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Foreword

Eden, Twofold Bay and TowambaRiver Flood Study

The primary objective of the New South Wales (NSW) Government’sFlood Prone Land Policy is to reduce the
impact of floodingand flood liability on individual ownersand occupiersof flood proneproperty,andto reduce
private and public lossesresultingfrom floods, utilising ecologically positive methodswhereverpossible.

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 andreview.

The Floodplain Development Manual (NSW Government 2005) is consistent with Australian Emergency
Management Handbook 7: Managing the floodplain: best practicein flood risk management in Australia (ABM
Handbook 7) (AIDR2017).
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The Floodplain Risk M anagement Process(source:NSW Government, 2005)
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Bega Valley Shire Council isresponsible forlocal land use planningin its service area, including in the Twofold
Bay and TowambaRiver catchment and its floodplain. Through its Floodplain Risk M anagement 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 M anual (2005). This document relatesto
the flood study phase of the process.
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Executive Summary

The Eden, Twofold Bay and Towamba River Flood Sudy 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 areacoversthe entire catchment of Twofold Bay with afocuson understandingthe flood behaviour
and risk in the foreshore locationsof Eden, Quarantine Bay, Boydtown and Munganno Point/ JewsHead and
the catchment localities of Rocky Hall, Wyndham, New Buildings, Burragate and Towamba. The study areais
shownin Map G101.

This projectisa flood study, which is a comprehensive technical investigation of flood behaviourthat provides
the main technical foundation for the development of arobust 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 hydrologicand
hydraulic modelsthat are calibrated and verified, where possible, against historicflood eventsand extended,
where appropriate,to determine the fullrange of flood behaviour.

Engagement

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

e Engaging agency and industry stakeholder to obtain details of historical flooding, survey data and
otherrelevant datasets. Stakeholderswill also be invited to provide feedback on the draft flood study
during public exhibition.

e Community engagement hasbeen undertakenthrough the mail out of an information brochure and
brief survey. Aseriesof community drop in sessionswerealso held in Towambaand Eden. The purpose
of the engagement wasto raise awarenessof the study and flood risk in the catchment, aswell and
obtain observationsof historical flooding to assist in modelcalibration. Respondentswere contacted
for furtherinformation by phone and email, asrequired.

e Thisdocument will be placed on public exhibitionfora period of fourweeks. Duringthis time Council
will notifyresidentsand property ownersin the catchment areato be public exhibition, inviting them
to learn more about the draft Hood Study. Another seriesof information sessionswill also be held for
community membersto get information and ask questions. Council’ swebsite willinclude information
about the study, the draft documentsand an opportunityto provide submissons. Submission will also
be able to be submitted at Council’s Customer Service Centre and at the community information
sessions.

Hydrological and HydraulicM odelling

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 floodingto be assessed with
regardsto coastal processes, estuarinedynamics (in particular entrance scour), riverine floodingand overland
flow. Hydrological modellingwas 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 modelswere calibrated and validated to historical flood events, wheredatawasavailable. Historical
flood data was compiled from rainfall and flow gaugesas well as community observations. A summary of

Eden, Twofold Bay and Towamba River Flood Study

historical catchment and coastal eventsused 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
Eden
T
ow.amba Overland Coastal
River
Models Flow M odels
M odel
o The community were able to identify
1678 Catct Vflz'gf;t'ond severalflood levelsand extentsaround
tchment o] ban
Calibration Towamba.
and Coastal Event ! ! 1% AEP .
runs Generalobservationswere collected of
floodingin Eden.
Althoughthiswasnotedin several
March 2011 referencesasamajor event. The
TowambaRiver Calibration majority of flood recollections provided
Catchment Event for Kiah area. One calibration mark
surveyedin Towambafor thisevent.
Itisoneof thelargest waterlevelevents
M arch 2012 , , associated with an entrance breakout.
Calibration
Coastal Event Event allows for the calibration of the
entrance breakout of Lake Curalo
Lake Curalo entrance wasopen (i.e. Lake
wastidal) during June 2016 ECL. Exact
entrance condition at that time s
unknown.
June 2016 East Calibration | |
Coast Low Event allows for the calibration of the
interaction of rainfall runoff and storm
surgein the lake. Thiswas limited by the
availability of rainfall data.

The hydrological, hydraulic and hydrodynamicmodelswere analysed forthe Probable M aximum Flood (PMF),
0.2% AEP, 0.5% AEP, 1% AEP, 2% AEP, 10% AEP and 20% AEPevents. The modelswere analysed for durations
ranging from 60 minutesto 36 hours, usingthe 10 temporal pattern ensemble approach detailed in ARR2016.
Critical storm durationsand mediantemporal patternsweredetermined form the hydrological modelling, with
only the critical eventsappliedto the hydraulic model.

Flooding within the Eden study area is driven by both lake flooding and catchment flooding. The extent of
influence of lake floodingislimited, affectingprimarily undeveloped areasalongthe lake foreshore.Some low-
lying residential properties are impacted by lake flooding along the western edge of the lake. Catchment
flooding controlsthe peak flood levelsacross much of the study area. Flow iswell contained along most flow
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paths, although increasing levels of break out flow occurring the larger AEP eventsand PMF. The critical
duration acrossthe study arearanged from 2 hours, for those areaswith small upstream catchment areas, up
to 9 hours,forthose areas (such as Palestine Creek) with a larger contributingcatchment.

In the coastal lagoons of Shadrachs Creek, Nullica River and Boydtown Creek floodingis generally confined to
the creeksandlagoon areasin eventsuptothe 5% AEPevent. Inlarger events, flow beginsto break out of the
channels. While thislargely occursover vegetated areasor pastureland in Nullicaand Boydtown, in Shadrachs,
this breakout impactsthe adjacent caravan park.

Floodingwasassessed at five localitiesin the TowambaRiver catchment; Wyndham, Rocky Hall, New Buildings,
Burragate and Towamba. Floodingin these locationsisas aresult of the Towamba River and M ataganah Creek
overtopping their banks. Flooding within the Towamba River study areasis typically well defined, with little
breakout flow from the main channel occurring, even in large flood events. The critical duration for flooding
is long, 9 to 12 hours,due to the large contributing upstream catchment area. Several main accessroads and
bridgesbecome inundated, isolatingresidentsforthe duration of the flood event.

Sensitivity

Sensitivity analysis of the hydraulicand hydrodynamicmodelsto roughness, rainfallintensity and blockage of
culverts and bridges was undertaken. The peak flood levelsin the Towamba River catchment modelswere
more sensitive to roughness changesthan the other study areas, with increases of up to 1m. However, the
increasesdid not result in significant increasesto flood extentsor number of propertiesimpacted. The model
wasnot particularly sensitive to blockage, with blockage of culvertsin Eden only causing localised increasesin
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 showedthat the model
sensitivity to rainfall intensity increased for Towamba River study areas further downstream. In the upper
catchment typical impactswere +/-0.2 to 0.4 metres. Thisincreasedto +/-0.7 to 1 metre at Towamba. Eden
had more modestimpactsin the order of +/- 0.1 metres. Shadrachs, Nullicaand Boydtown had impactsof less
than +/-0.1.

Climate Change

For the Towamba River models, the impact of changesin rainfall intensity increasesfor study areas further
downstream.Inthe uppercatchment,increasesin floodlevels as a result of rainfall intensity increaseswere
modest, typically in the range of 0.2 to 0.4 metres. Flood level impacts increased downstream, due to the
additional upstream areacontributing increased flow. M edian increasesin flood levels at New Buildingswere
0.69 metres, increasingto 0.97 metresat 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 lessthan +/-0.1.

Sealevelrise only impacts floodingin the coastal study areas. The Towamba River study areasare sufficiently
far upstream to not be affected by sealevelrise.

Along the northern shore of Lake Curalo, impacts were minimal, with negligible change in flood extent
occurringevenwitha 0.9 metreriseis sealevel. Alongthe western shore, sealevelrise of 0.4 metresresulted
in no significant increase in flood extent, although 0.9 metre of sealevelrise resultedin alateral expansion of
30 metresat Lakeside Drive that resulted in additional propertiesbecomingfloodaffected. Alongthe southern
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shore, additional inundation, while more wide spread than the northern and western shores, wastypically
restricted to open space and vegetated corridors. The exception wasthe aged care centre on Barclay Street,
which wasfully inundated undera 0.9 metre sealevelrise scenario.

The steep terrain at Lake Cocora prevented any significant increase in flood affectationundera 0.4 metre sea
levelrise scenario. With 0.9 metresof sealevelrise, overtoppingof IdaRodd Drive occurred.

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

The terrain at Nullica and Boydtown prevent any significant expansion of flood extentsunder climate change
scenarios. Increases greater than 0.1 metresin 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 acrossthe 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
toolsfor planning. This study providesabaseline against which a Floodplain Risk Management Studyand Plan
can be prepared.
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Glossary

Annual exceedance
probability (AEP)

Australian Height
Datum (AHD)

Attenuation

Average recurrence

interval

(ARI)

Catchment

Chart Datum

Design flood

Development

Discharge

Flood

Flood Awareness
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The chance of aflood 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 meansthat there is a 5%chance (i.e. a 1 in 20 chance) of a peak
discharge of 500 m?3/s (or larger) occurring in any one year. (See also average
recurrence interval).

National survey datum corresponding approximately to mean sea level.

Weakening in force or intensity.

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, isthe area of land that drainsto 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 ARl or 1% AEP flood).

Isdefined in Part 4 of the AP& A Act as:

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

e 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.

Xiv
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Flood Education Education that seeks to provide information to raise awareness of the flood

Eden, Twofold Bay and Towamba River Flood Study

problem to enable individualsto understand how to manage themselves and their
property in a flood event.

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

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

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

Floodplain risk A document outlining a range of actions aimed at improving floodplain

management plan 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 planninglevels  Flood planning levels selected for planning purposes are derived from a

(FPLs) 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.

Flood prone land 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).

Flood storage Floodplain areathat isimportant for the temporary storage of floodwaters during
aflood.
Floodway A flow path (sometimes artificial) that carries significant volumes of floodwaters

during a flood.
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Freeboard

Gauging (tidal and
flood)

Hazard
Hindcast
Historical flood

Hydraulic

Hydrograph
Hydrologic

Hydrology

Isohyet

Overland Flow

Peak flood level, flow
or velocity

Pluviometer

Probable maximum
flood (PM F)

Probability

Riparian
Runoff

Stage
Stage hydrograph
Topography

Velocity
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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 uncertaintiesin 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.
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 ariver or creek’s discharge changes with time.
Pertaining to rainfall-runoff processesin catchments.

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

Equal rainfall contour.

Overland flow flooding is water that flows down to awater course, compared with
mainstream flooding that iswater 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 asthe 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 acrossthe 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

FPL

FRM P
FRM S
FPRM SP
ha

HAT

km
km
LEP
LGA
LiDAR
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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 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

metresto Australian Height Datum
millimetres

metres per second
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MHWS Mean High Water Spring

MLWS Mean Low Water Spring

MHWN Mean High Water Neap

MLWN Mean Low Water Neap

MSL Mean Sea Level

NSW New South Wales

OEH Office of Environment and Heritage (NSW)
PMF Probable Maximum Flood

SES State Emergency Service (NSW)
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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

Eden, Twofold Bay and TowambaRiver Flood Study

floodplain management activities.

1.1 Study Location

The study areacoversthe entire catchment of Twofold Bay with afocuson understandingthe flood behaviour
and risk in the foreshore locationsof Eden, Quarantine Bay, Boydtown and Munganno Point/ JewsHead 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 isapproximately
400 km south of Sydney and 600 km north east of Melbourne along the Princes Highway and approximately
230 km south east of Canberraalong the Snowy Mountains Highway on the NSW South Coast.

Twofold Bay is an oceanicembayment which hasan open entrance. With the exception of Edentownship,the
foreshore of Twofold Bay is relatively undeveloped. The key locationsof interest onthe foreshore of Twofold
Bay in this study include Quarantine Bay (Shadrachs Creek), Nullica River and Boydtown, in addition to Eden
township.

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. Historical
floodingin Eden has been asaresult of catchment rainfall causing overland flow and creeksovertopping their
banks, aswell asforeshore flooding associated with Lake Curalo water levels (caused by both rainfall with a
closed entrance and ocean stormswith 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 riversin the state, it is joined by
the Wog Wog River below Burragate, before it reachesthe village of Towamba.

Otherwaterwayslocated within the study area, and key locations of interest to this studyinclude:

- Ben’sCreek - Two Mile Creek

- Mataganah Creek - Bellbird Creek

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

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

- ReedyCreek - Quarantine Bay

- Palestine Creek - Twofold Bay

The study areais shownin 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
inform management of flood risk in the study area through consideration of the available information, and

Eden, Twofold Bay and TowambaRiver Flood Study

relevant standardsand guidelines. The study will also provide a sound technicalbasis for any further flood risk
management investigationsinthe area.

This projectisa flood study, which is a comprehensive technicalinvestigation of flood behaviourthat provides
the main technical foundation for the development of arobust 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 hydrologicand
hydraulic modelsthat are calibrated and verified, where possible, against historicflood eventsand extended,
where appropriate,to determine the fullrange of flood behaviour.

The project providesan understandingof,andinformation on, flood behaviour and associated risk to inform:

e relevant governmentinformation systems;

e government and strategicdecision makerson floodrisk;

e thecommunity and key stakeholderson flood risk;

e floodrisk management planningforexistingand future development; and

e emergency management planning for existing and future development, and strategic and
development scale land-use planningto manage growthin flood risk.

The outputsof the study will assist this by:

e providing abetterunderstandingofthe:
o variation in flood behaviour, flood function, flood hazard and flood risk in the study area;
o impactsand costsfor arange of flood eventsorrisks onthe existingand future community;
o impactsof changesin development and climate onflood risk; and
o emergencyresponsesituation and limitations.
e facilitating information sharing on flood risk across government and with the community.

The study outputswill also inform decision makingfor investinginthe floodplain; managing flood risk through
prevention, preparedness, response and recovery activities, and informing and educating the community on
floodrisk and response to floods.

1.3 Study Background and Context
The study areais impacted by floodingfrom various floodingmechanisms:

e TheEdenpart of the study areais characterised by urban overland floodingas wellas backwater from
Lake Curalo and Cocora Lagoon;

e The Towamba Riveris alarger catchment which 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 |nundationandwave action within Twofold Bay are driven by the coastal forcesoffshore.

There has been historical floodingobserved throughout the study area. During2011, amajor flood event on
the TowambaRiver led to the communitiesat Rocky Hall, Burragate, New Buildingsand Towambabeing
isolated for anumber of daysas key bridgesin those areaswere destroyedduringthe event. More recently
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during June 2016, a major East Coast Low event saw key wharf structureswithin Twofold Bay being
destroyed or damaged by coastal driven inundation and wave action.

Eden, Twofold Bay and TowambaRiver Flood Study

Key development pressure at the Port of Eden, Cattle Bay and Boydtown necessitate some exploration of
floodimpacts asto the best of Council’s knowledge, no comprehensive contemporary flood study forthe
catchment has everbeenundertakentothe current 2005 NSW Floodplain Development Manualguidelines.

