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FOREWORD
In New South Wales the prime responsibility for local planning and the management of flood
liable land rests with local government. To assist local government with floodplain management,
the NSW Government has adopted a Flood Prone Land Policy in conjunction with the Floodplain
Management Manual.
The Policy is directed at providing solutions to existing flood problems and to ensure that new
development is compatible with the flood hazard and does not create additional flood problems.
The Policy sets out four sequential stages in the development of a floodplain management
system:
1. Flood Study

— Assessment to define the nature and extent of
flooding.

1. Floodplain Risk Management Study — Comprehensive evaluation of management options
with respect to existing and proposed
development.
3. Floodplain Risk Management Plan

— Formal adoption by Council of a management plan
for floodplain risks.

4. Implementation of the Plan

— Measures undertaken to reduce the impact of
flooding
on
existing
development,
and
implementing controls to ensure that new
development is compatible with the flood hazard.

This Floodplain Risk Management Study and draft Floodplain Risk Management Plan constitutes
the second and third stage of the management process for the Towradgi Creek catchment and
has been prepared for Wollongong City Council by Bewsher Consulting Pty Ltd in association
with Don Fox Planning Pty Ltd.
In broad terms, this Floodplain Risk Management Study has investigated what can be done to
minimise the effects of flooding in the Towradgi Creek catchment and has recommended a
strategy in the form of a draft Floodplain Risk Management Plan.
The current Floodplain Risk Management Study has been prepared in two volumes:
4 Volume 1 — Main Report (this report), which includes the Executive Summary, the

Floodplain Management Study, draft Floodplain Risk Management Plan and the
Appendices (including the draft DCP entitled ‘Managing Our Flood Risks’);

4 Volume 2 — Summary Report, which includes the Executive Summary and draft

Floodplain Risk Management Plan.

A Flood Damages Data Base of potentially flood-affected properties has been supplied
separately to Council (see Section 5.1.2 of Volume 1).
The next stage of the floodplain risk management process will be for Wollongong City Council
to formally adopt the draft Floodplain Risk Management Plan.
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EXECUTIVE SUMMARY
almost every pipe and culvert crossing of the creek
was blocked by vegetation and other debris.

INTRODUCTION
Wollongong City Council commissioned Bewsher
Consulting Pty Ltd, in association with Don Fox
Planning Pty Ltd, to undertake a Floodplain Risk
Management Study and Plan for the Towradgi
Creek catchment located north of the Wollongong
Central Business District on the New South Wales
(NSW) south coast.

Consequently, Wollongong City Council (Council)
decided that the Flood Study should be reviewed
in light of the information received from the August
1998 flood. The Addendum to Towradgi Creek
Flood Study following August 1998 Flood
(Bewsher Consulting, 2003) has recently been
completed. The results and conclusions from this
addendum have been included in this Floodplain
Risk Management Study.

Six main tributaries flow into Towradgi Creek. For
this study, in the absence of other information, and
as agreed to by the Floodplain Risk Management
Committee, the six tributaries were given the
following names (see Figure 1):
4
4
4
4
4
4
4

AIMS OF THE CURRENT STUDY
In broad terms, the current Floodplain Risk
Management Study has investigated what can be
done to minimise the effects of flooding in the
Towradgi Creek catchment and recommended a
strategy in the form of a draft Floodplain Risk
Management Plan.

Branch 1 — Towradgi Creek;
Branch 2 — South Angels Creek;
Branch 3 — North Angels Creek;
Branch 4 — South Corrimal Creek;
Branch 5 — North Corrimal Creek;
Branch 6 — Carr Creek (also known locally
as Jones Creek);
Branch 7 — Parker Creek.

Specific objectives of the study include:
4

a review of the results from the original flood
study and its recent addendum;

4

the implementation of a community
consultation strategy, to ensure community
input is obtained at key times throughout the
study;

4

a description and quantification of the flood
problems in the Towradgi Creek catchment
including the likely cost of flooding to the
local community;

4

the identification and assessment of potential
floodplain risk management measures to
reduce the risks and hazards of flooding;

4

a detailed review of issues relating to
planning and development controls within the
floodplain. Don Fox Planning Pty Ltd has
prepared a stand-alone document entitled
Report on Planning Issues as part of this
study. Included in this report, is a proposed
draft Development Control Plan (DCP)
entitled “Managing Our Flood Risks”;

4

the development of a recommended draft
Floodplain Risk Management Plan for the
Towradgi Creek catchment that outlines the
best measures to reduce flood damage,
based on environmental, social, economic,
financial and engineering considerations.

THE FLOOD PROBLEM
The Towradgi Creek catchment has suffered
regular flooding with twenty-four incidences of
flooding occurring in the district from 1958 to 1989.
However, because there had been no systematic
collection of flood data until the early 1990s, the
details on any one particular flood are quite
limited.
Soon after the current study was commissioned,
however, the catchment experienced a major flood
event on 17 August 1998. During this flood, the
largest on record within the catchment, at least 40
houses and units were flooded above floor level
and the retail area of the suburb of Corrimal was
severely damaged. Vehicles were swept off
flooded roadways and some residents battled very
hazardous conditions whilst evacuating their
flooded properties.
Analysis showed that the peak flood flow of the
August 1998 flood was smaller than the 100 year
flood in the upper and middle parts of the
catchment and just larger than the 100 year flood
in the lower part of the catchment. The flood
levels of the August 1998 flood were found to be
typically much higher than the 100 year flood
levels predicted by the draft Towradgi Creek Flood
Study (SMEC, 1998). The primary reason for
these higher than predicted flood levels was that
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The following points summarise some of the
impacts of flooding in the catchment:

DESIGN FLOWS AND FLOOD LEVELS
Design flow rates for the Towradgi Creek
catchment were calculated using a RAFTS
hydrological model established as part of the draft
Towradgi Creek Flood Study (SMEC, 1998). This
model was then updated as part of the Addendum
to Towradgi Creek Flood Study following August
1998 Flood (Bewsher Consulting Pty Ltd, 2003)
To calculate design flood levels, a MIKE-11
hydraulic model was also set up by SMEC as part
of the Towradgi Creek Flood Study. In light of the
information gathered for the August 1998 flood,
the MIKE-11 model was also updated and
recalibrated as part of the Flood Study Addendum.
The outcome of this exercise has been a new set
of design flood levels, which reflect Council’s
‘Conduit Blockage Policy’. These new levels are to
be used for estimating Flood Planning Levels and
should also be used by Council for all future
development assessments.
Council has adopted the Conduit Blockage Policy
as a direct result of the vast amounts of floodborne debris that almost completely blocked most
of the creek crossings in the catchment during the
August 1998 flood.
Consequently, it was
recognised by Council that the potential blockage
of culverts and bridges was an important
consideration when calculating design flood levels.

4

in a 100 year flood, the majority of residential
properties flooded above floor level would be
located in Towradgi Creek (33 properties),
Parker Creek (27 properties), North Corrimal
Creek (20 properties) and Carr Creek (20
properties). Most (10) of the commercial
properties would be located in North
Corrimal Creek;

4

in North Corrimal Creek there would be 12
residential properties and 9 business
properties flooded above floor level in a
5 year flood. This represents more than one
third of the residential properties and most of
the business properties in the Towradgi
Creek catchment flooded in the 5 year flood;

4

of the more than 600 residential properties
that would have their yards inundated in a
probable maximum flood, 250 of these
properties would be located in the Towradgi
Creek (Branch 1) floodplain;

4

the maximum depth of flooding above floor
level of residential properties would be 1.4m
in a 5 year flood, 1.7m in a 20 year flood,
1.8m in a 50 year flood, 2.0m in a 100 year
flood, and 3.2m in a PMF.

4

the average depth of flooding above floor
level of residential properties would be
0.33m in a 5 year flood, 0.35m in a 20 year
flood, 0.42m in a 50 year flood, 0.42m in a
100 year flood, and 1.0m in a PMF.

IMPACTS AND COSTS OF FLOODING
Table 1 summarises the number of properties that
would be flooded in different flood sizes, together
with the flood damage that would be suffered by
the Towradgi Creek catchment community.

TABLE

FLOOD

1:

IMPACTS AND
FLOODING

RESIDENTIAL
PROPERTIES
Floor
Yard
/
only
yard
(2)
(1)

COSTS

BUSINESS
PROPERTIES
Floor
/ yard
(1)

Yard
only
(2)

FLOOD RISK PRECINCTS
Flood Risk Precincts divide the floodplain
according to different degrees of flood hazard, so
that flood-related development controls can be
applied in an appropriate and consistent manner.

OF

The flood risk precincts are (see Figure 2):
FLOOD
DAMAGE
(3)
($mil)

5 year

34

171

12

11

$4.85

20 year

67

238

15

13

$8.89

50 year

86

285

15

14

$11.6

100 year

115

339

16

14

$14.9

PMF

451

626

23

22

$55.9

4

Average Annual Damage
$1.20
Present Worth of Damages (7% pa; 20
$14.3
years)
Notes:
PMF = probable maximum flood
(1) yard flooded and house flooded above floor;
(2) indicates only yard flooded
(3) predicted actual damage
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High Flood Risk (and Interim Riverine
Corridor) Precinct — the area within the
envelope of land subject to a high hydraulic
hazard (in accordance with the provisional
criteria in the Floodplain Management
Manual) in a 100 year flood together with all
land within a corridor 10m from the top of the
creek bank. The high flood risk precinct is
where high flood damages, potential risk to
life, or evacuation problems would be
anticipated. Most development should be
restricted in this precinct. In this precinct,
there would be a significant risk of flood
damages without compliance with floodrelated building and planning controls.
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4

4

manage flood-affected areas.
Without
comprehensive floodplain planning, existing
problems may be exacerbated and opportunities to
reduce flood risks may be lost. One of the key
components of the draft Floodplain Risk
Management Plan is the recommendation of
planning and building controls.

Medium Flood Risk — This has been
defined as land below the 100 year flood
level (plus 0.5m freeboard) subject to low
hydraulic hazard in a 100 year flood but not
within the High Flood Risk (and Interim
Riverine Corridor) Precinct. In this precinct
there would still be a significant risk of flood
damage, but these damages could be
minimised with the application of appropriate
development controls.

The total cost of the draft Floodplain Risk
Management Plan, which involves more than 40
different elements, would be in the order of
$14.5 million. . Implementation of the entire draft
Plan would result in about a 40% saving of
average annual flood damages in the catchment (a
saving in the order of $500,000 per annum) and
would equate to an overall benefit–cost ratio of
about 0.4.

Low Flood Risk — This has been defined as
all other land within the floodplain (the extent
of the probable maximum flood) but not
identified as either in a High or Medium
Flood Risk Precinct. The low flood risk
precinct would be where risk of damages
would be low for most land uses. The Low
Flood Risk Precinct is that area above the
100 year flood level (plus 0.5m freeboard)
and below the level of the probable
maximum flood (PMF) Most land uses would
be permitted within this precinct.

