events. The only exception to this is the Wyong Bowling Club. During smaller
events (i.e., 5% AEP event and less), inundation is restricted to the southern fringes of the site.
However, during larger events (i.e., 1% AEP event and above) significant property inundation
is predicted and access to the property would be cut. Accordingly, the suitability of the
Bowling Club as a flood evacuation centre is questionable.

24



Table 6 Impact of Flooding on Key and Vulnerable Facilities

Vulnerable Facility

20% AEP Flood

5% AEP Flood

1% AEP Flood

PMF

Property
Flooded

Above
Floor
Flooding

Access Cut

Property
Flooded

Above
Floor
Flooding

Access Cut

Property
Flooded

Above
Floor
Flooding

Access Cut

Property
Flooded

Above
Floor
Flooding

Access Cut

Aged Care

Meander Village
(18 Boyce Ave, Wyong)

4]

4]

4]

]

4]

Strathavon Resort
(31 Boyce Ave, Wyong)

]

]

]

]

]

Wyong Aged Care Facility
(35 McPherson Rd, Mardi)

Emergency
Services

Wyong Fire Station
(5 Hely St, Wyong)

Yarramalong Rural Fire Station
(1619 Yarramalong Rd, Yarramalong)

Dooralong Rural Fire Station
(Dittons Rd, Dooralong)

Wyong Police Station
(22 Hely St, Wyong)

Wyong SES
(12 Levitt St, Wyong)

Electricity

Transgrid Zone Sub — Wyong Zone No
112
(Lot 3 Pacific Hwy, Wyong)

Transgrid Bulk Supply Point
(Lake Rd, Tuggerah)

Evacuation
Centre*

Wyong Golf Club
(319 Pacific Hwy, Wyong)

Wyong RSL Club
(Anzac Ave, Wyong)

25




Wyong River Catchment
Floodplain Risk Management Study & Draft Plan

Vulnerable Facility

20% AEP Flood

5% AEP Flood

1% AEP Flood

PMF

Property
Flooded

Above
Floor
Flooding

Access Cut

Property
Flooded

Above
Floor
Flooding

Access Cut

Property
Flooded

Above
Floor
Flooding

Access Cut

Property
Flooded

Above
Floor
Flooding

Access Cut

Wyong Bowling Club
(3 Panonia Rd, Wyong)

]

4]

4]

4]

4]

4]

]

]

4]

]

Pre-School

Wyong Pre-School
(9-13 Rose St, Wyong)

]

Wyong Cottage Kindergarten
(62-64 Alison Rd, Wyong)

Small World Pre-School
(6 Byron St, Wyong)

Mission Australia Early Learning
(4 Woodbury Park Dr, Woodbury
Park)

Primary /
High School

Wyong High School
(53 Alison Rd, Wyong)

Hopetown School
(177 Pollock Ave, Wyong)

Wyong Christian Community School
(100 Alison Rd, Wyong)

Tacoma Public School
(Hillcrest Ave, Tacoma)

Wyong Public School
(52 Cutler Dr, Wyong)

St Cecilia’s Catholic School
(Panonia Rd, Wyong)

Wyong Creek Public School
(583 Yarramalong Rd, Wyong Creek)

St Peters Catholic College
(84 Gavenlock Rd, Tuggerah)
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Vulnerable Facility

20% AEP Flood

5% AEP Flood

1% AEP Flood

PMF

Property
Flooded

Above
Floor
Flooding

Access Cut

Property
Flooded

Above
Floor
Flooding

Access Cut

Property
Flooded

Above
Floor
Flooding

Access Cut

Above
Floor
Flooding

Property
Flooded

Dooralong Public School
(1046 Dooralong Rd, Dooralong)

Yarramalong Public School

(1560 Yarramalong Rd, Yarramalong)

Jilliby Public School
(352 Jilliby Rd, Jilliby)

Sewer Pump
Station

SPS 08
(Corner Mildon Rd and Tindal Rd,
Tuggerah)

X
&

SPS 09
(Gavenlock Rd, Tuggerah)

SPS 10
(McPherson Rd, Tuggerah)

SPS11
(150 Pacific Hwy, Wyong)

SPS 16
(361 Pacific Hwy, Wyong)

N RN ©H N
K RN N H

Sewage
Treatment
Plant

Wyong South STP
(Ibis Road, Tuggerah)

X

Water
Pumping
Station

WPS 01
(Old Maitland Rd, Mardi)

WPS 04
(Ilthome St, Wyong)

WPS 09
(Corner of Cobbs Rd and Tonkiss St,
Tuggerah
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Vulnerable Facility

20% AEP Flood 5% AEP Flood 1% AEP Flood PMF
Above Above Above Above
Property Floor Access Cut Property Floor Access Cut Property Floor Access Cut Property Floor Access Cut
Flooded . Flooded . Flooded . Flooded .
Flooding Flooding Flooding Flooding

Water
Treatment
Plant

Mardi WTP
(Old Maitland Rd, Mardi)

NOTE: * Evacuation centres were extracted from Section 3.18.42 of the Wyong Shire Local Flood Plan
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In general, preschools and child care facilities are located outside of the PMF. However, some
sections of the Mission Australia Early Learning property would be inundated during events
larger than the 5% AEP event. Flooding of parts of a number of primary and high schools is
also anticipated, most notably HopeTown School, Wyong Christian Community School, St
Cecilia’s Catholic School and Wyong Creek Public School.

3.3 Flood Planning Area

Flood Planning Levels (FPLs) are an important tool in the management of flood risk. FPLs are
typically derived by adding a freeboard to a specific design flood. This specific design flood is
frequently referred to as the “planning” flood. The FPLs can be combined with topographic
information to establish the Flood Planning Area (FPA). The FPL / FPA can then be used to
assist in managing the existing and future flood risk by:

& Setting design levels for mitigation works (e.g., levees); and,

& |dentifying land where flood-related development controls apply to ensure that new
development is undertaken in such a way as to minimise the potential for flood impacts
on people and property.

Central Coast Council has defined the flood planning level as “the level of a 1:100 ARI (average
recurrent interval) flood event plus 0.5 metre freeboard” through the Wyong Local
Environmental Plan 2013. This is consistent with the ‘Floodplain Development Manual’ (NSW
Government, 2015), which suggests that a flood planning level consisting of the 1% AEP flood
plus a 0.5 metre freeboard will generally be appropriate for new residential development
unless exceptional circumstance exist. This “standard” is also echoed by the ‘Guideline on
Development Controls on Low Flood Risk Areas — Floodplain Development Manual’
(Department of Planning, 2007) which states that “..unless there are exceptional
circumstances, councils should adopt the 100 year flood as the FPL for residential
development”.

The freeboard can be considered as a “factor of safety” that is used to cater for uncertainties
in the estimation of the planning flood. This can include modelling uncertainties as well as
items that can’t be specifically represented in the computer model. A review of the sensitivity
analysis completed as part of the “Wyong River Catchment Flood Study” (BMT WBM, 2014)
indicates structure blockage can increase 1% AEP water level by in excess of 0.5 metres at
some locations. However, the potential for a large bridge to become completely blocked by
debris is considered to be very low. In addition, a blockage allowance was included in the
revised “base” 1% AEP flood levels prepared as part of this report. As a result, it is considered
that a 0.5 metre freeboard will suitably account for uncertainty.

The 0.5 metre freeboard was added to the peak 1% AEP flood levels to develop a flood
planning level layer. The flood planning level layer was extended laterally until the flood
planning level encountered higher terrain. This formed the flood planning area for the
catchment. The flood planning area is shown in Figure A11. Flood planning level contours are
also included on Figure A11.
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3.4 The Cost of Flooding

To assist in quantifying the financial impacts of flooding on the community, a flood damage
assessment was also completed. The flood damage assessment aimed to quantify the
potential flood damage costs incurred to private and public property during a range of design
floods across the Wyong River catchment. A detailed description of the approach used to
establish the flood damage cost estimates is provided in Appendix C.

As outlined in Appendix C, flood damage estimates were prepared using flood damage curves
in conjunction with design flood level estimates and building floor levels for each of the
following property / asset types:

& Residential properties
& Commercial / Industrial properties
& Infrastructure

As part of the damage cost calculations, the number of properties subject to above floor
inundation was calculated. This information is summarised in Table 7.

Table 7 Number of Properties Subject to Above Floor Inundation

Flood Event Residential Commer(.:iaI/ Total Number
Industrial
20% AEP 3 0 3
10% AEP 14 5 19
5% AEP 131 28 159
2% AEP 293 58 351
1% AEP 416 92 508
0.5% AEP 500 134 634
PMF 1358 370 1728

The final flood damage estimates for each design flood are summarised in Table 8 for existing
topographic and development conditions. It indicates that if a 1% AEP flood was to occur,
over $80 million worth of damage could be expected. Approximately half of that damage cost
would be incurred across residential property.

The damage estimates were also used to prepare an Average Annual Damage (AAD) estimate
for each property. The AAD takes into consideration the frequency of a particular event
occurring and the damage incurred during that event to estimate the average damage that is
likely to occur each year, on average.
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Table8 Summary of Flood Damage Costs for Existing Conditions

Flood Damages (S millions)
Flood Event Residential Commer(.:iaI/ Infrastructure Total Damages
Industrial

20% AEP 0.62 0.00 0.09 0.71
10% AEP 2.82 0.44 0.49 3.75
5% AEP 14.28 5.91 3.03 23.2
2% AEP 31.8 14.3 6.91 53.0
1% AEP 48.7 28.6 11.6 88.9
0.5% AEP 60.5 52.4 16.9 130
PMF 213 239 67.8 520

The individual AAD estimates for each property and asset were also summed to provide an
estimate of the total damage likely to be incurred across the catchment on an annual basis for
existing topographic and development conditions. The AAD for the Wyong River catchment
was determined to be $4.3 million. Accordingly, if the “status quo” was maintained, residents
and business owners within the catchment as well as infrastructure providers, such as Council,
would likely be subject to cumulative flood damage costs of approximately $4.3 million per
annum (on average).

3.5 The Existing Flood Risk

The depth and velocity of floodwaters can create hazardous conditions to which humans and
property/structures may be vulnerable. However, if floodplains are not subject to any
development or occupation, this hazard does not translate to a flood risk. This is because the
floodwater will not pose a threat to people or property. A risk is created when there is
interaction between floodwaters and people/property, which typically occurs through
development on the floodplain (Australian Emergency Management Institute, 2013).

In order to understand the variation in flood risk across the catchment and where there may
be an unacceptable flood risk, flood risk mapping was prepared. As shown in Plate 11, flood
risk is defined as the likelihood of a particular flood occurring and the associated consequence
of that flood when it occurs (Australian Emergency Management Institute, 2013).

The likelihood of a particular flood occurring can be defined by the Annual Exceedance
Probability (AEP) and describes how frequently the community is exposed to a particular flood
hazard.

Consequences can be more difficult to define as they will vary depending on the magnitude
of the flood, the spatial variation in the depth and velocity of floodwaters (i.e., the flood
hazard), the vulnerability of the community, and the types and location of development and
utilities across the floodplain. For the purposes of this assessment, consequences were
defined based upon the potential for the floodwaters to pose a risk to life and damage
property, as outlined in Table 9. The potential for property damage was defined based upon
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the depth of above floor flooding and flood hazard categories described in Section 3.2.4 and
the potential for risk to life was defined based upon the flood hazard categories only.

Plate 11 Components of Flood Risk (Smith & McLuckie, 2015)

Table 9 Definition of Consequences (McLuckie, 2015)

clean-up essential requiring high costs and lengthy
recovery over several months before the house is made
habitable.

Potential for injury

Consequence Description Adopted Criteria

Building surrounded by floodwaters but flooding limited Floodwater more than

e to areas outside the dwelling, only external property 0.3 metres below floor level

Insignificant damaged including gardens, fences and yard contents and
No risk to human life Hazard category H3 or below
Very shallow over floor flooding of garages / sheds but No above floor flooding but
. excluding the house (depth of above floor flooding <- floodwater less than 0.3 metres

Minor 0.3m). below floor level and
No risk to human life Hazard category H3 or below
Relatively shallow over floor flooding (less than 0.3 Above floor flooding to a depth
meters deep). Damage mostly limited to carpets, of less than 0.3 metres and
moisture absorbent furniture at ground level, low level Hazard category H3 or below
fixtures and fittings and the lower part of walls. Damage

Moderate limited to contents which cannot be raised or moved
away. Repairs not critical and dwelling habitable with
only clean-up.
No risk to human life
Considerable damage likely to building itself, electrical Above floor flooding depth to a
services, fixtures such as kitchens and ovens, and white depth of greater than 0.3m or
goods, furnishings and furniture (above floor flooding Hazard H4
) depth > 0.3m). Extensive repairs, replacement and
Major

Catastrophic

Extensive damage to building structure, possibly
resulting in total loss through collapse. Loss of all
household contents not previously removed from the
site. Serious, sudden, unexpected, uninsurable financial
loss.

Potential for death

Hazard H6 (structural failure)

Hazard H5 or H6 (potential for
death)
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The likelihood and consequences were combined to estimate the flood risk at each property
within the catchment for each design flood based upon the risk matrix presented in Table 10.
The resulting flood risk maps are presented in Figures A12 to A15.

Table 10 Flood Risk Matrix for the Wyong River catchment (Australian Emergency Management Institute,

2013)
Consequence
Likelihood
Insignificant Minor Moderate Catastrophic

Almost Certain (20% AEP) Low Medium High
Likely (5% AEP) Low Medium Medium High
Rare (1% AEP) Low Medium Medium High
Extremely Rare (PMF) Low Medium High

3.6 Climate Change Impacts

Climate change refers to a significant and lasting change in weather patterns arising from both
natural and human induced processes. The Office of Environment and Heritage’s 'Practical
Consideration of Climate Change' states that climate change is expected to have adverse
impacts on sea levels and rainfall intensities in the future.