The study aimsto quantifythe floodrisk in the study areaforboth inundation and emergency response
issues.
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2 Study Area

The study areaincludesthe Towamba River catchment and Twofold Bay, encompassingthe watershed areas

Eden, Twofold Bay and TowambaRiver Flood Study

draining to the Towamba River, Nullica River and Lake Curalo, the Twofold Bay coastal embayment and
continental margin of South-east NSW. Theinteraction of catchment floodingwith estuary and coastal w ater
levelsis a key consideration of the study requiring an extended study areafrom the top of catchment to the
continental shelf.

2.1 Catchment Description

The entire catchment drainingto Twofold Bay isincluded in the study area. However,dueto the focusof 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 creeksand overland flow areas.

Closeto North Head is a conspicuousislet, Mewstone Rock. About Skilometressouth of the islet is Red Point
which formsthe southern headland of the bay. Eden and the Port of Eden are located in the bay. The historical
town of Boydtown s located in the west of the bay, located on Boydtown Beach which stretchessouthfrom
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 km2. The river rises approximately 9 kilometres north of
the CoolangubraMountain, below Mount Marshalland flowsgenerally south-east and then north-east, joined
by twelve tributariesincluding (ordered by descendingelevation) 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), beforereachingitsmouth,emptyinginto Nullica Bay, within Twofold Bay , east of Boydtown. The
river descends533 metresoverits 86 km course.

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

The TowambaRiver catchmentisbound by the BegaRiver catchmenttothe north,the Snowy River catchment
to the west andthe GenoaRiver catchmentto the south. The PrincesHighway crossesthe Towamba River at
the locality of Kiah.

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

Flooding within the Towamba River study areas is typically well defined, with little breakout flow from the
main channeloccurring, evenin large flood events. However, somefarmland and low-lyingfloodplain pockets
adjacent to the channel are impacted in significant events. The critical duration for flooding is long, 9 to 12
hours,dueto thelarge 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
TowambaRiver Catchment:

Eden, Twofold Bay and TowambaRiver Flood Study

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

These locations are shownon Map G101.

Following consultation with the community (Section4) it was identified that Kiah also experiencesflood risk
to property, assets and life. 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 hasa waterway area of 0.73 km2 and drains a mainly forested catchment of 30.3 km2 contained
within the Nullica State Forest and Ben Boyd National Park, with the lower portion incorporating part of the
Edentownship.

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

Edenis partially located within the Lake Curalo Catchment and also within the catchment for Snug Cove, Cattle
Bay and Cocora Lagoon,amongotheroverland flow areasdraining 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 floodingislimited, affectingprimarily undeveloped areasalongthe lake foreshore.Some low-
lying residential propertiesare impacted by lake flooding along the western edge of the lake.

Catchment floodingcontrolsthe peakflood levelsacrossmuch of the study area. Flow iswell contained along
most flow paths, althoughincreasing levelsof break out flow occurring the larger AEPeventsand PMF.

The critical duration acrossthe study arearanged from 2hours, forthoseareaswith smallupstream catchment
areas, up to 9 hours,forthose 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 entrancesthat are dominated by barrierand berm featuresthat 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 (FisheriesBeach) (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 Lakesand Lagoons (ICOLLs), in that they naturally open and close to the oceanin a constant but irregular
cycle (DPI,2018).

When closed, water levelsin the ICOLLwill rise as aresult of water flowingfrom the catchment area, in some
casesin amatter of hoursor days. Oncethe water levelreachesthe 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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reopensthe ICOLLto the ocean. When ICOLLsare opentheybecome tidalwith seawater movinginto and out
of the estuary with the daily tidal cycle.

Eden, Twofold Bay and TowambaRiver Flood Study

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) openingin anticipation of large rainfall (flooding) events,including at
Lake Curalo (Section2.1.3).

2.1.4.1 Shadrachs Creek
Shadrachs Creek is an intermittently open and closed lagoon (ICOLL) with a catchment area of 13.2km?2. The
catchmentis predominantly forested, with some roadsand 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 levelsdownstream 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. FHow past the highway is
constricted, resultingin flood storage areasoccurringupstream of the highway inthe 1% AEPevent 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?2. The
Nullica River risesbelow Nullica Hill within Nullica State Forest, approximately 11 kilometreswest 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 riverdescends 137 metresoverits 11 kilometrescourse.

West of theriver'smouth, the PrincesHighway crossesthe Nullica River.

In eventsuptothe 5%AEP, flow within the Nullica River is generally within the channel banks. In larger events,
flow beginsto breakout of the channeland inundate the adjacent pastureland and vegetated areas. Building
affectation doesnot occur until the PMFevent.

2.1.4.3 Boydtown Creek

Boydtown Creek hasasmall catchment area (3.9 km?), which drainsin a principally north-easterly direction to
the south western shore of Twofold Bay. The catchment elevations RL200m to sealevel and the catchment
topography can generally be described as steep. The majority of the catchment is bushland with only some
minor urban subdivision development inthe southernfringe of thelower catchment and thehistoric Sea Horse
Inn and a nearby camping ground occupyingthe only sizeable areaof flat ground adjacent to and north of the
creek.

The creek system hastwo main tributaries. The longer arm, Boydtown Creek hasits headwaters west of the
Princes Highway. The uppermost 0.6 km? of this main arm catchment also forms the local catchment of an
offlinetownwater supply dam, the Ben Boyd Dam which was built in 1978. Water to fill the Ben Boyddam is
pumped from the nearby TowambaRiver.

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

The lower reaches of Boydtown Creek form an ICOLLwith the entrance to Twofold Bay being closed during
non-floodtimes (Bewsher Consulting, 1989).



R h@m

Flow within Boydtown Creekisgenerally wellcontained in eventsupto the 0.2%AEP. Some upstream ponding
occurs at Juno Drive in eventsassmallasthe 10% AEP event.

Eden, Twofold Bay and TowambaRiver Flood Study

2.2 Historical Flooding

2.2.1
The flood history of the TowambaRiver is lengthy, resultingin death to personsand stock, destroying assets,
private property, crops, roads and causing significant erosion. During 2011, a major flood event on the
TowambaRiver led to the communitiesat Rocky Hall, Burragate, New Buildings and Towamba beingisolated
for anumber of days as key bridgesin those areaswere destroyed duringthe event.

Towamba River

Towamba'sfirst bridge wasbuilt as a high-leveltrussbridge and wasopenedin 1911. The 1919 flood washed
all bridgesfrom the entire length of the river leaving the river flats and low-lying farms strewn with debris.
Local knowledge suggeststhat the water reached halfway up the counterin the Towambavillage store. Debris
banked up in front of the bridge causing it to break up, sweepingitstimbersdownstream where they were
foundwhentheleveldropped. It wasthe biggest local flood in living memory. Towamba'ssecond bridge was
not as high but gradually as each annual flood brought more sand downriver;it was continually covered and
becameimpassable. 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 theirtractor, were drowned at Rocky Hall.

Significant historical flood eventswithinthe TowambaRiver catchment identified through document reviews

and discussionswith the community are listed in Table 2-1.

Table 2-1 Towamba River Historical Flooding

reached 45 feet at the PrincesHighway Crossing.
Bridge at Towambawashed away.

Flood Description Data Source
July 1893 TowambaRiver in heavy flood. NSW Water Resources
Commission, 1972
May 1900 Heavy rain onthe South Coast caused floodssouth of | NSW Water Resources
Pambula. Commission, 1972
March 1919 Severe floodingon the South Coast. Towamba River NSW Water Resources

Commission, 1972

Community consultation 2017

duringto TowambaRiver flooding.

August 1922 Approachto TowambaRiver bridge at Kiah carried NSW Water Resources
away. Commission, 1972

January 1934 At Towamba, theriver crossingwas damaged. NSW Water Resources
Commission, 1972

November 1942 | Extensiveinundation and much damage toroads NSW Water Resources

Commission, 1972

August 1943

TowambaRiver in flood; large areasinundated.

NSW Water Resources
Commission, 1972

May 1944 TowambaRiver in flood for several days. NSW Water Resources
Commission, 1972
June 1945 High floodingin South Coast district. NSW Water Resources

Commission, 1972
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Flood Description Data Source
May 1948 No detailsof flooding available apart from date. NSW Water Resources
Commission, 1972
January 1952 No detailsof flooding available apart from date. NSW Water Resources
Commission, 1972
May 1953 M ajor flooding occurred in the TowambaRiver Valley | NSW Water Resources
Commission, 1972
February 1956 No detailsof floodingavailable apart from date. NSW Water Resources
Commission, 1972
June 1956 No detailsof flooding available apart from date. NSW Water Resources
Commission, 1972
November 1959 [ The Towamba River at Kiah rose quickly and at its NSW Water Resources
peakwas 18 feet overthe bridge, cuttingthe Princes | Commission, 1972
Highway for three days. Damage to crops.
July 1960 4 inchesof rain caused the Towamba Riverto rise 14 NSW Water Resources
feet overthe Kiah Bridge. Commission, 1972
October 1966 Minor floodingoccurred coveringthe bridge onthe NSW Water Resources
PrincesHighway by 10 feet. Commission, 1972
February 1971 Water came close to going overthe Princes Highway NSW Water Resources
Bridge. Commission, 1972
Low leveltimberbridge at Burragate destroyed. Community consultation 2017
Flooding of New Buildings Road at New Buildings, Big
Jack Mountain Road at Rocky Hall.
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 aspotential calibration eventsby Council Council’s Brief
but no additional informationregardingthe events
hasbeenidentified
2010 Identified aspotential calibration eventsby Council Council’s Brief
but no additional informationregardingthe events
hasbeenidentified
2011 Significant damagesto farmsat Kiah dueto theflood | Community Consultation 2017

occurring at night time and very little warning
provided.

Overland flow issuesat Burragate.

Flood watersreachedthetop of the busshelter at
Towamba.
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Flood Description Data Source
2016 Not as significant along TowambaRiver asthe 2011 Community Consultation 2017
event.

2.2.2 Hooding in Eden and Surrounds

Floodinghasbeen observedin Eden asaresult of both overland flooding and coastal storms. Overland flooding
has occurred as a result of heavy rainfall on the local catchment, resultingin the small creeks and drainage
paths causing flooding of roads, private property and open space. Coastal stormscan 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
floodingin the golf course.

A summary of notable flood eventsforthe Edenregionis provided in Table 2-2.

Table 2-2 Eden Historical Flooding

Flood Description Data Source

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

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

1978 Bridgesdestroyed at creek crossings upstream Community Consultation 2017

of Lake Curalo. Foreshore areasof Lake Curalo
inundated. Lake Curalo entrance openedtothe
south of the current entrance.

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

2011 Highw ay at Golf Course overtopped. Community Consultation 2017

January 2015 Overland flow issueswere observed withinthe | Community Consultation 2017
township of Eden co-incident with the
prevailing tide within Lake Curalo.

2016 Overland flow issuesand 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 makesa referencetoflood of Juno Drive, but it is not clear when this occurred
or if it was aresult of blockage. In addition, the caravan park at the Shadrachs Creek entrance have noted that
sandbagging hasbeen undertakenin the past to protect low lying sites from flooding from Shadrachs Creek
after heavy rainfall. Discussion on floodingfrom coastal eventsisdiscussed in Section2.2.4.

2.2.4 Coastal Sorms
East Coast Low (ECL) eventsare intense extra-tropical storm systemsthat 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
definesan ECLforNSW as“asystem with aclosed cyclonic circulation at the surface” that formsor strengthens
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“in a marine environment within the vicinity of the east coast”. Extreme winds, rain, waves and elevated
coastal water levelsare common hazards associated with ECLeventsin NSW, and the impact of these hazards
on the NSW coastline and inland across the Great Dividing Range vary dependingonthetype,track, intensity
and duration of the event. Notable severe ECL shave resulted in majorproperty lossesand loss of life.

ECLeventsgenerally occur within an areabetween the NSW coast to 160° Eand 25° Sto 40° Swhich includes
the Begavalley shire. The spatial distribution of ECL occurrence shows a concentration of ECL eventsin the
Tasman Seato the east of the NSW coastline. The seasonal spatial plots show more southerly stormsin winter
directly offshore of Eden, and abimodal spatial distribution in summer.

Notable ECLeventstoimpact 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 Exportswharf at Jew’sHead and also nearby Tathra Wharf due to the prevailingwave direction. Photos
of thisevent areashown in Figure 2-1 and analysis of this event isprovided in Section 5.5.

Boydtown June 2016 EdenJune 2016

Figure 2-1 ECLJune 2016 - Photos
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3 Review of Available Data

3.1 Site Inspections
Field inspection of the study areawere undertaken over a period of three days (4 — 6 October 2017) by two
Rhelm staff and Council’s project manager.

Eden, Twofold Bay and TowambaRiver Flood Study

The locations that were inspected and key field notesare provided in AppendixA.

The purpose of the site inspectionswas to gain an appreciation of the catchment and likely flood risks. The
site inspectionsalso identified additional survey requirementsand assisted with the definition of the hydraulic
modelextents.

3.2 Previous Studies and Reports

Relevant studiesand reportswere collated through liaison with Counciland DPIEand consultation with agency
and community stakeholders. Additional studieshave been sourced through internet searches. Asummary of
the studiesand report likely to inform this Flood study is provided in Table 3-1.

Table 3-1 PreviousStudiesand Reports

Document Relevance to the Study and Comments

Floodsof February 1971 onthe Providesadescription of the floodingin 1971 aswell asalist of
South Coast (NSW Water Resources | previoussignificant floods. Daily rainfall data provided. Peak
Commission, 1972) dischargesprovided at fourlocationsfor 1971 event and peak

flowsalso provided for onelocation in 1961 and two locationsin
1970. Isohyetalmapsforeventincluded.

Lake Curalo Data compilation study Hydrographic and sedimentation informationtoinform the Lake

(Webb, McKeown and Associates, Curalo model.

1997)

Lake Curalo Estuary ProcessesStudy | Providesinformationonthe catchment, climate, tidal behaviour,
(ESE, 2002) lake sedimentsand entrance dynamics.

Aquatic Ecology Issuesfor Lake Will provide input to the assessment of impactsof potential
Curalo Estuary ProcessesStudy (The | optionsto managing floodingin the next phase of the floodplain
Ecology Lab Pty. Ltd, 2001) risk management process.

Lake Curalo Estuary Management Estuary management optionsidentified in this study should be
Study and Plan (Nelson Consulting/ reviewed withinthe context onflood management options
Lawson & Treloar, 2002) identified in the next phase of the floodplain risk management

process. Itis notedthat Council is currently preparing a coastal
management program that will supersede thisstudy.

Lake Curalo Sediment Study (Hlis,D. | Informationto review regardingsedimentation within Lake Curalo.
& Beavis, S., 2007)

Curalo Lake Water Quality Will provide input to the assessment of impactsand benefitsof
Monitoring Report (M HL, 1998) potential optionsto managingflooding in the next phase of the
floodplain risk management process.

Estuarine Investigations, Lake Curalo | Sediment datawasusedin the Lake Curalo hydrodynamicmodel
Vibrocore Summary (NSW to betterdefine entrance breakout and scour behaviour.
Department of Land and Water
Conservation, 1999)
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Document

Relevance to the Study and Comments

Proposed Dredging of Lake Curalo
EnvironmentalImpact Satement
(Sinclair Knight and Partners, 1988)

Providesbackgroundinformationonwaterlevel, flood behaviour
and sediment distribution.

