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TERMINOLOGY USED IN REPORT

Australian Rainfall and Runoff have produced a set of draft guidelines for appropriate terminology
when referring to the probability of floods. In the past, AEP has generally been used for those
events with greater than 10% probability of occurring in any one year, and ARI used for events
more frequent than this. However, the ARI terminology is to be replaced with a new term, EY.

Annual Exceedance Probability (AEP) is expressed using percentage probability. It expresses the
probability that an event of a certain size or larger will occur in any one year, thus a 1% AEP event
has a 1% chance of being equalled or exceeded in any one year. For events smaller than the 10%
AEP event however, an annualised exceedance probability can be misleading, especially where
strong seasonality is experienced. Consequently, events more frequent than the 10% AEP event
are expressed as X Exceedances per Year (EY). Statistically a 0.5 EY event is not the same as a
50% AEP event, and likewise an event with a 20% AEP is not the same as a 0.2 EY event. For
example an event of 0.5 EY is an event which would, on average, occur every two years. A 2 EY
event is equivalent to a design event with a 6 month average recurrence interval where there is
no seasonality, or an event that is likely to occur twice in one year.

While AEP has long been used for larger events, the use of EY is to replace the use of ARI, which
has previously been used in smaller magnitude events. The use of ARI, the Average Recurrence
Interval, which indicates the long term average number of years between events, is now
discouraged. It can incorrectly lead people to believe that because a 100-year ARI (1% AEP)
event occurred last year it will not happen for another 99 years. For example there are several
instances of 1% AEP events occurring within a short period, for example the 1949 and 1950
events at Kempsey.

Where the % AEP of an event becomes very small, for example in events greater than the
0.02 % AEP, the ARR draft terminology suggest the use of 1 in X AEP so a 0.02 % AEP event
would be the same as a 1 in 5,000 AEP.

The PMF is a term also used in describing floods. This is the Probable Maximum Flood that is
likely to occur. It is related to the PMP, the Probable Maximum Precipitation.

This report has adopted the approach of the ARR draft terminology guidelines and uses % AEP
for all events greater than the 10% AEP and EY for all events smaller and more frequent than this.



EY AEP (%) AEP (1in x) ARI Use
6 99.75 1.002 0.17
4 98.17 1.02 0.25
3 95.02 1.05 0.33 WSUD
2 86.47 1.16 0.50
1 63.21 1.58 1.00
0.69 50.00 2 1.44
0.5 39.35 2.54 2.00 . . :
Stormwater/pit and pipe design
0.22 20.00 5 4.48
0.2 18.13 5.52 5.00
0.11 10.00 10 9.49
0.05 5.00 20 20
0.02 2.00 50 50
0.01 1.00 100 100
0.005 0.50 200 200
0.002 0.20 500 500
0.001 0.10 1000 1000
0.0005 0.05 2000 2000
0.0002 0.02 5000 5000
Extreme risk /Dams
PMF 1x10° AEP-1x 107 AEP

A copy of the draft terminology is available at: http://www.arr.org.au/arr-guideline/draft-chapters/




FOREWORD

The NSW State Government’s Flood Prone Land Policy provides a framework to ensure the
sustainable use of floodplain environments. The Policy is specifically structured to provide
solutions to existing flooding problems in rural and urban areas. In addition, the Policy provides a
means of ensuring that any new development is compatible with the flood hazard and does not
create additional flooding problems in other areas.

Under the Policy, the management of flood liable land remains the responsibility of local
government. The State Government co-funds floodplain risk management studies, plans and
measures to alleviate existing problems and provides specialist technical advice to assist Councils
in the discharge of their floodplain management responsibilities.

The Policy provides for technical and financial support by the Government through five sequential
stages:

1. Data Collection
o Data requirements for an ensuing flood study are assessed. Existing data sets are
assessed for usability and existing reports collected and summarised.
2. Flood Study
o Determine the nature and extent of the flood problem.
3. Floodplain Risk Management
¢ Evaluates management options for the floodplain in respect of both existing and
proposed development.
4, Floodplain Risk Management Plan
¢ Involves formal adoption by Council of a plan of management for the floodplain.
5. Implementation of the Plan
e Construction of flood mitigation works to protect existing development, use of
Local Environmental Plans to ensure new development is compatible with the
flood hazard.

The Gibbergunyah Creek Floodplain Risk Management Study and Plan (FRMS&P) presented
herein constitutes the third and fourth stages of the NSW Floodplain Risk Management Program
for these catchments. Prior to commencement of the FRMS&P, a review of the 2013 Flood Study
(Reference 3) was undertaken and the results updated for the catchment.

WMAwater has been engaged by Wingecarribee Shire Council to prepare this Study under the
guidance of Council’s Floodplain Risk Management Advisory Committee
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EXECUTIVE SUMMARY

This Floodplain Risk Management Study assesses floodplain management issues in the
Gibbergunyah Creek catchment, and investigates potential management options for the area. The
study, which follows on from the Gibbergunyah Creek Flood Study (Reference 3), has been
undertaken in accordance with the NSW Government’'s Flood Prone Land Policy. A full
assessment of the existing flood risk in the catchment has been carried out, including flood hazard
across the catchment, over floor flooding of residential, commercial and industrial properties, road
flooding and emergency response during a flood event. A range of measures aimed at managing
this flood risk were also assessed for their efficacy across a range of criteria, which allowed certain
options to be recommended, forming the basis of the Floodplain Risk Management Plan for the
area. Measures included upgraded trunk drainage networks, emergency management measures,
and various property modification measures including Development Control Planning. The
mitigation options are outlined in Table 1.

Table 1: Gibbergunyah Creek Options for Investigation
Ref Options

FMO01 Resolve Main Street Flooding
FM02 Manage Flooding on Bessemer Street
FMO03 Culvert Upgrade: Gibbergunyah Creek Old Hume Highway
FMO04 Culvert Upgrade: Chinamens Creek Old Hume Highway
FMO05 Culvert Upgrade: Iron Mines Creek at Old Hume Highway
FMO06 Culvert Upgrade at Priestly Street
FMO7 Riparian Management of River (All Creeks)
FMO08 Retarding Basin on cnr Bessemer St and Regent Street
PMO1 Changes to FPL and FPA
PMO02 Amendments to s149 Certificates
PMO03 Changes to Floodplain Risk Precincts
RMO01 Amendments to Wingecarribee Shire Local Flood Plan (Volume 2)
RMO2 Installation of Flood Signs and Depth Indicators at frequently inundated
roads
RMO03 Investigate Reduction in High Hazard Road Reserves
WMAwater 2
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Background

Gibbergunyah Creek catchment is located in Wingecarribee Shire Southern Highlands of NSW
130 km south west of Sydney. The study area is shown in Figure 1. The catchment is part of the
Nattai River catchment which drains to Lake Burragorang as part of the Hawkesbury/Nepean
catchment. Gibbergunyah Creek drains in a northerly direction through the Mittagong urban area
where it is joined by tributaries Chinamans Creek and Iron Mines Creek. It continues to flow
beneath the Hume Highway until its confluence with the Nattai River.

The Gibbergunyah Creek Flood Study (2013) was carried out to define existing flood behaviour
for the catchment in terms of flood levels, depth, velocities, flows, hydraulic categories and
provisional hazard. An XP-RAFTS hydrological model was adopted to convert rainfall into runoff
hydrographs to be applied as input boundaries into the hydraulic model. The TUFLOW model
consisted of a linked 1D/2D hydraulic model of the creek, floodplain, stormwater network and
overland flow path. The model was used to define flood depths and levels for the 5 year ARI, 10%,
5%, 2%, 1%, 0.2% AEP design flood and PMF events. Several flooding hot spots were also
identified in the study. In addition, a desktop floor level survey and damages assessment were
undertaken to identify properties that are liable to over floor inundation.

Existing Flood Environment

A number of locations within the catchment are flood liable. This flood liability mainly relates to
the nature of the topography within the study area as well as the capacity of service provided by
drainage assets. Furthermore, a number of buildings have been constructed on overland flow
paths or in unrelieved sags (for example the Main Street shops). Due to these drainage
restrictions, topographic depressions can cause localised flooding as excess flows have no
opportunity to escape via overland flow paths. Sub-surface drainage is not able to route flow from
these ground depressions unrelieved by overland flow paths, as the majority of the drainage
network reaches capacity during small events (i.e. 0.2 EY).

48 residential properties within the catchment are liable to inundation on the property in the 1%
AEP event, while 18 properties are liable in the 5 year ARI event. Of these, 21 properties are liable
to over floor inundation in the 1% AEP event, and 5 in the 5 year ARI event. A flood damages
assessment for existing development was undertaken, with the average annual damages (for
residential properties) estimated to be approximately $205,000 for the catchment. With a number
of commercial properties in the catchment, the damages were also calculated for non-residential
properties. The 5 year ARI event causes inundation of 9 properties above floor level, and the 1%
AEP event affected 19 properties above floor level. The annual average damages was calculated
to be approximately $370,000 for the catchment.

Flooding hotspots in the catchment were identified at the following locations: Main Street,
Bessemer Street and at the crossings of Gibbergunyah Creek, Chinamans Creek and Iron Mines
Creek with the Hume Highway.

Flood Risk Management Options
The Floodplain Risk Management Study includes an investigation of possible options for the

WMAwater 3
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management of flood risk in the area. These included structural works such as drainage upgrades,
as well as planning measures and SES-related actions. The measures were assessed for their
ability to reduce flood risk while also considering their economic, social and environmental impact.
A multi-criteria matrix assessment was used to directly compare the options. Of the options
investigated, 8 were recommended for implementation, with a priority assigned to each. The
options are outlined in Table 2.

Table 2: Gibbergunyah Creek Options for Implementation

Ref Options Priority

FMO06 Culvert Upgrade at Priestly Street High
FMO01 Resolve Main Street Flooding High
FMO02 Manage Flooding on Bessemer Street Medium
FMO05 Culvert Upgrade: Iron Mines Creek at Old Hume Highway Low
PMO1 Changes to FPL and FPA Medium
PMO02 Amendments to s149 Certificates Medium
PMO3 Changes to Floodplain Risk Precincts (FPRS) Medium
RMO1 Amendments to Wingecarribee Shire Local Flood Plan (Volume 2) High
RMO2 Irgztgélation of Flood Signs and Depth Indicators at frequently inundated High
WMAwater 4
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1. INTRODUCTION

1.1. Study Area

Gibbergunyah Creek catchment in the suburbs of Mittagong and Welby is located in
Wingecarribee Shire in the Southern Highlands of NSW 130 km south west of Sydney. The study
area is shown in Figure 1. The catchment is part of the Nattai River catchment which drains to
Lake Burragorang as part of the Hawkesbury/Nepean catchment. Gibbergunyah Creek drains in
a northerly direction through the Mittagong urban area where it is joined by tributaries Chinamans
Creek and Iron Mines Creek. It continues to flow beneath the Hume Highway until its confluence
with the Nattai River.

1.2. Floodplain Management Process

As described in the Floodplain Development Manual (Reference 1), the Floodplain Risk
Management process is formed of sequential stages:

e Data Collection;

¢ Flood Study;

¢ Floodplain Risk Management Study;

¢ Draft Floodplain Risk Management Plan; and
¢ Plan Implementation.

The first key stage of the process has been undertaken with the completion of the Data Collection
and Gibbergunyah Creek Flood Study (Reference 3). Following this, the Draft Floodplain Risk
Management Study and Plan (FRMS&P) are undertaken for the catchment in two phases:

Phase | - Draft Floodplain Risk Management Study in which the floodplain management issues
confronting the study area are assessed, management options investigated and
recommendations made. The objectives of this phase for Gibbergunyah catchment include:

¢ Review of Council’s existing environmental planning policies and instruments including
Council’s long term planning strategies for the Study Area;

e Calculate flood damage estimates for existing conditions;

e |dentification of works, measures and restrictions aimed to reduce the social, environmental
and economic impacts of flooding and the losses caused by flooding on development and
the community, both existing and future, over the full range of potential flood events;

e To assess the effectiveness of the works and measures for reducing the effect of flooding
on the community and development, both existing and future;

o To consider whether the proposed works and measures might produce adverse effects
(environmental, social, economic, or flooding) in the floodplain and whether they can be
minimised;

WMAwater 5
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e Examination of the present flood warning system, community flood awareness and
emergency response measures in the context of the NSW State Emergency Service's
developments and disaster planning requirements.

¢ Examine ways in which the river and floodplain environment may be enhanced by preparing
a strategy for vegetation planning that will create a valuable corridor of vegetation without
having a detrimental effect on flooding; and

¢ Identification of modifications to current policies required in the light of investigations.

Phase Il — Draft Floodplain Risk Management Plan which is developed from the Floodplain
Risk Management Study and details how flood prone land within the study areas is to be managed
moving forward. The primary aim of the Plan is to reduce the flood hazard and risk to people and
property in the existing community and to ensure future development is controlled in a manner
consistent with flood hazard now and in the future. The Plan consists of prioritised and costed
measures for implementation.

1.3. Available Data

1.3.1. Digital Elevation Model (DEM)

The DEM was created using the data from an Aerial Laser Survey (ALS) provided by Land and
Property Information (LPI). The DEM is shown in Figure 2. The DEM was created to be applied
as the base for the TUFLOW 1D/2D hydraulic model.

The ALS has a horizontal accuracy of +/- 0.55m and a vertical accuracy of +/- 0.15m. It should be
noted that the accuracy of the ALS can be adversely affected by the nature and density of
vegetation, the presence of varying terrain, the vicinity of buildings and/or the presence of water.

1.3.2. GIS Data

WCS has provided the following GIS data for the study:

o Stormwater pits — Location of stormwater inlet pits. Does not provide entrance or invert
levels;

o Stormwater pipes — Location, size and length of stormwater pipes. Does not provide pipe
inverts;

e Easements — Locations of easements and in some instances the easement width;

¢ Roads — Location of roads, road name and road type;

e Cadastre — Cadastre for the suburb of Mittagong;

e Zoning — Land zoning for the Wingecarribee Shire LGA; and

o Aerial — Aerial photograph of the study area at 0.5m pixels size.

1.3.3. Floor Level Survey

A floor level survey has not been undertaken for the suburb of Mittagong. Following consultation
with WSC, the floor levels of properties within the PMF extent would be estimated by WMAwater
using the DEM provided from the Flood Study (Reference 3) and Google Street View. This was
determined to adequately meet the requirements of the study and was far more cost effective than

WMAwater 6
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contracting a surveyor.
1.4. Previous Studies

1.4.1. Gibbergunyah Creek Flood Study - Catchment Simulation
Solutions May 2013

The Flood Study completed by Catchment Simulation Solutions in May 2013 was undertaken to
determine design flood behaviour for events ranging from the 20% AEP to the PMF for the
Gibbergunyah Creek Catchment. The study area encompasses Gibbergunyah Creek from its
origin on Mount Gibraltar, through to the Mittagong urban area where it is joined by its tributaries
Chinamans Creek and Iron Mines Creek and ending after the Hume Highway overpass.

A hydrological model XP-RAFTS was adopted to convert rainfall into runoff hydrographs to be
applied as input boundaries into the TUFLOW 1D/2D hydraulic model. The TUFLOW model
consisted of a linked 1D/2D hydraulic model of the creek, floodplain, stormwater network and
overland flow path. The 2D domain of the TUFLOW model consisted of a 2m grid that was based
on a Digital Elevation Model (DEM). The DEM was derived from an Air Laser Survey (ALS) and
10 m contours of the areas not covered by the ALS.

The study provides detailed flood depth and flood level mapping of the study area as well as
mapping of provisional hydraulic hazards and hydraulic categorisations.

1.4.2. Mittagong Drainage Master Plan — Catchment Simulation
Solutions May 2013

The Mittagong Drainage Master Plan was completed by Catchment Simulation Solutions in
September 2013. The report documents the nature and extent of the existing drainage problem
across West Mittagong and identifies potential measures for mitigating the drainage problem.
Eight drainage upgrades were identified for potential investigation. A preliminary evaluation
selected four upgrades to be modelled to determine their hydraulic benefits. The options were:
e Option 2 — Upgrade of pits, pipes and overland flow system between John Street and
Thomas Street.
e Option 3 — Upgrade of pits, pipes and culvert system between Hood Street and Spring
Street.
e Option 4 — Upgrade of pits, pipes and overland flow system between Old Bowral Road and
Cook Street.
e Option 5 - Upgrade of pits, pipes between Old Bowral Road and Old Hume Highway.
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2. CATCHMENT CHARACTERISTICS

2.1. Land Use

Assessment of the Gibbergunyah Creek Catchment showed that land use was approximately split
into:

e Urban (37%) - Imperviousnhess ~ (30%)

¢ Rural/Open space (13%)

e Bush land (50%)

The rural/open space mainly consists of large privately owned properties in the upstream section
of the catchment between the Hume Highway and Gibbergunyah Reserve. The bushland consists
of heavily vegetated areas in Mount Gibraltar Park and Gibbergunyah Reserve upstream of the
Mittagong urban area and Mount Alexandria Reserve downstream of the urban area. The urban
area is made up of residential, business, light industry and special uses and is mainly located
within the middle of the catchment area.

The Wingecarribee Local Planning Strategy 2015 — 2031 (see Section 4.3.2) provides details of
predicted development across the Shire, which estimates that between 501 — 1000 additional
dwellings will be required in Mittagong. This represents a 22 — 45% increase on the number of
occupied dwellings recorded in the 2011 census (see Section 2.3). It is expected that 75% of
these new dwellings will be in the form of detached dwellings. The Local Planning Strategy also
concluded that the forecasted demand could readily be accommodated from within existing land
zonings, which have an estimated capacity of 4,811 additional dwellings.

2.2. Environmental Characteristics

All of Wingecarribee Shire is part of the catchment area for water supply to Sydney, Wollongong
and the Northern Shoalhaven. The Shire contains extensive areas of natural bushland and is
recognised as a key locality for koala habitat. The Shire has a rich heritage which is recognised
in the list of 327 heritage items, 16 heritage conservation areas and 8 archaeological sites,
including items listed on the State Heritage Register.

Gibbergunyah Creek Catchment consists of both developed and undeveloped land and includes
extensive areas of natural environment. The environmental features of interest within this
catchment are:

e Gibbergunyah Creek Catchment has a number of heritage listed areas including
archaeological areas, conservation areas and general heritage areas. There are two large
regions attributed as archaeological areas, the first extending both south and north of Old
Hume Highway in the north-east area of the catchment and the second ranging from
Railway Parade to beyond the southern boundary of Gibbergunyah Creek Catchment.
Additionally, the area confined by Regent Lane, Leopold Street, Beatrice Street and
Pioneer Street has been classified as a Conservation area.
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e The majority of waterways within Gibbergunyah Creek Catchment have been classified as
Aquatic and Terrestrial Habitat except for a small area defined under the category Bank
Stability and Water Quality.

e There are three small areas specified as regions for Land Reservation and Acquisition.

2.3. Demographic Characteristics

The statistical information provided in this section is an analysis of the entire suburbs of Mittagong
and Welby with postcode 2575. The data is based on the Australian Bureau of Statistics’ 2011
Census data, and is summarised in Table 3 below.

