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Foreword

The primary objective of the New South Wales (NSW) Government’s Flood Prone Land Policy is to reduce the
impact of flooding and flood liability on individual owners and occupiers of flood prone property, and to reduce
private and public losses resulting from floods, utilising ecologically positive methods wherever possible.

Through the NSW Department of Planning, Industry and Environment (DPIE) and the NSW State Emergency
Service (SES), the NSW Government provides specialist technical assistance to local government on all
flooding, flood risk management, flood emergency management and land-use planning matters.

The Floodplain Development Manual (NSW Government 2005) is provided to assist councils to meet their
obligations through the preparation and implementation of floodplain risk management plans, through a
staged process. Figure F1, taken from this manual, documents the process for plan preparation,
implementation and review.

The Floodplain Development Manual (NSW Government 2005) is consistent with Australian Emergency
Management Handbook 7: Managing the floodplain: best practice in flood risk management in Australia (AEM
Handbook 7) (AIDR 2017).
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Established by the council, must
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state agency specialists

Floodplain Risk Floodplain Risl
Management - Management
Study Plan

Data Collection Flood Study

r i T ) r s, ’ g N
/ Compilation of emsting\\, /" Defines the nature and / Determines options in\'\ /" Preferred options N ,-'/Implementation of b

data and collection of
additional data. Usually
undertaken by
consultants appointed
by the council.

extent of the flood
problem, in technical
rather than map form.
Usually undertaken by
consultants appointed
by the council

consideration of social,
ecological and
economic factors
relating to flood risk.
Usually undertaken by
consultants appointed
by the council.

publicly exhibited and
subject to revision in
light of responses.
Formally approved by
the council after public
exhibition and any
necessary revisions
due to public
comments.

flood response and
property modification
measures (including
mitigation works,
planning controls,
flood warnings, flood
readiness and response
plans, environmental
rehabilitation, ongoing

data collection and

maonitoring) by :ouncil./,'

-

Figure F1 The Floodplain Risk Management Process (source: NSW Government, 2005)

Bega Valley Shire Council is responsible for local land use planning in its service area, including in the Twofold
Bay and Towamba River catchment and its floodplain. Through its Floodplain Risk Management Focus Group,
Council has committed to prepare a comprehensive floodplain risk management plan for the study area in
accordance with the NSW Government’s Floodplain Development Manual (2005). This document relates to
the flood study phase of the process.
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Executive Summary

The Eden, Twofold Bay and Towamba River Flood Study has been prepared for Bega Valley Shire Council
(Council) to define the existing flood behaviour in the catchment and establish the basis for subsequent
floodplain management activities.

Study Area and Scope

The study area covers the entire catchment of Twofold Bay with a focus on understanding the flood behaviour
and risk in the foreshore locations of Eden, Lake Curalo, Quarantine Bay, and Boydtown, and the catchment
localities of Rocky Hall, Wyndham, New Buildings, Burragate and Towamba. The study area is shown in Map
G101.

This project is a flood study, which is a comprehensive technical investigation of flood behaviour that provides
the main technical foundation for the development of a robust floodplain risk management plan. It aims to
provide a better understanding of the full range of flood behaviour and consequences. It involves
consideration of the local flood history, available collected flood data, and the development of hydrologic and
hydraulic models that are calibrated and verified, where possible, against historic flood events and extended,
where appropriate, to determine the full range of flood behaviour.

Engagement

Comprehensive stakeholder engagement was undertaken throughout the development of the flood study.
This involved:

e Engaging agency and industry stakeholder to obtain details of historical flooding, survey data and
other relevant data sets. Stakeholders were also invited to provide feedback on the draft flood study
during public exhibition.

e Community engagement has been undertaken through the mail out of an information brochure and
brief survey. A series of community drop in sessions were also held in Towamba and Eden. The purpose
of the engagement was to raise awareness of the study and flood risk in the catchment, as well and
obtain observations of historical flooding to assist in model calibration. Respondents were contacted
for further information by phone and email, as required.

e This document was placed on public exhibition for a period of four weeks. During this time Council
notified residents and property owners in the study areas, inviting them to learn more about the draft
Flood Study. Another series of information sessions in Eden and Towamba were held for community
members to get information and ask questions. Council’s website included information about the
study, the draft documents and an opportunity to provide submissions. Submission were also be able
to be submitted at Council’s Customer Service Centre, via email and phone, and at the community
information sessions.

Hydrological and Hydraulic Modelling

Due to the complex nature of flooding across the study areas, flood modelling been undertaken using a
combination of hydrological, hydraulic and hydrodynamic models. This allows flooding to be assessed with
regards to coastal processes, estuarine dynamics (in particular entrance scour), riverine flooding and overland
flow. Hydrological modelling was undertaken for all study areas using XP-RAFTS, catchment driven flooding
was modelled in TUFLOW and estuarine flooding driven primarily by coastal processes was modelled in
Delft3D.
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The flood models were calibrated and validated to historical flood events, where data was available. Historical

flood data was compiled from rainfall and flow gauges as well as community observations. A summary of

historical catchment and coastal events used for calibration and validation is shown below. No calibration data

was available for Boydtown Creek, Nullica River, Shadrach Creek or Cocora Lagoon.

Historical Flood Events Used for Calibration and Validation

Event

Calibration / Validation Undertaken

Comments

Towamba
River
Models

Eden
Overland
Flow
Model

Coastal
Models

1978 Catchment
and Coastal Event

Calibration

Validation
of 20% and
1% AEP
runs

The community were able to identify
several flood levels and extents around
Towamba.

General observations were collected of
flooding in Eden.

March 2011
Towamba River
Catchment Event

Calibration

Although this was noted in several
references as a major event. The
majority of flood recollections were
provided for the Kiah area, which is not
included in the detailed flood modelling
study areas.

One calibration mark surveyed in
Towamba for this event. The flood
model was calibrated to this flood mark.

March 2012
Coastal Event

Calibration

It is one of the largest water level events
associated with the Lake Curalo
entrance breakout.

The event allows for the calibration of
the entrance breakout of Lake Curalo

June 2016 East
Coast Low

Calibration

Lake Curalo entrance was open (i.e. Lake
was tidal) during June 2016 ECL. Exact
entrance condition at that time is
unknown.

The event allows for the calibration of
the interaction of rainfall runoff and
storm surge in the lake. This was limited
by the availability of rainfall data.

The hydrological, hydraulic and hydrodynamic models were analysed for the Probable Maximum Flood (PMF),
0.2% AEP, 0.5% AEP, 1% AEP, 2% AEP, 10% AEP and 20% AEP events. The models were analysed for durations
ranging from 60 minutes to 36 hours, using the 10 temporal pattern ensemble approach detailed in ARR2016.
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Critical storm durations and median temporal patterns were determined form the hydrological modelling, with
only the critical events applied to the hydraulic model.

The 1% AEP flood depths and depth of flow over key roads are shown on Maps G703-a to G703-i (provided in
Volume 2 of this study, and also replicated within this executive summary).

Flooding within the Eden study area is driven by both lake flooding and catchment flooding. The extent of
influence of lake flooding is limited, affecting primarily undeveloped areas along the lake foreshore. Some low-
lying residential properties are impacted by lake flooding along the western edge of the lake. Catchment
flooding controls the peak flood levels across much of the study area. Flow is well contained along most flow
paths, although increasing levels of break out flow occurring the larger AEP events and PMF. The critical
duration across the study area ranges from 2 hours, for those areas with small upstream catchment areas, up
to 9 hours, for those areas (such as Palestine Creek) with a larger contributing catchment.

In the coastal lagoons of Shadrachs Creek, Nullica River and Boydtown Creek flooding is generally confined to
the creeks and lagoon areas in events up to the 5% AEP event. In larger events, flow begins to break out of the
channels. While this largely occurs over vegetated areas or pastureland in Nullica and Boydtown, in Shadrachs
Creek, this breakout impacts the adjacent caravan park.

Flooding was assessed at five localities in the Towamba River catchment; Wyndham, Rocky Hall, New Buildings,
Burragate and Towamba. Flooding in these locations is as a result of the Towamba River and Mataganah Creek
overtopping their banks. Flooding within the Towamba River study areas is typically well defined, with little
breakout flow from the main channel occurring, even in large flood events. The critical duration for flooding
is relatively long; 9 to 12 hours, due to the large contributing upstream catchment area. Several main access
roads and bridges can become inundated during a flood event, isolating residents.

Sensitivity

Sensitivity analysis of the hydraulic and hydrodynamic models to roughness, rainfall intensity and blockage of
culverts and bridges was undertaken to understand the level of confidence in the model results.

The peak flood levels in the Towamba River catchment models were more sensitive to roughness changes than
the other study areas, with increases of up to Im. However, the increases did not result in significant increases
to flood extents or number of properties impacted. The models were not particularly sensitive to blockage,
with blockage of culverts in Eden only causing localised increases in flooding (i.e. immediately upstream of
blocked culverts). Sensitivity to rainfall intensity was assessed through a comparison of the 0.5% AEP and 2%
AEP to the 1% AEP event. The assessment showed that the model sensitivity to rainfall intensity increased for
Towamba River study areas further downstream. In the upper catchment typical impacts were +/- 0.2 to 0.4
metres. This increased to +/- 0.7 to 1 metre at Towamba. Eden had more modest impacts in the order of +/-
0.1 metres. Shadrachs, Nullica and Boydtown had impacts of less than +/- 0.1.

Overall, it was concluded from the results of the sensitivity analysis that the design event flood behaviour
produced by the model is robust and reliable.

Climate Change

The potential impacts of climate change on flood behaviour in the study areas has been assed through analysis
of the impacts of increased rainfall intensities and sea level rise on the flood model results. As expected, rainfall
changes are more likely to impact upstream areas and sea level rise to affect foreshore and low lying areas.
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For the Towamba River models, the impact of changes in rainfall intensity is more pronounced in the study
more downstream study areas. In the more upstream study areas (i.e. Rocky Hall, New Buildings, and
Wyndham), increases in flood levels as a result of increases in rainfall intensity were modest, typically in the
range of 0.2 to 0.4 metres. The impact of changes in rainfall intensity on flood level impacts increased
downstream, due to the additional upstream area contributing increased flow. Median increases in flood
levels at New Buildings were 0.69 metres, increasing to 0.97 metres at Towamba.

In the coastal study areas, the increase in rainfall intensity had a much smaller impact on peak flood levels.
Eden had more modest impacts in the order of +/- 0.1 metres, while Shadrachs, Nullica and Boydtown had
impacts of less than +/- 0.1.

Sea level rise only impacts flooding in the coastal study areas. The Towamba River study areas are sufficiently
far upstream to not be affected by sea level rise.

Along the northern shore of Lake Curalo, impacts were minimal, with negligible change in flood extent
occurring even with a 0.9 metre rise is sea level. Along the western shore, sea level rise of 0.4 metres resulted
in no significant increase in flood extent, although 0.9 metre of sea level rise resulted in a lateral expansion of
30 metres at Lakeside Drive that resulted in additional properties becoming flood affected. Along the southern
shore, additional inundation, while more wide spread than the northern and western shores, was typically
restricted to open space and vegetated corridors. The exception was the aged care centre on Barclay Street,
which was fully inundated under a 0.9 metre sea level rise scenario.

The steep terrain at Lake Cocora prevented any significant increase in flood affectation under a 0.4 metre sea
level rise scenario. With 0.9 metres of sea level rise, overtopping of Ida Rodd Drive occurred.

Sea level rise at Shadrachs Creek primarily affected the caravan park, with an additional 20 metres and 30
metres of flood affectation occurring under the 0.4 and 0.9 metre sea level rise scenarios respectively. No
impacts were shown upstream of the Princes Highway.

The terrain at Nullica and Boydtown prevent any significant expansion of flood extents under climate change
scenarios. Increases greater than 0.1 metres in both the 2050 and 2100 scenarios did not extend past Juno
Drive in Boydtown. The extent of increases within the channel extended further in Nullica with increases of
1.1 metres observed at Nullica Short Cut Road in the 2100 scenario. Impacts on developed areas were
negligible, although increased flood affectation was observed across the pasture land adjacent to the Nullica
River.

Conclusion

This report provides an understanding of the flood risk within the study area and provides Council with the
tools for planning. This study provides a baseline against which a Floodplain Risk Management Study and Plan
can be prepared.
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Glossary

Annual exceedance
probability (AEP)

Australian Height
Datum (AHD)

Average recurrence
interval

(ARI)

Catchment

Chart Datum

Design flood

Development

Discharge

Flood

Flood Awareness

Flood fringe
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The chance of a flood of a given size (or larger) occurring in any one year, usually
expressed as a percentage. For example, if a peak flood discharge of 500 m3/s has
an AEP of 5%, it means that there is a 5% chance (i.e. a 1 in 20 chance) of a peak
discharge of 500 m3/s (or larger) occurring in any one year. (See also average
recurrence interval).

National survey datum corresponding approximately to mean sea level.

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 design flood will occur on average once
every 20 years.

ARl is another way of expressing the likelihood of occurrence of a flood event.
(See also annual exceedance probability).

The catchment, at a particular point, is the area of land that drains to that point.

The level of water that charted depths displayed on a nautical chart are measured
from. A chart datum is generally a tidal datum; that is, a datum derived from some
phase of the tide. Common chart datums are lowest astronomical tide and mean
lower low water.

A hypothetical flood representing a specific likelihood of occurrence (for example
the 100 year ARI or 1% AEP flood).

Is defined in Part 4 of the AP&A Act as:

o Infill Development: development of vacant blocks of land that are
generally surrounded by developed properties.

o New Development: development of a completely different nature to that
associated with the former land use.

e Redevelopment: Rebuilding in an area with similar development.

The rate of flow of water measured in terms of volume per unit time, for example,
cubic metres per second (m?3/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).

Relatively high river or creek flows, which overtop the natural or artificial banks,
and inundate floodplains and/or coastal inundation resulting from super elevated
sea levels and/or waves overtopping coastline defences.

Awareness is an appreciation of the likely effects of flooding and knowledge of the
relevant flood warning, response ad evacuation procedures.

Land that may be affected by flooding but is not designated as floodway or flood
storage.

Xiv
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Flood hazard

Flood level
Floodplain

Floodplain risk
management plan

Flood planning levels
(FPLs)

Flood prone land

Flood storage
Floodway

Freeboard

Gauging (tidal and
flood)

Hazard
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The potential risk to life and limb and potential damage to property resulting from
flooding. The degree of flood hazard varies with circumstances across the full
range of floods.

The height or elevation of floodwaters relative to a datum (typically the Australian
Height Datum). Also referred to as “stage”.

Area of land which is subject to floods up to and including the probable maximum
flood.

A document outlining a range of actions aimed at improving floodplain
management. The plan is the principal means of managing the risks associated
with the use of the floodplain. A floodplain risk management plan needs to be
developed in accordance with the principles and guidelines contained in the NSW
Floodplain Development Manual. The plan usually contains both written and
diagrammatic information describing how particular areas of the floodplain are to
be used and managed to achieve defined objectives.

Flood planning levels selected for planning purposes are derived from a
combination of the adopted flood level plus freeboard, as determined in
floodplain management studies and incorporated in floodplain risk management
plans. Selection should be based on an understanding of the full range of flood
behaviour and the associated flood risk. It should also consider the social,
economic and ecological consequences associated with floods of different
severities. Different FPLs may be appropriate for different categories of land use
and for different flood plans. The concept of FPLs supersedes the “standard flood
event”. As FPLs do not necessarily extend to the limits of flood prone land,
floodplain risk management plans may apply to flood prone land beyond that
defined by the FPLs.

Land susceptible to inundation by the probable maximum flood (PMF) event.
Under the merit policy, the flood prone definition should not be seen as
necessarily precluding development. Floodplain Risk Management Plans should
encompass all flood prone land (i.e. the entire floodplain).

Floodplain area that is important for the temporary storage of floodwaters during
a flood.

A flow path (sometimes artificial) that carries significant volumes of floodwaters
during a flood.

A factor of safety usually expressed as a height above the adopted flood level thus
determining the flood planning level. Freeboard tends to compensate for factors
such as wave action, localised hydraulic effects and uncertainties in the design
flood levels.

Measurement of flows and water levels during tides or flood events.

A source of potential harm or a situation with a potential to cause loss.
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Hindcast
Historical flood

Hydraulic

Hydrograph
Hydrologic
Hydrology

Isohyet

Overland Flow

Peak flood level, flow
or velocity

Pluviometer

Probable maximum
flood (PMF)

Probability

Riparian
Runoff

Stage

Stage hydrograph
Topography
Velocity
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A statistical calculation determining probable past conditions.
A flood that has actually occurred.

The term given to the study of water flow in rivers, estuaries and coastal systems,
in particular the evaluation of flow parameters such as water level and velocity.

A graph showing how a river or creek’s discharge changes with time.
Pertaining to rainfall-runoff processes in catchments.

The term given to the study of the rainfall-runoff process in catchments, in
particular, the evaluation of peak flows and flow volumes. .

Equal rainfall contour.

Overland flow flooding is water that flows down to a water course, compared with
mainstream flooding that is water that rises from a water source.

The maximum flood level, flow or velocity that occurs during a flood event.

A rainfall gauge capable of continuously measuring rainfall intensity.

An extreme flood deemed to be the maximum flood that could conceivably occur.

A statistical measure of the likely frequency or occurrence of flooding.

The interface between land and waterway. Literally means “along the river
margins”.

The amount of rainfall from a catchment that actually ends up as flowing water in
the river or creek.

See flood level.

A graph of water level over time.

The shape of the surface features of land.

The speed at which the floodwaters are moving. A flood velocity predicted by a 2D
computer flood model is quoted as the depth averaged velocity, i.e. the average
velocity throughout the depth of the water column. A flood velocity predicted by a
1D or quasi-2D computer flood model is quoted as the depth and width averaged
velocity, i.e. the average velocity across the whole river or creek section.

Terminology in this Glossary has been adapted from the NSW Government Floodplain Development Manual,

2005, where available.
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Abbreviations

1D

2D
AHD
ARI
ARF
AR&R
BoM
BVSC
BVDCP
BVLEP
DCP
DEM
DPE
DPIE
ECL
IFD
FFA
FPL
FRMP
FRMS
FPRMSP
ha
HAT

Eden, Twofold Bay and Towamba River Flood Study

One Dimensional

Two Dimensional

Australian Height Datum

Average Recurrence Interval

Areal Reduction Factor

Australian Rainfall and Runoff

Bureau of Meteorology

Bega Valley Shire Council

Bega Valley Development Control Plan
Bega Valley Local Environmental Plan
Development Control Plan

Digital Elevation Model

Department of Planning and Environment
Department of Planning, Industry and Environment
East Coast Low

Intensity Frequency Duration

Flood Frequency Analysis

Flood Planning Level

Floodplain Risk Management Plan
Floodplain Risk Management Study
Floodplain Risk Management Study & Plan
hectare

Highest Astronomical Tide

kilometres

Square kilometres

Local Environmental Plan

Local Government Area

Light Detection and Ranging

metre

Square metres

Cubic metres

metres to Australian Height Datum

millimetres
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metres per second

Mean High Water Spring

Mean Low Water Spring

Mean High Water Neap

Mean Low Water Neap

Mean Sea Level

New South Wales

Office of Environment and Heritage (NSW) (now DPIE)
Probable Maximum Flood
Roads and Maritime Service
State Emergency Service (NSW)
Transport for NSW

Water Surface Elevation
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1 Introduction

The Eden, Twofold Bay and Towamba River Flood Study has been prepared for Bega Valley Shire Council
(Council) to define the existing flood behaviour in the catchment and establish the basis for subsequent
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floodplain management activities.

1.1 Study Location

The study area covers the entire catchment of Twofold Bay with a focus on understanding the flood behaviour
and risk in the foreshore locations of Eden, Lake Curalo, Quarantine Bay, Boydtown and Munganno Point /
Jews Head and the catchment localities of Rocky Hall, Wyndham, New Buildings, Burragate and Towamba.

The Twofold Bay catchment is located in the Bega Valley Shire Local Government Area, which is approximately
400 km south of Sydney and 600 km north east of Melbourne along the Princes Highway and approximately
230 km south east of Canberra along the Snowy Mountains Highway on the NSW South Coast.

Twofold Bay is an oceanic embayment which has an open entrance. With the exception of Eden township, the
foreshore of Twofold Bay is relatively undeveloped. The key locations of interest on the foreshore of Twofold
Bay in this study include Quarantine Bay (Shadrachs Creek), Nullica River and Boydtown, in addition to the
Eden township.

Eden is partially located within the Lake Curalo Catchment and also within the catchment for Snug Cove, Cattle
Bay and Cocora Lagoon, among other overland flow areas draining directly into Twofold Bay. Historical
flooding in Eden has been as a result of catchment rainfall causing overland flow and creeks overtopping their
banks, as well as foreshore flooding associated with Lake Curalo water levels (caused by both rainfall with a
closed entrance and ocean storms with an open entrance).

Towamba River is the main waterway draining the catchment to Twofold Bay. The flood behaviour of the
Towamba River carves a path from the foot of the steep escarpment, through rugged hills, flats and granite
country, to empty into the ocean at the Kiah inlet. One of the fastest rising rivers in the state, it is joined by
the Wog Wog River below Burragate, before it reaches the village of Towamba.

Other waterways located within the study area, and key locations of interest to this study include:

- Ben’s Creek - Two Mile Creek

- Mataganah Creek - Bellbird Creek

- Basin Creek - Golf Course Creek
- Stockyard Creek - Shadrach’s Creek

- Nullica River - Freshwater Creek
- Boydtown Creek - Lake Curalo

- Reedy Creek - Quarantine Bay

- Palestine Creek - Twofold Bay

The study area is shown in Map G101.
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1.2 Study Objectives

The overall objective of this study is to improve understanding of flood behaviour and impacts, and better

Eden, Twofold Bay and Towamba River Flood Study

inform management of flood risk in the study area through consideration of the available information, and
relevant standards and guidelines. The study will also provide a sound technical basis for any further flood risk
management investigations in the area.

This project is a flood study, which is a comprehensive technical investigation of flood behaviour that provides
the main technical foundation for the development of a robust floodplain risk management plan. It aims to
provide a better understanding of the full range of flood behaviour and consequences. It involves
consideration of the local flood history, available collected flood data, and the development of hydrologic and
hydraulic models that are calibrated and verified, where possible, against historic flood events and extended,
where appropriate, to determine the full range of flood behaviour.

The project provides an understanding of, and information on, flood behaviour and associated risk to inform:

e relevant government information systems;

e government and strategic decision makers on flood risk;

e the community and key stakeholders on flood risk;

e flood risk management planning for existing and future development; and

e emergency management planning for existing and future development, and strategic and
development scale land-use planning to manage growth in flood risk.

The outputs of the study will assist this by:

e providing a better understanding of the:
0 variation in flood behaviour, flood function, flood hazard and flood risk in the study area;
0 impacts and costs for a range of flood events or risks on the existing and future community;
0 impacts of changes in development and climate on flood risk; and
0 emergency response situation and limitations.
e facilitating information sharing on flood risk across government and with the community.

The study outputs will also inform decision making for investing in the floodplain; managing flood risk through
prevention, preparedness, response and recovery activities, and informing and educating the community on
flood risk and response to floods.

1.3 Study Background and Context
The study area is impacted by flooding from various flooding mechanisms:

e The Eden part of the study area is characterised by urban overland flooding as well as backwater from
Lake Curalo and Cocora Lagoon;

e The Towamba River is a larger catchment with much longer duration riverine flooding;

e The ICOLLs; Lake Curalo, Cocora Lagoon, Nullica Creek, Shadrachs River and Boydtown Creek are
driven by the entrance conditions, coastal behaviour and catchment behaviour; and,

e Inundation and wave action within Twofold Bay are driven by the coastal forces offshore.

There has been historical flooding observed throughout the study area. During 2011, a major flood event on
the Towamba River led to the communities at Rocky Hall, Burragate, New Buildings and Towamba being
isolated for a number of days as key bridges in those areas were destroyed during the event. More recently
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during June 2016, a major East Coast Low event saw key wharf structures within Twofold Bay being
destroyed or damaged by coastal driven inundation and wave action.

Key development pressure at the Port of Eden, Cattle Bay and Boydtown necessitate some exploration of
flood impacts as to the best of Council’s knowledge, no comprehensive contemporary flood study for the
catchment has ever been undertaken to the current 2005 NSW Floodplain Development Manual guidelines.
The study aims to quantify the flood risk in the study area for both inundation and emergency response

issues.
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2 Study Area

The study area includes the Towamba River catchment and Twofold Bay, encompassing the watershed areas

Eden, Twofold Bay and Towamba River Flood Study

draining to the Towamba River, Nullica River and Lake Curalo, the Twofold Bay coastal embayment and
continental margin of South-east NSW. The interaction of catchment flooding with estuary and coastal water
levels is a key consideration of the study requiring an extended study area from the top of catchment to the
continental shelf.

2.1 Catchment Description

The entire catchment draining to Twofold Bay is included in the study area. However, due to the focus of flood
analysis at key locations, the catchment description has been provided within the context of these focus
locations.

2.1.1 Twofold Bay
Twofold Bay receives flows from Towamba River, Boydtown Creek, Shadrachs Creek, Nullica River, and Lake
Curalo in addition to other smaller creeks and overland flow areas.

Close to North Head is a conspicuous islet, Mewstone Rock. About 5 kilometres south of the islet is Red Point
which forms the southern headland of the bay. Eden and the Port of Eden are located in the bay. The historical
town of Boydtown is located in the west of the bay, located on Boydtown Beach which stretches south from
the mouth of the Nullica River.

Foreshore flooding around Twofold Bay can occur from a combination of factors, including tides, winds and
waves.

2.1.2 Towamba River

The catchment area of the Towamba River is 1,026 km?. The river rises approximately 9 kilometres north of
the Coolangubra Mountain, below Mount Marshall and flows generally south-east and then north-east, joined
by twelve tributaries including (ordered by descending elevation) Back Creek (198m), Basin Creek (184m), New
Station Creek (177m), Mataganah River (164m), Reedy Creek (158m), Wog Wog River (76m), Pericoe Creek
(75m), Camping Ground Creek (57m), Stony Creek (41m), Jingo Creek (39m), Stanleys Creek (9m) and Shelleys
Creek (1m), before reaching its mouth, emptying into Nullica Bay, within Twofold Bay, east of Boydtown. The
river descends 533 metres over its 86 km course.

The river flows through the South East Forest National Park in its upper reaches and forms the northern
boundary of Mount Imlay National Park in the lower reaches.

The Towamba River catchment is bound by the Bega River catchment to the north, the Snowy River catchment
to the west and the Genoa River catchment to the south. The Princes Highway crosses the Towamba River at
the locality of Kiah.

The Towamba River basin is unregulated — there are no major storages to capture and control flows.

Flooding within the Towamba River study areas is typically well defined, with little breakout flow from the
main channel occurring, even in large flood events. However, some farmland and low-lying floodplain pockets
adjacent to the channel are impacted in significant events. The critical duration for flooding is long; 9 to 12
hours, due to the large contributing upstream catchment area.
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This flood study provides detailed analysis of the flood behaviour at the following key locations within the
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Towamba River Catchment:

e Wyndham
e Rocky Hall
e New Buildings
e Burragate
e Towamba

These locations are shown on Map G101.

Following consultation with the community (Section 4) it was identified that Kiah also experiences flood risk
to properties. One of the recommendations of this study is the inclusion of Kiah in the flood analysis as part of
the Floodplain Risk Management Study.

2.1.3 Eden and Lake Curalo

Lake Curalo has a waterway area of 0.73 km?2 and drains a primarily forested catchment of 30.3 km? contained
within the Nullica State Forest and Ben Boyd National Park, with the lower portion incorporating part of the
Eden township.

Lake Curalo is an intermittently open and closed lagoon (ICOLL). Council have an entrance management policy
in place to allow for the mechanical opening of the entrance and specific trigger levels to manage flood risk
around the Lake’s foreshore areas.

Edenis partially located within the Lake Curalo Catchment and also within the catchment for Snug Cove, Cattle
Bay and Cocora Lagoon, among other overland flow areas draining directly into Twofold Bay.

Flooding within the Eden study area is driven by both lake flooding and catchment flooding. The extent of
influence of lake flooding is limited, affecting primarily undeveloped areas along the lake foreshore. Some low-
lying residential properties are impacted by lake flooding along the western edge of the lake.

Catchment flooding controls the peak flood levels across much of the study area. Flow is well contained along
most flow paths, although increasing levels of break out flow occurring the larger AEP events and PMF.

The critical duration across the study area ranged from 2 hours, for those areas with small upstream catchment
areas, up to 9 hours, for those areas (such as Palestine Creek) with a larger contributing catchment.

2.1.4 Estuaries

Lake Curalo, along with other the coastal lagoons, including Nullica River, Shadrachs Creek, and Boydtown
Creek, have entrances that are dominated by barrier and berm features that are fed by the supply of sediment
from offshore via littoral drift to the north, the supply of alluvial sediments from the Towamba River
(Boydtown Beach, Whale Beach) and the supply of biogenic material (shell fragments) from a localised
nearshore source (Fisheries Beach) (Roy & Hudson, 2007). With the exception of the Towamba River, whose
entrance remains open, the connecting waterways to Twofold Bay are defined as Intermittently Closed and
Open Lakes and Lagoons (ICOLLs), in that they naturally open and close to the ocean in a constant but irregular
cycle (DPI, 2018).

When closed, water levels in the ICOLL will rise as a result of water flowing from the catchment area, in some
cases in a matter of hours or days. Once the water level reaches the lowest crest level of the entrance berm,
water will start to drain from the ICOLL and quickly scours an entrance channel through the entrance and
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reopens the ICOLL to the ocean. When ICOLLs are open they become tidal with seawater moving into and out
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of the estuary with the daily tidal cycle.