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

Includesdescription of existingsediment environment and coastal
processeswithinthe study area.

EnvironmentalImpact Assessment —
Proposed M arinaand Temporary
Land Facilities, Cattle Bay Road, Eden

The Cardno wave modellingincluded in this EIAwas referenced in
the selection of input parametersto the hydrodynamicmodeland
comparison of resultsfor consistency.

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

Thisdocument providesplanningcontext tothe wave modelling
undertaken by Cardno andincluded in the EIA (above).

Eden Harbour Safe Boating Options
Study

Wave,wind andwater levelinformation was reviewedinthe
preparation of the hydrodynamicmodelfor Twofold Bay.

ICOLL Entrance M anagement Policies
— Review of Environmental Factors

Includesdiscussion of sediment and hydrological processesand
historical aerial photosof the estuary.

Bega Valley Shire Coastal Processes
and Hazards Definitions Study

Summary of coastal processesand hazardsalong the coastal fringe
of BegaValley Shire. Includesidentification of erosion and coastal
inundation hazards using EVOMOD. M erimbula, Twofold Bay and
Wonboyn coastal areasincluded in assessment.

Thiswas reviewed aspart of the development of the
hydrodynamicmodelfor Twofold Bay.

Boydtown M arinaDevelopment;
Boydtown Creek Flood Study
(Bewsher Consulting, 1989)

Providesa catchment description of Boydtown Creek.

The surveyed crosssectionswill be digitised forusein the current
Flood Sudy model.

The study resultswill be compared against the current study
resultsfor design events. No calibration of historical eventswas
undertaken aspart of the 1989 study.

3.3 Local Policies and Emergency M anagement Plans

A variety of relevant planning documents, where available, were also reviewed and considered as part of the
study. These documentsare listed in Table 3-2.

Table 3-2 Policy and PlanningDocuments

Document

Relevance to the Study

Bega Valley Local
Environmental Plan 2013
7.1).

The LEP’s existingflood related planning controls have beenreviewed
within the context of flood risk and planning within the study area (Section

Bega Valley Development
Control Plan 2013
7.1).

The DCP’s existingflood related planning controls have beenreviewed
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

Thisdocument hasbeen usedtoidentifywhat floodinformationis
necessaryto support emergency management activities.

Eden Foreshore Reserves
Plan of Management 2007

Thisdocument hasbeenusedtoinform the assessment of the impactsof
floodingon the community and advice on land use planning.

Curalo Lagoon Entrance
Management Policy 2016

The openingtrigger levelhasbeen considered inthe development of the
lake model.

Water sharing plan forthe
TowambaRiver Unregulated
and Alluvial Sources

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

South East and Regional
Tablelands Strategy

The strategy hasbeenreviewedtoinform the understandingof future
development and flood risk.

NSW Regional Ports Strategy
2017

The strategy has provided information on existingand potential future

usesof Snug Cove. These hasbeen considered when evaluating flood risk.

3.4 Survey Information

3.4.1 Aerial Survey

Aerial survey (LIDAR) hasbeen provided by BVSCfor the coastal regionsof the Twofold Bay catchment,with
the LIDAR extending approximately 2.9km inland from the coast. The LiDAR was provided asa 1m grid DEM
forthe extent shownin Map G301. Outside of this area, satellite derived datawas available at approximately

30m grid spacing.

The LIDARwascollected in 2008. Reported accuraciesprovided with the dataset are summarised in Table 3-3.
The LIDARDEM was akey input to the establishment of the digitalelevation model (DEM) forthe coastal areas

of the project.

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 sourceswere available and are summarised in Table 3-4.

Table 3-4 Existing Survey Sources

Source

Information Available

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

Creek crosssectionsalong Boydtown Creek.

RM S

included in the modelsare described in Section 3.5.

Various bridges and culverts. The RMS structures
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3.4.3 Additional Survey
Following areview of the existing survey data available the following additional survey wascollected:
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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
isreportedly lessthan +/-100mm.

e Ground Survey crosssectionsof Mataganah Creekwithinthe 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 sectionsof Shadrachs Creek from Princes Highway to the outlet. Entrance and berm surveys
were also collected at the outlet of Shadrachs Creek.

e Bermsurveyat the outlet of Nullica River.

e Crosssectionsof small creeksand severalhydraulic structureswithin Eden. These surveyedfeatures
are shownon Map G302.

3.4.4 Twofold Bay and Lake Curalo Bathymetric Survey

To provide acomplete coverage of the coastalregionsof the study areaanumber of bathymetricdata sources
were utilised. A base bathymetric dataset covering Eden and within Two-fold Bay is comprised of contours
extracted from Eectronic Navy Charts (ENC). This base dataset is then supplemented withthe higher quality
survey datawhere 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 datasetsis
shown below. All datasetsare convertedto the same vertical datum, Australian Height Datum (AHD), prior to
inclusion in the model.

Attention is paid to merging the coastal bathymetricdatawith the shoreline/land DEM, to ensure arealistic
transition betweenthetwo. Berm datawascollected at Shadrachsfor this purpose.

3.4.5 Historical Hood M arks

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 structuresthroughout the study area. The data sourcesforeach of the structures
is discussed below.

3.5.1 Towamba River Catchment

Each of the study areas within the TowambaRiver catchment contain at least one significant bridge and/ or
crossing. Each of the bridgeswassurveyed by aregistered surveyor aspart of thisstudy. One additional culvert
isincludedin the modelling, this culvertislocated on Stockyard Creek (at Big Jack M ountain Road). The design
detailsforthisculvert were provided by Council. The design detailsfor the New Buildingsbridge were provided
by RMS.
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3.5.2 Boydtown Creek, Nullica River and Shadrachs Creek
Estuary modelswere developedforthe ICOLLs at Boydtown Creek, Nullica River and Shadrachs Creek. There
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are only alimited number of hydraulicstructuresimpactingthesewaterways. The design detailswere obtained
through existingdata sourcesas described below.

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).

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

3.5.3 Eden

There are numerous hydraulic structures located within Eden, including bridges, culverts and stormwater
pipes. Stormwater pipeswith adiameter greaterthan 750mm wereincludedin the model based on Council’s
existingdata set. The design details of bridges and culvertswere obtained from Council, RBMSand 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 structureswere estimated
from RM Srecords and site photos. The data source of each structure includedin the Eden hydraulic modelis
shownonMap G303.

3.6 Rainfall Data
There is an extensive network of rainfall gauges (current and discontinued) acrossthe study areaoperated 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 gaugesforusein calibrating / validating the identified historical stormsis also shownin AppendixB.
The locations of these gaugesare shownin Map G304.

Further discussion on recorded rainfall data for historical eventsis presented with the calibration and
validation of the modelsdeveloped forthe studyin Section 5.5.

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

A frequency assessment wasundertaken onthe 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 generatesa
probability curve for the data. The estimatesderived from FLIKEwere then compared to both the ARR2016
and ARR87 24-hour rainfall intensities. Theresultsare shown in detail in AppendixB.

The results show that the estimatesfrom both ARR2016 and ARR87 align well with the estimatesfrom the
probability assessment and are within the confidence intervals. The ARR2016intensitiesshow abetter match,
trendingcloser to the FLIKE estimate. The ARR87 intensitieswere higherthan the 2016 estimatesby 5 — 10%.

This assessment providessome confidence in the rainfall intensitiesadopted from ARR2016.
3.7 Flow Data
There arethree flow gaugeswithin the catchment (bothactive and discontinued). Thereisan active flow gauge

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



R h@m

provided flow datafor the 1971 and 1978 events. No other suitable gaugeswere identified in the catchment.
There isno flow datafor Eden or the other catchmentsdraininginto Twofold Bay.
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The gauge data providedincluded bothwater leveland flow time series. The gauge itself recordswater levels,
with the flow databeinggenerated from these levelrecordingsbased on the rating curve of the gauge. While
the water level recordings are considered relatively robust (unlessnoted in the gauge data) the flow data
requirescalibration and validation of the rating curve, which requiresoperatorsto visit the gauge duringflood
eventstorecordthe flows,andto extrapolate estimatesto flowsabovethoseobserved. Assuch, thereismuch
more confidence in the lower “gauged” flows, than in the higher, given that it isuncommon for operatorsto
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 lessreliable. Areview wasundertakenon the rating
curvesfor the gaugesand thisisprovidedin AppendixB.

Aflood frequency analysis (FFA) wasundertakenfor each of the three gauges. The assessment wasundertaken
using the TUFLOW FLIKE software, which fits a probability curve to the gauge flows to determine flow
estimatesforvariousrecurrenceintervals.

The details and resultsof the FFA are presentedin 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 forfurther details).
The waterlevelandflow resultswere then extracted from the gaugelocationinthe modelto generate arating
curve based on the hydraulic model results. This was only possible at New Buildings, as the Rocky Hall and
Towambagaugeswere located outside of the hydraulic modelextents.

3.8 Water Level Data
Historicwater leveldatais available for Lake Curalo, provided by Bega Valley Shire Councilfor use inthisstudy.
Datais available from June 2007 to the present day. Datais 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 (LATto HAT). The mean water level at Eden is 1.0 m above lowest astronomical tide (LAT). A
full list of tidal planesat Eden are presentedin Table 3-5 in metresbelow 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 Planesat Eden W ater level (m CD) W ater level (m AHD)
Highest Astronomical Tide (HAT) 2.1 1.17
M ean High Water Spring (MHWYS) 1.8 0.88
M ean High Water Neap (M HWN) 1.2 0.28
Mean Sealevel (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
factors contributingto total water levelinclude:
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Astronomicaltide;

2. Surgefromwind and pressure forcingalong the coast;

3. Residualwaterlevelsfrom other oceanographicand meteorological forcing, including coastal trapped
waves; and

4. Wave setupinshore of the surf zone.

The largest water levels are typically observed as a result of ECL events, where the surge and wave setup
component canbe in the orderof 0.5to 1 m. Informationonthe storm surge component of the tide can also
be deemedfromthewaterlevelrecordsusing the highest water leveland predicted tidal range. Along-term
tide gauge islocated 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 measurementsfrom 1986 to current. The
data showsthat the largest tide level (HAT) hasbeen exceeded on 7 occasionssince 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 modelw hich extendsinto Two Fold Bay are tabulated in Table 3-6.

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

Data Type Description Source

East Coast Low | Historical east coast low database BOM

Track and [Archived mean sealevel synopticcharts BOM :

Intensity http://www.bom.gov.au/ australia/ char
ts/ archive/

Wind speeds, directions and atmospheric | BOM

M eteorological .
pressure and rainfall measurement at key

data
stations
Gridded daily rainfall 1970 —2016: Australian | BOM:
Water Availability Project http://www .bom.gov.au/climate/aust

maps/ metadata-daily-rainfall.shtml|

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

Tidal predictions Predicted waterlevels National Tidal Centre

Bathymetry Coastal surveydatasets(variousalongwhole | Office of Environment and Heritage
coastline)
Australian hydrographicoffice navigation Australian Hydrographic Office

chart datasets

Coastal water Measuredwaterlevels Manly Hydraulics Laboratory

leveldata

Measured wave height, period and direction | Manly Hydraulics Laboratory
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Data Type

Description

Source

Ocean Wave data

Hindcast wave data

Baird

Hevationdata

LiDAR5-m Digital Hevation M odel

Geoscience Australia

Shuttle Radar Topography Mission (SRTM)
30 m resolution Digital Hevation M odel

Geoscience Australia

3.10 Future Development Information
In order to establish modelling Scenario 3 (an assessment of cumulative impacts on the flood behaviour in
Section 7.4), the maximum potential development within the catchments has been incorporated into the
model. Development hasbeenrepresented primarily through simple filling of land, to represent an obstruction
to flow. The development potential hasbeen sourced from existing land use typesin the Bega Valley Local

Environmental Plan (LEP) 2013. Council has provided the LEP land use zonesin GISfor this purpose.

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

potential.

3.11 GISData

Digitally available information such as aerial photography, cadastral boundaries, topography, watercourses,
drainage networks, land zoning, vegetation communitiesand soil landscapeswere provided by Council in the

form of GlSdatasets.
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4 Consultation

4.1 Consultation Strategy
The consultation strategy outlined in Appendix Cdescribes the approach to consultation in accordance with
the IAP2framework andthe requirementsof the NSW GovernmentsFloodplain Development M anual (2005).
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4.2 Agency Consultation

There are many agencieswith flood-related interestsinthe LGA. To best approach these agencies, a letter of
introduction to the study wassent to the key stakeholder agenciesto introduce the project and an invitation
tobeinvolvedinthe project. It alsoincluded requestsfor any relevant dataorinformation 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.

All agency stakeholderswillbe contacted priorto the publicexhibition of the draft Flood Study to request their
feedbackonthe document.

Table 4-1 Agency Consultation

Agency Stakeholder Outcome of Consultation

Office of Environment and Heritage Ongoingguidance and input throughout the project.

Bega Valley Shire Council

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

Asset Management Coordinator | Council’s project manager providingproject direction.

Coastal Management Officer Provided datarelevant to Lake Curalo

Strategic Planning Co-ordinator Provided overview of key risk areaswith regardsto potentia

development exposure.

Lake Curalo Estuary Management Focus
Group

Rhelm project manager attended afocusgroup meetingto gain
an appreciation of the flood related issues being raised in the
Coastal Management Program for Lake Curalo.

Roads and M aritime Services

Provided design and/ or survey detailsof culvertsand bridges.

NSW Port Authority

No response.

NSW DPI- Crown Lands

No response.

NSW DPI-Water

Provided some overview as to the role of DPI Water in
floodplain management. Unlikely to provideinput to the study.

Provided guidance to extractingflow datafrom the website.

NSW Department of Planningand
Environment

No response

State Emergency Service

State Headquarters

Directed enquiriesto the local controller

Deputy Regional Controller
lllawarra South East

Directed enquiriesto the local controller




R h@m

Eden, Twofold Bay and TowambaRiver Flood Study

Agency Stakeholder

Outcome of Consultation

Local Controller, Bega Valley LGA

To provide ongoinginput and review through the focusgroup.

Eden Unit Controller

No response.

Eden Deputy Unit Controller

No response.

Local Volunteer— Richard
Lamacraft

Provided descriptions of historical floods and useful websites
for photosand newspaper articlesof historical events.

NSW Ambulance — Eden Station Officer

Provided detailsof accessissuesduring flooding.

Fire and Rescue NSW

No response.

South East Local Land Services

No response.

Department of Defence — Royal
Australian Navy

Directed enquiriesto NSW Ports.

TowambaValley History Website

Permission provided to use photosand information on w ebsite
forthe purpose of thisstudy.Additionalphotographsprovided.

TowambaCommunity Progress
Association Inc.

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

Port of Eden M arina Inc.

Identified the key relevant dataas 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, theirown website and Facebook profile to provide updatesand request

input to the study. The mediareleased to date issummarised in Table 4-2. Copies of the mediareleases are

providedin AppendixC.

Table 4-2 M edia Releases

Media Date

Purpose

M ediastatement 28 November 2017

to local newspaper

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

M ediastatement 11 December 2017

to local newspaper

To provide the community with an update on the community
engagement beingundertaken.