About $6.5 million of the $14.5 million total would
involve extensive upgrading works in the vicinity of
the Corrimal Retail Area to protect at least 8
residential properties, 9 commercial properties and
12 shops from flooding above floor level in a 100
year flood.

FLOODPLAIN RISK MANAGEMENT OPTIONS
EXAMINED

The remaining $8 million would involve works that
would ultimately protect a further 61 residences
from flooding above floor level in a 100 year flood.
These works include:

The 2001 Floodplain Management Manual divides
ways to manage the flood risk into three groups in
the following order of importance:
4

4

4

property modification measures — these
were included as ‘non-structural’ measures
in the Floodplain Development Manual (NSW
Government, 1986);
response modification measures — these
were also included as ‘non-structural’
measures in the Floodplain Development
Manual;
flood modification measures — these were
formerly referred to as structural measures in
the Floodplain Development Manual.

A summary of all the floodplain risk management
measures examined as part of this study, is
presented in Table 2 and shown on Figure 1.
Table 2 lists those options that were
recommended and not recommended for further
consideration. Those options recommended for
further consideration have been determined from
the range of available measures after an
assessment of the impacts on flooding, together
with environmental, social, and economic
considerations.

4

voluntary purchase of 9 properties at a cost
of $2.6 million;

4

voluntary house raising of 16 properties at a
cost of $640,000;

4

voluntary redevelopment of 12 properties at
a cost of $720,000;

4

construction of 9 debris control structures at
a cost of $860,000;

4

removal of the Colgong Crescent footbridge
in the Towradgi Creek (Branch 1) catchment
and construction of a raised single-span
structure in the same location at a cost of
about $200,000;

4

enlargement of The Avenue culvert in the
South Corrimal Creek (Branch 4) catchment
at a cost of about $550,000;

4

enlargement of the Lemrac Avenue culvert in
the North Corrimal Creek (Branch 5)
catchment at a cost of about $700,000;

4

enlargement of the Railway Street culvert
and associated works at the access road to
the Coke Works site in the North Corrimal
Creek (Branch 5) catchment at a cost of
about $1.4 million;

4

a variety of other smaller studies and works
with a total cost of about $300,000.

DRAFT FLOODPLAIN RISK MANAGEMENT PLAN

Elements of the draft Floodplain Management Plan
are shown on Figure 2. Land use planning,
development controls and specific flood-related
policies are key mechanisms by which Council can
TOWRADGI CREEK, WOLLONGONG
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The draft Floodplain Risk Management Plan also
contains important recommendations relating
emergency management and community flood
awareness. The costs for implementation of these
elements would be borne mainly by Council staff.
Most of these elements have been assigned either
an urgent or a high priority because they are
essential for ensuring that flood risks in the
Towradgi Creek catchment are not increased in
the future.

Table 3 provides a summary of each
recommended element of the draft Floodplain
Management Plan for the Towradgi Creek
catchment, together with estimates of capital cost,
annual maintenance costs (if applicable), reduction
in the number of properties that would be flooded
in a 100 year flood (assuming no blockage of
culverts), benefit–cost ratio (if applicable),
indicative priority (urgent, high, medium and low)
and likely sources of funding.

Even with the completion of all the elements of the
draft Floodplain Risk Management Plan, there
would not be a significant change in the height of
design flood levels from current conditions.
Therefore, flood levels and flood damages quoted
in this report and the Flood Study Addendum
would remain applicable following implementation
of the entire strategy. However, the most important
consideration is that there would be a significant
reduction in the amount of flood risk to the people
of the Towradgi Creek catchment. Some of the
reasons for this are as follows:
4

FUNDING OF THE PLAN
Council would expect to receive the majority of its
financial assistance through the Department of
Infrastructure, Planning and Natural Resources
(DIPNR) (formerly the Department of Land and
Water Conservation (DLWC)) to implement
measures that contribute to reducing existing flood
problems. These funds would not be available to
avoid future flood risks for new developments.
Funding assistance is usually provided on a 2:1
basis (State/Federal:Council). This means that
Council would have to contribute one third of any
money received from government.

Council’s planning controls and policies,
emergency management and community
flood awareness programs, would not reduce
the current heights of design flood levels.
Rather, these types of options control the
increase of flood risks in the future;

4

measures such as voluntary house purchase,
voluntary house raising and voluntary
reconstruction and redevelopment would not
reduce the current heights of design flood
levels. Rather, these types of options help to
reduce current flood risks by reducing the
number of people living in flood prone
houses;

4

calculations would show that options
involving the enlargement of a pipe or culvert
would reduce flood levels upstream of the
works. However, these reductions would
only occur if the culvert remained unblocked
during a flood event. In accordance with
Council’s Conduit Blockage Policy, the
upgraded culverts would still have to be
assumed to be completely blocked (if the
new culvert had a diagonal dimension of less
than 6m). Therefore, there would be no
reportable reduction in the height of design
flood levels with installation of larger culverts.
Therefore, options that involve upgrading of
culverts have been recommended primarily
on the basis of the ‘reduction of flood risk
potential’ that they would offer the catchment
community.
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Although many of the components of the draft
Floodplain Risk Management Plan may be eligible
for Government assistance, funding cannot be
guaranteed. Government funds are allocated on
an annual basis to competing projects throughout
the State. Options that receive Government
funding must be of significant benefit to the
community. The program can support the Council
in implementing its management plan, such as
funding investigation, design and construction
activities, as well as ongoing programs such as
voluntary house raising. However, maintenance
costs, would generally be Council’s responsibility.
THE NEXT STEPS
The next steps to progress the floodplain risk
management process are as follows:

4

4

Council determines a program of works,
based on overall priority, available council
funds and any other constraints;

4

Council submits an application for funding
assistance
to
the
Department
of
Infrastructure, Planning and Natural
Resources (formerly the Department of Land
and Water Conservation) and negotiates
other sources of funding;

4

as funds become available, implementation
of the plan proceeds in accordance with
established priorities.
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TABLE 2: SUMMARY OF FINDINGS FOR FLOODPLAIN RISK MANAGEMENT
OPTIONS
SECTION
NO.
(Volume 1)

FLOODPLAIN RISK
MANAGEMENT
MEASURE

8.1

PROPERTY MODIFICATION MEASURES

8.1.1

Planning and
Policies`

4

4

4
4

8.1.2

Voluntary Purchase
of Properties

RECOMMENDED
FOR FURTHER
CONSIDERATION

DESCRIPTION OF OPTION

4

4
4

4

4

4

4

TOWRADGI CREEK, WOLLONGONG
FLOODPLAIN RISK MANAGEMENT STUDY (Volume 2)

Adoption of new Development Control Plan
(DCP) and Planning Matrix, notations on
Section 149(2) Certificates, amendments to
Local Environmental Plan and adoption of
Foreshore Building Line
initiation of programs to remove illegal
structures in High Flood Risk Precinct and
formalisation of creek corridors
Riverine Corridor Strategy
(includes Vegetation Management Plan)
Amendment to Council’s Conduit Blockage
Policy
Towradgi Creek (Branch 1):
– Nos. 54 and 56 Caldwell Avenue
– No.1 Carr Street
– Nos. 1 and even Nos. 2–20 Colgong
Crescent (11 properties)
– Nos. 130, 132, 133, 134 & 137 Pioneer Rd
– Nos. 135, 136 and 139–143 Pioneer Road
– No.2 Cassell Avenue
South Angels Creek (Branch 2):
– No.51 Meadow Street
North Angels Creek (Branch 3):
– No.32 Meadow Street
– Nos. 47, 60 & 62 Tarrawanna Road
– No.13 Andrews Place
South Corrimal Creek (Branch 4):
– No.2 The Avenue
– No.4 The Avenue
– No.47 Underwood Road
North Corrimal Creek (Branch 5):
– Nos. 1 and 5 Lemrac Avenue
– No.8 Lemrac Avenue
– No.19 Willow Grove
– Nos,1, 3 and 5 Willow Grove
– No.7 Willow Grove
– No.112 Collins Street
– No.81 Collins Street
– Nos. 29A & 31 Underwood Street
– Nos. 43 and 47 Railway Street
– No.69 Cross Street & No.72 Railway Street
– No.29 Railway Street
Carr Creek (Branch 6):
– Nos. 22–24 & 31 Henrietta Street
– Nos. 11, 13, 15, 17, 19, 24, 26, 28, 30 and
34 Dalton Street (10 properties)
– Nos. 25, 38, 40 & 42 Carr Street
– No.33 Colgong Crescent
Parker Creek (Branch 7):
– No.32 Lake Parade
– Nos. 32, 39 and 41 Parker Road
– Nos. 136 and 138 Cawley Street

5

yes
yes
yes
yes
no
no
no
yes
no
no
no
no
no
no
no
yes if no other works
no
no
yes if no other works
no
yes
no
yes
no
no
no
no
no
no
no
no
no
no
no
no
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SECTION
NO.
(Volume 1)

8.1.3

FLOODPLAIN RISK
MANAGEMENT
MEASURE
House Raising,
Reconstruction,
Redevelopment and
Flood Proofing

RECOMMENDED
FOR FURTHER
CONSIDERATION

DESCRIPTION OF OPTION
4

4

4

4

4

4

4

Towradgi Creek (Branch 1):
– raise No.1 Raymond Parade
– reconstruct/redevelop No.54 and 56
Caldwell Avenue
– reconstruct/redevelop No.2 Cassell Avenue
South Angels Creek (Branch 2):
– reconstruct/redevelop No.51 Meadow
Street (already owned by Council)
North Angels Creek (Branch 3):
– raise No.47 Tarrawanna Road
– raise No.60 Tarrawanna Road
– reconstruct/redevelop No.32 Meadow St.
– reconstruct/redevelop No.62 Tarrawanna
Road and No.13 St. Andrews Place
North Corrimal Creek (Branch 5):
– reconstruct/redevelop No.69 Cross Street
– reconstruct/redevelop No.72 Railway Street
– construction of flood proofing walls at
Nos.5 and 10 Lemrac Avenue
Carr Creek (Branch 6):
– raise Nos. 11, 13, 15, 17, 19, 24, 26, 28, 30
and 34 Dalton Street (10 properties)
– raise Nos. 38, 40 & 42 Carr Street
– reconstruct/redevelop No.25 Carr Street
– reconstruct/redevelop No.33 Colgong Cres
Parker Creek (Branch 7):
– raise No.39 Parker Road
– raise Nos. 138 Cawley Street
– reconstruct/redevelop No.32 Lake Parade
– reconstruct/redevelop Nos. 32 and 41
Parker Road
– reconstruct/redevelop No.136 Cawley St.
catchment-wide flood proofing measures:
– development of ‘Flood Proofing Guidelines’
– installation of ‘flood proof’ doors