This natural mechanism of entrance opening can have a significant impact on lagoon water levels causing
flooding either directly (around the lagoon foreshore) or indirectly (by acting as a downstream control on
catchment flooding upstream). As a result, Council have instigated a policy of entrance berm level
management and mechanical (manual) opening in anticipation of large rainfall (flooding) events, including at
Lake Curalo (Section 2.1.3).

2.1.4.1 Shadrachs Creek
Shadrachs Creek is an intermittently open and closed lagoon (ICOLL) with a catchment area of 13.2km?. The
catchment is predominantly forested, with some roads and small cleared areas.

The Princes Highway crosses Shadrachs Creek just upstream of its entrance to Twofold Bay. Downstream of
the highway there is a caravan park on the southern bank of Shadrachs Creek.

Flood levels downstream of the Princes Highway are driven by ocean levels, while catchment flows have a
greater influence over those regions of the model upstream of the highway. Flow past the highway is
constricted, resulting in flood storage areas occurring upstream of the highway in the 1% AEP event and larger.

2.1.4.2 Nullica River

The Nullica River is an intermittently open and closed lagoon (ICOLL) with a catchment area of 55km?. The
Nullica River rises below Nullica Hill within Nullica State Forest, approximately 11 kilometres west of Eden. The
river flows generally east southeast, joined by one minor tributary, before reaching its mouth and emptying
into Nullica Bay, within Twofold Bay. The river descends 137 metres over its 11 kilometres course.

West of the river's mouth, the Princes Highway crosses the Nullica River.

In events up to the 5% AEP, flow within the Nullica River is generally within the channel banks. In larger events,
flow begins to break out of the channel and inundate the adjacent pastureland and vegetated areas. Building
affectation does not occur until the PMF event.

2.1.4.3 Boydtown Creek

Boydtown Creek has a small catchment area (3.9 km?), which drains in a principally north-easterly direction to
the south western shore of Twofold Bay. The catchment elevations RL 200m to sea level and the catchment
topography can generally be described as steep. The majority of the catchment is bushland with only some
minor urban subdivision development in the southern fringe of the lower catchment and the historic Sea Horse
Inn and a nearby camping ground occupying the only sizeable area of flat ground adjacent to and north of the
creek.

The creek system has two main tributaries. The longer arm, Boydtown Creek has its headwaters west of the
Princes Highway. The uppermost 0.6 km? of this main arm catchment also forms the local catchment of an
offline town water supply dam, the Ben Boyd Dam which was built in 1978. Water to fill the Ben Boyd dam is
pumped from the nearby Towamba River.

Approximately 250m downstream of the Princes Highway the main arm of the creek junctions with the other
main (unnamed) tributary.

The lower reaches of Boydtown Creek form an ICOLL with the entrance to Twofold Bay being closed during
non-flood times (Bewsher Consulting, 1989).
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Flow within Boydtown Creek is generally well contained in events up to the 0.2% AEP. Some upstream ponding
occurs at Juno Drive in events as small as the 10% AEP event.

Eden, Twofold Bay and Towamba River Flood Study

2.2 Historical Flooding

2.2.1 Towamba River

The flood history of the Towamba River is lengthy, resulting in death to persons and stock, destroying assets,
private property, crops, roads and causing significant erosion. During 2011, a major flood event on the
Towamba River led to the communities at Rocky Hall, Burragate, New Buildings and Towamba being isolated
for a number of days as key bridges in those areas were destroyed during the event.

Towamba's first bridge was built as a high-level truss bridge and was opened in 1911. The 1919 flood washed
all bridges from the entire length of the river leaving the river flats and low-lying farms strewn with debris.
Local knowledge suggests that the water reached halfway up the counter in the Towamba village store. Debris
banked up in front of the bridge causing it to break up, sweeping its timbers downstream where they were
found when the level dropped. It was the biggest local flood in living memory. Towamba's second bridge was
not as high but gradually as each annual flood brought more sand downriver; it was continually covered and
became impassable. It was replaced with the present bridge in 1961.

There have been several devastating floods since. During the 1971 flood two people who were crossing the
river on their tractor, were drowned at Rocky Hall.

Significant historical flood events within the Towamba River catchment identified through document reviews
and discussions with the community are listed in Table 2-1.

Table 2-1 Towamba River Historical Flooding

Flood Description Data Source
July 1893 Towamba River in heavy flood. NSW Water Resources
Commission, 1972
May 1900 Heavy rain on the South Coast caused floods south of | NSW Water Resources
Pambula. Commission, 1972
March 1919 Severe flooding on the South Coast. Towamba River NSW Water Resources
reached 45 feet at the Princes Highway Crossing. Commission, 1972
Bridge at Towamba washed away. Community consultation 2017
August 1922 Approach to Towamba River bridge at Kiah carried NSW Water Resources
away. Commission, 1972
January 1934 At Towamba, the river crossing was damaged. NSW Water Resources
Commission, 1972
November 1942 | Extensive inundation and much damage to roads NSW Water Resources
during to Towamba River flooding. Commission, 1972
August 1943 Towamba River in flood; large areas inundated. NSW Water Resources

Commission, 1972

May 1944 Towamba River in flood for several days. NSW Water Resources
Commission, 1972

June 1945 High flooding in South Coast district. NSW Water Resources
Commission, 1972
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Flood

Description

Data Source

May 1948

No details of flooding available apart from date.

NSW Water Resources
Commission, 1972

January 1952

No details of flooding available apart from date.

NSW Water Resources
Commission, 1972

May 1953

Major flooding occurred in the Towamba River Valley

NSW Water Resources
Commission, 1972

February 1956

No details of flooding available apart from date.

NSW Water Resources
Commission, 1972

June 1956

No details of flooding available apart from date.

NSW Water Resources
Commission, 1972

November 1959

The Towamba River at Kiah rose quickly and at its
peak was 18 feet over the bridge, cutting the Princes
Highway for three days. Damage to crops.

NSW Water Resources
Commission, 1972

July 1960

4 inches of rain caused the Towamba River to rise 14
feet over the Kiah Bridge.

NSW Water Resources
Commission, 1972

October 1966

Minor flooding occurred covering the bridge on the
Princes Highway by 10 feet.

NSW Water Resources
Commission, 1972

February 1971

Water came close to going over the Princes Highway
Bridge.

Low level timber bridge at Burragate destroyed.

Flooding of New Buildings Road at New Buildings, Big
Jack Mountain Road at Rocky Hall.

NSW Water Resources
Commission, 1972

Community consultation 2017

1978 Flooding experienced at Kiah. NSW Water Resources
Flooding at Towamba. Commission, 1972
Community consultation 2017
1987 Flooding experienced at Kiah. NSW Water Resources
Commission, 1972
1996 Flooding at Towamba. NSW Water Resources
Commission, 1972
1998 Identified as potential calibration events by Council Council’s Brief
but no additional information regarding the events
has been identified
2010 Identified as potential calibration events by Council Council’s Brief
but no additional information regarding the events
has been identified
2011 Significant damages to farms at Kiah due to the flood | Community Consultation 2017

occurring at night time and very little warning
provided.

Overland flow issues at Burragate.

Flood waters reached the top of the bus shelter at
Towamba.
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Flood Description Data Source
2016 Not as significant along Towamba River as the 2011 Community Consultation 2017
event.

2.2.2 Flooding in Eden and Surrounds

Flooding has been observed in Eden as a result of both overland flooding and coastal storms. Overland flooding
has occurred as a result of heavy rainfall on the local catchment, resulting in the small creeks and drainage
paths causing flooding of roads, private property and open space. Coastal storms can result in the foreshore
of Lake Curalo, Snug Cove, Cattle Bay and Calle Calle Bay.

Local accounts of flooding reported by the community (Section 4.5) identified incidences of road crossings
over creeks being washed away, foreshore flooding from Lake Curalo, private property access flooding and
flooding in the golf course.

A summary of notable flood events for the Eden region is provided in Table 2-2.

Table 2-2 Eden Historical Flooding

Flood Description Data Source

January 1933 Heavy storm caused landslides and bridges NSW Water Resources Commission,
were swept away. 1972

January 1934 Extensive damage at Eden; bridges washed NSW Water Resources Commission,
away and great loss of crops. 1972

1978 Bridges destroyed at creek crossings upstream Community Consultation 2017

of Lake Curalo. Foreshore areas of Lake Curalo
inundated. Lake Curalo entrance opened to the
south of the current entrance.

2006 or 2007 Water from Snug Cove inundated Marine Community Consultation 2017
Discovery Centre building.

2011 Highway at Golf Course overtopped. Community Consultation 2017

January 2015 Overland flow issues were observed within the | Community Consultation 2017

township of Eden co-incident with the
prevailing tide within Lake Curalo.

2016 Overland flow issues and coastal flooding. Community Consultation 2017

2.2.3 Boydtown Creek, Nullica River and Shadrachs Creeks

No definitive accounts of historical catchment flooding within these creek systems are available. The
Boydtown Creek Flood Study makes a reference to flooding of Juno Drive, but it is not clear when this occurred
or if it was a result of blockage. In addition, the caravan park at the Shadrachs Creek entrance have noted that
sandbagging has been undertaken in the past to protect low lying sites from flooding from Shadrachs Creek
after heavy rainfall. Discussion on flooding from coastal events is discussed in Section 2.2.4.

2.2.4 Coastal Storms
East Coast Low (ECL) events are intense extra-tropical storm systems that are generally the governing extreme
weather system for the south-eastern Australia coastal fringe and surrounding ranges. ECL events are
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enclosed low-pressure systems that develop over or track into NSW or the adjacent Tasman Sea. The BoM
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defines an ECL for NSW as “a system with a closed cyclonic circulation at the surface” that forms or strengthens
“in a marine environment within the vicinity of the east coast”. Extreme winds, rain, waves and elevated
coastal water levels are common hazards associated with ECL events in NSW, and the impact of these hazards
on the NSW coastline and inland across the Great Dividing Range vary depending on the type, track, intensity
and duration of the event. Notable severe ECL’s have resulted in major property losses and loss of life.

ECL events generally occur within an area between the NSW coast to 160° E and 25° S to 40° S which includes
the Bega valley shire. The spatial distribution of ECL occurrence shows a concentration of ECL events in the
Tasman Sea to the east of the NSW coastline. The seasonal spatial plots show more southerly storms in winter
directly offshore of Eden, and a bimodal spatial distribution in summer.

Notable ECL events to impact on Eden occurred in June 1998 and June 2016.

In June 2016, an East Coast Low event caused significant damage to wharf infrastructure at Allied Natural
Wood Exports wharf at Jew’s Head and also nearby Tathra Wharf due to the prevailing wave direction. Photos
of this event area shown in Figure 2-1 and analysis of this event is provided in Section 5.5.

Boydtown June 2016 Eden June 2016

Figure 2-1 ECL June 2016 - Photos
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3 Review of Available Data
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3.1 Site Inspections
Field inspections of the study area were undertaken over a period of three days (4 — 6 October 2017) by two
Rhelm staff and Council’s project manager.

The locations that were inspected and key field notes are provided in Appendix A.

The purpose of the site inspections was to gain an appreciation of the catchment features and likely flood
risks. The site inspections also identified additional survey requirements and assisted with the definition of the
hydraulic model extents.

3.2 Previous Studies and Reports

Relevant studies and reports were collated through liaison with Council and DPIE and consultation with agency
and community stakeholders. Additional studies have been sourced through internet searches. A summary of
the studies and reports likely to inform this Flood Study is provided in Table 3-1.

Table 3-1 Previous Studies and Reports

Document

Relevance to the Study and Comments

Floods of February 1971 on the
South Coast (NSW Water Resources
Commission, 1972)

Provides a description of the flooding in 1971 as well as a list of
previous significant floods. Daily rainfall data provided. Peak
discharges provided at four locations for 1971 event and peak
flows also provided for one location in 1961 and two locations in
1970. Isohyetal maps for event included.

Lake Curalo Data compilation study
(Webb, McKeown and Associates,
1997)

Hydrographic and sedimentation information to inform the Lake
Curalo model.

Lake Curalo Estuary Processes Study
(ESE, 2002)

Provides information on the catchment, climate, tidal behaviour,
lake sediments and entrance dynamics.

Aquatic Ecology Issues for Lake
Curalo Estuary Processes Study (The
Ecology Lab Pty. Ltd, 2001)

Will provide input to the assessment of impacts of potential
options to managing flooding in the next phase of the floodplain
risk management process.

Lake Curalo Estuary Management
Study and Plan (Nelson Consulting /
Lawson & Treloar, 2002)

Estuary management options identified in this study should be
reviewed within the context on flood management options
identified in the next phase of the floodplain risk management
process. It is noted that Council is currently preparing a coastal
management program that will supersede this study.

Lake Curalo Sediment Study (Ellis, D.
& Beavis, S., 2007)

Information to review regarding sedimentation within Lake Curalo.

Curalo Lake Water Quality
Monitoring Report (MHL, 1998)

Will provide input to the assessment of impacts and benefits of
potential options to managing flooding in the next phase of the
floodplain risk management process.

Estuarine Investigations, Lake Curalo
Vibrocore Summary (NSW
Department of Land and Water
Conservation, 1999)

Sediment data was used in the Lake Curalo hydrodynamic model
to better define entrance breakout and scour behaviour.
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Document

Relevance to the Study and Comments

Proposed Dredging of Lake Curalo
Environmental Impact Statement
(Sinclair Knight and Partners, 1988)

Provides background information on water level, flood behaviour
and sediment distribution.

Eden Breakwater Wharf Extension
(Advisian / NSW Department of
Industry — Lands, 2016)

Includes description of existing sediment environment and coastal
processes within the study area.

Environmental Impact Assessment —
Proposed Marina and Temporary
Land Facilities, Cattle Bay Road, Eden

The Cardno wave modelling included in this EIA was referenced in
the selection of input parameters to the hydrodynamic model and
comparison of results for consistency.

Assessment Report and
Recommendation: Marina and wave
attenuator at Cattle Bay (Joint
Regional Planning Panel, 2014)

This document provides planning context to the wave modelling
undertaken by Cardno and included in the EIA (above).

Eden Harbour Safe Boating Options
Study

Wave, wind and water level information was reviewed in the
preparation of the hydrodynamic model for Twofold Bay.

ICOLL Entrance Management Policies
— Review of Environmental Factors

Includes discussion of sediment and hydrological processes and
historical aerial photos of the estuary.

Bega Valley Shire Coastal Processes
and Hazards Definitions Study

Summary of coastal processes and hazards along the coastal fringe
of Bega Valley Shire. Includes identification of erosion and coastal
inundation hazards using EVOMOD. Merimbula, Twofold Bay and
Wonboyn coastal areas included in assessment.

This was reviewed as part of the development of the
hydrodynamic model for Twofold Bay.

Boydtown Marina Development;
Boydtown Creek Flood Study
(Bewsher Consulting, 1989)

Provides a catchment description of Boydtown Creek.

The surveyed cross sections will be digitised for use in the current
Flood Study model.

The study results will be compared against the current study
results for design events. No calibration of historical events was
undertaken as part of the 1989 study.

3.3 Local Policies and Emergency Management Plans
A variety of relevant planning documents, where available, were also reviewed and considered as part of the

study. These documents are listed in Table 3-2.

Table 3-2 Policy and Planning Documents

Document

Relevance to the Study

Bega Valley Local
Environmental Plan 2013
7.1).

The LEP’s existing flood related planning controls have been reviewed
within the context of flood risk and planning within the study area (Section

Bega Valley Development
Control Plan 2013
7.1).

The DCP’s existing flood related planning controls have been reviewed
within the context of flood risk and planning within the study area (Section
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Document

Relevance to the Study

Bega Valley Local Emergency
Management Plan 2015

This document has been used to identify what flood information is
necessary to support emergency management activities.

Eden Foreshore Reserves
Plan of Management 2007

This document has been used to inform the assessment of the impacts of
flooding on the community and advice on land use planning.

Curalo Lagoon Entrance
Management Policy 2016

The opening trigger level has been considered in the development of the
lake model.

Water sharing plan for the
Towamba River Unregulated
and Alluvial Sources

Provides indications of water extractions. None of the water extractions
are likely to impact flood behaviour.

South East and Regional
Tablelands Strategy

The strategy has been reviewed to inform the understanding of future
development and flood risk.

NSW Regional Ports Strategy
2017

The strategy has provided information on existing and potential future
uses of Snug Cove. These has been considered when evaluating flood risk.

3.4 Survey Information

3.4.1 Aerial Survey

Aerial survey (LiDAR) has been provided by BVSC for the coastal regions of the Twofold Bay catchment, with

the LiDAR extending approximately 2.9km inland from the coast. The LiDAR was provided as a 1m grid DEM

for the extent shown in Map G301. Outside of this area, satellite derived data was available at approximately

30m grid spacing.

The LiDAR was collected in 2008. Reported accuracies provided with the data set are summarised in Table 3-3.
The LiDAR DEM was a key input to the establishment of the digital elevation model (DEM) for the flood models
for Eden, Lake Curalo, Shadrachs Creek, Nullica River and Boydtown.

Table 3-3 Reported Accuracy of LiDAR data

Average Point Separation (m)

Vertical Accuracy(m) Horizontal Accuracy (m)

1.0

0.06 <0.4

3.4.2 Existing Ground Survey
A number of key ground survey data sources were available and are summarised in Table 3-4.

Table 3-4 Existing Survey Sources

Source

Information Available

Boydtown Marina Development; Boydtown Creek
Flood Study (Bewsher Consulting, 1989)

Creek cross sections along Boydtown Creek.

Maritime Services)

Transport for NSW (TfNSW) (previously Roads and

Various bridges and culverts. The TfNSW structures
included in the models are described in Section 3.5.
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3.4.3 Additional Survey
Following a review of the existing survey data available the following additional survey was collected:
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e Aerial survey (UAV) of Wyndham, Rocky Hall, New Buildings, Burragate and Towamba. The survey was
undertaken using a fixed wing UAV fitted with dedicated high-resolution camera equipment and
onboard survey quality RTK GPS. Ground control points were established. The accuracy of the survey
is reportedly less than +/-100mm.

e Ground Survey cross sections of Mataganah Creek within the vicinity of Wyndham.

e All major bridge crossings of Mataganah Creek and Towamba River within the study areas of
Wyndham, Rocky Hall, Burragate and Towamba.

e Cross sections of Shadrachs Creek from Princes Highway to the outlet. Entrance and berm surveys
were also collected at the outlet of Shadrachs Creek.

e Berm survey at the outlet of Nullica River.

e Cross sections of small creeks and several hydraulic structures within Eden. These surveyed features
are shown on Map G302.

3.4.4 Twofold Bay and Lake Curalo Bathymetric Survey

To provide a complete coverage of the coastal regions of the study area a number of bathymetric data sources
were utilised. A base bathymetric dataset covering Eden and within Two-fold Bay is comprised of contours
extracted from Electronic Navy Charts (ENC). This base dataset is then supplemented with the higher quality
survey data where available. Higher quality data at Eden was available from DPIE (formerly OEH) multibeam
survey dataset, collected in 2009, with point data gridded to 20 m resolution. Coverage of the datasets is
shown below. All datasets are converted to the same vertical datum, Australian Height Datum (AHD), prior to
inclusion in the model.

Attention is paid to merging the coastal bathymetric data with the shoreline/land DEM, to ensure a realistic
transition between the two. Berm data was collected at Shadrachs Creek for this purpose.

3.4.5 Historical Flood Marks

Historical flood marks were identified through consultation with the local community. Further details
regarding the consultation is provided in Section 4. The surveyed flood marks near Towamba, used for
calibration are discussed in Section 5.5.4.

3.5 Hydraulic Structures
There are various hydraulic structures throughout the study area, primarily comprised of bridges and culverts.
The data sources for each of the structures is discussed below.

3.5.1 Towamba River Catchment

Each of the study areas within the Towamba River catchment contain at least one significant bridge and / or
crossing. Each of the bridges (except the New Buildings Bridge) were surveyed by a registered surveyor as part
of this study. The design details for this culvert were provided by Council. The design details for the New
Buildings bridge were provided by TINSW. One culvert is also included in the modelling, this culvert is located
on Stockyard Creek (at Big Jack Mountain Road).
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3.5.2 Boydtown Creek, Nullica River and Shadrachs Creek
Estuary models were developed for the ICOLLs at Boydtown Creek, Nullica River and Shadrachs Creek. There
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are only a limited number of hydraulic structures impacting these waterways. The design details for these
structures were obtained through the following existing data sources:

e The design details of the culvert located on Boydtown Creek located at Juno Drive were obtained from
the Boydtown Creek Flood Study (Bewsher Consulting, 1989).

e The design details of the Princes Highway bridge over Nullica River and Shadrachs Creek were provided
by TFNSW.

3.5.3 Eden

There are numerous hydraulic structures located within Eden, including bridges, culverts and stormwater
pipes. Stormwater pipes with a diameter greater than 750mm were included in the model based on Council’s
existing data set. The design details of bridges and culverts were obtained from Council, TFNSW and additional
ground survey. Following the completion of the survey and during the model set-up, it was identified that
limited or no survey data was available for a few structures. The details of these structures were estimated
from TfNSW records and site photos. The data source of each structure included in the Eden hydraulic model
is shown on Map G303.

3.6 Rainfall Data

There is an extensive network of rainfall gauges (current and discontinued) across the study area operated by
the Bureau of Meteorology (BoM). A list of gauges for the area surrounding the catchment is shown in
Appendix B, together with key information on whether they are pluviometer or daily gauges. The suitability
of these gauges for use in calibrating / validating the identified historical storms is also shown in Appendix B.
The locations of these gauges are shown in Map G304.

Further discussion on recorded rainfall data for historical events is presented with the calibration and
validation of the models developed for the study in Section 5.5.

The Wyndham gauge within the catchment area has an extensive daily record of rainfall depths, covering 128
years, and including the 2011 event.

A frequency assessment was undertaken on the 24-hour rainfall totals for the Wyndham gauge to determine
estimates of the 24-hour rainfall intensities for a range of recurrence intervals. Peak annual maxima were
extracted from each gauge, with these peaks put through the TUFLOW FLIKE software which generates a
probability curve for the data. The estimates derived from FLIKE were then compared to both the ARR2016
and ARR87 24-hour rainfall intensities. The results are shown in detail in Appendix B.

The results show that the estimates from both ARR2016 and ARR87 align well with the estimates from the
probability assessment and are within the confidence intervals. The ARR2016 intensities show a better match,
trending closer to the FLIKE estimate. The ARR87 intensities were higher than the 2016 estimates by 5 — 10%.

This assessment provides some confidence in the rainfall intensities adopted from ARR2016.
3.7 Flow Data
There are three flow gauges within the catchment (both active and discontinued). There is an active flow gauge

on the Towamba River at Towamba (ID 220004). This gauge has been in operation from April 1970. Water for
NSW provided further data for two closed gauging stations at New Buildings and Rocky Hall. These gauges



Rhe}m

provided flow data for the 1971 and 1978 events. No other suitable gauges were identified in the catchment.
There is no flow data for Eden or the other catchments draining into Twofold Bay.
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The gauge data provided included both water level and flow time series. The gauge itself records water levels,
with the flow data being generated from these level recordings based on the rating curve of the gauge. While
the water level recordings are considered relatively robust (unless noted in the gauge data) the flow data
requires calibration and validation of the rating curve, which requires operators to visit the gauge during flood
events to record the flows, and to extrapolate estimates to flows above those observed. As such, there is much
more confidence in the lower “gauged” flows, than in the higher, given that it is uncommon for operators to
visit the gauges during extreme flood events. Each gauge includes the level to which it has been validated.
Beyond this, flows are extrapolated, and estimates are less reliable. A review was undertaken on the rating
curves for the gauges and this is provided in Appendix B.

A flood frequency analysis (FFA) was undertaken for each of the three gauges. The assessment was undertaken
using the TUFLOW FLIKE software, which fits a probability curve to the gauge flows to determine flow
estimates for various recurrence intervals.

The details and results of the FFA are presented in Appendix B.

Some validation was able to be undertaken on the revised curves for New Buildings by running a steadily
increasing hydrograph through the New Buildings 2D hydraulic model (refer Section 5.5.4 for further details).
The water level and flow results were then extracted from the gauge location in the model to generate a rating
curve based on the hydraulic model results. This was only possible at New Buildings, as the Rocky Hall and
Towamba gauges were located outside of the hydraulic model extents.

3.8 Water Level Data
Historic water level data is available for Lake Curalo, provided by BVSC for use in this study. Data is available
from June 2007 to the present day. Data is recorded every 15mins.

Coastal water levels at Eden are dominated by astronomical tides. The tide at Eden is semi-diurnal with a
range of 2.1 m (LAT to HAT). The mean water level at Eden is 1.0 m above lowest astronomical tide (LAT). A
full list of tidal planes at Eden are presented in Table 3-5 in metres below Chart Datum (CD).

Table 3-5 Tidal Planes at Eden Relative to CD which is the lowest astronomical tide (LAT) at Eden,
Reproduced from the Australian National Tide Tables (2011)

Tidal Planes at Eden Water level (m CD) Water level (m AHD)
Highest Astronomical Tide (HAT) 2.1 1.17
Mean High Water Spring (MHWS) 1.8 0.88
Mean High Water Neap (MHWN) 1.2 0.28
Mean Sea Level (MSL) 1.0 0.08
Mean Low Water Neap (MLWN) 0.8 -0.12
Mean Low Water Spring (MLWS) 0.2 -0.72
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A number of factors contribute to the observed water level at the shoreline and river/lake entrances. The
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factors contributing to total water level include:

1. Astronomical tide;

2. Surge from wind and pressure forcing along the coast;

3. Residual water levels from other oceanographic and meteorological forcing, including coastal trapped
waves; and

4. Wave setup inshore of the surf zone.

The largest water levels are typically observed as a result of ECL events, where the surge and wave setup
component can be in the order of 0.5 to 1 m. Information on the storm surge component of the tide can also
be deemed from the water level records using the highest water level and predicted tidal range. A long-term
tide gauge is located at Eden Boat Harbour (37° 4’ 25.17661” Lat 149° 54’ 27.86128" Long) within Twofold Bay.
The data is available from the Bureau of Meteorology (BoM) with measurements from 1986 to current. The

data shows that the largest tide level (HAT) has been exceeded on 7 occasions since 1986.

3.9 Coastal Data
The key datasets compiled for use in Baird Australia’s East Coast Low Multi-Hazard Event Set Database

including the Tasman Sea Ocean Delft3D model which extends into Two Fold Bay are tabulated in Table 3-6.

Table 3-6 Summary of datasets compiled for use in Baird Australia’s NSW coastal hazard model

Intensity

Data Type Description Source
East Coast Low | Historical east coast low database BOM
Track and Archived mean sea level synoptic charts BOM:

http://www.bom.gov.au/australia/char

ts/archive/

Meteorological
data

Wind speeds, directions and atmospheric
pressure and rainfall measurement at key
stations

BOM:
http://www.bom.gov.au/climate/data/

Gridded daily rainfall 1970 — 2016: Australian
Water Availability Project

BOM:

http://www.bom.gov.au/climate/aust
maps/metadata-daily-rainfall.shtml|

Modelled global reanalysis wind data: NCEP,
CFSR, CFSv2 and Seawinds

NOAA

Tidal predictions

Predicted water levels

National Tidal Centre

Bathymetry

Coastal survey data sets (various along whole
coastline)

Department of Planning, Industry and
Environment

Australian hydrographic office navigation
chart data sets

Australian Hydrographic Office

Coastal water
level data

Measured water levels

Manly Hydraulics Laboratory

Measured wave height, period and direction

Manly Hydraulics Laboratory
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Data Type

Description

Source

Ocean Wave data

Hindcast wave data

Baird

Elevation data

LiDAR 5-m Digital Elevation Model

Geoscience Australia

Shuttle Radar Topography Mission (SRTM)
30 m resolution Digital Elevation Model

Geoscience Australia

3.10 Future Development Information

In order to assess the cumulative impacts of development on the flood behaviour in Section 7.4), the maximum

potential development within the catchments has been incorporated into the model. Development has been

represented primarily through simple filling of land, to represent an obstruction to flow. The development

potential has been sourced from existing land use types in the Bega Valley Local Environmental Plan (LEP)

2013. Council has provided the LEP land use zones in GIS for this purpose.

Relevant ‘Deferred Matters’ were also reviewed for the purpose of understanding future development

potential.

3.11 GIS Data

Digitally available information such as aerial photography, cadastral boundaries, topography, watercourses,

drainage networks, land zoning, vegetation communities and soil landscapes were provided by Council in the

form of GIS datasets.
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4 Consultation
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4.1 Consultation Strategy
The consultation strategy outlined in Appendix C describes the approach to consultation in accordance with
the IAP2 framework and the requirements of the NSW Governments Floodplain Development Manual (2005).

4.2 Agency Consultation

There are many agencies with flood-related interests in the LGA. To best approach these agencies, a letter of
introduction to the study was sent to the key stakeholder agencies to introduce the project and an invitation
to be involved in the project. It also included requests for any relevant data or information that they may have.

The agencies contacted as part of this consultation are listed in Table 4-1 along with the outcomes of the
consultation.

Table 4-1 Agency Consultation

Agency Stakeholder Outcome of Consultation

Department of Planning, Industry and Ongoing guidance and input throughout the project.
Environment (DPIE)

Bega Valley Shire Council

Manager Project Development Council’s contract manager assisted at project inception.

Asset Management Coordinator Council’s project manager providing project direction.

Coastal Management Officer Provided data relevant to Lake Curalo

Strategic Planning Co-ordinator Provided overview of key risk areas with regards to potential
development exposure.

Lake Curalo Estuary Management Focus Rhelm project manager attended a focus group meeting to gain
Group an appreciation of the flood related issues being raised in the
Coastal Management Program for Lake Curalo.