Facebookposts 30 November 2017
4 December 2017

5 December2017

Inviting attendees to drop-in sessions, requesting flooding
photosand providinga link to the online survey.
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M edia Date Purpose
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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.

4.4 Community Newsletter and Survey

A community newsletter and survey were distributedto 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. Acopy of the newsletter and surveyisprovided in AppendixC.

The newsletter provided information on the purpose and scope of the Flood Study and the survey sought
information about historical flooding eventsand otherfloodingconcernswithin the community.

The survey was mailed to approximately 500 recipients. A summary was also provided in a media release,
informingthe community of the Flood Study and advertisingthat the survey wasbeingundertaken.

From the distribution and availability of the survey on the website, seventeen responses were received,
representingareturn of only 3.5% of direct distribution. Areturnrate of 10% istypical for these typesof mail-
outs. However, it isnoted that an additional 30 people attended drop-in sessionsto provide input face to face
(Section4.5). Thisrepresentsatotal returnrate of 9.5%, which is closer to the typical return rate of 10%.

The submissionsreceived provided information and photoson historical flooding. Follow up was undertaken
with the respondentsto clarify the data received. Ground level survey was captured for several locations

around Towamba where historical flood levels had been observed. The ground survey providesflood levels
for the calibration of the hydraulic model.

4.5 Community Drop-In Information Sessions
Community drop-in sessionswere held during the initial stages of the study to gather information from the
community about flooding experiencesand concerns. The sessionswere held at:
e TowambaCommunity Hall Wednesday 6th December 3pmto 5pm; and
e Eden Country Club Thursday 7th December 10am - 12pm and 3:30pm - 5:30pm.
There were approximately 30 attendeesacrossthe three sessions. Information wasreceived regarding
e floodingin the uppercatchment, particularly around Towamba;
e Flooding at Kiah from the TowambaRiver;
e Foreshoreinundation at Boydtown and Eden from coastal storms;

e Foreshoreinundation around Lake Curalo;
e local creekfloodingand overland flow within Eden.

A summary of the drop-in sessionsnotesisprovidedin AppendixC.

4.6 Community and Stakeholder Project Update Emails

Community and agency stakeholdershavebeeninvited throughoutthe duration of the project to register their
contact details for project updates. Project updates have been emailed to these recipientson the following
dates:

e 27 February 2018
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e 28 March 2018
e 17 July 2018

4.7 Public Exhibition
Following the preparation of the draft Flood Study the report will be placed on Public Exhibition to allow the
community and other stakeholdersto review and comment on the report prior to it being finalised and

adopted by Council.
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5 Flood Modelling

5.1 Modelling Approach Overview
Due to the complex nature of flooding acrossthe study areas, flood modelling hasbeen undertaken using a
combination of hydrological and hydraulic models for both coastal and flooding. This allows flooding to be
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assessed with regardsto coastal processes, estuarinedynamics (in particular entrance scour), riverine flooding
and overland flow.

Hydrological modellingwas 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 modeltypes:

e TowambaRiver Catchment M odels- Individual TUFLOW 1D/ 2D hydraulic modelsfor Wyndham, Rocky
Hall, Burragate, New Buildings and Towamba;

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

e (Coastal Connected Area Models — Hydrodynamic modelsin 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 ICOLLentrance berm
conditions. A modelwas also established for Lake Curalo, to understandthe entrance breakout, and
thismodelprovided input tothe Eden TUFLOW 1D/2D model;

e TwofoldBay Model- A hydrodynamicmodelin 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 JewsHead and Munganno Point.

The separation of the Twofold Bay modelsfrom the Eden Model isimportant, asit allowsdifferent levels of
resolution to be adopted between the various models. While it is possible to modelthe areasin a singular
model, each have very different objectives. The Twofold Bay modelrepresentsthe overallbay modelling shelf
and nearshore derived storm surge, while the Lake Curalo and Cocora Lagoon M odelslook at theinteraction
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 representsthe small
flowpaths,incorporatessmaller scale featureslike stormwater drainage and culvertsand adoptsa small-scale
grid. It also analysesmuch shorterduration stormsthat are likely to governcritical floodingin 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
greaterinfluence of coastaleventsonthe floodingbehaviour. Further, giventhecurrent level of development
in these locations, the needfor high-resolution modelssuch asthe one used for Edenis not required.

5.2 Hydrological Models
Three hydrological modelswere prepared for study area, with a separate modelfor each:

e Edenand Lake Curalo catchment;
e Nullica River, Shadrachs Creek and Boydtown;and,

e TowambaRiver catchment.
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The subcatchment breakdownsforthese three modelsare shown in Maps G501, G502 and G503.

Eden, Twofold Bay and TowambaRiver Flood Study

The hydrological modelswere developed using XP-RAFTS. Inputstothe modelandthe data sourcesfor those
inputsare summarised in Table 5-1.

Table 5-1 Hydrological M odel Input Data

Parameter Data Source

Sub-catchment area and | LiDARdatawasavailable forthe lower portionsof 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 thisdata istoo course for hydraulic modelling, the
resolution is suitable for defining sub catchment extents and subcatchment
slopes.

Percentage impervious Percentage imperviousareasare largely afactor 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. Smilar to the percentage impervious, the valuesweredetermined
from an examination of aerialimagery and were largely dependent on land use.
Delineation of roughness zones also referred to Council’s LEP mapping,
particularly in areasthat are undergoingdevelopment orredevelopment.

Roughnessvaluesadoptedforthe catchmentswere:
= Roadsandcarparks 0.015
= Parksand open space 0.03
= (learedgrazing land 0.035

= Light vegetation 0.04
= Medium Vegetation 0.06
= Dense Vegetation 0.08
= Forestedregions 0.12
Runoffrouting Routingreferstothe transfer of flowsfrom one sub-catchment to another. This

routing can be done in XP-RAFTSthrough either specifyingalag time between
sub-catchments (10mins for example) or inputting a typical cross section,
roughness and length and allowing XP-RAFTSto compute the lag time based
ontheflow volume. For thismodel, lag links were used to define the routing.

Lagtimesweredetermined based onthe stream velocity, which wasestimated
based on the subcatchment grade using QUDM (2018), which provides
approximate stream velocitiesfor given slopes.

Rainfall losses Rainfall intensities and hyetographs for the design storms were based on
ARR2016, using datain the ARRData 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 Slopesregion of NSW. Values for rainfall losses were
determined as part of the calibration process of the calibration of the
hydrological models. The lossesadoptedwere:

e Pervious

e Initial Loss 20 mm

e Continuingloss 1.5mm/hr
¢ |mpervious

e Initial Loss 1 mm

e Continuingloss Omm/hr

5.2.1 Application of Australian Rainfall and Runoff (2016)

Australian Rainfall and Runoff (ARR) isanational guideline document,dataand software suite that can be used
for the estimation of design flood characteristics in Australia. The 1st edition was released by Engineers
Australiain 1958, and severalupdateshave beenreleased since that time. This study utilised the 3rd edition
releasedin 2016, known as ARR2016.

The 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
parameterssuch aslosses.

The modellingof the ensemble stormswasundertaken withinthe XP-RAFTSmodel. Peak flow ratesand flow
volumeswere analysed for each set of stormsto determine the critical duration andtemporal 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.Assuch, the peakflow rate hydrographwasadoptedasthe critical pattern
for all study areas.

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

One of the important componentsin the development of hydraulic modelsis to ensure that key hydraulic
controls and featuresare defined appropriately withinthe DEM. Thisincludes featuressuch asembankment
crest details, road levelswhere roads overtop etc. These have been incorporated these where appropriate
throughthe use of breaklinesand otherfeaturesusing 12d.

The following data setshave beenusedinthe development of the DEM:

e 2008 LiDARSurvey;

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

e Collectedgroundsurvey;

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

e C(Collectedbridge and culvert survey;and,

e Bridge and culvert details provided by RM Sand BVSC.
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5.4 Hydraulic Models
Asidentified in Section 5.1, four separate modellingapproacheswere adopted forthe study area:

Eden, Twofold Bay and TowambaRiver Flood Study

e Upper Catchment (Towamba) Models - Individual 1D/ 2D hydraulic modelsfor 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
floodingand coastal inundation and the influence of ICOLL entrance berm conditions;

e Twofold Bay Model- Ahydrodynamicmodelfor Twofold Bay would be used to understand the coastal
driven waterlevels, derive boundary conditionsat ICOLL entrancesand establish inundation at ocean
exposed location such as JewsHead and Munganno Point;

e HEdenModel- A 1D/2D hydraulic modelfor the flood behaviour at Eden, with a downstream boundary
driven by the Lake Curalo coastal connected areamodel.

An overview of the processfor the flood behaviour in Eden isprovided below. The Coastal Connected Area
models for Lake Curalo and Cocora Lagoons were run based on inputs from the hydrological model. This
providedinformation on the breakout of these lagoonsand the water levelsin the lagoons.

These water levels were then provided as a downstream boundary for the Eden TUFLOW Model, which
providedthe overarchingresultsfor the Eden Study Area. This processis summarised below in Figure 5-1.

Hydrological Coastal Connected Flood Behaviour in

Model Area Model Lagoons

Step 1 - Analysisthrough Coastal Connected Area M odel ( Lake Curalo and Cocora Lagoon)

Hydrological Eden TUFLOW Coastal Connected

Model Model Area Model

Step 2 — Analysisthrough Eden TUFLOW M odel

Figure 5-1 M odel assessment process

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

¢ Rocky Hall;
¢ New Buildings;
e Wyndham;
e Burragate;
¢ Towamba.

The approach adopted for these study areas was to analyse the mainstream flooding characteristics, and to
focusthe flood modelson the key areas of interest. Inflowsto the models have been derived based on the
hydrological modeldeveloped.
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All of the modelswere developed as 1D/ 2D hydraulic models. Additional survey was collected as part of the
studyto inform the development of the hydraulicmodels, namely:

Eden, Twofold Bay and TowambaRiver Flood Study

e UAVterrainsurvey of all five upper catchment regions;
e Crosssection surveythrough the Wyndham study area; and,
e Adetailedsurveyof the bridgeswithin the Towamba and Burragate study areas.

The modelareas were developed in collaboration with Council and DPIEthrough site inspectionsand review
of aerial photographs, topographicmapsand the outcomesof the community consultation. The modelareas
adopted, andthe hydraulic modelfeaturesare shownin Map G504 to Map G508.

The model parameters adopted are discussed below. In order to maintain consistency acrossthe 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,unlessnoted otherwise.

Grid Cell Resolution

A grid cell size of 5m hasbeen adopted forthe upper catchment models. Thisresolution is sufficiently fine so
asto allow the definition the river reachesin the 2D domain, while not adversely affectingmodelrun times.

RoughnessValues

Manning’sroughnessvalueswere 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 wasundertaken on the roughnessvalues(refer Section5.6.3). The assessment found
that the model was reasonably sensitive to roughnessvalues, particularly for those regionswith high flows
(such as Towambaand Burragate).

Table 5-2 Adopted RoughnessParameters

Land Use RoughnessValue
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 boundariesforthemodelswerelocated asufficient 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 achannel slope is
required. TUFLOW isable to generate these curvesautomatically based on auser specified channelslope. The
TUFLOW model then extracts the cross-section data and the roughness values from the 2D domain. This
approach wasusedto definethedownstream boundariesfor each of the upper catchment models.
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5.4.2 Eden Model
Thefocusofthe Eden Modelisonrepresentingtheoverlandflow and creekflowsinthe study area. The model

Eden, Twofold Bay and TowambaRiver Flood Study

area and its featuresare providedin Map G509. The focusof the modelareaison incorporating creeksand
flowpathsthat are likely to pose a risk to urban and developed areaswithinthe floodplain. These flowpaths
and creekshave beenincorporated through acombination of 1D and 2D elements. The modelareahasbeen
refined followingsite inspectionsand discussionswith Council.

Grid Cell Resolution

The urban areafor Eden, whichis denserthanother partsof the study area, suggeststhat a higher resolution
grid domain would be more appropriate. A grid cell resolution of 2m has been adopted for this study to
achieve areasonable balance in modelrun timesand 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, hasbeenincludedwhere it is available in Council’s data sets.

Buildings
Buildings have generally beenincluded in the hydraulic modelas an increased roughness. Where buildinglie

within key flowpaths, they have beenincorporatedinthe hydraulicmodel asraised objects. The keyflow paths
were identified based on preliminary runs of the 1% AEP event.

Fences

There are numerouswaysto incorporate fenceswithin a 2D hydraulic model. While the techniques can be
quite advanced, the reality is that the behaviour of fencesin flooding can be quite uncertain and difficult to
represent appropriately. Fenceshavebeenincorporatedinthe modelthrough apropertyaveraged roughness
value.

Interaction with lagoon processes

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

5.4.3 Twofold Bay Hydrodynamic M odel

Baird Australia developed a Delft3D hydrodynamic model of the Tasman Sea and the NSW coastal shelf that
extendsinto Twofold Bay aspart of the NSW Coastal Wave M odel (developedon behalf of DPIE) and hasbeen
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 footprintsforcoastal inundation aswell
as wind and rainfall. The dataset has been developed from adetailed library of hindcast data for 1,119 ECL
eventsbetween 1970 and 2016 (46-years) and a novelsynthetictrack and intensity ECL model. The sequence
applied todevelopthe data setis presentedin Figure 5-2.



R h@m

Eden, Twofold Bay and TowambaRiver Flood Study

' Historical ECL

Event Set
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Twofold Bay, Ede

Multi-hazard
Event Set

Figure 5-2 M ethod flow chart for Baird Australia’s multihazard ECL Event Set (left) and the Delft3D
NSW Tasman Sea M odel Domain (right)

The coastal inundation data set defines elevationsfor total peak steady water level (tide + residual + wave-
setup) and maximum waverun-up(= 2% exceedance) at 100 m resolution alongthe NSW open coast shoreline.
For NSW, the nearshore wave conditionshavebeen calculated usingavalidated coastalw ave transfer function
with high validation metricscomparedto limited nearshore wave measurementsalongthe coast. Forthetotal
peak steady water levels, anumber of factors contribute to the observed water at the shoreline during ECL
events. The factorscontributingto total waterlevelinclude:

Astronomicaltide;

2. Surgefromwind and pressure forcingalong the coast;

3. Residualwaterlevelsfrom other oceanographicand meteorological forcing, including coastal trapped
waves; and

4. Wave setupinshore of the surf zone.

Thewaterlevelsincludedin thisdata set account forthe above fourcomponentsinthe assessment of coastal
waterlevelsand wave run-up levels. Astronomicaltide 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 appliedin a
continuouscycle overthe 1,000-year data set period. For afull summary of the data and bathymetry sources
usedin 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 estuariesand will be used to derive design flood levels at
Munganno Point and JewsHead. The modelwas used to provide boundary conditionsto more localised and
refined models of four ICOLLs and surrounding low lying areas (see Section 5.4.4). The coastal inundation
levelsincluding wave setup were extracted from the 100m output point nearest tothe ICOLentrance and the
appropriate AEP year was appliedto the flood event AEP.
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5.4.4 Coastal Connected Area Models (ICOLLSs)
Consistent with requirementsof Floodplain Risk Management Guide - M odelling the Interaction of Catchment

Eden, Twofold Bay and TowambaRiver Flood Study

Flooding and Oceanic Inundation in Coastal Waterways (OEH, 2015) for Group 4 Waterway Entrance Type
(ICOLLs) consideration of dynamic morphology of the ICOLL entrancesis important in establishing accurate
flood levelsin downstream areas of the wider catchment. Four Delft3D model domainswere developed for
locationswhere the entrance berm is a significant hydraulic control, including:

e |lake Curalo (referMap G509 for modelarea);

¢ Nullica River and Boydtown Creek (referto Map G510);
e ShadrachsCreek(referto Map G511); and

e Cocoralagoon (referto Map G509).