8.2

RESPONSE MODIFICATION MEASURES

8.2.1

Improved Flood
Warning System

4

Unfortunately, there is limited scope to improve
flood warning in the Towradgi Creek catchment
as this relatively short, steep catchment
experiences ‘flash flooding’. The Bureau of
Meteorology would be unable to provide a
specific flood warning service to this catchment.
Update existing SES Flood Plan with new flood
intelligence data from current study

8.2.2

Improved
Emergency
Management Plans

4

8.2.3

Improved
Community Flood
Awareness

Suggestions discussed include:
4
4
4
4
4
4

Update Council’s GIS with Flood Damages
Data Base
Issue Flood Certificates
Production of book about 1998 flood
Commemoration activities in conjunction with
SES
Production of brochures on Flood Risk
Precincts and caring for creek environment
Installation of Flood Markers

yes if no other works
yes
yes
yes
yes
no
yes
no
yes
no
yes if no other works
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

no

yes

yes
yes
yes
yes
yes
yes

However, Council and the Floodplain Risk
Management Committee would confirm the exact
details of a Community Flood Awareness Strategy
before implementation.
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SECTION
NO.
(Volume 1)

FLOODPLAIN RISK
MANAGEMENT
MEASURE

8.3

FLOOD MODIFICATION MEASURES

8.3.1

Permanent Levees

4

8.3.2

Upstream Flood
Mitigation Storages

4

4

8.3.3

8.3.4

Widening and/or
Deepening of Creek
Channels

4

Enlargement of
Waterway Area
under Bridges and
Culverts

4

4

4
4
4
4

4
4

8.3.5

Formalisation of
overland flowpaths

RECOMMENDED
FOR FURTHER
CONSIDERATION

DESCRIPTION OF OPTION

4

4

4

TOWRADGI CREEK, WOLLONGONG
FLOODPLAIN RISK MANAGEMENT STUDY (Volume 2)

Construct earthen or block walls within the
Towradgi Creek catchment
New upstream detention storages:
– Towradgi Creek (Branch 1) upstream of
Dinah Place
– Towradgi Creek (Branch 1) upstream of
railway line embankment
– North Corrimal Creek (Branch 5) upstream
of Glenlea Street
Modifications to existing detention storages
within ‘Foothills Estate’ at upper ends of South
and North Angels Creeks (Branches 2 and 3)
widening, deepening and/or concrete lining of
creek channels to increase capacity
channel widening and deepening of Towradgi
Creek adjacent to Colgong Crescent
Towradgi Creek (Branch 1) — remove and raise
Colgong Crescent footbridge
Towradgi Creek (Branch 1) — lengthen bridge
opening at Pioneer Road
South Corrimal Creek (Branch 4) — upgrading of
The Avenue culvert
South Corrimal Creek (Branch 4) — locally lower
ground levels in vicinity of The Avenue culvert
South Corrimal Creek (Branch 4) — permanently
close The Avenue or replace with a bridge,
removal of pipes and restoration of creek channel
North Corrimal Creek (Branch 5) — enlarge
Lemrac Avenue culvert;
North Corrimal Creek (Branch 5) — extension
of culverts under Northern Distributor to Railway
Street
North Corrimal Creek (Branch 5) Corrimal
Retail Area:
– Options 1(a) and 1(b): works between
Underwood Street and Princes Highway to
address flood problems in retail area only
– Option 2: works between No.81 Collins
Street to Princes Highway to address flood
problems in retail area and in vicinity of
Underwood Street
Minor Overland Flow Paths
– Towradgi Creek (Branch 1): embankment
along eastern creek bank behind Cassell
Avenue
– South Angels Creek (Branch 2): Corrimal
Street and Tarrawanna Soccer Complex
– North Corrimal Creek (Branch 5): Lower
ground levels at Collins Street sag point
– North Corrimal Creek (Branch 5): Glenlea
Street local drainage problems
– adopt control to maintain overland flow
paths where floodwaters have spilt off
roads and into lower lying properties (3
locations)
– maintaining of two overland flow paths
between Carr Creek (Branch 6) and
Towradgi Creek (Branch 1)
Policy for management of escarpment runoff

7

no

no
no
no
no
no
no
yes
no
yes
no
no
yes
yes

Option 1 or Option 2
recommended for
more detailed
analysis

yes
yes
yes
outside scope of
study

yes
yes
yes
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SECTION
NO.
(Volume 1)

8.3.6

FLOODPLAIN RISK
MANAGEMENT
MEASURE
Debris Control
Structures

4

4

4
4

8.3.7

Management of
Ocean Entrance

4

4
4

8.3.8

Other Options

RECOMMENDED
FOR FURTHER
CONSIDERATION

DESCRIPTION OF OPTION

4
4
4
4

4
4

4

TOWRADGI CREEK, WOLLONGONG
FLOODPLAIN RISK MANAGEMENT STUDY (Volume 2)

Towradgi Creek (Branch 1):
– 3 locations (corner Foothills Road and
Caldwell Avenue, end of Pringle Road and
upstream of railway line)
North Angels Creek (Branch 3):
– 1 location (near spillway chute of existing
detention basin)
South Corrimal Creek (Branch 4):
– 1 location (upstream of The Avenue)
North Corrimal Creek (Branch 5):
– 4 locations (upstream of Lemrac Avenue,
upstream of No.81 Collins Street, upstream
of access road bridge off Railway Street and
upstream of Coke Works access bridge)
develop policy to dig pilot channel if water level
reaches RL2.0 mAHD behind berm at ocean
entrance
organise direct access to telemetered water
levels at Pioneer Road gauge
adopt design ocean levels for 100 year flood
and probable maximum flood (PMF)
Towradgi Creek (Branch 1) — Prosser Close
Erosion Study
Towradgi Creek (Branch 1) — Caldwell Avenue
Local Area Flood Assessment
North Angels Creek (Branch 3) — Bellambi Street
Flood Assessment
North Angels Creek (Branch 3) — Tarrawanna
Road Channel Works: repair gabion channel and
construct energy dissipator
North Corrimal Creek (Branch 5) — installation of
bollards on roadways at 3 locations
North Corrimal Creek (Branch 5) — provide
additional pipe inlet capacity at No.81 Collins
Street
North Corrimal Creek (Branch 5) — energy
dissipator upstream of Railway Line

8

yes
yes
yes

yes

yes
yes
yes
yes
yes
proceeding
yes
yes
yes
no
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TABLE 3:
ITEM
(Plan
Section No.)

RECOMMENDED MEASURES FOR DRAFT FLOODPLAIN RISK MANAGEMENT PLAN

DESCRIPTION

11

CATCHMENT-WIDE MEASURES

1.1

Planning Controls and Policy Issues:
4 draft Development Control Plan
4 graded planning controls — Planning Matrix
4 amendments to Local Environmental Plan
4 adoption of Foreshore Building Line
4 notions on Section 149(2) Certificates
4 amendments to Conduit Blockage Policy

1.2

1.3

1.4

Riverine Corridor Strategy, including:
4 preparation of a Vegetation Management Plan;
4 study of stream geomorphology;
4 investigation into restoration of creek systems;
4 investigation into rectification of in-stream and creek
bank erosion;
4 identification of options for managing illegal
structures;
4 preparation of a Riverine Corridor Maintenance
Program;
Flood proofing:
4 development of Flood Proofing Guidelines
4 installation of ‘flood proof’ doors
Improved Emergency Management Planning

TOWRADGI CREEK, WOLLONGONG
FLOODPLAIN RISK MANAGEMENT STUDY (Volume 2)

Reduction of
properties
flooded
above floor
level (1)

Benefit–
Cost
Ratio (2)

na

na

na

na

PRIORITY

CAPITAL

na

Council staff
costs

Council staff
costs

Current Council
Responsibility

High

na

$80,000

Dependent on
recommendations

Council, DIPNR,
National Landcare
Program

High

Staff costs

Staff costs
nil

Council
Council, residents

High
High

Council staff
costs

SES

High

na

13

FUNDING
SOURCES

MAINTENANCE
(per annum)

na

Dependent on
recommendations

ESTIMATED COST (3)

Dependent on
recommendations

Council staff
costs
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ITEM

DESCRIPTION

(Plan
Section No.)

1.5

Improved Community Flood Awareness
4 Update of Council GIS data base
4 Issuing of Flood Certificates
4 Production of book about August 1998 flood
4 Commemoration activities
4
4
4

1.6
2
2.1

Reduction of
properties
flooded
above floor
level (1)

Benefit–
Cost
Ratio (2)

na

na

Brochure on Flood Risk Precincts
production of brochure on how local community
can care for creek environment
Installation of flood markers

Policy for Management of Escarpment Runoff

ESTIMATED COST (3)
CAPITAL

MAINTENANCE
(per annum)

Staff costs
Staff costs
$20,000

Staff costs
Staff costs nil
nil

Dependent on
recommendations

Staff costs

nil
Staff costs

Staff costs
$5,000 each

Staff costs
Staff costs

(allow 4 markers)

FUNDING
SOURCES

Council
Council
Council, Volunteers
Council, SES

PRIORITY

High

Council, SES
Council, DIPNR
Council, DIPNR

na

na

Council staff
costs

Council staff
costs

Council

High

5

0.4

$1,600,000

nil

Council, DIPNR

High

3

0.4–0.5

$180,000 net

nil

Council, DIPNR

High

10

3.0

$200,000

nil

Council, DIPNR

Urgent

0

na

$20,000

Council, DIPNR

Medium

na

na

$285,000

Council staff
costs
$9,000

Council, DIPNR

High

TOWRADGI CREEK (BRANCH 1)

na

na

Council staff
costs

Council staff
costs

Council

Medium

2.7

Voluntary house purchase — 5 properties
Voluntary reconstruction/redevelopment — 3
properties
Removal and raising of Colgong Crescent footbridge in
its current location
Embankment along Eastern Creek Bank behind
Cassell Avenue
Debris control structures — 3 locations
Management of ocean entrance
4 policy to dig pilot channel/breach beach berm
4 access to telemetered water levels at Pioneer
Road gauge
4 design ocean levels for 100 year flood and PMF
Prosser Close Erosion Study

na

na

$20,000

nil

Council, DIPNR

Urgent

2.8

Caldwell Avenue Local Area Flood Assessment

na

na

$15,000

nil

Council, DIPNR

Low

2.2
2.3
2.4
2.5

2.6

3

SOUTH ANGELS CREEK (BRANCH 2)

3.1

Voluntary reconstruction/redevelopment — 1 property

1

0.4

$60,000 net

nil

Council, DIPNR

High

3.2

Works at Tarrawanna Soccer Complex and Corrimal St

0

na

$20,000

nil

Council, DIPNR

Low
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ITEM
(Plan
Section No.)