Increases in rainfall intensities would produce increases in runoff volumes across the
catchment. This, in turn, would likely produce an increase in the depth, extent and velocity of
floodwaters. Furthermore, increases in ocean levels are likely to produce a commensurate
increase in Tuggerah Lake levels which may also increase the severity of flooding across the
catchment.

Although there is considerable uncertainty associated with the impact that climate change
may have on rainfall and ocean levels, it was considered important to provide an assessment
of the potential impact that climate change may have on the current flood risk across the
catchment.

Therefore, additional 1% AEP simulations were completed to reflect the following potential
future rainfall intensity increases:

& 15%increases in rainfall and 0.4m increase in Tuggerah Lake water level
® 30% increase in rainfall and 0.9m increase in Tuggerah Lake water level

Peak 1% AEP inundations extents were extracted from the results of the climate change

simulations and are presented in Figures A16 and A17. The inundation extents for ‘existing’
conditions is superimposed for comparison.
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The total area exposed to inundation, the number of buildings exposed to above floor
inundation as well as the total 1% AEP flood damages were also extracted from the results of
each climate change simulation and are presented in Table 11.

Table 11 Predicted Climate Change Impacts

Climate Change

Metric Existing 15% Increase in Rainfall & | 30% Increase in Rainfall &
0.4m Increase in Tuggerah | 0.9m Increase in Tuggerah
Lake Level Lake Level
Inundated Area (km?) 57.5 59.4 (3.3% increase) 61.4 (6.8% increase)
Buildings Flooded 508 663 (31% increase) 955 (88% increase)
Above Floor Level
Fl Dam

ood Damage 77.3 118 (53% increase) 172 (123% increase)

($ millions)

As shown in Figure A16, Figure A17 and Table 11, climate change has the potential to cause
increases to existing inundation extents. The changes in inundation extents are relatively
minor across the upper catchment, where the floodplain is quite narrow and are more
noticeable across the flatter sections of the catchment downstream of the Pacific Highway.

Despite the relatively small changes in inundation extents, there are predicted to be some
significant changes to the number of buildings predicted to be exposed to above floor
inundation during the 1% AEP flood. The number of buildings exposed to above floor
inundation is predicted to increase by nearly 90% during the 30% increase in rainfall scenario
(with 0.9m increase in Tuggerah Lake level). Flood damages are predicted to increase by over
120% as a result of the additional inundation depths.

Accordingly, climate change does have the potential to significantly increase the existing flood
risk and the potential financial impacts of future floods. It needs to be acknowledged that
there is still considerable uncertainty associated with climate change predictions. Although
current information suggests rainfall intensity and sea level rise increases are not predicted to
reach the upper limits considered as part of this study by 2090, this will need to be closely
monitored as the catchment does appear to be sensitive to any change in flood producing
rainfalls and changes to Tuggerah Lake water levels.

3.7 Summary of Flooding “Trouble Spots”

The information presented in this section indicates that the following areas are likely to
experience significant property damage, risk to life and/or evacuation difficulties during floods
within the Wyong River catchment:

® Yarramalong valley

® Rural residential properties located in the vicinity of Deep Creek including Yarramalong
Road, Old Maitland Road, Collies Lane, McPherson Road and Mardi Road.

The Tuggerah straight industrial area

&

& Properties in the vicinity of South Tacoma and Tacoma.
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6
¢

Properties in Wyong adjoining Panonia Road and Boyce Avenue
The Wyong Aged Care facility

Climate change induced rainfall intensity and Tuggerah Lake level increases have the potential
to further increase the flood risk across these areas above existing levels. More Specifically:

6

A 15% increases in rainfall coupled with a 0.4m increase in Tuggerah Lake level is
predicted to result in 155 additional properties being subject to above floor flooding
during the 1% AEP event, increasing flood damage costs by 53% above “existing” levels

A 30% increases in rainfall with a 0.9m increase in Tuggerah Lake level is predicted to
result in 447 additional properties being subject to above floor inundation during a 1%
AEP flood. Flood damage costs are also predicted to increase by over 120% relative to
existing conditions.
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4 CURRENT PLANNING MEASURES

4.1 Overview

Appropriate land use planning is one of the most effective measures available to floodplain
managers, especially to control future risk but also to reduce existing flood risks as
redevelopment occurs. The management and development of flood prone land must be
undertaken within the current legislative, policy and planning framework. This chapter
summarises the main, relevant legislation, policy and guidelines that affect the development
of land in the Central Coast Council area (former Wyong Local Government Area).

4.2 National Provisions

4.2.1 Building Code of Australia

The 2013 edition of the Building Code of Australia (BCA) introduced new requirements related
to building in flood hazard areas (FHAs), which provide a minimum construction standard
across Australia for specified building classifications in FHAs up to the defined flood event
(DFE). The newly released 2016 edition of the BCA retains the Performance Requirements and
Deemed-to-Satisfy (DTS) provisions set out in the 2013 edition for construction in a FHA.

The DFE is analogous to the planning flood event previously described in Section 3.3 and is
most commonly the 1% AEP flood. FHAs are defined in the BCA as encompassing land lower
than the flood hazard level (FHL), which in turn is defined as ‘the flood level used to determine
the height of floors in a building and represents the DFE plus the freeboard’. Therefore, FHAs
would typically be defined as those areas falling within the flood planning area previously
described in Section 3.3.

Volume One, BP1.4 and Volume Two, P2.1.2 specify the Performance Requirements for the
construction of buildings in FHA. They only apply to buildings or parts of Class 1, 2, 3, 4,
(residential) and 9a health-care buildings and 9c aged-care buildings. These Performance
Requirements require a building in a FHA to be designed and constructed to resist flotation,
collapse and significant permanent movement resulting from flood actions during the DFE.
The actions and requirements to be considered to satisfy this performance requirement
include but are not limited to:

& flood actions;

elevation requirements;

foundation and footing requirements;

requirements for enclosures below the flood hazard level;
requirements for structural connections;

material requirements;

requirements for utilities; and

L N W N S N

requirements for occupant egress.
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The DTS provisions of Volume One, B1.6 and Volume 2, 3.10.3.0 require buildings in the classes
described above and located in FHAs to comply with the ABCB Standard for Construction of
Buildings in Flood Hazard Areas 2012 (the ABCB Standard).

The ABCB Standard specifies detailed requirements for the construction of buildings to which
the BCA requirements apply, including:

® resistance in the DFE to flood actions including hydrostatic actions, hydrodynamic
actions, debris actions, wave actions and erosion and scour;

& floor height requirements, for example that the finished floor level of habitable rooms
must be above the flood hazard level (FHL);

& the design of footing systems to prevent flotation, collapse or significant permanent
movement;

& the provision in any enclosures of openings to allow for automatic entry and exit of
floodwater for all floods up to the FHL;

& ensuring that any attachments to the building are structurally adequate and do not
reduce the structural capacity of the building during the DFE;

& the use of flood-compatible structural materials below the FHL;

& the siting of electrical switches above the FHL, and flood proofing of electrical conduits
and cables installed below the FHL; and

® the design of balconies etc. to allow a person in the building to be rescued by
emergency services personnel, if rescue during a flood event up to the DFE is required.

Building Circular BS13-004 (NSW Department of Planning and Infrastructure, 2013)
summarises the scope of the BCA and how it relates to NSW planning arrangements. The
scope of the ABCB Standard does not include parts of FHA that are subject to flow velocities
exceeding 1.5 m/s, or are subject to mudslide or landslide during periods of rainfall and runoff,
or are subject to storm surge or coastal wave action. Itis particularly noted that the Standard
applies only up to the defined flood event (DFE), which typically will correspond to the level
of the 1% AEP flood plus 0.5m freeboard. The Building Circular emphasises that because of
the possibility of rarer floods, the BCA provisions do not fully mitigate the risk to life from
flooding.

The ABCB has also prepared an Information Handbook for the Construction of Buildings in
Flood Hazard Areas. This Handbook provides additional information relating to the
construction of buildings in FHA, but is not mandatory or regulatory in nature.

In the NSW planning system, the BCA takes on importance for complying development under
the State Environmental Planning Policy (Exempt and Complying Development Codes) 2008
(see Section 4.3.2). Currently, certain development on the floodplain is also required to satisfy
the requirements of the BCA under Wyong Development Control Plan 2013. The Building
Circular also indicates that following development approval, an application for a construction
certificate (CC) will require assessment of compliance with the BCA.
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4.3 State Provisions

4.3.1 Environmental Planning and Assessment Act 1979

The NSW Environmental Planning and Assessment Act 1979 (EP&A Act) creates the
mechanism for development assessment and determination by providing a legislative
framework for development and protection of the environment from adverse impacts arising
from development. The EP&A Act outlines the level of assessment required under State,
regional and local planning legislation and identifies the responsible assessing authority.

Section 117 Directions — Direction No. 4.3 (Flood Prone Land)

NSW flood related planning requirements for local councils are set out in Ministerial Direction
No. 4.3 Flood Prone Land, issued in 2007 under section 117 of the EP&A Act. It requires
councils to ensure that development of flood prone land is consistent with the NSW
Government’s Flood Prone Land Policy as set out in the NSW Floodplain Development Manual
(NSW Government, 2005). It requires provisions in a Local Environmental Plan on flood prone
land to be commensurate with the flood hazard of that land. In particular, a planning proposal
must not contain provisions that:

® permit development in floodway areas;

& permit development that will result in significant flood impacts to other properties;
& permit a significant increase in the development of that land;
6

are likely to result in a substantially increased requirement for government spending on
flood mitigation measures, infrastructure or services; or

® permit development to be carried out without development consent except for the
purposes of agriculture, roads or exempt development.

The Direction also requires that councils must not impose flood related development controls
above the residential flood planning level (typically the 1% AEP flood plus 0.5m freeboard) for
residential development on land, unless a relevant planning authority provides adequate
justification for those controls to the satisfaction of the Director-General.

Section 149 Planning Certificates

Planning certificates are a means of disclosing information about a parcel of land. Two types
of information are provided in planning certificates: information under Section 149(2) and
information under Section 149(5) of the EP&A Act.

A planning certificate under Section 149(2) discloses matters relating to the land, including
whether or not the land is affected by a policy that restricts the development of land. Those
policies can be based on identified hazard risks (Environmental Planning and Assessment
Regulation 2000, Clause 279 and Schedule 4 Clause 7), and whether development on the land
is subject to flood-related development controls (EP&A Regulation, Schedule 4 Clause 7A). If
no flood-related development controls apply to the land (such as for residential development
in so-called ‘low’ risk areas above the flood planning level, unless exceptional circumstances
have been granted), information describing the flood affectation of the land would not be
indicated under Section 149(2).
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A planning certificate may also include information under Section 149(5). This allows a council
to provide advice on other relevant matters affecting land. This can include past, current or
future issues.

Inclusion of a planning certificate containing information prescribed under section 149(2) is a
mandatory part of the property conveyancing process in NSW. The conveyancing process
does not mandate the inclusion of information under section 149(5) but any purchaser may
request such information be provided, pending payment of a fee to the issuing council.

4.3.2 State Environmental Planning Policies
State Environmental Planning Policies or SEPPs are the highest level of planning instrument
and generally prevail over Local Environmental Plans.

SEPP (Housing for Seniors or People with a Disability) 2004

State Environmental Planning Policy (Housing for Seniors or People with a Disability) 2004 aims
to encourage the provision of housing (including residential care facilities) that will increase
the supply of residences that meet the needs of seniors or people with a disability. This is
achieved by setting aside local planning controls that would prevent such development.

Clause 4(6) and Schedule 1 indicate that the policy does not apply to land identified in another
environmental planning instrument (such as Wyong LEP 2013) as being, amongst other
descriptors, a floodway or high flooding hazard.

SEPP (Infrastructure) 2007

State Environmental Planning Policy (Infrastructure) 2007 aims to facilitate the effective
delivery of infrastructure across the State by identifying development permissible without
consent. SEPP (Infrastructure) 2007 allows Council to undertake stormwater and flood
mitigation work without development consent.

SEPP (Exempt and Complying Development Codes) 2008

A very important SEPP is State Environmental Planning Policy (Exempt and Complying
Development Codes) 2008, which defines development which is exempt from obtaining
development consent and other development which does not require development consent
if it complies with certain criteria.

Clause 1.5 of the Codes SEPP defines a ‘flood control lot” as ‘a lot to which flood related
development controls apply in respect of development for the purposes of dwelling houses,
dual occupancies, multi dwelling housing or residential flat buildings (other than development
for the purposes of group homes or seniors housing)’. These development controls may apply
through a LEP or DCP. Exempt development is not permitted on flood control lots but some
complying development is permitted.

Clause 3.36C states that complying development is permitted on flood control lots where a
Council or professional engineer can certify that the part of the lot proposed for development
is not a flood storage area, floodway area, flow path, high hazard area or high risk area. The
Codes SEPP specifies various controls in relation to floor levels, flood compatible materials,
structural stability (up to the PMF if on-site refuge is proposed), flood affectation, safe
evacuation, car parking and driveways.
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In addition, Clause 1.18(1)(c) of the Codes SEPP indicates that complying development must
meet the relevant provisions of the Building Code of Australia (refer Section 4.2.1).