The model boundary was established at the 5 m AHD contour in the models of Nullica and Boydtown,
Shadrachsand Cocora. Whereasat Lake Curalo, a modelextent outto the 2 m AHD contour was sufficientto
model flood behaviour for this system given levels in the lake are moderated by the entrance berm level.
Water levelboundary conditionswere derived from aregional scale Delft-FM model. The sediment transport
module of Delft3D was used to dynamically modelthe entrance breakout processduringeach flood scenario.
The Delft3D modelsaccept catchmentinflow data from the broader hydrological catchment modelandthese
were applied acrossthe modeldomains at creek and stream locations.

The coastal boundary conditionsfor the eventswere extracted from the Twofold Bay Hydrodynamic model
and applied to areference tide and surge event from the Eden tide gauge. The coastal inundation level AEPs
(waverun-up andtotal peak steady water levelincluding wave setup) were extracted from the 100 m output
point nearest tothe ICOLLentrances. The appropriate AEPvalues, 100%and 5% AEP coastalinundation events,
were paired with the 20% and 1% AEP flood eventsrespectively, based on Floodplain Risk M anagement
Guidance within OEH (2015). A representative predicted spring tide based on the measured water levels at
the Edentide gauge was selected. Design peak storm surgewasthen developed from Baird’sstochastic East
Coast Low event set that includes discrete event simulation of East Coast Low eventsalong the NSW coast.
The resulting peak storm surge was then added to the predicted tide, scaling up and down over a 96-hour
period. Thisisconsistent with the guidance with OEH (2015) that applied a similar method using a scaled M ay
1974 event. The peakofthe stormtide wasthen aligned with the peakin 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 deckswere not included in the bathymetry,
however bridge abutmentswere included and the dimensions under the bridge decks, and culvert opening
widthswere specifically schematised.

Table 5-3 Summary of elevation datasetscompiled for the Coastal Connected Area M odels(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
Scannerdata
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Data Type Description Source Application

e Leica RTK unit beach
cross-section ground
survey profiles

¢ 5m along-track binned
jetskisounder data

DXF survey Survey undertaken at a | VerisSurveyors Nullica River,
number of locations Shadrachs Creek and
including ICOLL entrances. 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 creekdepths 0 m Eevation 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 | Cocoralagoon
interpretation of satellite imagery

Coastal Contours Digitized Contours Navy Charts AU438149 All models

Bevation Data Sources

1m terrestrial LIDAR 2013 March LIDAR NSW | 2013 March LIDAR NSW | All models
Govt, 1m resolution, AHD | Govt
2016 LIDARNSW Govt, 1m | 2016 LIDARNSW Govt Nullica River
resolution, AHD (not entrance
groundtruthed)

5 m terrestrial LDAR Digital Hevation Model | Geoscience Australia | All models
(DEM) 5 Metre Grid of | (2015)

Australia derived from

LDAR from 2001-2015.

Extracted 1 m contours.

5.5 Model Calibration

The datareview processhasallowed for the identification of appropriate calibration eventsthrough review of

rainfall and water leveldata and consultation with the community. A summary of key catchment and coastal
eventsis provided in Table 5-4. Further discussion on these eventsis provided in Section 5.2. Calibration

eventsdid not necessarily require all modelsto be run, the modelsrun for each of the eventsisnotedin Table

5-4.

A comprehensivediscussion onthe calibration and validation modellingundertaken ispresented in Appe ndix

D. No calibration datawasavailable for Boydtown Creek, Nullica River, Shadrach Creek or Cocora Lagoon.
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Table 5-4 Calibration Events
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Event Calibration/ Validation Undertaken Comments
Towamba Eden Coastal
River Overland M odels
M odels Flow
M odel
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,
butthere were periodsof missingdatain
the gauge record, preventing calibration
to thisevent.
1978 Catchment | Calibration | Validation The community were able to identify
and Coastal Event of 20% and several flood levels and extentsaround
1% AEP Towamba.
runs General observations were collected of
floodingin Edenfor thisevent.
June 1998 East Listed in Council’'sbrief but no significant
Coast Low water levels were recorded for this
event.
February 2010 No reliable flood observationsavailable.
Towamba  River
Catchment Event
M arch 2011 | Calibration M ajority of flood recollections provided
Towamba  River for Kiah area. One calibration mark
Catchment Event surveyedin Towambafor this event.
March 2012 Calibration | It isone of thelargest water levelevents
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
totheevent.
However, missing Lake Curalowater level
data resulted in no calibration being
undertaken.
June 2016 East Calibration | Lake Curalo entrance wasopen (i.e. Lake
Coast Low was tidal) during June 2016 ECL. Exact
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Event Calibration/ Validation Undertaken Comments
Towamba Eden Coastal
River Overland M odels
M odels Flow
M odel

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 M odel

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 portsalongthe 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
appliedto the stochastic ECL event track database to derive along-term population (1,000 years) of storm tide
events.

5.5.2 Lake Curalo Hydrodynamic M odel

For the calibration of the ICOLL modelsetups, historical calibration eventswere run onthe 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 periodsare asfollows

e ECL:June2016: 31st May 2016 —16th June 2016
e Breakout:March 2012: 24th Feb 2012 —7th March 2012

The June 2016 event provideswater level information to define an ECLevent driven by coastal water levels
with an open lagoon entrance condition whereasthe 2012 event was used in the calibration of a breakout
event at Lake Curalo driven by catchment flooding. Measured water levelsfrom the Eden tide gauge and wave
parametersfrom the Eden and Batemans Bay wave buoyswere extracted during the calibration periodsto
provide coastal water level boundary conditions.

5.5.3 Towamba River Catchment Hydrological Models

The XP-RAFTSmodel was used to run the full set of ensemble stormsfor durations from 12to 72 hours, for
the 10%, 5%, 2%and 1% AEPevents. The median storm flow peakwasthen plotted onthe FFA curvesto 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 resultsare shownin Appendix D and show that the design flowsforboth 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 wheretheinfluence of routing lag parametersis 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.

Eden, Twofold Bay and TowambaRiver Flood Study

The Towamba gauge does not show as good a match as the other two gauges. The 10% AEP estimate hasa
reasonable match against the FFA. However, the larger flows increase at a much slower rate than the FFA
probability curve. It isinterestingto note that the design flow estimatestrendin the same way asthe 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 roughnessassumptionsforthe larger eventsontheratingcurve, as aresult of a significant preceding
time period without major flood occurring. The revised FFA provided a good match between the XP-RAFTS
modeland the revised FFA at the Towambagauge indicate that the catchment characteristics (roughnessand
slope) are appropriate.

5.5.4 Towamba River Catchment Hydraulic M odels

Aspart of the collection of the additional survey, flood marks fromthe 2011 and 1978 eventswere collected
in Towamba. Additional observationsfrom the community regarding flood extents were collected as part of
the community consultation.

Only the Towambamodel was able to bedirectly calibrated. However, in order to ensure that the Towamba
River models are compatible with one another, the hydraulic model parameters determined through the
Towambacalibration processhave been adopted at the other study areas.

In orderto calibrate the Towambahydraulic model, the revised gauged flowsfrom the 2011 and 1978 events
wererunthroughthe model. The comparison between modelled resultsandthe community observationsare
showninMap G512 forthe 2011 event and Map G513 for the 1978 event. The figure showsthat the hydraulic
modelresultsare producing similar flood levelsand extentsto those observed by the community.

Inthe 2011 event,the surveyed community flood level in Towambawas 38.34mAHD. The modelhad alevel
of 38.54maHD at thislocation. The comment from the communitywasthat the 2011 flood “reached the text
of the sign” at this location, so 0.2m iswell 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 memberindicatingthe flood extent on an A1 map) thisis also within the accuracy of the historical
reporting.

A community member also provided aphoto of the local busshelter in the 2011 event. Two photosshowing
the floodingof the bus shelter are providedin Figure 5-3. The photosshow that the flood reached tothe roof
of the shelter. The height of the shelterto the underside of the roof wasestimated 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 onthe 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, reachingto
approximately 50m from Pericoe Road.

The flood level surveyed for the 1978 event was marked by a hacksaw on a post near the intersection of
Yambulla Road and Towamba Street. The point was surveyed as being at 36.52mAHD. The model at this

location has a levelof 36.39mAHD, 0.13m lower thanthe survey mark.



Eden, Twofold Bay and TowambaRiver Flood Study

Figure 5-3 Towamba Bus Shelter Floodingin 2011

5.5.5 Eden Hydraulic M odel

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 (Section4.5). These observationsare in many casesnot associated with a specificevent,
but rather an observation of flooding that occurs with heavy rain, or a vague period of time in which it
occurred.

Given thisuncertainty on the historical rainfall events, together with the lack of good pluviometer rainfalldata
in Eden (refer to Appendix D), an indirect validation was instead undertaken by comparing the 20% and 1%
AEPeventstothe observations. Thisensuresthat the modelisproducing similar behaviourto that observed
by the communityin previousfloodingevents.

The results of the 20% and 1% AEP event modelruns are shown in Map G514 and Map G515 along with the
community observationsof flooding. Although thereare only limited flood observations, the resultsappear to
align withwhat hasbeenobservedinthe past.

5.6 Model Sensitivity

Sensitivity analysis is a usefultool in understanding the potential variability of model results with different
parameter assumptions. The followingsensitivity analyseshave been undertaken:

e Modelroughness;

e Modelinflows;

e Blockage assumptions;and,

e ARR87 and ARR2016 comparison.

5.6.1 Roughness
Flood behaviourwasfoundto be sensitive toroughnessvaluesalongthe TowambaRiver. Within the Towamba
River models, peak water levelimpactsarising from roughnesschangesincreased from +/-0.2to 0.3 metresat
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Wyndhamto +/-0.7 metresat Towamba. The roughnessvaluesadopted forthe channel and overbank areas
(0.06 and 0.1 respectively) are relatively high, so a 20% change represents a significant change to flow
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conditions (asopposedto a20% change of 0.02 for example).

In contrast, BEden showed amuch lower sensitivity tothe roughnessvaluesadopted,exhibiting typical changes
of +/-0.05 as aresult of a 20% roughnesschange.

A roughness sensitivity was also undertaken for the study areas at Shadrachs Creek, Nullica River and
Boydtown Creek. While the roughnesschangesslightly affected run off times, it did not impact peak levelsas
these were all driven by ocean floodingwhich was not affected by changesto catchment roughness.

Overall,the changesin peak flood levelsasaresult of changesto roughnessvaluesdid not result in asignificant
change in flood extentinany of the study areas.

A summary of the changesin 1% AEP peak flood levels across the catchments for roughness sensitivity are
shownin Table 5-5 and Table 5-6. The modelresultsand difference plotsin GISlayersfor eachrun have been
providedto Council.

Table 5-5 Roughness Increase Sensitivity

M ax Increase Percentile Impactsto Flood Levels(m)
M odel Area in Flood Levels
5% 25% 5% 75% 5%
(m)

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

M odel Area M ax Increase Percentile Impactsto Flood Levels(m)
in Flood Levels
5% 25% 5% 75% 5%
(m)

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
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
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5.6.2 Rainfall Intensity
The sensitivity of the modelsto rainfall intensity was undertaken by comparing the 0.5% AEP and 2% AEP

Eden, Twofold Bay and TowambaRiver Flood Study

against the 1% AEP, to assessrainfall intensity increasesand decreasesrespectively. The 0.5% AEP intensities
were 18% higher thanthe 1% AEPand the 2% AEPwas 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 GISlayers for each run have been
providedto 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
impactswere +/-0.2t0 0.4 metres. Thisincreasedto +/-0.7 to 1 metre at Towamba.

Edenhad more modest impactsin the order of +/-0.1 metres. Shadrachs, Nullica and Boydtown had impacts
of lessthan +/-0.1. These locations were relatively insensitive to rainfall changes.

Table 5-7 Rainfall Intensity Increase Sensitivity

M odel Area M ax Increase Percentile Impactsto Flood Levels(m)
in Flood Levels
5% 25% 50% 75% 95%
(m)

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

M ax Increase Percentile Impactsto Flood Levels(m)
M odel Area in Flood Levels
5% 25% 50% 75% 95%
(m)

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
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
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5.6.3 Blockage
Hydraulic structureswere included in the flood modelsfor the following study areas:

Eden, Twofold Bay and TowambaRiver Flood Study

e Wyndham (bridge)

¢ New Buildings (bridge)
e Burragate (bridge)

e Towamba(bridge)

e FEden(culverts)

e Boydtown (culverts)

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

e Debrisavailability
o Debris mobility
e Debristransportability

The results of the 1% AEP blockage assessment are summarised in Table 5-9. The modelresultsin GlSlayers
for each run have been providedto Council. As shownin the table, a blockage rate of 10% AEO was adopted
for the Towamba River models and Boydtown, while a higher blockage of 50% was adopted for Eden (asa
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 isreasonable, giventhe modest blockage rate of 10% that wasadopted.

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

Table 5-9 Blockage Sensitivity

M odel Blockage | Blockage M ax M ax 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

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

g;’)'/';ctiw n/ Low 10% 0.07 -0.04 o | o 0 0 | oo

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.



R h@m

5.6.4 Australian Rainfall and Runoff Guidelines

Australian Rainfall and Runoff 2016 (ARR2016) guidelineshave been applied to thisFlood Study (Section 5.2.1).
However, asthese guidelinesare relatively new, it isimportant to understand the changesfrom the previous
guidelines (Australian Rainfall and Runoff 1987 - ARR87). This comparison was undertaken as a sensitivity
assessment in this study.

Eden, Twofold Bay and TowambaRiver Flood Study

The hydrological modelling wasrevised for each study area, adoptingthe methodology and rainfall intensities
detailedin ARR87. Changesin peakfloodlevelare shownin Map SeriesG516.

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

The figure showsthat the ARR87 estimatesare significantly higherthanthe ARR2016 estimates, to the extent
that the 20% AEP, 10% AEP and 5% AEP estimatesare outside the FFA confidence limits. The increase in peak
flow using the ARR87 methodology wasin the order of 50% over ARR2016 estimates. Thislevel of increase
resultedin substantialchangesto peakflood levelsacross all the study areas.

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

Within the Eden model, impacts varied substantially. Within Palestine Creek, increases of up to 1.2 metres
were observed, although thisoccurred upstream of the PrincesHighway and did not impact developed areas.
Downstream of Government Road, Palestine Creek levelswere 0.3metreshigherunderthe ARR87 scenario.

Acrossthe western and eastern flowpaths, increasesin the ARR87 scenario across developed regions were
typically between 0.2and 0.4 metres.
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5.7 Design Flood Events
The hydrological and hydraulic modelswere analysed for the PMF, 0.2% AEP, 0.5% AEP 1% AEP, 2% AEP, 5%
AEP and 10% AEP events. Each event wasrun for durationsfrom 30 minutesto 12 hours to determine the
critical duration(s) for each event. Asper the ARR2016 methodology, each event/ duration combination was
run for 10 temporal patterns, with the temporal pattern first above the median adopted asthe design event.