4

DESCRIPTION

Reduction of
properties
flooded
above floor
level (1)

Benefit–
Cost
Ratio (2)

CAPITAL

MAINTENANCE
(per annum)

ESTIMATED COST (3)
FUNDING
SOURCES

PRIORITY

NORTH ANGELS CREEK (BRANCH 3)

4.1

Voluntary house raising — 1 property

1

0.8

$40,000

nil

Council, DIPNR

High

4.2

Voluntary reconstruction/redevelopment — 1 property

1

0.9

$60,000 net

nil

Council, DIPNR

Medium

4.3

Debris control structures — 1 location

na

na

$95,000

$3,000

Council, DIPNR

High

4.4

Bellambi Street Flood Assessment

na

na

na

na

Council, DIPNR

current

4.5

Tarrawanna Road channel works

0

na

$40,000

nil

Council, DIPNR

Low

up to 5 (4)

0.7

Medium

na

Council

Urgent

na

na

nil
Council staff
costs
$3,000

Council, DIPNR

na

$550,000
Council staff
costs
$95,000

Council, DIPNR

High

0.3–0.6

$1,000,000

nil

Council, DIPNR

High

5
9.5.1
9.5.2
9.5.3
6

SOUTH CORRIMAL CREEK (BRANCH 4)
Enlargement of The Avenue culvert
Controls to maintain overland flow paths where
floodwaters spilt off roads into lower lying properties
Debris control structure — 1 location
NORTH CORRIMAL CREEK (BRANCH 5)

6.1

Voluntary house purchase — 4 properties

4

6.2

Voluntary reconstruction/redevelopment — 1 property

1

0.7

$60,000 net

nil

Council, DIPNR

High

(4)

0.3

$700,000

nil

Council, DIPNR

High

$1,400,000#
$6,500,000

nil

Council, DIPNR

Medium

nil

Council, DIPNR,
private developer

High

6.3

Enlargement of Lemrac Avenue culvert

up to 5

6.4

Enlargement of Railway Street culvert

up to 4 (4)

0.2

6.5

Formalisation of overland flow path through Corrimal
Retail Area between No.81 Collins Street and Princes
Highway (including downstream compensatory works)

9 commercial
+ 12 shops
+ 8 residential

0.2–0.3

0

na

6.6

na

na

6.8

Lower ground levels near Collins Street sag point
Controls to maintain overland flow paths where
floodwaters spilt off roads into lower lying properties
Debris control structures — 4 locations

na

6.9

Installation of bollards on roadways — 3 locations

6.10

Additional pipe inlet capacity at No.81 Collins Street

6.7

TOWRADGI CREEK, WOLLONGONG
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(includes pipe upgrade
works, property
purchase, downstream
compensatory works
and studies)

nil
Council staff
costs
$12,000

Council, DIPNR

Low

Council

Urgent

na

$10,000
Council staff
costs
$380,000

Council, DIPNR

High

0

na

$15,000

nil

Council, DIPNR

High

na

na

$20,000

nil

Council, DIPNR

High
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ITEM
(Plan
Section No.)

7
7.1
7.2
7.3
8
8.1
8.2
8.3

DESCRIPTION

Reduction of
properties
flooded
above floor
level (1)

Benefit–
Cost
Ratio (2)

CAPITAL

MAINTENANCE
(per annum)

13

1.1–1.3

$520,000

2

0.4–0.5

na

ESTIMATED COST (3)
FUNDING
SOURCES

PRIORITY

nil

Council, DIPNR

High

$120,000 net

nil

Council, DIPNR

High

na

Council staff
costs

Council staff
costs

Council

Urgent

2

0.6 & 1.1

$80,000

nil

Council, DIPNR

High

4

0.5–0.7

$240,000 net

nil

Council, DIPNR

High

na

na

Council staff
costs

Council staff
costs

Council

Urgent

69 residential

0.41

$14.45 million

$30,000

CARR CREEK (BRANCH 6)
Voluntary house raising — 13 properties
Voluntary reconstruction/redevelopment — 2
properties
Maintaining 2 overland flow paths between Carr Creek
(Branch 6) and Towradgi Creek (Branch 1)
PARKER CREEK (BRANCH 7)
Voluntary house raising — 2 properties
Voluntary reconstruction/redevelopment — 4
properties
Controls to maintain overland flow paths where
floodwaters spilt off roads into lower lying properties
TOTALS

Notes:
(1)
(2)
(3)
(4)

Reduction in the number of properties currently flooded above floor level in a 100 year flood.
Refer to Section 7.2.3 of main report or information on how benefit–cost ratios have been calculated, particularly with regard to Council’s Conduit Blockage Policy.
When a range of costs has been provided in the text, only the highest cost has been presented in this table
With application of Council’s Conduit Blockage Policy, the number of properties ‘protected’ would be zero. If culverts were assumed to unblocked, the number of houses protected are shown.
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DRAFT FLOODPLAIN RISK MANAGEMENT PLAN
This chapter presents the draft Floodplain Risk Management Plan, showing the
preferred floodplain risk management measures, for the Towradgi Creek catchment.
The principal components of the Plan are discussed in this chapter, as follows:
4
4
4
4
4
4
4
4

1
1.1

catchment-wide measures — Section 1;
Towradgi Creek (Branch 1) — Section 2;
South Angels Creek (Branch 2) — Section 3;
North Angels Creek (Branch 3) — Section 4;
South Corrimal Creek (Branch 4) — Section 5;
North Corrimal Creek (Branch 5) — Section 6;
Carr Creek (Branch 6) — Section 7;
Parker Creek (Branch 7) — Section 8.

CATCHMENT-WIDE MEASURES
Planning Controls and Policy Issues

Priority:
High
Capital Cost:
Council staff costs
Maintenance Cost: Council staff costs
Recommendations: Development Control Plan — adoption of a Development Control
Plan (DCP) that outlines appropriate measures to be applied to
development in the floodplain. Appendix A3 provides a suggested
Draft Development Control Plan entitled “Managing our Flood
Risks” for consideration and adoption in accordance with the
process required under the Environmental Planning and
Assessment Act. Flood related controls within existing DCPs
should be replaced with a reference to this issue specific DCP.
Council would also need to review its current provisions for exempt
and complying development (as outlined in DCPs No.99/1 and
99/2) to ensure they are consistent with the new DCP.
Planning Matrix — the consideration of the application of a graded
set of planning controls for different land uses relative to different
levels of flood hazard within the study area (see Table 4). This
would involve the adoption of the High, Medium and Low Flood
Risk Precincts, as described above and shown on Figure 2.
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Wollongong Local Environmental Plan — the consideration, by
Council, of the following for inclusion within the Wollongong LEP:
–

standard definitions, objectives and standard clauses generally
as outlined in Appendix A2;

–

the identification of the extent of the “flood prone land” on
Council’s LEP maps.

Foreshore Building Line — a resolution by Council to adopt a
foreshore building line (FSBL) along all creeks within the study area
in accordance with the boundaries of the High Flood Risk (and
Interim Riverine Corridor) Precinct, and other criteria (including
erosion potential, stream integrity and floodway provision) relating
to an interim setback of 10m from the tops of creek banks. This
setback could be made greater if documented environmental base
data existed to allow for a more site-specific setback.
The FSBL should be identified on Council’s LEP maps and should
involve consultation with other agencies including PlanningNSW
(formerly the Department of Urban Affairs and Planning (DUAP)),
National Parks and Wildlife Service and DIPNR regarding the
integration of Riparian Corridor Management Studies currently
being prepared by the Illawarra Escarpment Project Coordination
Team.
This process should also involve a review of the appropriateness
of the zoning of individual land parcels, should the combined flood
risk and environmental criteria result in a foreshore building line
that substantially affects reasonable development expectations.
Section 149(2) Certificates — the incorporation by Council of
notations upon Section 149(2) Certificates that identify the flood
affectation by the DCP.
Conduit Blockage Policy — amendments to the Policy to:
–

ensure that potential flow diversions, which may be initiated by
a blockage, are considered and designed for. It is important in
these situations to determine which would create the worst
flood situation and hence the maximum flood levels for a
particular section of the creek system;

–

incorporate the requirements for economic appraisal for
assessment of culvert upgrading works and the like as outlined
by the then DLWC (2001).
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TABLE 4:

PROPOSED PLANNING MATRIX FOR THE TOWRADGI CREEK FLOODPLAIN
Flood Risk Precincts (FRP's)

Low Flood Risk

Medium Flood Risk

High Flood Risk

Floor Level
Building Components
Structural Soundness
Flood Affectation
Evacuation
Management & Design

3
2
3
2
2,4
4,5

Not Relevant

2
2

*1

3,4

2
4

Unsuitable Land Use

3
2
3,4

1
2
3
4
5

*

2 2or5 2
1
2,4
1
1
1
1
1
2
2
3
2
2
2
2
2
2
2
3,4 1,4 3,4
3 1or3
2,3,5 2,3,5 2,3,5 2,3,5

Concessional Development

Recreation & Non-Urban

Tourist Related Development

Commercial & Industrial

Residential

Subdivision

Critical Utilities

Essential Community Facilities

Concessional Development

Recreation & Non-Urban

Tourist Related Development

Commercial & Industrial

Residential

Subdivision

Critical Utilities

1

*1

Freeboard equals an additional height
of 500mm

Floor Level

Essential Community Facilities

Concessional Development

Recreation & Non-Urban

Tourist Related Development

Commercial & Industrial

Residential

Subdivision

Critical Utilities

Planning
Consideration

Essential Community Facilities

(& Interim Riverine Corridor)

1
2,4
1
1
1
1
1
1
3 1or3
2,3,5 2,3,5

Refer to 'Management & Design' planning consideration for subdivision
Note: 1. Filling of the site, where acceptable to Council, may change the
FRP considered to determine the controls applied in the circumstances of
individual applications.
2. Terms in italics are defined in the glossary of this plan and Schedule 2
specifies development types included in each land use category. These
development types are generally as defined within Environmental Planning
Instruments applying to the local government area.