Roads and Maritime Services Provided design and / or survey details of culverts and bridges.
NSW Port Authority No response.
NSW DPI — Crown Lands Email received 12 December 2019 advising that Crown lands

would provide more specific feedback on Crown Land issues in
the FRMS, when it is prepared. General comments were
provided regarding future required approvals and
responsibilities.

NSW DPI — Water Provided some overview as to the role of DPlI Water in
floodplain management. Unlikely to provide input to the study.

Provided guidance to extracting flow data from the website.

NSW Department of Planning and No response
Environment
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Agency Stakeholder

Outcome of Consultation

State Emergency Service

State Headquarters

Directed enquiries to the local controller

Deputy Regional Controller
Illawarra South East

Directed enquiries to the local controller

Local Controller, Bega Valley LGA

Provided ongoing input and review through the focus group.

Eden Unit Controller

No response.

Eden Deputy Unit Controller

No response.

Local Volunteer — Richard
Lamacraft

Provided descriptions of historical floods and useful websites
for photos and newspaper articles of historical events.

NSW Ambulance — Eden Station Officer

Provided details of access issues during flooding.

Fire and Rescue NSW

No response.

South East Local Land Services

No response.

Department of Defence — Royal
Australian Navy

Directed enquiries to NSW Ports.

Towamba Valley History Website

Permission provided to use photos and information on website
for the purpose of this study. Additional photographs provided.

Towamba Community Progress
Association Inc.

Assisted with circulating the information about the community
drop-in sessions.

Port of Eden Marina Inc.

Identified the key relevant data as the Cardno wave modelling
report.

Eden Killer Whale Museum

No response.

Eden Chamber of Commerce Inc.

No response.

Allied Natural Woods Exports

No response.

4.3 Website and Media

Council utilised the local newspaper, their own website and Facebook profile to provide updates and request

input to the study. The media releases are summarised in Table 4-2. Copies of the media releases are provided

in Appendix C.
Table 4-2 Media Releases

Media Date

Purpose

Media statement 28 November 2017

to local newspaper

To inform the community of project inception and that Council
had engaged Rhelm to undertake the study. Also, to invite
community input to the survey and drop-in sessions.

Media statement 11 December 2017

to local newspaper

To provide the community with an update on the community
engagement being undertaken.
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Media Date Purpose
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Facebook posts 30 November 2017 | Inviting attendees to drop-in sessions, requesting flooding
4 December 2017 photos and providing a link to the online survey.

5 December 2017

ABC SE Radio 26 October 2017 Bega Valley Shire Council’s Project Manager Gary Louie
discussed project overview, outcomes and ways that the
community can be involved.

Media statement 25 November 2019 | To advise the community that the draft flood study was on
to local newspaper pubic exhibition, invite the community to the information
sessions and advise how the community could view and
provide feedback on the draft flood study.

This information was included in the Towamba Community
Newsletter (‘Talk of Towamba’ Issue 54), a copy of which is
provided in Appendix C.

4.4 Community Newsletter and Survey

A community newsletter and survey were distributed to property and business owners, as well as residents
within the study area. The newsletter and survey were also made available on Council’s website, with the
survey available to be completed online. A copy of the newsletter and survey is provided in Appendix C.

The newsletter provided information on the purpose and scope of the Flood Study and the survey sought
information about historical flooding events and other flooding concerns within the community.

The survey was mailed to approximately 500 recipients. A summary was also provided in a media release,
informing the community of the Flood Study and advertising that the survey was being undertaken.

From the distribution and availability of the survey on the website, seventeen responses were received,
representing a return of only 3.5% of direct distribution. A return rate of 10% is typical for these types of mail-
outs. However, it is noted that an additional 30 people attended drop-in sessions to provide input face to face
(Section 4.5). This represents a total return rate of 9.5%, which is closer to the typical return rate of 10%.

The submissions received provided information and photos on historical flooding. Follow up was undertaken
with some of the respondents to clarify the data received. Ground level survey was captured for several
locations around Towamba where historical flood levels had been observed. The ground survey provided
flood levels for the calibration of the hydraulic model.

4.5 Community Drop-In Information Sessions

4.5.1 Project Inception Sessions
Community drop-in sessions were held during the initial stages of the study to gather information from the
community about flooding experiences and concerns. The sessions were held at:

e Towamba Community Hall Wednesday 6th December 3pm to 5pm; and
e Eden Country Club Thursday 7th December 10am - 12pm and 3:30pm - 5:30pm.

There were approximately 30 attendees across the three sessions. Information was received regarding:
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e flooding in the upper catchment, particularly around Towamba;
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e Flooding at Kiah from the Towamba River;

e Foreshore inundation at Boydtown and Eden from coastal storms;
e Foreshore inundation around Lake Curalo; and

e local creek flooding and overland flow within Eden.

4.5.2 Public Exhibition Sessions

Another round of community drop-in sessions were held during the public exhibition period (Section 4.7). The
purpose of these sessions was to inform the community about the study and its objectives, present the
outcomes of the study, answer questions from the community about the study, and receive feedback and
comments from the community on the study.

The sessions were held at:

e Towamba Community Hall - Tuesday, 3 December from 4.00 to 6.00pm; and
e Eden Log Cabin (Bass Street, Eden) - Wednesday, 4 December from 4.00 to 6.00pm.

There were approximately 27 attendees across the two sessions. Most attendees were there to find out more
about the study and were guided through the key outcomes by members of the project team (from Council,
Rhelm and DPIE). SES staff were also in attendance to answer any queries relating to flood emergency
response. Other matters raised by the community included:

e Towamba and Eden residents generally agreed with the calibration event model results shown on
maps. No residents from other locations attended the drop-in sessions.

e Towamba residents identified that the fire trails to the south of Towamba are the only vehicle access
to the village during a flood event. They emphasised the importance of maintaining these roads for
emergency access and evacuation.

e The key concern for Towamba residents is the long time it takes Council (or other responsible
organisation) to clear the debris off the bridge and reopen it. This has led to community members
doing the clearing themselves and residents driving across the bridge before it is formally opened
(and deemed safe).

e The community feel that they have a strong sense of resilience during a flood. People share food and
check in on each other when the road access is cut off. They will call ahead to town if heading back
from Eden or surrounds to find out if access is available, rather than driving all the way to Towamba
only to have to turn around (or drive through flood waters).

e Concerns were raised regarding the dense growth of vegetation within creeks in Eden and the impact
this might have of flooding.

e Key concern for some residents is the sedimentation within the lake and that the entrance does not
open enough.

e Some residents were concerned that the Flood Study would result in rezoning of land that would limit
its development potential.

4.6 Community and Stakeholder Project Update Emails

Community and agency stakeholders have been invited throughout the duration of the project to register their
contact details for project updates. Project updates have been emailed to these recipients on the following
dates:

e 27 February 2018
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e 28 March 2018
e 17 July 2018
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4.7 Public Exhibition

The draft Flood Study document was placed on public exhibition for a period of four weeks (22 November —
20 December 2019). The purpose of the public exhibition period was to allow the community and other
stakeholders to review and comment on the report prior to it being finalised and adopted by Council.

Property owners and residents within the study area were notified of the public exhibition of the study via
letter. A generic copy of the letter is provided in Appendix C.

The draft documents were made available to the public via Council’s website, and hard copies were available
at the libraries at Bermagui, Bega, Tura Beach and Eden; at the Council Offices in Zingel Place, Bega; at the
Towamba Public School; and at Rocky Hall Pre-School during regular business hours.

Two information sessions were held during the exhibition period. The details are provided in Section 4.5.2.

Six formal submission were received via phone, email, post and at the drop in session. The key issues raised in
the submissions were:

e Recognition of the approval requirements associated with floodplain management works to be
considered as part of the Floodplain Risk Management Study.

e Concerns about the impact of dense vegetation growth within waterways in Eden.

e Concerns about future development of or rezoning of Crown Land currently used for property access
during a flood event.

e Queries about the meaning of the flood mapping with regards to development potential of private
property.

e A correction of a small creek name on flood mapping.
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5 Flood Modelling
5.1 Modelling Approach Overview
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Due to the complex nature of flooding across the study areas, flood modelling has been undertaken using a
combination of hydrological and hydraulic models for both coastal and flooding. This allows flooding to be
assessed with regards to coastal processes, estuarine dynamics (in particular entrance scour), riverine flooding
and overland flow.

Hydrological modelling was undertaken for all study areas using XP-RAFTS.

The approach adopted for the hydraulic / hydrodynamic analysis was to develop an integrated modelling
system comprised of four separate model types:

e Towamba River Catchment Models - Individual TUFLOW 1D/2D hydraulic models for Wyndham, Rocky
Hall, Burragate, New Buildings and Towamba.

e Eden Model - A TUFLOW 1D/2D hydraulic model for the overland flooding behaviour for Eden and
Lake Curalo.

e (Coastal Connected Area Models — Hydrodynamic models in Delft3D of each ICOLL and surrounding
low-lying areas, like Boydtown, have been established to enable the dynamic modelling of the
interaction of catchment flooding and coastal inundation and the influence of ICOLL entrance berm
conditions. A model was also established for Lake Curalo, to understand the entrance breakout, and
this model provided input to the Eden TUFLOW 1D/2D model.

e Twofold Bay Model - A hydrodynamic model in Delft3D for Twofold Bay was used to understand the
coastal driven water levels, derive boundary conditions at ICOLL entrances and establish inundation
at ocean exposed location such as Jews Head and Munganno Point.

The separation of the Twofold Bay models from the Eden Model is important, as it allows different levels of
resolution to be adopted between the various models. While it is possible to model the areas in a singular
model, each have very different objectives. The Twofold Bay model represents the overall bay modelling shelf
and nearshore derived storm surge, while the Lake Curalo and Cocora Lagoon Models look at the interaction
of coastal processes driven flooding with catchment flooding by receiving catchment flows from the
hydrological model. The Lake Curalo and Cocora Lagoon models are also used to define the downstream
boundary condition of the Eden TUFLOW model, which focuses on catchment driven overland flow and the
smaller tributaries draining to Lake Curalo and Cocora Lagoon. The Eden model represents the small
flowpaths, incorporates smaller scale features like stormwater drainage and culverts and adopts a small-scale
grid. It also analyses much shorter duration storms that are likely to govern critical flooding in this area.

By comparison, Boydtown Creek, Nullica River and Shadrachs Creek have been incorporated entirely within
coastal connected models. A review of the terrain in these areas would suggest that these locations have a

greater influence of coastal events on the flooding behaviour. Further, given the current level of development
in these locations, the need for high-resolution models such as the one used for Eden is not required.

5.2 Hydrological Models
Three hydrological models were prepared for study area, with a separate model for each:

e Eden and Lake Curalo catchment;
e Nullica River, Shadrachs Creek and Boydtown; and,
e Towamba River catchment.
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The subcatchment breakdowns for these three models are shown in Maps G501, G502 and G503.
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The hydrological models were developed using XP-RAFTS. Inputs to the model and the data sources for those
inputs are summarised in Table 5-1.

Table 5-1 Hydrological Model Input Data

Parameter Data Source

Sub-catchment area and | LiDAR data was available for the lower portions of the catchment only, covering
slope the Eden and Twofold Bay areas. In the middle and upper catchment, terrain
details were adopted from the freely available STRM satellite data from
Geoscience Australia. While this data is too course for hydraulic modelling, the
resolution is suitable for defining sub catchment extents and subcatchment
slopes.

Percentage impervious Percentage impervious areas are largely a factor of development intensity and
were determined from aerial imagery. High resolution aerial imagery was
provided by Council and was supplemented by freely available online imagery
and land use maps.

Roughness Roughness parameters influence how quickly runoff occurs in a sub-
catchment. Similar to the percentage impervious, the values were determined
from an examination of aerial imagery and were largely dependent on land use.
Delineation of roughness zones also referred to Council’s LEP mapping,
particularly in areas that are undergoing development or redevelopment.

Roughness values adopted for the catchments were:
= Roads and carparks 0.015
= Parks and open space 0.03
= Cleared grazing land 0.035

= Light vegetation 0.04
= Medium Vegetation 0.06
= Dense Vegetation 0.08
= Forested regions 0.12
Runoff routing Routing refers to the transfer of flows from one sub-catchment to another. This

routing can be done in XP-RAFTS through either specifying a lag time between
sub-catchments (10mins for example) or inputting a typical cross section,
roughness and length and allowing XP-RAFTS to compute the lag time based
on the flow volume. For this model, lag links were used to define the routing.

Lag times were determined based on the stream velocity, which was estimated
based on the subcatchment grade using QUDM (2018), which provides
approximate stream velocities for given slopes.

Rainfall losses Rainfall intensities and hyetographs for the design storms were based on
ARR2016, using data in the ARR Data Hub and also the BOM. The study areas

Rainfall intensities
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Parameter Data Source
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Rainfall hyetograph fall within the Southern Slopes region of NSW. Values for rainfall losses were
determined as part of the calibration process of the calibration of the
hydrological models. The losses adopted were:

e Pervious

e |nitial Loss 20 mm

e Continuing Loss  1.5mm/hr
e Impervious

e |nitial Loss 1mm

e Continuing Loss  Omm/hr

5.2.1 Application of Australian Rainfall and Runoff (2016)

Australian Rainfall and Runoff (ARR) is a national guideline document, data and software suite that can be used
for the estimation of design flood characteristics in Australia. The 1st edition was released by Engineers
Australia in 1958, and several updates have been released since that time. This study utilised the 3rd edition
released in 2016, known as ARR2016.

ARR2016 has introduced several changes to the hydrological methods that have been traditionally employed.
This includes updated design rainfall intensities, new ensemble storms and other catchment parameters such
as losses.

The modelling of the ensemble storms was undertaken within the XP-RAFTS model. Peak flow rates and flow
volumes were analysed for each set of storms to determine the critical duration and temporal pattern (being
the representative median pattern for the corresponding duration). These hydrographs were run in the
hydraulic model. For volume driven areas, it was found that the peak flow hydrograph had a volume within
1% of the peak volume hydrograph. As such, the peak flow rate hydrograph was adopted as the critical pattern
for all study areas.

5.3 DEM Development
Digital Elevation Models (DEMs) have been developed for input into the hydraulic models. The DEMs have
been based on the survey data collected, including the LiDAR, ground survey and UAV survey data.

One of the important components in the development of hydraulic models is to ensure that key hydraulic
controls and features are defined appropriately within the DEM. This includes features such as embankment
crest details, road levels where roads overtop etc. These have been incorporated these where appropriate
through the use of breaklines and other features using 12d.

The following data sets have been used in the development of the DEM:

e 2008 LiDAR Survey;

e Satellite Derived Terrain Data from GeoScience Australia (used to supplement other survey data, as
required);

o Collected ground survey;

e Collected UAV survey (used only in Towamba River catchment models);

e Collected bridge and culvert survey; and,

e Bridge and culvert details provided by TFNSW and BVSC.
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5.4 Hydraulic Models

As identified in Section 5.1, four separate modelling approaches have been adopted for the study area:
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e Upper Catchment (Towamba) Models - Individual 1D/2D hydraulic models for the upper catchment
locations (e.g. Rocky Hall, Burragate etc);

e Coastal Connected Area Models — Hydrodynamic models of each ICOLL and surrounding low-lying
areas, like Lake Curalo and Boydtown, were established to assess the interaction of catchment
flooding and coastal inundation and the influence of ICOLL entrance berm conditions;

e Twofold Bay Model - A hydrodynamic model for Twofold Bay would be used to understand the coastal
driven water levels, derive boundary conditions at ICOLL entrances and establish inundation at ocean
exposed location such as Jews Head and Munganno Point;

e Eden Model - A 1D/2D hydraulic model for the flood behaviour at Eden, with a downstream boundary
driven by the Lake Curalo coastal connected area model. An overview of the process for the flood
behaviour in Eden is provided below. The Coastal Connected Area models for Lake Curalo and Cocora
Lagoons were run based on inputs from the hydrological model. This provided information on the
breakout of these lagoons and the water levels in the lagoons. These water levels were then provided
as a downstream boundary for the Eden TUFLOW Model, which provided the overarching results for
the Eden Study Area. This process is summarised below in Figure 5-1.

Hydrological Coastal Connected Flood Behaviour in

Model Area Model Lagoons

Step 1 — Analysis through Coastal Connected Area Model ( Lake Curalo and Cocora Lagoon)

Hydrological Eden TUFLOW Coastal Connected

Model Model Area Model

Step 2 — Analysis through Eden TUFLOW Model

Figure 5-1 Eden flood modelling process

5.4.1 Upper Catchment Models
The upper catchment models include the following study areas:

e  Rocky Hall
e New Buildings
o  Wyndham
e Burragate
e Towamba.

The approach adopted for these study areas was to analyse the mainstream flooding characteristics, and to
focus the flood models on the key areas of interest. Inflows to the models have been derived based on the
hydrological model developed.
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All of the models were developed as 1D/2D hydraulic models. Additional survey was collected as part of the
study to inform the development of the hydraulic models, namely:
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e UAV terrain survey of all five upper catchment regions;
e Cross section survey through the Wyndham study area; and,
o A detailed survey of the bridges within the Towamba and Burragate study areas.

The model areas were developed in collaboration with Council and DPIE through site inspections and review
of aerial photographs, topographic maps and the outcomes of the community consultation. The model areas
adopted, and the hydraulic model features are shown in Map G504 to Map G508.

The model parameters adopted are discussed below. In order to maintain consistency across the five areas,
model parameters have been kept constant across the areas where possible. The discussion below is
applicable to all of the upper catchment models, unless noted otherwise.

Grid Cell Resolution

A grid cell size of 5m has been adopted for the upper catchment models. This resolution is sufficiently fine so
as to allow the definition the river reaches in the 2D domain, while not adversely affecting model run times.

Roughness Values

Manning’s roughness values were determined based on aerial photographs, site inspection photos and land
use layers, as well as the review of the rating curves as discussed in Section 3.7. The values adopted are
summarised in Table 5-2.

A sensitivity assessment was undertaken on the roughness values (refer Section 5.6.3). The assessment found
that the model was reasonably sensitive to roughness values, particularly for those regions with high flows
(such as Towamba and Burragate).

Table 5-2 Adopted Roughness Parameters

Land Use Roughness Value (Manning’s n)
Cleared pasture for grazing 0.06
Open space (ovals, parks, etc) 0.03
Riparian vegetation 0.04
Medium bushland 0.08
Dense bushland 0.1

Downstream Boundaries

Downstream boundaries for the models were located a sufficient distance downstream of the study area focus
to minimise the potential influence on the model results. For each model, a stage-discharge curve was
generated for the outlet. To generate these curves a cross section, roughness values and a channel slope is
required. TUFLOW is able to generate these curves automatically based on a user specified channel slope. The
TUFLOW model then extracts the cross-section data and the roughness values from the 2D domain. This
approach was used to define the downstream boundaries for each of the upper catchment models.
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5.4.2 Eden Model
The focus of the Eden Model is on representing the overland flow and creek flows in the study area. The model
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area and its features are provided in Map G509. The focus of the model area is on incorporating creeks and
flowpaths that are likely to pose a risk to urban and developed areas within the floodplain. These flowpaths
and creeks have been incorporated through a combination of 1D and 2D elements. The model area has been
refined following site inspections and discussions with Council.

Grid Cell Resolution

The urban area for Eden, which is denser than other parts of the study area, suggests that a higher resolution
grid domain would be more appropriate. A grid cell resolution of 2m has been adopted for this study to
achieve a reasonable balance in model run times and representation of flow behaviour.

1D Components

Key channels and structures within the study area have been included within the 1D portion of the model,
with the overbank areas defined in the 2D domain. Stormwater drainage, to a minimum pipe diameter of
750mm, has been included where it is available in Council’s data sets.

Buildings

Buildings have generally been included in the hydraulic model as an increased roughness. Where building lie
within key flowpaths, they have been incorporated in the hydraulic model as raised objects. The key flowpaths
were identified based on preliminary runs of the 1% AEP event.

Fences

There are numerous ways to incorporate fences within a 2D hydraulic model. While the techniques can be
quite advanced, the reality is that the behaviour of fences in flooding can be quite uncertain and difficult to
represent appropriately. Fences have been incorporated in the model through a property averaged roughness
value.

Interaction with lagoon processes

The downstream boundary conditions of the Eden Hydraulic model are governed by the water levels and
entrance breakout processes in Lake Curalo and Cocora Lagoon. These processes are derived from the
hydrodynamic models (Section 5.4.4).

5.4.3 Twofold Bay Hydrodynamic Model

Baird Australia developed a Delft3D hydrodynamic model of the Tasman Sea and the NSW coastal shelf that
extends into Twofold Bay as part of the NSW Coastal Wave Model (developed on behalf of DPIE) and has been
calibrated and validated against tides and storm surges. The model covers the coastal fringe from the
NSW/Victorian border in the south, up to the northern extent of the NSW coastline at the NSW/Queensland
border. The existing Delft3D hydrodynamic model was used to develop a 1,000-year Monte Carlo synthetic
East Coast Low (ECL) event set that includes maximum event impact footprints for coastal inundation as well
as wind and rainfall. The dataset has been developed from a detailed library of hindcast data for 1,119 ECL
events between 1970 and 2016 (46-years) and a novel synthetic track and intensity ECL model. The sequence
applied to develop the data set is presented in Figure 5-2.
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Figure 5-2 Method flow chart for Baird Australia’s multihazard ECL Event Set (left) and the Delft3D

NSW Tasman Sea Model Domain (right)

The coastal inundation data set defines elevations for total peak steady water level (tide + residual + wave-
setup) and maximum wave run-up (= 2% exceedance) at 100 m resolution along the NSW open coast shoreline.
For NSW, the nearshore wave conditions have been calculated using a validated coastal wave transfer function
with high validation metrics compared to limited nearshore wave measurements along the coast. For the total
peak steady water levels, a number of factors contribute to the observed water at the shoreline during ECL
events. The factors contributing to total water level include:

1. Astronomical tide;

2. Surge from wind and pressure forcing along the coast;

3. Residual water levels from other oceanographic and meteorological forcing, including coastal trapped
waves; and

4. Wave setup inshore of the surf zone.

The water levels included in this data set account for the above four components in the assessment of coastal
water levels and wave run-up levels. Astronomical tide has been based on a 19-year hindcast of astronomical
tide along the NSW coast and covers an entire solar and lunar astronomical tide cycle which is applied in a
continuous cycle over the 1,000-year data set period. For a full summary of the data and bathymetry sources
used in the model development see Table 3-6.

This model is of sufficient resolution (<100m) within Twofold Bay to accurately derive coastal driven water
levels along the open coastline and outside of estuaries and will be used to derive design flood levels at
Munganno Point and Jews Head. The model was used to provide boundary conditions to more localised and
refined models of four ICOLLs and surrounding low lying areas (see Section 5.4.4). The coastal inundation
levels including wave setup were extracted from the 100 m output point nearest to the ICOL entrance and the
appropriate AEP year was applied to the flood event AEP.
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5.4.4 Coastal Connected Area Models (ICOLLs)
Consistent with requirements of Floodplain Risk Management Guide - Modelling the Interaction of Catchment
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Flooding and Oceanic Inundation in Coastal Waterways (OEH, 2015) for Group 4 Waterway Entrance Type
(ICOLLs) consideration of dynamic morphology of the ICOLL entrances is important in establishing accurate
flood levels in downstream areas of the wider catchment. Four Delft3D model domains were developed for
locations where the entrance berm is a significant hydraulic control, including:

e Lake Curalo (refer Map G509 for model area);

o Nullica River and Boydtown Creek (refer to Map G510);
e Shadrachs Creek (refer to Map G511); and

e Cocora Lagoon (refer to Map G509).

The model boundary was established at the 5 m AHD contour in the models of Nullica and Boydtown,
Shadrachs and Cocora. Whereas at Lake Curalo, a model extent out to the 2 m AHD contour was sufficient to
model flood behaviour for this system given levels in the lake are moderated by the entrance berm level.
Water level boundary conditions were derived from a regional scale Delft-FM model. The sediment transport
module of Delft3D was used to dynamically model the entrance breakout process during each flood scenario.
The Delft3D models accept catchment inflow data from the broader hydrological catchment model and these
were applied across the model domains at creek and stream locations.

The coastal boundary conditions for the events were extracted from the Twofold Bay Hydrodynamic model
and applied to a reference tide and surge event from the Eden tide gauge. The coastal inundation level AEPs
(wave run-up and total peak steady water level including wave setup) were extracted from the 100 m output
point nearest to the ICOLL entrances. The appropriate AEP values, 100% and 5% AEP coastal inundation events,
were paired with the 20% and 1% AEP catchment flood events respectively, based on Floodplain Risk
Management Guidance within NSW DPIE (formerly OEH) (2015). A representative predicted spring tide based
on the measured water levels at the Eden tide gauge was selected. Design peak storm surge was then
developed from Baird’s stochastic East Coast Low event set that includes discrete event simulation of East
Coast Low events along the NSW coast. The resulting peak storm surge was then added to the predicted tide,
scaling up and down over a 96-hour period. This is consistent with the guidance with NSW DPIE (formerly
OEH) (2015) that applied a similar method using a scaled May 1974 event. The peak of the storm tide was
then aligned with the peak in the flood discharge event.

The key bathymetric and elevation datasets compiled for use in the ICOLL models are tabulated in Table 5-3
in order of priority. Within the four models, culverts and bridge decks were not included in the bathymetry,
however bridge abutments were included and the dimensions under the bridge decks, and culvert opening
widths were specifically schematised.

Table 5-3 Summary of elevation datasets compiled for the Coastal Connected Area Models (ICOLLs) models

Data Type Description Source Application

Bathymetry Data Source

Single beam survey, 24" | Single beam survey | NSW DPIE (formerly OEH) | Lake Curalo
- 26" Oct 2017 comprised of;

e Terrestrial Laser
Scanner data
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Data Type

Description

Source

Application

e Leica RTK unit beach
cross-section ground
survey profiles

e 5 malong-track binned
jetski sounder data

DXF survey

Survey undertaken at a
number of locations
including ICOLL entrances.

Veris Surveyors

Nullica River,
Shadrachs Creek and
Cocora Lagoon

Boydtown Creek cross- | Creek cross sections along | Boydtown Marina | Boydtown Creek
sections Boydtown Creek during | Development; Boydtown
Boydtown Flood Study. Creek Flood Study
(Bewsher Consulting,
1989)
Inferred creek depths 0 m Elevation contours were used to define the | Nullica River,
waterway extents, if no other data was available, river, | Boydtown Creek,

creek and lagoon depths were developed by | Shadrachs Creek and
interpolating known depths downstream and | Cocora Lagoon
interpretation of satellite imagery
Coastal Contours Digitized Contours Navy Charts AU438149 All models
Elevation Data Sources
1m terrestrial LiDAR 2013 March LiDAR NSW | 2013 March LiDAR NSW | All models
Govt, Im resolution, AHD | Govt
2016 LiDAR NSW Govt, 1Im | 2016 LiDAR NSW Govt Nullica River
resolution, AHD (not entrance
ground truthed)
5 m terrestrial LiDAR Digital Elevation Model | Geoscience Australia | All models
(DEM) 5 Metre Grid of | (2015)
Australia derived from
LiDAR from 2001-2015.
Extracted 1 m contours.

5.5 Model Calibration

The data review process has allowed for the identification of appropriate calibration events through review of
rainfall and water level data and consultation with the community. A summary of key catchment and coastal
events is provided in Table 5-4. Further discussion on these events is provided in Section 5.2. Calibration
events did not necessarily require all models to be run, the models run for each of the events is noted in Table
5-4.

A comprehensive discussion on the calibration and validation modelling undertaken is presented in Appendix
D. No calibration data was available for Boydtown Creek, Nullica River, Shadrach Creek or Cocora Lagoon.
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Table 5-4 Calibration Events

Event Calibration / Validation Undertaken Comments
Towamba Eden Coastal
River Overland Models
Models Flow
Model
February 1919 One survey mark near Towamba. No
Towamba River rainfall or flow data available for
Catchment Event calibration.
February 1971 The community were able to identify
Towamba River several flood levels and extents around
Catchment Event Towamba, Rocky Hall and New buildings,
but there were periods of missing data in
the gauge record, preventing calibration
to this event.
1978 Catchment | Calibration | Validation The community were able to identify
and Coastal Event of 20% and several flood levels and extents around
1% AEP Towamba.
runs General observations were collected of
flooding in Eden for this event.
June 1998 East Listed in Council’s brief but no significant
Coast Low water levels were recorded for this
event.
February 2010 No reliable flood observations available.
Towamba River
Catchment Event
March 2011 | Calibration Majority of flood recollections provided
Towamba River for Kiah area. One calibration mark
Catchment Event surveyed in Towamba for this event.
March 2012 Calibration | It is one of the largest water level events
Coastal Event associated with an entrance breakout.
Event allows for the calibration of the
entrance breakout of Lake Curalo
September 2013 It is largest water level event associated
Coastal Event with an entrance breakout. Rainfall was
modest, but lake levels were already
elevated behind a closed entrance prior
to the event.
However, missing Lake Curalo water level
data resulted in no calibration being
undertaken.
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Event Calibration / Validation Undertaken Comments
Towamba Eden Coastal
River Overland Models
Models Flow
Model
June 2016 East Calibration | Lake Curalo entrance was open (i.e. Lake
Coast Low was tidal) during June 2016 ECL. Exact
entrance condition at that time is
unknown.
Event allows for the calibration of the
interaction of rainfall runoff and storm
surge in the lake. This will be limited by
the availability of rainfall data.

5.5.1 Twofold Bay Hydrodynamic Model

Baird’s NSW Tasman Sea Model, developed for the coastal inundation component of the ECL multi hazard
study encompasses Twofold Bay and has been calibrated and validated against tides and storm surges at
selected ports along the NSW coastline, including Eden.