Table 3: Census data summary

Population Age:

0 - 14 years 19.2% 18.2% 21.5% 20.9%
15 - 64 years 66.1% 58.5% 62.1% 63%
> 65 years 14.7% 23.3% 16.5% 16.2%
Average people per 2.6 2.3 2.6 25
dwelling

Own/mortgage 66.6% 69.8% 75.8% 62.4%
property 30.1% 26.3% 21.2% 32.8%

Rent property
Moved into area:

- within last year - 14.8% 13.4% 10.1%
- within last five years - 40% 37.1% 30.6%
No cars at dwelling 10.9% 7.2% 4.7% 2.5%
Speak only English at 72.5% 91.2% 91.4% 91.9%
home

The population of Mittagong in 2011 was 8,432 with a median age of 44. The demographics are
broadly consistent with the state average. 18% of the population below the age of 14 and 51% of
the population below the age of 44.

English is the main language spoken at home with 95% of the population identifying English as
their first language, and over 91% of residents speaking only English at home. The Wingecarribee
Shire Community Engagement Policy states ‘All materials and methods developed by Council to
support community engagement will be genuine, unbiased, understandable and appropriate to
ensure the community can participate in a meaningful way’. The use of English in any community
consultation brochures, questionnaires or press releases will be adequate for this study.

There were 2,186 occupied dwellings in Mittagong with a break down shown in Table 4.
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Table 4: Dwelling Structures

Dwelling Structure Number Percentage
. Separate House 1925 88.1%
Semi-detached, Terrace or Townhouse 124 5.7%
Flat, Unit or Apartment 83 3.9%
Other Dwelling 50 2.3%
Total 2186 100%

2.4. Key Infrastructure on the Floodplain

Key infrastructure in the floodplain are those that impact on flood levels, for example upstream
backwatering (and retention of floodwater) and lower levels in the downstream (relative to the
case if the major structure was not there). Some of these may be deliberate flood management
measures to control flooding.

In Mittagong, the key infrastructure affecting Gibbergunyah Creek as well as its tributaries,
Chinamans Creek and Iron Mines Creek, include the railway embankment and the Old Hume
Highway, which is generally well built up. Both of these embankments are crossed by each of the
creeks, and when the culvert capacities are exceeded act as weirs, backing up flow on the
upstream sides. Accordingly, upgrades to the existing culverts have been explored as flood
mitigation options in Section 7.

Main Street intersects an overland flow path, and when the trunk drainage capacity is exceeded
water backs up over the road and along the row of shops between Alice Street and Victoria Street.
An improved trunk drainage system has been explored as a flood mitigation measure in Section
7.3.
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3. EXISTING FLOOD BEHAVIOUR

The existing flood behaviour was determined from the Gibbergunyah Creek Flood Study. In the
Gibbergunyah Creek catchment flooding is caused by two flood mechanisms, the overtopping of
the creek banks of Gibbergunyah, Chinamans and Iron Mines Creek as well as overland flow
conveyed towards the three main creeks in the catchment. The peak flood depths and levels for
the 20%, 10%, 5%, 2%, 1%, 0.5% AEP and PMF events are shown in Figure 3 to Figure 9. The
main flood affected areas in the catchment are described in the following sections.

3.1.1. Bessemer Street

Overland flow that has not reached Iron Mines Creek is conveyed down Bessemer Street from
beneath the railway line, parallel to Iron Mines Creek. Multiple properties are inundated especially
on the western side of Bessemer Street including the McDonalds and Springs Resort. Overland
Flow continues down Bessemer Street until it enters Iron Mines Creek adjacent to the Mittagong
RSL. The peak flood depths on Bessemer Street at the intersection with Bowral Road and Park
Lane are shown in Table 5.

Table 5: Peak Flood Depths Bessemer Street
q Peak Depth (m) Peak Depth (m)
Design Flood Event \M Park Lane

20% AEP 0.16 0.14
5% AEP 0.22 0.21
1% AEP 0.29 0.29

3.1.2. Main Street

The drainage system that runs from Main Street to Lake Alexandra has inadequate capacity for
the flows produced in large rainfall events. Main Street intersects an overland flow path, and when
the trunk drainage capacity is exceeded water backs up over the road and along the row of shops
between Alice Street and Victoria Street. This results in flooding in Main Street inundating local
businesses as well as the streets in the overland flow path between Main Street and Lake
Alexandra. The peak flood depths for Main Street are shown in Table 6.

Table 6: Peak Flood Depths Main Street

Design Flood Event Peak Depth (m)

20% AEP 0.4
5% AEP 0.52
1% AEP 0.64

3.1.3. Roscoe Street

Iron Mines Creek overtops the Hume Highway when the capacity of the culvert underneath the
road is exceeded. The flood water flows west down the old Hume Highway inundating Highlands
Marketplace on the corner with Roscoe Street. The peak flood depths on the Old Hume Highway
and in the Highlands Marketplace are shown in Table 7.

WMAwater 11
J:\Jobs\115032\Admin\Report\Gibbergunyah_FRMSP_FinalReport.docx:27 September 2016



( A), Wma Gibbergunyah Creek
Floodplain Risk Management Study and Draft Plan
Final Report

Table 7: Peak Flood Depths Old Hume Highway and Highlands Marketplace

. Peak Depth (m) Peak Depth (m)
Design Flood Event Old Hume Highway Highlands Marketplace

20% AEP 0.18 0.15
5% AEP 0.47 0.3
1% AEP 0.63 0.7

3.2. Flood Emergency Response Planning

To assist in the planning and implementation of response strategies, the SES in conjunction with
OEH has developed guidelines to classify communities according to the impact that flooding has
upon them. These Emergency Response Planning (ERP) classifications (Reference 1) consider
flood affected communities as those in which the normal functioning of services is altered, either
directly or indirectly, because a flood results in the need for external assistance. This impact
relates directly to the operational issues of evacuation, resupply and rescue. Based on the
guidelines (Reference 7), communities are classified as either; Flood Islands; Road Access Areas;
Overland Escape Routes; Trapped Perimeter Areas or Indirectly Affected. The ERP classification
can identify the type and scale of information needed by the SES to assist in emergency response
planning (refer to Table 8).

Table 8: Emergency Response Planning Classifications of Communities
Response Required

Classification Resupply Rescue/Medivac Evacuation
High flood island Yes Possibly Possibly
Low flood island No Yes Yes

Area with rising road access No Possibly Yes

Area with overland escape routes | No Possibly Yes

Low trapped perimeter No Yes Yes

High trapped perimeter Yes Possibly Possibly
Indirectly affected areas Possibly Possibly Possibly

Key considerations for flood emergency response planning in these areas include:

e Cutting of external access isolating an area;

o Key internal roads being cut;

o Transport infrastructure being shut down or unable to operate at maximum efficiency;

o Flooding of any key response infrastructure such as hospitals, evacuation centres,
emergency services sites;

¢ Risk of flooding to key public utilities such as gas, power, sewerage; and

e The extent of the area flooded.

Flood liable areas within the study area have been classified according to the ERP classification
above, with the additional criteria of flood depths being greater than 0.1 m as people can move
through this depth of water without concern. Therefore, all flood depths of less than 0.1 m were
removed from the PMF flood extents prior to classification. The ERP classifications for the study
area are shown in Figure 10.
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3.3. Hydraulic Categories

3.3.1. Introduction

The 2005 NSW Government’s Floodplain Development Manual (Reference 1) defines three
hydraulic categories which can be applied to different areas of the floodplain; namely floodway,
flood storage or flood fringe. Floodway describes areas of significant discharge during floods,
which, if partially blocked, would cause a significant redistribution of flood flow. Flood storage
areas are used for temporary storage of floodwaters during a flood, while flood fringe is all other
flood prone land.

There is no single definition of these three categories or a prescribed method to delineate the
flood prone land into them. Rather, their categorisation is based on knowledge of the study area,
hydraulic modelling and previous experiences. The Flood Study (Reference 3) defined hydraulic
categories as:

Floodway: Velocity x Depth > 0.3 m#/s AND Velocity >0.5 m/s
Flood Fringe Velocity <0.4 m/s AND Depth <= 0.05 m
Flood Storage: If not Floodway or Flood Fringe

The Floodplain Development Manual (Reference 1) provides definitions for all three categories,
however these are descriptive definitions and aren’t suitable for directly calculating/assessing the
categories. The definitions as per Reference 1 are provided below for clarity.

Floodways are those areas where a significant volume of water flows during floods and are often
aligned with obvious natural channels. They are areas that, even if only partially blocked, would
cause a significant increase in flood levels and/or a significant redistribution of flood flow, which
may in turn adversely affect other areas. They are often, but not necessarily, areas with deeper
flow or areas where higher velocities occur.

Flood storage areas are those parts of the floodplain that are important for the temporary storage
of floodwaters during the passage of a flood. If the capacity of a flood storage area is substantially
reduced by, for example, the construction of levees or by landfill, flood levels in nearby areas may
rise and the peak discharge downstream may be increased. Substantial reduction of the capacity
of a flood storage area can also cause a significant redistribution of flood flows.

Flood fringe is the remaining area of land affected by flooding, after floodway and flood storage
areas have been defined. Development in flood fringe areas would not have any significant effect
on the pattern of flood flows and/or flood levels.

Two further definitions that are suitable for directly calculating/assessing the floodway extent and
that are widely used to describe the characteristics of the floodway are described below:
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1. The extent which comprises a significant proportion of flow in a flow path (80 to 90%
is often used as the portion of flow within the floodway); and

2. The extent which if partially blocked causes impacts in excess of 0.1 m to occur
upstream of the partial blockage.

These two definitions have been used to assist in determining the floodway extent for the Nattai
River.

3.3.2. Approach

There is no definitive method for defining a floodway, and it is often an iterative process. In the
context of 1D/2D models, a raster presents flood modelling outputs for each grid cell in the given
study area. The velocity depth (VD) product for each cell can, and has in previous studies, been
used to define the floodway.

The Floodplain Development Manual (Reference 1) recommends encroachment analyses to
check the delineations of categories determined by the criteria set out in this section. For the
Gibbergunyah Creek Catchment this was carried out by artificially increasing the roughness of
areas zoned as ‘flood storage’ and ensuring the levels in the ‘floodway’ did not increase by more
than 150 mm.

The hydraulic categories for the 1% AEP event and PMF are shown in Figure 11 and Figure 12.

34. Flood Hazard Classification

Flood hazard is a measure of the overall adverse effects of flooding and the risks they pose. The
2005 NSW Government’s Floodplain Development Manual (Reference 1) describes two
provisional flood hazard categories; High and Low, based on the product of the depth and velocity
of floodwaters. These hazard categories do not consider other factors which may influence the
flood hazard (Figure L2 of the Floodplain Development Manual); hence they are a provisional
estimates only with “true” hazard to be defined through the process of the current study. The
boundary of the provisional High and Low hazard classification will change according to the
magnitude of the flood in question.

Provisional hazard was established as part of the Flood Study (Reference 3) based on the
Floodplain Development Manual criteria (Appendix L of the Floodplain Development Manual).

To assess the true flood hazard, all adverse effects of flooding have to be considered. This
includes the provisional (hydraulic) hazard, threat to life, danger and difficulty in evacuating people
and possessions and the potential for damage, social disruption and loss of production including
those detailed in

Table 9.

High Hazard - an area or situation where there is possible danger to personal safety, evacuation

WMAwater 14
J:\Jobs\115032\Admin\Report\Gibbergunyah_FRMSP_FinalReport.docx:27 September 2016



( ) )’LV@ Gibbergunyah Creek
Floodplain Risk Management Study and Draft Plan
Final Report

by trucks is difficult and able-bodied adults would have difficulty in wading to safety. There could
also be potential for significant structural damage to buildings.

Low Hazard - people and possessions can still be evacuated by trucks if necessary and able-
bodied adults would have little difficulty wading to safety.

Table 9: Hazard Classification

Criteria Comment

. Relatively low flood hazard is associated with more frequent minor floods while
Size of the Flood : : : S
the less frequent major floods are more likely to present a high hazard situation.

Depth & Velocity The provisional hazard is the product of depths and velocity of flood waters.
of Floodwaters These can be influenced by the magnitude of the flood event.

Rate of rise of floodwaters is relative to catchment size, soil type, slope and land
use cover. ltis also influenced by the spatial and temporal pattern of rainfall
during events.

The greater the duration of flooding the more disruption to the community and
potential flood damages. Permanent inundation due to sea level rise is of
indefinite duration.

General community awareness tends to reduce as the time between flood
events lengthens and people become less prepared for the next flood event.
Even a flood aware community is unlikely to be wise to the impacts of a larger,
less frequent, event.

Effective Warning | This is dependent on rate at which waters rise, an effective flood warning system
& Evacuation Time | and the awareness and readiness of the community to act.

Access is affected by the depths and velocities of flood waters, the distance to
higher ground, the number of people using and the capacity of evacuation routes

Rate of Rise of
Floodwaters

Duration of
Flooding

Flood Awareness
and Readiness of
the Community

Effective Flood

Access L
and good communication.
The number of people to be evacuated and limited resources of the SES and
Evacuation other rescue services can make evacuation difficult. Mobility of people, such as
Problems the elderly, children or disabled, who are less likely to be able to move through
floodwaters and ongoing bad weather conditions is a consideration.
In a large flood it is likely that services will be cut (sewer and possibly others).
Provision of There is also the likelihood that the storm may affect power and telephones.
Services Permanent inundation from sea level rise may lead to permanent loss of
services.
. Floating debris, vehicles or other items can increase hazard. Sewerage
Additional . : . - -
Concems overflows can occur when river levels are high preventing effective discharge of

the sewerage system.
(1) Relative weighting in assessing the hazard for the Rushcutters Bay catchment

Larger flood events in the catchment are associated with increased depths and velocities,
however, this is largely accounted for by the provisional hazard criteria being considered for these
events.

A fast rate of rise can leave residents unaware of the flood event, and they can become stranded
in their homes or on high flood islands. The rate of rise for this catchment is fast (up to 2 — 2.5
m/h) and flood prone areas will become inundated soon after the rainfall event begins. If
evacuation is required in the catchment, the fast rate of rise will likely mean it is undertaken after
the peak flood level.

Flood awareness in the community appears to be moderate, with 75% of questionnaire
respondents aware of the flood study and 66% of those respondents aware that their properties
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were classified as flood affected. This is likely to exaggerate the awareness, as only 11% of those
surveyed responded and flood affected community members are more likely to respond to flood
related surveys.

Effective warning and evacuation time in the catchment is relatively low, as the flooding is likely
to be sudden, with a fast rate of rise. For a resident without additional warning or forecast, flood
events will initially resemble more benign (but still heavy) storms, with awareness of the flood
coming from direct experience of it. However, effective access, which refers to an exit route that
remains trafficable for sufficient time to evacuate people and possessions, is likely to be available
to the majority of affected residents, as the flood extents are not wide. The areas where access is
an issue are those areas identified as having high hydraulic hazard, shown on Figure 11Figure 12
for the 1% AEP event. The vehicular and pedestrian access routes are all along sealed roads and
present to unexpected hazards if the roads have been adequately maintained.

At depths of 0.3 m wading should be possible for most mobile adults, but could be problematic for
children, elderly or disabled people. The majority of flood prone properties in the catchment do
have access with flood depths of 0.3 m or less. Areas that do have depths of 0.3 m or more in the
1% AEP include:

e Main Street;

¢ Highland Marketplace;

e Edward Street;

¢ Helena Street

At a depth of 0.3 m, larger vehicles can easily travel through water and aid evacuation.
Nevertheless, for areas within the catchment without effective flood access, evacuation is
generally not recommended considering the short duration of flooding experienced as residents
are more likely to put themselves in harm’s way by evacuating

The impact of debris is unlikely to be a significant factor due to the low flood depths and/or
velocities for large parts of the catchment outside the river channel. It would impact the time of

inundation as waters would take longer to recede, however as the duration of the flooding is
generally short across the catchment this is not considered significant.

3.4.1. Wingecarribee Shire Council Hazard Categories

Wingecarribee Shire Council has defined their own hazard classifications based on the

following:
e High Hazard Flood Extent — Discussed above (Appendix L of the Floodplain Development
Manual) and
e Table 9.

e 1% AEP Flood Extent — Current study
¢ Flood Planning Area — Current study (Section 7.11)
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o PMF Flood Extent - Current study

The four hazard categories are:

High Flood Risk Precinct
Land below the 1% AEP flood that is either subject to a high hydraulic hazard or where there are
significant evacuation difficulties.

Medium Flood Risk Precinct
Land below the 1% AEP flood that is not subject to a high hydraulic hazard and where there are
no significant evacuation difficulties.

Fringe Low Flood Risk Precinct
Land between the 1% AEP flood extent and a level 0.5m in elevation above the 1% AEP flood.

Low Flood Risk Precinct
Land with a low probability of flooding lying above a level 0.5m above the 1% AEP flood and below

the probable maximum flood (PMF).

The hazard categories for the Gibbergunyah Creek catchment are shown in Figure 13.
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4. PLANNING AND POLICY REVIEW

4.1. Floodplain Management Policy

It is important to understand the state legislation that overarches all local planning so as to enable
appropriate floodplain risk management measures to be proposed that are in keeping with both
state and local statutory requirements. This section discusses the state legislation that influences
planning in relation to flood risk at the local government level.

The NSW Environmental Planning and Assessment Act 1979 (EP&A Act) provides the framework
for regulating and protecting the environment and controlling development.

Pursuant to Section 117(2) of the EP&A Act, the Minister has directed that Councils have the
responsibility to facilitate the implementation of the NSW Government's Flood Prone Land Policy.
Specifically, Direction 4.3 states:

Objectives
e The objectives of this direction are:

e to ensure that development of flood prone land is consistent with the NSW Government's Flood
Prone Land Policy and the principles of the Floodplain Development Manual 2005, and

e to ensure that the provisions of an LEP on flood prone land is commensurate with flood hazard and
includes consideration of the potential flood impacts both on and off the subject land.

Clause (3) of Direction 4.3 states:

e This direction applies when a relevant planning authority prepares a planning proposal that creates,
removes or alters a zone or a provision that affects flood prone land.

Clauses (4)-(9) of Direction 4.3 state:

e A planning proposal must include provisions that give effect to and are consistent with the NSW
Flood Prone Land Policy and the principles of the Floodplain Development Manual 2005 (including
the Guideline on Development Controls on Low Flood Risk Areas).

e Aplanning proposal must not rezone land within the flood planning areas from Special Use, Special
Purpose, Recreation, Rural or Environmental Protection Zones to a Residential, Business,
Industrial, Special Use or Special Purpose Zone.

¢ A planning proposal must not contain provisions that apply to the flood planning areas which:

e permit development in floodway areas,

permit development that will result in significant flood impacts to other properties,

WMAwater 18
J:\Jobs\115032\Admin\Report\Gibbergunyah_FRMSP_FinalReport.docx:27 September 2016



)
( Al wma Gibbergunyah Creek
Floodplain Risk Management Study and Draft Plan
Final Report

e permit a significant increase in the development of that land,
e are likely to result in a substantially increased requirement for government spending on flood
mitigation measures, infrastructure or services, or

e permit development to be carried out without development consent except for the purposes of
agriculture (not including dams, drainage canals, levees, buildings or structures in floodways or
high hazard areas), roads or exempt development.

e Aplanning proposal must notimpose flood related development controls above the residential flood
planning level for residential development on land, unless a relevant planning authority provides
adequate justification for those controls to the satisfaction of the Director-General (or an officer of
the Department nominated by the Director-General).

e For the purposes of a planning proposal, a relevant planning authority must not determine a flood
planning level that is inconsistent with the Floodplain Development Manual 2005 (including the
Guideline on Development Controls on Low Flood Risk Areas) unless a relevant planning authority
provides adequate justification for the proposed departure from that Manual to the satisfaction of
the Director-General (or an officer of the Department nominated by the Director-General).

e A planning proposal may be inconsistent with this direction only if the relevant planning authority
can satisfy the Director-General (or an officer of the Department nominated by the Director-General)
that:

e the planning proposal is in accordance with a floodplain risk management plan prepared in
accordance with the principles and guidelines of the Floodplain Development Manual 2005, or

o the provisions of the planning proposal that are inconsistent are of minor significance.