4.3.3 NSW Flood Related Manuals

Flood Prone Land Policy and Floodplain Development Manual, 2005

The overarching policy context for floodplain management in NSW is provided by the NSW
Flood Prone Land Policy, contained within the Floodplain Development Manual (NSW
Government, 2005). The Policy aims to reduce the impacts of flooding and flood liability on
individual owners and occupiers of flood prone property and to reduce private and public
losses resulting from floods, using ecologically positive methods wherever possible. The
Manual espouses a merit approach for development decisions in the floodplain, taking into
account social, economic, ecological and flooding considerations. The primary responsibility
for management of flood risk rests with local councils. The Manual assists councils in their
management of the use and development of flood prone land by providing guidance in the
development and implementation of local floodplain risk management plans.

Guideline on Development Controls on Low Flood Risk Areas, 2007

The Guideline on Development Controls on Low Flood Risk Areas — Floodplain Development
Manual (the Guideline) was issued on 31 January 2007 as part of Planning Circular PS 07-003
at the same time as the Section 117 Directive described previously. The Guideline is intended
to be read as part of the Floodplain Development Manual.

It stipulates that ‘unless there are exceptional circumstances, councils should adopt the
100 year flood as the flood planning level (FPL) for residential development’ and that “unless
there are exceptional circumstances, councils should not impose flood related development
controls on residential development on land ... that is above the residential FPL” .

Flood related development controls are not defined but would include any development
standards relating to flooding applying to land, that are a matter for consideration under
Section 79C of the EP&A Act.

The Guideline states that councils should not include a notation for residential development
on Section 149 certificates for land above the residential FPL if no flood related development
controls apply to the land. However, the Guideline does include the reminder that councils
can include ‘such other relevant factors affecting the land that the council may be aware [of]’
under Section 149(5) of the EP&A Act.

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. Justification
for exceptional circumstances would need to be agreed by relevant State Government
departments prior to exhibition of a draft local environmental plan or a draft development
control plan that proposes to introduce flood related development controls on residential
development.
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4.4 Local Provisions

In NSW, local government councils are responsible for managing their flood risk. A Local
Environmental Plan (LEP) is used to establish what land uses are permissible and/or prohibited
on land within the local government area (LGA), and sets out high level flood planning
objectives and requirements. A Development Control Plan (DCP) sets the standards, controls
and regulations that apply when carrying out development or building work on land.

A merger between Wyong Shire Council and Gosford City Council to form the Central Coast
Council was announced in May 2016. It is expected that in time this will mean the merging of
the two former councils’ LEPs and DCPs. At the time of preparing this report, development
applications within the study area continue to be assessed on the basis of the Wyong Shire
policies. So this section describes and reviews the flood-related controls within the existing
Wyong Shire policies, but also offers a few preliminary observations on similarities and
differences with the equivalent Gosford City policies, which the Central Coast Council may
wish to consider when it rationalises the two former councils’ planning policies.

4.4.1 Wyong Local Environmental Plan 2013

Wyong Local Environmental Plan 2013 (Wyong LEP 2013) outlines the zoning of land, what
development is allowed in each land use zone and any special provisions applying to land.
Wyong LEP is made up of a written instrument with maps. However, it is noted that the flood
planning maps that accompany the written instrument (as provided on the
http://www.legislation.nsw.gov.au website) do not reflect the latest flood mapping results (as
defined in the ‘Wyong River Catchment Flood Study’ (BMT WBM, 2014)).

Flood planning and floodplain risk management are addressed in clauses 7.2 and 7.3. These
are reproduced on the following page. Clause 7.2 relates to land at or below the flood
planning level. Clause 7.3 relates to land between the flood planning level and the PMF. The
flood planning level (FPL) is defined in Wyong LEP 2013 as ‘the level of a 1:100 ARI (average
recurrent interval) flood event plus 0.5 metre freeboard’.

Comparison with Gosford LEP 2014
Comparing these clauses to the equivalent clauses in Gosford LEP 2014, clause 7.2 appears to
be identical. This is unsurprising since both are based on a model clause.

However, there are significant differences in clause 7.3, since Wyong LEP 2013 lists 17 land
uses that prior to granting of development consent require council to be satisfied that the
development will not, in events exceeding the FPL, affect the safe occupation of, and
evacuation from, the land. In contrast, Gosford LEP 2014 only lists seven land uses (see Table
12).

On the whole, Wyong LEP 2013 adopts a more conservative approach, since child-care
centres, schools, home-based child care and seniors housing are all listed, whereas proposals
for such developments on flood prone land above the FPL would apparently not trigger the
same degree of scrutiny in Gosford LEP 2014. One exception is for residential care facilities,
which are appropriately included in clause 7.3(3) of Gosford LEP 2014 (but not in clause 7.3(3)
of Wyong LEP 2013). Gosford LEP 2014 evidently views caravan parks and tourist and visitor
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accommodation as sensitive uses requiring higher scrutiny, whereas Wyong LEP 2013 does
not.

7.2 Flood planning
(1) The objectives of this clause are as follows:
(a) to minimise the flood risk to life and property associated with the use of land,
(b) to allow development on land that is compatible with the land’s flood hazard, taking into account
projected changes as a result of climate change,
(c) to avoid significant adverse impacts on flood behaviour and the environment.
(2) This clause applies to land at or below the flood planning level.
(3) Development consent must not be granted to development on land to which this clause applies unless the
consent authority is satisfied that the development:
(a) is compatible with the flood hazard of the land, and
(b) is not likely to significantly adversely affect flood behaviour resulting in detrimental increases in the
potential flood affectation of other development or properties, and
(c) incorporates appropriate measures to manage risk to life from flood, and
(d) is not likely to significantly adversely affect the environment or cause avoidable erosion, siltation,
destruction of riparian vegetation or a reduction in the stability of river banks or watercourses, and
(e) is not likely to result in unsustainable social and economic costs to the community as a consequence of
flooding.
(4) A word or expression used in this clause has the same meaning as it has in the Floodplain Development
Manual (ISBN 0 7347 5476 0) published by the NSW Government in April 2005, unless it is otherwise defined
in this Plan.

7.3 Floodplain risk management

(1) The objectives of this clause are as follows:

(a) in relation to development with particular evacuation or emergency response issues, to enable
evacuation of land subject to flooding in events exceeding the flood planning level,

(b) to protect the operational capacity of emergency response facilities and critical infrastructure during
extreme flood events.

(2) This clause applies to land between the flood planning level and the level of a probable maximum flood.

(3) Development consent must not be granted to development for the following purposes on land to which this
clause applies unless the consent authority is satisfied that the development will not, in flood events
exceeding the flood planning level, affect the safe occupation of, and evacuation from, the land:

(a) air strips,

(b) air transport facilities,

(c) child care centres,

(d) correctional centres,

(e) educational establishments,
(f) electricity generating works,
(g) emergency services facilities,
(h) group homes,

(i) helipads,

(j) home-based child care,

(k) hospitals,

() hostels,

(m) public utility undertakings,
(n) respite day care centres,

(o) (Repealed)

(p) seniors housing,

(q) sewerage systems,

(r) water supply systems.

(4) A word or expression used in this clause has the same meaning as it has in the Floodplain Development
Manual (ISBN 0 7347 5476 0), published by the NSW Government in April 2005, unless it is otherwise defined
in this Plan.
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Table 12 Comparison of land uses in clause 7.3(3) of Wyong LEP 2013 and Gosford LEP 2014

Land use Wyong LEP 2013 Gosford LEP 2014

Air strips

M
M

Air transport facilities

Caravan parks 4]

Child care centres

Correctional centres/facilities

Educational establishments

Electricity generating works

Emergency services facilities

Group homes

Helipads

Home-based child care

Hospitals

Hostels

NNRNNRNNNRNRNRIRNRRKN
&

Public utility undertakings

Residential care facilities 4]

Respite day care centres

Seniors housing

N R~

Sewerage systems

Tourist and visitor accommodation 4]

Water supply systems M

Neither Council lists typical residential uses under clause 7.3(3). This is in keeping with the
2007 Guideline directing councils not to apply flood related development controls to
residential development above the standard FPL.

4.4.2 Wyong Development Control Plan 2013

Wyong Development Control Plan 2013 (Wyong DCP 2013) sets the design and construction
standards that apply when carrying out development within the LGA. It supports Wyong LEP
2013, which regulates the uses that are permissible on the land.

Chapter 3.3 Floodplain Management of Wyong DCP 2013 is reviewed below.

Flood precinct definitions

Wyong Council currently adopts four flood precincts. These are defined only in the matrix
included under Section 3.1 Prescriptive Criteria, and really require more precise definition
elsewhere in the chapter. The four precincts have been devised based on flood frequency,
flood hazard categorisation in the 1% AEP event using Figure L2 of the Floodplain
Development Manual (FDM), and hydraulic categorisation for which various methods have
been employed in the various flood studies:
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& Precinct 1: Land between the flood planning level or FPL (typically 1% AEP flood +
freeboard, where the freeboard varies between 0.5m for mainstream flooding and 0.3m
for overland flow inundation) and the probable maximum flood or PMF;

Precinct 2: Land below the FPL that is low hazard, flood fringe;

Precinct 3: Land below the FPL that is low hazard, flood storage;

Precinct 4: Land below the FPL that is high hazard;

Precinct 5 (not shown on the matrix): Land below the FPL that is floodway.

| N W W

It is understood that the additional descriptors in the matrix headings for Precincts 3 and 4
refer to particular flood studies that have used alternative methods for mapping these
categories — for Precinct 3, the 10% AEP extent, and for Precinct 4, the 50% AEP extent. The
inclusion of this additional text in the matrix — particularly if it does not describe the global
approach for mapping of precincts across the entire LGA — is misleading. It would be
preferable to prepare a new section entitled ‘Flood planning precincts’ describing the meaning
of the precincts, ideally accompanied by diagrams. Flood hazard and hydraulic categories
need to be defined in the glossary.

The adopted categories are convenient for aligning with the Floodplain Development Manual
and the Codes SEPP 2008. However, best practice for defining what might be called Flood
Planning Constraint Categories (FPCCs) has evolved to now recommend consideration of flood
function, flood hazard and emergency response constraints. Flood hazard definition now
draws upon national guidance described in Australian Disaster Resilience Guideline 7-3 Flood
Hazard (AIDR 2017), derived from research that more closely aligns combinations of hydraulic
hazard with consequences for vehicles, pedestrians and buildings Emergency response
constraint definitions are described in Australian Disaster Resilience Guideline 7-2 Flood
Emergency Response Classification of the Floodplain (AIDR 2017), highlighting the risks of
isolation and especially isolation then subsequent submergence. And a new guideline
describing how these various kinds of inputs can be incorporated into FPCCs has been
prepared — Australian Disaster Resilience Guideline 7-5 Flood Information to Support Land-use
Planning (AIDR 2017). It is therefore recommended that Council reassess how it is defining
and mapping its flood precincts. In particular, incorporating intrinsic topographical constraints
based upon flood evacuation within its FPCCs may give more appropriate weight to emergency
response issues.

Land use categories

The land use categories set out in the matrix are defined at greater length in Appendix A of
the DCP chapter. One potential point of contention is the way residential uses have been split
into either ‘Single Dwelling Houses’ or ‘Medium to High Density Residential’, since several
types of housing included in the latter including attached dwelling, dual occupancy, rural
workers dwelling, secondary dwelling and semi-detached dwelling are commonly regarded as
forms of low density housing. The types of ‘Critical Infrastructure and Facilities’ and ‘Sensitive
Uses and Facilities’ are consistent with those listed in clause 7.3(3) of Wyong LEP 2014. Itis
not immediately clear why camping grounds (listed under ‘Tourist Development’) are assessed
separately from caravan parks providing short-term accommodation. Charter and tourism
boating facilities are incorrectly listed both as a commercial use and as ‘Not Listed’.
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Risk compatibility categories
The matrix includes three categories, one of which is applied to each land use/flood hazard
combination:

® Flood related development controls do not apply

& Flood related development controls apply (refer to numbered prescriptive criteria
below)

& If the proposal is to be pursued further, a performance-based assessment is to be
provided demonstrating that the proposed development is compatible with the flooding
characteristics of the site (refer to Section 3.2 and Appendix C)

No flood-related development controls apply for all land uses in Precinct 1 except for ‘Critical
or Sensitive Facilities’” and ‘Land Subdivision’. Flood-related development controls do apply
for many land uses in Precincts 2 and 3. The third category applies to all land uses in Precinct
4 and many in Precincts 2 and 3 as well, being a requirement for a performance-based
assessment. It appears that this third category is used to indicate higher flood risk where
Council judges that the development opportunities are marginal, and/or where Council
desires greater scrutiny of development applications. The wording for this ‘orange’ category
could be amended to provide a stronger indication that development may not be compatible
with the risk. Or, for the highest risks, Council could consider introducing another category
that some other councils adopt: a red colour to indicate an unsuitable land use.

Existing prescriptive criteria: nature of controls

The type of development controls included in the prescriptive criteria is similar to most other
flood risk DCPs known to the consultants. The scope of these controls and a commentary on
their adequacy is set out below:

® Minimum floor levels for habitable and non-habitable rooms (controls 2ab, 3a). These
are set to the 1% AEP flood level plus 0.5m freeboard (habitable), the 5% AEP level (non-
habitable) or the PMF (for critical or sensitive facilities), which accords with common
practice.

& Minimum levels for electrical fittings, internal sewer fixtures and external gully
overflow rises, as per the Building Code of Australia (BCA) (2c). These explicit provisions
go beyond those contained in many other flood risk DCPs. In relation to electrical
fittings, it is noted that the ABCB Standard also requires waterproofing of any conduits
or cables stored below the ‘flood hazard level’ (equivalent to the FPL).