All Floor Levels to be equal to or greater than the 20 year flood level plus freeboard unless justified by site specific assessment
Habitable floor levels to be equal to or greater than the 100 year flood level plus freeboard
All Floor Levels to be equal to or greater than the PMF flood level plus freeboard
Floor levels to be as close to the design floor level as practical & no lower than the existing floor level when undertaking alterations or
additions
Floor levels of shops to be as close to the design floor level as practical. Where the below the design floor level , more than 30% of the floor
area to be above the design floor level or premises to be flood proofed below the design floor level

Building Components & Method
1
2

All structures to have flood compatible building components below or at the 100 year flood level plus freeboard
All structures to have flood compatible building components below or at the PMF level plus freeboard

Structural Soundness
1
2
3

Engineers report to certify that any structure can withstand the forces of floodwater, debris & buoyancy up to & including a 100 year flood plus
freeboard
Applicant to demonstrate that any structure can withstand the forces of floodwater, debris & buoyancy up to & including a 100 year flood plus
freeboard, or a PMF plus freeboard if required to satisfy evacuation criteria (see below)
Applicant to demonstrate that any structure can withstand the forces of floodwater, debris & buoyancy up to & including a PMF flood plus
freeboard

Flood Affectation
1
2

Engineers report required to certify that the development will not increase flood affectation elsewhere
The impact of the development on flooding elsewhere to be considered

Note: When assessing flood affectation the following must be considered:
1. Loss of storage area in the floodplain
2. Changes in flood levels & velocities caused by alteration of conveyance of flood waters

Evacuation
1
2

Reliable access for pedestrians required during a 100 year flood
Reliable access for pedestrians and vehicles required during a PMF flood

3

Reliable access for pedestrians or vehicles is required from the building, commencing at a minimum level equal to the lowest habitable floor
level to an area of refuge above the PMF level , or a minimum of 40% of the gross floor area of the dwelling to be above the PMF level.

4

The development is to be consistent with any relevant flood evacuation strategy or similar plan

Management and Design
1

Applicant to demonstrate that potential development as a consequence of a subdivision proposal can be undertaken in accordance with this
Plan

2

Site Emergency Response Flood plan required (except for single dwelling-houses) where floor levels are below the design floor level

3
4

Applicant to demonstrate that area is available to store goods above the 100 year flood level plus freeboard
Applicant to demonstrate that area is available to store goods above the PMF level plus freeboard

5

No external storage of materials below the design floor level which may cause pollution or be potentially hazardous during any flood

Don Fox Planning
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1.2

Riverine Corridor Strategy

Priority:
Capital Cost:
Maintenance Cost:
Implementation Cost:

High
$80,000
Dependent on recommendations made.
Dependent on recommendations made.

Recommendations: The preparation and implementation of a Riverine Corridor Strategy
by Council for the creek corridors within the study area, to improve
corridor linkages, to restore their ecological value and to replace
inappropriate vegetation (that impedes the flow of water or could
provide a source of debris, thereby exacerbating flood impacts)
with more appropriate flood compatible native species. Key
components of the Strategy would include:
–
–
–
–
–
–
1.3

preparation of a Vegetation Management Plan;
study of stream geomorphology;
investigation into restoration of creek systems;
investigation into rectification of in-stream and bank erosion;
identification of options for managing illegal structures;
preparation of a Riverine Corridor Maintenance Program;

Flood Proofing

Priority:
Capital Cost:

High
Council staff costs and private residents’ costs for any works
undertaken
Maintenance Cost: Nil

Recommendations: The development of some ‘Flood Proofing Guidelines’ is
recommended for inclusion in the draft Floodplain Risk
Management Plan. Some examples of some flood compatible
materials and building techniques are included in Schedule 1 of the
draft Development Control Plan (see Appendix A3 of Appendix
A).
Individual properties, particularly commercial properties, can be
modified to reduce the impacts of flooding by a number of flood
proofing techniques. These techniques include, but not limited to,
the following:
–

construction of small flood-retaining walls around the immediate
perimeter of the house or around a small proportion of the
property. These types of walls are similar to levees in function
and so if walls are to be extended beyond the immediate
perimeter of the house, the same issues as levees need to be
considered before they are installed (see Section 8.3.1).
Generally it must be ensured that the walls would not adversely
affect the flood situation at neighbouring properties.
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–

fitting waterproof doors and/or waterproofing walls of houses.
There appears to be a number of opportunities for replacing
‘standard’ doors with flood-proof doors at the lowermost units
of some of the multi-unit developments;

–

locating shelves and storage areas at a height above the likely
flood level for the storage of electronic equipment and personal
effects (particularly photographs, diaries, clothes and other
memorabilia).

Flood proofing measures are a private cost and so could be
implemented with minimal cost to Council.
1.4

Improved Emergency Management Planning

Priority:
High
Capital Cost:
mainly limited to training of SES staff and volunteers
Maintenance Cost: minimal
Recommendations: Unfortunately, there is limited scope to improve the flood warning
in the Towradgi Creek catchment as this relatively short, steep
catchment experiences ‘flash flooding’. As such, the Met. Bureau
would be unable to provide a specific flood warning service to this
catchment. Therefore, improved emergency management planning
and support for the continued development of the Local Flood Plan
is considered to be an important component of the draft Floodplain
Risk Management Plan.
It is recommended that the existing SES Flood Plan be updated
with the new flood intelligence data now available via the current
study. It is important that the plan be endorsed by all organisations
that have responsibilities for activities prior to and during floods.
The Floodplain Risk Management Committee would be an ideal
group to assist the SES with the continued development of the
Local Flood Plan, and to enlist the support of other authorities.

1.5

Improved Community Flood Awareness

Priority:
Capital Cost:

High
Council staffing costs for all items except book about 1998 flood
($20,000) and simple flood markers ($5,000 each).
Maintenance Cost: Council staffing costs
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Recommendations: –
–
–
–
–
–
–

updating of Council’s GIS with flood damages data base;
issuing of flood certificates (see Figure 3 for a possible
example of a flood certificate that could be issued by Council);
production of a book about the August 1998 flood;
organisation of commemorative activities;
production of brochure on Flood Risk Precincts;
production of brochure on how community can care for the local
creek environment;
installation of flood markers.

The Floodplain Risk Management Committee and Council would
determine exact details of the Community Flood Awareness
Strategy in more detail at a later stage.
1.6

Policy for Management of Escarpment Runoff

Priority:
High
Capital Cost:
Council staffing costs
Maintenance Cost: Council staffing costs
Recommendations: There were several locations in the upper reaches of the Towradgi
Creek catchment during the August 1998 flood where houses and
properties where flooded when floodwaters flowed directly off the
steep escarpment behind them. In some areas, residents have
tried to manage this type of runoff themselves by constructing small
walls and excavating small channels.
It is recommended that Council develop a policy so that
escarpment runoff can be managed in a coordinated way.

2
2.1

TOWRADGI CREEK (BRANCH 1)
Voluntary House Purchase

Priority:
High
Capital Cost:
$1.6 million
Maintenance Cost: nil
Recommendations: It is recommended that the following 4 single dwellings and 1 small
unit block be included on Council’s Voluntary House Purchase
Scheme:
–

Nos. 130, 132, 133, 134 and 137 Pioneer Road.
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Wollongong City Council

Flood Certificate
Certificate Issued for Property at:

16 Jones Street, Towradgi
Lot 14, DP 25843

Owners Name:

Mr & Mrs John Smith

1. Classification of Flood Risk
Council records indicate that the above property is located within a Medium
Flood Risk area.
Land that is potentially subject to inundation is classified as low, medium or high flood risk.
Council has prepared a development control plan known as “Managing our Flood Risks” that
provides details of flood related development controls that may be applicable.

2. Known Floor and Ground Levels
The lowest floor level of the main building on this
property is :
Source of information :
The lowest ground level on this property is :
Source of information :

4.6m AHD
Council Survey
June 2000
Not known

If the floor level and/or ground level are currently unknown and you would like to know what
the levels are; this can be surveyed by a registered surveyor. Alternatively, Council can
arrange this for a fee of $90.

3. Estimated Flood Levels
Flood levels in the vicinity of the above property have been extracted from the
“Addendum to Towradgi Creek Flood Study Following August 1998 Flood”
report (Bewsher Consulting Pty Ltd, 2003).
Size of Flood*

Flood Level

Probable Maximum Flood
100 Year Flood
50 Year Flood
20 Year Flood
5 Year Flood

6.9m AHD
5.0m AHD
4.8m AHD
4.5m AHD
4.1m AHD

Depth over Lowest
Floor Level
2.3m
0.4m
0.2m
Not flooded
Not flooded

Depth over Lowest
Ground Level
not known
not known
not known
not known
not known

*The Probable Maximum Flood (or PMF) is extremely rare.
A 100 year flood is a large flood. It has a 1 in 100 (ie 1%) chance of occurring in any year.
A 50 year flood has a 1 in 50 (ie 2%) chance of occurring in any year.
A 20 year flood has a 1 in 20 (ie 5%) chance of occurring in any year.

A 5 year flood is more frequent. It has a 1 in 5 (i.e. 20%) chance of occurring in any year.

FIGURE 3:
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2.2

Voluntary Reconstruction/Redevelopment

Priority:
High
Capital Cost:
$180,000 net cost
Maintenance Cost: nil
Recommendations: It is recommended that the following 3 houses be included on
Council’s Voluntary House Reconstruction/Redevelopment
Scheme:
–
–

2.3

Nos 54 and 56 Caldwell Avenue;
No.2 Cassell Avenue.

Removal/Relocation of Colgong Crescent Footbridge

Priority:
Urgent
Capital Cost:
$200,000
Maintenance Cost: minimal
Recommendations: It is recommended that the Colgong Crescent footbridge and the
adjacent creek ‘weir’ be urgently removed and a higher structure
built at the same location.
The replacement of the existing footbridge with a new and higher
structure (Option E), which would have a single span across the
creek (rather than relocating the structure nearby to near the
railway line), was clearly the preferred solution for the footbridge
from the community submissions received during the public
exhibition of the Study and Plan and by the Floodplain Risk
Management Committee.
To achieve no increase in 100 year flood levels the minimum level
of the new deck would have to be about RL5.1 mAHD (based on
the underside of the deck matching the 100 year level of
RL4.6 mAHD). This level of RL5.1 mAHD would be about 1m
higher than the adjacent Colgong Crescent road level and also
about 0.6m higher than the existing floor levels at adjacent
properties (Nos. 4 and 6). This required height of a new footbridge
would have to examined from a privacy perspective.
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2.4

Embankment along Eastern Creek Bank behind Cassell Avenue

Priority:
Medium
Capital Cost:
$20,000
Maintenance Cost: Council staff costs
Recommendations: This option is recommended subject to a study undertaken by
Council to confirm its feasibility.
This option was raised in the community submissions received
during the public exhibition of this Study and Plan. The area where
this embankment could be built is currently being surveyed by
Council to confirm its feasibility. It is possible that this option will
provide useful flood protection in the more frequent flood events,
for several adjacent properties in Cassell Avenue. In larger flood
events, the embankment would be overtopped. Local drainage
issues would have to be carefully considered with such an
embankment.
2.5

Debris Control Structures

Priority:
Feasibility Study:

High
$45,000

(includes Hydraulic Investigation of $10,000 and
Environmental Investigation of $5,000 for each structure)

Capital Cost:
$240,000
Maintenance Cost: $9,000 p.a.
Recommendations: It is recommended that the following 3 locations are examined to
determine their suitability for siting a debris control structure:
–
–
–
2.6

adjacent to the corner of Foothills Road and Caldwell Avenue,
adjacent to the end of Pringle Road,
upstream of the railway line bridge (with access off the end of
Carr Street).