4.1.1. NSW Flood Prone Land Policy

The primary objectives of the NSW Government's Flood Prone Land Policy are:

e toreduce the impact of flooding and flood liability on individual owners and occupiers of flood prone
land; and

e toreduce public and private losses resulting from floods whilst utilising ecologically positive methods
wherever possible.

The NSW Floodplain Development Manual 2005 (the Manual), relates to the development of flood
prone land for the purposes of Section 733 of the Local Government Act 1993 and incorporates
the NSW Flood Prone Land Policy.

The Manual outlines a merits approach based on floodplain management. At the strategic level,
this allows for the consideration of social, economic, cultural, ecological and flooding issues to
determine strategies for the management of flood risk.

The Manual recognises differences between urban and rural floodplain issues. Although it
maintains that the same overall floodplain management approach should apply to both, it
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recognises that a different emphasis is required to address issues particular to a rural floodplain.
These issues include:

e The large area of land under investigation;

e The complexity of flood behaviour;

¢ The impacts of protection works for valuable crops on flood behaviour;

e The period of inundation;

e The uncertainties associated with flood related data, and

e The environmental values associated with flood dependent ecosystems on a rural

floodplain.

4.1.2. Section 149 Planning Certificates
Section 149 of the EP&A Act states:

e Aperson may, on payment of the prescribed fee, apply to a council for a certificate under this section
(a planning certificate) with respect to any land within the area of the council.

e On application made to it under subsection (1), the council shall, as soon as practicable, issue a
planning certificate specifying such matters relating to the land to which the certificate relates as
may be prescribed (whether arising under or connected with this or any other Act or otherwise).

o (Repealed)

e The regulations may provide that information to be furnished in a planning certificate shall be set
out in the prescribed form and manner.

The Environmental Planning and Assessment Regulation 2000 prescribes the matters which must
be included in a s.149 Planning Certificate, including whether a parcel of land is subject to controls
relating to flooding.

4.1.3. State Environmental Planning Policy (Exempt and Complying
Development Codes (2008))

The aims of State Environmental Planning Policy (Exempt and Complying Development) 2008
are:

This Policy aims to provide streamlined assessment processes for development that complies with specified
development standards by:

¢ providing exempt and complying development codes that have State-wide application, and

e identifying, in the exempt development codes, types of development that are of minimal
environmental impact that may be carried out without the need for development consent, and

e identifying, in the complying development codes, types of complying development that may be
carried out in accordance with a complying development certificate as defined in the Act, and
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e enabling the progressive extension of the types of development in this Policy, and

e providing transitional arrangements for the introduction of the State-wide codes, including the
amendment of other environmental planning instruments.

4.1.4. General Housing Code

Part 3 of the SEPP relates to the "General Housing Code".

Division 1 of Part 3 of the SEPP, which comprises clauses 3.1-3.6 of the SEPP, relates to:
Development that is complying development under this code

Clause 3.1 states:
3.1 Land to which code applies

This code applies to development that is specified in clauses 3.2-3.5 on any lot in Zone R1, R2, R3, R4 or
RUS that:

€) has an area of at least 200 m?, and
(b) has a width, measured at the building line fronting a primary road, of at least 6m.
Clause 3.2 of the SEPP states:
3.2 New single storey and two storey dwelling houses
The erection of a new single storey or two storey dwelling house is development specified for this code.
Clauses 3.3-3.5 generally relate to single and two storey dwelling houses and ancillary development.
Division 2 of Part 3 of the SEPP contains:
Development standards for this code
Subdivision 9 contains:
Development standards for particular land
Subdivision 9 contains Clause 3.36C of the SEPP which relates to development standards for the General
Housing Code on "flood control lots". A "flood control lot" is defined in the SEPP as:
flood control lot means a lot to which flood related development controls apply in respect of development
for the purposes of industrial buildings, commercial premises, dwelling houses, dual occupancies, multi

dwelling housing or residential flat buildings (other than development for the purposes of group homes or
seniors housing).
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Note. This information is a prescribed matter for the purpose of a certificate under section 149
(2) of the Act.

As such, a "flood control lot" is a lot where the Council has provided for flood related development
controls, which are all lots with notation on a s.149 Planning Certificate that flood related
development controls apply. This is generally land which falls within the "Flood Planning Area".

Clause 3.36C states:

3.36C Development standards for flood control lots

(1) This clause applies:

€) to all development specified for this code that is to be carried out on a flood control lot,
and

(b) in addition to all other development standards specified for this code.
(2) The development must not be on any part of a flood control lot unless that part of the lot has

been certified, for the purposes of the issue of the relevant complying development certificate, by the council
or a professional engineer who specialises in hydraulic engineering as not being any of the following:

€) a flood storage area,
(b) a floodway area,
(© a flow path,

(d) a high hazard area,

(e) a high risk area.

3) The development must, to the extent it is within a flood planning area:
€) have all habitable rooms no lower than the floor levels set by the council for that lot, and
(b) have the part of the development at or below the flood planning level constructed of

flood compatible material, and

(c) be able to withstand the forces of floodwater, debris and buoyancy up to the flood
planning level (or if on-site refuge is proposed, the probable maximum flood level), and

(d) not increase flood affectation elsewhere in the floodplain, and

(e) have reliable access for pedestrians and vehicles from the development, at a minimum
level equal to the lowest habitable floor level of the development, to a safe refuge, and

) have open car parking spaces or carports that are no lower than the 20-year flood level,
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and

(9) have driveways between car parking spaces and the connecting public roadway that
will not be inundated by a depth of water greater than 0.3 m during a 1:100 ARI (average recurrent interval)
flood event.
(4) A standard specified in subclause (3) (c) or (d) is satisfied if a joint report by a professional
engineer who specialises in hydraulic engineering and a professional engineer who specialises in civil

engineering confirms that the development:

€) can withstand the forces of floodwater, debris and buoyancy up to the flood planning
level (or if on-site refuge is proposed, the probable maximum flood level), or

(b) will not increase flood affectation elsewhere in the floodplain.
(5) If a word or expression used in this clause is defined in the Floodplain Development Manual, the
word or expression has the same meaning as it has in that Manual unless it is otherwise defined in this
clause.

(6) In this clause:

flood compatible material means building materials and surface finishes capable of withstanding
prolonged immersion in water.

Floodplain Development Manual means the Floodplain Development Manual (ISBN 0 7347 5476 0)
published by the NSW Government in April 2005.

flow path means a flow path identified in the council's flood study or floodplain risk management study
carried out in accordance with the Floodplain Development Manual.

high hazard area means a high hazard area identified in the council's flood study or floodplain risk
management study carried out in accordance with the Floodplain Development Manual.

high risk area means a high risk area identified in the council's flood study or floodplain risk management
study carried out in accordance with the Floodplain Development Manual.

4.1.5. Rural Housing Code
Part 3A of the SEPP contains the "Rural Housing Code".
Division 1 of Part 3A of the SEPP defines:

Development that is complying development under this code
Clauses 3A.1 and 3A.2 state:

3A.1 Land to which code applies

This code applies to development that is specified in clauses 3A.2-3A.5 on lots in Zones RU1, RU2, RU3,
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RU4, RU6 and R5.
3A.2 New single storey and two storey dwelling houses
(1) The erection of a new single storey or two storey dwelling house is development specified for
this code if the development is erected on a lot:

€) in Zone RU1, RU2, RU4 or RUG6 that has an area of at least 4,000 m?, or

(b) in Zone R5.
(2) This clause does not apply if the size of the lot is less than the minimum lot size for the erection

of a dwelling house under the environmental planning instrument applying to the lot.
Clause 3A.38 contains:
Development standards for flood control lots

The development standards contained in clause 3A.38 are the same as those contained in clause 3.36 as
detailed above.

41.6. Summary of State Legislative and Planning Polices

From the above discussion of both the General Housing Code and the Rural Housing Code, it is
clear that, unless a lot affected by flooding is included as a "flood control lot", a s.149 notification
is not required and, as a result, planning controls relating to flooding do not apply and a Complying
Certificate can be granted without having regard to any Council flood controls. This scenario has
considerable implications with regard to Council deciding whether a lot which is flood affected is
included in the Flood Planning Area.

4.2. Local Council Policy

Updated and relevant planning controls are important in flood risk management. Appropriate
planning restrictions, ensuring that development is compatible with flood risk, can significantly
reduce flood damages. Planning instruments can be used as tools to guide new development
away from high flood risk locations and ensure that new development does not increase flood risk
elsewhere. They can also be used to develop appropriate evacuation and disaster management
plans to better reduce flood risks to the existing population. Councils use Local Environmental
Plans (LEPs) and Development Control Plans (DCPs) to govern control on development with
regards to flooding. Plans and Polices have been discussed below and later have been reviewed
in regards to flood risk management to identify where improvements might be made (see Section
7.112).

A LEP guides land use and development by zoning all land, identifying appropriate land uses that
are allowed in each zone, and controlling development through other planning standards and
Development Planning Controls (DCPs). LEPs are made under the EP&A Act 1979 which contains
mandatory provisions on what they must contain and the steps a Council must go through to
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prepare them. In 2006 the NSW Government initiated the Standard Instrument LEP program and
produced a new standard format which all LEPs should conform to. Wingecarribee Shire Council’s
LEP was adopted in 2010 and was prepared under the Standard Instrument LEP program.

4.2.1. Wingecarribee Local Environment Plan (LEP) (2010)

Chapter 7.9 of the LEP is title Flood Planning and states:

(1) The objectives of this clause are as follows:
(a) to minimise the flood risk to life and property associated with the use of land,

(b) to allow development on land that is compatible with the land's flood hazard, taking into account
projected changes as a result of climate change,

(c) to avoid significant adverse impacts on flood behaviour and the environment.
(2) This clause applies to :

(a) land that is shown as “Flood Planning Area” on the Flood Planning Area Map, and
(b) other land at or below the flood planning level.

(3) Development consent must not be granted to development on land to which this clause applies
unless the consent authority is satisfied that the development:

(a) is compatible with the flood hazard of the land, and

(b) will not significantly adversely affect flood behaviour resulting in detrimental increases in the
potential flood affectation of other development or properties, and

(c) incorporates appropriate measures to manage risk to life from flood, and

(d) will not significantly adversely affect the environment or cause avoidable erosion, siltation,
destruction of riparian vegetation or a reduction in the stability of river banks or watercourses,
and

(e)is not likely to result in unsustainable social and economic costs to the community as a
consequence of flooding.

(4) Aword or expression used in this clause has the same meaning as it has in the NSW Government’s
Floodplain Development Manual published in 2005, unless it is otherwise defined in this clause.
(5) In this clause:
flood planning level means the level of a 1:100 ARI (average recurrent interval) flood event plus
0.5m freeboard
Flood Planning Area Map means the Wingecarribee Local Environmental Plan 2010 Flood
Planning Area Map
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4.2.2. Mittagong Development Control Plan (DCP) (2010)

The Development Control Plan (DCP) provides a comprehensive review on the development
controls, standards and provisions that apply within the Wingecarribee Shire LGA. Section 4 of
the DCP ‘Flood Liable Land’ serves to guide development to ensure risk to life and property
associated with flooding is minimised in a manner consistent with the Policies of Council
formulated under the NSW Government’s Flood Prone Land Policy and Floodplain Development
Manual.

In the Mittagong DCP land within the Probable Maximum Flood (PMF) extent is categorised into
four Flood Risk Precincts (FRPs) in order to grade the relative severity of flood risks across the
floodplain and thereby provide a basis for assigning development controls. The FRPs are:

e High Flood Risk Precinct

¢ Medium Flood Risk Precinct

e Fringe-Low Risk Flood Precinct

e Low Flood Risk Precinct

The list of land use definitions contained within the LEP has been grouped into eight major land
use categories based on their sensitivity to flood risk. A matrix is used to determine what flood
related development controls apply to each land use in a particular FPR. The matrix is shown in
Image 1. A list of controls for each planning consideration is outlined in the DCP. Flood levels for
the 0.2 EY and 1% AEP as well as the PMF are used for development controls. The freeboard
requirement is 0.5m.

WMAwater 26
J:\Jobs\115032\Admin\Report\Gibbergunyah_FRMSP_FinalReport.docx:27 September 2016



)/ wmas

Gibbergunyah Creek
Floodplain Risk Management Study and Draft Plan

Final Report
Image 1: Flood Control Matrix
Prescriptive Controls Tempihs VD
Flood Risk Precincts (FRP's
Low Flood Risk Fringe-Low Flood Risk Medium Flood Risk High Flood Risk
2 c | B g = | & g = |8 g = %%
g | = s Elg| = s | 5|8 g|= s A AR 5 g
= |3 E1E| 8|23 £(5|8|=5|% S5 (s5]|2|3 £158|8
[F = 5 e = v g (¥ = T [V =
S| s 2| s s | 8| < €| 8|2 8|« 2| 85| 2 S| = &8 %
o v o = 9 o v e = e o w s = 9 o3 g} o = e
& o~ o5 o @ P = o ™ 2 & o o @ o ™~ o o
§ =) = £ o 8 $ =2 = K} [ 8 % =2 = a8 - 5 b = o 5% c 5
= @ = e L 2 = @ = e L2 '8 = L =2 2 k=3 b = LY = ] 5~ 2
st = T o == = @ © - B - © » = = ©
S|2|3|E|e|E|B|2|2|E|e|E|8|2|3|E|8|E18|2|3|E|8|E
y S @ =] @ =] = 5 @® o @ o = S @ =] @ =] = S ) [=] @ o
P'anning Consideration (&) (%] o (&) (+4 (] (] w o (&] o (] (] w o (&) o (] (&) w3 | o (&) [+ (&)
Floor Level 267 56,7 16 47 26,7 567 1 47 1 47
— EEEEE 111..11

Car Parking & Driveway Access 6.7 6,7

Management & Design 14,5 14.5

6,7

1

—— EEREE. ... .HN. .
ot . [N . . . . .

13,5,

135, 234,

87 67 6.7.8

Evacuation 2 ..... 2 2 [Mor2| 3

1.2.3.51235123,5

HEEE
.. . HEE
ml

135 13,8, 234
87 67

-”

12351235

tor2

1 123512351235

WMAwater
J:\Jobs\115032\Admin\Report\Gibbergunyah_FRMSP_FinalReport.docx:27 September 2016

27



w
( )l wma Gibbergunyah Creek
Floodplain Risk Management Study and Draft Plan

Final Report

4.3. Future Development Planning and Strategies

4.31. Wingecarribee Shire Community Strategic Plan — Wingecarribee
2031+

Wingecarribee 2031+ (W2031+) is Council’s blueprint for the future of the Southern Highlands. It
represents the vision, aspirations, goal, priorities and challenges for the community. The
timeframe for W2031+ was aligned to the Sydney to Canberra Corridor Regional Strategy 2006-
2031 (Reference 8) as this planning document is seen as a major influence over the future of the
Shire.

W2031+ is comprised of five themes — People, Places, Environment, Economy and Leadership.
The five themes provided the focus and direction for the development of goals and strategies by
the community. The goals strategies provide a framework for delivery of sustainable and equitable
outcomes for the community.

One of the five themes is ‘Places’ which includes Goal 3.4 ‘Wingecarribee housing options are
diverse’. Goal 3.4 includes strategy 3.4.3 ‘Provide higher density development within the towns of
Mittagong, Bowral, Mossvale and Bundanoon’. The current Floodplain Risk Management Study
is aimed at reducing the flooding impact in Mittagong which in turn informs the LEP and DCP and
facilitates development.

4.3.2. Wingecarribee Local Planning Strategy 2015-2030

The Local Planning Strategy provides long term direction for the future development of
Wingecarribee Shire upon which any proposed amendments to the Local Environmental Plan
(LEP) can be based.

Chapter Four ‘Managing Our Housing Needs’ predicts the population of Wingecarribee Shire to
increase to 51, 000 in 2031 with associated dwelling requirements of 7,560. The projected
requirements for the suburb of Mittagong will be between 501 and 1000 dwellings. The relevant
population and housing challenges outlined are:

e ‘Cater for the estimated additional population, matching housing with changing
demographic trends, particularly an ageing population and declining household occupancy
rates’.

¢ ‘Maintain the rural landscape character whilst accommodating an increasing population
pressure and migration from Sydney’.

¢ Reinforce the distinctive character of Bowral, Mittagong and Moss Vale through the
separation of their respective urban areas by extensive bushland, floodplain and rural
land’.

The current Floodplain Risk Management Study is aimed at reducing the flooding impact in
Mittagong which in turn informs the LEP and DCP and facilitates development.

WMAwater 28
J:\Jobs\115032\Admin\Report\Gibbergunyah_FRMSP_FinalReport.docx:27 September 2016



)
( Al wma Gibbergunyah Creek
Floodplain Risk Management Study and Draft Plan
Final Report

4.3.3. Sydney - Canberra Corridor Regional Strategy

The Sydney-Canberra Corridor Regional Strategy applies to the local government areas of
Wingecarribee, Goulburn Mulwaree, Upper Lachlan, Yass Valley, Palerang and Queanbean. The
Regional Strategy represents an agreed NSW Government position on the future of the Sydney-
Canberra Corridor. It is the pre-eminent planning document for the region. The primary purpose
of the Regional Strategy is to accommodate and manage growth while ensuring that the rural
landscapes and environmental settings that define the regions character are not compromised.

Section 4 ‘Housing and Settlement’ states that the population of the region is projected to increase
by 16 400 with the need for an extra 8700 dwellings. The suburb of Mittagong is identified as
allocation for greenfield development with 1000 additional lots to be located in the suburb.

4.4. SES Plans and Local Disaster Plans

441. Wingecarribee Shire Local Flood Plan

The high level plan entails a detailed description of how to respond to all levels of flooding within
the Wingecarribee Shire LGA. Volume 1 of the plan covers preparedness measures, the conduct
of response operators and the coordination of immediate recovery measures from flooding within
the LGA. Volume 2 provides more detail on the flooding mechanism, and should be updated based
on the findings of this study. Suggested changes are provided in Section 7.14.

4.4.2. Flood Intelligence Cards

There are no Flood Intelligence Cards for the suburb of Mittagong due to the absence of height
gauges in the catchment.
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5. STAKEHOLDER CONSULTATION

Community consultation is an important element of the floodplain risk management process
ultimately facilitating community engagement and acceptance of the overall project. During the
Flood Study (Reference 3), community consultation was undertaken to assess the flood
experience of the community and gather additional data. Further community consultation has also
been undertaken as part of the FRMS&P. To date this has included a questionnaire, a community
open day and a number of FMC meetings. Goals of ongoing community consultation are to keep
residents informed of progress and in the later stages gain their feedback on potential mitigation
and management measures proposed. Final community consultation proposed is in the form of
public exhibition of the Floodplain Risk Management Study and Draft Floodplain Risk
Management Plan.