The ECL dataset is derived from a combination of data analysis/interpolation and numerical modelling. The
modelling captures the tidal variation along the coast, while measured data was used to derive empirical
relationships between storm intensity and storm surge (based on 1127 events). This relationship is then
applied to the stochastic ECL event track database to derive a long-term population (1,000 years) of storm tide
events.

5.5.2 Lake Curalo Hydrodynamic Model

For the calibration of the ICOLL model setups, historical calibration events were run on the Lake Curalo model
as there was water level data available from the MHL gauge within Lake Curalo. The model was calibrated
against a historical ECL (June 2016) and a breakout event (March 2012). The calibration periods are as follows

e ECL:June 2016: 31st May 2016 — 16th June 2016
e Breakout: March 2012: 24th Feb 2012 — 7th March 2012.

The June 2016 event provides water level information to define an ECL event driven by coastal water levels
with an open lagoon entrance condition whereas the 2012 event was used in the calibration of a breakout
event at Lake Curalo driven by catchment flooding. Measured water levels from the Eden tide gauge and wave
parameters from the Eden and Batemans Bay wave buoys were extracted during the calibration periods to
provide coastal water level boundary conditions.

5.5.3 Towamba River Catchment Hydrological Models

The XP-RAFTS model was used to run the full set of ensemble storms for durations from 12 to 72 hours, for
the 10%, 5%, 2% and 1% AEP events. The median storm flow peak was then plotted on the FFA curves to assess
how well the design flows aligned with the results of the FFA assessment. Data was also available to allow a
calibration of the 2011 flood at the Towamba Gauge. No other historical events had sufficient data for
calibration with gauge data. The results are shown in Appendix D and show that the design flows for both the
Rocky Hall gauge and the New Buildings gauge align well with the FFA results, plotting well within the
confidence limits and on a similar gradient to the FFA line. Both these gauges are located in the upper
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catchment where the influence of routing lag parameters is reduced. The good match between the XP-RAFTS
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model and the FFA at these gauges indicate that the catchment characteristics (roughness and slope) are
appropriate.

The Towamba gauge does not show as good a match as the other two gauges. The 10% AEP estimate has a
reasonable match against the FFA. However, the larger flows increase at a much slower rate than the FFA
probability curve. It is interesting to note that the design flow estimates trend in the same way as the observed
flood flows, with the exception of the 2011 event, which sits noticeably higher.

Further investigation was undertaken on the Towamba gauge (detailed in Appendix D), with some changes
made to roughness assumptions for the larger events on the rating curve, as a result of a significant preceding
time period without major flood occurring. The revised FFA provided a good match between the XP-RAFTS
model and the revised FFA at the Towamba gauge indicate that the catchment characteristics (roughness and
slope) are appropriate.

5.5.4 Towamba River Catchment Hydraulic Models

As part of the collection of the additional survey, flood marks from the 2011 and 1978 events were collected
in Towamba. Additional observations from the community regarding flood extents were collected as part of
the community consultation.

Only the Towamba model was able to be directly calibrated. However, in order to ensure that the Towamba
River models are compatible with one another, the hydraulic model parameters determined through the
Towamba calibration process have been adopted at the other study areas.

In order to calibrate the Towamba hydraulic model, the revised gauged flows from the 2011 and 1978 events
were run through the model. The comparison between modelled results and the community observations are
shown in Map G512 for the 2011 event and Map G513 for the 1978 event. The figure shows that the hydraulic
model results are producing similar flood levels and extents to those observed by the community.

In the 2011 event, the surveyed community flood level in Towamba was 38.34mAHD. The model had a level
of 38.54maHD at this location. The comment from the community was that the 2011 flood “reached the text
of the sign” at this location, so 0.2m is well within the uncertainty of the survey mark.

Further upstream, community observations placed the flood extant at approximately the 40mAHD contour.
The flood level at this location in the model was 39.7mAHD. Given the accuracy of the extent reporting (a
community member indicating the flood extent on an A1 map) this is also within the accuracy of the historical
reporting.

A community member also provided a photo of the local bus shelter in the 2011 event. Two photos showing
the flooding of the bus shelter are provided in Figure 5-3. The photos show that the flood reached to the roof
of the shelter. The height of the shelter to the underside of the roof was estimated to be approximately 2.4m,
suggesting that the flood height was in the order of 2.5 — 3m. The 2011 flood depth from the model at this
location was 2.8m.

The 1978 also had a survey point collected, and an extent marked on the map as part of the community drop
in workshops. The historical extent indicated by the community member was that the 1978 event fell
approximately 40m short of Pericoe Road. The TUFLOW model calibrates well to this observation, reaching to
approximately 50m from Pericoe Road.
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The flood level surveyed for the 1978 event was marked by a hacksaw on a post near the intersection of
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Yambulla Road and Towamba Street. The point was surveyed as being at 36.52mAHD. The model at this
location has a level of 36.39mAHD, 0.13m lower than the survey mark.

Figure 5-3 Towamba Bus Shelter Flooding in 2011

5.5.5 Eden Hydraulic Model

No reliable calibration data was available relating to overland and creek flooding within Eden for a specific
flood event. However, various general accounts of flood behaviour were collected as part of the community
information sessions (Section 4.5). These observations are in many cases not associated with a specific event,
but rather an observation of flooding that occurs with heavy rain, or a vague period of time in which it
occurred.

Given this uncertainty on the historical rainfall events, together with the lack of good pluviometer rainfall data
in Eden (refer to Appendix D), an indirect validation was instead undertaken by comparing the 20% and 1%
AEP events to the observations. This ensures that the model is producing similar behaviour to that observed
by the community in previous flooding events.

The results of the 20% and 1% AEP event model runs are shown in Map G514 and Map G515 along with the
community observations of flooding. Although there are only limited flood observations, the results appear to
align with what has been observed in the past and provide some confidence in the ability of the model to
represent flood behaviour.

5.6 Model Sensitivity
Sensitivity analysis is a useful tool in understanding the potential variability of model results with different
parameter assumptions. The following sensitivity analyses have been undertaken:

e Model roughness;

e Model inflows;

e Blockage assumptions; and,

e ARR87 and ARR2016 comparison.
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5.6.1 Roughness
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Flood behaviour was found to be sensitive to roughness values along the Towamba River. Within the Towamba
River models, peak water level impacts arising from roughness changes increased from +/-0.2 to 0.3 metres at
Wyndham to +/- 0.7 metres at Towamba. The roughness values adopted for the channel and overbank areas
(0.06 and 0.1 respectively) are relatively high, so a 20% change represents a significant change to flow
conditions (as opposed to a 20% change of 0.02 for example).

In contrast, Eden showed a much lower sensitivity to the roughness values adopted, exhibiting typical changes
of +/- 0.05 as a result of a 20% roughness change.

A roughness sensitivity was also undertaken for the study areas at Shadrachs Creek, Nullica River and
Boydtown Creek. While the roughness changes slightly affected run off times, it did not impact peak levels as
these were all driven by ocean flooding which was not affected by changes to catchment roughness.

Overall, the changes in peak flood levels as a result of changes to roughness values did not result in a significant
change in flood extent in any of the study areas.

A summary of the changes in 1% AEP peak flood levels across the catchments for roughness sensitivity are
shown in Table 5-5 and Table 5-6. The model results and difference plots in GIS layers for each run have been
provided to Council.

Table 5-5 Roughness Increase Sensitivity

Max Increase Percentile Impacts to Flood Levels (m)
Model Area in Flood Levels

(m) 5% 25% 50% 75% 95%
Wyndham 0.67 0.17 0.20 0.22 0.24 0.31
Rocky Hall 0.86 0.16 0.25 0.34 0.40 0.47
New Buildings 0.84 0.17 0.29 0.33 0.39 0.51
Burragate 1.14 0.23 0.47 0.56 0.64 0.71
Towamba 0.83 0.60 0.63 0.65 0.70 0.76
Eden 0.27 0.01 0.03 0.05 0.08 0.12
Shadrachs Not applicable — flooding driven by ocean levels
Nullica / Boydtown Not applicable — flooding driven by ocean levels

Table 5-6 Roughness Decrease Sensitivity

Model Area Max Increase Percentile Impacts to Flood Levels (m)
in Flood Levels

(m) 5% 25% 50% 75% 95%
Wyndham -0.64 -0.31 -0.26 -0.24 -0.20 -0.14
Rocky Hall -0.81 -0.52 -0.43 -0.34 -0.24 -0.16
New Buildings -0.86 -0.51 -0.41 -0.32 -0.29 -0.18
Burragate -1.41 -0.86 -0.77 -0.69 -0.46 -0.12
Towamba 0.07 0.60 0.63 0.65 0.70 0.76
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Model Area Max Increase Percentile Impacts to Flood Levels (m)
in Flood Levels
(m) 5% 25% 50% 75% 95%
Eden -0.30 -0.13 -0.08 -0.05 -0.03 -0.01
Shadrachs Not applicable — flooding driven by ocean levels
Nullica / Boydtown Not applicable — flooding driven by ocean levels

5.6.2 Rainfall Intensity

The sensitivity of the models to rainfall intensity was undertaken by comparing the 0.5% AEP and 2% AEP
against the 1% AEP, to assess rainfall intensity increases and decreases respectively. The 0.5% AEP intensities
were 18% higher than the 1% AEP and the 2% AEP was 14% lower.

A summary of the changes in peak flood levels across the catchments for the 1% AEP rainfall intensity
sensitivity are shown in Table 5-7 and Table 5-8. The model results in GIS layers for each run have been
provided to Council.

The results show that the Towamba River models were sensitive to rainfall changes, with, the impact of
changes in rainfall intensity increases for study areas further downstream. In the upper catchment typical
impacts were +/- 0.2 to 0.4 metres. This increased to +/- 0.7 to 1 metre at Towamba.

Eden had more modest impacts in the order of +/- 0.1 metres. Shadrachs, Nullica and Boydtown had impacts
of less than +/- 0.1. These locations were relatively insensitive to rainfall changes.

Table 5-7 Rainfall Intensity Increase Sensitivity

Model Area Max Increase Percentile Impacts to Flood Levels (m)
in Flood Levels
(m) 5% 25% 50% 75% 95%
Wyndham 0.67 0.20 0.23 0.27 0.30 0.36
Rocky Hall 0.88 0.17 0.29 0.38 0.46 0.56
New Buildings 1.22 0.41 0.61 0.69 1.28 1.71
Burragate 1.05 0.48 0.69 0.77 0.82 0.87
Towamba 1.11 0.88 0.90 0.97 1.02 1.07
Eden 0.51 0.02 0.06 0.08 0.15 0.32
Shadrachs 0.47 -0.05 0.03 0.03 0.06 0.30
Nullica / Boydtown 0.53 0.01 0.04 0.05 0.08 0.33
Table 5-8 Rainfall Intensity Decrease Sensitivity
Max Increase Percentile Impacts to Flood Levels (m)
Model Area in Flood Levels
(m) 5% 25% 50% 75% 95%
Wyndham -0.52 -0.29 -0.25 -0.21 -0.18 -0.16
Rocky Hall -0.59 -0.43 -0.36 -0.28 -0.21 -0.13
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Max Increase Percentile Impacts to Flood Levels (m)
Model Area in Flood Levels

(m) 5% 25% 50% 75% 95%
New Buildings -1.16 -0.72 -0.67 -0.57 -0.39 -0.26
Burragate -1.03 -0.80 -0.72 -0.63 -0.55 -0.38
Towamba -1.17 -0.87 -0.71 -0.67 -0.65 -0.63
Eden -0.27 -0.16 -0.08 -0.05 -0.03 -0.01
Shadrachs -0.49 -0.21 -0.07 -0.06 -0.06 -0.01
Nullica / Boydtown -0.33 -0.19 -0.09 -0.05 0.03 -0.01

5.6.3 Blockage
Hydraulic structures were included in the flood models for the following study areas:

e  Wyndham (bridge)

e New Buildings (bridge)
e Burragate (bridge)

e Towamba (bridge)

e Eden (culverts)

e Boydtown (culverts).

A blockage assessment was undertaken in line with the guidance provided in ARR2016. Using the ARR2016
guidelines, the blockage factor is based on:

e Debris availability
e Debris mobility
e Debris transportability.

The results of the 1% AEP blockage assessment are summarised in Table 5-9. The model results in GIS layers
for each run have been provided to Council. As shown in the table, a blockage rate of 10% AEP was adopted
for the Towamba River models and Boydtown, while a higher blockage of 50% was adopted for Eden (as a
result of the small culvert sizes).

The results showed that the impacts of blockage were minimal across the Towamba River and ICOLL study
areas. This is reasonable, given the modest blockage rate of 10% that was adopted.

For the Eden model, a significantly higher blockage of 50% was adopted, due to the small sizes of these
culverts. This result in higher impacts occurring at the culverts, although the impacts were still limited to the
immediate area surrounding the culverts.

Table 5-9 Blockage Sensitivity

Model Blockage | Blockage Max Max Percentile Impacts

Area Risk Factor Increase Decrease 5% | 25% | 50% | 75% | 95%
(1% AEP)

Wyndham Medium 10% 0.05 -0.03 0 0 0 0 0.01

Rocky Hall Not Applicable — low level causeway crossing
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Model Blockage | Blockage Max Max Percentile Impacts

Area Risk Factor Increase Decrease 5% 25% | 50% | 75% | 95%
(1% AEP)

New Medium 10% 0.03 -0.04 0 0 0 0 0.01

Buildings

Burragate Medium 10% 0.02 -0.04 0 0 0 0 0.01

Towamba Medium 10% 0.06 -0.03 0 0 0 0 0.01

Eden Medium 50% 0.11 -0.81 -0.04 | -0.01 0 0 0.23

Shadrachs Not Applicable — no structures

Nullica /1 o 10% 0.07 -0.04 0 0 0 0o | 001

Boydtown

Note: The guidelines resulted in a design blockage of 0% at Nullica. As part of the sensitivity testing, a 10% AEP rate was
adopted in line with the other study areas.

5.6.4 Australian Rainfall and Runoff Guidelines

Australian Rainfall and Runoff 2016 (ARR2016) guidelines have been applied to this Flood Study (Section 5.2.1).
However, as these guidelines are relatively new, it is important to understand the changes from the previous
guidelines (Australian Rainfall and Runoff 1987 - ARR87). This comparison was undertaken as a sensitivity
assessment in this study.

The hydrological modelling was revised for each study area, adopting the methodology and rainfall intensities
detailed in ARR87. Changes in peak flood level are shown in Map Series G516.

To demonstrate the differences of the rainfall intensities within the study area, the Towamba FFA plot was
updated to also show the ARR87 peak flow estimates. This is shown in Figure 5-4.

The figure shows that the ARR87 estimates are significantly higher than the ARR2016 estimates, to the extent
that the 20% AEP, 10% AEP and 5% AEP estimates are outside the FFA confidence limits. The increase in peak
flow using the ARR87 methodology was in the order of 50% over ARR2016 estimates. This level of increase
resulted in substantial changes to peak flood levels across all the study areas.

Across the Towamba models, this resulted inconsistent increases across the study areas, ranging from 0.6
metres in the upper catchment areas such as Wyndham and Rocky Hall to 1.2 metres at Burragate and 0.9
metres at Towamba.

Within the Eden model, impacts varied substantially. Within Palestine Creek, increases of up to 1.2 metres
were observed, although this occurred upstream of the Princes Highway and did not impact developed areas.
Downstream of Government Road, Palestine Creek levels were 0.3 metres higher under the ARR87 scenario.

Across the western and eastern flowpaths, increases in the ARR87 scenario across developed regions were
typically between 0.2 and 0.4 metres.

Due to the significant difference in rainfall intensity, areas governed by peak flow volumes, such as the
Towamba river models were sensitive to the ARR approach. Regions where flows were not as substantial,
namely Eden, were not as sensitive to the ARR approach.
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Figure 5-4 Comparison of ARR16 and ARR87 flows at Towamba Gauge

5.7 Design Flood Events

The hydrological and hydraulic models were analysed for the PMF, 0.2% AEP, 0.5% AEP 1% AEP, 2% AEP, 5%
AEP and 10% AEP events. Each event was run for durations from 30 minutes to 12 hours to determine the
critical duration(s) for each event. As per the ARR2016 methodology, each event / duration combination was
run for 10 temporal patterns, with the temporal pattern first above the median adopted as the design event.

The full set of runs were run through the hydrological model, with only the one temporal pattern run through
the hydraulic model. The critical durations adopted for each eventin each model area are summarised in Table
5-10.

Some models have a different critical duration in the upper and lower reaches of the model. The shorter
duration is critical in the upper reaches of the model, where flooding is driven by the peak flow rate. The longer
duration event has a lower peak flow, but a greater volume. Thus, the longer events govern peak flood levels
in the storage driven systems in the downstream regions of the hydraulic models.
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Table 5-10 Event Critical Durations (hours)
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Critical Duration (hours)

Location

PMF 0.2% AEP | 0.5% AEP | 1% AEP 2% AEP 5% AEP 10% AEP
Wyndham 9 9 9 9 9 9 9
Rocky Hall 9 9 9 9 9 9 9
New Buildings 9 9 9 9 9 9 9
Burragate 9 9 9 9 9 9 9
Towamba 9 9 9 9 9 9 9
Eden 2,9 2,9 2,9 2,9 1.5,6 1.5,6 1.5,6
Shadrachs Creek 6,9 6,9 6,9 6,9 6,12 6,12 6,12
Nullica River / 6,9 6,9 6,9 6,9 6,9 6,12 6,12
Boydtown

5.8 Climate Change
Climate change has the potential to influence flood behaviour. In the study areas this is most likely to occur

through impacts on rainfall and / or sea level rise. A sensitivity analysis on rainfall and the downstream

boundary was the most appropriate approach to assess the potential changes to the flood behaviour as a

result of climate change. This sensitivity analysis is useful to understand the potential variance in flood levels,

flood behaviour and associated planning under climate change conditions.

To assess potential climate change impacts, the following was undertaken:

e Comparison of 1% AEP and 0.5% AEP flooding behaviour (representing a 19% increase in rainfall

intensity;

e Mapping of the 1% AEP ocean event with a 0.4 metre sea level increase; and,

e Mapping of the 1% AEP ocean event with a 0.9 metre sea level increase.

The results of the comparison between the 1% AEP and 0.5% AEP events are presented in Table 5-11.

The mapping results for the coastal study areas are provided in Map G517.

Table 5-11 Impacts of Rainfall Intensity Increase

Model Area Max Increase Percentile Impacts

5% 25% 50% 75% 95%
Wyndham 0.67 0.20 0.23 0.27 0.30 0.36
Rocky Hall 0.88 0.17 0.29 0.38 0.46 0.56
New Buildings 1.22 0.41 0.61 0.69 1.28 1.71
Burragate 1.05 0.48 0.69 0.77 0.82 0.87
Towamba 1.11 0.88 0.90 0.97 1.02 1.07
Eden 0.51 0.02 0.06 0.08 0.15 0.32
Shadrachs 0.47 -0.05 0.03 0.03 0.06 0.30
Nullica / Boydtown 0.53 0.01 0.04 0.05 0.08 0.33




R h@m

The results in Table 5-11 show that for the Towamba River models, the impact of increased rainfall intensity
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is more significant for study areas further downstream than the upstream study areas. In the upper catchment,
increases were modest, typically in the range of 0.2 to 0.4 metres. Impacts increased downstream, due to the
additional upstream area contributing increased flow. Median increases at New Buildings were 0.69 metres,
increasing to 0.97 metres at Towamba.

In the coastal study areas, the increase in rainfall intensity had a much smaller impact on peak flood levels.
Eden had more modest impacts in the order of +/- 0.1 metres, while Shadrachs, Nullica and Boydtown had
impacts of less than +/- 0.1.

Sea level rise only impacts the coastal study areas. The Towamba River study areas are sufficiently far
upstream to not be affected by sea level rise. The comparison of the design scenario with 0.4 metre and 0.9
metre sea level increases showed that increases in flood levels varied across the coastal study areas.

Along the northern shore of Lake Curalo, sea level rise had a minimal impact on the flood extent, with
negligible change in flood extent occurring even with a 0.9 metre rise is sea level.

Along the western shore, the 0.4 metre increase extents showed little change, although the 0.9 metre increase
did result in a lateral expansion of 30 metres at Lakeside Drive that resulted in additional properties becoming
flood affected.

Along the southern shore, additional inundation, while more wide spread than the northern and western
shores, was typically restricted to open space and vegetated corridors. The exception was the aged care centre
on Barclay Street, which was fully inundated under a 0.9 metre sea level rise scenario.

The steep terrain at Lake Cocora prevented any significant increase in flood affectation under a 0.4 metre sea
level rise scenario. With 0.9 metres of sea level rise, overtopping of Ida Rodd Drive occurred.

Sea level rise at Shadrachs Creek primarily affected the caravan park, with an additional 20 metres and 30
metres of flood affectation occurring under the 0.4 and 0.9 metre sea level rise scenarios respectively. No
impacts progressed upstream of the Princes Highway.

Increased sea levels will also lead to changes in tidal limits. This is further discussed in Section 6.5.
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6 Understanding Flood behaviour
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6.1 Design Flood Behaviour

Peak flood depths (with water level contours) and velocities are provided in Map Series G601 and G602
respectively. Maps have been prepared for the 10% AEP, 1% AEP and PMF events. The full set of data for all
design events (PMF, 0.2% AEP, 0.5% AEP 1% AEP, 2% AEP, 5% AEP and 10% AEP events) has been provided to
Council in a digital format.

6.1.1 Towamba River Catchment Study Areas

The five Towamba River catchment study areas all exhibit similar flood behaviour. The major flow path through
each area is a large riverine flowpath. Flows within the river channel are typically well contained at all sites for
events up to and including the 1% AEP.

In the PMF event, flood extents expand beyond the main channel significantly, as a result of the substantially
higher flow in this event. Peak flow rates at each of the Towamba River study areas are summarised in Table
6-1. The table shows that the PMF event flow is approximately 3 times larger than the 1% AEP event flow at
Towamba, and up to nearly 6 times higher in the upper catchment at Wyndham.

As would be expected given the large flows, velocities through the main channel are high at all sites, with peak
river velocities of between 5 and 6 metres per second occurring at all sites in the 1% AEP event.

Access routes along the river (except the river crossings) are typically outside the 1% AEP event, and are only
affected in the PMF event. The exception being Big Jack Mountain Road in New Buildings, which is inundated
in the 1% AEP event. Further details on road flooding, and bridge and crossing overtopping is provided in
Section 7.3. Further site-specific information for each of the Towamba River study area is provided in the
following sections.

Table 6-1 Towamba River Model Peak Flows

. Towamba River Peak Flows (m3/s)
Location
10% AEP 1% AEP PMF PMF / 1% AEP

Wyndham 60 110 640 5.8
Rocky Hall 355 610 3455 5.7
New Buildings 960 1660 7920 4.8
Burragate 1375 2000 9075 4.5
Towamba 1950 3435 12100 3.5

6.1.1.1 Wyndham

Located in the northern region of the wider Towamba River catchment, the Wyndham township has the

smallest contributing catchment area of the five Towamba River study areas.

The township lies adjacent to Mataganah Creek, which discharges into the Towamba River 10 km downstream

of Wyndham. It is the only Towamba River study area that does not lie directly on the Towamba River.

Flooding is well contained within the creek in all events, up to and including the PMF. The PMF encroaches

onto private property but does not affect any buildings.

Downstream of the township, Mount Darragh Road crosses over Mataganah Creek. The bridge is inundated in

the PMF only.
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A long section through the study area is provided in Figure 6-1, with chainages shown in Figure 6-2. The long
section shows that the AEP events have depths in the order of 2 to 5 metres, the PMF event has depths of up
to 10 metres, which explains the significant increase in flood extent from the 1% AEP event to the PMF event.

280
275
270

265

Mount Darragh Road

260

Elevation (mAHD)

255

West Street

250

245
0 500 1000 1500 2000 2500 3000 3500

Chainage (m from US model boundary)

—20% AEP — 10% AEP —20% AEP 2% AEP — 1% AEP
———0.5% AEP =—0.2% AEP = PMF = DEM e Bridge

Figure 6-1 Wyndham Long Section

m 4 ;
Mataganah Creek|

[ Model Area
Depth (m)
' [@o.2s
S [Jos
[EEY
15
% 2 al 2
E 1o
B 10
. —— 5m Water Level Contours
~—— 1m Water Level Contours
= |Long Section
' ¢ Chainage (m)

Figure 6-2 Wyndham Flooding and Long Section Chainage (with 1% AEP flooding)



Rhe}m

6.1.1.2 Rocky Hall
Rocky Hall is located in the north-west of the wider Towamba River catchment. It is the most upstream
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catchment of the study areas located along the Towamba River.

The Towamba River runs through the centre of the village, with a large tributary, Cow Ball Creek, joining the
Towamba River in the middle of the study area, and a smaller tributary, Black Log Creek, joining the Towamba
River downstream of the study area.

Flow is typically well contained along those reaches between tributaries. Where the tributaries join the river,
flow breaks out of the banks of both tributary and river some 200 to 300 metres upstream of the actual
confluence. This breakout flow at the Cow Bali Creek confluence results in overtopping of Big Jack Mountain
Road in events as small as the 10% AEP event.

Immediately downstream of the Black Log Creek confluence there is a small causeway that crosses the
Towamba River providing access to a number of farms. This causeway is inundated in events as small as the
20% AEP event.

A long section through the study area is provided in Figure 6-3 and the chainages in Figure 6-4. The long section
shows that, similar to Wyndham, the PMF is typically twice as high as the 0.2% AEP event.
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Figure 6-4 Rocky Hall Flooding and Long Section Chainage (with 1% AEP flooding)

6.1.1.3 New Buildings
The locality of New Buildings lies adjacent to Towamba River 3.5 kilometres downstream of Rocky Hall,
immediately upstream of the Mataganah Creek confluence.

A long section through the study area is provided in Figure 6-5 and the chainages in Figure 6-6.

Flow is fully contained with the channels in the 10% AEP, with some minor breakout flows occurring in the 1%
AEP at the Mataganah Creek confluence. The PMF has a sharp increase in flood extent, although due to the
terrain, the flow is still relatively well constrained, and no major breakouts are observed.

New Buildings Road crosses the Towamba River in the centre of the study area, 400 metres upstream of the
Mataganah Creek confluence. The bridge is first inundated in the 0.5% AEP event. However, the approaches
to the bridge are lower, and are inundated in the 1% AEP event.

Big Jack Mountain Road runs along the southern side of the Towamba River. At the location of the New
Buildings Road bridge, the road passes close to the Towamba River. The road is right on the flood extent of
the 1% AEP event, and experiences some minor overtopping in the 0.5% AEP and 0.2% AEP. In the PMF, the
increased flood extent results in inundation of Big Jack Mountain Road for a distance of approximately 1
kilometre.
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Buildings within New Buildings remain unaffected by direct flooding in the events up to and including the PMF.
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Figure 6-6 New Buildings Flooding and Long Section Chainage (with 1% AEP flooding)
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6.1.1.4 Burragate
Burragate is located on the Towamba River, 6 kilometres downstream of New Buildings. Unlike Rocky Hall and

Eden, Twofold Bay and Towamba River Flood Study

New Buildings, there is a reasonable level of development at Burragate. The development is rural and large
lot residential and is generally located on the eastern bank of the Towamba River.

A long section through the study area is provided in Figure 6-7 and the chainages in Figure 6-8.

The flow through the river is well contained in events up to the 0.2% AEP. Much of the development is set
back from the river and remains unaffected in this event. In the PMF, the flood extent increases significantly.
This results in a wider flooded area along the main river, as well as substantial backwatering up local
tributaries.

Big Jack Mountain Road crosses the Towamba River upstream of the township. The bridge is at a low level and
experiences overtopping in events as small as the 20% AEP event.

The major access road through the township, Towamba Street, first experiences flooding in the PMF, where a
300 metre length of road becomes inundated.
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Figure 6-8 Burragate Flooding and Long Section Chainage (with 1% AEP flooding)

6.1.1.5 Towamba

The Towamba study area is the most downstream study area along the Towamba River, and experiences the
greatest flows. It is also the study area that has the greatest level of development. The bulk of the development
is located on the southern bank of the river, with some large lot rural properties located on the northern bank.
Towamba is located 19 kilometres downstream of Burragate, and 33 kilometres upstream from the Towamba
River outlet.

A long section through the study area is provided in Figure 6-9 and the chainages in Figure 6-10.

The Towamba study area is unique in that the 1% AEP has a substantially larger flood extent than the 10% AEP
event due to breakouts of the channel. While the majority of the flow is well contained, some breakouts do
occur in the central portion of the model at the major bend in the river. Flow both short cuts the bend in
events larger than the 5% AEP event, and breaks out onto the northern banks in events above the 20% AEP.
These breakouts inundated both Towamba Road and Towamba Street in the 1% AEP event, but do not impact
residential developments.

In the PMF event, the flood extent increases significantly. The extent of road inundation increases, with both
Towamba Road and Towamba Street impacted for over 1 kilometre each. The PMF also impacts buildings on
both the northern and southern banks.

Pericoe Road crosses the Towamba River upstream of the major bend in the river, and connects Towamba
Road, which runs along the northern side of the river, and Towamba Street, which runs along the southern
side. The bridge is overtopped in events as small as the 20% AEP event.
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Figure 6-10 Towamba Flooding and Long Section Chainage (with 1% AEP flooding)
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6.1.2 Eden and Lake Curalo
The model developed for the Eden township covers both Lake Curalo and Lake Cocora. The flooding associated
with Lake Curalo is discussed here, with Lake Cocora discussed below.

Eden, Twofold Bay and Towamba River Flood Study

Lake Curalo lies between the township of Eden on its northern, western and southern boundaries, and Twofold
Bay on the east. It is fed by a number of upstream tributaries.