5
AEP {1in Y)

1 0.5

Comparison of ARR16 and ARR87 flowsat Towamba Gauge

02

The full set of runswasrun through the hydrological model, with only the one temporal pattern run through
the hydraulicmodel. The critical durationsadopted for each event in each model areaare summarised in Table
5-10. Some modelshave adifferent critical duration in the upper and lower reachesof the model.

Table 5-10 Event Critical Durations (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
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Location PMF 0.2% AEP | 0.5% AEP | 1% AEP 2% AEP 5% AEP 10% AEP
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 1.5,6 156
Shadrachs 6,9 6,9 6,9 6,9 6,12 6,12 6,12
Nullica / Boydtown 6,9 6,9 6,9 6,9 6,9 6,12 6,12

5.8 Climate Change

Climate change hasthe potentialto influence flood behaviour. In the Eden and Towamba River catchment this
is most likely to occur through impactson rainfall and / or sealevelrise. A sensitivity analysis on rainfall and
the downstream boundary wasthe most appropriate approach to assessthe potential changesto the flood
behaviourasaresult of climate change. This sensitivity analysisis usefulto understand the potential variance
in flood levels, flood behaviour and associated planning under climate change conditions.

To assesspotentialclimate change impacts,the followingwas undertaken:

e Comparison of 1% AEP and 0.5% AEP flooding behaviour (representinga 19% increase in rainfall
intensity;

e Mappingof the 1% AEP oceaneventwith a 0.4 metre sealevel increase; and,

e Mappingof the 1% AEP oceanevent with a0.9 metre sealevelincrease.

Theresults of the comparison betweenthe 1% AEPand 0.5% AEP eventsare presented in Table 5-11.
The mapping resultsfor the coastal study areas are provided in Map G517.

The resultsshow that for the TowambaRiver models, the impact of changesin rainfall intensity increasesfor
study areasfurtherdownstream.Inthe upper catchment, increaseswere modest, typicallyinthe range of 0.2
to 0.4 metres. Impacts increased downstream, due to the additional upstream area contributing increased
flow. Medianincreasesat New Buildings were 0.69 metres, increasingto 0.97 metresat 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 lessthan +/-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 sealevelincreasesshowedthat impact varied across the coastal study areas.

Along the northern shore of Lake Curalo, impacts were minimal, with negligible change in flood extent
occurringevenwitha 0.9 metreriseis sealevel.

Alongthe westernshore,the 0.4 metreincrease extentsshowed little change, althoughthe 0.9 metreincrease
did result in alateral expansion of 30 metresat Lakeside Drive that resulted in additional propertiesbecoming
flood affected.

Along the southern shore, additional inundation, while more wide spread than the northern and western
shores, wastypically restricted to open space and vegetated corridors. The exception wasthe aged care centre
on Barclay Street, which wasfully inundated undera 0.9 metre sealevelrise scenario.
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The steep terrain at Lake Cocora prevented any significant increase in flood affectation under a 0.4 metre sea

levelrise scenario. With 0.9 metresof sealevelrise, overtoppingof IdaRodd Drive occurred.

Sea levelrise at Shadrachs Creek primarily affected the caravan park, with an additional 20 metresand 30

metres of flood affectation occurring under the 0.4 and 0.9 metre sea level rise scenariosrespectively. No

impacts progressed upstream of the Princes Highw ay.

Table 5-11 Impacts of Rainfall Intensity Increase

M odel Area M ax 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
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6 Understanding Flood behaviour

Eden, Twofold Bay and TowambaRiver Flood Study

6.1 Design Flood Behaviour

Peak flood depths (with water level contours) and velocities are provided in Map Series G601 and G602
respectively. Mapshave been preparedfor the 10% AEP, 1% AEP and PMF events. The full set of datafor all
designevents(PMF, 0.2% AEP, 0.5% AEP 1% AEP, 2% AEP, 5% AEP and 10% AEP events) hasbeen providedto
Council in adigital format.

6.1.1 Towamba River Catchment Sudy Areas

The five TowambaRiver catchment studyareasall exhibit similar flood behaviour. The major flow path through
each areais alarge riverine flowpath. Howswithin the river channel are typically well contained at all sitesfor
eventsupto andincluding the 1% AEP.

Inthe PMFevent, flood extentsexpand significantly, as aresult of the substantially higher flow in this event.
Peakflow rates at each of the TowambaRiver study areas are summarised in Table 6-1. The table showsthat
the PMFisapproximately 3 timeslarger thanthe 1% AEP at Towamba, and up to nearly 6 timeshigher in the
upper catchment at Wyndham.

Aswould be expected giventhese flows, velocities through the main channel are significant at all sites, with
peakriver velocitiesof between 5and 6 metresper second occurring at all sitesin the 1% AEPevent.

Accessroutesalongtheriver (not the crossings) are typically outside the 1% AEP event, and are only affected
in the PMFevent. The exception being Big Jack M ountain Road in New Buildings, which isinundated in the 1%
AEP event. Further detailson road closures 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 M odel Peak Flows

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 TowambaRiver study areas.

The township liesadjacent to Mataganah Creek, which dischargesinto the TowambaRiver 10 km downstream
of Wyndham. Itisthe only TowambaRiver study areathat doesnot lie directly on the TowambaRiver.

Floodingis well contained within the creek in all events, up to and including the PMF. The PMF encroaches
onto private property but doesnot affect any buildings.

Downstream of the township, Mount Darragh Road crossesover M ataganah Creek. The bridge isinundated in
the PMFonly.
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A long section through the study areais provided in Figure 6-1. The long section showsthat the AEP events
have depthsin the order of 2to 5 metres, the PMF event hasdepths of up to 10 metres, which explains the
significant increase in flood extent from the 1% AEPevent tothe PMFevent.
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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
catchment of the study areaslocated along the TowambaRiver.

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

Flow istypically well contained along those reachesbetweentributaries. Where the tributariesjoin theriver,
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 confluenceresultsin overtoppingof Big Jack Mountain
Road in eventsassmall asthe 10% AEPevent.

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 isinundated in events as small as the
20% AEPevent.

A long section through the study area is provided in Figure 6-2. The long section shows that, similar to
Wyndham,the PM Fistypically twice as high asthe 0.2% AEP event.
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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.

Flow is fully contained with the channelsin the 10% AEP, with some minor breakout flowsoccurringin the 1%
AEP at the Mataganah Creek confluence. The PMFhas a sharp increase in flood extent, although due to the
terrain, the flow is still relatively well constrained, and no major breakoutsare observed.

New Buildings Road crossesthe Towamba River in the centre of the study area, 400 metresupstream of the

M ataganah 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.

Buildings within New Buildingsremain unaffectedby direct floodinginthe eventsupto andincludingthe PMF.
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6.1.1.4 Burragate

Burragate islocated on the TowambaRiver, 6 kilometresdownstream of New Buildings. Unlike Rocky Hall and
New Buildings, there is a reasonable level of development at Burragate. The development isrural and large
lot residential, and is generally located on the eastern bank of the TowambaRiver.

The flow through the river is well contained in eventsup to the 0.2% AEP. Much of the development is set
back from theriver, and remainsunaffectedinthisevent. Inthe PMF,the flood extent increasessignificantly.

This results in a wider flooded area along the main river, as well as substantial backwatering up local
tributaries.

Big Jack M ountain Road crossesthe TowambaRiver upstream of the township. The bridge isat alow level and
experiencesovertoppingin eventsassmall asthe 20% AEPevent.

The major accessroad through the township, Towamba Street, first experiencesfloodinginthe PMF, where a
300 metrelength of road becomesinundated.
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6.1.1.5 Towamba

The Towambastudy areais the most downstream study area along the Towamba River, and experiencesthe
greatest flows. Itisalsothe study areathat hasthe greatest level of development. Thebulk of the development
islocated onthe southernbankof theriver,with some large lot rural propertieslocated on the northern bank.

It is located 19 kilometresdownstream of Burragate, and 33 kilometres upstream from the Towamba River
outlet.

The Towambastudy areaisuniquein that the 1% AEP hasa substantially larger flood extent thanthe 10% AEP
event due to breakouts of the channel. While the majority of the flow iswell 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
eventslarger than the 5% AEP event, and breaks out onto the northernbanksin eventsabove the 20% AEP.
These breakoutsinundated both TowambaRoad and TowambaStreet inthe 1%AEP event, but do not impact
residentialdevelopments.
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Inthe PMFevent, theflood extentincreasessignificantly. The extent of road inundation increases, with both
TowambaRoad and TowambaStreet impacted for over 1 kilometre each. The PMF also impacts buildingson
boththe northern and southern banks.

Eden, Twofold Bay and TowambaRiver Flood Study

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 isovertoppedin eventsassmall asthe 20% AEPevent.
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6.1.2 Eden and Lake Curalo

The modeldevelopedforthe Edentownship coversboth Lake Curalo and Lake Cocora. The floodingassociated
with Lake Curalo is discussed here, with Lake Cocora discussed below.

Lake Curalo liesbetweenthetownship of Edenonitsnorthern,western and southern boundaries, and Twofold
Bay on the east. It isfed by anumberof upstream tributaries.

On the northern side are one major tributary and three additional flowpaths (refer Figure 6-6). The north-
western flowpathisthe major tributary, which isthe major source of water for Lake Curalo, Palestine Creek.
The upper reachesof 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 areabefore discharginginto the Lake.
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The flow istypically well containedin eventsupto andincluding the 2% AEP event. Inthe 1% AEP event, flow
beginstobreak out of the creek, and affectsthe adjacent industrial properties. The PM Fevent showsamarked
increase in extent. Much of this increase occurs over pastureland, although flooding through the industrial
precinct is also exacerbated.

Eden, Twofold Bay and TowambaRiver Flood Study

The central flowpath runs from north to south. It crosses Government Road, but otherwise flooding is
restricted to bushland or pasturelandfor 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 residentialdevelopment at the point. The tributary generatesnuisance
flooding, particularly in eventslargerthan the 1% AEP, but doesnot affect any properties.

Thefinal flowpath passesthroughthe industrial area south and west of Palestine Creek. It islargely contained
with the vegetated channel, although some breakout occursinthe 1% AEPat the Palestine Creek confluence.
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Figure 6-6 Lake Curalo Northern Tributaries(with 1% AEP flooding)

There is a single flowpathinto the lake on the western side refer (Figure 6-7). It commencesin the bushland
upstream of the golf course, beforepassingthrough the golf course, overthe Princes Highway and discharging
into the lake via a small openchannel that runsalong the northern boundary of the sportsfields. For events
up to the 0.2% AEP event, the flow isreasonably contained within the flowpath. There is some expansion of
flow as it movesthroughthe golf course, but buildings and the sportsfields remain unaffected.

Inthe PM Fevent however,there issubstantialoverbank flow,largely driven by the increased lake levels (refer
Figure 6-10) that resultsin inundation of the sports fields, and property flooding along Clare Crescent and
Cook Drive. Lakeside Drive propertiesare also flooded in the PMF, but thisisdriven by lake levels, rather than
catchment flow.
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On the southern side of the lake, there are two flowpaths (refer Figure 6-8). The western flowpath is
Freshwater Creek and conveyswater from the bushland to the east and south of the study area. The Creek
runsbehind propertieson West Street, before passingbeside the Eden Gateway Holiday Park. From here, the
creek passesunderthe PacificHighway and runsalong the northern side of the Garden of Eden campingpark.

The flow upstream of the PrincesHighway is typically well contained for eventsup to and including the 0.2%
AEP. Inthe PMF, flow fromthe Creekimpactspropertieson West Street, aswellasmuch of the Eden Gateway
Holiday Park.

Downstream, particularly in the PMF, flooding is largely driven by backwatering from the Lake, rather than
flow throughthe Creek. The Garden of Eden CampingPark is inundated in eventsassmall asthe 20% AEP, as
are propertiesalongEmblem Street.

The second flowpathrunsthrough theresidentialareaimmediately south of the lake. The flowpath isprimarily
overland flow, runningbehind propertiesand down roadw ays. At Wave Street, it entersasmallopen channel,
which passesto the south and east behind the Bupa Aged Care centre. After crossing Barkley Street, the
flowpath dischargesinto the lake.

In eventsup to and including the 0.2% AEP, flooding is largely nuisance flooding. Where residential lots are
impacted, depthsare shallow (lessthan 0.2m).

In the PMF however, driven by increased lake levels, a large region of residential development is undated,
including the Aged Care centre, and propertiesalong Curalo Street and Dolphin Crescent, by depthsof 0.5 to
1 metre.
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Figure 6-8 Lake Curalo Southern Tributaries(with 1% AEP flooding)

Peak flood levels within Lake Curalo drive the flood behaviour and extent acrossthe foreshore areas (refer
Figure 6-9). The PMFseesalarge lateral increase in flood extent, due to asignificant increase in lake levels
(from 1.7mAHDin the 1% AEPto 3.8mAHD inthe PMF). Alongthe northern edge, thisincrease doesnot impact
development,withthe land affected beingbushland.

As previously noted, lake flooding isresponsible 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 also impacts Reflection Holiday Park, which liesbetween the Lake and
the Bay. The site first becomesflood affectedin the 2% AEP, although accessremainsopen upto andincluding
the 0.2% AEPevent.Inthe PMFhowever,thefullsite in inundated, and accessis lost.
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Lake Curalo Long Section
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6.1.3 Lake Cocora

Floodingwith the Lake Cocoraregion iswellcontained within creek extentsfor eventsup to andincluding the
0.2% AEP. Thisis dueto both the terrain, which rises relatively steeply from the channels, aswell asthe small
catchment areathat feedsinto Lake Cocora.

The PMFevent, asaresult of thegreaterrainfallintensity, doesresult in aslight lateralincrease in flood extents
arising from a substantial increase in lake levels(refer Figure 6-11 and Figure 6-12). This resultsin additional
road inundation, and some minor property affection. Buildings remain outside the flood extent, but some
propertiesalonglda Rodd Drive experience floodingof their front yards. The lake levelis 1.4 metreshigherin
the PMFthan the 0.2% AEPevent, but the terrain preventsasignificant lateral expansion of the flood extent.
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Figure 6-11 Lake Cocora 1% AEP Flooding
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Figure 6-12 Lake Cocora Long Section

6.1.4 Shadrachs

Unlike the previous study areas discussed, Shadrachs Creek shows significant break out from the banks
occurringinthe 10% AEPevent and larger. Inthe 10% AEP, thebreakout reachesthe accessroad to the caravan
park, but doesnot result in road inundation. In eventslargerthan the 10% AEP, the caravan park beginsto be
inundated (refer Figure 6-13). Upstream of the PrincesHighway, the breakout flowsare limited to pastureland
in eventsupto the 0.2% AEP.

Inthe PMFevent,the breakout flow affectsthe full region of the caravan park, as well as propertiesnorth of
the Princes Highway.