5.1. Questionnaire Distribution

In collaboration with WSC an information brochure with survey was distributed to residents that
were identified as potentially flood affected. The survey was also available to be completed online
through the website. The function of this was to describe the role of the Floodplain Risk
Management Study in the floodplain risk management process and to ask residents for
suggestions with regard to reducing flood risk.

There were approximately 150 surveys distributed within the study area with 16 surveys being
returned or completed on the survey monkey. From the 16 responses 12 residents were aware of
the Gibbergunyah Creek Flood Study and 8 of those residents had their property identified as
flood affected as part of the Flood Study with the results shown in Figure 14. The community was
asked to suggest any mitigation options that could possibly reduce flood risk. The locations of the
suggested mitigation options are shown in Figure 15. The community was asked to identify what
mitigation options they would prefer with the results shown Figure 16. The specific suggestions
are as follows:

¢ Gibbergunyah Creek - enlarge culvert and bridge under Old Hume Highway

e Gibbergunyah Creek — regular cleaning of vegetation in creek

e Kerb and gutter and stormwater drainage for Hood Street and surrounding streets

e Improve flow paths from Hood Street, Elizabeth Street, Anne Street and Cook Street

e Upgrade drainage in Dalton Street and Etheridge Street

5.2. SES

WMAwater has consulted with the local and regional SES representatives in regard to local flood
and evacuation plans and flood intelligence cards. As a result of the consultation WMAwater is to
provide information in the report to allow SES to update Volume 2 of the Local Flood Plan to
include the suburb of Mittagong. Flood Intelligence Cards are unable to be developed due to the
lack of a water level gauge in the catchment.
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5.3. Public Exhibition of the Draft Final Gibbergunyah Creek FRMS&P

Draft reports of the Gibbergunyah Creek Floodplain Risk Management Study and Plan were
placed on Public Exhibition from 15" July to 22" August. The public exhibition period was
advertised in the local newspaper. The digital version of the report was made available on
Council’'s website, with hard copies made available at the following locations:

e Bowral Library

e Mittagong Library

e Moss Vale Library

¢ Moss Vale Civic Centre

There were no submissions received as part of the public exhibition.
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6. ECONOMIC IMPACT OF FLOODING

The impact of flooding can be quantified through the calculation of flood damages. Flood damage
calculations do not include all impacts associated with flooding. They do, however, provide a
basis for assessing the economic loss of flooding and also a non-subjective means of assessing
the merit of flood mitigation works such as retarding basins, levees, drainage enhancement etc.
The quantification of flood damages is an important part of the floodplain risk management
process. By quantifying flood damage for a range of design events, appropriate cost effective
management measures can be analysed in terms of their benefits (reduction in damages) versus
the cost of implementation. The cost of damage and the degree of disruption to the community
caused by flooding depends upon many factors including:

¢ The magnitude (depth, velocity and duration) of the flood;

¢ Land use and susceptibility to damages;

e Awareness of the community to flooding;

o Effective warning time;

¢ The availability of an evacuation plan or damage minimisation program;

e Physical factors such failure of services (sewerage), flood borne debris, sedimentation;
and

e The types of asset and infrastructure affected.

The estimation of flood damages tends to focus on the physical impact of damages on the human
environment but there is also a heed to consider the ecological cost and benefits associated with
flooding. Flood damages can be defined as being tangible or intangible. Tangible damages are
those for which a monetary value can be easily assigned, while intangible damages are those to
which a monetary value cannot easily be attributed. Types of flood damages are shown in
Diagram 1.

The assessment of flood damages not only looks at potential costs due to flooding but also
identifies the event at which properties are likely to become flood affected by either flooding on
the property or by over floor flooding as shown on Figure 17.
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Diagram 1 Flood Damages Categories (including damage and losses from permanent inundation)
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6.1. Tangible Flood Damages

Tangible flood damages are comprised of two basic categories; direct and indirect damages (refer
Diagram 1). Direct damages are caused by floodwaters wetting goods and possessions thereby
damaging them and resulting in either costs to replace or repair or in a reduction to their value.
Direct damages are further classified as either internal (damage to the contents of a building
including carpets, furniture), structural (referring to the structural fabric of a building such as
foundations, walls, floors, windows) or external (damage to all items outside the building such as
cars, garages). Indirect damages are the additional financial losses caused by the flood for
example the cost of temporary accommodation, loss of wages by employees etc.

Given the variability of flooding and property and content values, the total likely damages figure in
any given flood event is useful to get a feel for the magnitude of the flood problem, however it is
of little value for absolute economic evaluation. Flood damages estimates are also useful when
studying the economic effectiveness of proposed mitigation options. Understanding the total
damages prevented over the life of the option in relation to current damages, or to an alternative
option, can assist in the decision making process.

The standard way of expressing flood damages is in terms of average annual damages (AAD).
AAD represents the equivalent average damages that would be experienced by the community
on an annual basis, by taking into account the probability of a flood occurrence. This means the
smaller floods, which occur more frequently, are given a greater weighting than the rare
catastrophic floods.

In order to quantify the damages caused by inundation for existing development a desktop
estimation of floor levels was undertaken using the provided DEM, aerial imagery and Google
Street-view. As part of this floor level data collection, an indicative ground level was recorded for
use in the damages assessment. This was used in conjunction with modelled flood level
information to calculate damages. Damage calculations were carried out for all properties within
the PMF extent, and floor levels were estimated for these properties. It should be noted that by
including properties in the PMF event, properties that are inundated in the rarest events have
been accounted for. Therefore damage calculations for the PMF event are likely to be
conservative. The impact of this on AAD estimates is however insignificant.

The damages were calculated using a number of height-damage curves which relate the depth of
water above the floor with tangible damages. Each component of tangible damages is allocated
a maximum value and a maximum depth at which this value occurs. Any flood depths greater
than this allocated value do not incur additional damages as it is assumed that, by this level, all
potential damages have already occurred.

Damages were calculated for residential and commercial/industrial properties separately and the
process and results are described in the following sections. The combined results are provided
in Table 10. This flood damages estimate does not include the cost of restoring or maintaining
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public services and infrastructure. It should be noted that damages calculations do not take into
account flood damages to any basements or cellars, hence where properties have basements
damages can be under estimated.

Table 10 Estimated Combined Flood Damages for Gibbergunyah Creek Catchment
No.

\[o} Flooded Total Damages for % Ave. Damage Per
Properties Above Eventg Contribution Flood Affected
Affected Floor to AAD Property
Level
20% AEP 30 14 S 1,038,000 27 S 35,000
10% AEP 42 21 S 1,695,000 24 S 40,000
5% AEP 57 28 S 2,377,000 18 S 42,000
2% AEP 64 35 S 3,218,000 15 S 50,000
1% AEP 75 40 S 3,677,000 6 S 49,000
0.5% AEP 91 50 S 4,236,000 3 S 47,000
PMF 198 136 S 12,699,000 7 S 64,000
Annual Average Damages S 575,000 S 2,904

Section 7.15 presents results of the damages assessment undertaken for a selection of the
proposed mitigation options, and compared these to the existing base case to determine the
reduction in AAD.

6.1.1. Residential Properties

The flood damages assessment for residential development was undertaken in accordance with
OEH guidelines (Reference 14). For residential properties, external damages (damages caused
by flooding below the floor level) were set at $6,700 and additional costs for clean-up as $4,000.
For additional accommodation costs or loss of rent a value of $220 per week was allowed
assuming that the property would have to be unoccupied for up to three weeks. Structural
damages vary on whether the property is slab/low set or high set. In some instances external
damage may occur even where the property is not inundated above floor level and therefore
tangible damages include external damages which may occur with or without house floor
inundation.

A summary of the residential flood damages for the Gibbergunyah Creek catchment is provided
in Table 11. Overall, for residential properties in the catchment the average tangible damages
per property increases with the rarity of each design event. This is reflective of the differences in
flood levels between the design flood events. Average damage per property increases at events
larger than the 1% AEP when significantly more properties become flooded above floor level.
Note that the terminology used refers to a property or lot being the land within the ownership
boundary. Flooding of a property does not necessarily mean flooding above floor level of a
building on that property/lot.
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Table 11 Estimated Residential Flood Damages (Gibbergunyah Creek Catchment)

Ave.
A% % Damage Per
No. Properties Flooded Total Damages for S
Contribution Flood
Affected Above Event
to AAD Affected
Floor Level
Property
20% AEP 18 5 S 336,000 25 $ 18,700
10% AEP 28 10 S 571,000 22 $ 20,400
5% AEP 36 14 S 956,000 19 $ 26,500
2% AEP 38 17 S 1,086,000 15 $ 28,600
1% AEP 48 21 S 1,384,000 6 $ 28,800
0.5% AEP 58 25 S 1,646,000 4 $ 28,400
PMF 138 83 S 6,508,000 10 $ 47,200
Average Annual Damages (AAD) S 205,000 S 1,500

6.1.2. Commercial and Industrial Properties

The tangible flood damage to commercial and industrial properties is more difficult to assess.
Commercial and industrial damage estimates are more uncertain and larger than residential
damages, and can vary significantly depending on:

e Type of business — stock based or not;

e Duration of flooding — affects how long a business may be closed for not just whether the
business itself if closed but when access to it becomes available;

¢ Ability to move stock or assets before onset of flooding - some large machinery will not
be able to moved and in other instances there may not be sufficient warning time to move
stock to dry locations; and

o Ability to transfer business to a temporary location.

Costs to business can occur for a range of reasons, some of which will affect some businesses
more than others dependent on the magnitude of flooding and the type of business. Common
flood costs to businesses are:

e Removal and storage of stock before a flood if warning is given;

e Loss of production — caused by damaged stock, assets and availability of staff;

e Loss of stock and/or assets;

¢ Reduced stock through reduced or no supplies;

e Trade loss — by customers not being able to access the business or through business
closure;

e Cost of replacing damages or lost stock or assets; and

e Clean-up costs.

No specific guidance is available for assessing flood damages to non-residential properties.
Therefore for this Study, commercial and industrial damages were calculated using the
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methodology for residential properties but with the costs/damages increased to a value which is
consistent with commercial/industrial development. For example, the maximum value of internal
(contents) damages was increased to $191,250 since the building contents are of higher value
whilst loss of rent was set at $1,000 per week to account for the loss of business through having
to close for a period. Flooding below floor level uses the same damages curve as the residential
properties.

Though the original OEH guidelines for flood damages calculations are not applicable to non-
residential properties, they can still be used to create comparable damage figures. The damages
value figure should not be taken as an actual likely cost rather it is useful when comparing potential
management options and for benefit-cost analysis.

A summary of the commercial/industrial flood damages for the Gibbergunyah Creek catchment is
provided in Table 12.

Table 12 Estimated Commercial and Industrial Flood Damages (Gibbergunyah Catchment)

\[oB _ No. Flooded Total Damages % _ Ave. Damage Per
Properties | Above Floor for Event Contribution Flood Affected
Affected Level to AAD Property
20% AEP 12 9 S 702,000 28 $ 58,500
10% AEP 14 11 $ 1,124,000 25 $ 80,300
5% AEP 21 14 $ 1,421,000 17 $ 67,700
2% AEP 26 18 $ 2,132,000 14 $ 82,000
1% AEP 27 19 $ 2,293,000 6 $ 84,900
0.5% AEP 33 25 $ 2,590,000 3 $ 78,500
PMF 60 53 $ 6,191,000 6 $ 103,200
Average Annual Damages (AAD) S 370,000 ) 6,200

6.2. Intangible Flood Damages

The intangible damages associated with flooding, by their nature, are inherently more difficult to
estimate in monetary terms. In addition to the tangible damages discussed previously, additional
costs/damages are incurred by residents affected by flooding, such as stress, risk/loss to life,
injury, loss of sentimental items etc. It is not possible to put a monetary value on the intangible
damages as they are likely to vary dramatically between each flood (from a negligible amount to
several hundred times greater than the tangible damages) and depend on a range of factors such
as the size of flood, the individuals affected, and community preparedness. However, it is still
important that the consideration of intangible damages is included when considering the impacts
of flooding on a community.

Post flood damages surveys have linked flooding to stress, ill-health and trauma for the residents.
For example the loss of memorabilia, pets, insurance papers and other items without fixed costs
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and of sentimental value may cause stress and subsequent ill-health. In addition flooding may
affect personal relationships and lead to stress in domestic and work situations. In addition to the
stress caused during an event (from concern over property damage, risk to life for the individuals
or their family, clean up etc.) many residents who have experienced a major flood are fearful of
the occurrence of another flood event and the associated damage. The extent of the stress
depends on the individual and although the majority of flood victims recover, these effects can
lead to a reduction in quality of life for the flood victims.
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7. FLOODPLAIN RISK MANAGEMENT MEASURES

This FRMS aims to identify and assess risk management measures which could be put in place
to mitigate flooding risk and reduce flood damages. This section sets out a number of measures
which could be of benefit to the community within the Gibbergunyah Creek Catchment. As well as
the hydraulic impacts, flood risk management measures are assessed against the legal, structural,
environmental, social and economic conditions or constraints of the local area. In the following
sections a range of management options have been considered to effectively manage existing
and future flood risks.

7.1. Categories of Floodplain Risk Management Measures

The 2005 NSW Government’s Floodplain Development Manual (Reference 1) separates risk
management measures into three broad categories.

Flood modification measures modify the physical behaviour of a flood including depth, velocity
and redirection of flow paths. Typical measures include flood mitigation dams, retarding basins,
channel improvements, levees or defined floodways. Pit and pipe improvement and even pumps
may also be considered where practical.

Property modification measures modify the existing land use and development controls for
future development. This is generally accomplished through such means as flood proofing, house
raising or sealing entrances, strategic planning such as land use zoning, building regulations such
as flood-related development controls, or voluntary purchase/voluntary house raising.

Response modification measures modify the response of the community to flood hazard by
educating flood affected property owners about the nature of flooding so that they can make better
informed decisions. Examples of such measures include provision of flood warning and
emergency services, improved information, awareness and education of the community and
provision of flood insurance.

Table 13 provides a summary of typical floodplain risk management measures that have been
assessed for the current study. It should be noted that many of these management measures are
not appropriate for the Gibbergunyah Creek Catchment and have not been recommended.

Table 13: Flood Risk Management Measures

Flood Modification Property Modification Response Modification
Levees (Lv) Land zoning Community awareness
Temporary Defences (TD) Voluntary purchase Flood warning

Channel Construction (CC) Building & development controls | Evacuation planning
Channel Modification (CM) Flood proofing Evacuation access

Major Structure Modification (MSM) House raising Flood plan / recovery plan

Drainage Network Modification (DNM) | Flood access
Drainage Maintenance (DM)
Retarding Basins (RB)
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7.2. Proposed Mitigation Options Considered

The proposed mitigation options have been selected after identifying the flood affected areas from
the Gibbergunyah Creek Flood Study and reviewing the mitigation suggestions of the local
residents. Options that have previously been investigated as part of the Mittagong Drainage
Master Plan (Reference 4) were not included as part of this study. The locations of the proposed
mitigation options are shown in Figure 18. The proposed options are outlined below and a
description of the options provided in Section 7.3 to Section 7.10.

Option FMO01: Resolve Main Street Flooding

Option FM02: Manage Flooding on Bessemer Street from Railway Underpass to McDonalds
Option FMO03: Culvert Upgrade: Gibbergunyah Creek at Old Hume Highway

Option FMO04: Culvert Upgrade: Chinamans Creek at Old Hume Highway

Option FMO5: Culvert Upgrade: Iron Mines Creek at Old Hume Highway

Option FMO06: Culvert Upgrade: Chinamans Creek at Priestly Street

Option FMO7: Riparian Management of River (All creeks)

Option FMO08: Retarding Basin on cnr Bessemer & Regent St

Option PMO01: Changes to FPL and FPA

Option PMO02: Changes to Wingecarribee Shire Council s149 Certificate

Option PMO03: Changes to Floodplain Risk Precincts

Option RM01: Changes to Wingecarribee Shire Local Flood Plan

Option RM02: Installation of Flood Signs and Depth Indicators at frequently inundated roads
Option RMO03: Investigate Reduction in High Hazard Road Reserves

7.3. Resolve Main Street Flooding (FM01)

7.31. Aim

To protect properties between Main Street and Victoria Street from inundation during a 1% AEP
event by improving the existing stormwater system, and lower flood levels on Main Street for more
frequent events.

7.3.2. Discussion

There is an existing underground stormwater drain running northwest from upstream of the railway
line to Edward Street, following an existing overland flow path. There is also an existing low point
on Main Street between Church Lane and Alice Street which collects inflows from both directions
along Main Street as well as the overland flow path. The shops at this part of Main Street obstruct
the overland flow path and are subject to inundation in a 1% AEP event, and to a lesser extent in
a 20% AEP event. Residential properties to the north of Main Street as far as Edward Street are
also affected by flooding, shown as Site 3 on Figure 7 (Design 1% AEP Flood).

It is proposed to relieve this inundation and improve safety by upgrading the stormwater system
and constructing a new stormwater deviation. The new drainage line will be connected to the
existing trunk system just west of Alice Street on Main Street. Additional inlet pits that will allow
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the pipe to operate at capacity are to be installed. The drainage line will follow Alice Street to the
west along Edward Street until Victoria Street where it will be connected back into the existing
trunk main. It will utilise pipes of diameter 1.2 m. The proposed alignment of this pipeline is shown
in Figure 20.

The tasks required for the construction of proposed Option FMO1 include but are not limited to the
items listed in Table 14.

Table 14: Option FMO1 Works

Construction Tasks Maintenance Tasks

o Site establishment e Regular clearing
e Installation and maintenance of traffic control measures of debris

e Installation and maintenance of environmental controls e Annual

o Excavate new stormwater pipe trench including shoring Maintenance

where required

o Excavate for and construction of standard access chambers
including external vertical drops, step irons as required

o Excavate for and construction of segmental manholes

e Trench compaction test

e Installation of 1.2m reinforced concrete pipe

e Backfill trench

e Surface remediation works — road surfacing, stormwater
grilles etc

7.3.3. Impact on Flood Behaviour

Impacts of Option FM0O1 are shown on Figure 19 and Figure 20 for the 20% AEP event and 1%
AEP event respectively. Modelling of the 20% AEP event indicated there would be a reduction in
flood levels of between 0.1 m and 0.3 m out the front of the shops along Main Street between
Victoria Street and Alice Street, and a minor reduction in flood levels for properties north of Main
Street. There would be several areas no longer flooded on the fringes of the overland flow path.
In the 1% AEP event there would be a reduction in flood levels along Main Street of between
0.1 m and 0.2 m. Modelling also indicated minor reductions in flood levels in the overland flow
path between Main Street and Edward Street.

Figure 21 shows the differences in depths along Main Street between the existing conditions and
the proposed Main Street upgrade in the 20% AEP event. Construction of the proposed additional
drainage line would reduce the street area that experiences inundation over 0.1 m deep, which
could greatly improve the safety of Main Street during more frequent events.