On the northern side are one major tributary and three additional flowpaths (refer Figure 6-11). The north-
western flowpath is the major tributary, which is the major source of water for Lake Curalo, Palestine Creek.
The upper reaches of Palestine Creek are largely vegetated, before transitioning into cleared fields at the
extent of the hydraulic model. Immediately upstream of Lake Curalo, Palestine Creek passes through an
industrial area before discharging into the Lake.

The flow is typically well contained in events up to and including the 2% AEP event. In the 1% AEP event, flow
begins to break out of the creek, and affects the adjacentindustrial properties. The PMF event shows a marked
increase in extent. Much of this increase occurs over pastureland, although flooding through the industrial
precinct is also exacerbated.

The central flowpath runs from north to south. It crosses Government Road, but otherwise flooding is
restricted to bushland or pastureland for all design events.

The eastern northern flowpath, located on the eastern side of the study area, is relatively minor, in the main
driven by local overland flow from the residential development at the point. The tributary generates nuisance
flooding, particularly in events larger than the 1% AEP, but does not affect any properties.

The final flowpath passes through the industrial area south and west of Palestine Creek. It is largely contained
with the vegetated channel, although some breakout occurs in the 1% AEP at the Palestine Creek confluence.
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Figure 6-11 Lake Curalo Northern Tributaries (with 1% AEP flooding)
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There is a single flowpath into the lake on the western side refer (Figure 6-12). It commences in the bushland

Eden, Twofold Bay and Towamba River Flood Study

upstream of the golf course, before passing through the golf course, over the Princes Highway and discharging
into the lake via a small open channel that runs along the northern boundary of the sports fields. For events
up to the 0.2% AEP event, the flow is reasonably contained within the flowpath. There is some expansion of
flow as it moves through the golf course, but buildings and the sports fields remain unaffected.

In the PMF event however, there is substantial overbank flow, largely driven by the increased lake levels (refer
Figure 6-15) that results in inundation of the sports fields, and property flooding along Clare Crescent and
Cook Drive. Lakeside Drive properties are also flooded in the PMF, but this is driven by lake levels, rather than
catchment flow.
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Figure 6-12 Lake Curalo Western Tributaries (with 1% AEP flooding)

On the southern side of the lake, there are two flowpaths (refer Figure 6-13). The western flowpath is
Freshwater Creek and conveys water from the bushland to the east and south of the study area. The Creek
runs behind properties on West Street, before passing beside the Eden Gateway Holiday Park. From here, the
creek passes under the Pacific Highway and runs along the northern side of the Garden of Eden camping park.

The flow upstream of the Princes Highway is typically well contained for events up to and including the 0.2%
AEP. In the PMF, flow from the Creek impacts properties on West Street, as well as much of the Eden Gateway
Holiday Park.

Downstream, particularly in the PMF, flooding is largely driven by backwatering from the Lake, rather than
flow through the Creek. The Garden of Eden Camping Park is inundated in events as small as the 20% AEP, as
are properties along Emblem Street.

The second flowpath runs through the residential area immediately south of the lake. The flowpath is primarily
overland flow, running behind properties and down roadways. At Wave Street, it enters a small open channel,
which passes to the south and east behind the Bupa Aged Care centre. After crossing Barkley Street, the
flowpath discharges into the lake.

In events up to and including the 0.2% AEP, flooding is largely nuisance flooding. Where residential lots are

impacted, depths are shallow (less than 0.2m).
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In the PMF however, driven by increased lake levels, a large region of residential development is undated,
including the Aged Care centre, and properties along Curalo Street and Dolphin Crescent, by depths of 0.5 to
1 metre.
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Figure 6-13 Lake Curalo Southern Tributaries (with 1% AEP flooding)

Peak flood levels within Lake Curalo drive the flood behaviour and extent across the foreshore areas (refer
Figure 6-14 and Figure 6-15).

It is noted that the PMF sees a large lateral increase in flood extent, due to a significant increase in lake levels
(from 1.7mAHD in the 1% AEP to 3.8mAHD in the PMF). Along the northern edge, this increase does not impact
development, with the land affected being bushland.

As previously noted, lake flooding is responsible for property flooding along the western and southern sides
at Lakeside Drive, Emblen Street, Curalo Street and Dolphin Crescent.

In addition to these locations, the lake flooding also impacts Reflection Holiday Park, which lies between the
Lake and the Bay. The site first becomes flood affected in the 2% AEP, although access remains open up to and
including the 0.2% AEP event. In the PMF however, the full site is inundated, and access is lost.
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Figure 6-14 Lake Curalo Flooding and Long Section (with 1% AEP flooding)
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6.1.3 Lake Cocora

Flooding with the Lake Cocora region is well contained within creek extents for events up to and including the
0.2% AEP. This is due to both the terrain, which rises relatively steeply from the channels, as well as the small
catchment area that feeds into Lake Cocora.

The PMF event, as a result of the greater rainfall intensity, does resultin a slight lateral increase in flood extents
arising from a substantial increase in lake levels(refer Figure 6-16 and Figure 6-17). This results in additional
road inundation, and some minor property affection. Buildings remain outside the flood extent, but some
properties along Ida Rodd Drive experience flooding of their front yards. The lake level is 1.4 metres higher in
the PMF than the 0.2% AEP event, but the terrain prevents a significant lateral expansion of the flood extent.
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6.1.4 Shadrachs
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Unlike the previous study areas discussed, Shadrachs Creek shows significant break out from the banks
occurring in the 10% AEP event and larger. In the 10% AEP, the breakout reaches the access road to the caravan
park but does not result in road inundation. In events larger than the 10% AEP, the caravan park begins to be
inundated (refer Figure 6-18). Upstream of the Princes Highway, the breakout flows are limited to pastureland
in events up to the 0.2% AEP.

In the PMF event, the breakout flow affects the full region of the caravan park, as well as properties north of
the Princes Highway.
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Figure 6-18 Shadrachs 1% AEP Flooding

6.1.5 Nullica & Boydtown

Much of the flooding occurring within the Nullica and Boydtown model is restricted to open space and
vegetated areas in events up to the 1% AEP (refer Figure 6-19). While buildings remain unaffected in events
up to the 0.2% AEP, road access throughout the study area is lost in the 2% AEP event, and larger.

Although Boydtown is located close to the foreshore, it is not impacted directly by ocean flooding, as it is
located on a local rise that keeps developed properties flood free in all design events save the PMF.
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Figure 6-19 Nullica Boydtown 1% AEP Flooding

6.2 Flood Hazard

Flood hazard varies with flood severity (i.e. for the same location, the rarer the flood the more severe the
hazard) and location within the floodplain for the same flood event. This varies with both flood behaviour and
the interaction of the flood with the topography.

It is important to understand the varying degree of hazard and the drivers for the hazard, as these may require
different management approaches. Flood hazard can inform emergency and flood risk management for

existing communities,

and strategic and development scale planning for future areas.

The hazard categories mapped are summarised in Table 6-2 and Figure 6-20. These are based on the

categories as defined

in the AIDR (2017) Guideline.

Table 6-2 Hazard Categories

Hazard Category | Description
H1 Generally safe for vehicles, people and buildings
H2 Unsafe for small vehicles
H3 Unsafe for vehicles, children and the elderly
H4 Unsafe for vehicles and people
H5 Unsafe for vehicles and people. All buildings vulnerable to structural damage. Some
less robust building types vulnerable to failure
H6 Unsafe for vehicles and people. All building types considered vulnerable to failure
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Figure 6-20 Flood Hazard Categories (AIDR, 2017)

Flood hazard mapping is provided for the 1% AEP and PMF events in Map Series G603. Hazard data for the full
set of design events has been provided to Council.

The Towamba River study areas had a similar pattern of hazard. A wide band of H6 covering the river and
overbank areas, with a fringe of lower hazard zones at the edges of the flood extent. In the PMF event, H6 and
H5 hazard categories covered the majority of the flood extent, with only a thin band of H1 to H4 at the fringes.
As a result of the rising terrain, these lower hazard regions often only applied to the outer 5-10 metres of the
flood extent. In the 1% AEP event, the H5 and H4 classes took up a greater area, but the lower hazard classes
were still restricted to the flood fringe.

In the township of Eden, for the PMF event, the major flowpaths were classified as H5 or H6, with the smaller
overland flowpaths categorised as H1 and H2. In the 1% AEP event, H5 and H6 hazard zones were restricted
to the creeks and rivers and did not impact developed areas.

Within the Shadrachs Creek study area, H5 and H6 categories were restricted to the main channel for events
up to the 1% AEP. In the 1% AEP, flooding across the caravan park was H1 and H2. In the PMF event however,
the extent of the H5 category expanded to cover much of the caravan park.

In Nullica and Boydtown for the 1% AEP, high hazard H5 and H6 regions were typically within the creek
channels, or across pastureland, and did not affect development. Overbank flows were typically H1 or H2. In
the PMF, while the H5 and H6 categories did extent further beyond the creeks, lower hazard ratings of H2 and
H3 occurred across developed areas.
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6.3 Flood Function
Maintaining the flood function of the floodplain is a key objective of best practice in flood risk management in
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Australia, because it is essential to managing flood behaviour. The flood function of areas of the floodplain will
vary with the magnitude in an event. An area which may be dry in small floods may be part of the flood fringe
or flood storage in larger events and may become an active flow conveyance area in an extreme event. In
general flood function is examined in the defined flood event (DFE), so it can be maintained in this event, and
in the PMF so changes in function relative to the DFE can be considered in management.

The hydraulic categories (also known as flood function), as defined in the Floodplain Development Manual
(2005), are:

e Floodway - areas that convey a significant portion of the flow. These are areas that, even if partially
blocked, would cause a significant increase in flood levels or a significant redistribution of flood flows,
which may adversely affect other areas.

e Flood Storage - areas that are important in the temporary storage of the floodwater during the
passage of the flood. If the area is substantially removed by levees or fill it will result in elevated water
levels and/or elevated discharges.

e Flood Fringe - remaining area of flood prone land, after Floodway and Flood Storage areas have been
defined. Blockage or filling of this area will not have any significant effect on the flood pattern or flood
levels.

It is noted that there is no “one size fits all approach” to hydraulic category / flood function definition.
Thomas & Golaszewski (2012) investigated a number of different approaches in some case study
catchments. However, it was emphasised in this paper to test the underlying assumptions through
methods such as “encroachment”, testing the impact of reducing or increasing the floodway.

An initial categorisation (based on Thomas & Golaszewski, 2012) was undertaken based on the criteria below:

e Floodway — VelocityxDepth Product is greater than 0.5m?/s;
e Flood Storage — VelocityxDepth product is less than 0.5m?/s and depth is greater than 0.5m; and
e Flood Fringe — areas in the flood extent outside of the above criteria.

Encroachment testing was undertaken on the flood models. Testing was undertaken for the Wyndham and
Towamba model areas for the 1% AEP event. For each model, the terrain outside of the floodway described
by the criteria above was raised above the peak 1% AEP flood level, effectively restricting the full flow to only
the floodway zone. This initial run demonstrated minimal impacts on peak flood levels. Levels at Wyndham
increased by less than 0.03m, Towamba by less than 0.05m.

A second run was then undertaken by reducing the flow width along the river by 5m at each bank, for a total
reduction of 10m across the flowpath. This run resulted in significantly increased levels at both sites; up to
0.7m at Wyndham and 1.2m at Towamba.

The above indicates that the filtering adopted is appropriate for an initial definition of hydraulic categories.
Minor manual edits were then undertaken to ensure that floodways were continuous, and to remove small
isolated zones of floodway or flood storage occurring within the wider flood fringe zone.

The flood function mapping is provided for the PMF and the 1% AEP events in Map Series G604.

For the Towamba River models, the flood extent has been classified as only floodway or fringe; no areas were
classified as storage. This is due to the river having a very well defined channel, that rises steadily so there are
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no wide areas available at higher levels. Furthermore, what minor local storage is available, it is swamped by
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the volume of flow passing through the river, so does not serve as a temporary storage of a significant volume
of water during a flood event.

Eden, in contrast, does have some regions classified as storage. These are typically areas that sit adjacent to
the flowpaths and are able to hold a reasonable volume of water with respect to the total flow through the
channel. In the 1% AEP, when flow through the lake has a lower velocity, much of the lake is also classed as
storage.

Shadrachs, Nullica and Boydtown had little in the way of flood storage, due to the relatively shallow nature of
the overbank flow. These study areas were characterised by floodways through the major flowpaths with the
majority of the remaining flood area being classed as flood fringe, save for some minor pockets of storage.

Note that flood function mapping has not been undertaken within Lake Curalo. As the distinction between
floodway and flood storage in this region is arbitrary.

6.4 Twofold Bay Foreshore Inundation

The focus of this Flood Study is to define the extent and behaviour of flooding associated with intense rainfall.
This has incorporated moderately raised ocean levels (i.e. up to a 5% AEP coastal inundation event). However,
it is acknowledge that more extreme ocean storms could result in higher ocean levels, and inundation of
foreshore areas.

A number of factors contribute to observed water levels and resulting damage along the NSW coast during
East Coast Low events. The contributing factors include astronomical tide, surge (from wind and pressure
forcing), residual water levels (from other oceanographic and meteorological forcing, including coastal trapped
waves), and wave setup inshore of the surf zone. The response at a given coastal location will be dependent
on the exposure and alignment of a site and the location, approach and intensity of the ECL. For example,
infrastructure on the southern portion of Twofold Bay were significantly impacted during the June 2016 due
to the North-easterly wave directions to which they are particularly exposed. Such a wave direction is relatively
rare for such extreme events.

Baird Australia have developed a multi-hazard database of ECL events across the NSW coast that includes
rainfall, wind and coastal inundation (as a result of tides, surge and waves) at 100m alongshore spacing. The
database includes a detailed library of hindcast data for 1,119 ECL events between 1970 and 2016 (46-years)
and a synthetic event dataset (derived from Monte Carlo simulation) representative of a 1,000 year record.
The climatology of the synthetic dataset has been validated against the historical event set which included the
June 2016 storm.

Using this data set, Baird has developed inundation extents for Twofold Bay for the 1% AEP event under
existing and climate change (0.9m sea level rise) scenarios.

The results are shown in Map Series G605.

Within the Lake Curalo region of Eden, coastal inundation under existing conditions did not affect developed
areas, save for the Reflections Holiday Park on the eastern shore of the lake. Coastal inundation extended
approximately 50 metres into the site.

Affectation in the 0.9 metre sea level rise scenario was more substantial. Within the Reflections Holiday Park,
coastal flooding extended approximately 160 metres, covering much of the site. Additional developed areas
were also inundation along the western and southern shores at:
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e Residential properties along Lakeside Drive (0.15 metre road overtopping);
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e Residential properties along Emblen Street (the road remains flood free in the 1% AEP); and,
e Barclay Street at the Bupa Aged Care Facility by up to 0.5 metres (the facility remains flood free).

The Eden Beach Front Holiday Park on the banks of Shadrachs Creek was inundated in both scenarios. Under
existing conditions, the coastal flood extended approximately 45 metres into the park, while in the climate
change scenario, the flood extended 90 metres and covered much of the site.

Within the study areas of Eden South (Lake Cocora), Nullica and Boydtown, both existing and climate change
coastal inundation did not impact development.

6.5 Tidal Inundation
The Delft3D models of waterways connected to Twofold Bay were used to model and define the extent of
areas inundated by peak high spring tides, by defining the High Water Solstice Springs (HHWSS) tidal plane.

The attenuation or amplification of the tide through the estuary system was defined by a dynamic tidal
simulation under open entrance conditions where the boundary condition peaks at the HHWSS tide plane
derived from a long-term analysis of measured water levels.

The results, for existing, 0.4 sea level rise and 0.9 metre sea level rise are shown in Map Series G606.

The results show that impacts arising from tidal inundation are limited in all scenarios. The two exceptions are
the Reflections Holiday Park on Lake Curalo and the Eden Beach Front Holiday Park on Shadrachs Creek which
both being to experience tidal inundation in the 0.4 sea level rise scenario.

In the north of Lake Curalo, large regions become tidally affected in the 0.9 metre sea level rise scenario, but
these regions are environmental zones or open space. No development is affected as a result of this wider
tidal inundation.




R h@m

7 Understanding Flood Risk

7.1 Advice on Land Use Planning
Within the study area, development is largely controlled through the Bega Valley Local Environmental Plan
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2013 (BVLEP 2013) and a series of Development Control Plans (DCP). The LEP is an environmental planning
instrument (EPI) which designates land uses and development in the study area, while the DCPs regulate
development with specific guidelines and parameters. There are also a number of EPIs and related planning
documents that can affect the development of property within the study area. These may be in the form of
State Environmental Planning Policies (SEPP) such as:

e SEPP Exempt and Complying Development Codes (2008)

e SEPP Educational Establishments and Child Care Facilities (2017)

e  SEPP Infrastructure (2007)

e SEPP - Housing for Seniors and People with a Disability (2004)

e SEPP 65 — Design Quality of Residential Apartment Development (2002)
e SEPP 36 - Manufactured Home Estates (1993)

e SEPP — Affordable Rental Housing 2009

e SEPP Coastal Management (2018)

e SEPP— Aboriginal Land 2019

e Other SEPPs as relevant to land use and/or development type.

Development related to public infrastructure (including works for floodplain and stormwater management) is
generally controlled through the State Environmental Planning Policy (Infrastructure) 2007 (ISEPP).

All relevant planning controls for individual land parcels are summarised in a Section 10.7 certificate (formerly
a Section 149 certificate) issued under the Environmental Planning and Assessment Act, 1979.

This Flood Study provides a review of flood-related controls covered by the LEP, relevant DCPs, Council policies
and plans and makes recommendations for updates that could be undertaken to improve the management of
flood risk.

This review does not specifically deal with matters related to building construction (such as the National
Construction Code, which includes the Building Code of Australia, both of which are updated every three years
by the Australian Building Codes Board, the most recent version at the time of preparation of this report
coming into force in NSW on 1 May 2019). However, it is important to note that these types of controls are
sometimes called or referenced in planning controls and therefore their content and direction are of
relevance. In this regard, how they are applied is directed under the NSW Planning System via numerous
mechanisms but primarily via Building System Circulars issued by the Department of Planning, Infrastructure
and Environment (DPIE). The most relevant circular is BS 13-004, dated 16 July 2013 entitled The NSW
Planning System and the Building Code of Australia 2013: Construction of Buildings in Flood Hazard
Areas. Importantly the BCA deals with the concept of the ‘defined flood event’ (DFE) and imposes minimum
a construction standard across Australia for specified building classifications ‘flood hazard areas’ (FHA) up to
the DFE. These requirements will be referenced when developing appropriate recommendations for policy
and planning approaches within the study area.
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7.1.1 SEPP Exempt and Complying Development Codes (2008)
The SEPP Exempt and Complying Development Codes (referred to generally as the ‘Codes SEPP) allows for
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development to occur without seeking consent under the provisions of Part 4 of the Environmental Planning
and Assessment Act, 1979 where it can be classified as either exempt or complying (defined in the SEPP). To
overcome the potential for inappropriate development to occur in areas of hazard or risk, the concept of ‘flood
control lots’ is incorporated in the SEPP.

Part 3 Division 2 Clause 3.5 requires that for a development on a flood control lot to be complying it must not
be located on the part of the land affected by any of the following: a flood storage area, floodway area, flow
path, high hazard area or high risk area. The mapping relating to these is provided in this Flood Study. It is
noted that current best practice provides flood hazard mapping in accordance with the AIDR (2017) Guideline.
For the purposes of this SEPP, high hazard areas are those identified as H5 and H6. This is discussed in more
detail in Section 6.2.

7.1.2 Bega Valley Local Environmental Plan 2013

The Bega Valley Local Environmental Plan 2013 (BVLEP 2013) is a legal document that sets the direction for
land use and development in the study area by providing controls and guidelines for development. It
determines what can be built, where it can be built and what activities can occur on land.

The BVLEP 2013 is an EPI based on a standard format (referred to as the ‘Standard Template’) used by all
Councils in NSW and can be viewed on the NSW legislation website (www.legislation.nsw.gov.au).

The objectives for land at or below the flood planning level are outlined in Clause 6.3 of the BVLEP. Sub-clause
(5) defines the flood planning level as the 1% AEP flood extent plus a 0.5 m freeboard.

The BVLEP also provides objectives for coastal risk planning in Clause 6.4. This clause could also apply to
flooding within the study area that are impacted by coastal inundation. This clause applies to land in the
coastal zone below the 3 mAHD contour, or land at or below the level of a 1:100 ARI coastal inundation
event. Itis important to note that there are provisions within the Coastal SEPP 2018 with respect to coastal
vulnerability that are likely to over-ride these provisions once vulnerability mapping is incorporated within the
SEPP. At the time of preparation of this report the vulnerability mapping had not yet been incorporated in the
SEPP.

The BVLEP 2013 objectives and consent considerations are generally consistent with the LEP standard
template. However, it is noted that the current LEP standard template local provisions provided by the
Department of Planning and Environment (now DPIE) (https://www.planning.nsw.gov.au/Plans-for-your-

area/Local-Planning-and-Zoning/Resources) allow for a more flexible definition of the flood planning level and

also allow for the inclusion of climate change in the flood planning provisions.

The BVLEP 2013 specifically defines the Flood Planning Level (FPL) to be 1% AEP + 0.5m. This effectively
removes the ability for Council to use an alternative design event or freeboard in defining the flood planning
level. It is recommended that Council consider updating the LEP to define the FPL for each floodplain as per
the adopted Flood Study or Floodplain Risk Management Plan for each floodplain. In the absence of an
adopted study, the FPL could still be defined by the 1% AEP + 0.5m. This is consistent with the local provisions
template. In the event that a flood planning level more stringent than the 1%AEP + 0.5 m is recommended,
then an exemption would need to be sought for this purpose from DPIE (see below).

The BVLEP 2013 flood planning provisions do not make any reference to the impacts of climate change on
flood risk and associated flood planning requirements. This is inconsistent with the objectives and controls


http://www.legislation.nsw.gov.au/
https://www.planning.nsw.gov.au/Plans-for-your-area/Local-Planning-and-Zoning/Resources
https://www.planning.nsw.gov.au/Plans-for-your-area/Local-Planning-and-Zoning/Resources
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outlined in the Bega Valley DCP 2013. It is recommended that consideration of climate change be included in
the BVLEP 2013 to ensure the DCP controls are given statutory effect in the LEP.

Eden, Twofold Bay and Towamba River Flood Study

Further discussion on the flood planning level, flood planning area, freeboard and the consideration of climate
change for the study area is provided in Section 7.1.5.

7.1.3 Bega Valley Development Control Plan (BVDCP) 2013
A Development Control Plan (DCP) is prepared by Council and gives effect to the requirements of the LEP by
specifying detailed development guidelines and controls.

The following sections of the existing DCP have relevance to floodplain management:

e Section 5.8.1 Flood Planning

e Section 5.8.5 Climate Change

e Section 6.1 Roads & Easements

e Section 6.3 Soil & Stormwater Management

The BVDCP objectives refer to the NSW Floodplain Development Manual 2005. It is noted that state
government is currently reviewing this document. Any future updates of the BVDCP will need to consider the
updated manual.

The BVDCP requires “new residential building applications” to include the impact of 0.4m sea level rise in the
determination of the flood planning level. All “new subdivision or major development applications” must
include the impact of 0.9m sea level rise. It is recommended that consideration of sea level rise should be
given as part of any significant residential modifications (e.g. major renovation), not only new residential
development. Further discussion on the flood planning level, flood planning area, freeboard and the
consideration of climate change for the study area is provided in Section 7.1.5.

The BVDCP does not make reference to the land between the flood planning level and the PMF. As such, flood
related controls do not apply to this land. It is recommended Any updates in this regard should consider
Planning Circular PS 07-003, which is discussed in more details in Section 7.1.4.

There is no reference to overland flow flooding in the BVDCP. It is therefore assumed that development
controls are applied to all flooding (i.e. mainstream and overland flow) in the same way. This may not be
appropriate in all catchments. However, for the study areas included in this study, the flood model results
would indicate that all flooding can be considered mainstream flooding for the purposes of planning controls.

7.1.4 Planning Circular PS 07-003

The Planning Circular was released by the NSW Department of Planning in January 2007 and provides advice
on a number of changes concerning flood-related development controls on residential lots. The package
included:

e An amendment to the Environmental Planning and Assessment Regulation 2000 in relation to the
guestions about flooding to be answered in section 149 planning certificates (now Section 10.7
certificates);

e A revised ministerial direction regarding flood prone land (issued under section 117 of the
Environmental Planning and Assessment Act 1979); and,

e A new Guideline concerning flood-related development controls in low flood risk areas (l.e. above the
flood planning level).
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At the time of preparation of this report, consideration was being made of revising this circular to reflect
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contemporary floodplain management. This revision, which is concurrent with the revision of the NSW
Floodplain Development Manual, is unlikely to substantively alter what can already be achieved under the
existing exemption provisions.

7.1.5 Flood Planning Area

The Planning Circular (31 January 2007, see Section 7.1.4) states that, unless there are exceptional
circumstances, councils should adopt the 1% AEP flood as the FPL for residential development. The flood
behaviour assessed in this flood study did not identify exceptional circumstances and as such the Flood
Planning Area is represented by the 1% AEP flood extent plus a freeboard of 0.5 metres. The results of the
analysis are provided in Map Series G701-1. Where the Flood Planning Area extended beyond the PMF extent,
the Flood Planning Area was restricted to the PMF event.

The impacts of sea level rise of 0.4m and 0.9m on the flood planning area have been assessed. Map Series
G701-1 provides the flood planning area extents for both sea level rise scenarios. It is noted that there is no
impact on the flood planning area in the Towamba River study areas.

7.2 Emergency Response Classification

Flood Emergency Response Classification aims to categorise the floodplain based upon differences in isolation
due to the potential for entrapment of an area by floodwaters, potentially in combination with impassable
terrain. It also considers the potential ramifications for an isolated area based upon its potential to be
completely submerged in the probable maximum flood (PMF) or a similar extreme flood (AIDR, 2014).

Flood Emergency Response Classification mapping is a useful tool for emergency services and evacuation
planning for a floodplain.

AIDR (2017) provides guidance on emergency response classification mapping, which is intended to be
undertaken at the community or precinct scale (i.e. not at the lot scale). A summary of the classifications is
provided in Table 7-1. These are presented in Map Series G702. It is noted that the Flood Free category was
not shown on the map, and that lake and ocean flooding have been removed.

Across all study areas, communities were typically classified as overland escape route (FEO) or rising road
(FER). This is largely due to the nature of flooding, where flow emanates from a single waterway. While the
Eden region has multiple creeks and flowpaths, these are sufficiently separated that that there is very little
interaction between them. As a result, as the flood waters rise, people will generally be able to escape in
advance, either along roadways or overland.

A number of locations within Eden, Shadrachs, Nullica and Boydtown were classed as high flood islands,
becoming isolated as flood waters rise. Nullica was the only region to have a low flood island present. A large
portion of the central floodplain is isolated in the 1% AEP event, and subsequently fully flooded in the PMF.
The land is presently undeveloped and used as pasture.

Flood Emergency Response Classification mapping has not been undertaken for the Towamba River regions.
While individually, they would all be classed as either rising road or overland escape, this does not consider
the isolation due to the loss of access between townships. The key information for these areas to assist SES in
responding to flood events and warnings is the road inundation information presented in Section 7.3.
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Table 7-1 Emergency Response Classifications (AIDR, 2017)
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Primary Description | Secondary Description Tertiary Description
Classification Classification Classification
Flooded (F) The areais | Isolated (l) Areas that are isolated from Submerged Where all the land in the isolated
flooded in community evacuation facilities (FIS) area will be fully submerged in a
the PMF (located on flood-free land) by PMF after becoming isolated.
flood.water and/or. |mzas§able Elevated Where there is a substantial
terrain as waters rise during a (FIE) amount of land in isolated areas

flood event up to and including
the PMF. These areas are likely
to lose electricity, gas, water,
sewerage and
telecommunications during a

elevated above the PMF.

flood.
Exit Route Areas that are not isolated in the | Overland Evacuation from the area relies
(E) PMF and have an exit route to Escape (FEO) | upon overland escape routes that
community evacuation facilities rise out of the floodplain.
(located on flood-free land). Rising Road Evacuation routes from the area
(FER) follow roads that rise out of the
floodplain.
Not Flooded | The areais Indirect Areas that are not flooded but may
(N) not flooded Consequence | lose electricity, gas, water,
in the PMF (NIC) sewerage, telecommunications,

and transport links due to flooding.

Flood Free Areas that are not flood affected
(NFA) and are not affected by indirect
consequences of flooding.

7.3 Flood Impacts on Transport and Infrastructure

There are a number of transportation routes through the study area, both major arterials (such as the Princes
Highway and secondary roads providing access to properties (such as those connecting the Towamba River
study areas). Understanding when these routes are overtopped by floodwaters and the duration in which
they are flooded is useful, particularly for emergency response planning.

An analysis was undertaken on when overtopping first occurs (based on an overtopping depth of 0.1m), and
the 1% AEP overtopping depth.

This information is presented in Map Series G703.

Roads throughout the study areas are cut in events as small as the 20% AEP, including river crossings at Rocky
Hall, New Buildings and Burragate. The estuary study areas typically had smaller overtopping depths. The
Towamba River models, however, had significant overtopping depths of up to 7.25 metres at Towamba in the
1% AEP event.

It is important to note that regional access routes between the study areas (and outside of the current model
extents) are also likely to be cut in major flood events.

The merits of increasing flood immunity of roads in the study area and regional access during a flood event
should be investigated as part of the Floodplain Risk Management Study.
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7.4 Cumulative Impacts of Development
Development within the study areas is ongoing. An assessment was undertaken to determine what changes
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in flood behaviour may be expected if all land within the catchment was fully developed in line with the
permissible land uses under Council’s LEP (BVLEP 2013). Reference was also made to relevant Deferred
Matters.