® Minimum levels of open car parking spaces, carports and driveways (2d). These are set
to the 5% AEP flood level, which accords with common practice. It is noted that the DCP
chapter includes a separate section (4.2) on car parking, which requires a maximum of
300mm still water inundation (but does not specify which design event this is for). The
need to consider both sections, with different standards, risks confusion.

® Access and egress for pedestrian and emergency services’ vehicles during flooding, to
an area of refuge (2fg, 3bc, 4bc). These criteria draw upon the concept of hydraulic
hazard (combinations of depths and velocities). More precise definitions of the hazard
specifically relating to pedestrian and vehicular stability and using the current
understanding of best practice are required to support these clauses, lest the coarser
understanding of hazard described in Figure L2 of the FDM (and which is currently used
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for defining the flood precincts) be used instead. Secondly, the current criterion
requiring low hazard access during a 1% AEP flood does not appear to adequately
safeguard risk to life in rarer flood events. Other DCPs do not place a limit on flood
frequency for safe evacuation, though they do allow for effective warning time. Thirdly,
it is recommended that the current criterion requiring — for most land uses — pedestrian
egress to an appropriate point of refuge located above the FPL, be amended to require
egress to land above the PMF. In principle, it is desirable that people be able to
evacuate out of the floodplain entirely to effectively manage the residual risk to life.
Whilst the distance between the FPL extent and the PMF extent for the Wyong River
floodplain is generally modest, the height difference between the two is substantial
(e.g., > 2.5 metres for much of the floodplain between the Pacific Motorway and the
Pacific Highway), which commends evacuation out of the floodplain.

Structural integrity of the building (2h). This control is fairly standard. However, in the
consultants’ opinion, this control should be satisfied for the PMF for critical or sensitive
facilities permitted to be built in the floodplain (i.e. it should be added to control 3). The
floor level for sensitive uses is set at the PMF level, presumably to provide a refuge of
last resort above the reach of floodwaters and to reduce the urgency of evacuation, so it
makes sense that the building is also structurally capable of withstanding a PMF.

Flood compatible materials (2i). It is recommended that this criterion be explicitly
linked to Appendix B of the DCP chapter to better convey the full scope of building
components that should be flood compatible. Also, in the consultant’s opinion, this
control should be satisfied for the PMF for critical or sensitive facilities permitted to be
built in the floodplain (i.e. it should be added to control 3).

Flood effects elsewhere in the floodplain (2], 4e). This control is fairly standard.
Arguably, criterion 2j should not be confined to flood effects in events up to the 1% AEP
flood, since a development could have negligible effects in the 1% AEP flood but
unacceptable effects in rarer floods. In the consultant’s opinion, flood effects should be
considered for the PMF for critical or sensitive facilities permitted to be built in the
floodplain (i.e. it should be added to control 3).

The impacts of climate change (2k, 3d, 4f). The requirement to consider the impacts of
climate change is expressed more like an objective than a prescriptive criterion and
provides no guidance on how the impacts of climate change should be considered. A
section under ‘Performance-based assessment’ provides a little more detail, implying
that appropriate (sea level rise?) benchmarks have been incorporated into (some?)
design flood information, and suggesting that development controls might be relaxed
for development proposals involving shorter asset lives. In consultation with the former
Gosford City Council, and perhaps also with reference to Lake Macquarie DCP 2014 (Part
3, Section 2.9, Revision 6 adopted Dec 2015), it is recommended that Council review the
climate-change related provisions of the DCP chapter. For example, higher FPLs
incorporating a 2100 sea level rise could be justified for medium- and high-density
development, since these are likely to have longer asset lives than low density housing.

Filling of floodplains (5). This prescriptive criterion that applies to single dwellings in
Precinct 3 requires ‘No filling allowable apart from area of building footprint, open car
parking areas and driveway’. However, the DCP chapter includes a separate section
(4.3) on filling of flood prone land, which states that filling for any purpose including the
raising of a building platform in flood-prone areas is not permitted in Precinct 3 (unless a
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FRMP that allows filling has been adopted) and that filling of individual sites in isolation
is not permitted. The prescriptive criterion appears to be inconsistent with the later
section, risking confusion.

® Evacuation plans (6, 9). This criterion requires, for commercial/industrial uses in
Precinct 2 and caravan parks with short-term sites in Precincts 2 or 3, the preparation of
an evacuation plan ensuring safe evacuation of people in a 1% AEP flood. The NSW SES
has indicated that it does not support a requirement for private evacuation plans as a
condition for consent. The SES is concerned that plans may be used to justify new
development that is inappropriate for the degree of flood hazard and provide only a
false sense of security given the known difficulties with sustaining local commitment,
ownership and systems to implement a private evacuation plan (see Section N7 of the
Floodplain Development Manual, 2005). But in the case of the existing Wyong DCP’s
controls for commercial/industrial uses, the prescriptive control for flood evacuation
plans is applied only to low hazard/flood fringe parts of the floodplain (below the Flood
Planning Level), and is just one of a suite of controls, and therefore does not function as
the kind of control causing particular concern to the SES, namely that an evacuation plan
is trying to overcome an underlying flood risk that would otherwise be considered too
high to permit approval’ (S. Opper, Developers’ Guide, 2013). In that context, the
requirement for an evacuation plan to raise awareness and preparedness is considered
fitting. Indeed, S43 of the Work Health and Safety Regulation 2017 requires businesses
in NSW to prepare, maintain and implement an emergency plan. As the SES recognises,
however, a requirement for ‘maintenance free’ emergency management measures is
spurious, because all systems will require maintenance to ensure the timely and safe
evacuation of people. One regulatory mechanism to provoke maintenance of plans
could be to require new plans to be submitted whenever there is a change of use of a
business. In the case of caravan parks, Council could condition an annual approval to
operate to require updated plans. There, a more robust assessment of evacuation
capability (other than simple provision of a Plan) is recommended (see ‘Caravan parks —
short term sites’). It is also preferred that this clause be amended to require safe
evacuation in the PMF, which may be faster rising as well as higher and faster than the
1% AEP event. It is considered fitting and simpler to require this to be prepared by a
‘flood risk management professional’. It is noted that criterion 9 requires evacuation
plans where single dwelling houses are used for short-term rental accommodation. But
it is unclear what mechanism Council uses to invoke this control, since residents may not
require Council’s prior approval for this activity.! It is also unclear why this provision
applies to single dwellings in Precinct 2 (which could qualify for complying development
under the Codes SEPP 2008) and not Precinct 3.

& Community awareness (7). Criterion 7 includes an interesting requirement for signage
indicating the flood hazard of an area. According to the matrix, this is required for single
dwelling houses, agriculture and recreation and sheds/garages/ancillary residential uses
in Precinct 3. In the consultants’ opinion, it may be impractical to require this signage

L A dwelling containing 4 bedrooms or less may qualify as exempt development under Wyong LEP 2013.
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on all the land uses included under ‘Agriculture and Recreation’ and ‘Sheds etc’, which
include farm buildings and gazebos. It would also be of interest to learn how well the
installed signage is displayed and maintained at single dwelling houses, since sellers
could have an incentive to obscure the signage.

It is also noted that some development controls often listed as prescriptive controls are
treated separately in Wyong DCP 2013, such as hazardous materials (4.5).

Currently, Wyong DCP 2013 does not promote on-site refuge. The merits of evacuation and
on-site refuge as strategies for managing risk to life are assessed in Section 5.4.2. Early
evacuation to areas above the PMF is the preferred emergency management response for
much of the floodplain. It is noted that in places like Tacoma and South Tacoma where the
duration of flooding can be long (especially from flooding of Tuggerah Lake) and where
sewerage and water services may fail, ‘sitting it out’ is by no means comfortable or risk free,
and it is possible that residents may need to be rescued or resupplied, which increases the
burden on the SES.

However, judging by responses to the community questionnaire, existing behaviours are out
of synch with desirable behaviours, with most people indicating they would remain at their
homes in a flood emergency, including respondents from Tacoma and South Tacoma (see
‘current responses’ in Table 14).

One approach would be for sustained community education to persuade residents of the need
for early evacuation. But while investments in community education are undoubtedly
required, if the experience of Lismore in the March 2017 flood is any guide — where a majority
of people did not evacuate despite significant investment in flood education (Gissing et al.,
2017; K. Haynes, 16/5/17, pers. comm.) — education is no guarantee of changed behaviours.
For the Wyong River floodplain, achieving higher levels of compliance with Evacuation Orders
will also likely require strategies to manage animals and to provide security for evacuated
properties (see Section 2.5). But whether the NSW Police Force would have resources
available to satisfy would-be evacuees that their properties would be secure is doubtful.

Another approach is to include controls in the DCP that enable safer on-site refuge, as the
existing housing stock is redeveloped. Among the controls would be requirements for a
portion of habitable floor area above the PMF (and not in an enclosed roof space but with
opportunity for boat rescue from the refuge) and for the building to withstand the forces of
floodwater, buoyancy and debris in a PMF. (Whether Department of Planning approval for
‘exceptional circumstances’ is needed for the application of such controls to dwellings located
on land within the Flood Planning Area requires clarification). On-site refuge would not be
permitted where PMF hazard conditions are such as to endanger building structures. The DCP
could also be designed such that, for development on the floodplain, the option of on-site
refuge is confined to infill and ‘knock-down-and-rebuild’ developments and proscribed from
greenfield development sites (e.g. new subdivisions), for which evacuation along rising grades
to land above the PMF would be required. A potential objection to the inclusion of controls
for safer on-site refuge in the DCP is the disincentive it could provide to evacuation. This is
possible but is not considered a persuasive reason for denying residents a back-up option in
the event that for whatever reason evacuation is not completed in time.
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Existing prescriptive criteria: risk considerations
The application of the existing prescriptive criteria to each land use is considered below:

é

Single Dwelling Houses. One striking feature of the existing controls is the different
controls applied to Precincts 2 and 3. Proposed single dwelling houses in Precinct 3 must
obtain a professionally certified report meeting the full scope of controls described
above with the exception of evacuation plans, whereas proposed houses in Precinct 2
must demonstrate that the proposal meets the requirements of the Building Code of
Australia (BCA). In fact, there are substantial similarities between the controls and the
requirements of the BCA, including the requirement that minimum habitable floor levels
be at the level set by Council namely 1% AEP flood level plus 0.5m freeboard. Two
concessions for proposed houses in Precinct 2 (since they are not requirements under
the BCA) are (i) the absence of requirements to demonstrate safe access/egress in a 1%
AEP flood; (ii) the absence of a requirement to ensure no adverse flood effects in the
floodplain. It is unclear why these controls are not required for all single dwelling
houses below the flood planning level.? Possibly the intention was to align with the
Codes SEPP 2008, which can be used for proposed single dwelling houses in Precinct 2.
But the requirement only to meet the requirements of the BCA requires less than the
Codes SEPP 2008, since the latter does require safe evacuation and professional
certification that the development will not have adverse flood effects. The BCA
acknowledges that it does not completely address risk to life. It may also not be
straightforward for a developer to discover the precise requirements of the BCA. These
considerations suggest that the prescriptive criteria (2a-k) applied to single dwelling
houses in Precinct 3 should also be applied to Precinct 2. For both precincts, it does not
appear to be necessary that every criterion from 2a to 2k be certified in a joint report by
a professional engineer who specialises in hydraulic engineering and a professional
engineer who specialises in civil engineering. The Codes SEPP 2008 limits this
requirement to the prescriptive controls related to structural stability and flood
affectation. The text could be reworded to effect this change.

Agriculture & Recreation. Farm buildings and minor structures associated with a
recreational usage are often regarded as more risk-tolerant, which sometimes sees
them permitted in high hazard zones and with lower minimum floor level (e.g. 5% AEP
level). Wyong DCP 2013 requires a more onerous performance-based assessment for
these to be approved within a high hazard area, though non-habitable rooms may be set
at the 5% AEP flood level.

Sheds/Garages/Ancillary Residential. These land uses are treated virtually the same as
single dwelling houses. This might be considered somewhat conservative given the
consequences of their inundation are likely to be less pronounced than for houses
(though it is understood Council has received development applications for very large

2 The absence of a control relating to flood effects for single dwelling houses in Precinct 2 is probably tied to the
very definition of the precinct, being flood fringe, typically mapped by modelling whether the loss of flood storage
or conveyance from development significantly affects flood behaviour elsewhere.
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sheds in rural zones). A number of other DCPs, for example, set the minimum floor level
of small garages at the 5% AEP level rather than the 1% AEP level.

Commercial and Industrial. At first glance, it appears that the matrix treats commercial
and industrial uses as less flood tolerant than single dwelling houses, since the ‘orange’
colour code triggering a performance-based assessment is used for commercial/
industrial but not for single dwellings. But Council has indicated that this is more a
reflection of the desire for greater scrutiny of these development applications.

Medium to High Density Residential. Medium and high density residential
developments require closer scrutiny through a performance-based assessment, which
is considered appropriate.

Critical or Sensitive Facilities. These land uses are not necessarily excluded from the
floodplain as they are in some other DCPs, but the controls do require floor levels above
the PMF (and as argued above, should also require structural integrity, etc.).

Land Subdivision. A fairly comprehensive clause sets out the prescriptive criteria for
land subdivision, including consideration of risks in a PMF event. For a greenfield
subdivision, the use of conservative climate change benchmarks could be justified.

Tourist Development. At first glance it appears that the matrix treats tourist
development quite conservatively, since the ‘orange’ colour code triggering a
performance-based assessment is used for Precincts 2, 3 and 4. Possibly this is in
recognition of the high vulnerability of tourists, who may lack an appreciation for local
hazards such as flooding. Nevertheless, camping grounds might be more appropriately
aligned with the following land use category — short-term sites in caravan parks. The
risk to life will still require robust management.