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 eventsup to the 1% AEP (refer Figure 6-14). While buildings remain unaffected in events
up tothe 0.2% AEP, road accessthroughout the study areaislost 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 keepsdeveloped propertiesflood free in all design eventssave the PMF.
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6.2 Food Hazard

Eden, Twofold Bay and TowambaRiver Flood Study

Flood hazard varies with flood severity (i.e. for the same location, the rarer the flood the more severe the
hazard) and location withinthe floodplain forthe same flood event. Thisvarieswith both flood behaviour and

theinteraction of the flood with the topography.

Itisimportant tounderstand the varyingdegree of hazard and the driversfor the hazard, asthese may require

different management approaches. Flood hazard can inform emergency and flood risk management for
existingcommunities, and strategic and development scale planningfor future areas.

The hazard categories mapped are summarised in Table 6-2 and Figure 6-15. These are based on the
categoriesasdefinedinthe AIDR(2017) Guideline.

Table 6-2 Hazard Categories

Hazard Category | Description
H1 Generally safe forvehicles, people and buildings
H2 Unsafe for small vehicles
H3 Unsafe for vehicles, children and the elderly
H4 Unsafe for vehiclesand people
b5 Unsafe forvehiclesand people. All buildings vulnerable to structural damage. Some
lessrobust building typesvulnerable to failure
H6 Unsafe forvehiclesand people. All building typesconsidered vulnerable to failure
8 B
45 - HB-unsafe for vehicles and peaple.

All building types considered vulnerable to failure
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Figure 6-15 Flood Hazard Categories(AIDR, 2017)




R h@m

Flood hazard mappingis providedforthe 1% AEPand PM Feventsin M ap SeriesG603. Hazard datafor the full
set of design eventshasbeen providedto Council.

Eden, Twofold Bay and TowambaRiver Flood Study

The Towamba River study areas had a similar pattern of hazard. A wide band of H6 coveringthe river and
overbankareas, with afringe of lower hazard zonesat the edgesof the flood extent. Inthe PMFevent,H6 and
H5 hazard categoriescovered the majority of the flood extent,with only athin band of H1 to H4 at the fringes.
As aresult of therising terrain, these lower hazard regionsoften only applied to the outer 5-10 metresof the
flood extent.Inthe 1% AEPevent,the H5 and H4 classestook up a greater area, but the lower hazard classes
were still restricted to the flood fringe.

In the township of Eden, forthe PMFevent,the major flowpathswere classified asH5 or H6, with the smaller
overland flowpaths categorised as H1 and H2. In the 1% AEP event, H5 and H6 hazard zoneswere restricted
to the creeksand riversand did not impact developed areas.

Within the Shadrachs Creek study area, H5 and H6 categorieswere 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. Inthe PMFevent however,
the extent of the H5 category expandedto 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 categoriesdid extent further beyond the creeks, lower hazard ratingsof H2 and
H3 occurred across developed areas.

6.3 Flood Function

Maintaining the flood function of the floodplainis a key objective of best practice in flood risk management in
Australia, because it is essentialto managingflood behaviour. The flood function of areasof the floodplain will
vary withthe magnitude in an event. An areaw hich may be dry in small floodsmay be part of the flood fringe
or flood storage in larger events and may become an active flow conveyance areain an extreme event. In
generalfloodfunctionis examinedinthe defined flood event (DFE), so it can be maintained in this event, and
in the PMFso changesin functionrelative to the DFEcan be considered in management.

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

e Floodway - areasthat convey a significant portion of the flow. These are areasthat, even if partially
blocked, would cause a significant increase in flood levelsor 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 areaissubstantially removed by leveesorfillit will resultin elevated water
levelsand/or elevated discharges.

e Flood Fringe - remaining areaof flood prone land, after Floodway and Flood Storage areashave been
defined. Blockage or filling of thisarea will not have any significant effect onthe 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
methodssuch as “encroachment”, testingthe impact of reducingor increasingthe floodway.
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Aninitial categorisation (based on Thomas & Golaszew ski, 2012) was undertaken based onthe criteriabelow:

Eden, Twofold Bay and TowambaRiver Flood Study

e Floodway— VelocityxDepth Product isgreaterthan 0.5m?/s;
¢ Flood Storage — VelocityxDepth product isless than 0.5m? s and depthis greaterthan 0.5m; and
e Flood Fringe— areasin the flood extent outside of the above criteria.

Encroachment testing was undertaken on the flood models. Testingwas undertaken for the Wyndham and
Towambamodel areasfor the 1% AEP event. For each model, the terrain outside of the floodway described
by the criteria above wasraised above the peak 1% AEPflood level, effectively restrictingthe full flow to only
the floodway zone. Thisinitial run demonstrated minimal impacts on peak flood levels. Levels at Wyndham
increased by lessthan 0.03m, Towamba by lessthan 0.05m.

A secondrun wasthenundertakenbyreducingthe flow width along the river by 5m at each bank, for atotal
reduction of 10m acrossthe flowpath. Thisrun resulted in significantly increased levels at both sites; up to
0.7m at Wyndham and 1.2m at Towamba.

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

The mappingis provided for the PMFand the 1% AEP in M ap SeriesG604.

For the TowambaRiver models, the flood extent hasbeen classified asonly floodway or fringe; no areaswere
classified as storage. Thisisdue to theriver havingaverywell defined channel, that risessteadily so there are
no wide areas available at higher levels. Furthermore,what minorlocal storage is available, it is swamped by
the volume of flow passingthrough theriver, so doesnot serve asatemporary storage of asignificant volume
of waterduring aflood event.

Eden, in contrast, does have some regions classified as storage. These are typically areasthat sit adjacent to
the flowpaths, and are able to hold areasonable volume of water with respect to the total flow through the
channel. In the 1% AEP, when flow through the lake has alower 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 areaswere characterised by floodwaysthrough the major flowpathswith the
majority of the remaining flood area beingclassed asflood fringe, save for some minor pocketsof storage.

Note that flood function mapping has not been undertaken within Lake Curalo. Asthe distinction between
floodway and flood storage in thisregion is arbitrary.

6.4 Twofold Bay Foreshore Inundation

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), residualwater levels (from other oceanographicand 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
tothe North-easterly wave directionsto which they are particularly exposed. Such awavedirectionisrelatively
rare for such extreme events.
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Baird Australia have developed a multi-hazard database of ECL events across the NSW coast that includes
rainfall, wind and coastal inundation (asa result of tides, surge and waves) at 100m alongshore spacing. The
database includes adetailed library of hindcast data for 1,119 ECL eventsbetween 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 syntheticdataset hasbeen validated against the historical event set which included the
June 2016 storm.

Eden, Twofold Bay and TowambaRiver Flood Study

Using this data set, Baird has developed inundation extents for Twofold Bay for the 1% AEP event under
existingand climate change (0.9m sealevelrise) scenarios.

Theresultsare shownin Map Series G605.

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

Affectationinthe 0.9 metre sealevelrise scenario was more substantial. Within the ReflectionsHoliday Park,

coastal flooding extended approximately 160 metres, covering much of the site. Additional developed areas
were also inundation alongthe westernand southern shoresat:

¢ ResidentialpropertiesalongLakeside Drive (0.15 metre road overtopping);
e Residential propertiesalongEmblen Street (the road remainsflood free); and,
e Barclay Street at the Bupa Aged Care Facility by up to 0.5 metres(the facility remainsflood free).

The Eden Beach Front Holiday Park on the banksof ShadrachsCreekwasinundatedin both scenarios. Under
existing conditions, the coastal flood extended approximately 45 metresinto the park, while in the climate
change scenario, the flood extended 90 metresand covered much of the site.

Within the study areas of Eden South (Lake Cocora), Nullica and Boydtown, both existingand climate change
coastal inundation did notimpact development.

6.5 Tidal Inundation Extents

The Delft3D models of waterways connected to Twofold Bay were used to model and define the extent of
areasinundated by peak high spring tides, by definingthe 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 HHWSStide plane
derived from along-term analysis of measured water levels.

Theresults, for existing, 0.4 sealevelrise and 0.9 metre sealevelrise are shownin Map Series G606.

Theresultsshow that impacts arising from tidal inundation are limited in all scenarios. The two exceptionsare
the ReflectionsHoliday Park on Lake Curalo and the Eden Beach Front Holiday Park on Shadrachs Creek which
both beingto experiencetidalinundationin the 0.4 sealevelrise scenario.

In the north of Lake Curalo, large regionsbecome tidally affectedinthe 0.9 metre sealevel rise scenario, but
these regions are environmental zones or open space. No development is affected as a result of this wider
tidal inundation.
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7 Understanding Flood Risk

7.1 Advice on Land Use Planning
Within the study area, development islargely controlled through the Bega Valley Local Environmental Plan
2013 (BVLEP 2013) and a series of Development Control Plans (DCP). The LEP isan environmental planning
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instrument (EPI) which designatesland uses and development in the study area, while the DCPs regulate
development with specific guidelines and parameters. There are also anumber of EPIs and related planning
documentsthat 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 SEPPExempt and Complying Development Codes(2008);

e SEPPEducational Establishmentsand Child Care Facilities (2017);

e SEPPInfrastructure (2007);

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

e SEPP65 — Design Quality of Residential Apartment Development (2002),
e SEPP36 - Manufactured Home Estates(1993);

e SEPP- Affordable Rental Housing 2009,

e SEPPCoastal Management (2018);

e SEPP- Aboriginal Land 2019.

e OtherSEPPsasrelevantto land use and/ordevelopment type;and
e Other Council plans, policies or other publications.

Development related to publicinfrastructure (includingworksfor floodplain and stormw ater management)is
generally controlled through the State Environmental Planning Policy (Infrastructure) 2007 (ISEPP).

All relevant planningcontrols forindividual land parcelsare summarised in a Section 10.7 certificate (formerly
a Section 149 certificate) issued underthe Environmental Planning and Assessment Act, 1979.

This Flood Study providesareview of flood-related controlscovered by the LEP, relevant DCPs, Council policies
and plansand makesrecommendationsforupdatesthat could be undertakentoimprove the management of
flood risk.

This review does not specifically deal with matters related to building construction (such as the National
Construction Code, which includesthe 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
cominginto force in NSWon 1 May 2019). However, it is important to note that these typesof 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
mechanismsbut 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 imposesminimum
a construction standard across Australia for specified building classifications ‘flood hazard areas’ (FHA) up to
the DFE. These requirements willbe referenced when developing appropriate recommendations for policy
and planning approacheswithinthe 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 seekingconsent underthe provisionsof Part 4 of the Environmental Planning
and Assessment Act, 1979 where it can be classified as either exempt orcomplying (defined inthe SEPP). To
overcome the potentialforinappropriate development to occur in areasof hazard orrisk, the concept of ‘flood
control lots’ isincorporated in the SEPP.

Part 3 Division 2 Clause 3.5 requiresthat for adevelopment on aflood control lot to be complyingit 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
notedthat current best practice providesflood hazard mappingin accordance with the AIDR(2017) Guideline.
For the purposesof this SEPP, high hazard areas are those identified as H5 and H6. This is discussed in more
detail in Section 6.1.6.

7.1.2 Bega Valley Local Environmental Plan 2013

The Bega Valley Local Environmental Plan 2013 (BVLEP 2013) is a legal document that setsthe direction for
land use and development in the study area by providing controls and guidelines for development. It
determineswhat 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 ‘Sandard Template’) used by all
Councilsin NSW and can be viewed onthe NSW legislation website ( )

The objectivesforland at or below the flood planninglevelare outlined in Clause 6.3 of the BVLEP. Sub-clause
(5) definesthe flood planninglevelasthe 1% AEPflood extent plusa 0.5 m freeboard.

The BVLEP also providesobjectivesfor 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. It isimportant to note that there are provisions within the Coastal SEPP 2018 with respect to coastal
vulnerability that are likely to over-ride these provisionsoncevulnerability mappingisincorporated within the
SEPP. Atthetime of preparation of thisreport the vulnerability mapping had not yet beenincorporatedin 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) (

)allow foramore flexible definition of the flood planningleveland
also allow for the inclusion of climate change in the flood planning provisions.

The BVLEP 2013 specifically definesthe Flood Planning Level (FPL) to be 1% AEP + 0.5m. This effectively
removesthe ability for Council to use an alternative design event or freeboardin definingthe flood planning
level. It is recommended that Council consider updatingthe LEPto define the FPLfor each floodplain as per
the adopted Flood Study or Floodplain Risk Management Plan for each floodplain. In the absence of an
adopted study,the FPLcould still be defined by the 1% AEP + 0.5m. This is consistent with the local provisions
template. In the event that aflood planning level more stringent than the 1%AEP + 0.5 m is recommended,
thenan exemptionwould needtobe sought forthis 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. Thisis inconsistent with the objectives and controls
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outlinedin the Bega Valley DCP 2013. It is recommended that consideration of climate change be includedin
the BVLEP 2013 to ensure the DCPcontrols are given statutory effect inthe LEP.
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Further discussiononthe flood planninglevel, flood planningarea, freeboard and the consideration of climate
change for the study areais 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 tothe requirementsof the LEP by
specifyingdetailed development guidelinesand controls.

The following sectionsof the existing DCPhave relevance to floodplain management:

e Section5.8.1 Flood Planning

e Section5.8.5 Climate Change

e Section6.1 Roads & Easements

e Section6.3 Soil & Stormwater Management

The BVDCP objectives refer to the NSW Floodplain Development Manual 2005. 1t is noted that state
governmentiscurrently reviewingthis document. Any future updatesof the BVDCPwill need to consider the
updated manual.

The BVDCPrequires“new residential building applications”to include the impact of 0.4m sealevelrise in the
determination of the flood planning level. All “new subdivision or major development applications” must
include the impact of 0.9m sealevelrise. It isrecommended that consideration of sealevel rise should be
given as part of any significant residential modifications (e.g. major renovation), not only new residentia
development. Further discussion on the flood planning level, flood planning area, freeboard and the
consideration of climate change for the study areais providedin Section7.1.5.

The BVDCPdoesnot make referencetothe land betweenthe flood planningleveland the PM F. Assuch, flood
related controls do not apply to this land. It is recommended Any updatesin this regard should consider
Planning Circular PS07-003, which is discussed in more detailsin Section7.1.4.

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, all flooding can be
considered mainstream floodingforthe purposesof planning controls.

7.1.4 Planning Circular PS07-003

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

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

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

e Anew Guideline concerningflood-related development controlsin 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
contemporary floodplain management. This revision, which is concurrent with the revision of the NSW
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Floodplain Development Manual, is unlikely to substantively alter what can already be achieved under the
existingexemption provisions.

7.1.5 Food 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 Areais represented by the 1% AEP flood extent plus a freeboard of 0.5 metres. The results of the
analysisare providedin Map SeriesG701-1. The consideration of sealevelrise impactsthe flood planningarea
within Eden, Nullica, Shadrachsand Boydtown. The flood planningareasunder sealevelrise scenariosof 0.4m
and 0.9m are also providedin Map SeriesG701-1. Where the Flood Planning Areaextended beyond the PMF
extent,the FHood Planning Areawasrestrictedto the PM Fevent.

7.2 Emergency Response Classification

Flood Emergency Response Classification aimsto categorise the floodplain based upon differencesin isolation
dueto 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 submergedinthe 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 fora 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 classificationsis
providedin Table 7-1. These are presentedin Map SeriesG702. It isnotedthat the Flood Free category was
not shownonthe map, and that lake and ocean flooding have beenremoved.