7.4.1 Towamba River Models

For the Towamba River catchment study areas, future development is unlikely to significantly impact any of
the assessed study areas. The two primary land uses currently zoned for the Towamba River are Environmental
Uses (45%) and Rural (54%). Major development within the environmental zones is not permitted, so future
development will not affect the runoff characteristics of these regions. Review of aerial photographs shown
that the ‘Rural’ land zones have already been primarily cleared, and major development, or increased
development densities are not permitted under this zone. As such, 99% of the catchment is currently as fully
developed as it can be under existing controls.

Of the remaining 1% of catchment, the 0.04% classed as residential land uses is the only zone that would allow
any substantial change in development and density. Given how small this percentage is compared to the
overall catchment area, future development within the Towamba River catchment will not significantly impact
flood behaviour in the region.

7.4.2 Eden

The BVLEP 2013 land use zones were used to identify all the potential areas of further urban development
within the Eden catchment. The impacts of fully developing the available land use zones are shown in Map
Series G704. Also shown on the map are the residential zones that still have development capacity. The map
series shows results for the 1% AEP event. The full set of design events have been modelled and the data
supplied to Council.

In the north east of Eden, the increase of low-density residential areas would result in a minorincrease in flood
levels within the flowpath through the existing development area. Flood levels would increase by up to 0.06
metres but would not result in a significant lateral expansion of flood extents. The flowpath remained fully
contained within the vegetated corridor.

In the west of Eden, parcels of land currently fully vegetated are zoned as low density residential, and the
eastern corner of the golf course is zoned as medium density residential. Development of these areas could
result in increases in flood levels along the western flowpath of up to 0.1 metres. The impacts only occurred
within areas governed by catchment flooding. The regions for which flooding is controlled by the lake showed
no impacts.

In the south, the existing low-density residential development has the potential to be expanded under the
current zoning. This additional development could result in an increase in flood levels of up to 0.06 meters
along the flowpath. Increases were only observed where catchment flows control flooding. There was no
change in the lateral extent of the flood.

In the South Eden region draining to Cocora Lagoon, a large portion of currently vegetated land is zoned as
medium density residential. Fully developing this region could result in flood levels increasing by 0.04m along
the flowpath. The increases are only minor, as the contributing catchment area is relatively small, so the effect
of the changes is limited, and could be managed by sensible development. The modelling flood level increases
occurred over the currently cleared site adjacent to the pier.
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7.4.3 Shadrachs, Nullica and Boydtown

Similar to the Towamba River catchment, the bulk of the catchment area is already fully developed in terms
of current LEP zoning. Of the total catchment area 96.5% is zoned for environmental uses, or for forestry,
which prevent large scale clearing or development.

Eden, Twofold Bay and Towamba River Flood Study

There are some regions of the catchment zoned low density residential and business that are currently
undeveloped. These zones are at the downstream end of the catchment, between the Princes Highway and
Twofold Bay (refer Figure 7-1). The hydrological model was updated to include this development. As it is
located at the far downstream end, it had no impact on peak flows through the study areas, and consequently,
no impact on peak flood levels. However, development within this region would have implications for the local
drainage network, which would need to be assessed as part of the development of this region.

Figure 7-1 Regions of Permissible Future Development (Residential shaded yellow, Business shaded
purple)
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8 Conclusions and Recommendations
The Eden, Twofold Bay and Towamba River Flood Study has been prepared for Bega Valley Shire Council to
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define the existing flood behaviour across these areas, and to establish the basis for subsequent floodplain
management activities.

This project is a flood study, which is a comprehensive technical investigation of flood behaviour that provides
the main technical foundation for the development of a robust floodplain risk management plan. It aims to
provide a better understanding of the full range of flood behaviour and consequences. It involves
consideration of the local flood history, available collected flood data, and the development of hydrologic and
hydraulic models that are calibrated and verified, where possible, against historic flood events and extended,
where appropriate, to determine the full range of flood behaviour.

Hydrological modelling was undertaken using RAFTS. Hydraulic modelling was undertaken through a
combination of TUFLOW and Delft3D for catchment and ocean flooding respectively.

Calibration and validation was undertaken across the various locations, through:

o Aflood frequency assessment at flow gauges in Rocky Hall, New Buildings and Towamba;
e A comparison against historical flood levels in Towamba; and,
e A comparison against community observations of historical flooding in Eden.

The hydrological and hydraulic models were analysed for the Probable Maximum Flood (PMF), 0.2% AEP, 0.5%
AEP, 1% AEP, 2% AEP, 5% AEP, 10% AEP and 20% AEP events. The models were analysed for storm durations
from 60 minutes to 24 hour. Details and descriptions of the flood behaviour associated with these events has
been provided.

In order to provide Council with an indication of future flood behaviour arising from climate change in the
future, two climate change scenarios were modelled. These scenarios incorporated both rainfall intensity
increases and sea level rise (where appropriate).

From the results developed, planning and emergency response data has been prepared for use by Council and
emergency services, including:

e Hazard mapping;
e Flood emergency response classification; and,
e I|dentification of road and crossing inundation and duration.

The assessment undertaken provide a thorough understanding of the existing flood behaviour and floodplain
risks present in the study areas.

Based on the findings of the Flood Study, it has been recommended that:

e Council consider updating the LEP to define the FPL for each floodplain as per the adopted Flood Study
or Floodplain Risk Management Plan for each floodplain, in order to provide Council with the ability
to use an alternative design event or freeboard in defining the flood planning level, based on the
requirements of each individual catchment area. In the absence of an adopted study, the FPL could
still be defined by the 1% AEP + 0.5m.

e Consideration of sea level rise should be given as part of any significant residential modifications (e.g.
major renovation), not only new residential development, as currently required by the BVDCP.
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e  Future updates to the BVDCP consider Planning Circular PS 07-003, as the BVDCP does not currently

make reference to the land between the flood planning level and the PMF.
e The merits of increasing flood immunity of both roads within and between the study areas (particularly
the Towamba River townships) during a flood event be investigated as part of any subsequent

Floodplain Risk Management Study.
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APPENDIX A

Site Inspection Details




Rocky Hall

Community Hall and Fire Shed
located close to river bank but
elevated. No farm houses or
structures appeared to be at

Wyndham

risk of flooding. Big Jack

overtopped in large flood.
Inspected new bridge at

crossing at Orchard Rd.

Mountain Rd near Stockyard
Creek set low, likely to get

Stockyard Creek and low level

New Buildings

RMS currently doing
maintenance work on
bridge. River bed wide and
sandy at this location. Some
locations along New
Buildings Road may be
inundated during large
floods. No other structures
or buildings appears to be
at risk of flooding.

Houses wiithin the township
set at higher elevations
than Creek. Mount Darragh
Rd Bridge over Mataganah
Creek represent
downstream hydraulic
control.

o ®

Burragate

Debris from previous floods
along river bank noted at low
level crossing.

Inspections of overland flow
paths at Burragate Road were
inspected. Council advised of
overland flooding issues
associated with one particular
property.

Towamba

Buildings on lefthand bank appear
to be set on the fringe of the
floodplain.

Buildings within the township
generally located outside of the
floodplain.

Significant sand deposits noted in
River bed.

Low point at Pericoe Rd crossing of
Bens Creek appears to be at risk of
flooding from Towamba River and
local flows within Bens Creek.
Dense vegetation noted within the
riparian areas.

Eden and Lake Curalo

Flow paths were noted as generally
well defined, with flow accumulating
in small creeks which were piped in
some locations, leading to flood risk
when capacity of pipes exceeded.
Some development very close to
waterways (e.g. commercial
properties on Government Road).
Dense vegetation noted in most
waterways.

Cocora Lagoon entrance closed at
time of inspections.

Shadrachs Creek

‘| Estuary entrance was closed at time of

inspections. Creek bank erosion noted
along caravan park. Princes Highway
bridge high above creek level. No flood
risk identified upstream of Princes
Highway.

Nullica River

Wide sandy entrance to river, open at time of
inspections. No flood risk to Prinec Highway
or approaches. Low level timber crossing of
tributary on Nullica Short Cut Road.

Boydtown

Low lying area around Seahorse Inn could be at risk
from coastal flooding.

Boydtown Creek entrance to Twofold Bay closed at time ®

of inspection. Significant vegetation noted growing in

berm.

Residential dwellings along southern side of creek
appear to be located above the floodplain. May be \
issues associated with flooding of Juno Drive.
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APPENDIX B

Rainfall and Flow Data
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Rainfall Data

There is an extensive network of rainfall gauges (current and discontinued) across the study area operated by
the Bureau of Meteorology (BoM). A list of gauges for the area surrounding the catchment is shown in Table

B1, together with key information on whether they are pluviometer or daily gauges. The suitability of these
gauges for use in calibrating / validating the identified historical storms is shown in Table B2. The locations of

these gauges are shown in Map 304.

Further discussion on recorded rainfall data for historical events is presented with the calibration and
validation of the models developed for the study in Section 5.5.

The Wyndham gauge within the catchment area has an extensive daily record of rainfall depths, covering 128

years, and including the 2011 event.

Table B1 Bureau of Meteorology Rain Gauges

Eden, Twofold Bay and Towamba River Flood Study

ID Station Name Commenced Closed Daily Pluvio

69009 Boyd East State Forest 1938 31-Dec-46 Y

69011 Wyndham (Nyumbani) 1960 1-Jun-2010 Y

69066 Wyndham (Post Office) 1890 Ongoing Y

69012 Burragate Post Office 1900 31-Dec-74 Y

69015 Eden (Marine Rescue) 1869 Ongoing Y Y (1965 — 1966)
69019 Cathcart (mount Darragh) 1924 Ongoing Y

69026 Rocky Hall Post Office 1890 31-Dec-76 Y

69055 Green Cape Light House 1967 1-May-2002 Y Y (1967 - 2002
69057 Towamba Lower 1962 31-Dec-74 Y

69066 Wyndham Post Office 1890 Ongoing Y Y (1993 - 2013)
69073 Towamba (Nungatta St) 1976 Ongoing Y

69078 Nethercote 1902 31-Dec-43 Y

69080 Towamba (Pericoe) 1897 31-Dec-71 Y

69096 Eden (Chip Mill) 1971 31-Dec-74 Y

69109 Boyd East (Edrom) 1947 31-Dec-47 Y

69137 Green Cape Aws 2002 1-Oct-2012 Y Y (2002-2012)
69152 Cathcart (Mount Darragh) 1995 Ongoing Y

70106 Cathcart (old Post Office) 1899 Ongoing Y

70167 Rockton (wog Wog) 1963 31-Dec-69 Y

Table B2 Operation of BoM Gauge Data for Identified Historical Events
ID Name Pluvio Historical Events
Jun- Mar- Feb- Jun- Jun- Feb- Mar-
2016 2011 2010 1998 1978 1971 1919
69009 | Boyd East State No No No No No No No
Forest
69011 Wyndham No No Yes Yes Yes No
(Nyumbani)
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69012 | Burragate Post No No No No No Yes No
Office
69015 Eden (Marine Yes Yes Yes Yes Yes Yes Yes Yes
Rescue) (1965
to
1966)
69019 | Cathcart (mount Yes Yes Yes Yes Yes Yes No
Darragh)
69026 | Rocky Hall Post No No No No No Yes No
Office
69055 Green Cape Yes No No No Yes Yes Yes No
Light House (1967
to
2002)
69057 | Towamba Lower No No No No No Yes No
69066 | Wyndham Post Yes Yes Yes Yes Yes Yes Yes Yes
Office (1993
to
2013)
69073 Towamba Yes Yes Yes Yes Yes Yes No
(Nungatta St)
69078 Nethercote No No No No No No No
69080 Towamba No No No No No Yes No
(Pericoe)
69096 | Eden (Chip Mill) No No No No No Yes No
69109 Boyd East No No No No No No No
(Edrom)
69137 | Green Cape Aws Yes No Yes Yes No No No No
(2002
to
2012)
69152 Cathcart Yes Yes Yes Yes No No No
(Mount
Darragh)
70106 Cathcart (old Yes Yes Yes Yes Yes Yes Yes
Post Office)
70167 Rockton (Wog No No No No No No No
Wog)

A frequency assessment was undertaken on the 24-hour rainfall totals for the Wyndham gauge to determine
estimates of the 24-hour rainfall intensities for a range of recurrence intervals. Peak annual maxima were
extracted from each gauge, with these peaks put through the TUFLOW FLIKE software which generates a
probability curve for the data.

The estimates derived from FLIKE were then compared to both the ARR2016 and ARR87 24-hour rainfall
intensities. The results are shown in Figure B1 and summarised in Table B3.
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Table B3 24-hour rainfall intensity comparison at Wyndham Gauge (mm)

AEP FLIKE Estimate FLIKE Confidence ARR2016 ARRS87
Limits
10% AEP 184 169 - 201 183 195
5% AEP 215 196 - 239 218 232
2% AEP 255 229-289 268 286
1% AEP 285 252-329 309 326
500

A

Confidence Limits
Annual Maximum Series
ARR2016

ARR87

Rainfall Intensity (mm/hr)

50

50

20

Figure B1

10 5
AEP

Wyndham 24-hour rainfall intensity probability plot
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The results show that the estimates from both ARR2016 and ARR87 align well with the estimates from the
probability assessment and are within the confidence intervals. The ARR2016 intensities show a better match,
trending closer to the FLIKE estimate. The ARR87 intensities were higher than the 2016 estimates by 5 — 10%.

Eden, Twofold Bay and Towamba River Flood Study

This assessment provides some confidence in the rainfall intensities adopted from ARR2016. However, it is
also likely that given the rainfall record, that the ARR2016 rainfall intensities were based on rainfall data from
Wyndham.

Flow Data

There are three flow gauges within the catchment (both active and discontinued). There is an active flow gauge
on the Towamba River at Towamba (ID 220004). This gauge has been in operation from April 1970 and covers
the full set of identified historical events, save March 1919.

Water for NSW provided further data for two closed gauging stations at New Buildings and Rocky Hall. These
gauges provided flow data for the 1971 and 1978 events.

No other suitable gauges were identified in the catchment. There is no flow data for Eden or the other
catchments draining into Twofold Bay.

The gauge data provided included both water level and flow time series. The gauge itself records water levels,
with the flow data being generated from these level recordings based on the rating curve of the gauge. While
the water level recordings are considered relatively robust (unless noted in the gauge data) the flow data
requires calibration and validation of the rating curve, which requires operators to visit the gauge during flood
events to record the flows, and to extrapolate estimates to flows above those observed. As such, there is much
more confidence in the lower “gauged” flows, than in the higher, given that it is uncommon for operators to
visit the gauges during extreme flood events. Each gauge includes the level to which it has been validated.
Beyond this, flows are extrapolated, and estimates are less reliable.

An initial flood frequency analysis (FFA) was undertaken for each of the three gauges. The assessment was
undertaken using the TUFLOW FLIKE software, which fits a probability curve to the gauge flows to determine
flow estimates for various recurrence intervals.

The results of the FFA are presented in Table 3-9. The table demonstrates that the 1% AEP levels are
significantly above the gauged level. Further, Rocky Hall for example has higher flows at the 1% AEP than New
Buildings, even though the catchment is significantly smaller than the New Buildings catchment.

Table B4 Flow Gauge Heights

Location Maximum Gauge Level (m) 1% AEP Level from FFA (m)
Towamba 2.069 8.88
New Buildings 1.845 3.91
Rocky Hall 0.85 3.55
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Table B5 Initial FFA Design Flow Estimates

Eden, Twofold Bay and Towamba River Flood Study

AEP Towamba (m3/s) New Buildings (m3/s) Rocky Hall (m3/s)
10% AEP 1,955 475 274

5% AEP 2,672 609 505

2% AEP 3,437 746 993

1% AEP 3,873 823 1,546

Based on the relatively low maximum gauge level relative to the 1% AEP level, the rating curves of the gauges
was reviewed.

The rating curves for each gauge were revised based on a Manning’s formula.

For the Rocky Hall gauge and the Towamba gauge, the river cross sections at the gauge location were included
in the gauge data set provided by the Water for NSW. For New Buildings, a cross section at the gauge was
extracted from the drone survey undertaken for this project.

River channel slopes were determined from the available satellite terrain or survey (for New Buildings), by
determining the fall in the river from 50m upstream of the gauge to 50m downstream.

Manning’s roughness values were determined based on aerial photography and site photography.

As noted above, the gauges have a height level to which they have been validated, and for which flow
estimates can be considered reasonable. In order to ensure that the Manning’s values adopted were suitable,
the calculations were checked against the flows at this level. Roughness values were then adjusted to ensure
that the flows were generated similar to the gauge. This ensures that the suitable portion of the rating curve
is retained, and also provides a measure of calibration by ensuring that the roughness values adopted generate
appropriate discharges.

Once the roughness values had been calibrated for lower flows, a revised rating curve was established for the
higher flows estimating the roughness for the banks and sides of the channel. These new rating curves, as well
as the previous, original curves, are shown in Figures B2 to B4.
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Figure B4 Rocky Hall Rating Curves

It can be seen that there were varying degrees of difference for the gauges.

Both the New Buildings and Rocky Hall gauges were revised downwards, such that lower flows are now
estimated for a given level. It is interesting to note that Rocky Hall saw the greatest reduction given that the
initial FFA appeared to be overestimating gauge flows at Rocky Hall.

The Towamba gauge had the largest change, resulting in significantly higher flows being associated with a
given level in the more extreme events.

Some validation was able to be undertaken on the revised curves for New Buildings by running a steadily
increasing hydrograph through the New Buildings 2D hydraulic model. The water level and flow results were
then extracted from the gauge location in the model to generate a rating curve based on the hydraulic model
results. This was only possible at New Buildings, as the Rocky Hall and Towamba gauges were located outside
of the drone survey extents.

The rating curve extracted from the hydraulic model is shown against the revised and original rating curves in
Figure B5.
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Figure B5 Comparison of Calculated and Modelled Rating Curves at New Buildings

The figure shows that the hydraulic model resulted in a similar stage-discharge relationship as that from the
Manning’s calculation. This provides a further check to ensure that assumptions on slope and backwater were
relevant. Further, the Mannings calculation did not explicitly include the effects of the bridge, which is located
a short distance downstream of the gauge.

Following the validation of the new rating curves, the flows for the FFA were updated using the new rating
curves. The results of the revised FFA are summarised in Table B6. The FFA plots are shown in Figure B6 to
Figure B8. For the Towamba gauge, the flood record for 1971 was removed from the assessment. On reviewing
the gauge data, it was found that the gauge was missing data for this event, and that the gauge had filled in
the missing values with a nominal 10m level. As such, this peak was removed from the FFA assessment.

As expected, based on the new rating curves, the flow estimates for the Towamba gauge have increased
significantly, and those for Rocky Hall have dropped. The estimates for Rocky Hall are now lower than New
Buildings, which is a more reasonable result that the original FFA. Further analysis is still being undertaken on
the Towamba Gauge and these values may be revised in a future report.

A comparison of these flow estimates with the XP-RAFTS model is provided in Appendix D, following the
discussion on the development of the XP-RAFTS model.

Table B6 Revised FFA Design Flow Estimates

AEP Towamba (m3/s) New Buildings (m3/s) Rocky Hall (m3/s)
10% AEP 1,002 519 193
5% AEP 1,770 706 276
2% AEP 3,378 954 409
1% AEP 5,214 1138 526
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Consultation Strategy

Eden, Twofold Bay and Towamba River Flood Study

The consultation strategy outlined in Table C1 describes the approach to consultation in accordance with the

IAP2 framework and the requirements of the NSW Governments Floodplain Development Manual (2005).

Table C1 Consultation Strategy Outline

IAP2 Engagement Strategy Guide

Flood Study for Eden, Towamba and Surrounds

Context
The internal and external drivers,
pressures and other background

information that is of relevance to the
consultation strategy, and in particular
how these may influence how the
community receives and responds to the
consultation program.

The context of the consultation will be defined by the following:

e Floodplain Development Manual

e Council’s policies.

e Flood behaviour (e.g. ocean storms, wave direction, riverine
flooding and overland flow and the coincidence of these).

e Past flooding experiences and local, regional and national
media on flooding.

e Council’s contact with flood impacted residents following
previous flood events.

e Consultation undertaken as part of previous related studies
(it is important to build on this rather than just repeat or
supersede it). The consultation approach, breadth and
outcomes of relevant project will be reviewed prior to
finalising the consultation program and materials. This will
include the Eden Wharf EIS, The Curalo Lagoon Entrance
Management Policy and the consultation currently being
undertaken as part of the Coastal Management Programs.

Scope

The scoping statements are based on
the project context and articulate why
the consultation is being undertaken for
this project, what the desired outcomes
would be, and what the limitations of
the engagement are.

The scope of the consultation strategy is to engage with
stakeholders and the community to better understand the flood
risks within the study area and to develop community
understanding and ownership of the study outcomes.

Stakeholders

This section provides an overview of the
different categories of stakeholders, and
their relative level of interest, influence
and impact.

This process is useful in identifying the
level of engagement under the IAP2
Consultation Spectrum that may be
suitable for different types of
stakeholders.

A stakeholder matrix has been provided in Table C2. This
informs the selection of appropriate consultation methods.

Purpose

The purpose relates to the purpose of
the consultation not the overall project.
Stakeholders will be linked to each
purpose and the goals within each
purpose for each stakeholder will be
identified.

The purpose of the consultation is to:
Inform the community and stakeholders of the study;

Gain an understanding of the community and stakeholders’
concerns relating to flooding in the study area;

Obtain historical flood information;

Gather information from the community by participation;
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Obtain feedback on the Draft Flood Study; and

Develop and maintain community confidence and collaboration
with the study results.

Methods

C3.

The method selection and associated goals is provided in Table

Stakeholder Matrix

A stakeholder matrix was developed at the project inception to provide an overview of the different categories

of stakeholders, and their relative level of interest, influence and impact on the Flood Study. The type of

consultation to be undertaken with each stakeholder was based on the IAP2 consultation spectrum,

conceptualised in Figure C1.

Increasing Impact on the Decision

Figure C1 IAP2's Public Participation Spectrum

Table C2 Preliminary Stakeholder Matrix

Stakeholder Level of Level of Level of Recommended Type of
Impact Interest Influence Consultation

Impacted Agency Stakeholders

Bega Valley Shire Council High High High Empower

Department of Planning, Industry High High High Empower

and Environment (DPIE)

Technical Working Group (TWG) High High High Collaborate

Floodplain Risk Management High High High Collaborate

Focus Group

State Emergency Service High High Moderate Collaborate

Roads and Maritime Service High High Moderate Collaborate

NSW Port Authority High High Moderate Collaborate
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Stakeholder Level of Level of Level of Recommended Type of
Impact Interest Influence Consultation

Interested Agency Stakeholders

Representatives from Council’s Moderate Moderate Moderate Involve

Engineering, Planning and

Environmental Departments

Bega Valley Shire Coastal Moderate Moderate Moderate Involve

Planning and Management

Committee

NSW DPI - Crown Lands Moderate Moderate Low Consult

NSW DPI - Water Moderate Moderate Low Consult

Department of Defence — Royal Low Low Low Consult

Australian Navy

Impacted Community Stakeholders

Flood affected property owners High High Low Consult

Flood affected residents High High Low Consult

Flood affected business owners High High Low Consult

Residents and owners of Moderate Moderate Low Consult

properties not affected by

flooding but within the study area

(e.g. impacted by flood access)

Users of the area (e.g. impacted Moderate Low Low Consult

by flood access)

Interested Community Stakeholders

Towamba Community Progress Low Moderate Low Consult

Association Inc.

Port of Eden Marina Inc. Low Moderate Low Consult

Eden Killer Whale Museum Low Low Low Consult

Eden Chamber of Commerce Inc. Low Moderate Low Consult
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Stakeholder Level of Level of Level of Recommended Type of
Impact Interest Influence Consultation

Allied Natural Wood Exports Low Low Low Consult

General community Low Low Low Consult

Engagement Methods Selection

A list of engagement methods was developed at the project inception based on the project requirements, the
objectives of the consultation (identified in the consultation strategy outline) and the level of consultation
identified for each of the stakeholders (in the stakeholder matrix). The key goals of each method are also

provided.



R h@m

Table C3 Engagement Methods Selection

Eden, Twofold Bay and Towamba River Flood Study

Method Stakeholders

Goals

Timing

Details

Media and social All stakeholders.

media updates. Wider community.

To inform stakeholders of the study.

To increase engagement with survey and
feedback on draft documents.

To capture stakeholders (e.g. visitors and
users of the area) not targeted by other
consultation methods.

Project inception.

Prior to newsletter and

survey release.

Prior to and during public
exhibition.

Council will use their own Facebook page to
distribute key project
invitations to community sessions.

information and

Media releases will also be published at key
project milestones.

Letter of All
introduction to the
study and follow up

agency
stakeholders.

Community groups.

To inform stakeholders of the study.

To identify any additional relevant
documents or data sets to be included in

Project inception.

Rhelm would prepare a letter of introduction to
be sent to relevant agency and community
stakeholders to inform them of the purpose of

To provide additional information to
interested stakeholders and community.

To provide information of how

stakeholders can provide input.

phone call. . . the study and how they can provide input. Each
the data analysis and review. ) o
letter would be tailored for the recipient. Follow
up will be undertaken by Rhelm by email or by
phone as required.
Project Website Public To inform the public of the study. For entire project duration. Council will use their own website to distribute

key project information and invitations to
community sessions.

A permanent webpage will also be provided to
host the project details following project
completion.

Newsletter and
questionnaire

All flood impacted land
owners, business
owners and residents.

Wider community

Inform.

Gain interest and improve likelihood of
participation during the public exhibition
period.

Project inception

Rhelm to draft newsletter and questionnaire
for Council review. The questionnaire will be
finalised based on a single set of Council
comments.
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Method

Stakeholders

Goals

Timing

Details

Gather input on flood risk concerns and
historical flood data.

Council to print and distribute to flood
impacted landowners, businesses and
residents.

Newsletter and questionnaire also to be made
available on the project website including an
online version of the survey. If Council would
prefer this component to be provided through
their “Have Your Say” page, a link to this will be
provided on the project website.

Council will receive and compile the responses.
Rhelm will analyse the responses and
undertake follow up calls to ascertain the
details of available data or other information.

Public Exhibition
Period

All stakeholders

Provide an opportunity for feedback on
the Draft Study.

Following completion of the
Draft Study.

Rhelm to provide documents and posters and
provide input to media releases regarding the
public exhibition period.

Council to provide for all other arrangements.

Public workshops
for community
consultation

Impacted Community

Stakeholders.

Interested Community

Stakeholders.

Provide an overview of the study
purpose, methodology and outcomes.

Provide location specific information to
attendees (via one on one sessions).

Provide an opportunity for feedback on
the Draft Study.

During Stage 1 (data

collation and review).

Following completion of the
Draft Study.

Community information sessions will be
facilitated by Rhelm with input from Council and

DPIE.

Community information sessions will be held
within the Towamba River Catchment and Eden
Township.

Project Meetings

Council’s
Risk
(FRM) technical
committee

Floodplain
Management

sub-
and

Inform the committee of the study scope,
objectives, methodology and outcomes.

Four meetings have been
allowed for. The timing of
these meetings have been
included in the proposed

Rhelm to prepare the materials for discussion,
and facilitate and participate in discussions.

Council to organise meetings logistics.
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Method Stakeholders Goals Timing Details
steering committee | Receiving feedback and clarifying | project schedule, however,
(FRM Focus Group) technical matters. this will be confirmed with
Council at the inception
meeting.
Councillor Briefing Councillors Inform Councillors of the final Flood | Prior to public exhibition Rhelm will prepare and deliver the presentation
(if required) Study Review and outcomes. to the Councillors. Rhelm will also respond to

Gain approval for adoption of the Flood any queries raised during the presentation.

Study. Council to organise meetings logistics.
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Information sought for Eden, Twofold Bay
and Towamba River Flood Study

Tuesday, 28 November 2017

Bega Valley Shire Council has appointed consultants, Rhelm, to undertake a flood study for Eden, Twofold
Bay and Towamba River. The study seeks to define the current and future flood behaviour of the catchments
and ocean storms impacting Twofold Bay.

Community participation is critical to the study’s success, particularly when it comes to collecting historical
flood information. Council and the consultants Rhelm are eager to hear from anyone who resides the study
area or who has historical information on floods in the area.

Council’s Asset Management Coordinator, Gary Louie said residents can participate in a number of ways.

“An online survey is available on Council’s website, with a hardcopy mailed to residents in the study area, or
residents can attend one of the scheduled drop-in sessions”, Mr Louie said.

“Residents’ and business owners’ local knowledge and personal experience of flooding in this area is an
invaluable source of data.

“We are specifically interested in any historical records that residents and businesses might hold such as
photographs, videos, flood marks or observations.” Mr Louie said.

The drop-in sessions will be held on Wednesday, 6 December between 3.00pm and 5.00pm at Towamba
Community Hall and on Thursday, 7 December between 10.00am and 12.00pm and also 3.30pm and 5.30pm
at Eden Gardens Country Club.

Council is also calling for expressions of interest for representatives on its Floodplain Risk Management Focus
Group to assist with the project. Two vacancies currently exist for people living in the Towamba River, Eden
and Twofold Bay catchments.

Acting Director Transport and Utilities, lan Macfarlane said “the primary objective of the focus group is to
reduce the potential impacts of flooding, including the private and public financial losses that can result”.

“The end result will allow us to make informed decisions on the best way to invest in flood mitigation and
better manage the risks posed by floods. While we are primarily looking to reduce property and public risks,
this work will also provide essential information to the State Emergency Service and enable effective
responses to flood emergencies,” Mr Macfarlane said.