7.3.4. Cost & Benefits

A damages assessment was undertaken to determine the B/C ratio for implementation of Option
FMO1: Resolving Main Street Flooding. The estimated residential and non-residential damages
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are displayed in Table 15 and Table 16 below.

Table 15 Option FMO01 Estimated Residential Damages

No. of Properties

No. Flooded No Longer
Total Damages for Event Flooded Over

Above Floor Level

Floor
5-year ARI $ 331,000 0
10% AEP $ 531,000 3
5% AEP 13 $ 897,000 1
2% AEP 17 $ 1,045,000 0
1% AEP 21 $ 1,378,000 0
0.5% AEP 24 $ 1,619,000 1
PMF 83 $ 6,504,000 0
Average Annual Damages (AAD) $ 198,000
Reduction in AAD $ 7,000

Table 16 Option FM01 Estimated Commercial Damages

No. of Properties
No Longer Flooded
Over Floor

No. Flooded Above Total Damages for

Floor Level Event

5-year ARI $ 573,000 1
10% AEP 8 $ 850,000 3
5% AEP 13 $ 1,122,000 1
2% AEP 17 $ 2,081,000 1
1% AEP 18 $ 2,153,000 1
0.5% AEP 23 $ 2,361,000 2

PMF 53 $ 6,176,000 0

Average Annual Damages (AAD) $ 308,000

Reduction in AAD $ 62,000

The estimated cost of implementation for the Option FMO1 is estimated to be $490,800. The
combined AAD (residential and non-residential) is $506,000 which is a $69,000 reduction in AAD
with implementation of the Option FMO1. By estimating the expected damages for the next 50
years assuming implementation of the above mentioned option, a B/C ratio of 2.08 has been
calculated.

Information on the preliminary costing of the Option FMO1 is contained in Appendix D.
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7.3.5. Recommendation

This option is recommended for further investigation particularly due to the reduction in flood
depths along Main Street, with the economic merit reflected in the high B/C Ratio. Despite not
yielding significant benefits in terms of over-floor inundation, the implementation of a new drainage
line will greatly improve the safety of Main Street for motorists and pedestrians alike during
smaller, more frequent events.

7.4. Manage Flooding on Bessemer Street from Railway Underpass to
McDonalds (FM02)

7.41. Aim

To reduce peak flood levels along Bessemer Street from the railway underpass to Park Street

7.4.2. Discussion

Overland flow that has not reached Iron Mines Creek is conveyed down Bessemer Street from
beneath the railway line, parallel to Iron Mines Creek. Multiple properties are inundated especially
on the western side of Bessemer Street. Overland flow continues down Bessemer Street until it
enters Iron Mines Creek adjacent to the Mittagong RSL. Council noted that this area should be
specifically investigated in the Consultant Brief.

The proposed solution involves the construction of a new drainage line starting at Regent Street
and running beneath Bessemer Street to just beyond Park Street, including the addition of several
new pits. New pipes were modelled with diameters between 1 m and 2 m. In addition to the
Bessemer Street upgrade the capacity of the pipe system on Regent Street was duplicated.

The main works required in this option involve road works and installing new or upgraded pits and
pipes. Upgrading the current system may also involve the removal and replacement of existing
pits and pipes.

7.4.3. Impact on Flood Behaviour

Impacts in the 20% AEP are shown in Figure 22 and highlight the positive impacts for properties
on Regent Street that would no longer be inundated. Flood depths over Bessemer Street would
be reduced by up to 0.1 m, and a significant reduction in flood levels of up to 0.2 m for properties
along the western side of the road.

Modelling for the 1% AEP event indicated there would be a reduction in flood level of up to 0.1 m
along Bessemer Street, with greater impacts (reductions up to 0.3 m) in the carpark of the hotel
at the end of Park Street and several areas no longer flooded. There would be minor reductions
(up to 0.05 m) in flood level shown across the flow path in Figure 23. There would also be localised
areas of increased flood levels on Regent Street and at the downstream end of the proposed pipe
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where it meets the existing open channel.

A comparison of flood depths in the 20% AEP shown in Figure 24 demonstrate the improvements
achieved by installing a new trunk drainage system along Bessemer St. By limiting depths along
the majority of the street to 0.1 m, the safety of the road is improved during more frequent events.
As for Option FMO1, the reduction in flood levels may not significantly improve over-floor
inundation, however it may create a safer road for motorists and pedestrians.

7.44. Cost & Benefits

A damages assessment was undertaken to determine the B/C ratio for implementation of Option
FMO02: Managing flooding on Bessemer Street. The estimated residential and non-residential
damages are displayed in Table 17 and Table 18 below.

Table 17 Option FM02 Estimated Residential Damages

No. of Properties No

No. Flooded Above Total Damages for Longer Flooded Over
Floor Level Event
Floor
5-year ARI 5 $ 336,000 0
10% AEP 10 $ 571,000 0
5% AEP 14 $ 956,000 0
2% AEP 17 $ 1,086,000 0
1% AEP 21 $ 1,384,000 0
0.5% AEP 25 $ 1,646,000 0
PMF 83 $ 6,508,000 0
Average Annual Damages (AAD) $ 205,000
Reduction in AAD $ =
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Table 18 Option FM02 Estimated Non-Residential Damages

No. of Properties

No. Flooded Above Total Damages for No Longer Flooded
Floor Level Event
Over Floor
5-year ARI 9 $ 702,000 0
10% AEP 11 $ 1,124,000 0
5% AEP 14 $ 1,421,000 0
2% AEP 18 $ 2,117,000 0
1% AEP 19 $ 2,290,000 0
0.5% AEP 24 $ 2,563,000 1
PMF 53 $ 6,191,000 0
Average Annual Damages (AAD) $ 362,000
Reduction in AAD $ 8,000

The estimated cost of implementation for the Option FMO02 is estimated to be $976,700. The
combined AAD (residential and non-residential) is $567,000 which provides a reduction in AAD of
$8,000 with implementation of the Option FM02. By estimating the expected damages for the next
50 years assuming implementation of the above mentioned option, a B/C ratio of 0.12 has been
calculated.

Information on the preliminary costing of the Option FMO02 is contained in Appendix D.

7.4.5. Recommendation

The proposed upgrade to existing trunk drainage, and installation of a new stormwater drainage
system achieves benefits for properties both along Bessemer Street and the road itself, and
should be considered for further investigation. The proposed mitigation measure provides a B/C
ratio of 0.12, which indicates it is not of financial benefit, however intangible benefits such as risk
to life and reduced flood-related nuisance are not accounted for in this calculation. Accordingly it
is proposed that this option is not pursued for OEH funding, but could be undertaken as part of
Council’s own drainage projects.

7.5. Culvert Upgrade: Gibbergunyah Creek at Old Hume Hwy (FM03)

7.51. Aim

To reduce flood levels in properties surrounding Gibbergunyah Creek at the Old Hume Highway

7.5.2. Discussion

Gibbergunyah Creek crossing was identified as flood affected during the review of the Flood Study
(Reference 3). Modelling of the 1% AEP design flood event demonstrates how the Old Hume
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Highway acts as a levee, causing inundation of several properties (See Figure 7). There are two
culverts beneath the highway: the eastern culvert comprises four 1.37 m pipes while the western
culvert is made up of three box culverts (each 2.44 m wide by 2.44 m high).

During a site visit on the 21/1/16, the culverts were observed to be overgrown and at least 50%
blocked. In a 1% AEP event the culverts are at capacity and the highway is overtopped, with flows
in the order of 56 m?s being conveyed beneath the highway and 74% of this flow going through
the western culvert.

Photo 1: Four 1.37 m diameter pipes (eastern culvert
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Two solutions were modelled for this option. The first included the addition of 3 box culverts
measuring 2.44 m by 2.44 m to the western culvert alongside the existing box culverts. The
second solution would be carried out in conjunction with the first, and involves the installation of
four 1.37 m diameter pipe culverts alongside the existing eastern pipes.

7.5.3. Impact on Flood Behaviour

The first option offers a significant reduction in flood level in the 1% AEP event, as shown in Figure
25. With the western culvert only upgraded, modelling indicated there would a significant reduction
in upstream flood levels (over 0.5 m) in the low lying area just south of the highway. The flow
beneath the highway would reach 87 m®s, with 82% of this going through the western culvert.
With the increased flow allowed under the highway there would be some increases to existing
flood levels just downstream of the highway, however these would generally be contained within
the existing flow path and do not affect any properties.

The second option would remove inundation over the Old Hume Highway, and again would have
significant upstream benefits (up to 0.7 m). The flood levels downstream of the highway would be
raised by 0.2 m. Flow beneath the highway would reach 91 m®/s, with 68% of the flow directed
through the western culvert. The modelling indicates that downstream impacts would be spread
over the width of the two culverts, resulting in lower downstream levels than in the first option in
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which just the western culvert is upgraded.

7.5.4. Cost & Benefits

A damages assessment was undertaken to determine the B/C ratio for implementation of Option
FMO03: Culvert Upgrade (Gibbergunyah Creek at Old Hume Highway). The estimated residential
and non-residential damages are displayed in Table 19 and Table 20 below.

Table 19 Option FM03 Estimated Residential Damages

No. of Properties

No. Flooded No Longer
Total Damages for Event Flooded Over

Above Floor Level

Floor
5-year ARI 5 $ 336,000 0
10% AEP 10 $ 571,000 0
5% AEP 12 $ 815,000 2
2% AEP 14 $ 864,000 3
1% AEP 18 $ 1,156,000 3
0.5% AEP 24 $ 1,551,000 1
PMFE 83 $ 6,491,000 0
Average Annual Damages (AAD) $ 192,000
Reduction in AAD $ 13,000

Table 20 Option FM03 Estimated Non-Residential Damages

No. of Properties

No. Flooded Above Total Damages for No Longer Flooded
Floor Level Event
Over Floor
5-year ARI 9 $ 702,000 0
10% AEP 11 $ 1,124,000 0
5% AEP 14 $ 1,421,000 0
2% AEP 18 $ 2,132,000 0
1% AEP 19 $ 2,293,000 0
0.5% AEP 25 $ 2,590,000 0
PMF 53 $ 6,191,000 0
Average Annual Damages (AAD) $ 370,000
Reduction in AAD $ -

The estimated cost of implementation for the Option FMO03 is estimated to be $645,300. The
combined AAD (residential and non-residential) is $562,000 which is a $13,000 reduction in AAD
with implementation of the Option FM03. By estimating the expected damages for the next 50
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years assuming implementation of the above mentioned option, a B/C ratio of 0.30 has been
calculated.

Information on the preliminary costing of the Option FMO03 is contained in Appendix D.

7.5.5. Recommendation

This option offers significant benefits to a small number of properties upstream of the Old Hume
Highway, however it is expected that construction costs would be high. The low B/C ratio indicates
this option is not economically feasible, however the upgrade should be flagged for possible
implementation in conjunction with RMS works associated with road maintenance in the future.

7.6. Etheridge Street Trunk Drainage Upgrade (FM04)

7.6.1. Aim

To reduce flood levels and prevent inundation of properties surrounding Chinamans Creek at the
Old Hume Highway by upgrading drainage along Etheridge Street.

7.6.2. Discussion

Chinamans Creek crosses the Old Hume Highway between Frankland Street and Roscoe Street.
The capacity of the culvert beneath the Old Hume Highway is not exceeded in a 1% AEP event,
instead, flooding around this culvert is a result of both mainstream flow coming down Chinamans
Creek as well as an overland flow path that follows Etheridge Street. Option FM04 is designed to
reduce the flood level due to overland flow on Etheridge Street through the installation of a new
stormwater system. The proposed pipe will run south to north along Etheridge Street, and at the
end of the street will turn west for approximately 50 m and terminate at the existing creek Fifteen
new pits have been modelled along Etheridge Street to feed into the new stormwater drain.

The installation of a new stormwater system would involve trenching along the length of the new
alignment, which may cause temporary access issues for residents along Etheridge St.

7.6.3. Impact on Flood Behaviour

Modelling has indicated the proposed works would have a relatively confined impact on flood
levels in the 1% AEP event as shown in Figure 26. There would be a minor reduction in flood
levels along Etheridge St and the upstream side of the Old Hume Highway (Up to 0.05 m), and
the front yard of one property on the corner of the two roads would be no longer flooded (38
Etheridge St). With this increased conveyance there would be a small increase in flood levels at
the end of the pipe, however it is expected to be less than 0.05 m and contained within the creek.
There would also be a minor reduction in flood levels at the industrial area on the downstream
side of the Old Hume Highway.

7.6.4. Recommendation

Despite potential benefits for one residential property, a localised area of the Old Hume Highway
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and a small area in the carpark of the commercial area downstream, the cost of installing the new
trunk drainage system along Etheridge Street may is likely too high to warrant further investigation
of this option. It is recommended Council undertake a preliminary costing of the works to
determine if it is feasible.

7.7. Culvert Upgrade: Iron Mines Creek at Old Hume Hwy (FMO05)

7.71. Aim

To reduce flood levels and prevent inundation of properties surrounding Iron Mines Creek at the
Old Hume Highway.

7.7.2. Discussion

Mainstream flooding occurs in Iron Mines Creek just upstream of the Old Hume Highway, with
flow reaching 28 m?¥s in a 1% AEP event and 19 m%/s in 20 year ARI event. There are four box
culverts which convey flow from Iron Mines Creek under the Old Hume Highway, however these
are overtopped during a 1% AEP event causing inundation of the Old Hume Highway and
commercial areas to the west of the crossing.

Option FMO5 involves the addition of four new box culverts, each with dimensions 1.83 m wide by
0.9 m high, which effectively doubles the capacity of the existing culverts. The installation of four
new reinforced concrete box culverts would require major road works, possibly requiring the
temporary closure of the Old Hume Highway.

7.7.3. Impact on Flood Behaviour

As shown in Figure 27, in a 1% AEP event the addition of the four new box culverts would redirect
flow back to the natural creek path rather than over the Old Hume Highway and into the
commercial area. Modelling indicates that there would be a significant reduction in flood levels in
the majority of the areas previously inundated, especially along the highway (up to 0.3 m) and in
the commercial area (up to 0.5 m). The option would cause an increase in flood levels along Iron
Mines Creek and some newly flooded areas, especially along the eastern creek bank. There would
also be an increase in flood levels on the west bank of the creek that could potentially affect the
adjacent carpark or shop itself.

7.7.4. Cost & Benefits

A damages assessment was undertaken to determine the B/C ratio for implementation of Option
FMO1: Resolving Main Street Flooding. The estimated residential and non-residential damages
are displayed in Table 21 and Table 22 below.
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Table 21 Option FMO05 Estimated Residential Damages

No. of Properties

No. Flooded No Longer
Total Damages for Event Flooded Over

Above Floor Level

Floor
5-year ARI 5 $ 336,000 0
10% AEP 10 $ 571,000 0
5% AEP 14 $ 955,000 0
2% AEP 17 $ 1,086,000 0
1% AEP 21 $ 1,384,000 0
0.5% AEP 25 $ 1,646,000 0
PMF 83 $ 6,508,000 0
Average Annual Damages (AAD) $ 205,000
Reduction in AAD $ =

Table 22 Option FM05 Estimated Non-Residential Damages

No. of Properties

No. Flooded Above Total Damages for No Longer Flooded
Floor Level Event Over Eloor

5-year ARI 9 $ 702,000 0

10% AEP 11 $ 1,124,000 0

5% AEP 13 $ 1,370,000 1

2% AEP 14 $ 1,661,000 4

1% AEP 19 $ 1,898,000 0

0.5% AEP 25 $ 2,546,000 0

PMF 53 $ 6,169,000 0
Average Annual Damages (AAD) $ 355,000
Reduction in AAD $ 15,000

The estimated cost of implementation for the Option FMO5 is estimated to be $438,300. The
combined AAD (residential and non-residential) is $560,000 which is a $15,000 reduction in AAD
with implementation of the Option FMO05. By estimating the expected damages for the next 50
years assuming implementation of the above mentioned option, a B/C ratio of 0.51 has been
calculated.

Information on the preliminary costing of the Option FMO5 is contained in Appendix D.

7.7.5. Recommendation

Option FMO05 would provide significant benefits for the commercial area and flood depths on the
Old Hume Highway, especially in the 5% and 2% AEP events. The low B/C ratio of 0.51 indicates
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the options is not economically feasible, however has been included in the Draft Plan for
implementation (possibly in conjunction with RMS works) due to the benefits for the Old Hume
Highway.

7.8. Culvert Upgrade: Chinamans Creek at Priestly Street (FM06)

7.8.1. Aim

To reduce flood levels surrounding the intersection of Chinamans Creek and Priestly Street

Photo 3: Downstream headwall of culvert

beneath Priestly Street
e SR T - T

-\ $

‘-

7.8.2. Discussion

Mainstream flooding currently occurs at the intersection of Priestly Street with Chinamans Creek.
The two 1.22 m culverts currently beneath the road (See Photo 3) are at maximum capacity during
a 1% AEP event, with flow overtopping the road and flooding properties between the creek and
Etheridge St to the east.

The proposed option involves the addition of two new 1.2 m diameter reinforced concrete pipes
to help improve conveyance under the road and thus reduce flood levels both upstream of Priestly
Street and for properties downstream.

Installation of the additional two pipes would involve relatively minor roadworks, including the
excavation of trench across Priestly Street and installation of two new pipes and new headwalls.
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7.8.3. Impact on Flood Behaviour

As shown on Figure 28, modelling of this option shows a significant reduction at the immediate
upstream end of the culvert (0.05 m to 0.1 m) as more flow would be allowed through the culvert.
This has widespread benefits for the properties downstream of Priestly Street on the eastern side
of the creek, as water that previously overtopped Priestly Street would be reduced and more flow
directed into the creek channel.

7.8.4. Cost & Benefits

A damages assessment was undertaken to determine the B/C ratio for implementation of Option
FMO06: Culvert Upgrade: Chinamans Creek at Priestly Street. The estimated residential and non-
residential damages are displayed in Table 23 and Table 24 below.

Table 23 Option FM06 Estimated Residential Damages

No. of Properties

No. Flooded No Longer
Total Damages for Event Flooded Over

Above Floor Level

Floor
5-year ARI 4 $ 274,000 1
10% AEP 10 $ 558,000 0
5% AEP 14 $ 904,000 0
2% AEP 17 $ 1,041,000 0
1% AEP 20 $ 1,356,000 1
0.5% AEP 24 $ 1,620,000 1
PMF 83 $ 6,505,000 0
Average Annual Damages (AAD) $ 188,000
Reduction in AAD $ 17,000
WMAwater 53
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Table 24 Option FM06 Estimated Non-Residential Damages

No. of Properties

No. Flooded Above Total Damages for No Longer Flooded
Floor Level Event
Over Floor

5-year ARI 9 $ 702,000 0
10% AEP 11 $ 1,124,000 0
5% AEP 14 $ 1,333,000 0
2% AEP 18 $ 2,045,000 0
1% AEP 19 $ 2,293,000 0
0.5% AEP 25 $ 2,590,000 0
PMF 53 $ 6,191,000 0

Average Annual Damages (AAD) $ 370,000

Reduction in AAD $ =

The estimated cost of implementation for the Option FM06 is estimated to be $139,098. The
combined AAD (residential and non-residential) is $558,000 which is a $17,000 reduction in AAD
with implementation of the Option FM06. By estimating the expected damages for the next 50
years assuming implementation of the above mentioned option, a B/C ratio of 1.8 has been
calculated.