Management of Ocean Entrance

Priority:
Medium
Capital Cost:
Council staff costs
Maintenance Cost: Council staff costs
Recommendations: Because the beach berm can quite easily reach levels in excess of
RL3.0 mAHD, it is recommended that a policy be developed to dig
a pilot channel once a water level of RL2.0 mAHD is reached
behind the berm at the ocean entrance. It is suggested that Council
receives direct access to the telemetered Pioneer Road levels and
whenever the water level reaches RL2.0 mAHD, a starter channel
is excavated.
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It is also recommended that the following design ocean levels be
adopted at the outlet of Towradgi Creek (these include an
allowance of 0.3m for potential ‘Greenhouse’ impacts):
–
–
2.7

100 year level of 2.7 mAHD;
probable maximum flood level of 3.7 mAHD.

Prosser Close Erosion Study

Priority:
Urgent
Capital Cost:
$20,000
Maintenance Cost: nil
Recommendations: Although some stabilisation works have been completed, it is
recommended that a specific study be undertaken to determine the
most appropriate works that should be undertaken to address the
severe erosion that occurred during the August 1998 flood.
2.8

Caldwell Avenue Local Area Flood Assessment

Priority:
Low
Capital Cost:
$15,000
Maintenance Cost: nil
Recommendations: The depression through Nos. 54–58 Caldwell Avenue conveys
excess local catchment flows to Towradgi Creek (Branch 1). This
flowpath lies beyond the limit of the MIKE-11 hydraulic model
however it is apparent that in the August 1998 flood there were
substantial overland flows passing along this overland flow path.
There is therefore an opportunity to create a more suitable overland
flow path and so keep floodwaters away from the houses. It should
be noted that such works would not alleviate the significant flood
problems caused by flooding from the main creek experienced by
Nos. 54 and 56.
It is recommended that a Local Area Flood Assessment be
undertaken for these Caldwell Avenue properties.

3
3.1

SOUTH ANGELS CREEK (BRANCH 2)
Voluntary Reconstruction/Redevelopment

Priority:
High
Capital Cost:
$60,000 net cost
Maintenance Cost: nil
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Recommendations: It is recommended that the following house be included on Council’s
Voluntary House Reconstruction/Redevelopment Scheme (it is
noted that Council currently owns this property):
–
3.2

No.51 Meadow Street.

Works at Tarrawanna Soccer Complex and Corrimal Street

Priority:
Low
Capital Cost:
$20,000
Maintenance Cost: minimal
Recommendations: Minor works, to further control runoff from the Tarrawanna soccer
club complex, are recommended. This would include adjustments
to levels of the southern access track and grading to direct local
runoff into the adjacent detention basin rather than spilling across
Corrimal Street and adversely affecting the garage at No 13
Corrimal Street.

4
4.1

NORTH ANGELS CREEK (BRANCH 3)
Voluntary House Raising

Priority:
High
Capital Cost:
$40,000
Maintenance Cost: nil
Recommendations: It is recommended that the following house be included on Council’s
Voluntary House Raising Scheme:
–
4.2

No 47 Tarrawanna Road.

Voluntary Reconstruction/Redevelopment

Priority:
High
Capital Cost:
$60,000 net cost
Maintenance Cost: nil
Recommendations: It is recommended that the following house be included on Council’s
Voluntary House Reconstruction/Redevelopment Scheme:
–
4.3

No.32 Meadow Street.

Debris Control Structure

Priority:
Feasibility Study:

High
$15,000

(includes Hydraulic Investigation of $10,000 and
Environmental Investigation of $5,000)

Capital Cost:
$80,000
Maintenance Cost: $3,000 p.a.
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Recommendations: It is recommended that the following location is examined as to
determine its suitability for siting a debris control structure:
–
4.4

near the top of the spillway chute of the upper “Foothills Estate
detention basin above Bellambi Street.

Bellambi Street Flood Assessment

Priority:
Current
Capital Cost:
not applicable
Maintenance Cost: nil
Recommendations: This area is currently being assessed in detail as part of a separate
investigation. A draft report was submitted to Council early in 2002
and Council is currently assessing the implications of the report’s
recommendations. It is anticipated that this assessment will allow
broader guidelines to be developed regarding provisions for runoff
entering properties that back onto the escarpment slopes.
4.5

Tarrawanna Road Channel Works

Priority:
Low
Capital Cost:
$40,000
Maintenance Cost: nil
Recommendations: It is recommended that works including an energy dissipater
structure be considered at the outlet of the gabion-lined channel
downstream of Tarrawanna Road to control erosion problems as
occurred in the August 1998 flood. The gabion-lined channel itself
is also in need of repair. The cost of the works could be partly
covered by the Section 94 contributions from development of the
new subdivision.

5
5.1

SOUTH CORRIMAL CREEK (BRANCH 4)
Enlargement of The Avenue Culvert

Priority:
Medium
Capital Cost:
$400,000
Maintenance Cost: nil
Recommendations: It is recommended that this culvert be enlarged to a 3,000mm wide
by 1,800mm high box culvert that would convey the 100 year flood
flow in South Corrimal Creek (Branch 4) of 15.2m3/s under the
roadway (while the 100 year floodwaters received from Underwood
Street would still travel overland). The works would need to
supplemented with upstream and downstream transition works.
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The downstream works would need to address existing stability
problems with the western channel bank and the scour hole at the
existing pipe outlet.
If the upgraded culverts remained unblocked during major floods,
the works would achieve a major reduction in overland flows with
an associated reduction in flood risk and flood damages.
Subject to a separate assessment, the culvert upgrade works
should be supplemented by a debris control structure located just
upstream of The Avenue, (see Section 9.5.3).
5.2

Controls to Maintain Overland Flow Paths where Floodwaters Spilt off
Roads into Lower Lying Properties

Priority:
Urgent
Capital Cost:
Council staff costs
Maintenance Cost: Council staff costs
Recommendations: Research undertaken following the August 1998 flood revealed that
at the following location, the local road not only acted as overland
flowpaths but floodwaters spilt off the road and into lower lying
properties:
–

the southern side of Francis Street, between Collins Street and
Underwood Street.

It is recommended that any redevelopment proposals for the
southern properties in the locations listed above should not obstruct
or prevent these spills from entering the properties. This will
ensure each property continues to accept its portion of the overland
flow from the roadway. Council will need to consider these issues
when considering development proposals in the area in order to
avoid local flood problems within the site. In particular, property
frontage fences should not obstruct these spills from entering the
properties, otherwise neighbouring properties would potentially
experience more significant flood problems.
5.3

Debris Control Structure

Priority:
Feasibility Study:

High
$15,000

(includes Hydraulic Investigation of $10,000 and
Environmental Investigation of $5,000)

Capital Cost:
$80,000
Maintenance Cost: $3,000 p.a.
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Recommendations: It is recommended that the following location is examined as to
determine its suitability for siting a debris control structure:
–

6
6.1

upstream of The Avenue (subject to negotiation of a ‘right-ofway’ through an adjoining property).

NORTH CORRIMAL CREEK (BRANCH 5)
Voluntary House Purchase

Priority:
High
Capital Cost:
$1,000,000
Maintenance Cost: nil
Recommendations: It is recommended that the following 4 houses be included on
Council’s Voluntary House Purchase Scheme:
–
–
6.2

Nos. 1,3 and 5 Willow Grove;
No.112 Collins Street.

Voluntary Reconstruction/Redevelopment

Priority:
High
Capital Cost:
$60,000 net cost
Maintenance Cost: nil
Recommendations: It is recommended that the following houses be included on
Council’s Voluntary House Reconstruction/Redevelopment
Scheme:
–
6.3

No.69 Cross Street.

Enlargement of Lemrac Avenue Culvert

Priority:
High
Capital Cost:
$700,000
Maintenance Cost: nil
Recommendations: In the vicinity of Lemrac Avenue, North Corrimal Creek (Branch 5)
currently consists of a single 1,500mm diameter conduit that
follows the Lemrac Avenue alignment before reaching the rear of
the drainage reserve next to No.5 Lemrac Avenue. With the aim
of eliminating above-floor flooding of up to 5 properties in a 100
year flood in the vicinity of this culvert, a new and larger culvert with
dimensions in the order of 6,000mm wide and 1,800mm high is
recommended.
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Its construction would also involve significant upstream and some
downstream transition works. The construction of downstream
transition works would ensure that there would be no adverse
impacts on downstream properties because of the works.
As the length of the diagonal of such a culvert would exceed 6m,
the Council’s Conduit Policy states that only 25% blockage of the
pipe needs to be assumed when calculating design flood levels.
The scheme would achieve a major reduction in overland flows and
result in the associated reduction in flood risk and damages.
It is recognised that the works would require the construction of an
upstream debris control structure (see Section 9.6.8).
6.4

Enlargement of Railway Street Culvert

Priority:
Medium
Capital Cost:
$1.4 million
Maintenance Cost: nil
Recommendations: The pipes under Railway Street currently consist of twin 1,800mm
diameter concrete pipes and these receive flows from the much
larger capacity multi-cell box culverts (3 x 3,000mm wide x
1,700mm high) under the Northern Distributor. Because of the
significant differences in the capacities of the two culvert structures,
there is the potential for relatively frequent and major surcharging
of floodwaters to occur at the transition structure between the two
culverts.
It is recommended that the Northern Distributor box culverts be
extended under Railway Street and beyond the access roadway
servicing the medium density development at No.29 Railway
Street.
With application of Council’s Conduit Blockage Policy and because
of the ‘backwater’ impact from the road culvert that accesses the
Coke Works, there would not be any significant reduction in depths
of floodwaters in major floods across Railway Street.
The value of these works would greatly improve if downstream
works were also carried out at the access road to the Coke Works
(downstream of Railway Street). With this culvert downstream
access road assumed to be fully blocked, this causes a backwater
effect that extends as far upstream as Railway Street. If the levels
of the access road roadway levels were lowered (or there was
significant upgrading of the culvert), this would reduce the depth of
floodwaters Railway Street. Consequently, these works have been
included as part of this option.
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The construction of a debris control structure on the upstream side
of the Northern Distributor is also recommended as part of these
works (see Section 9.6.8). The construction of downstream
transition works would ensure that there would be no adverse
impacts on downstream properties because of the works.
6.5

Formalisation of Overland Flow Path through Corrimal Retail Area between
No.81 Collins Street and Princes Highway

Priority:
Capital Cost:

High
$6.5 million (including culvert upgrade works, property purchase,
downstream compensatory works and investigation/feasibility
studies)
Maintenance Cost: nil