Visit Council’s website www.begavalley.nsw.gov.au/haveyoursay to complete the survey by 15 December
2017. Contact Council’s Asset Management Coordinator, Gary Louie on 02 6499 222 for more information on
the focus group.

Photograph: Towamba Bus Shelter, March 2011

END
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Encouraging response to flood study

11 December 2017

Council staff and consultants Rhelm have been very encouraged by the community’s enthusiastic response to
the flood study for Eden, Twofold Bay and the Towamba River.

The study seeks to define the current and future flood behaviour of the catchment for communities along
the Towamba River and ocean storms impacting Eden, Boydtown and Twofold Bay.

Council’s Asset Management Coordinator, Gary Louie, said the workshops held last week in Towamba and
Eden were well attended, with some very good conversations, stories, recollections and valuable flood
information shared.

“The Towamba session was a particularly lively evening, with people coming from all over the catchment
despite the wet weather to contribute their information. It proved a real community event, with many
people also sharing their information and experiences with each other,” Mr Louie said.

“The Eden workshops also yielded some very good information through people’s past recollections of storm
events in and around the town and the coastal impacts on Twofold Bay.

“Community participation remains critical to the study’s success and an online survey is available on
Council’s website. A hardcopy of the survey has been mailed to residents in the study area.

“We (Council) are also calling for expressions of interest for representatives on the Floodplain Risk
Management Focus Group to assist with the project. Two vacancies currently exist for people living in the
Towamba River, Eden and Twofold Bay catchments.

“The overall objective of the study is to allow us to make informed decisions on the best way to invest in
flood mitigation and better manage the risks posed by floods. While we are primarily looking to reduce
property and public risks, this work will also provide essential information to the State Emergency Service
and enable effective responses to flood emergencies,” Mr Louie said.

Visit Council’s website www.begavalley.nsw.gov.au/haveyoursay to complete the survey by 15 December
2017. Contact Council’s Asset Management Coordinator, Gary Louie on 6499 2222 for more information on
the focus group and existing vacancies.

Council wishes to acknowledge the financial and technical assistance being provided by the NSW
Government Floodplain Management Program through the NSW Office of Environment and Heritage and the
Minister for Police and Emergency Services.

Photograph: Some valuable historical information has been provided on Twofold Bay.

END
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Flood study on exhibition

25 November 2019

The local community is encouraged to provide feedback on the draft Eden, Twofold Bay and
Towamba River Flood Study after Council recently resolved to place the document on public
exhibition.

Continuing until Friday, 20 December, the public exhibition phase represents the extension of the

ongoing conversation between Bega Valley Shire Council and those living and working in Eden, the
upper catchment and around the bay on how to manage the risk of flooding in the area and ocean
storms impacting Twofold Bay.

The project study area comprises the low-lying areas around Twofold Bay; the Boydtown and
Shadrachs Creeks; the Nullica River; the Towamba River at Rocky Hall, New Buildings, Burragate and
Towamba; and the Mataganah Creek and Wyndham and New Buildings.

Council’s Asset Management Coordinator, Gary Louie, said the communities across the study area
had made a significant contribution to the draft findings during the initial community consultation
phase across 2017 and 2018 and Council was looking forward to continuing the positive
momentum.

“A key component of the public exhibition period will be two community drop-in sessions planned
for Towamba and Eden, that will include a project presentation and provide an opportunity for the
public to ask questions, provide comments and gain assistance with the preparation of detailed
written submissions,” Mr Louie said.

“All community feedback gleaned from public exhibition period will inform the preparation of the
final documents and with the study being prepared to meet the objectives of the NSW State
Government's Flood Prone Land Policy, it will establish the basis for subsequent floodplain
management activities.

Community Drop-in Sessions

= Tuesday, 3 December from 4.00 - 6.00pm at Towamba Hall
= Wednesday, 4 December from 4.00 - 6.00pm at Eden Log Cabin (Bass Street, Eden)

The NSW Department of Planning, Industry and Environment (DPIE) and the Minister of Police and
Emergency Services are supporting Council by providing technical assistance and grant funding for
the project.

The draft Flood Study can be viewed at www.begavalley.nsw.gov.au/haveyoursay and hard copies
are available at the libraries at Bermagui, Bega, Tura Beach and Eden; at the Council Offices in Zingel
Place, Bega; at the Towamba Public School; and at Rocky Hall Pre-School during regular business
hours.
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Submissions regarding the draft report can be made until Friday, 20 December, via Council’s Have
Your Say page (see link above), via email at council@begavalley.nsw.gov.au, or by post to PO Box
492, Bega NSW 2550.

For more information phone Bega Valley Shire Council on (02) 6499 2222.

Photograph: Towamba River at New Buildings bridge.

END
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December Calendar

2/12 Social Tennis 8.30am all Mon-
days

3/11 Spinners & Library open every
Tuesday at the Hall 11-4

3/12 Flood survey meeting 4-6pm
4/12 CABus 9.30-3 Merimbula—Last
for 2019, resumes 8/1

5/12,12/12 Eden Community Pantry
Bus 9.20am @ Towamba school,
leaves Eden 2.15pm. Thursdays in
term time only.

7/12 Wyndham Dance show 5.30pm
8/12,29/12 Home-brewers’ social
gathering 3pm @ Publican’s Booth
13/12 Plein Air Sketching

14/12 Burragate RFS Training 8.30am
and BBQ 1lam

14/12 Towamba RFS Training 10am
and BBQ 11lam

14/12 Rocky Hall Xmas party 6.30pm
15/12 Towamba (9am) and Wyndham
(2.30pm) Christmas church services
17/12 TPS School Play and Presenta-
tion night 6.30pm

18/12 Last day for TPS students—Pool
party

January Calendar

5/1 The Gadflys N’cote Hall 6.30pm
6/1 Social Tennis 8.30am all Mondays
7/1 Spinners & Library open every
Tuesday at the Hall 11-4

8/1, 22/1 CABus Merimbula 9.30-3
15/1, 29/1 CABus Bega 9.30-3

28/1 School Staff resume

29/1 School resumes Yrs 1-6

30/1 Kindy students start

Coming up:
Feb - Plein Air Sketching resumes
28/2 next TCPA Meeting 2.30pm

Talk of Towamba website:

talkoftowamba.weebly.com

It’s eyes to the sky as we start the summer months, dreading smoke and wishing for
grey rain clouds. In my 11 years at Towamba, this is the driest | have seen with the
surrounding bush withering and dying, from the shrubs to the tall eucalypts. Our
family does not rely on our piece of land for our income or have livestock. | feel for
those who do and hope that you are all taking care of yourselves and keeping your
chin up. Community groups and events are a great way to connect with others, have
a chat, know the hard times are shared and remind each other that it will rain
again! November didn’t live up to its reputation of being our wettest month, but the
Towamba valley is known to be last into drought and first out. Let’s go with that one
this month.

Ironically the first bit of info in the newsletter is all about the flood study and info
session on Tues 3rd, with plenty of other info to follow. This TOT covers both
December and January as it is impractical to put together and print a newsletter in
the final days of December. Thank you all for the community support for this
newsletter, those that submit articles and information, our posties and Towamba
village deliverer, Towamba school and staff for printing, and our readers for offering
your appreciation and occasional donation to keep the newsletter ticking along.
Wishing everyone a safe and happy festive season and start to 2020.

Draft Flood Study: The local community is encouraged to provide feedback on the
draft Eden, Twofold Bay and Towamba River Flood Study after Council recently
resolved to place the document on public exhibition.

Continuing until Friday, 20 December, the public exhibition phase represents the
extension of the ongoing conversation between Bega Valley Shire Council and those
living and working in Eden, the upper catchment and around the bay on how to
manage the risk of flooding in the area and ocean storms impacting Twofold Bay.
The project study area comprises the low-lying areas around Twofold Bay; the
Boydtown and Shadrachs Creeks; the Nullica River; the Towamba River at Rocky
Hall, New Buildings, Burragate and Towamba; and the Mataganah Creek and
Wyndham and New Buildings.

Council’s Asset Management Coordinator, Gary Louie, said the communities across
the study area had made a significant contribution to the draft findings during the
initial community consultation phase across 2017 and 2018 and Council was looking
forward to continuing the positive momentum.

“A key component of the public exhibition period will be two community drop-in
sessions planned for Towamba and Eden, that will include a project presentation
and provide an opportunity for the public to ask questions, provide comments and
gain assistance with the preparation of detailed written submissions,” Mr Louie
said.

“All community feedback gleaned from public exhibition period will inform the
preparation of the final documents and with the study being prepared to meet the
objectives of the NSW State Government's Flood Prone Land Policy, it will establish
the basis for subsequent floodplain management activities.

Community Drop-in Sessions

4+ Tuesday, 3 December from 4.00 - 6.00pm at Towamba Hall

Wednesday, 4 December from 4.00 - 6.00pm at Eden Log Cabin (Bass Street, Eden)
The NSW Department of Planning, Industry and Environment (DPIE) and the
Minister of Police and Emergency Services are supporting Council by providing
technical assistance and grant funding for the project.

The draft Flood Study can be viewed at www.begavalley.nsw.gov.au/
haveyoursay and hard copies are available at the libraries at Bermagui, Bega, Tura
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Beach and Eden; at the Council Offices in Zingel Place,
Bega; at the Towamba Public School; and at Rocky Hall
Pre-School during regular business hours.

Submissions regarding the draft report can be made until
Friday, 20 December, via Council’s Have Your Say page
(see link above), via email
at council@begavalley.nsw.gov.au, or by post to PO Box
492, Bega NSW 2550.

Rural Fire Service News: The Towamba Rural Fire Brigade
has a spot booked at the Dec 8" Pambula markets to sell
goods not sold at our recent garage sale. Further
donations of goods would be very welcome. Please drop
off at 3 Towamba St or ring Maureen Volentras,
64967065. Thanks to everyone.

The Towamba, Burragate, Wyndham, Rocky Hall and
Pambula RFS units all attended the 12ha fire at Bonnie
Doon Rd Pericoe along with several forestry trucks, heavy
machinery (bulldozers) and the water dropping
helicopter. With the bush tinder dry, I'm sure | speak for
the whole community in thanking the firefighters for
going in quickly, and with all the resources they could
throw at it, to have this under control in trying weather
conditions. Another small fire was ignited by lightning a
week later along Rodwell Rd, to the south west of
Towamba village. Foresty firefighters attended this fire
which ended up being 5m x 5m and was under control
relatively quickly. Thank you also to Marty Webster for
keeping locals informed in more detail via the local
Towamba News, Photos and Information facebook page.

Towamba RFS training day will be on Saturday 14th at
10am at the fire shed with a debrief of the Pericoe fire.
There will be a Christmas BBQ at the shed from 11am and
we encourage all members of the community to come
along to discuss their fire plans and to communicate with
their neighbours as to whether they are going to stay or
go in the event of a catastrophic fire incident and to let
the brigade know. We will help with what you should
think about taking if you are going to go.

Burragate RFS Christmas Party

Saturday 14 December the brigade welcomes all
locals to join us for an end of year get together. Bring a
plate of finger food to share, and BYO drinks. There will
be some Christmas punch, as well as the option to
purchase a sausage sandwich or softdrink on the day as
well. See you at the Burragate fire station from 11am.

Roads meeting held in November: Over 100 local
residents attended the meeting with BVSC Mayor Kristy
McBain, Councillors Sharon Tapscott and Russell
Fitzpatrick, and Director of Assets and Operations
Anthony McMahon on Nov 3rd. The meeting was
instigated by Fred and Sheena Whiter who were
frustrated with the impact of unsealed roads on their
business and residents of the Towamba Valley. Mayor

Kristy McBain acknowledged that communication around
updating the community had been poor to date, but
assured those present that the project was progressing.
Anthony McMahon explained the process and timeline
required prior to actual on ground work taking place. GHD
has been appointed by BVSC as project managers and will
do the initial surveys and tendering of construction
contractors. Timelines outlined were for preliminary
surveys to take place by April 2020, with ground works and
sealing to begin mid 2020. There were many questions and
comments from the floor. It was great to have the
opportunity to ask these questions and have an update on
progress.

Anthony McMahon provided the following update on
November 29th;
Road Update from Council. Council’s consultants GHD
have been progressing the Towamba and Burragate Roads
upgrade project, looking to have survey and investigation
works commencing on site in December.
The scheduled dates for these activities on site are as
follows:

- Survey — 4-20 December

- Geotechnical investigations — 9-14 December

- Environmental Assessments — 17-19 December
Users of the road may notice unusual activity on the
roadway during these periods. These activities will extend
over the full length of the presently unsealed parts of
Towamba Road and Burragate Road.
Drivers are requested to be on the lookout for stationary
and moving vehicles and excavation plant working within
the roadway and to pass safely at reduced speed. Traffic
controllers will be deployed as required.
The engineering design for the road upgrading works will
commence in early 2020, once the analysis of survey,
geotechnical and environmental data have been
completed. These investigation works are necessary to
allow the works to be delivered efficiently within the
available funds and with any environmental impacts kept to
a minimum.
Council has also met with the funding body, Transport for
NSW (TfNSW), confirming that the project is progressing as
planned with TfNSW having now assigned a project
supervisor from their perspective to also monitor progress
of works.
As previously discussed by Council the current target date
for commencement of construction will be early in the next
financial year with design works targeted to be completed
by the end of April 2020 and then tendering of the
construction works (or in other word get prices and
submissions from contractors to determine who will do the
work) to follow.
In addition to the above Council are keen to reclarify the
funding arrangements for the project. The $10m grant was
received by Council just before the end of June this year
and hadn’t previously been budgeted to come in last
financial year so didn’t show in that years budget. The

This ToT compiled and edited by Steph with thanks to the various contributors.
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funds will be shown as income in the financial statements
currently being finalised for the last financial year and sit
in a restricted reserve meaning they can’t be spent on
anything other than the project. The funds didn’t show in
the current financial years budget initially with it
anticipated the funds would all be spent in the 2020/21
financial year. Some of the expenditure may be brought
forward into the current financial year at the next
quarterly budget review of Council. To be very clear the
funds are still sitting in Councils bank account only to be
expended on this project.

Towamba Tennis: Social tennis on Mondays at 8.30 now
that it is hotter with a relaxing cuppa afterwards. Colin
Thompson from Tennis NSW could be coming to meet
with us shortly, date TBC. Membership registrations/
payments are available from Gaye Collett 64967208. |If
anyone in the community can donate junior or senior
rackets this will help. If necessary the tennis club will
purchase 4 rackets for players to use until they acquire
their own.

Team Sorting: What a weekend!! Thank you so much to
all the sponsors, Judges, gates people, cattle handlers,
cattle sponsors, volunteers, spectators, the P&C, Rusty
Plough and of course everyone that came and rode over
the weekend. We truly appreciate everyone coming and
supporting our second event It was great seeing so many
happy smiley faces and everyone supporting each other.
We hope to see you all again next year.

Towamba Community Progress Association (TCPA) News:
There will be a working Bee at the hall to put a hand basin
in the male toilets at 11am on 15th Dec.

Towamba Public School News: The school year is nearly
finished and we hope to see lots of the community up at
the hall at 6.30pm on Tuesday 17 December for our
production of Charlie and the Chocolate factory, followed
by our school presentation evening with the Year 6
farewell, new kindy welcome and various awards,
supported by various local clubs. Of course there is the
community supper as well (please bring a plate) and then
the evening finishes with some carols and a visit from
Santa.

The school has a Giving Tree too collecting donated gifts
that will be passed onto Mr Dixon for Anglicare on the
concert night. We welcome gifts from the community too-
ideally dropped to the school beforehand or on the night.
Sadly it will be our last with Mr Dinwoodie as next year he
has a position at Pambula PS. We wish him all the best and
we are sure he will enjoy less driving time and more time
with his family. The position of Relieving Principal for 2020
has been advertised and will hopefully be announced
before the end of the year.

On the night the P&C will also be running their end of year
raffle - which includes a lovely handmade quilt and the big
food hamper, as well as several other prizes. School
families have tickets to sell, or you can drop down to the
school or purchase on the night itself.

The 2020 school year will commence on January 28 for
staff, with students in Year 1-6 returning on the 29th, and
our bumper kindy class starting on the 30th.

We wish all our families a happy festive season and hope
you have a wonderful time with family and a safe relaxing
school holidays.

Southern Valley Folk Club: A bumper crop of artists are
coming our way. First up on January 5th—The Gadflys. Get
along and support live local music, because without ART
EARTH is just EH! Confirmed gigs for the first half of 2020
listed below.

All Concerts are at The Nethercote Hall - 7pm start

Jan 5 Sunday - Gadflys / AUS

Feb 12 Wed - Tequila Mockingbird Orchestra / Canada
March 11 Wed - Flats and Sharps / Penzance UK

March 27 Friday - Suzy O'Neil / Ireland

April 19 Sunday - White Top Mountaineers / USA

May 1 Friday - Kim Churchill / Merimbula AUS

May 2 Sat - Mike & Ruthy and The Mammals / USA

There might be some additions which Ray will put up on
the SVFC facebook site as they come in! Towamba
Acoustic Sessions in planning for April. Date TBC. Contact
Ray Gardaya for any further info 0447 455 695.

Plein Air Sketching: Friday 13 December is our final day
out for this vyear, resuming in February 2020.
For information call Drew 64967208 Mob. 0476 864870
Last month's watercolour sketch - 'Cattle Bay' by Judy
Darby.




Towamba Landcare News: Drought Community Support
Initiative is now active in the Bega Valley local government
area. This is a $3000 cash payment for farmers, farm
workers or farm suppliers/contractors (over 18 yrs). This is
being distributed on a first in basis. The Bega Salvation
Army is the local distributor of this funding. It is
government money being distributed by this charity.
Derek Lewis 64942194,

November rainfall

31 mm at Rivervale, Towamba (J.Love)

23.3 mm near Stoney Creek (M.Nightingale)
27 mm at Burragate (N.Blindell)

33 mm Pericoe (J.Grima)

Year to date Towamba: 510 mm (J Love Towamba
readings) Additional rainfall info from Maggie who
calculated that near Stoney Creek the year to date: 516.5
mm. We haven't had a fall of an inch (25 mm) or more
since March, and only 6 falls of more than 10 mm since
then, so quite a bit of what we are getting is not very
useful.

Wyndham Free movie: The date of the Happy Feet pyjama
party has changed to Friday 13th December:
' : " W It's almost school holidays and
| time to celebrate with a free
Joinus . .
for o movie! Come to a pyjama
FREE  party and watch Happy Feet at
rg)%\g;gé 6pm on Friday
‘party. December, Wyndham Hall.
134 . .
> Popcorn and drinks available
0pm.
TOTRTE from Wyndham P&C. Can't
wait to see you there!

Rocky Hall Christmas Party: Towambians and
Burragatians are invited to the Rocky Hall Christmas get
together on Saturday December 14th at 6.30pm. A
wonderful chance to catch up, renew or make new
friendships. BYO refreshments and a delicious plate of
food to share for supper. Contacts: Linda Reid 64942437
or Margaret Harrap 64942675.

Towamba Christmas Service: Christmas service at
Towamba Church Dec 15" at 9am with a light morning tea
after the service. Bring a small plate to share if you wish.

Wyndham Christmas Service: Wyndham Combined
Churches, Christmas Service at Wyndham Uniting Church.
A service of readings & carols 2.30pm on 15 December. A
plate of food to share for afternoon tea would be
appreciated. All welcome.

Thanks TOT deliverers: The TOT is delivered to 150
letterboxes locally. Thank you to the Reddy’s for free
delivery of the 75 outside Towamba Village and to
Maureen Volentras for delivering the other half in
Towamba Village and surrounds.

13th §

Kids birthdays

Primary School and younger

December

T Wyndham
Kokoda Mitchell 11th | | 2N\ So ol 6f BEHcA
James Burgess 14th ||| W/ chool of Dancing

4 presents

Oscar Dixon 16th
Peter Nelson 24th

A

Kaleidoscope
of Dance

5.30pm, Saturday 7th December 2019
Tickets on Sale from Wyndham Store
$20 Adults - $10 Child - Under 5 free

JANVIFY

Amelia Whiter 21st

TOT Contacts:
Collation of articles and editing; Steph Skelton :
steph_skelton@hotmail.com

0431 314 691

Esther Coen-Graham: 0402 613 960 and Vicki McCredie 6496 7313 are
happy to continue to pass on any submissions for the TOT.

Stockfeeds, chaff, lick blocks & Dog / Cat food
Certified Organic Fertiliser, vege patch, trees & paddocks
Wood shaving & sugar cane mulch

Drench, 5in1 vaccine, tick, flea, worming & fly treatments
Fencing wire & electric fencing

Primary producers we can supply 20ltr pesticides, herbi-
cides, drenches ect, call for quote. We won't be beaten on
price for these products

* & & & o o

Mon-Tues 2pm - 7:30pm Wed-Fri 8am - 7:30pm
Sat-Sun 8am - 4pm.

Cash or Card
PH 0490 673 539
2985 Towamba Rd Towamba

Towamba Classifieds:

Line Ads—gold coin per issue. Larger ads—a little more!
Please contact Steph to arrange placing your ad or payment.

Local Refrigeration mechanic : Call Mark South 6496 7123

For sale - Rock dust and associated products. Mineralise soil and
promote biololical activity resulting in stronger and healthier plants which
are more disease, insect and drought resistant. Phone Jude on 0418
408 025.

Wanted - gal roofing: Second hand galvanised roofing sheets to finish
a caravan shed. Laura Flett 0423 894 403.

TMD Handyman & Maintenance. Repairs and maintenance, welding,
mowing, rubbish removal. Call Tim 0422 786 188




Bega Valley Shire Council - November 2017
Eden, Twofold Bay and Towamba River

Flood Study

Details of flooding experiences or any other concerns about flooding or flood related issues:

Further Information

To provide flood information or for more information on the Eden, Twofold Bay and Towamba

River Flood Study, please contact us:

Bega Valley Shire Council

Administration Centre, Zingel Place Bega
Opening Hours: Monday to Friday 9am to 4.30pm
Postal Address: PO Box 492, Bega NSW 2550
Phone: (02) 6499 2222

Fax: (02) 6499 2200

Email: council@begavalley.nsw.gov.au
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Bega Valley Shire Council - November 2017
Eden, Twofold Bay and Towamba River

Flood Study

What is the study about?

At Bega Valley Shire Council we know some parts
of the Local Government Area (LGA) are more
prone to flooding that others and we’re
committed to finding solutions to reduce the
social and economic damages of flooding. With
the assistance of the State and Commonwealth
Government we are currently preparing a flood
study for Eden, Twofold Bay and Parts of the
Towamba River.

The flood study will involve developing flood
models to represent the flooding resulting from
catchment rainfall and ocean storms. The key
areas included in the study are:

e Impacts of ocean storms on the foreshore
and low lying areas around Twofold Bay and
Lake Curalo;

e Stormwater and creek flooding in Eden; and

e Flooding from Towamba River and it's
tributaries at Wyndham, New Buildings,
Rocky Hall, Burragate and Towamba.

The computer based flood models will be built

Burragate Bridge on the Towamba Bridge

Eden, Smug Cove and Lake Curalo
Source: NSW Maritime

using digital terrain data to represent the
landform of the catchment and creeks as well as
bathymetry representing the bed conditions of
Twofold Bay and Lake Curalo. Rainfall and ocean
conditions from past flood events will be used to
recreate these events and calibrate the results
against historical flood levels observed by the
community across the study area.

Do you have any records of local knowledge of
flooding in Eden, around Twofold Bay or along
the Towamba River? Council would like to hear
from you by filling in this short questionnaire.
Your responses will help us understand the local
flooding problems in more detail. Local
knowledge and personal experiences of flooding
are an invaluable source of data.

To determine the details of your flood
observations for use in modelling, it may be
necessary to undertake survey. If the flooding
was on your property (or properties), you can
grant permission for survey access by completing
the appropriate section on the attached
questionnaire.



Bega Valley Shire Council - November 2017
Eden, Twofold Bay and Towamba River

Flood Study

Why does it flood?

Flooding within the study area can occur for
different reasons.

In the upper catchment along the Towamba
River and its tributaries flooding is generally the
result of prolonged rainfall causing the rivers and
creeks to overtop their banks causing flooding of
roads, bridges and private properties.

In the lower lying area of the study area such as
Boydtown and the foreshore of Twofold Bay
flooding can be cause d by the river flow coming
down from the catchment or ocean storms and
high tides, often it can be a combination of the
two processes.

Flooding of the Foreshore at Boydtown
June 2016: Bega District News

In addition, local flooding can be caused by
intense short bursts of rainfall. Areas of Eden are
known to have experienced flooding where
stormwater can not be contained within the
existing pipes and channels. This can result in
flow across roads and through private properties.

Why undertake a Flood Study

The preparation of a flood study will help Council
to understand the existing flooding problems. It
will also help to identify where flood
management  measures may be  best

implemented to reduce the cost of flooding to
the community, assist with emergency
management and evacuation processes and
guide future development in a way that is
compatible with the flood hazard.

Get involved

We know there is nothing like local knowledge.
That is why we are calling upon you to help us
collect flooding data for the Eden, Twofold Bay
and Towamba River Flood Study. We are
particularly keen to collect information on
flooding problems you may have experienced.

You can provide input via the attached survey or
by attending a drop-in session to have a chat
with the project team. Drop-in sessions will be
held at the following locations. A formal
presentation will not be given, so please feel free
to drop in any time during these sessions.

o Towamba Community Hall
3pm to 5pm
Wednesday 6th December

e Eden Country Club
10am - 12pm (focus on business owners and
operators, but all welcome to attend)
3:30pm - 5:30pm
Thursday 7th December.

Towamba Bus Shelter March 2011

Bega Valley Shire Council - November 2017
Eden, Twofold Bay and Towamba River

Flood Study

Community Survey

You can complete the survey online at www.begavalley.nsw.gov.au or by completing the survey
(tear off this page) and returning to Council via mail (addressed envelope provided) or a scanned or
photographed copy can be sent via email to council@begavalley.nsw.gov.au. All surveys should be
returned no later than Friday 15th December 2017.

Contact and Property Details (all contact details will be kept confidential)

Name:

Address:

Phone and / or email:

Can we contact you for more information? O Yes O No
Have you experience flooding in Eden, around Twofold Bay or along the Towamba River?

O Flooding in or near a dwelling or business O Rural property flooding (not near dwelling)

O Road flooding (but still trafficable) O Road cut-off by flooding

O Other

(please provide details on flooding and location of flooding on following page of survey)

Photos

O | have attached photos of flooding O Please contact me to view or obtain my photos

O | give permission for these photos to be used by Council for the purpose of this study, including
inclusion in reports, on Council’s website and other related materials.

Photos and video can be mailed or emailed to the addresses above (all hard copy photos will be
returned upon request).

Flood Marks
O | can identify the depth of flooding at a certain location for a past flood event.

Please provide details of this location and the date of flooding so that it can be surveyed (please
feel free to attach additional pages or maps)

O Please contact me and | will describe the flood mark to be surveyed.

O | provide permission for surveyors to enter my property to survey the flood marks described.



Ref: F19/489

21 November 2019

Dear Owner
Public Exhibition of the Draft Eden, Twofold Bay, Towamba River Flood Study

Bega Valley Shire Council has engaged Rhelm to assist with the preparation of the Eden, Twofold
Bay, Towamba River Flood Study. The Flood Study aims to help Council better understand the
flooding in your area.

The purpose of this letter is to inform you about the upcoming public exhibition period for the draft
Eden, Twofold Bay, Towamba River Flood Study and invite you to make any written submissions
during the exhibition period. Your responses will assist the finalisation of the study findings.

Your Property

Our records indicate that you own the following property, which is located within the Rocky Hall,
New Buildings, Burragate, Towamba, Wyndham, Eden, Boydtown, Quarantine Bay and Nullica
areas. Rates Assessment Number: «ass_num»

Property Address: «property_owners_address_1» «property_owners_address_2»

Property Description: «pcl_num»

Community Information Sessions and Public Exhibition Period

Public exhibition period will run from Monday 25 November through to Friday 20 December.
We will be holding Two Community Information Sessions and welcome you to attend:
Venue: Towamba Hall

Session 1: Tuesday, 3 December 2019 from 4.00pm to 6.00 pm

Venue: Eden Log Cabin

Session 2: Wednesday 4 December 2019 from 4.00pm to 6.00 pm

If you cannot attend any of the above sessions you can write in (replied paid envelope enclosed) or
go to our website www.begavalley.nsw.gov.au, then top right hand corner, Have Your Say.

Alternatively, hard copies of the draft report and maps are available for viewing at Councils
Libraries at Bermagui, Bega, Tura Beach and Eden. Also at Councils Office at Zingel Place, Bega,
Towamba Public School and Rocky Hall Pre-school.

Please contact Towamba and Rock Hall schools for opening hours.



Important Information for Residents
The key objectives of the Eden, Twofold Bay, Towamba River Flood Study are to:

« Investigate historical flooding in the Rocky Hall, New Buildings, Burragate, Towamba,
Wyndham, Eden, Boydtown, Quarantine Bay and Nullica areas;

o Develop a computer model of flooding processes that can be used to predict the magnitude
and extent of future floods, and

e Provide Council with the necessary information to make effective and economically viable flood
decisions in the future.

The completed study findings will help future planning of flood management options in the Rocky
Hall, New Buildings, Burragate, Towamba, Wyndham, Eden, Boydtown, Quarantine Bay and Nullica
areas. The specific flood management options are identified during a future Floodplain Risk
Management Study (FRMS) and Floodplain Risk Management Plan (FRMP) that follow completion
of a flood study. Some of these future flood management options may include a review of flood
related planning controls, flood prone land policies or flood related development controls. These
types of outputs are then incorporated into Council’s Environmental Planning instruments such as
Council’s adopted Bega Valley Local Environmental Plan 2013 and the Bega Valley Development
Control Plan 2013 at a later date.