Information on the preliminary costing of the Option FMO6 is contained in Appendix D.

7.8.5. Recommendation

For minimal roadworks and cost of installing another two pipes, this option offers benefits to
properties both upstream and downstream of Priestly Street, as well as reducing the depth of
water over the road itself. With the high B/C ratio of 1.8, this option is economically feasible and
has been included in the Draft Plan for implementation.

7.9. Riparian Management of all creeks (FM07)

79.1. Aim

To reduce flood levels along and adjacent to existing creeks by improving the conveyance by
removing overgrown vegetation.

7.9.2. Discussion

During the site visit on the 21/1/16; Gibbergunyah, Chinamans and Iron Mines Creeks were found
to be uniformly overgrown with weeds and in some cases choked with debris or litter. It was
expected that all creeks in this study would benefit from improved routine maintenance, including
spraying weeds and removing excess vegetation and debris. This would improve conveyance and
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thus reduce flood levels outside the creek banks.

The works involved may include undertaking environmental assessment of the existing vegetation
to ensure the appropriate plants are removed or planted, and that natural habitats along the creeks
are not adversely impacted. At heavily overgrown sites an excavator may be required to clear
large branches or debris, and ongoing maintenance would include routine spraying of weeds,
slashing grass and removing litter.

It should be noted though that Riparian Management may cause an increase in flood levels
downstream, and subsequent culverts may require upgrading to accommodate the new higher
flow.

7.9.1. Impact on Flood Behaviour

Riparian management of Gibbergunyah Creek, Chinamans Creek and lron Mines Creek was
modelled by reducing the ‘Mannings n’ by 25%, which effectively characterised the creek as a tidy
grass-lined channel rather than a heavily vegetated creek. The impacts are shown on Figure 29
and are varied along the creek. Modelling results indicated flood levels would be generally reduced
in and around the channel, however this would result in some localised areas of increased depths
as is to be expected.

7.9.2. Recommendation

Further environmental impact assessment is recommended before any clearing of vegetation is
undertaken, and if deemed appropriate this option could be included in Council’'s ongoing
maintenance schedule. Consideration could also be given to forming a community-based
volunteer “stream care” group to assist with clearing weeds, replanting native vegetation and on-
going maintenance of such a scheme.

7.10. Retarding Basin at the Corner of Bessemer St and Regent St (FM08)

7.10.1. Aim

To reduce downstream flood levels by temporarily storing flows for release at a controlled rate.

7.10.2. Discussion

Wingecarribee Shire Council requested that the effect of a retarding basin at the corner of
Bessemer Street and Regent Street be modelled as part of this FRMS. As discussed in Section 3
Bessemer Street has been flagged as a flooding hotspot, and it is possible that the overland flow
on Bessemer Street could be mitigated by the construction of a small retarding basin on the corner
of Bessemer St and Regent St.

The basin is proposed to be excavated to a depth of 2 m and entirely below natural surface level,
i.e. have no above ground walls or levees. It would cover an area of 1500 m? and have a total
capacity of 3000 m® when full (assuming no freeboard). The works involved would include
excavation to the design depth, removal of spoil offsite (at a suitable location so as not to affect
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overland flow), and compaction of the basin floor.

7.10.3. Impact on Flood Behaviour

Results of the modelled option are shown on Figure 30, and indicate that the retarding basin would
not greatly reduce inundation on Bessemer Street, and in fact would cause an increase in flood
levels in the park directly downstream of the basin and in adjacent properties.

7.10.4. Recommendation

This option is not recommended to Council as it does not reduce flood levels on Bessemer Street.

7.11. Option PM02: Changes to Flood Planning Level and Flood Planning
Area

The LEP Standard Instrument for NSW does not include a specific land use zone classification
for flood prone land, rather it permits a Flood Planning Area (FPA) map to be included as a layer
imposed across all land zones.

A flood planning level that consists of the 1% AEP flood event + 0.5m freeboard (factor of safety)
for main channel flooding is standard practice as outlined in Appendix K (Reference 1). The 1%
AEP event is not the largest flood that can occur, it is the event that has been chosen for planning
purposes. The 0.5 m freeboard is a factor of safety that takes into account events more extreme
than the 1% AEP event, possible increases in rainfall and flooding due to climate change, errors
in modelling, the cumulative effect of subsequent infill developments on existing zoned land and
local surge and wave action which cannot be replicated in hydraulic modelling.

The FPA is used to define an area to which flood related development and planning controls are
applied and Councils are required to include a FPA map in their LEP. Like the FPL, it is usually
taken as the extent of the 1% AEP flood level plus 0.5 m. Therefore planning controls may be
applied to development which is not necessarily within the 1% AEP flood extent but is within the
FPA. It is important to base the FPA on suitable criteria appropriate to the nature of flooding so as
not to over or understate the need to control development impacted by floods in some areas.
The FPA has only been applied to mainstream flooding for this study. The 1% AEP event plus
0.5 m freeboard is presented in Figure 31.

Recommendation
This study has updated the hydraulic modelling for the study area and it is therefore recommended
that the updated FPA map be included in the LEP.
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FRMP RECOMMENDATIONS
The following measure is recommended:

» Update the Flood Planning Area map in Council’s LEP to which flood planning controls apply.

7.12. Option PM03: Changes to Wingecarribee Shire Council Section 149
Certificates

Description

When a property is sold in NSW, the vendor must attach to the contract of sale a planning
certificate. Schedule 4 of the Regulations gives requirement for inclusions on s149 certificates
under section 149 (2) of the Act. In particular Schedule 4, 7A refers to flood related development
control information and requires that Council include whether or not development on the land or
part of the land is subject to flood related development controls.

Section 149 (5) is a more detailed certificate and could for instance include “notes” on flood risk
for instance below and above the FPL, details of other events including the PMF, giving
percentage of lot affected, potential flood heights and hazard categories. Where only parts of lots
are flood affected the 149 certificate may notify either the percentage area of a lot that is affected
and / or only include lots that are 15% affected or greater.

Discussion

It is important that the information presented in the planning certificate is clear because although
flood controls only apply to land in the FPA, the full flood extent extends out to the PMF. Land
outside of the FPA therefore can still flood during rare events and the community can be made
aware of this via notes of the 149 (2) / (5) certificate.

Land owners have expressed concern when their property is tainted as flood affected when only
a portion of the site is actually impacted. With the new FPA mapping the identification of flood
affectation can include percentage of site area that is impacted and can also apply a category of
flood hazard. Categories of flood hazard include:
e Low Hazard — trucks able to evacuate people and possessions easily. Able-bodied adults
readily able to wade out of danger.
o High Hazard — Possible danger to personal safety. Difficult to evacuate by trucks. Able-
bodied adults would have difficulty wading out of danger.

Section 17.2 and 17.3 of Appendix | to the FDM (Reference 1) detail typical examples of
information for inclusion in 149 certificates.

Evaluation
Currently Council uses information from the 2013 Flood Study (Reference 4) to provide
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classification of flood risk and estimated flood levels. Following review of an example Council
Flood Certificate and informed by findings from this Floodplain Risk Management Study, several
amendments are proposed to improve and update the current s149 certificates. The following
measures are recommended to be incorporated into 149 certificates:

e Whether the land is within the FPA;

e Hazard Classification, and definition of low and high hazard as described above;
¢ Hydraulic Category (Floodway, Storage or Fringe);

o Design flood heights specific to the property in the 1% AEP, and

o Percentages of lots affected by the FPA if not 100%.

7.13. Option PM04: Changes to Floodplain Risk Precincts (FRPs) in
Wingecarribee Development Control Plan

Section 4 of (Reference 9) Flood Liable Land identifies the various Flood Risk Precincts (FRPS)
identified in Mittagong. The identification of these Precincts is to grade the relative severity of flood
risks across the floodplain and there by provide a basis for assigning development controls. The
various FRPs in Mittagong are described below:

High Flood Risk Precinct

This Precinct contains that land below the 100 year flood that is either subject to a high hydraulic
hazard or where there are significant evacuation difficulties. The high flood risk precinct is where
high flood damages, potential risk to life, and evacuation problems would be anticipated or
development would significantly and adversely affect flood behaviour. Most development should
be restricted in this precinct. In this precinct, there would be a significant risk of flood damages
without compliance with flood related building and planning controls.

Medium Flood Risk Precinct

This Precinct contains that land below the 100 year flood that is not subject to a high hydraulic
hazard and where there are no significant evacuation difficulties. In this precinct there would still
be a significant risk of flood damage, but these damages can be minimised by the application of
appropriate development controls.

Fringe-Low Flood Risk Precinct

This Precinct contains that land between the extents of the 100 year flood and the 100 year flood
plus 0.5m in elevation (being a freeboard). In this precinct there would still be a significant risk of
flood damage, but these damages can be minimised by the application of appropriate
development controls.

Low Flood Risk Precinct
This Precinct contains that land within the floodplain (i.e. within the extent of the probable
maximum flood) but not identified within any of the above Flood Risk Precincts. The Low Flood
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Risk Precinct is where risk of damages is low for most land uses and most land uses would be
unrestricted within this precinct.

Recommendation
Update the flood mapping and dataset that determines the FRPs with the updated hydraulic
modelling results from the current Gibbergunyah Creek FRMS&P.

7.14. Option RM01: Changes to Volume 2 - Wingecarribee Shire Local
Flood Plan

Following investigation of flood behaviour and the production of revised design flood levels in the
Floodplain Risk Management Study, a number of amendments are proposed to update the
Wingecarribee Shire Council Local Flood Plan. This includes:

o Revised summary of flood behaviour in the Gibbergunyah Creek Catchment;
¢ Number and location of houses flooded above floor level in each design event; and
¢ Road closures and the flood event by which the closure is triggered.

7.14.1. Summary of Flood Behaviour

In the Gibbergunyah Creek catchment flooding is caused by two flood mechanisms, the
overtopping of the creek banks of Gibbergunyah, Chinamans and Iron Mines Creek as well as
overland flow conveyed towards the three main creeks in the catchment. Key flood affected areas
in the catchment include Bessemer St, Main St and Roscoe St as described below.

Bessemer Street

Overland flow that has not reached Iron Mines Creek is conveyed down Bessemer Street from
beneath the railway line, parallel to Iron Mines Creek. Multiple properties are inundated especially
on the western side of Bessemer Street including McDonalds and Springs Resort. Overland Flow
continues down Bessemer Street until it enters Iron Mines Creek adjacent to the Mittagong RSL.

Main Street

The drainage system that runs from Main Street to Lake Alexandra has inadequate capacity for
the flows produced in large rainfall events. Main Street intersects an overland flow path, and when
the trunk drainage capacity is exceeded water backs up over the road and along the row of shops
between Alice Street and Victoria Street. This results in flooding in Main Street inundating local
businesses as well as the streets in the overland flow path between Main Street and Lake
Alexandra.

Roscoe St

Iron Mines Creek overtops the Hume Highway when the capacity of the culvert underneath the
road is exceeded. The flood water flows west down the old Hume Highway inundating Highlands
Marketplace on the corner with Roscoe Street.
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7.14.2. Houses Flooded Above Floor Level

As part of the damages assessment undertaken in Section 6.1.1, estimated floor level data was
used to predict over-floor flooding in various design events. In Table 25 the number of properties
affected and the number of houses flooded above floor level are listed for each design event. The
locations of houses that experience inundation above floor level are shown in Figure 17.

Table 25 Properties inundated in design flood events

il N R
Level
20% AEP 18 5
10% AEP 28 10
5% AEP 36 14
2% AEP 38 17
1% AEP 48 21
0.5% AEP 58 25
PMF 138 83
1 Flood affectation occurring within an owner’s lot
boundary

7.14.3. Road Closures

Section 2.5 in the Wingecarribee Shire Local Flood Plan (Volume 2) lists roads subject to flooding
in the Wingecarribee Shire LGA. Following analysis as part of the Floodplain Risk Management
Study, several roads are recommended to be added to this list. Roads closest to Gibbergunyah,
Chinamans and Iron Mines Creeks that receive over 150 mm of inundation have been included in
the below list. Please note this list is not exhaustive and other streets may be subject to minor and
temporary inundation.

Table 26 Roads subject to Inundation

Event First Flooded

Location Cause of Inundation (ARI) (>150 mm)
GO1 Main St, btw. Church Ln & Alice St Overland Flow Path Syr
G02 Corner of Bessemer St & Regent St Overland Flow Path Syr
GO03 Intersection Bowral Rd and Bessemer St Overland Flow Path Syr
Bowral Rd, btw. Bessemer St & Syr
G04 Henderson Av Iron Mines Creek
GO05 Bessemer St, btw. Park Ln & Park St Overland Flow Path Syr
Old Hume Hwy, btw. Bessemer St & Syr
G06 Brewster St Iron Mines Creek
GO07 Cnr Old Hume Hwy & Etheridge St Overland Flow Path 10yr
Old Hume Hwy, btw. Etheridge St & Syr
G08 Frankland St Chinamans Creek
G09 Old Hume Hwy, btw. Owen St & Nattai St =~ Gibbergunyah Creek 200yr
G10 Old Hume Hwy, btw. Owen St & Nattai St Overland Flow Path 50yr
Priestley St, btw. Etheridge St & B
G11 Cavendish St Chinamans Creek
WMAwater 60
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Please note this list may require revision should any culverts or trunk drainage systems be
upgraded as recommended in the Floodplain Risk Management Plan.

7.15. Option RM02: Flood Access

Evacuation can be improved by ensuring that there are adequate evacuation routes available and
appropriate warning as to when the routes will become impassable. Providing safer flood access
can also reduce risk to life and assist emergency response.

It is recommended that Council maintain a record of flood prone roads including details of likely
inundation and alternative routes. Then, when flooding is likely Council can ensure that
appropriate road closures and diversions are put in place to prevent people unnecessarily
traversing through flood waters. For roads which may be more frequently inundated, such as those
listed in Table 26 flood depths indicators and flood signs can be used to provide information to
drivers and pedestrians. Flood signs and indicators may also assist in resident awareness as the
will be installed at roads liable to overtopping.

Flood signs must be installed in accordance with AS 1742.2-2009 Manual of Uniform Traffic
Control Devices Part 2: Traffic Control Devices for General Use, which stipulates that “The ‘ROAD
SUBJECT TO FLOODING, INDICATORS SHOW DEPTH’ sign shall be erected on the left side
of the road on which Depth Indicators are used, to advise drivers that the road ahead may be
covered by floodwaters...the NEXT x km sign may be used in conjunction with this sign when
there are two or more floodways ahead, not more than 2km apart.” (Clause 4.10.6.9)

It also specifies that a depth indicator sign “...shall be used at all fords, floodways and low level
bridges. It shall be displayed so as to be clearly visible to drivers before reaching the flooded part
of the road. Where necessary, separate indicators should be provided on each approach. The
zero mark shall be set at the lowest pavement level on the section of road liable to flooding.”
(Clause 4.10.6.10)

Photograph 1: Examples of flood depth indicators
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SUMMARY

Placement of depths markers and flood signs at flood liable roads could assist in preventing
drivers from traversing through flood waters. In addition Council should put measures in place to
temporarily close flooded roads where possible.

7.16. Option RM03: Investigate Reduction in High Hazard Road Reserves

Main Street and Old Hume Highway are the main arteries of Mittagong and provide access and
egress between Mittagong, Welby and the rest of the Wingecarribee Shire. They are also the main
evacuation route that residents would need to navigate in the event of a major flood event. These
roads are high hazard floodways in the 1% AEP and PMF events subjecting the community to risk
during these large events and also reducing the ability of emergency services to conduct
operations and residents from evacuating Mittagong.

It is recommended that Council and/or SES investigate which events, Main Street and Old Hume
Highway become high hazard floodways for. Then determine if there are any feasible options to
mitigate this undesirable flood behaviour. The investigation would determine if the frequency,
severity and/or duration of high hazard floodway conditions on the roads could be reduced and/or
delayed to facilitate emergency response such as evacuation and/or rescue.

7.17. Integrated Approach to Floodplain Risk Management

The Gibbergunyah Creek Floodplain Risk Management Study has considered a number of options
that reduce flooding on various access roads throughout Mittagong. Options addressed flooding
on Main Street (FM01), Bessemer Street (FM02), several creek crossings on the Old Hume
Highway (FM03-FMO5 inc) and Priestly Street (FM06). Not all of these provided a reduction in
over-floor flooding to nearby residential or commercial properties, and as such were not
recommended in the Plan, presented in Section 8. However, whilst not reducing property
damages, each of the listed options would provide improved access during flood events, and
should be considered as a part of a broader flood mitigation management scheme.

The implementation of access-related options would have several benefits, including an
improvement in the safety of motorists and pedestrians, reduction in hazard and the convenience
of uninterrupted access. While not specifically required for evacuation access (given the short
duration of flooding typical of this catchment), the benefit of maintaining access routes should still
be noted. The implementation of all access-related measures could be considered by Council as
an integrated package to maintain access and egress between Mittagong, Welby and the rest of
the Wingecarribee Shire.

At this stage, all upgrades have been considered as separate works for ease of economic
assessment and to allow for staged implementation as resources and funding become available.
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7.18. Economic Assessment of Site Specific Options

7.18.1. Damage Assessment of Options

The total damage costs were evaluated for 5 of the 8 investigated mitigation options and compared
against the existing base case, as shown in Table 27 and Table 28 for residential and non-
residential damages respectively. Options not assessed in this section were those shown to not
yield significant benefits for either roads or properties, and included Option FM04 (Etheridge Street
Trunk Drainage Upgrade), Option FMO7 (Riparian Management of all creeks) and Option FMO8
(Bessemer St Retarding Basin).

Table 27 Average Annual Damage Reduction of Mitigation Options (Residential)

Reduction in AAD

Description due to Option
Base e . .
Case No flood mitigation options implemented $ 205,000
FMO01 Resolve Main Street Flooding $ 198,000 $ 7,000
FMO02 Bessemer Street Trunk Drainage $ 205,000 $ =
Culvert Upgrade: Gibbergunyah Creek at
FMO03 Old Hume Highway $ 192,000 $ 13,000
EMOS5 Culvert L_Jpgrade: Iron Mines Creek at Old $ 205,000 $ _
Hume Highway
Culvert Upgrade: Chinamans Creek at
FMO06 Priestly Street $ 188,000 $ 17,000

As shown in Table 27, the upgrade of the Priestly Street culvert for Chinamans Creek (FMO06)
offers the greatest reduction in AAD, with a reduction of $17,000 in Average Annual Damages.
The culvert upgrade at the Old Hume Highway Gibbergunyah Creek crossing (FM03) produces
the next highest reduction ($13,000), while resolving the flooding on Main Street (FM01) resulted
in a reduction of $7,000 in AAD. Option FM02 and FM05 were found to not have any effect on

Reduction in AAD due

Description to Option

No options implemented

Soae $ 370,000
FMO1 Resolve Main Street Flooding $ 308,000 $ 62,000
FM02 Bessemer Street Trunk Drainage $ 362,000 $ 8,000
FMO03 Culvert Upgrade: Gibbergunyah Creek at i
Old Hume Highway $ 370,000 $
FMO05 Culvert Upgrade: Iron Mines Creek at Old
Hume Highway $ 355,000 $ 15,000
FMO06 Etheridge Street Trunk Drainage Upgrade $ 365,000 $ 5,000

Table 28 shows that resolving Main Street flooding (Option FMO1) has far more benefits to
commercial properties than residential, as it would primarily protect the shops along Main Street
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between Alice St and Victoria St. Similarly upgrading the Iron Mines Creek crossing at the Old
Hume Highway would reduce commercial AAD by $15,000 as it would redirect flows down Iron
Mines Creek rather than across the Old Hume Highway and into the commercial area as
discussed in Section 7.7.
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8. FLOODPLAIN RISK MANAGEMENT PLAN

This section comprises the Floodplain Management Plan and forms a framework identifying aims,
objectives and a guide to the list of strategies by which the plan will be implemented. Any
recommendations in terms of policy should be reviewed and approved by Council’s planners.