Recommendations: The single worst location for flood damages in the Towradgi Creek
catchment in the August 1998 flood was the retail area at Corrimal
between the sag points in Underwood Street and the Princes
Highway. This was confirmed with the hydraulic modelling of a
series of design flood events. At this location there is no
watercourse. Instead there are twin large diameter pipes that carry
North Corrimal Creek storm flows under the medium density
development at No.81 Collins Street, under Underwood Street,
under the local shops (which includes the former ‘Coles New World’
shopping complex) and under the Princes Highway and the
adjoining Council park.
Despite the very substantial costs associated with implementing a
flood mitigation scheme at this location, Option 2 is strongly
recommended for detailed investigation given the very substantial
flood mitigation benefits that would accrue. Because of this, the
devastating nature of the flooding that occurred in the August 1998
and because of the strong community support for a solution to be
found, works in the area of the Corrimal Retail Area have been
included as high priority works in this draft Plan.
Overall viability of the works, however, is dependent on the costs
involved and the nature of redevelopment proposed by the private
sector in this area. If a large portion of the costs need to be met by
Council, the project may not be viable. Discussions with
developers are proceeding. Preliminary indications are that the
acquisition costs to be met by Council would be large and the
project may not be able to proceed.
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The recommended works (Option 2) would involve undertaking
works between No.81 Collins Street and downstream of the Princes
Highway. The works would address both the retail area problems
and the residential area flood problems at and upstream of
Underwood Street. It was assumed that the scheme would be
designed to cope with the 100 year design flows and that the works
would accommodate the existing ‘Coles’ development between
Underwood Street and Bertram Lane.
The following elements are recommended for these works:
–

extension of the floodway through No.81 Collins Street to
Underwood Street. This would require the purchase of No.29A
Underwood Street (and the demolition of its single dwelling),
the purchase of the south-western corner of No.29 Underwood
Street and the excavation of a floodway. This floodway would
have similar dimensions to the current floodway. It is
anticipated that a portion of No.29A, which would be surplus to
the floodway requirements could be used to provide
replacement parking spaces, etc for No.29;

–

construction of culverts under Underwood Street that would
convey the floodway flows under the roadway;

–

extension of the culverts through the ‘Coles’ car park (south of
the current building footprint);

–

development of an overland flow path through the ‘Coles’ site
to convey overland flows to No.203 Princes Highway, which is
currently a private car park. Floodwaters would then be
directed into a new underground conduit that would carry the
flows under the highway and the park to where the watercourse
re-commences at the outlet of the existing twin pipes.

This scheme has the attractions of not disrupting the shopping
precinct at the highway sag point and of substantially reducing
hazardous flow conditions at the highway. However, the required
conduit size would be very large and potential blockage at the inlet
would need to be carefully considered. There may also be
problems with services and utilities that run parallel to the highway.
An important component of this project would be to include the
following compensatory works to ensure the works would not
increase flood levels and damages downstream of the works
compared with current day conditions:
–

some widening of the channel (in the vicinity of the creek
overbanks) between the twin pipe outlet below the highway and
the Northern Distributor;
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6.6

–

modification of the entry conditions at the Northern Distributor
multiple culvert (for example, the construction of a ‘hood’ at the
inlet to improve its efficiency);

–

extension of the Northern Distributor culvert under Railway
Street (see Section 9.6.4);

–

works at the twin culvert at the Coke Works access road (as
see Section 9.6.4).

Lower Ground Levels near Collins Street Sag Point

Priority:
Low
Capital Cost:
$10,000
Maintenance Cost: nil
Recommendations: At the Collins Street sag point near the Willow Grove intersection,
the ground levels immediately downslope of the roadway are
slightly elevated. There is the opportunity to lower those levels and
so formalise an overland flowpath. These works are therefore
recommended and would lower local flood levels, especially in
Collins Street itself.
6.7

Controls to Maintain Overland Flow Paths where Floodwaters Spilt off
Roads into Lower Lying Properties

Priority:
Urgent
Capital Cost:
Council staff costs
Maintenance Cost: Council staff costs
Recommendations: Research undertaken following the August 1998 flood revealed that
at the following location, the local road not only acted as overland
flowpaths but floodwaters spilt off the road and into lower lying
properties:
–

the southern side of Coxs Avenue, between Parmenter Avenue
and Lemrac Avenue.

It is recommended that any redevelopment proposals for the
southern properties in the locations listed above should not obstruct
or prevent these spills from entering the properties. This will
ensure each property continues to accept its portion of the overland
flow from the roadway. Council will need to consider these issues
when considering development proposals in the area in order to
avoid local flood problems within the site. In particular, property
frontage fences should not obstruct these spills from entering the
properties, otherwise neighbouring properties would potentially
experience more significant flood problems.
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6.8

Debris Control Structures

Priority:
Feasibility Study:

High
$60,000

(includes Hydraulic Investigation of $10,000 and
Environmental Investigation of $5,000 for each structure)

Capital Cost:
$320,000
Maintenance Cost: $12,000 p.a.
Recommendations: It is recommended that the following 4 locations are examined as
to their suitability for siting debris control structures:
–
–
–
–

6.9

upstream of Lemrac Avenue (with access via the Public
Reserve fronting Coxs Avenue;
upstream of No.81 Collins Street
upstream of access road bridge off Railway Street (near the
scout hall);
upstream of the Coke Works access road twin culvert (subject
to negotiation to build an access track and to provide access for
ongoing maintenance).

Installation of Bollards on Roadways

Priority:
High
Capital Cost:
$15,000
Maintenance Cost: nil
Recommendations: During the August 1998 flood, vehicles were swept off roadways at
two locations in the North Corrimal Creek (Branch 5) catchment —
at Lemrac Avenue and Railway Street. Together with a third
location within the catchment at Collins Street, it is recommended
that bollards be erected on the downstream side of the roadways
to prevent vehicles from being swept into the creek channel.
6.10

Additional Pipe Inlet Capacity at No.81 Collins Street

Priority:
High
Capital Cost:
$20,000
Maintenance Cost: nil
Recommendations: Within the Corrimal Retail area, there is no water course to convey
the North Corrimal Creek (Branch 5) flows. Instead there are twin
large diameter pipes that carry flows under the medium density
development at No.81 Collins Street and downstream through the
Corrimal retail centre. When the capacity of the culverts is
exceeded, flood flows are conveyed firstly along a formalised
overland flowpath, which only extends through No.81 Collins Street
East (that is downstream) of Underwood Street, there is no
flowpath available for excess flows.
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In the August 1998 flood, flow diversions occurred and the local
area flooding was exacerbated by debris effectively fully blocking
the entrance to the twin 1,800mm diameter pipes at No.81 Collins
Street.
The large diameter pipes at No.81 Collins Street have
considerable, yet under-utilised, capacity.
It is therefore
recommended that works be undertaken downstream of the pipe
inlets to provide for additional and/or alternative capacity. This
could be achieved by installing large open grates on the top of the
pipes. This would provide additional opportunities for floodwaters
to enter the pipe should the inlet be blocked. The preferred
location for large grates such as these would be at the downstream
end of the floodway within the property itself.

7
7.1

CARR CREEK (BRANCH 6)
Voluntary House Raising

Priority:
High
Capital Cost:
$520,000
Maintenance Cost: nil
Recommendations: It is recommended that the following 13 houses be included on
Council’s Voluntary House Raising Scheme:
–
–
–
7.2

Nos. 11, 13, 15, 17 and 19 Dalton Street;
Nos. 24, 26, 28, 30, and 34
Nos. 38, 40 and 42 Carr Street.

Voluntary Reconstruction/Redevelopment

Priority:
High
Capital Cost:
$120,000 net cost
Maintenance Cost: nil
Recommendations: It is recommended that the following 2 houses be included on
Council’s Voluntary House Reconstruction/Redevelopment
Scheme:
–
–
7.3

No.25 Carr Street;
No.33 Colgong Crescent.

Maintaining Two Overland Flow Paths between Carr Creek (Branch 6) and
Towradgi Creek (Branch 1)

Priority:
Urgent
Capital Cost:
Council staff costs
Maintenance Cost: Council staff costs
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Recommendations: In accordance with Council’s Conduit Blockage Policy within Carr
Creek (Branch 6), the culverts at both the Northern Distributor and
Illawarra Railway need to be assessed assuming that they would
be fully blocked. As a result of this potential blockage, local
catchment flows would be diverted towards the Towradgi Creek
(Branch 1) floodplain.
It is important that existing local ground levels not be raised along
these potential flowpaths within the Northern Distributor and
Illawarra Railway corridors. This could cause design flood levels
in the area to also be raised.

8
8.1

PARKER CREEK (BRANCH 7)
Voluntary House Raising

Priority:
High
Capital Cost:
$80,000
Maintenance Cost: nil
Recommendations: It is recommended that the following 2 houses be included on
Council’s Voluntary House Raising Scheme:
–
–
8.2

No.39 Parker Road;
No.138 Cawley Street.

Voluntary Reconstruction/Redevelopment

Priority:
High
Capital Cost:
$240,000 net cost
Maintenance Cost: nil
Recommendations: It is recommended that the following houses be included on
Council’s Voluntary House Reconstruction/Redevelopment
Scheme:
–
–
–

No.32 Lake Parade;
Nos.32 and 41 Parker Road;
No.136 Cawley Street.
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8.3

Controls to Maintain Overland Flow Paths where Floodwaters Spilt off
Roads into Lower Lying Properties

Priority:
Urgent
Capital Cost:
Council staff costs
Maintenance Cost: Council staff costs
Recommendations: Research undertaken following the August 1998 flood revealed that
the local road not only acted as overland flowpaths but floodwaters
spilt off the road and into lower lying properties at:
–

the southern side of Lake Parade, in the vicinity of Carroll Road
and Parker Road.

It is recommended that any redevelopment proposals for the
southern properties in the locations listed above should not obstruct
or prevent these spills from entering the properties. This will
ensure each property continues to accept its portion of the overland
flow from the roadway. Council will need to consider these issues
when considering development proposals in the area in order to
avoid local flood problems within the site. In particular, property
frontage fences should not obstruct these spills from entering the
properties, otherwise neighbouring properties would potentially
experience more significant flood problems.
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GLOSSARY
Note that terms shown in bold are described elsewhere in this Glossary.
100 year flood

A flood that occurs on average once every 100 years. Also known as a
1% flood. See annual exceedance probability (AEP) and average
recurrence interval (ARI).

20 year flood

A flood that occurs on average once every 20 years. Also known as a 5%
flood. See annual exceedance probability (AEP) and average
recurrence interval (ARI).