Caravan Parks — Short-term Sites. Apart from a limit on filling, the only control placed
on the development of caravan parks with short-term sites in the DCP relates to
ensuring safe evacuation in a 1% AEP flood. This could be strengthened by extending
the controls on access and egress (2fg, suitably amended) to these caravan parks, and by
explicitly requiring an evacuation capability assessment that compares the time
available for evacuation to the time required for evacuation (given the proposed
number of sites and resources available) and which may conclude that site-specific flood
warning infrastructure is required to increase the time available. Also, often a PMF is
typically faster rising than a 1% AEP flood, and the precautionary principle requires that
safety be demonstrated in a worst-case scenario. For this reason, it is suggested that for
a proposed caravan park (or caravan park expansion, or camping ground), timely and
safe evacuation should be demonstrated for both a 1% AEP flood and the PMF. Also, it
is understood that installations of relocatable homes on short-term caravan park sites
and the provision of information to prospective short-term patrons of caravan parks are
governed in the Wyong LGA through the Local Government Act 1993 (see especially
sections 68 and 94) and the Local Government (Manufactured Home Estates, Caravan
Parks, Camping Grounds and Moveable Dwellings) Regulation 2005 (see especially
clauses 75 and 123). It may be prudent to include in the DCP language such as this:
‘Where development applications do not involve the concurrent request for approval
for the installation of moveable dwellings in accordance with Section 68 of the Local
Government Act 1993, the applicant must demonstrate that the proposal could achieve
compliance with the Act and Regulation when seeking such approvals.” Council should
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also consider conditioning annual approvals to operate a caravan park to ensure that
their Flood Emergency Plans, and any infrastructure required for effective evacuations,
are suitably maintained.

Performance-based assessment

Section 3.2 of the DCP chapter and Appendix C set out requirements for seeking development
approval using performance-based assessment. Section 3.2 may be used to justify minor
variations to the prescriptive controls, whereas the weightier Appendix C needs to be
addressed for large scale proposals or significant variations. Section 3.2 contains fairly
standard provisions, though Council could include an additional item to gain confidence that
risk to life will be satisfactorily managed, such as ‘The proposal should only be permitted
where effective warning time and reliable access is available for evacuation from an area
potentially affected by floods to an area free of risk from flooding’. Appendix C appears to be
in need of reworking to remove duplication and streamline the text.

Concessional development

Section 3.4 of the DCP chapter allows for minor additions to existing buildings at floor levels
lower than the FPL. Any proposal to be considered as concessional development must also
comply with the Building Code of Australia (excluding, presumably, the requirements in the
BCA for minimum floor levels). The section includes a note to indicate that concessional
development is not supported in high hazard areas.

Some other DCPs define concessional development more broadly, including rebuilding of
dwellings or redevelopments that substantially reduce the flood risk to life and property.
Council could consider including such a provision, which is aimed at reducing the existing risk
even if not to the standards required for new development, and is judged to be a better
outcome than effectively sterilising the floodplain with the existing risk left untreated. What
constitutes a substantial reduction in flood risk to life and property could be articulated, for
example, a reduction in the number of people exposed to flood hazards through a less dense
use, and reduced exposure through higher floor levels even if not quite meeting the level
stipulated for new buildings. The installation of a site-specific flood warning system, or
preparation of a private flood evacuation plan, or other systems to improve response, would
not normally meet the threshold of ‘substantial’ reductions of existing flood risk.

Fencing

The DCP chapter includes a section (4.1) setting out objectives and requirements related to
fencing on flood prone land. It may be desirable to prepare prescriptive criteria to indicate
what flood planning precincts this issue pertains to (presumably not Precinct 1?). Also,
diagrams presenting suitable fencing solutions (siting, materials, design) may assist developers
to apply this provision.

Car parking

The DCP chapter includes a section (4.2) setting out objectives and requirements related to
car parking on flood prone land. As noted earlier, the prescriptive controls matrix includes a
requirement for the level of a car park that does not synch smoothly with this section. It is
recommended that this text be reviewed to more precisely describe the requirements
including the design flood in view (1% AEP?) and drawing upon the depth-velocity (hazard)
criteria for vehicle stability. Also, the risk to life in low set basement car parks may require
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more robust controls by articulating minimum driveway crest levels (e.g. 1% AEP + 0.5m
freeboard) and requiring adequate warning systems, signage and exits where basement floor
levels are more than 0.8m below the 1% AEP level.

Comparison with Gosford DCP 2014

Flood risk in the former Gosford Council area is managed through chapter 6.7 of Gosford DCP
2014, being ‘Water Cycle Management’, which seeks to apply the principles of Water Sensitive
Urban Design (WSUD), Integrated Water Cycle Management (IWCM) and flood mitigation in
the LGA. One of these principles is to ‘reduce risk to life and damage to property by restricting
and controlling building and other development so that it minimises risks to residents and
those involved in rescue operations during floods’ (6.7.2). Section 6.7.7.6 sets out ‘Flooding
Targets’ aimed at reducing the impact of flooding on flood prone property. The objectives of
these targets are similar to — but not precisely the same as — the objectives of the Floodplain
Management chapter of Wyong DCP 2013. Gosford DCP 2014 provides considerable detail
for the preparation of local flood studies where catchment flood studies are not available to
define flood behaviour. The policy explains how flood-related development controls may
apply for any development on flood prone land (up to the PMF) for the purposes of
subdivision, earthworks, the erection of a building etc., but will not apply for development for
the purposes of residential accommodation (other than group homes and seniors housing) on
flood prone land that is not in the flood planning area (i.e. land that is above 1% AEP + 0.5m
freeboard but below the PMF).

Unlike Wyong’s DCP, Gosford does not appear to differentiate flood planning precincts for the
floodplain, which could make it more difficult to ascertain what residential development could
qualify as complying development in the Codes SEPP 2008. While it uses a form of a matrix,
this differs from most other matrices in that it does not relate flood planning categories to
acceptable, tolerable or unacceptable land uses. Gosford’s matrix lists six land uses in
comparison to Wyong’s ten. One noteworthy difference is the distinction Gosford makes
between rural and urban residential buildings (with additional controls on access for the
former), and Gosford’s non-usage of a medium to high density residential category. Both DCPs
allow for concessional development, but Gosford permits a smaller addition when the existing
floor level is well below the FPL. Both DCPs require consideration of the PMF for subdivisions,
but Gosford’s DCP is more conservative in explicitly stating that ‘Subdivision of land will not
be permitted for the purpose of creating additional lots within the flood planning area’,
whereas subdivision in Wyong could conceivably be permitted even at the 5% AEP level.
Gosford’s controls on access for sensitive developments are more conservative than Wyong's,
since for Gosford the access roads and driveways must be above the PMF. Gosford’s controls
on fencing are more detailed and prescriptive than Wyong’s.

Gosford’s matrix includes a control ‘C’ entitled ‘Flood impacts’ that appears to function as a
kind of organic catch-all, with 30 controls that must be considered for all proposed land uses
within the flood planning area (and for some land uses, within the PMF floodplain). Some of
these controls (e.g. most of the first 10) are expressed in the language of performance criteria,
which could make for lengthier DA assessment as Council staff consider each application on
its merits with fewer prescriptive criteria to guide the assessment. Nonetheless, Gosford’s
DCP utilises a similar scope of controls to Wyong’s including minimum habitable/non-
habitable floor levels, flood-compatible building components, flood effects and filling. Two
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differences are Gosford’s requirements for detailed assessment and management of overland
flow paths, and, for low lying land, assessment of the ongoing viability of the land including
road access associated with an adopted sea level rise of 0.9m for the year 2100, assuming a
design life for the development.

This brief review has shown that while the objectives of the two former council’s flood risk
management DCP chapters are similar, the location differs (Gosford’s being more aligned with
water cycle management), the approach to floodplain mapping differs (Gosford effectively
adopting two precincts being land in the flood planning area and land between the flood
planning level and the PMF level), the style of the controls differs (Gosford not explicitly using
an objectives—performance-based—prescriptive criteria hierarchy) and the judgments about
the tolerability of risk differ (Gosford on the whole adopting a more conservative approach
e.g. with respect to concessional development, subdivisions, access to sensitive
developments, and the incorporation of sea level rise benchmarks). To combine the two
approaches into one is likely to require considerable discussion to pick and choose elements
of both that best accord with industry best practice, mindful of the particular issues pertinent
to the Central Coast LGA.

In considering ways to join the two flood DCP chapters into one, it is also worth noting that
some LGAs adopt different flood risk matrices for different styles of flooding within their LGAs,
since varied responses might be appropriate. In the case of Central Coast LGA, it might be
appropriate to have matrices for the following types of floodplains:

& Land adjacent to the large lakes where the flood height range is relatively low, the time
to peak is relatively long, flood duration is relatively long, and sea level rise is likely to
influence future flood levels;

® Land subject to flash flooding from creeks and rivers where the flood height range is
higher, the time to peak is short and debris loads may be high;

® Land subject to Hawkesbury River flooding where the flood height range is high (from
Wisemans Ferry to Spencer) and the time to peak for catchment-derived flooding is
relatively long;

& Possibly, areas where due to particular floodplain characteristics or the potential for
blockage of hydraulic structures, the flood height range is so large that ‘exceptional
circumstances’ should be sought for the application of development controls for
residential usage on land between the flood planning level and the PMF;

® Land subject to overland flows where the flood height range is low.

4.4.3 Section 149 Planning Certificates in former Wyong LGA

Council issues Section 149 certificates under the Environmental Planning and Assessment
Regulations 2000 (Clause 279 and Schedule 4(7A)). The primary function of the Section 149
certificate notation is as a planning tool for notification that the land is affected by a policy
that restricts development due to the likelihood of a risk, in this instance, flood hazard (see
Section 4.3.1).

At the current time, for the former Wyong LGA, Council issues one of the following two
annotations under Section 149(2) of the EP&A Act:

& Lot affected by flood controls — 1% AEP
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& Lot affected by flood controls — PMF (note, these are not issued to standard residential
dwellings, since these are not subject to development controls when located beyond the
flood planning area)

No annotations are issued under Section 149(5).
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5 CURRENT EMERGENCY MANAGEMENT PROTOCOLS

It is generally not affordable to treat all flood risk up to and including the PMF through flood
modification and property modification measures. Emergency management measures such
as flood warning systems, evacuation planning and community flood education are aimed at
increasing resilience to reduce risk to life and property, both for frequent flood events and for
very rare flood events.

The following chapter outlines current emergency management strategies for the Wyong
River catchment and sets out some context for the detailed evaluation of emergency
management and response modification measures in Section 9.

5.1 Woyong Shire Local Flood Plan

The Wyong Shire Local Flood Plan (NSW SES, 2013) covers preparedness measures, the
conduct of response operations and the coordination of immediate recovery measures from
flooding within the former Wyong Shire area.

The current Local Flood Plan (LFP) is reviewed in Table 13. Volume 1 was prepared in June
2013. It details organisational responsibilities for managing flooding hazards, and sets out
tasks related to the preparedness, response and recovery phases of disaster management.
The main recommendations for Volume 1 relate to checking the currency of the lists of areas
subject to active reconnaissance during a flood and whether the listed evacuation centres are
sufficient to service local or remote communities in the catchment.

Volume 2 was last updated in December 2007. While it contains much good flood intelligence,
it is in need of an update, both to align the structure and contents with the new NSW SES LFP
template, and to incorporate flood intelligence from more recent flood studies, floodplain risk
management studies, and actual floods. Also, this process could strengthen the Local Flood
Plan by better locating some information (e.g. clause 24 of Annex B in the current LFP deals
with the isolation of Yarramalong but is located under a heading ‘Sewers’). There is
considerable scope to include flood intelligence for the Wyong River from this study into the
LFP. In order to comply with the new template, considerable work is needed to describe flood
hazard and exposure for specific risk areas. Sections are also needed to describe road closures
and isolation.

Volume 3 was last updated in December 2007. It describes response arrangements including
flood warning systems and evacuation protocols. The list of gauges monitored needs to be
reviewed. The emergency response arrangements for each location and sector (especially
whether to evacuate or seek refuge on-site) need to be reviewed (see Section 5.4) and
considerable effort is needed to provide the detail consistent with the new SES LFP template.
The list of caravan parks also needs to be updated.
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Table 13 Comments on Current Wyong Shire Local Flood Plan

Section Description Comment

Volume 1

1.5.6 Responsibilities for Bureau of Noted that this includes issuing height-time predictions

Meteorology for Wyong River at Wyong Bridge.
1.5.20 Responsibilities for NSW Rural This could include a specific mention of the Yarramalong
Fire Service and Dooralong RFS units.
1.5.25 Responsibilities of Roads and The list of roads for which RMS exercises responsibility
Maritime Services should be checked for currency.
3.84 List of problem areas for active The list currently includes Yarramalong Rd from Wyong
reconnaissance during flooding Creek to Yarramalong Township and Dooralong Rd at
Dooralong, past cricket oval. Depending on resources
available for reconnaissance, the list of roads could be
supplemented by reference to Section 3.2.7 of this report,
focussing on the greater risks in terms of likelihood and
consequences of inundation. Beneficial additions include
Jilliby Rd near lJilliby Creek, McPherson Rd at Wyong and
South Tacoma Rd at Tuggerah.