8.1. Aims and Objectives

The primary objective of the Floodplain Management Plan is to recommend a range of property,
response and flood modifications that address the existing and future flood problems, in
accordance with the Floodplain Development Manual (Reference 1). The recommended works
and measures presented in the Plan will:

e Reduce the flood hazard and risk to people and property in the existing community and
to ensure future development is controlled in a manner consistent with the flood hazard
and risk;

¢ Reduce private and public losses due to flooding;

e Protect and, where possible, enhance the river and floodplain environment;

e Be consistent with the objectives of relevant State policies, in particular, the
Government’s Flood Prone Lands and State Rivers and Estuaries Policies and satisfy
the objectives and requirements of the Environmental Planning and Assessment Act,
1979;

o Ensure that the floodplain risk management plan is fully integrated with Council’s
existing corporate, business and strategic plans, existing and proposed planning
proposals, meets Council’s obligations under the Local Government Act, 1993 and has
the support of the local community;

e Ensure actions arising out of the management plan are sustainable in social,
environmental, ecological and economic terms;

e Ensure that the floodplain risk management plan is fully integrated with the local
emergency management plan (Local Flood Plan) and other relevant catchment
management plans; and

e Establish a program for implementation and a mechanism for the funding of the plan
and should include priorities, staging, funding, responsibilities, constraints, and
monitoring.

8.2. Identifications of Actions Suitable for Implementation

8.2.1. Background

Multi-variate decision matrices are recommended in the Floodplain Development Manual
(Reference 1) and therefore it is also a recommendation of this report that multi-variate decision
matrices be developed for specific management areas, allowing detailed benefit/cost estimates,
community involvement in determining social and other intangible values, and local assessment
of environmental impacts.
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The criteria assigned a value in the management matrix are:

Risk to life;

Impact on flood behaviour (reduction in flood level, hazard or hydraulic categorisation) over
the range of flood events;

Number of properties benefited by measure;

Compliance with EP&A Act 1979 (whether the work adversely impacts existing
development, involves development in the floodway, or encourages development which
increases spending on flood mitigation, infrastructure or services)

Technical feasibility (design considerations, construction constraints, long-term
performance);

Community acceptance and social impacts;

Economic merits (capital and recurring costs versus reduction in flood damages);
Financial feasibility to fund the measure;

Long term performance;

Environmental and ecological benefits;

Impacts on the State Emergency Services;

Political and/or administrative issues; and

Long-term performance given the potential impacts of climate change.

The scoring system for the above criteria is provided in Table 29 and largely relates to the impacts
in a 1% AEP event. The matrix below is designed to set out a general scheme to illustrate how a
local matrix might be developed. These criteria and their relative weighting may be adjusted in
the light of community consultations and local conditions. Tangible costs and damages are also
used as the basis of B/C analysis for some measures.

Table 29 Matrix Scoring System
-3 -2 -1 0 1 2 3
Impact on Flood >100mm | 50 to 100mm <50mm no <50mm 50 to >100mm
Behaviour increase increase increase change decrease 100mm decrease
Number. of =S 2-5 adwersely |<2 adversely
Properties adversely none <2 2to5 >5
. affected affected
Benefitted affected
Technical major moderate o moderately straight .
o . . minor issues| neutral ) no issues
Feasibility issues issues straightforward | forward
Community majority . some . .
. most against . neutral minor most majority
Acceptance against against
. . major moderate minor . .
Economic Merits . : . neutral low medium high
disbenefit disbenefit disbenefit 9
. . I major moderate minor . .
F I F bilit ) : . neutral I d high
ihancial Feasibiiity disbenefit disbenefit disbenefit 5 ow medium '9
Environmental and major moderate minor neutral low medium high
Ecological Benefits | disbenefit disbenefit disbenefit 9
major moderate minor . | moderate major
Impacts on SES . . . neutral | minor benefit
P disbenefit disbenefit disbenefit benefit benefit
Political/administrat major moderate minor
. . . . neutral few very few none
ive Issues negative negative negative
Long Term e e s il neutral ositive ood excellent
Performance disbenefit disbenefit disbenefit . :
Risk to Life . major moderate . minor neutral | minor benefit MIZEEED mayor
increase increase increase benefit benefit
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8.2.2. Results

The preliminary assessment matrix is given in Table 30, with each of the assessed management
options scored against the range of criteria. The scores for ‘Community Acceptance’ have been
estimated at this time, as the community information session is yet to be held (the matrix will be
updated when the information is available). Also, it is important to note that the approach
undertaken does not provide an absolute “right” answer as to what should be included in the
Management Plan but is rather for the purpose of providing an easy framework for comparing the
various options on an issue by issue basis which stakeholders can then use to make a decision.
For the same reason, the total score given to each option, and the subsequent rank, is only an
indicator to be used for general comparison.

The Gibbergunyah Creek Catchment Draft Floodplain Risk Management Plan is shown in Table
31.

WMAwater 67
J:\Jobs\115032\Admin\Report\Gibbergunyah_FRMSP_FinalReport.docx:27 September 2016



@,m Gibbergunyah Creek
Floodplain Risk Management Study and Draft Plan

Final Report
Table 30 Gibbergunyah Creek Catchment Mitigation Options Matrix
COMMENT
7.3 FMO1 |[Resolve Main Street |Stormwater drainage upgrade to lower flood
Flooding levels on Main St and protect properties
between Main Street and Victoria St from 2 3 = = = 3 13 5
inundation.
7.4 FM02 [Manage Flooding on |Stormwater drainage upgrade to reduce peak
Bessemer St flood levels along Bessemer St from the ) 2 ) 0 1 2 10 9
railway underpass to Park St.
7.5 FMO03 [Culvert Upgrade: Upgrade existing culverts to reduce flood
Gibbergunyah Ck at lewvels in adjacent properties. -3 2 -3 -2 -3 2 3 11
Old Hume Hwy
7.6 FM04 |Etheridge St Trunk Etheridge St stormwater drainage upgrade to
Drainage Upgrade reduce.ﬂood levels gnd prgvent inundation of 3 0 2 2 0 1 3 11
properties surrounding Chinamans Ck at the
Old Hume Hwy
7.7 FMO5 [Culvert Upgrade: Iron |Increase hydraulic conveyance of culverts and
Mines Ck at Old Hume |reduce upstream flood lewels. -2 2 -3 1 1 2 14 3
Hwy
7.8 FMO06 [Culvert Upgrade: Increase hydraulic conveyance of culverts and
Chinamans Ck at reduce upstream flood lewels. 0 2 -1 1 0 1 12 6
Priestly St
7.9 FMO7 [Riparian Management |Reduce flood levels along and adjacent to
of all creeks existing creeks by improving the conveyance
. . -1 -2 -1 -3 -3 0 -3
by removing overgrown vegetation.
7.10 FM08 [Retarding Basin at Reduce downstream flood levels by
corner of Bessemer St [temporarily storing flows for release at a -2 0 -2 -1 -2 -1 -4
and Regent St controlled rate.
7.11 PMO01 |Changesto Flood Redefining FPL and FPA based on updated
Planning Level and hydraulic modelling and results undertaken in 3 1 3 0 -3 3 10 9
Flood Planning Area |the FRMS
7.12 PMO02 |Changesto Section Redefining FPL and FPA based on updated
149 (2) and (5) hydraulic modelling and results undertaken in 3 3 3 0 -1 2 12 6
Certificates the FRMS
7.13 PMO03 [Changes to Floodplain |Update the flood mapping and dataset that
Risk Precincts determl_nes the FRPS with the updated 3 5 3 0 0 3 12 6
hydraulic modelling results from the current
Gibbergunyah Creek FRMS&P.
7.14 RMO01 [Changesto Volume 2 - |Updating the Local Flood Plan based on
Wingecarribee Shire |updated hydraulic modelling results in the
Local Flood Plan FRMS 2 s & g 1 1 = z
7.15 RMO02 |Flood Signs & Depth [Installation of flood signs and depth indicators
Indicators to improve motorist safety
3 3 3 0 1 1 19
7.16 RMO03 [Investigate Reduction [Old Hume Highway and Main Street are High
in High Hazard Road |Hazard Floodways. Determine which events
Reserves cause high hazard floodways and are there 3 3 2 0 -1 0 14 3
feasible mitigation option to alleviate this.
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Table 31 Gibbergunyah Creek Catchment Draft Floodplain Risk Management Plan
Reference Description Priority Benefits Concerns Responsibility B/C Ratio
FLOOD MODIFICATION MEASURES
Inundation of Main Street could be reduced Reduction in peak f_IOOd Ie\(els on Main . .
. . . L Street and prevent inundation of Excavation of Main Street would . .
Resolve Main Street by improving the existing storamwater . ) . . . . Council would be responsible for
FMO1 . . High commercial properties along Main Street. [comprise major road works, cost of . . $ 490,800 2.08
Flooding system and adding a secondary trunk L N . . I construction and maintenance.
. . Reduction in frequency of flooding in pipe and pits may be prohibitive
drainage line.
smaller events.
Upgrading existing culvert to reduce flood Reduction in peak flood levels upstream
Culvert Upgrade at Priestly . . : . of Priestly Street between 0.05 - 0.1 m, |Minor roadworks, temporary local Council would be responsible for
FMO06 levels surrounding the intersection of High . . . . $ 139,098 1.80
Street . . and up to 0.05m reduction for detour required. construction and maintenance.
Chinamans Creek and Priestly Street. .
downstream properties.
Installation of a new trunk drainage line Significant reduction in flood levels (up to .
. : . Upgrading the current system and . .
Manage Flooding on could reduce inundation on Bessemer . 100 mm on Bessemer street and 200 - . Council would be responsible for
FM02 . Medium ) . addition of new drainage network would . . $ 976,700 0.12
Bessemer Street Street between the railway underpass and mm for properties on the western side of . . construction and maintenance.
require excavation and roadworks.
McDonalds (Bowral Rd) the road.
The addition of four new box culverts would
. L In a 1% AEP event, flow would be . . . .
Culvert Upgrade: Iron double the capacity of the existing culvert redirected back to the natural creek path Major construction and road works on |Council would be responsible for
FMO05 Mines Creek at Old Hume |and prevent overtopping of the highway and |Low . P Old Hume Highway, large box culvert  |construction and maintenance |$ 438,300 0.51
. . . . rather than over the Old Hume Highway |. . . . . . )
Highway inundation of the commercial areas west of . . installation required. in conjunction with RMS.
. and into the commercial area.
the creek crossing.
Reference Description Priority Benefits Concerns Responsibility B/C Ratio
PROPERTY MODIFICATION MEASURES
) . Update FPL and FPA in line with findings - . .
The FPL defines land subject to flood . o . Council in consultation with -
PMO1 Changes to FPL and FPA ! Hol Medium from FRMS which involved revising the None unet ditation wi Minimal N/A
related development controls. . property owners.
Gibbergunyah Flood Model
Section 149 Certificates provide property Addition of information regarding hazard
PMO02 Amendments to s149 owners with a brief (149(2)) or detailed Medium Clear presentation of information classification, hydraulic categories and |Council - and to be clearly Minimal N/A
Certificates (149(5)) description of flood affectation (if regarding flood affectation revised flood lewvels from the FRMS are |communicated to residents
any) at their property recommended
Section 4 of the DCP identifies the various .
. L Update the flood mapping and dataset
. (FRPs) identified in Mittagong. The . .
Changes to Floodplain . . . . . that determines the FRPs with the .
. - . identification of these Precincts is to grade . . . Council - and to be clearly -
PMO03 Risk Precincts (FPRS) in . . . Medium updated hydraulic modelling results from [None . . Minimal N/A
the relative sewerity of flood risks across the . communicated to residents
DCP . . - the current Gibbergunyah Creek
floodplain and there by provide a basis for
o FRMS&P.
assigning development controls.
Reference Description Priority Benefits Concerns Responsibility B/C Ratio
RESPONSE MODIFICATION MEASURES
The Local Flood Plan is a reference Improved and updated information
Amendments to document shared by Council and the SES available regarding flooding in the Updates to Local Flood Plan to be
RMO1 Wingecarribee Shire Local |and provides guidance for actions required |High Gibbergunyah Creek catchment including|adopted by Council and SES in SES and Council in cooperation |Minimal N/A
Flood Plan (Volume 2) in preparation for and response to a flood flood behaviour and the properties and cooperation
event in Mittagong. roads affected in various events.
. Seweral roads are affected by flooding, and Improved flood awareness and . . L
RMO02 Ins.tallatlon of Flood Depth safety could be improved throught the use of[High information for residents and motorists, Slgn§ need to be installed in visible Council Minimal N/A
Indicators and Flood Signs . - . . locations.
flood signs and depth indicators. reduced risk to life.
Old Hume Highway and Main Street are
Investigate Reduction in High Hazard Floodways. Determine which Facilitate emergency rsponse such as  [Signs need to be installed in \isible
RMO03 High Hazard Road events cause high hazard floodways and are|High . gency rsp 9 . SES and Council in cooperation |Moderate N/A
. L . . evacuation or rescue. locations.
Reserves there feasible mitigation option to alleviate
hazard.
WMAwater
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FIGURE 14
COMMUNITY RESPONSES

Are you aware of the Gibbergunyah Creek Flood Study?

If yes, was your property identified as being at risk of flooding or
near a flood affected area?
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APPENDIX A: GLOSSARY of TERMS

Taken from the Floodplain Development Manual (April 2005 edition)

acid sulfate soils

Are sediments which contain sulfidic mineral pyrite which may become extremely
acid following disturbance or drainage as sulfur compounds react when exposed to
oxygen to form sulfuric acid. More detailed explanation and definition can be found
in the NSW Government Acid Sulfate Soil Manual published by Acid Sulfate Soil
Management Advisory Committee.

Annual Exceedance
Probability (AEP)

The chance of a flood of a given or larger size occurring in any one year, usually
expressed as a percentage. For example, if a peak flood discharge of 500 m®/s has
an AEP of 5%, it means that there is a 5% chance (that is one-in-20 chance) of a
500 mé/s or larger event occurring in any one year (see ARI).

Australian Height Datum
(AHD)

A common national surface level datum approximately corresponding to mean sea
level.

Average Annual Damage
(AAD)

Depending on its size (or severity), each flood will cause a different amount of flood
damage to a flood prone area. AAD is the average damage per year that would
occur in a nominated development situation from flooding over a very long period
of time.

Average Recurrence
Interval (ARI)

The long term average number of years between the occurrence of a flood as big
as, or larger than, the selected event. For example, floods with a discharge as great
as, or greater than, the 20 year ARI flood event will occur on average once every
20 years. ARI is another way of expressing the likelihood of occurrence of a flood
event.

caravan and moveable

Caravans and moveable dwellings are being increasingly used for long-term and

home parks permanent accommodation purposes. Standards relating to their siting, design,
construction and management can be found in the Regulations under the LG Act.
catchment The land area draining through the main stream, as well as tributary streams, to a

particular site. It always relates to an area above a specific location.

consent authority

The Council, Government agency or person having the function to determine a
development application for land use under the EP&A Act. The consent authority
is most often the Council, however legislation or an EPI may specify a Minister or
public authority (other than a Council), or the Director General of DIPNR, as having
the function to determine an application.

development

Is defined in Part 4 of the Environmental Planning and Assessment Act (EP&A Act).

infill development: refers to the development of vacant blocks of land that are
generally surrounded by developed properties and is permissible under the current
zoning of the land. Conditions such as minimum floor levels may be imposed on
infill development.

new development: refers to development of a completely different nature to that
associated with the former land use. For example, the urban subdivision of an area
previously used for rural purposes. New developments involve rezoning and
typically require major extensions of existing urban services, such as roads, water
supply, sewerage and electric power.

redevelopment: refers to rebuilding in an area. For example, as urban areas age,
it may become necessary to demolish and reconstruct buildings on a relatively large
scale. Redevelopment generally does not require either rezoning or major
extensions to urban services.

disaster plan (DISPLAN)

A step by step sequence of previously agreed roles, responsibilities, functions,
actions and management arrangements for the conduct of a single or series of

WMAwater
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connected emergency operations, with the object of ensuring the coordinated
response by all agencies having responsibilities and functions in emergencies.

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 for example, metres per
second (m/s).

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. The use of sustainability and sustainable in this
manual relate to ESD.

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.

flash flooding

Flooding which is sudden and unexpected. It is often caused by sudden local or
nearby heavy rainfall. Often defined as flooding which peaks within six hours of the
causative rain.

flood

Relatively high stream flow which 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

Flood awareness is an appreciation of the likely effects of flooding and a knowledge
of the relevant flood warning, response and evacuation procedures.

flood education

Flood education seeks to provide information to raise awareness of the flood
problem so as to enable individuals to understand how to manage themselves an
their property in response to flood warnings and in a flood event. It invokes a state
of flood readiness.

flood fringe areas

The remaining area of flood prone land after floodway and flood storage areas have
been defined.

flood liable land

Is synonymous with flood prone land (i.e. land susceptible to flooding by the
probable maximum flood (PMF) event). Note that the term flood liable land covers
the whole of the floodplain, not just that part below the flood planning level (see
flood planning area).

flood mitigation standard

The average recurrence interval of the flood, selected as part of the floodplain risk
management process that forms the basis for physical works to modify the impacts
of flooding.

floodplain

Area of land which is subject to inundation by floods up to and including the probable
maximum flood event, that is, flood prone land.

floodplain risk management
options

The measures that might be feasible for the management of a particular area of the
floodplain. Preparation of a floodplain risk management plan requires a detailed
evaluation of floodplain risk management options.

floodplain risk management
plan

A management plan developed in accordance with the principles and guidelines in
this manual. Usually includes both written and diagrammatic information describing

WMAwater

J:\Jobs\115032\Admin\Report\Gibbergunyah_FRMSP_FinalReport.docx:27 September 2016 A2



(Y wma

Gibbergunyah Creek
Floodplain Risk Management Study and Draft Plan
Final Report

how particular areas of flood prone land are to be used and managed to achieve
defined objectives.

flood plan (local)

A sub-plan of a disaster plan that deals specifically with flooding. They can exist at
State, Division and local levels. Local flood plans are prepared under the leadership
of the State Emergency Service.

flood planning area

The area of land below the flood planning level and thus subject to flood related
development controls. The concept of flood planning area generally supersedes
the “flood liable land” concept in the 1986 Manual.

Flood Planning Levels
(FPLs)

FPL’s are the combinations of flood levels (derived from significant historical flood
events or floods of specific AEPs) and freeboards selected for floodplain risk
management purposes, as determined in management studies and incorporated in
management plans. FPLs supersede the “standard flood event” in the 1986
manual.