5 year flood

A flood that occurs on average once every 5 years. Also known as a 20%
flood. See annual exceedance probability (AEP) and average
recurrence interval (ARI).

afflux

The increase in flood level upstream of a constriction of flood flows. A
road culvert, a pipe or a narrowing of the stream channel could cause the
constriction.
AEP (measured as a percentage) is a term used to describe flood size.
AEP is the long-term probability between floods of a certain magnitude.
For example, a 1% AEP flood is a flood that occurs on average once
every 100 years. It is also referred to as the ‘100 year flood’ or 1 in 100
year flood’. The terms 100 year flood, 20 year flood, 5 year flood etc,
have been used in this study. See also average recurrence interval
(ARI).

annual exceedance
probability (AEP)

Australian Height Datum
(AHD)

A common national plane of level approximately equivalent to the height
above sea level. All flood levels, floor levels and ground levels in this
study have been provided in metres AHD.

average annual damage
(AAD)

Average annual damage is the average flood damage per year that would
occur in a nominated development situation over a long period of time.

average recurrence
interval (ARI)

ARI (measured in years) is a term used to describe flood size. It is a
means of describing how likely a flood is to occur in a given year. For
example, a 100 year ARI flood is a flood that occurs or is exceeded on
average once every 100 years. The terms 100 year flood, 20 year flood,
5 year flood etc, have been used in this study. See also annual
exceedance probability (AEP).

catchment

The land draining through the main stream, as well as tributary streams.

design flood

A theoretical flood likely to occur, on average, every “x” years, eg a 100
year ARI flood is a design flood likely to occur, on average, every 100
years. see average recurrence interval (ARI) and annual exceedance
probability (AEP). The height of the design flood is called the ‘design
flood level’.

designated flood

The size of flood selected for planning purposes. Traditionally only one
‘designated flood’ has been adopted for a particular locality. However,
more than one ‘designated flood' can be used for planning, building and
development controls. Unless the designated flood is a probable
maximum flood (PMF), floods larger than the designated flood can occur.
This term is now referred to as the flood planning level (FPL).

Development Control
Plan (DCP)

A DCP is a plan prepared in accordance with Section 72 of the
Environmental Planning and Assessment Act, 1979 that provides detailed
guidelines for the assessment of development applications.
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DIPNR

Department of Infrastructure, Planning and Natural Resources. In April
2003, the new name for the DLWC became the Department of
Infrastructure, Planning and Natural Resources (DIPNR). DIPNR has
been used wherever applicable in this report.

discharge

The rate of flow of water measured in terms of volume per unit time, for
example, cubic metres per second (m3/s). Discharge is different from
the speed or velocity of flow, which is a measure of how fast the water is
moving.

DLWC

Department of Land and Water Conservation. Since May 1995, this was
the name for the Department of Water Resources (DWR), the Department
of Conservation and Land Management (CALM) and flood sections of the
Public Works Department (PWD). In April 2003, the new name for the
DLWC became the Department of Infrastructure, Planning and Natural
Resources (DIPNR). DIPNR has been used wherever applicable in this
report.

DUAP

Department of Urban Affairs and Planning (NSW). This department
became the Department of Planning (NSW) (PlanningNSW) and became
a major component of the Department of Infrastructure, Planning and
Natural Resources (DIPNR) from April 2003.

DWR

Department of Water Resources. This department became a major
component of the Department of Land and Water Conservation (DLWC)
in May 1995 and the new Department of Infrastructure, Planning and
Natural Resources (DIPNR) in April 2003.

ecologically sustainable
development (ESD)

Using, conserving and enhancing natural resources so that ecological
processes, on which life depends, are maintained, and the total quality of
life, now and in the future, can be maintained or increased. A more
detailed definition is included in the Local Government Act 1993.

effective warning time

The time available after receiving advice of an impending flood and before
the floodwaters prevent appropriate flood response actions being
undertaken. The effective warning time is typically used to move farm
equipment, move stock, raise furniture, evacuate people and transport
their possessions.

emergency management

A range of measures to manage risks to communities and the
environment. In the flood context it may include measures to prevent,
prepare for, respond to and recover from flooding.

EP&A Act

Environmental Planning and Assessment Act, 1979.

extreme flood

An estimate of the probable maximum flood (PMF), which is the largest
flood likely to occur.

flood

A relatively high stream flow that overtops the natural or artificial banks in
any part of a stream, river, estuary, lake or dam, and/or local overland
flooding associated with major drainage before entering a watercourse,
and/or coastal inundation resulting from super-elevated sea levels and/or
waves overtopping coastline defences excluding tsunami.

flood awareness

An appreciation of the likely effects of flooding and a knowledge of the
relevant flood warning, response and evacuation procedures.

flood hazard

The potential for damage to property or risk to persons during a flood.
Flood hazard is a key tool used to determine flood severity and is used for
assessing the suitability of future types of land use.
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flood level

The height of the flood described either as a depth of water above a
particular location (e.g. 1m above a floor, yard or road) or as a depth of
water related to a standard level such as Australian Height Datum (e.g
the flood level was 7.8 mAHD). Terms also used include flood stage and
water level.

flood liable land

Land susceptible to flooding up to the probable maximum flood (PMF).
Also called flood prone land. Note that the term flood liable land now
covers the whole of the floodplain, not just that part below the flood
planning level, as indicated in the superseded Floodplain Development
Manual (NSW Government, 1986).

flood planning level
(FPL)

The combination of flood levels and freeboards selected for planning
purposes, as determined in floodplain risk management studies and
incorporated in floodplain risk management plans. Formerly called the
designated flood or the flood standard.

flood prone land

Land susceptible to flooding up to the probable maximum flood (PMF).
Also called flood liable land.

flood proofing

A combination of measures incorporated in the design, construction and
alteration of individual buildings or structures subject to flooding, to reduce
or eliminate damages during a flood.

flood stage

see flood level.

Flood Study

A study that identifies the flood levels for a range of flood sizes.

floodplain

The area of land that is subject to inundation by floods up to and including
the probable maximum flood event, that is, flood prone land or flood
liable land.

Floodplain Risk
Management Plan

The outcome of a Floodplain Risk Management Study.

Floodplain Risk
Management Study

The current study. These studies are carried out in accordance with the
Floodplain Management Manual (NSW Government, 2001) and assess
options for minimising the danger to life and property during floods. These
measures, referred to as ‘floodplain risk management measures/options’,
try to achieve an equitable balance between environmental, social,
economic, financial and engineering considerations. The outcome of a
Floodplain Risk Management Study is a Floodplain Risk Management
Plan.

floodway

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

flow

see discharge

freeboard

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

For a particular size flood, usually at the flood planning level, there would
be a possible danger to personal safety, able-bodied adults would have
difficulty wading to safety, evacuation by trucks would be difficult and there
would be a potential for significant structural damage to buildings;.

hydraulics

Term given to the study of water flow in waterways; in particular, the
evaluation of flow parameters such as water level and velocity.

hydrology

Term given to the study of the rainfall and runoff process; in particular, the
evaluation of peak discharges, flow volumes and the derivation of
hydrographs (graphs that show how the discharge or stage/flood level at
any particular location varies with time during a flood).

km

kilometres. 1km = 1,000m = 0.62 miles.

km2

square kilometres. 1km2 = 1,000,000m2 = 100ha = 250 acres.

Local Government Area
(LGA)

All of the Towradgi Creek catchment is within the Wollongong Local
Government Area (LGA).

Local Environmental
Plan (LEP)

A Local Environmental Plan is a plan prepared in accordance with the
Environmental Planning and Assessment Act, 1979, that defines zones,
permissible uses within those zones and specifies development standards
and other special matters for consideration with regard to the use or
development of land.

low flood hazard

For a particular size flood, usually at the flood planning level, able-bodied
adults would generally have little difficulty wading and trucks could be used
to evacuate people and their possessions should it be necessary.

m

metres. All units used in this report are metric.

m AHD

metres Australian Height Datum (AHD).

m/s

metres per second. Unit used to describe the velocity of floodwaters.
10km/h = 2.7m/s.

m2

square metres. 1m2 = 10.8 square feet.

m3/s

Cubic metres per second or 'cumecs'. A unit of measurement for creek
flows or discharges. It the rate of flow of water measured in terms of
volume per unit time.

merit approach

The principles of the merit approach are embodied in the Floodplain
Management Manual (NSW Government, 2001) and weigh up social,
economic, ecological and cultural impacts of land use options for different
flood prone areas together with flood damage, hazard and behaviour
implications, and environmental protection and well being of the State’s
rivers and floodplains.

MIKE-11

The software program used to develop a computer model that analyses the
hydraulics of the waterways within a catchment and calculates water
levels (flood levels) and flow velocities. Known as a hydraulic model (see
Section 4.2).

mm

millimetres. 1m = 1,000mm
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overland flow path

The path that floodwaters can follow if they leave the confines of the main
flow channel. Overland flow paths can occur through private property or
along roads. Floodwaters travelling along overland flow paths, often
referred to as ‘overland flows’, may or may not re-enter the main channel
from which they left — they may be diverted to another water course.

peak discharge

The maximum flow or discharge during a flood.

PlanningNSW

Formerly the Department of Urban Affairs and Planning (NSW). This
department became the Department of Planning (NSW) (PlanningNSW)
and became a major component of the Department of Infrastructure,
Planning and Natural Resources (DIPNR) in April 2003.

present value

In relation to flood damage, is the sum of all future flood damages that can
be expected over a fixed period (usually 20 years) expressed as a cost in
today’s value.

probable maximum
flood (PMF)

The largest flood likely to ever occur. The PMF defines the extent of flood
prone land or flood liable land, that is, the floodplain. The extent,
nature and potential consequences of flooding associated with the PMF
event are addressed in this Floodplain Risk Management Study.

RAFTS

The software program used to develop a computer model that analyses the
hydrology (rainfall–runoff processes) of the catchment and calculates
hydrographs and peak discharges. Known as a hydrological model (see
Section 4.1).

reliable access

During a flood, reliable access means the ability for people to safely
evacuate an area subject to imminent flooding within effective warning
time, having regard to the depth and velocity of floodwaters, the suitability
of the evacuation route, and other relevant factors.

risk

Chance of something happening that will have an impact. It is measured
in terms of consequences and likelihood. In the context of this study, it is
the likelihood of consequences arising from the interaction of floods,
communities and the environment.

runoff

The amount of rainfall that ends up as flow in a stream, also known as
rainfall excess.

SES

State Emergency Service of New South Wales.

SMEC

Snowy Mountains Engineering Corporation.

stage–damage curve

A relationship between different water depths and the predicted flood
damage at that depth.

velocity

the term used to described the speed of floodwaters, usually in m/s
(metres per second). 10km/h = 2.7m/s.

water level

see flood level.

water surface profile

A graph showing the height of the flood (flood stage, water level or flood
level) at any given location along a watercourse at a particular time.

WCC

Wollongong City Council. This Floodplain Risk Management Study and
Plan has been undertaken for Wollongong City Council.
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