3.18.42 List of evacuation centres In the Wyong River FRMS&P study area, both Wyong RSL
Club and Wyong Golf Club are listed and are located
beyond the PMF extent. Evacuation centres may need to
be added for Yarramalong (e.g. School of Arts, 1640
Yarramalong Road, for properties west of Bumbles Creek,
or Yarramalong Public School, 1560 Yarramalong Road, for
properties east of Bumbles Creek). Similarly, it could be
prudent to consider a local evacuation centre for Mardi,
such as Woodbury Park community centre.

Volume 2 | Hazard and Risk in Wyong

1.1 Landforms and River Systems Ok

1.2 Storage Dams Ok

1.3 Weather Systems and Flooding Scope for more analysis of historical floods.

1.4 Characteristics of Flooding Scope for considerably expanded description of flooding
characteristics for Wyong River floodplain including flow
travel times.

1.5 Flood History Scope for expanding list of historical floods using National
Library of Australia’s digital newspaper database and State
Library of NSW microfilm. The design flood levels
currently listed in this section need to be updated® and
would be better located under Section 1.4 of the LFP. The
description of the 2007 flood timings currently located at
clause 8 of Annex F of volume 3 would be better located
under this section of the LFP.

1.6 Flood Mitigation Systems Nothing currently described.

3 Design flood levels reported at Wyong Bridge in the 2013 LFP are 5% AEP 3.77m, 2% AEP 3.93m, 1% AEP 4.05m
and Extreme 4.80m. The current flood study yields 5% AEP 3.1-3.2m, 1% AEP 3.7-4.0m, 0.5% AEP 3.9-4.2 and
PMF 5.4-6.7m. The range in levels is from the upstream side of the Pacific Highway road bridge to the
downstream side of the railway bridge, taken about halfway over each bridge.
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Section

Description

Comment

1.7

Extreme Flooding

Scope for considerably expanded description of extreme
flooding characteristics for Wyong River floodplain
including flow travel times.

1.8

Coastal Erosion

Ok

2.1

Community Profile

Should be updated using 2016 Census.

2.2f

Specific Risk Areas

The list could be expanded to include sections on
Yarramalong Valley and Deep Creek/Mardi rural area. The
template LFP requires significant detail for each distinct
community including cultural and linguistic diversity,
schools and childcare centres, facilities for the aged and
infirm, utilities and infrastructure, culturally significant
sites, classification of floodplains, inundation, isolation,
characteristics of flooding, flood mitigation systems and
dams.

2.7

Road Closures

The current LFP does not include such a list. This
information is available in Section 3.2.7 of this study.

2.8

Summary of Isolated
Communities and Properties

Isolation could be prolonged for rural communities such
as Yarramalong and will need to be recorded.

maps

The current LFP includes maps showing design flood
contours from the 2001 study. These would be better
replaced by flood depth/level/velocity maps as well as
hazard maps from the current study.

Volume 3

SES Response Arrangements

Ch.1

Flood Warning Systems and
Arrangements

The list of gauges monitored needs to be reviewed. See
Table 34 and Table 35 of this report for a list of current
automatic gauges in the Wyong River study area. It may
also be easier to read by separating rain gauges from
water level recorders, and to arrange the latter according
to catchment.

Ch.2

SES Locality Response
Arrangements

The current LFP breaks down Wyong Shire into six
evacuation sectors, including Wyong town, Yarramalong,
Dooralong, and the Lakes. The stated strategies for each
sector (evacuate or seek on-site refuge above PMF) and
the evacuation triggers require re-evaluation (see Section
5.4 of this report). The evacuation trigger for Wyong Aged
Care Facility is currently stated to be a predicted 1.2m at
Wyong Bridge. But Cardno (2015) suggests that a better
trigger would be the 5 year ARl level at the Yarramalong
water level recorder.

Ch.3

SES Dam Failure Arrangements

Nothing currently described.

Ch.4

SES Caravan Park Arrangements

The current LFP lists flood prone caravan parks in

Annex G. This list needs to be reviewed. Although full of
manufactured homes and marketed as affordable over
50s accommodation, Meander Village in Wyong is
technically a caravan park that could be added to this list.

5.2 Wyong Bridge Flood Intelligence Card

A Flood Intelligence Card is known to exist for the Wyong Bridge site but has not been viewed.
This will need to be revised in order to incorporate outputs from the latest design flood
modelling as well as changes to the gauges and hydraulic behaviour that result from a

57



Wyong River Catchment
Floodplain Risk Management Study & Plan

proposed Pacific Highway bridge upgrade. Given the gradient of the flood surface from the
upstream edge of the road bridge to the downstream edge of the railway bridge, particularly
in rarer events, care will be required in choosing precisely what point the FIC should relate to.
Probably it should be consistent with the gauge location used for automatic monitoring and
flood forecasting.

5.3 Emergency Services’ Capability

At the current time, the Wyong SES unit has about 80 members, trained to various levels for
rescue including some at level 3 (swift-water rescue capability). If a forecast highlights Wyong
as a likely ‘hotspot’ for flooding, there is also potential to call in out-of-area units to
supplement local resources. NSW Police and Fire and Rescue NSW also have some personnel
trained for rescue.

However, given the size of the at-risk communities in the LGA, and given the remoteness of
some of these communities, adverse consequences are likely to occur across some sections of
the catchment before emergency services personnel can be deployed. There may be
opportunity for helicopter rescues depending on the weather. But it will be critical that the
at-risk communities are able to anticipate and cope with flooding, without reliance on the
emergency services.

5.4 Response Strategy

5.4.1 Theory
A major point of contention in contemporary flood emergency management planning relates
to the advantages and disadvantages of evacuation compared to on-site refuge.

AFAC’s (2013) ‘Guideline on Emergency Planning and Response to Protect Life in Flash Flood
Events’is considered to represent best practice on this issue. While flooding from the Wyong
River is not typically flash flooding — where this is defined as flooding that occurs within six
hours or less of the flood-producing rainfall — the guideline still provides important principles.
It recognises that the safest place to be in a flood is well away from the affected area. Properly
planned and executed evacuation is demonstrably the most effective strategy in terms of a
reliable public safety outcome.

However, AFAC recognises that evacuating too late may be worse than not evacuating at all
because of the dangers inherent in moving through floodwaters, particularly fast-moving flood
waters. If evacuation has not occurred prior to the arrival of floodwater, taking refuge inside
a building may generally be safer than trying to escape by entering the floodwater.

Nevertheless, AFAC argues that remaining in buildings likely to be affected by flooding is not
low risk and should never be a default strategy for pre-incident planning: ‘where the available

warning time and resources permit, evacuation should be the primary response strategy’ (p.4).

The risks of an on-site refuge strategy include:
& Floodwater reaching the place of refuge (unless the refuge is above the PMF level);
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& Structural collapse of the building that is providing the place of refuge (unless the
building is designed to withstand the forces of floodwater, buoyancy and debris in a
PMF);

® Isolation, with no known basis for determining a tolerable duration of isolation;

& People’s behaviour (drowning if they change their mind and attempt to leave after
entrapment);

& People’s immobility (not being able to reach the highest part of the building);

& The difficulty of servicing medical emergencies (pre-existing condition or sudden onset

e.g. heart attack) during a flood;
& The difficulty of servicing other hazards (e.g. fire) during a flood.

For evacuation to be a defensible strategy, the risk associated with the evacuation must be
lower than the risk people may be exposed to if they were left to take refuge within a building
which could either be directly exposed to or isolated by floodwater (Opper et al., 2011). Pre-
incident planning therefore needs to include a realistic assessment of evacuation timelines
(both time available and time required for evacuation), including assessment of resources
available. Successful evacuation strategies require a warning system that delivers enough lead
time to accommodate the operational decisions, the mobilisation of the necessary resources,
the warning and the movement of people at risk.

5.4.2 Wyong Shire Practice

It is noted that the current Wyong Local Flood Plan (Volume 3 Annex F clause 10, dated 2007)
endorses “shelter-in-place” (i.e., on-site refuge) as the appropriate strategy for the
Yarramalong Valley, the Dooralong Valley and northern areas of Wyong primarily affected by
flash flooding in the catchment areas of Jilliby Creek and Porters Creek. Plus, the Local Flood
Plan (Volume 2 Annex B clause 23) recognises that the failure of the sewerage system may not
be sufficient grounds for initiating evacuation.

Factors pertaining to the general suitability of on-site refuge or evacuation are summarised
for several sectors, for the 20% AEP, 1% AEP and PMF events, in Table 14. These factors
include:

& the number of dwelling floors that are inundated;

& the number of dwellings that have a second storey to which people could potentially
evacuate if the ground level was flooded;

® the number of other dwellings that are not flooded and which might serve as refuges for
neighbours (though a safe public evacuation centre is preferred);

® the number of dwellings exposed to H5 or H6 hazard conditions that could endanger the
dwelling structure;

& the effective warning time prior to loss of evacuation routes;
& the duration of isolation by road; and
& the flood emergency response classification.

The appropriateness of a on-site refuge strategy was semi-quantified for each sector using the
following logical expressions, based on the PMF:
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IF single storey house flooded over floor to depth 2 0.8m EVACUATION
OR [ ESSENTIAL

IF any house affected by H5 or H6 hazard conditions —

IF single storey house flooded to depth over floor < 0.8m ]

OR two storey house POTENTIAL
AND [ ON-SITE REFUGE

IF house NOT affected by H5 or H6 hazard conditions
The outcomes of this assessment are summarised in Table 14.

It is emphasised that buildings that were identified by this method as having potential for on-
site refuge may, on closer inspection, not be suitable for on-site refuge, since it is not possible
to account for every factor that influences a building or a household’s ability to tolerate on-
site refuge. Older buildings in this catchment are generally not tied down and are therefore
prone to floating in significant floods (and so would clearly be dangerous places in which to
seek refuge), but a ‘building age’ metric is not readily available to incorporate into the
assessment. Also, essential services such as electricity, water and sewerage may be lost, or
water may be contaminated, which again means that on-site refuge is, at the very least,
undesirable. Personal circumstances may also mean on-site refuge cannot be tolerated (e.g.
people requiring unbroken access to medical facilities). And people who are isolated for
extended periods may engage in dangerous behaviours, such as entering floodwater.

For dwellings assessed as requiring evacuation, the required timing will depend on the flood
emergency response classification and the intended destination.

Table 14 also includes suggested short-term and long-term flood risk ‘treatment’ options for
each sector.

Yarramalong Valley

The Yarramalong Valley sector is a large sector extending from the upper reaches of the
floodplain in Cedar Brush Creek and Ravensdale, past Yarramalong village to the eastern limit
of Wyong Creek where it meets Wyong and Mardi. An estimated 49 dwellings in this sector
are flooded above floor in the 1% AEP event, although most of these have a second storey
that could provide a means of reducing damages to contents. While roads are flooded very
early cutting access within the valley and to Wyong, most housing is located beyond the
floodplain or towards the edge of the floodplain with access to higher ground by foot if not by
road or track. But there are some exceptions where access is lost prior to inundation of the
house footprint (i.e. the dangerous FIS or ‘Flooded Isolated Submerged’ category). Plus, for
people who do evacuate to higher ground, the duration of isolation is considerable.

The appropriateness of a strategy also needs to consider what could happen in an extreme
event. Of particular concern for many dwellings is the high hydraulic hazard experienced in
the PMF, which could threaten building integrity and make it very unsafe for on-site refuge.
Plus, the design PMF event for the Wyong River catchment is particularly fast-rising.
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Table 14

Assessment of Response Strategies by Sector

Yarramalong Dooralong Wyong west of Wyong east of Tacoma Mardi rural Mardi urban Tuggerah Tuggerah South Tacoma
Valley Valley Pacific Hwy Pacific Hwy* industrial? residential
General
Total no. dwellings 167+ 61+ 65+ 417+ 141+ 43+ 375+ 238 16+ 97
Local public Potentially yes Potentially yes Yes (east of Yes Potentially yes No Potentially yes Yes Potentially yes No
evacuation facility for Yarramalong Porters Ck); (Braithwaite
village; No (west of Ave, Hillcrest
No elsewhere Porters Ck) Ave); No
(Wolseley Ave)
Evacuation routes Yarramalong Rd Dooralong Rd- Alison Rd east to | Boyce Ave- Hillcrest Ave to Old Maitland Rd Woodbury Park Pacific Hwy Lake Rd-Bryant South Tacoma
east to Wyong Jilliby Rd south Wyong or Alison | Warner Ave or Tacoma PS, or south to Wyong Dr west to north to Wyong Dr Rd east to
to Wyong or Rd west to Hue Panonia Rd west | Wolseley Ave- Rd or north to community Tuggerah;
Mandalong Rd Hue Rd and to Wyong Mcdonagh Rd Yarramalong Rd, | centre, or secondary route
east to Pacific north to Pacific west to Wyong or McPherson Woodbury Park through Pioneer
Mwy or Mwy Rd east to Dr-Wyong Rd to Dairy
Morriset Pacific Hwy Pacific Mwy
20% AEP
No. dwellings 3 0 0 0 3 0 0 0 0 1
flooded over floor
No. of multistorey 3 0 0 0 3 0 0 0 0 1
flooded dwellings
No. dwellings not 164+ 61+ 65+ 417+ 138+ 43+ 375+ 238 16+ 96
flooded over floor
Total no. dwellings 167+ 61+ 65+ 417+ 141+ 43+ 375+ 238 16+ 97
with floor above
flood3
No. dwellingsinH5 | O 0 0 0 0 0 0 0 0 0
hydraulic hazard
No. dwellingsinH6 | O 0 0 0 0 0 0 0 0 0
hydraulic hazard
Road first cut (hrs Various incl. Various incl. 5.5 n/a n/a (except 39 (Mcdonagh 33to 39 n/a 6 n/a 32.5
after rain starts) 13.5 hrs hrs Dooralong eastern end Ave)
Yarramalong Rd Rd, 11 hrs Mcdonagh Ave)
Mandalong Rd
Expected warning None (flood None (flood None (flood None (flood None (flood None (flood None (flood None (flood None (flood None (flood