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 flood
damages.

flood prone land

Is land susceptible to flooding by the Probable Maximum Flood (PMF) event. Flood
prone land is synonymous with flood liable land.

flood readiness

Flood readiness is an ability to react within the effective warning time.

flood risk

Potential danger to personal safety and potential damage to property resulting from
flooding. The degree of risk varies with circumstances across the full range of
floods. Flood risk in this manual is divided into 3 types, existing, future and
continuing risks. They are described below.

existing flood risk: the risk a community is exposed to as a result of its location on
the floodplain.

future flood risk: the risk a community may be exposed to as a result of new
development on the floodplain.

continuing flood risk: the risk a community is exposed to after floodplain risk
management measures have been implemented. For a town protected by levees,
the continuing flood risk is the consequences of the levees being overtopped. For
an area without any floodplain risk management measures, the continuing flood risk
is simply the existence of its flood exposure.

flood storage areas

Those parts of the floodplain that are important for the temporary storage of
floodwaters during the passage of a flood. The extent and behaviour of flood
storage areas may change with flood severity, and loss of flood storage can
increase the severity of flood impacts by reducing natural flood attenuation. Hence,
it is necessary to investigate a range of flood sizes before defining flood storage
areas.

floodway areas

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

freeboard

Freeboard provides reasonable certainty that the risk exposure selected in deciding
on a particular flood chosen as the basis for the FPL is actually provided. It is a
factor of safety typically used in relation to the setting of floor levels, levee crest
levels, etc. Freeboard is included in the flood planning level.

habitable room

in a residential situation: a living or working area, such as a lounge room, dining
room, rumpus room, kitchen, bedroom or workroom.

WMAwater
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in an industrial or commercial situation: an area used for offices or to store
valuable possessions susceptible to flood damage in the event of a flood.

hazard

A source of potential harm or a situation with a potential to cause loss. In relation
to this manual the hazard is flooding which has the potential to cause damage to
the community. Definitions of high and low hazard categories are provided in the
Manual.

hydraulics

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

hydrograph

A graph which shows how the discharge or stage/flood level at any particular
location varies with time during a flood.

hydrology

Term given to the study of the rainfall and runoff process; in particular, the
evaluation of peak flows, flow volumes and the derivation of hydrographs for a range
of floods.

local overland flooding

Inundation by local runoff rather than overbank discharge from a stream, river,
estuary, lake or dam.

local drainage

Are smaller scale problems in urban areas. They are outside the definition of major
drainage in this glossary.

mainstream flooding

Inundation of normally dry land occurring when water overflows the natural or
artificial banks of a stream, river, estuary, lake or dam.

major drainage

Councils have discretion in determining whether urban drainage problems are
associated with major or local drainage. For the purpose of this manual major
drainage involves:

e the floodplains of original watercourses (which may now be piped,
channelised or diverted), or sloping areas where overland flows develop
along alternative paths once system capacity is exceeded; and/or

e water depths generally in excess of 0.3 m (in the major system design storm
as defined in the current version of Australian Rainfall and Runoff). These
conditions may result in danger to personal safety and property damage
to both premises and vehicles; and/or

e major overland flow paths through developed areas outside of defined
drainage reserves; and/or

¢ the potential to affect a number of buildings along the major flow path.

mathematical/computer
models

The mathematical representation of the physical processes involved in runoff
generation and stream flow. These models are often run on computers due to the
complexity of the mathematical relationships between runoff, stream flow and the
distribution of flows across the floodplain.

merit approach

The merit approach weighs 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.

The merit approach operates at two levels. At the strategic level it allows for the
consideration of social, economic, ecological, cultural and flooding issues to
determine strategies for the management of future flood risk which are formulated
into Council plans, policy and EPIs. At a site specific level, it involves consideration
of the best way of conditioning development allowable under the floodplain risk
management plan, local floodplain risk management policy and EPIs.

minor, moderate and major
flooding

Both the State Emergency Service and the Bureau of Meteorology use the following
definitions in flood warnings to give a general indication of the types of problems
expected with a flood:

WMAwater
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minor flooding: causes inconvenience such as closing of minor roads and the
submergence of low level bridges. The lower limit of this class of flooding on the
reference gauge is the initial flood level at which landholders and townspeople begin
to be flooded.

moderate flooding: low-lying areas are inundated requiring removal of stock
and/or evacuation of some houses. Main traffic routes may be covered.

major flooding: appreciable urban areas are flooded and/or extensive rural areas
are flooded. Properties, villages and towns can be isolated.

modification measures

Measures that modify either the flood, the property or the response to flooding.
Examples are indicated in Table 2.1 with further discussion in the Manual.

peak discharge

The maximum discharge occurring during a flood event.

Probable Maximum Flood
(PMF)

The PMF is the largest flood that could conceivably occur at a particular location,
usually estimated from probable maximum precipitation, and where applicable,
snow melt, coupled with the worst flood producing catchment conditions. Generally,
it is not physically or economically possible to provide complete protection against
this event. The PMF defines the extent of flood prone land, that is, the floodplain.
The extent, nature and potential consequences of flooding associated with a range
of events rarer than the flood used for designing mitigation works and controlling
development, up to and including the PMF event should be addressed in a
floodplain risk management study.

Probable Maximum
Precipitation (PMP)

The PMP is the greatest depth of precipitation for a given duration meteorologically
possible over a given size storm area at a particular location at a particular time of
the year, with no allowance made for long-term climatic trends (World
Meteorological Organisation, 1986). It is the primary input to PMF estimation.

probability A statistical measure of the expected chance of flooding (see AEP).

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

runoff The amount of rainfall which actually ends up as streamflow, also known as rainfall
excess.

stage Equivalent to “water level”. Both are measured with reference to a specified datum.

stage hydrograph

A graph that shows how the water level at a particular location changes with time
during a flood. It must be referenced to a particular datum.

survey plan

A plan prepared by a registered surveyor.

water surface profile

A graph showing the flood stage at any given location along a watercourse at a
particular time.

wind fetch

The horizontal distance in the direction of wind over which wind waves are
generated.

WMAwater
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Gibbergunyah Creek

Floodplain Risk Management - ': 2WINGECARRIBEE
Study and Plan “SHIRE COUNCIL

A Floodplain Risk Management Study and Plan (FRMS&P) is
currently being prepared for the Gibbergunyah Creek DEIC]
Catchment. Wingecarribee Shire Council has appointed Collection

flood consultants WMAwater to undertake this Study.

The Floodplain Management Process

FLOODPLAIN MANAGEMENT PROCESS

Flood Study

The State Government’s Flood Policy aims to reduce the impacts of flooding
and flood liability on individual owners and occupiers, and to reduce private
and public losses resulting from flooding. Under the Policy, local government
is responsible for managing flood liable land.

The Policy encourages the development of:

Floodplain Risk
Management Study
& Plan

* solutions to existing flood problems in developed areas, and

* strategies for ensuring that new development is compatible with the
flood hazard and does not create additional flooding problems in existing
developed areas.

The State Government’s Flood Policy provides technical and financial support
for a number of floodplain management activities. Funding for this Study was
provided from the State Government’s Flood Risk Management Program and
Wingecarribee Shire Council.

Implementation
of Plan

Study Area and Background

The Gibbergunyah Creek Catchment is located in the Southern Highlands of NSW and encompasses a total area
of 10.5 km?2. Gibbergunyah Creek originates in the vicinity of Mount Gibraltar and flows in a northerly direction
through the Mittagong urban area, where it is joined by Chinaman’s Creek and Iron Mines Creek. It continues in
a northerly direction beneath the Hume Highway before its confluence with the Nattai River.

During periods of intense rainfall Gibbergunyah Creek
and its tributaries will overtop their banks and inundate
the floodplain with the potential to flood adjacent
properties. The stormwater system will reach capacity
with excess water being conveyed as overland flow in
the road reserve and through properties.

The Gibbergunyah Creek Flood Study has been
completed and was adopted by Council in September
2013. The Flood Study determined flood behaviour
across the catchment and identified flood affected areas
where flood mitigation options could be investigated.

The following areas were identified in the Flood Study as
flooding hotspots. Further investigation will be
undertaken to identify further flooding hotspots.

Newsletter Issue 1: August 2015



Gibbergunyah Creek
Floodplain Risk Management Study and Plan

Main Street near Bowral Road Bessemer Street near McDonalds
5 ¥ ; ; ! 2

oW - 0

| R T R
The flooding on Main Street near the intersection of
Bowral Road will be a priority for the FRMS&P. It will be

thoroughly investigated in regards to a possible
mitigation option.

How can | have my say?

manage the flooding of Bessemer St from the Railway
underpass to the McDonalds Restaurant.

A questionnaire is enclosed with this newsletter.
Please complete this and return to the FREEPOST
address in the envelope provided. If you prefer,
questionnaires can also be completed online at:
https://www.surveymonkey.com/r/wingecarribee
Please make sure that all surveys are returned
before 30t August 2015.

A public open day will be held on Monday August
24t between 5.30pm and 6.30pm in the Joadja-
Nattai Room of Mittagong RSL Club (Cnr Hume
Highway & Bessemer Street Mittagong)

Contacts

This newsletter and questionnaire forms part of our
community consultation, which aims to provide
information to the community and gauge feedback on
possible mitigation options that could reduce flooding in
flood affected areas and ultimately benefit the
community.

After the surveys are collected a number of mitigation
options will be identified and investigated to determine
their benefit in regards to a reduction in flood levels and
cost effectiveness, practicality and environmental impacts.

If you would like to know more, or if you have any information on flooding which would assist in this Study, please

complete the relevant sections on the questionnaire and return.

Additional information and comment can be

attached to the questionnaire when you return it or provided to the contacts below.

WINGECARRIBEE

W‘ﬁ, *SHIRE COUNCIL

Sha Prodhan
Floodplain and Stormwater Engineer
sha.prodhan@wsc.nsw.gov.au

Wingecarribee Shire Council
PO Box 141, Moss Vale, NSW 2577

Tel: 02 4869 1203

Dan Morgan
Civil Engineer
morgan@wmawater.com.au

WMAwater
Level 2, 160 Clarence Street
Sydney, NSW 2000

Tel: 02 9299 2855
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Gibbergunyah Creek - QUESTIONNAIRE

Floodplain Risk Management Study and Plan

Please complete this questionnaire and return to the FREEPOST address in the envelope provided. If you
prefer, questionnaires can also be completed online at: www.surveymonkey.com/r/wingecarribee
Please make sure that all surveys are returned before 30t August 2015 or they may not be counted.

(Please note your contact details are optional , will be held confidential and will
only be used to contact you for more information regarding this study)

1. Your Details

Name:

Address: (please enter Southern Highlands address only)

Telephone:

Email:

Can we contact you directly for more information? [ |Yes [ | No

2. Are you aware of the Gibbergunyah Creek Flood Study?

Yes No

3. If yes, was your property identified as being at risk of flooding or near a flood affected
area?

Yes No

4. As a local resident who has witnessed flooding you may have your own ideas about

how to reduce flood risk. Which of the following would you prefer?
(1 = least preferred, 5 = most preferred)

Proposed Option Preference

Improved flow paths - 12345
Suggested location/other comments:

Culvert/bridge enlarging - 12345
Suggested location/other comments:

Pit and pipe upgrades - 12345
Suggested location/other comments:

Strategic planning and other related development controls - 12345
Suggested location/other comments:

Education of the community, providing greater awareness of potential hazards - 12345
Suggested location/other comments:

Questionnaire: August 2015



Gibbergunyah Creek - QUESTIONNAIRE

Floodplain Risk Management Study and Plan

5. Please use this section to provide any additional information on flood affected areas in
the catchment or additional comments if you have them.

Questionnaire: August 2015
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APPENDIX C FLOOD DAMAGES ASSESSMENT

C.1. Quantification of Damages

The quantification of flood damages is an important part of the floodplain risk management
process. Flood damages can be defined as actual or potential where actual damage refers to the
damage incurred during known flood events while potential damage is an estimation of the
damage that could occur. Calculating potential flood damages gives a potential value of damage
per property per design flood event and an overall average annual damages value which is the
average cost to property owners per year owing to flood damages. By quantifying flood damage
for a range of design events, appropriate cost effective management measures can be analysed
in terms of their benefits (reduction in damages) versus the cost of implementation. The cost of
damage and the degree of disruption to the community caused by flooding depends upon many
factors including;

¢ The magnitude (depth, velocity and duration) of the flood,;

e Land use and susceptibility to damages;

¢ Awareness of the community to flooding;

o Effective warning time;

e The availability of an evacuation plan or damage minimisation program;

e Physical factors such failure of services (sewerage), flood borne debris; and

e The types of asset and infrastructure affected.

The estimation of flood damages tends to focus on the physical impact of damages on the human
environment and can be defined as being tangible or intangible. Tangible damages are those for
which a monetary value can be easily assigned, while intangible damages are those to which a
monetary value cannot easily be attributed. Types of flood damages are shown on Diagram C 1
overleaf.

To undertake the damages assessment floor level data is required. A desktop floor level survey
was performed by WMAwater for residential and commercial properties within the PMF extent
using available ALS and Google Street View to estimate levels. Damages for commercial
properties have been assessed using separate damage curves to residential damages.
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C.2. Identifying Flood Affected Properties

The damages assessment does not only look at potential costs due to flooding but also identifies
when properties are likely to become flood affected by either flooding on the property or by over
floor flooding. Figure 17 of the main report show in which design event buildings are first flooded
above floor level.

C.3. Tangible Flood Damages

Tangible flood damages are comprised of two basic categories; direct and indirect damages
(Diagram C 1). Direct damages are caused by floodwaters wetting goods and possessions thereby
damaging them and resulting in either costs to replace or repair or in a reduction to their value.
Direct damages are further classified as either internal (damage to the contents of a building
including carpets, furniture), structural (referring to the structural fabric of a building such as
foundations, walls, floors, windows) or external (damage to all items outside the building such as
cars, garages). Indirect damages are the additional financial losses caused by the flood for
example the cost of temporary accommodation, loss of wages by employees etc.

Given the variability of flooding and property and content values, the total likely damages figure in
any given flood event is useful to get a feel for the magnitude of the flood problem, however it is
of little value for absolute economic evaluation. However, considering damages estimates is
useful when studying the economic effectiveness of proposed mitigation options. Understanding
the total damages prevented over the life of the option in relation to current damages, or to an
alternative option, can assist in the decision making process.

C.4. Expressing Flood Damages

Average Annual Damages (AAD) is equal to the damage caused by all floods over a period of
time divided by the number of years in that period and represents the equivalent average damages
that would be experienced by the community on an annual basis. This means that the smaller
floods, which occur more frequently, are given a greater weighting than the rare catastrophic
floods total potential damage refers to the total damage estimated for a given flood event. Average
damage per property is the Total damage estimated for a particular flood event divided by the
number of properties flood affected in this event; either by flooding on the yard and/or above floor
level of a building.

C.5. Calculating Tangible Flood Damages

The flood damages assessment was undertaken for existing development in accordance with
current OEH guidelines (Reference 16) and the Floodplain Development Manual (Reference 1).
Potential flood damages were calculated with the use of a height-damage curves which relate the
depth of water above the floor with tangible damages. The height-damage curves were
established in accordance with OEH guidelines (Reference 16).

For residential damages the values used are based on the recommendations in the guidance with
a post late 2001 adjustment factor applied to increase damage values according to changes in
Average Weekly Earnings (AWE) since 2001. Separate curves were established for non-
residential damages. The resultant curves are shown in Diagram F 6 and F 7.



Structural damages vary on whether the property is slab/low set or high set. For the purpose of
this study, any property with a floor level of 0.5 m or more above ground level was assumed to be
high set.

In calculating AAD, it was assumed that there would be no flood damages in events smaller than
the 2-year ARI event. The ARI of the PMF has been estimated to be 100,000 years.

As it is usual that commercial and industrial damages are higher than residential damages a
multiplier was applied to the total damage per property for each event by adjusting the typical
building size value within the curve development calculations. Other factors including the clean-
up costs and external damages were adjusted to reflect the differences between commercial and
residential properties.

To adjust the residential damage curve to be applicable to non-residential development, the
average contents damages for a business was estimated to be $150,000 ($60,000 for residential)
and the clean-up cost have been estimated at $6,000 ($4,000 for residential). This was done to
take account the higher costs that businesses would incur compared to residential dwellings when
flooded above floor level. The commercial damages curves were also amended to reduce the
bench height based on the assumption that many commercial premises would have stock from
floor level. External damage was set at $6,700 as per residential properties.

Diagram F 6: Flood Damages Curve — Residential Property
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Diagram F 7: Flood Damages Curves — Commercial Property
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The OEH guidelines suggest a protection level be applied when calculating damages. This
effectively reduces the floor level by the given amount (usually 0.5 m). The level of protection is
considered overly conservative and has not been applied in this instance. Applying a level of
protection of 0.5 m at Mittagong would increase AAD by 500% and the number of properties
flooded above floor level in the 5-year ARI event from 5 to 116. Incorporating this would lead to
Council financing flood management measures that provide little benefit.

C.6. Intangible Flood Damages

The intangible damages associated with flooding, by their nature, are inherently more difficult to
estimate in monetary terms. In addition to the tangible damages discussed above, additional
costs/damages are incurred by residents affected by flooding, such as stress, risk/loss to life,
injury, loss of sentimental items etc. It is not possible to put a monetary value on the intangible
damages as they are likely to vary dramatically between each flood (from a negligible amount to
several hundred times greater than the tangible damages) and depend on a range of factors such
as the size of flood, the individuals affected, and community preparedness. However, it is still
important that the consideration of intangible damages is included when considering the impacts
of flooding on a community.

Post flood damages surveys have linked flooding to stress, ill-health and trauma for the residents.
For example the loss of memorabilia, pets, insurance papers and other items without fixed costs
and of sentimental value may cause stress and subsequent ill-health. In addition flooding may
affect personal relationships and lead to stress in domestic and work situations. In addition to the
stress caused during an event (from concern over property damage, risk to life for the individuals



or their family, clean up etc.) many residents who have experienced a major flood are fearful of
the occurrence of another flood event and the associated damage. The extent of the stress
depends on the individual and although the majority of flood victims recover, these effects can
lead to a reduction in quality of life for the flood victims.

During any flood event there is the potential for injury as well as loss of life due to causes such as
drowning, floating debris or iliness from polluted water. Generally, the higher the flood velocities
and depths the higher the risk. The Gibbergunyah Creek study area generally is classified as low
hazard within the built up areas. However, there will always be local high risk (high hazard) areas
where flows may be concentrated around buildings or other structures within low hazard areas.

C.7. Benefit/Cost Analyses for Management Options

To assess the full monetary benefits, including taking into account costs of construction and
maintenance, Net Present Value (NPV) calculations were used and the B/C ratio established. The
B/C approach is used to quantify the economic worth of each option enabling the ranking against
other options. A B/C ratio is the benefits expressed in monetary terms, i.e. the reduction in AAD,
compared to the actual likely cost of achieving those benefits, i.e. construction and maintenance
costs.

The AAD per annum in today’s monetary terms was assumed to apply for each year of the NPV
damage calculation and was established for each year based on a discount rate of 7% as per the
recommendation in the Residential Flood Damages FRM Guidelines (Reference 16). A
construction cost was estimated and, using the NPV of the AAD assuming lifetime of 50-years,
the B/C ratio was established for each of the options.