Councils issue planning certificates under Section 10.7 of the NSW Environmental Planning and
Assessment Act 1979 to inform potential purchasers of planning controls and policies that apply to
the subject land. If changes to existing, relevant, flood related planning controls or flood prone
land policies do arise from a FRMS or FRMP, the relevant wording for clauses need to be reflected
in the Section 10.7 planning certificate.

A number of properties don’t currently have flood related planning controls within the Rocky Hall,
New Buildings, Burragate, Towamba, Wyndham, Eden, Boydtown, Quarantine Bay and Nullica
catchments. This may occur because these properties are not actually flood prone according to the
definitions of the NSW Government’s Flood Prone Land Policy or no detailed flood mapping has
been undertaken in those areas. As a result of the finalised flood study findings, detailed flood
mapping for the select study areas may then eventually lead to a number of these properties
having flood related planning and development controls applied after the completion of the flood
study.

The final flood study outputs also assist future emergency response and strategic asset planning for
the catchment study area. Further information is available on a councils website:
https://www.begavalley.nsw.gov.au/haveyoursay

If you have any questions regarding this study, please feel welcome to contact Council on 02 6499
2222,

Regards

Gary Louie
Asset Management Coordinator
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APPENDIX D

Calibration & Validation
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Model Calibration

The data review process has allowed for the identification of appropriate calibration events through review of

Eden, Twofold Bay and Towamba River Flood Study

rainfall and water level data and consultation with the community. A summary of key catchment and coastal
events is provided in Table D-1. Further discussion on these events is provided in Section D.2. Calibration
events did not necessarily require all models to be run, the models run for each of the events is noted in Table
D-1Table 5-4.

Discussion on the calibration and validation modelling undertaken is presented in below. No calibration data
was available for Boydtown Creek, Nullica River, Shadrach Creek or Cocora Lagoon.

Table D-1 Calibration Events

Event Calibration / Validation Undertaken Comments
Towamba Eden Coastal
River Overland Models
Models Flow Model
February 1919 One survey mark near Towamba. No
Towamba River rainfall or flow data available for
Catchment Event calibration.
February 1971 The community were able to identify
Towamba River several flood levels and extents around
Catchment Event Towamba, Rocky Hall and New buildings,
but there were periods of missing data in
the gauge record, preventing calibration
to this event.
1978 Catchment | Calibration | Validation The community were able to identify
and Coastal Event of 20% and several flood levels and extents around
1% AEP Towamba.
runs General observations were collected of
flooding in Eden.
June 1998 East Listed in Council’s brief but no significant
Coast Low water levels were recorded for this
event.
February 2010 No reliable flood observations available.
Towamba River
Catchment Event
March 2011 | Calibration Majority of flood recollections provided
Towamba River for Kiah area. One calibration mark
Catchment Event surveyed in Towamba for this event.
March 2012 Calibration | It is one of the largest water level events
Coastal Event associated with an entrance breakout.
Event allows for the calibration of the
entrance breakout of Lake Curalo.
September 2013 It is largest water level event associated
Coastal Event with an entrance breakout. Rainfall was
modest, but lake levels were already
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Event Calibration / Validation Undertaken Comments

Eden, Twofold Bay and Towamba River Flood Study

elevated behind a closed entrance prior
to the event.

However, missing Lake Curalo water level
data resulted in no calibration being

undertaken.
June 2016 East Calibration | Lake Curalo entrance was open (i.e. Lake
Coast Low was tidal) during June 2016 ECL. Exact
entrance condition at that time is
unknown.

Event allows for the calibration of the
interaction of rainfall runoff and storm
surge in the lake. This will be limited by
the availability of rainfall data.

Twofold Bay Hydrodynamic Model

Baird’s NSW Tasman Sea Model, developed for the coastal inundation component of the ECL multi hazard
study encompasses Twofold Bay and has been calibrated and validated against tides and storm surges at
selected ports along the NSW coastline, including Eden.

The ECL dataset is derived from a combination of data analysis/interpolation and numerical modelling. The
modelling captures the tidal variation along the coast, while measured data was used to derive empirical
relationships between storm intensity and storm surge (based on 1127 events). This relationship is then
applied to the stochastic ECL event track database to derive a long-term population (1000 year) of storm tide
events.

Table 5-6 presents a summary of the water level calibration statistics for full NSW Tasman Sea model. The
values in Table 5-6 are calibration metrics for modelled astronomical tides over a 12 months period.

Table D-2: Comparison of measured and modelled water levels (m MSL) for selected ports in the Delft3D
NSW Tasman Sea Model.

Location Bias (m) Skill RMS error (m)
Tweed Heads 0.001 0.997 0.049
Coffs Harbour 0.002 0.998 0.037
Port Macquarie 0.001 0.970 0.131
Crowdy Heads 0.001 0.999 0.029
Sydney 0.001 0.999 0.026
Port Kembla 0.001 0.999 0.024
Batemans Bay 0.001 0.999 0.023
Eden 0.001 0.999 0.026
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Lake Curalo Hydrodynamic Model
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For the calibration of the ICOLL model setups, historical calibration events were run out on the Lake Curalo
model as there was water level data available from the MHL gauge within Lake Curalo. The model was
calibrated against a historical ECL (June 2016) and a breakout event (March 2012). The calibration periods are
as follows

e ECL:June 2016: 31st May 2016 — 16th June 2016
e Breakout: March 2012: 24th Feb 2012 — 7th March 2012

The June 2016 event provides water level information to define an ECL event driven by coastal water levels
with an open lagoon entrance condition whereas the 2012 event was used in the calibration of a breakout
event at Lake Curalo driven by catchment flooding. Measured water levels from the Eden tide gauge and wave
parameters from the Eden and Batemans Bay wave buoys were extracted during the calibration periods to
provide coastal water level boundary conditions.

Measured water levels at the Eden tide gauge were used as the coastal boundary conditions for the two
periods, see Figure D-1. Similarly, the inflow data from the catchment model (XP-RAFTS) applied to the Delft3D
model were also derived from measured rainfall during the two events.

Event June2016
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Figure D-1 Water levels at Eden Tide gauge used as coastal boundary conditions in the Lake Curalo
model

June 2016 ECL Event

The June 2016 ECL event occurred when the lake entrance was open. As the lake survey was undertaken with
a closed entrance, the entrance condition needed be assumed and an open lake entrance schematised in the
model. Lake depths were modified using satellite imagery as a reference to replicate the entrance dimensions,
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orientation and depths within Lake Curalo. Further, sensitivity analysis was undertaken with roughness values
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through the lake entrance area.

Measured water levels within Lake Curalo were used to compare the modelled outputs and the bathymetry
and entrance conditions adjusted to replicate the tidal range and tidal phase for the pre-storm open entrance
conditions. Figure D-2 shows that the modelled lake water level, with the schematised open entrance
bathymetry, matched well with the measured tidal range and phase within the lake prior to and after the ECL
event, indicating that the entrance dimensions and orientation are a good representation of the open entrance
condition during that event.

Phasing of the peak water levels during the event are well replicated by the model and are principally driven
by astronomical tide and storm surge, however the peak water level is underpredicted. Water levels within
the lake peaked at 1.35m AHD, above the storm tide level in Two-fold Bay of 1.1m AHD, hence there is a
contribution from catchment inflows. Catchment inflows were provided by the Eden catchment model and
were added at suitable locations around the lakes boundary. However, the inclusion of catchment inflows did
not improve the comparisons against the measured water levels with the timing of the discharge being out of
phase with the observed lake water level response. It is expected that this is a result of having to adopt the
pluvio data from Merimbula (as no pluviometer data was available at Eden for this storm), with the rainfall
depths factored to Eden based on the Eden and Merimbula daily totals. This highlights the limitations of
deriving accurate catchment inflows with limited site-specific rainfall data. Further analysis of the timing and
discharge rates of peak catchment inputs would improve the representation of the peak water levels within
the lake. As it stands, the model schematisation of an open entrance condition has been validated against the
observed water level records in the lake.

March 2012 Lake Breakout Event

The entrance breakout event that occurred in March 2012 was used to calibrate the entrance breakout process
in the Lake Curalo model. As for the previous validation case, the exact entrance condition (berm level) was
not known and hence water level data from within Lake were used to infer the berm level prior to the breakout
event. The sediment transport module of Delft3D was used to dynamically model the March 2012 entrance
breakout. Being a closed entrance condition, the rate of change in measured water levels prior to breakout is
controlled by the rate of discharge from the seven catchment inflow inputs. Hence, the critical calibration
parameters for the timing of the breakout were the initial berm level and the difference in lake volume before
the event to breakout, which were both inferred from measured lake levels and associated lake volumes.

The measured and modelled peak water levels within Lake Curalo during the March 2012 breakout event are
1.35 and 1.42 m AHD respectively with the phasing of the modelled breakout matching the measurements to
within 15 minutes.

The rate of change in lake water levels post breakout was a critical calibration parameter. The rate at which
the water level recedes within the ICOLL following an entrance breakout is an important factor in the flood
analysis of the lake surrounds as the catchment inflows at this stage of the event are still large. Sensitivity
analysis was undertaken with roughness values, discharge inputs, initial sediment layer thickness and initial
berm level being the calibration parameters with the most influence on the rate of change in lake levels after
the breakout.
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The largest uncertainty for this event is with the inflow discharges from the catchment as the quality of the
measured rainfall during this period are low. Due to a lack of pluviometer data within the Eden catchment
area, it was necessary to source pluviometer data from the nearest operating gauge, located in Merimbula.
Rainfall depths were factored to Eden based on a comparison of daily rainfall totals in Eden and Merimbula.
Merimbula is located approximately 25km from Eden, so while both locations would have experienced rainfall,
itis likely the distribution will have been different. Initial estimates of the catchment flows resulted in a more
gradual increase in the lake water level than what was observed, indicating limitations with the catchment

Eden, Twofold Bay and Towamba River Flood Study

inflow estimates. These were subsequently modified to better reflect the rate of rise in the lake water level
(while maintaining the same total volume of catchment inflow). Figure D-3 shows measured water levels
within Lake Curalo dropped at a rate of -0.15 m/hr over the 6 hours following the entrance breakout. With
modified inflows, this was well replicated by the model with a rate of -0.14 m/hr. The resulting channel
through entrance had a width of 10m and a bed level of +0.2mMSL which is a realistic channel dimension for

ICOLL entrance breakouts.

Lake Curalo June2016
T T T

Measured MHL
Modelled no discharge
— Modelled with discharge _

Water Level (m AHD)

0

02 03 04 05 06 07 08 09 10 & 12
Origin: 02-Jun-2016 00:00:00 Date
Figure D-2 Comparison of modelled lake water levels with the measured water levels from the MHL

gauge within Lake Curalo for the June 2016 ECL event.
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Figure D-3 Comparison of modelled lake water levels with the measured water levels from the MHL

gauge within Lake Curalo for the March 2012 breakout event.

Coastal Connected Area Models (ICOLLs)

No calibration data was available for Cocora Lagoon, Shadrachs Creek and Nullica River and Boydtown Creek.
Instead, the models were ‘tested’ using example design flood scenarios with the model domain extending out
to the 5 m AHD contour.

Towamba River Catchment Hydrological Models

Calibration to Historical Gauge Record

The hydrological model was calibrated to one historical event which occurred within the gauge record. The
2011 event, which was only recorded at the Towamba gauge. This event is approximately a 1 in 80 year event
based on the FFA.

Unfortunately, the rainfall data associated with this event was minimal. The initial review of the rainfall data
suggested that the 2011 event should have been recorded at two pluvio-stations within the catchment at
Towamba and Wyndham. However, on receiving the rainfall data, the pluvio-station at Towamba was found
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not to be working during the 2011 event. Therefore, only Wyndham could be used to represent the temporal
pattern. This gauge is north east of the catchment. It may be reflective of the rainfall in the Wyndham and
New Buildings part of the catchment, but it is uncertain on changes to the temporal pattern moving south
through the catchment, and in the steeper upper reaches of the catchment.

Eden, Twofold Bay and Towamba River Flood Study

The rainfall data from the Wyndham gauge was factored across the Towamba catchment based on the daily
rainfall totals sourced from the gauges at Cathcart and Towamba (refer Figure 3-5). The daily totals at each
gauge were compared, and the rainfall from Wyndham increased or decreased in line with this factor. The
daily totals and the factor for each are summarised in Table D-3. The Wyndham rainfall was factored for each
24 hour period (9am to 9am) based on the relative value of the daily totals at the three gauges.

As sufficient pluvio data to define the storm movement was no available, a review was undertaken of the BoM
rainfall radar to gain an indication of how the storm through the catchment area. The radar data from the
Canberra radar gauge (which was the closest to the study area) was sourced from The Weather Chaser website
(http://www.theweatherchaser.com), which provide historic rainfall radar images. The radar images showed
that the storm moved in a southerly direction across the catchment, with the centre of the storm taking
approximately 1.5 hours to move from the top of the catchment to the bottom. To account for this, the rainfall
depths across the catchment were shifted accordingly, so that the peak of the rainfall occurred 1.5 hours later
at the bottom of the catchment compared to the top.

Table D-3: Towamba Rainfall Factoring

Location 21/3/2011 22/3/2011 23/3/2011
Rainfall Depths

Cathcart 35 378 41.2

Wyndham 22 340.8 26

Towamba 13.6 215 61.2
Rainfall Factors

Cathcart 1.6 1.1 1.6

Wyndham 1 1 1

Towamba 0.6 0.6 24

The 1978 event was also investigated, which is estimated to be approximately a 1 in 30 year event. However,
for this event the only pluviometer data that was available was from Green Cape, which is located south east
of Twofold Bay and only the coast. It is a significant distance from the part of the catchment which drives the
flood behaviour for Towamba, Rocky Hall and New Buildings where the gauges are located, which would also
be affected by the mountainous terrain in this area. Therefore, this event was not used for the calibration of
the hydrological model.

The XP-RAFTS model hydrographs and the gauge hydrographs for the 2011 event are shown in Figure D-4.
There was no gauge data available at either Rocky Hall or New Buildings for the 2011 event.

The models had a reasonable calibration with regard to the timing. The start and end of the flood hydrograph
from XP-RAFTS corresponds well with the recorded gauge flows. However, the twin peaks of the gauged flows


http://www.theweatherchaser.com/

Rh e}m
Eden, Twofold Bay and Towamba River Flood Study

are not replicated in the modelling. This may be a result of the lack of pluviometer data, making it difficult to
represent the change in storm as it moved across the catchment. Further, it is difficult to determine the actual
peak of the storm as the rainfall could only be factored based on the daily rainfall, which may differ to sub-
daily peaks.

Given the uncertainties with the peak flow estimates for the historical events, the XP-RAFTS model was
validated against the FFA using ARR2016 design rainfall intensities and temporal patterns. This provides
greater confidence on the peak flow estimates. The 2011 event, by comparison, then provides confidence on
the flow routing in the model to ensure that the timing between the rainfall and flow at Towamba is similar.
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Figure D-4 Comparison of modelled and gauge flows at Towamba, 2011

Validation Against FFA Results

The XP-RAFTS model was used to run the full set of ensemble storms for durations from 12 to 72 hours, for
the 10%, 5%, 2% and 1% AEP events. The median storm flow peak was then plotted on the FFA curves to assess
how well the design flows aligned with the results of the FFA assessment. These figures are shown in Figure
D-5 to Figure D-7.

The figures show that the design flows for both the Rocky Hall gauge and the New Buildings gauge align well
with the FFA results, plotting well within the confidence limits and on a similar gradient to the FFA line. Both
these gauges are located in the upper catchment where the influence of routing lag parameters is reduced.
The good match between the XP-RAFTS model and the FFA at these gauges indicate that the catchment
characteristics (roughness and slope) are appropriate.

The Towamba gauge does not show as good a match as the other two gauges. The 10% AEP estimate has a
reasonable match against the FFA. However, the larger flows increase at a much slower rate than the FFA
probability curve. It is interesting to note that the design flow estimates trend in the same way as the observed
flood flows, with the exception of the 2011 event, which sits noticeably higher.

As such, further assessment was undertaken of the Towamba gauge data.
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Figure D-7 Towamba FFA Comparison

In the first instance, the frequency and relative size of major floods in the Towamba River was reviewed. This
is plotted below in Figure D-8 below.

The figure shows that before the 2011 event, it had been 19 years (1992) since a 20% AEP event, and 33 years
(1978) since anything larger than a 10% AEP event. Further more, in the preceding 10 years (2001 — 2011)
there was very little major flow activity in the Towamba River.

Unfortunately the record at Towamba doesn’t extend far back beyond the 1978 event, but the 8 years of data
available is indicative of a similar pattern for this event as well. The gauge at New Buildings goes back to 1956,
and the annual maxima are shown in Figure D-9. For New Buildings it shows a large event in 1971 (for which
the gauge malfunctioned at Towamba) before which these is a 15 year period with no major floods, until 1956.

It is reasonable to assume that during these intervals, various processes are going to be occurring that will
change the conveyance of the system, such as vegetation becoming established throughout the channel,
increasing the roughness of the river banks, and the deposition of sand and sediment throughout the river
channel, changing the rating curve. Some indications of both of these processes was observed during the visit
to the gauge.

In order to take this into account, a second stage-discharge relationship was developed for the channel section,
adopting higher roughness values across both banks. Roughness values were increased for both the low shrub
areas close to the water, as well as the denser vegetation further up the banks.

Using this higher roughness stage-discharge curve, revised flow estimates were determined for both the 1978
and 2011 events. As would be expected, the higher roughness values resulted in a lower peak discharge for
these events, based on the water level recorded by the gauge. This resulted in the 2011 event reducing from
3,570 to 2,620 cumecs, and the 1978 event from 2,960 to 2,200 cumecs, reductions in the order of 25%.



Rhe}m

The FLIKE assessment was then undertaken incorporating these reduced flows. Only these two events were
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changed. The other flows remained the same as the previous assessment, based on the previous rating curve.

The results of this FFA are shown in Figure D-10. The general alignment of the FFA with the RAFTS model is
good, though the FFA is still estimating higher values.

A second FFA test was also done, which removed both the 1978 and 2011 flows from the assessment. These
results are shown in Figure D-11. In this case, the FFA and the RAFTS estimates have a very good correlation.
The 1978 and 2011 events are still plotted against this result, and it shows them well within the confidence
limits but sitting noticeably above the FFA line with respect to the other events.

This assessment indicates the influence that these two events have on the FFA results. This isn’t surprising
given how much larger they are compared to the other events in the record. It also shows that any uncertainty
in these events is going to have a noticeable impact on the FFA results.

Given the data limitations, and no photographic evidence of the gauge prior to either the 2011 and 1978
events, further investigation was not possible. The results in Figure D-11 show that for the majority of the
record, the RAFTS flows are matching well. The differences between Figures D-10 and Figure D-11 highlight
the influence these two large events have and suggests that there is a factor at play that results in these two
events deviating so strongly from the bulk of the data. It is suggested that both bank roughness and
sedimentation played a role in elevating the levels of these two events, beyond the ‘normal’ rating curve of
the channel at the gauge, though without photographic evidence it cannot be shown conclusively.

Overall, the results shown in Figure D-11 (which include the 2011 and 1978 events) are reasonable, and the
RAFTS flows are well within the confidence limits of the FFA, indicating the RAFTS model is suitably calibrated.
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Results - ARR Data Hub

[STARTTXT]

Input Data Information

[INPUTDATA]

Centroid Latitude,-37.014

Centroid Longitude,149.591

Shapefile filename, Towamba_Catchment_Lat_Long.shp

[END_INPUTDATA]

River Region

[RIVREG]

division,South East Coast (NSW)
rivregnum,20

River Region,Towamba River
per_intersect,0.9943
[RIVREG_META]

Time Accessed,23 July 2018 10:09AM
Version,2016_v1

[END_RIVREG]

ARF Parameters
[LONGARF]
Zone,SE Coast
a,0.06

b,0.361

c,0.0

d,0.317

e,8.11e-05

Eden, Twofold Bay and Towamba River Flood Study
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f,0.651

g,0.0

h,0.0

i,0.0

per_intersect,0.9996
[LONGARF_META]

Time Accessed,23 July 2018 10:09AM
Version,2016_v1

[END_LONGARF]

Storm Losses

[LOSSES]

Storm Initial Losses (mm),19.0

Storm Continuing Losses (mm/h),5.7
[LOSSES_META]

Time Accessed,23 July 2018 10:09AM
Version,2016_v1

[END_LOSSES]

Temporal Patterns

[TP]

code,SSmainland

Label,Southern Slopes (Vic/NSW)
per_intersect,1.0

[TP_META]

Time Accessed, 23 July 2018 10:09AM
Version,2016_v2

[END_TP]

Areal Temporal Patterns

Eden, Twofold Bay and Towamba River Flood Study
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[ATP]

Eden, Twofold Bay and Towamba River Flood Study

code,SSmainland

arealabel,Southern Slopes (Vic/NSW)
per_intersect,1.0

[ATP_META]

Time Accessed,23 July 2018 10:09AM
Version,2016_v2

[END_ATP]

BOM IFD Depths

[BOMIFD]

No data,No data found at this location!
[BOMIFD_META]

Time Accessed,23 July 2018 10:09AM

[END_BOMIFD]

Median Preburst Depths and Ratios

[PREBURST]

min (h)\AEP(%),50,20,10,5,2,1,

60 (1.0),2.0 (0.089),1.5 (0.046),1.2 (0.030),0.9 (0.019),1.9 (0.032),2.6 (0.040),

90 (1.5),5.3 (0.199),4.2 (0.108),3.4 (0.073),2.7 (0.049),4.2 (0.063),5.3 (0.070),

120 (2.0),4.7 (0.156),4.7 (0.110),4.8 (0.091),4.8 (0.078),5.2 (0.071),5.5 (0.067),

180 (3.0),7.9 (0.223),10.8 (0.212),12.8 (0.206),14.6 (0.201),8.9 (0.102),4.5 (0.046),
360 (6.0),9.1 (0.182),17.1 (0.239),22.5 (0.259),27.6 (0.271),27.8 (0.228),27.9 (0.203),
720 (12.0),9.8 (0.137),16.1 (0.155),20.3 (0.160),24.3 (0.162),24.1 (0.133),23.9 (0.116),
1080 (18.0),4.5 (0.050),11.9 (0.092),16.8 (0.106),21.5 (0.115),20.8 (0.090),20.2 (0.077),
1440 (24.0),2.6 (0.025),6.8 (0.045),9.6 (0.052),12.3 (0.056),14.7 (0.055),16.6 (0.053),
2160 (36.0),0.2 (0.002),1.2 (0.007),1.9 (0.009),2.5 (0.010),4.1 (0.012),5.3 (0.014),
2880 (48.0),0.0 (0.000),0.0 (0.000),0.1 (0.000),0.1 (0.000),0.7 (0.002),1.2 (0.003),

4320 (72.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.3 (0.001),0.5 (0.001),
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[PREBURST _META]

Eden, Twofold Bay and Towamba River Flood Study

Time Accessed,23 July 2018 10:09AM
Version, 2018 v1

Note,Preburst interpolation methods for catchment wide preburst has been slightly altered. Point values
remain unchanged.

[END_PREBURST]

10% Preburst Depths

[PREBURST10]

min (h)\AEP(%),50,20,10,5,2,1,

60 (1.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),

90 (1.5),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),
120(2.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),
180 (3.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),
360 (6.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),
720 (12.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),
1080 (18.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),
1440 (24.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),
2160 (36.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),
2880 (48.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),
4320 (72.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),
[PREBURST10_META]

Time Accessed,23 July 2018 10:09AM

Version,2018_v1

Note,Preburst interpolation methods for catchment wide preburst has been slightly altered. Point values
remain unchanged.

[END_PREBURST10]

25% Preburst Depths
[PREBURST25]

min (h)\AEP(%),50,20,10,5,2,1,
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60 (1.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),

Eden, Twofold Bay and Towamba River Flood Study

90 (1.5),0.0 (0.001),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),
120(2.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),
180 (3.0),0.0 (0.000),0.1 (0.001),0.1 (0.002),0.2 (0.002),0.1 (0.001),0.0 (0.000),
360 (6.0),0.2 (0.005),1.0 (0.014),1.5 (0.017),1.9 (0.019),0.8 (0.007),0.0 (0.000),
720 (12.0),0.2 (0.002),0.6 (0.006),0.9 (0.007),1.2 (0.008),0.5 (0.003),0.0 (0.000),
1080 (18.0),0.0 (0.000),0.3 (0.003),0.6 (0.004),0.8 (0.004),0.5 (0.002),0.3 (0.001),
1440 (24.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),
2160 (36.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),
2880 (48.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),
4320 (72.0),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),0.0 (0.000),
[PREBURST25_META]

Time Accessed,23 July 2018 10:09AM

Version, 2018 vl

Note,Preburst interpolation methods for catchment wide preburst has been slightly altered. Point values
remain unchanged.

[END_PREBURST25]

75% Preburst Depths

[PREBURST75]

min (h)\AEP(%),50,20,10,5,2,1,

60 (1.0),18.9 (0.826),19.2 (0.575),19.3 (0.474),19.5 (0.404),22.7 (0.388),25.1 (0.378),

90 (1.5),31.9 (1.197),32.1 (0.832),32.2 (0.687),32.4 (0.585),32.1 (0.483),32.0 (0.424),
120 (2.0),32.9 (1.102),38.5 (0.894),42.3 (0.808),45.8 (0.746),47.1 (0.639),48.1 (0.578),
180 (3.0),34.5 (0.969),49.4 (0.965),59.2 (0.957),68.7 (0.946),59.0 (0.680),51.8 (0.529),
360 (6.0),32.2 (0.644),52.8 (0.736),66.5 (0.766),79.6 (0.782),91.9 (0.753),101.1 (0.733),
720 (12.0),25.6 (0.354),42.8 (0.410),54.1 (0.426),65.1 (0.435),69.9 (0.386),73.5 (0.356),
1080 (18.0),17.6 (0.197),34.1 (0.263),45.1 (0.284),55.6 (0.296),61.8 (0.269),66.4 (0.252),
1440 (24.0),16.0 (0.156),24.8 (0.165),30.6 (0.166),36.2 (0.165),49.5 (0.184),59.5 (0.192),

2160 (36.0),6.3 (0.051),16.1 (0.089),22.6 (0.101),28.8 (0.108),32.3 (0.098),34.9 (0.091),



R h@m

2880 (48.0),2.7 (0.020),6.7 (0.033),9.3 (0.037),11.8 (0.039),13.6 (0.036),14.9 (0.035),

Eden, Twofold Bay and Towamba River Flood Study

4320 (72.0),0.0 (0.000),0.2 (0.001),0.4 (0.001),0.5 (0.002),2.4 (0.006),3.7 (0.008),
[PREBURST75_META]

Time Accessed,23 July 2018 10:09AM

Version, 2018 v1

Note,Preburst interpolation methods for catchment wide preburst has been slightly altered. Point values
remain unchanged.

[END_PREBURST75]

90% Preburst Depths

[PREBURST90]

min (h)\AEP(%),50,20,10,5,2,1,

60 (1.0),63.4 (2.772),71.4 (2.139),76.6 (1.879),81.6 (1.692),88.1 (1.507),92.9 (1.398),

90 (1.5),75.7 (2.842),90.5 (2.346),100.2 (2.136),109.6 (1.982),122.0 (1.833),131.3 (1.742),
120(2.0),64.8 (2.170),92.5 (2.146),110.8 (2.119),128.4 (2.089),128.0 (1.736),127.7 (1.533),
180 (3.0),63.0 (1.769),103.3 (2.019),130.0 (2.099),155.5 (2.142),140.0 (1.611),128.3 (1.310),
360 (6.0),68.0 (1.361),100.2 (1.397),121.5 (1.400),142.0 (1.397),154.0 (1.262),163.0 (1.181),
720 (12.0),51.6 (0.716),81.9 (0.785),102.0 (0.803),121.2 (0.811),136.2 (0.752),147.5 (0.714),
1080 (18.0),45.0 (0.505),72.6 (0.559),90.8 (0.572),108.3 (0.576),129.6 (0.565),145.6 (0.553),
1440 (24.0),39.7 (0.388),56.9 (0.378),68.3 (0.370),79.2 (0.361),102.9 (0.382),120.7 (0.389),
2160 (36.0),36.3 (0.297),45.1 (0.250),50.9 (0.228),56.5 (0.211),89.7 (0.272),114.5 (0.300),
2880 (48.0),27.3 (0.201),31.8 (0.158),34.9 (0.140),37.8 (0.126),46.7 (0.125),53.4 (0.124),
4320 (72.0),7.9 (0.052),13.7 (0.061),17.5 (0.062),21.2 (0.062),36.1 (0.085),47.2 (0.096),
[PREBURST90_META]

Time Accessed,23 July 2018 10:09AM

Version,2018 vl

Note,Preburst interpolation methods for catchment wide preburst has been slightly altered. Point values
remain unchanged.

[END_PREBURST90]

Interim Climate Change Factors
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[CCF]

Eden, Twofold Bay and Towamba River Flood Study

2030,0.719 (3.6%),0.739 (3.7%),0.822 (4.1%),
2040,0.925 (4.6%),0.915 (4.6%),1.119 (5.6%),
2050,1.123 (5.6%),1.085 (5.4%),1.449 (7.2%),
2060,1.271 (6.4%),1.294 (6.5%),1.865 (9.3%),
2070,1.394 (7.0%),1.526 (7.6%),2.333 (11.7%),
2080,1.477 (7.4%),1.778 (8.9%),2.776 (13.9%),
2090,1.527 (7.6%),2.009 (10.0%),3.21 (16.1%),
[CCF_META]

Time Accessed,23 July 2018 10:09AM
Version,2016_v1

Note,ARR recommends the use of RCP4.5 and RCP 8.5 values

[END_CCF]

[ENDTXT]
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