time before road
cut (hrs)*

warning may
not be issued)

warning may
not be issued)

warning may
not be issued)

warning may
not be issued)

warning may
not be issued)

warning may
not be issued)

warning may
not be issued)

warning may
not be issued)

warning may
not be issued)

warning may
not be issued)
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Yarramalong Dooralong Wyong west of Wyong east of Tacoma Mardi rural Mardi urban Tuggerah Tuggerah South Tacoma
Valley Valley Pacific Hwy Pacific Hwy* industrial? residential
Duration of lost Various incl. Various incl. 10 n/a n/a (except 1 1to7 n/a Mostly none; 34 | n/a 7.5
access (hrs) 5 26.5 hrs hrs Jilliby Rd, 29 eastern end hrs at one low-
Yarramalong Rd hrs Mandalong Mcdonagh Ave) point in Ace
Rd Cres
20% AEP flood Very few FIS; Very few FIS; FER and FEO Few FIS; mostly Few FIS; mostly Much FIE; some Flood free Some FIE, FEO; Flood free Mostly FIE and
emergency mostly FIE and mostly FIE, FER FIE, FER, FEO FIE and FER FER much flood free IC
response IC andIC and IC
classification
1% AEP
No. dwellings 49 5 10 222 78 27 0 64 2 53
flooded over floor
No. of multistorey 29 1 3 77 29 6 0 5* 0 27
flooded dwellings
No. dwellings not 118+ 56+ 55+ 195+ 63+ 16+ 375+ 174 14+ 44
flooded over floor
Total no. dwellings 147+ 57+ 58+ 272+ 92+ 22+ 375+ 179* 14+ 71
with floor above
flood3
No. dwellings in H5 5(3in 0 1 (Hargrave St) 0 0 1 (Collies Ln) 0 0 0 0
hydraulic hazard Yarramalong, 2
in Wyong Creek)
No. dwellingsinH6 | O 0 0 0 0 0 0 0 0 0
hydraulic hazard
Road first cut (hrs Various incl. 6.5 Various incl. 6.5 20 22.5 22.5 16.5t0 19 22 hrs for access | Variousincl. 5 28.5 (1 house) 17
after rain starts) hrs Yarramalong | hrs Dooralong to Pacific Hwy hrs near Mardi 30 (3 houses)
Rd Rd, 7.5 hrs via Woodbury Creek, 27 hrs n/a (others)
Mandalong Rd Park Dr Pacific Hwy
Expected warning -14 -14 -0.5 2.0 2.0 -4to-1.5 1.5 -15.5t0 6.5 8 (1 house) -3.5
time before road 9.5 (3 houses)
cut (hrs)? n/a (others)
Duration of lost Various incl. 32 Various incl. 16.5 17.5 17.5 21t023.5 16.5 hrs Various incl. 35 11.5 (1 house) 23
access (hrs)5 hrs Yarramalong | 31.5 hrs lilliby Woodbury Park | hrs near Mardi 2 (3 houses)
Rd Rd, 32.5 hrs Dr nr Gavenlock Creek, 13 hrs n/a (others)
Mandalong Rd Rd Pacific Hwy
1% AEP flood Considerable FIS | Few FIS; mostly Much FIS along Mostly FIS; Mostly FIS Generally FIS or Mostly IC; some | Mostly FIE, Mostly not Mostly FIS,
emergency (some in Linga FIEorIC Alison Rd W of some FIE, FER, FIE FIE some FIS impacted, one some FIE
response Longa Rd); Porters Ck; FEO; much not FIS
classification mostly FIE or IC much FER impacted
elsewhere
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Yarramalong Dooralong Wyong west of Wyong east of Tacoma Mardi rural Mardi urban Tuggerah Tuggerah South Tacoma
Valley Valley Pacific Hwy Pacific Hwy* industrial? residential

PMF
No. dwellings 140 48 52 404 127 43 232 210 12 87
flooded over floor
No. of multistorey 66 11 14 92 46 11 77 26* 1 32
flooded dwellings
No. dwellings not 27+ 13+ 13+ 13+ 14+ 0+ 143+ 28 4+ 10
flooded over floor
Total no. dwellings 93+ 24+ 27+ 105+ 60+ 11+ 220+ 54 % 5+ 42
with floor above
flood?
No. dwellings in H5 72 11 25 200 18 33 1 68 2 1
hydraulic hazard
No. dwellings in H6 29 0 8 1 (Strathavon 0 8 0 7 0 0
hydraulic hazard Heritage Resort)
Road first cut (hrs Various incl. 1 hr | Variousincl.1hr | 5 5.5 6 3t03.5 1.5 1to2 1 2.5
after rain starts) Yarramalong Rd Dooralong Rd,

1.5hrs

Mandalong Rd
Expected warning -5.8 -5.8 -1.8 -1.3 -0.8 -3.8t0-3.3 -5.3 -5.8t0-4.8 -5.8 -4.3
time before road
cut (hrs)*
Duration of lost Various incl. 39 Various incl. 35 34,5 34 35.5 to 37 21 hrs Woodbury | 38 to 39 18.5 37.5
access (hrs)S hrs Yarramalong | 37.5 hrslilliby Park Dr nr Wyong

Rd Rd, 38.5 hrs Rd; 38.5 hrs
Mandalong Rd Woodbury Park
Dr nr Gavenlock
Rd
PMF flood Much FISincl. in | Some FIS; much Much FIS along Mostly FIS; Much FIS Mostly FIS FIS along E and Mostly FIS Mostly FIS FIS
emergency Y'arramalon'g FIEand IC Alison Rd W of §mall area not N fringes;
response village and in Porters Ck, impacted mostly IC
- Wyong Creek, some FIE, FER towards station
classification
mostly FIE
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Yarramalong
Valley

Dooralong
Valley

Wyong west of
Pacific Hwy

Wyong east of
Pacific Hwy*

Tacoma

Mardi rural

Mardi urban

Tuggerah
industrial?

Tuggerah
residential

South Tacoma

Risk treatment

Current responses
(from
questionnaire)

90% remain at
home (38/42
respondents)

100% remain at
home (18/18
respondents)

64% remain at
home (7/11
respondents)

77% remain at
home (41/53
respondents)

90% remain at
home (9/10
respondents)

80% remain at
home (4/5
respondents)

54% remain at
home (15/28
respondents)

83% evacuate
(5/6
respondents)

Unknown (no
respondents)

100% remain at
home (12/12
respondents)

Fitting responses®

24% evacuate
76% potential

49% evacuate
51% potential

61% evacuate
39% potential

90% evacuate
10% potential

42% evacuate
58% potential

100% evacuate
0% potential on-

13% evacuate
87% potential

96% evacuate
4% potential on-

44% evacuate
56% potential

28% evacuate
72% potential

on-site refuge on-site refuge on-site refuge on-site refuge on-site refuge site refuge on-site refuge site refuge on-site refuge on-site refuge
Proposed short- Community Community Residents west Evacuation to Generally, Develop a Generally, on- Evacuation, with | Evacuation from | Community
term risk education and education and of Porters Creek | Wyong centres evacuation to warning system site refuge existing two houses at education and
treatment® provision of provision of to evacuate Wyong centres using upstream above PMF; businesses eastern end of provision of
specific hazard specific hazard early gauges; all establish local preparing flood Lake Road and specific hazard
information to information to residents to evacuation emergency others where information to
promote early promote early evacuate very centre at management PMF depths promote very
evacuation to evacuation to early Woodbury Park plans setting >1.2m; others early evacuation
high ground high ground community evacuation on-site refuge to Wyong
centre if triggers above PMF
required
Proposed long-term | Revise DCP Revise DCP Consider None Revise DCP Consider Increase None Encourage Revise DCP
risk treatment controls to controls to voluntary controls to voluntary immunity of commercial/ controls to
ensure new ensure new purchase of ensure purchase of Woodbury Park industrial uses ensure

development
provides for
safe evacuation
or on-site refuge
above the PMF

development
provides for
safe evacuation
or on-site refuge
above the PMF

highest risks;
revise DCP
controls to
ensure
redevelopment
provides for
safe evacuation
or on-site refuge
above the PMF

redevelopment
provides for
safe evacuation
or on-site refuge
above the PMF

highest risks;
revise DCP
controls to
ensure
redevelopment
provides for
safe evacuation
or on-site refuge
above the PMF

Drive towards
Wyong Road

rather than
residential

redevelopment
provides for on-
site refuge
above the PMF

1 Excludes Kooindah Waters estate and Meander Village. Note, this sector contains significant number of commercial/industrial premises, which have not been assessed.
2 The numbers described for the Tuggerah industrial sector are for commercial/industrial buildings, not dwellings.
3 Assuming depths do not reach the second storey.
4 The NSW State Flood Sub Plan indicates that the Bureau aims to provide 6 hours’ warning prior to 2.7m at the Wyong Bridge gauge. The times at which this occurs are estimated from the 1% AEP and PMF design flood
hydrographs upstream of Wyong Railway Bridge. These times are compared to the time at which the road is first cut to establish the effective warning time. Where the time is negative, the road is cut before a prediction

may be issued.

5The duration of lost access does not include time lost due to flooding of Tuggerah Lakes, as this would make the time significantly longer, especially for the Tacoma and South Tacoma Sectors.

6 Assessment is at sector level, based only on the logical expressions for the PMF as described in the text, and do not consider other factors such as loss of services or building structure / household-specific limitations.
This assessment does not prescribe appropriate individual householder responses to floods.

* It is not known whether a business premises within a multi-storey building has ready access to higher levels for the evacuation of assets or staff.
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The potential duration of isolation commends very early evacuation from the valley to Wyong
of any persons with a known medical condition (including imminently expecting mothers), and
storing of supplies for the many houses located above the PMF level. The potential depth and
velocity of floodwaters especially in extreme floods commends early evacuation of many
other residents living on flood prone land. This goes against current behaviours — the
responses to the community questionnaire indicate that most people in the Yarramalong
Valley tend to ‘sit out’ floods (Table 14). Changing this culture may be difficult. It will require
concerted education to persuade people that extreme floods outside their previous
experience do occur (e.g. Lockyer Valley 2011, Dungog 2015) and the provision of specific
flood hazard information for each flood prone property to help residents understand what
conditions they could face in an extreme flood and plan how they should respond when severe
weather is forecast.

In the long-term, Council could strengthen its planning and development controls to proscribe
residential development in Precinct 4, and to ensure that any future houses in the floodplain
provide for safe evacuation to higher ground or on-site refuge above the PMF. (This may
require an application for the granting of ‘exceptional circumstances’ from the Department of
Planning and Environment).

Dooralong Valley

The Dooralong Valley sector extends from the upper reaches of lilliby Jilliby Creek’s floodplain
in Lemon Tree, through Dooralong and lilliby to the Wyong River. Compared to the
Yarramalong Valley, significantly fewer existing houses are estimated to be flooded above
floor level for both the 1% AEP and PMF events, fewer are subject to H5 hazard conditions,
and none are subject to H6 hazard conditions even in the PMF. But the same problems of very
limited warning and lengthy disruption to access prevail.

In general, the same emergency management strategy proposed for the Yarramalong Valley
is recommended: anyone with a higher likelihood of needing medical treatment should
evacuate early before the forecast storm commences; people whose houses are located on
land beyond the floodplain should prepare for a day or two’s isolation; and people with
dwellings in the floodplain should enact their family plan (likely involving early evacuation,
contra existing behaviours — Table 14), prepared in advance of flooding and based on flood
intelligence specific to each property.

In the long-term, Council could strengthen its planning and development controls to proscribe
residential development in Precinct 4, and to ensure that any future houses in the floodplain
provide for safe evacuation to higher ground or on-site refuge above the PMF. (This may
require an application for the granting of ‘exceptional circumstances’ from the Department of
Planning and Environment).

Wyong west of Pacific Highway

The ‘Wyong west’ sector extends between the Pacific Motorway and the Pacific Highway. It
includes houses in the main urban area of Wyong fronting the Wyong River, as well as houses
along Alison Road west of Porters Creek bridge. Relatively few dwellings are flooded over
floor in the 1% AEP event. All buildings that are inundated above floor level are located along
Alison Road, which can be cut at Porters Creek before a formal flood warning is issued.
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Provided evacuation commences before flooding, these houses generally have rising road
access towards the Pacific Motorway.

The flood height range between the 1% AEP flood level and the PMF level is at a maximum
between the Pacific Motorway and Pacific Highway, reaching about 3.75m at some houses
along Alison Road west of Porters Creek. As a consequence, the hydraulic hazard in the PMF
is high, reaching H5 at 25 dwellings and H6 at eight dwellings. This degree of hazard could
threaten building integrity, making it unsafe for on-site refuge, even if floor space above the
PMF were available.

For houses in this sector located west of Porters Creek, the recommended emergency
management strategy is evacuation (Table 14), either eastwards towards Wyong if the route
is open or westwards towards the Motorway. For houses in this sector located east of Porters
Creek, local evacuation to high ground appears to be possible from most sites, although the
inundation of the low-set entry level at some unit blocks requires the early evacuation of
residents there.

In the long-term, consideration might be given to redevelopment with planning controls that
improves the safety of on-site refuge as a measure of last resort (e.g., structural stability
during the PMF and a location within the building above the level of the PMF). (This may
require an application for the granting of ‘exceptional circumstances’ from the Department of
Planning and Environment).

Wyong east of Pacific Highway

The ‘Wyong east’ sector extends from the Pacific Highway to the eastern end of McDonagh
Road. A large number of dwellings would be flooded above floor level in the 1% AEP event,
but not to depths-velocities expected to threaten the structural integrity of standard buildings,
and a short window should be available for people’s evacuation.

In the PMF about 400 dwellings are estimated to be flooded above floor level, and H5 hazard
conditions would be experienced at about half of these, indicative of the likelihood of
structural damage or even failure. In such a fast-rising flood, roads could be cut before a
formal flood warning is issued.

The recommended emergency management strategy for houses in this sector is evacuation to
centres in Wyong. As noted in Table 14, at least 2 hours of warning time is expected to be
available during the 1% AEP Wyong River flood before access is lost. However, an upgraded
flood warning system could be considered to provide additional flood warning time and
maximise the opportunities to evacuate before access is cut. Additional information
describing upgrades that could be completed to the existing flood warning system is provided
in Section 9.3.1.

Kooindah Waters Estate, Wyong

Kooindah Waters estate is accessed via Pollock Avenue. It contains 105 dwellings at the time
of the aerial photography (2014) used for the damages assessment. None of these would be
flooded over floor in events up to and including the 0.5% AEP flood, but all are estimated to
be flooded over floor (to a maximum depth of 1.2m) in the PMF. Nevertheless, none of these
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would be subject to such hazardous flooding conditions as to threaten their structural
integrity, 44 have a second storey, and the maximum depths suggest that people who fail to
evacuate before the flood might survive until rescued (assuming mobile adults, based on
depths in Plate 8).

Tacoma

Tacoma sector includes an estimated 78 dwellings subject to above floor flooding in the 1%
AEP event. Fortunately, some warning time may be available for evacuation prior to the loss
of evacuation routes in this design event.

In the PMF, almost all dwellings on the floodplain would be flooded above floor level, about
18 would be subject to H5 hazard conditions (these are mainly located along Wolseley Avenue
west of Hillcrest Avenue) and roads could be cut before a formal flood warning is issued.

The recommended emergency management strategy in this sector is evacuation to Wyong or
Tacoma Public School before roads are cut. On-site refuge may be tolerable for the 58% of
dwellings not located in H5 or H6 (PMF) areas, and which have available floor areas (including
upper levels) limiting PMF depths over floor (Table 14). However, the significant period of
isolation is noted (1-1% days from Wyong River flooding, but potentially longer if affected by
flooding from Tuggerah Lake, and with a loss of sewerage service), which may demand rescue
or resupply from the emergency services.

In the long-term, Council could strengthen its planning and development controls to ensure
that for redeveloped houses on the floodplain, evacuation to higher ground or on-site refuge
above the PMF can be achieved. (This may require an application for the granting of
‘exceptional circumstances’ from the Department of Planning and Environment).

Mardi Rural Residential

The ‘Mardi rural’ sector includes rural residential properties along Old Maitland Road, Collies
Lane, McPherson Road (including Wyong Aged Care Facility) and Mardi Road. Even in the 1%
AEP event, this area has a significant flood risk, with 27 dwellings flooded above floor and with
evacuation routes likely to be flooded even before a formal flood warning is issued. This
means that evacuation would need to commence based on another trigger such as issuance
of a Flood Watch or Severe Weather Warning. But this could be unsustainable socially if
residents evacuate in response to those triggers but serious flooding fails to eventuate in
Mardi, which is possible. People failing to evacuate could be isolated for about a day in the
1% AEP event.

Of particular concern for these properties is the high hydraulic hazard experienced at most
dwellings in this area in the PMF, which could threaten building integrity as well as make it
unsafe to seek on-site refuge. And this event provides even more of a warning time deficit
because the floodwater would rise very rapidly.

On-site refuge might be tolerable for some properties in the 1% AEP flood, but the flood
conditions would render this very unsafe in a PMF. During a rising flood it is difficult to know
how large a flood will be. In the short-term, early evacuation of all flood prone dwellings is
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necessary (Table 14), perhaps better informed through linkages to an upstream gauge (e.g.,
Yarramalong).

In the long-term, consideration might be given to voluntary purchase of some properties, or
redevelopment with planning controls that improves the safety of on-site refuge as a measure
of last resort (e.g., structural stability during the PMF and a location within the building above
the level of the PMF). (This may require an application for the granting of ‘exceptional
circumstances’ from the Department of Planning and Environment).

Mardi Urban

The ‘Mardi urban’ sector includes land in Mardi zoned for residential use. Its flood exposure
is relatively modest, with no dwellings anticipated to flood over floor in the 1% AEP event, and
access via Woodbury Park Drive to Wyong Road in that event is subject to negligible disruption
by floodwaters from Mardi Creek.

In the PMF, a large number of houses on the eastern side of the suburb would be flooded over
floor, though not to depths and velocities expected to threaten dwelling integrity. Access to
the suburb would be lost very early in such a flood and would continue for 21 hours at
Woodbury Park Drive near Wyong Road.

It may be difficult to persuade residents from this area to evacuate early given they are only
flooded over floor in events rarer than the 0.5% AEP (although, surprisingly, about half the
respondents to the community questionnaire from Mardi indicated they would evacuate —
Table 14). And in a PMF, only eight single storey houses are estimated to be flooded over
floor to depths greater than 1.2m (maximum 1.4m), which suggests that, in general, on-site
refuge may be a tolerable risk. Establishing a local evacuation centre at Woodbury Park
community centre could cater for people from flooded residences.

Tuggerah Straight Industrial

The Tuggerah Straight industrial area contains about 238 industrial buildings, 64 of which are
flooded above floor in the 1% AEP event and 210 in the PMF. In the PMF, 68 are subject to H5
hazard conditions and seven to H6 hazard conditions, which could threaten buildings’
structural integrity. Some warning time (up to 6.5 hours) could be available for the evacuation
of assets and personnel towards the Pacific Highway in the 1% AEP event, but not in the PMF.

With very few exceptions, the appropriate emergency management response for businesses
in this area is evacuation, which is consistent with current behaviours as assessed from
questionnaire returns (Table 14). But the setting of evacuation triggers will need to be
considered by each business, reflecting the time required and resources available to evacuate
or raise their assets.

Tuggerah Residential

Relatively few houses are located in Tuggerah, mostly in Lake Road. Only two of these, located
at the eastern end of Lake Road, are estimated to be flooded over floor in the 1% AEP event,
and in this event, these have a relatively long time before access is cut, which should allow
time for evacuation.
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In the PMF, 12 houses would be flooded over floor, including four single-storey houses to
depths (>1.2m) that would oblige the residents to evacuate. Given the very rapid rise of such
a flood, which would cut egress early, it is important that the risk exposure of these houses be
explained to the residents in attempt to persuade them of the need for early evacuation.

Ideally in the long-term, the houses located in this area would be displaced by commercial and
industrial uses more in keeping with the area’s current zoning for Business Development or
Light Industrial. A benefit of this would be to reduce risk to life in this area and free NSW SES
resources to assist elsewhere.

South Tacoma

The South Tacoma sector includes 97 dwellings, 53 of which are subject to above floor flooding
in the 1% AEP event. Evacuation in advance of flooding is difficult because South Tacoma Road
is flooded at ~1.2m AHD as it passes under the Pacific Highway and railway bridges. Even
though the Bureau provides six hours” warning of minor floods, egress could still be lost 3%
hours before the warning is issued.

An alternative evacuation route may be available from South Tacoma Road to Lake Road via
the Pioneer Dairy site (Plate 12). Although it is far from an ideal route, and is likely to require
considerable assessment and upgrades to make it suitable for use (refer Section 9.3.2), it does
offer greater immunity against flooding. Unlike the South Tacoma Road route under the
Pacific Highway and railway bridges, it is not expected to be cut in the 20% AEP flood, and is
modelled to be cut about 10 hours later than the standard route in the 1% AEP event. It would
provide negligible additional evacuation time in the PMF.

Even if a superior flood evacuation route could be fashioned, however, current resident
behaviours are strongly in favour of ‘sitting it out’ at their houses for a few days (Table 14).
And for most dwellings in South Tacoma, their decisions may not have catastrophic
consequences, since even in the PMF, 10 houses are not flooded over floor, 32 are two storeys
where a refuge above the floodwaters should be available, others are flooded to depths less
than 0.8m, and none are subject to H5 or H6 conditions (Table 14). The balance of houses,
however, are manifestly not suitable for on-site refuge, so for these, very early evacuation to
Tuggerah/Wyong is recommended. And even houses where on-site refuge might be tolerable,
based only on the limited logical expressions described earlier, require assessments of
structural integrity to ensure they would not become buoyant during a flood. The likely loss
of sewerage and water also commends early evacuation. Education and the provision of
house-specific hazard information could promote people’s willingness to evacuate early. The
reality however, is that people may not evacuate in time, so a ‘Plan B’ could be to take refuge
in neighbours’ houses that do provide floor space above the PMF.

In the long-term, Council could strengthen its planning and development controls to ensure
that as houses in South Tacoma are redeveloped, more and more of the housing stock
provides for on-site refuge above the PMF as a ‘Plan B’ should they fail to evacuate in time.
(This may require an application for the granting of ‘exceptional circumstances’ from the
Department of Planning and Environment).
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Plate 12 Potential Pioneer Dairy Flood Evacuation Route

Summary

The ideal emergency response strategy for much of the floodplain is early evacuation. But
changing a culture of ‘sitting it out’ may be very difficult, especially to manage the risk of
extreme events that are beyond community experience and memory. Council and the SES
may need to assign appropriate resources, on an annual basis, for flood education in these
areas to promote ‘culture change’.
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The residual risk could be reduced for places like South Tacoma which loses access early and
is not subject to H5 or H6 conditions, by requiring safe PMF refuges (typically just a 2-storey
brick dwelling) as redevelopment occurs. Although not ideal, unless either residential
development can be removed from places like the ‘Mardi rural’ sector or the culture change
to one of very early evacuation, this risk could be reduced by requiring a PMF refuge able to
withstand H5 conditions in the PMF (doubtful this could be made safe in H6 areas) as
redevelopment occurs.
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6 OPTIONS FOR MANAGING THE FLOOD RISK

6.1 General

As outlined in Section 3, a number of existing properties within the Wyong River catchment
are predicted to be exposed to a significant flood risk and/or significant financial impacts
during floods within the catchment. Accordingly, the following chapters outline options that
could be potentially implemented to build upon current emergency response protocols to
better manage this flood risk.

6.2 Potential Options for Managing the Flooding Risk

6.2.1 Types of Options

Options for managing the flood risk can be broadly grouped into one of the following

categories:

& Flood Modification Options: are measures that aim to modify existing flood behaviour,
thereby, reducing the extent, depth and velocity of floodwater across flood liable areas.
Flood modification measures will generally benefit a number of properties and are
primarily aimed at reducing the existing flood risk. Flood Modification Options are
discussed in Section 7.

& Property Modification Options: refers to modifications to planning controls and/or
modifications to individual properties to reduce the potential for inundation in the first
instance or improve the resilience of properties should inundation occur. Modifications
to individual properties is typically used to manage existing flood risk while planning
measures (e.g., land use/development controls) are employed to manage future flood
risk. Property Modification Options are discussed in Section 8.

& Response Modification Options: are measures that can be implemented to change the
way in which emergency services as well as the public responds before, during and after
a flood. Response modification measures are the key measures employed to manage
the continuing flood risk. Response Modification Options are discussed in Section 9.

6.2.2 Options Considered as Part of Current Study

An initial list of potential flood risk management options was prepared for consideration by
Council. The risk management measures were developed based upon consideration of the
following factors:

Location of high flood risk / high flood damage properties

Recommendations in previous reports

Council recommendations

Community recommendations

[ S S

The list of options that was initially compiled is summarised in Table 15.

A qualitative assessment of each option was completed to provide an initial assessment of the
potential feasibility of each option and to determine which measures showed merit for perusal

73



Wyong River Catchment

Floodplain Risk Management Study & Draft Plan

as part of the detailed option assessment. The adopted evaluation criteria / scoring system is
summarised in Table 19 and the outcomes of the assessment are provided in Table 17.

Table 15

Initial List of Options Considered for Managing the Flood Risk

Flood Modification
Options

Property Modification
Options

Response Modification
Options

Installation of flood gates near Anzac
Road

Voluntary purchase of select
properties

Flood education

Construction of Mardi Creek detention
basins upstream of Pacific Motorway

Raising of select residential
properties

Upgrade flood warning system

Upgrade of railway culverts draining
Mardi Creek

Flood proofing of select
properties

Installation of gates at roadway
low points to prevent vehicular
access during floods

Installation of debris control structures
along Mardi Creek

Updates to flood risk
management DCP

Local flood plan and flood
intelligence card updates

Mardi Creek relief floodway between
Pacific Highway and Railway

Develop template for private
flood plans for Tuggerah
Industrial area

Mardi Creek channel modifications
downstream of railway

Improve flood access to/from
South Tacoma

Regular maintenance / clearing of
vegetation across the lower floodplain

Improve flood access along
Yarramalong Road

Earthworks south of South Tacoma to
provide relief floodway for Wyong
River

Bridge between Tacoma and
South Tacoma

Levee at northern end of Tuggerah
Industrial area

Improve flood access along
McPherson Road

Levee around South Tacoma

South Wyong Levee

Tuggerah Lake entrance modifications

Wyong River dredging

Increase Pacific Highway / Railway
bridge opening

Pacific Highway /Pacific Motorway
debris control structur