Across all study areas, communitieswere typically classified as overland escape route (FEO) or rising road
(FER). This is largely due to the nature of flooding, where flow emanatesfrom 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 watersrise, people will generally be able to escape in
advance, either along roadwaysor overland.

A number of locations within Eden, Shadrachs, Nullica and Boydtown were classed as high flood islands,
becomingisolated asflood watersrise. Nullica wasthe only region to have alow flood island present. Alarge
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 aspasture.

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, thisdoes not consider
theisolation dueto the loss of access betweentownships. The keyinformation for these areasto assist SESin
respondingto flood eventsandwarningsisthe road inundation information presented in Section7.3.
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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 (I) Areasthat are isolated from Submerged Where allthe land inthe isolated
flooded in community evacuation facilities | (FIS) areawill be fully submergedin a
the PMF (located on flood-free land) by PMF after becoming isolated.
floodw ater and/or. im pa§sable Elevated Where there is a substantial
terrain aswatersrise ‘?“””g_a (FIE) amount of land inisolated areas
flood event up to and mcluc.img clevated above the PMF.
the PMF. These areasare likely
to lose electricity, gas, water,
sewerage and
telecommunicationsduring a
flood.
Exit Route Areasthat are not isolatedin the | Overland Evacuation from the arearelies
(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 Areasthat are not flooded but may
(N) not flooded Consequence | loseelectricity, gas, w ater,
inthe PMF (NIC) sewerage, telecommunications,
and transport links due to flooding.
Flood Free Areasthat 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 transportationroutesthroughthe study area, both major arterials (such asthe Princes
Highway and secondary roads providing accessto properties (such as those connecting the Towamba River
study areas). Understandingwhen these routesare overtopped by floodwaters and the duration in which
they are floodedisuseful, particularly foremergency response planning.

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

Thisinformationis presentedin M ap SeriesG703.

Roadsthroughout the study areasare cut in eventsassmall asthe 20% AEP, including river crossingsat Rocky
Hall, New Buildings and Burragate. The estuary study areas typically had smaller overtopping depths. The
TowambaRiver models, however, had significant overtoppingdepthsof upto 7.25 metresat Towambain the
1% AEP event.

It isimportant to note that regional accessroutesbetweenthe 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 aspart of the Floodplain Risk Management Study.
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7.4 Cumulative Impacts of Development

Development within the study areasis ongoing. An assessment was undertaken to determine what changes
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.

Eden, Twofold Bay and TowambaRiver Flood Study

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. Thetwo primary land usescurrently zonedforthe Towamba River are Environmental
Uses (45%) and Rural (54%). M ajor development within the environmental zonesis 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 densitiesare not permitted underthis zone. Assuch, 99% of the catchment is currently as fully
developed asit can be under existingcontrols.

Of theremaining 1% of catchment, the 0.04%classed as residentialland usesis the only zone that would allow
any substantial change in development and density. Given how small this percentage is compared to the
overallcatchment area, future development within the TowambaRiver catchment will not significantly impact
flood behaviourin the region.

7.4.2 Eden

The BVLEP 2013 land use zoneswere 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
SeriesG704. Also shownon the map are the residentialzonesthat still have development capacity. The map
series showsresults for the 1% AEP event. The full set of design events have been modelled and the data
supplied to Council.

Inthe north east of Eden, the increase of low-density residentialareaswould result in a minor increase on the
flowpaththroughthe existingdevelopment area. Flood levelswouldincrease by upto 0.06 metresbut 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 iszoned as medium density residential. Development of these areas could
result in increasesin floodlevelsalongthe westernflowpath of up to 0.1 metres. The impacts only occurred
within areasgoverned by catchment flooding. The regionsfor which floodingis controlled by the lake showed
no impacts.

In the south, the existing low-density residential development hasthe potentialto be expanded under the
current zoning. This additional development could result in an increase in flood levelsof up to 0.06 meters
along the flowpath. Increaseswere only observed where catchment flows control flooding. There was no
changein thelateral 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 developingthisregion could result in flood levelsincreasing by 0.04m along
the flowpath. The increasesare only minor, asthe contributing catchment areaisrelatively small, so the effect
of the changesislimited, and could be managed by sensible development. The modellingflood levelincreases
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 areais already fully developed in terms

Eden, Twofold Bay and TowambaRiver Flood Study

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.

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. Asit is
located at the fardownstream end, it had noimpact on peak flowsthrough the study areas, and consequently,
noimpact onpeakfloodlevels. However, development within thisregion would have implicationsforthe local
drainage network, whichwould needto be assessed aspart of the development of thisregion.

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
define the existing flood behaviour acrossthese areas, and to establish the basis for subsequent floodplain

Eden, Twofold Bay and TowambaRiver Flood Study

management activities.

This projectisa flood study, whichisacomprehensive technical investigation of flood behaviour that provides
the main technical foundation for the development of arobust 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 hydrologicand
hydraulic modelsthat are calibrated and verified, where possible, against historicflood eventsand extended,
where appropriate,to determine the fullrange of flood behaviour.

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

Calibration and validation was undertaken acrossthe variouslocations, through:

e Afloodfrequency assessment at flow gaugesin Rocky Hall, New Buildings and Towamba,;
¢ Acomparison against historical flood levelsin Towamba;and,
e A comparison against community observationsof historical floodingin Eden.

The hydrological and hydraulic modelswere analysed for the Probable Maximum Flood (PM F), 0.2% AEP, 0.5%
AEP, 1% AEP, 2% AEP, 5% AEP, 10% AEP and 20% AEP events. The modelswere analysed for storm durations
from 60 minutesto 24 hour. Details and descriptionsofthe flood behaviour associated with these eventshas
beenprovided.
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
increasesand sealevelrise (where appropriate).
From theresultsdeveloped,planningand emergencyresponsedatahasbeen prepared for use by Council and
emergency services, including:

¢ Hazard mapping;

o Flood emergency response classification;and,

e Identification of road and crossing inundation and duration.

The assessment undertaken provide athorough understanding of the existingflood behaviour and floodplain
risks presentinthe study areas.
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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) acrossthe study areaoperated by

Eden, Twofold Bay and TowambaRiver Flood Study

the Bureau of Meteorology (BoM). Alist of gaugesfor the area surroundingthe catchment is shown in Table

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

these gaugesare shownin Map 304.

Further discussion on recorded rainfall data for historical eventsis presented with the calibration and
validation of the modelsdeveloped forthe studyin Section 5.5.

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

Table B1 Bureau of Meteorology Rain Gauges

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 Towambalower 1962 31-Dec-74 Y

69066 Wyndham Post Office 1890 Ongoing Y Y (1993 —2013)

69073 Towamba (Nungatta &) 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 (M ount Darragh) 1995 Ongoing Y

70106 Cathcart (old Post Office) 1899 Ongoing Y

70167 Rockton (wogWog) 1963 31-Dec-69 Y

Table B2 Operation of BoM Gauge Data for Identified Historical Events

ID Name Pluvio Historical Events
Jun- M ar- Feb- Jun- Jun- Feb- M ar-
2016 2011 2010 1998 1978 1971 1919

69009 | BoydEast Sate No No No No No No No
Forest
69011 Wyndham No No Yes 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 | Towambalower 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 | GreenCape 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 wasundertaken onthe 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 peaksput through the TUFLOW FLIKE software which generatesa

probability curve for the data.

The estimatesderived from FLKE were then compared to both the ARR2016 and ARR87 24-hour rainfall

intensities. The resultsare shown in Figure B1 and summarised in Table B3.

Table B3 24-hour rainfall intensity comparison at W yndham Gauge (mm)
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AEP FUKE Estimate FLKE Confidence ARR2016 ARR87
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

Confidence Limits
Annual Maximum Series
ARR2016

ARR87

Rainfall Intensity (mm/hr)

50

- .

. - .

50

Figure B1

T

20

T T

10 5
AEP

W yndham 24-hour rainfall intensity probability plot

The results show that the estimatesfrom both ARR2016 and ARR87 align well with the estimatesfrom the

probability assessment and are within the confidence intervals. The ARR2016intensitiesshow abetter match,
trendingcloser to the FLIKEestimate. The ARR87 intensitieswere higherthan the 2016 estimatesby 5 — 10%.
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This assessment provides some confidence in the rainfall intensities adopted from ARR2016. However, it is
also likely that giventhe rainfall record, that the ARR2016 rainfall intensitieswere based onrainfall datafrom
Wyndham.

Eden, Twofold Bay and TowambaRiver Flood Study

Flow Data

There arethree flow gaugeswithin the catchment (bothactive and discontinued). Thereisan active flow gauge
on the TowambaRiver at Towamba (ID 220004). This gauge hasbeenin operation from April 1970 and covers
the full set of identified historical events, save March 1919.

Water for NSW provided furtherdata for two closed gauging stations at New Buildings and Rocky Hall. These
gaugesprovided flow dataforthe 1971 and 1978 events.

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

The gauge data provided included bothwater leveland flow time series. The gauge itself recordswater levels,
with the flow databeinggenerated fromthese levelrecordingsbased onthe rating curve of the gauge. While
the water level recordings are considered relatively robust (unless noted in the gauge data) the flow data
requirescalibration and validation of the rating curve, which requiresoperatorsto visit the gauge duringflood
eventstorecordtheflows,andto extrapolate estimatesto flowsabovethose observed. Assuch, there ismuch
more confidencein the lower “gauged” flows, than in the higher, given that it is uncommon for operatorsto
visit the gaugesduring extreme flood events. Each gauge includes the level to which it has been validated.
Beyondthis,flowsare extrapolated, and estimatesare lessreliable.

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

The results of the FFA are presented in Table 3-9. The table demonstratesthat the 1% AEP levels are
significantly above the gauged level. Further, Rocky Hall for example hashigherflowsat the 1% AEP than New
Buildings, even thoughthe catchment is significantly smaller than the New Buildings catchment.

Table B4 Flow Gauge Heights

Location M aximum 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 TowambaRiver Flood Study

AEP Towamba (m?/ s) New Buildings(m?/ 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 therelatively low maximum gauge levelrelative to the 1% AEPlevel,therating curvesof the gauges
wasreviewed.

Therating curvesfor each gauge wererevisedbased ona Manning’ sformula.

For the Rocky Hall gauge and the Towambagauge, therivercrosssectionsat 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 fromthedrone survey undertaken forthisproject.

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

Manning’'sroughnessvalueswere 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
estimatescan be consideredreasonable.|nordertoensurethatthe Manning’ svaluesadopted were suitable,
the calculations were checked against the flowsat thislevel. Roughnessvalueswerethen adjustedto ensure
that the flowswere generated similar to the gauge. Thisensuresthat the suitable portion of the rating curve
isretained, and also providesameasure of calibration by ensuringthat the roughnessvaluesadoptedgenerate
appropriate discharges.

Once theroughnessvalueshad been calibrated for lower flows, arevised ratingcurve was established for the
higher flowsestimatingthe roughnessforthe banksand sidesof the channel. Thesenew ratingcurves, aswell

asthe previous, original curves, are shown in FiguresB2 to B4.
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Figure B3 New BuildingsRating Curves
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Figure B4 Rocky Hall Rating Curves

It can be seenthat there were varyingdegreesof difference forthe gauges.

Both the New Buildings and Rocky Hall gauges were revised downwards, such that lower flows are now
estimatedfor a givenlevel. It is interestingto note that Rocky Hall saw the greatest reduction giventhat the
initial FFA appearedto be overestimating gauge flowsat 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. As discussed in Section 5.5.3, this gauge is still under review and
revisionsmay be made in afuture version of the report.

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 forfurther details).
Thewaterleveland flow resultswere then extracted from the gaugelocationinthe modelto generate arating
curve based on the hydraulic model results. This was only possible at New Buildings, as the Rocky Hall and
Towambagaugeswere located outside of the drone survey extents.

Therating curve extracted from the hydraulic modelis shown against the revised and original rating curvesin
Figure B5.
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Figure B5 Comparison of Calculated and M odelled Rating Curvesat New Buildings

The figure showsthat the hydraulic modelresulted in a similar stage-discharge relationship asthat from the
Manning’scalculation. This providesafurthercheckto ensure that assumptionson slope and backw ater were
relevant. Further,the Manningscalculation did not explicitly include the effectsof the bridge,which islocated
a short distance downstream of the gauge.

Following the validation of the new rating curves, the flowsfor the FFA were updated usingthe 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 Towambagauge, the flood record for 1971 wasremoved from the assessment. On reviewing
the gauge data, it wasfoundthat the gauge was missing data for thisevent, and that the gauge had filled in
the missing valueswith a nominal 10m level. Assuch,thispeakwasremovedfromthe FFAassessment.

As expected, based on the new rating curves, the flow estimatesfor 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 isamore reasonable result that the original FFA. Further analysis is still being undertaken on
the TowambaGauge and these valuesmay be revisedin afuture report.

A comparison of these flow estimateswith the XP-RAFTSmodelis provided in Section 5.5.3, following the
discussion on the development of the XP-RAFTSmodel.

Table B6 Revised FFA Design Flow Estimates

AEP Towamba (m?/ s) New Buildings(m?/ 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 TowambaRiver Flood Study

The consultation strategy outlined in Table C1 describesthe approach to consultationin accordance with the
IAP2 framework and the requirementsof the NSW GovernmentsFloodplain Development M anual (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 respondsto the
consultationprogram.

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

¢ Floodplain Development Manual

e Council'spolicies.

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

¢ Past floodingexperiencesandlocal, regional and national
mediaon flooding.

e Council’'scontact with flood impacted residentsfollowing
previousflood events.

e Consultation undertaken aspart of previousrelated studies
(it isimportant to build on thisratherthan just repeat or
supersedeit). The consultation approach, breadth and
outcomesof relevant project will be reviewed priorto
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 aspart of the Coastal Management Programs.

Scope

The scoping statementsarebased on
the project context and articulatewhy
the consultation isbeing undertaken for
this project, what thedesired outcomes
would be, and what the limitations of
the engagement are.

The scope of the consultation strategy isto engage with
stakeholdersandthe community to betterunderstandthe flood
riskswithin the study area and to develop community
understandingand ownership of the study outcomes.

Stakeholders

This section providesan overview of the
different categoriesof stakeholders, and
their relative level of interest, influence
andimpact.

This processis usefulin identifying the
level of engagement under the IAP2
Consultation Soectrum that may be
suitablefor different typesof
stakeholders.

A stakeholder matrix hasbeen provided in Table C2. This
informsthe selection of appropriate consultation
methods.

Purpose

The purposerelatesto the purposeof
the consultation not theoverall project.
Stakeholders will be linked to each
purpose and the goals within each
purpose for each stakeholder will be
identified.

The purpose of the consultationisto:
Informthe community and stakeholdersof the study;

Gain an understanding of the community and stakeholders
concernsrelatingto floodingin the study area;

Obtain historical flood information;

Gatherinformation from the community by participation;
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Eden, Twofold Bay and TowambaRiver Flood Study

Obtain feedback onthe Draft Flood Study; and

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

M ethods

4-3.

The method selection and associated goalsis provided in Table

Stakeholder Matrix

Astakeholder matrix wasdevelopedat the project inceptionto provide an overview of thedifferent 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,

conceptualisedin Figure C1.

IncreasingImpact on the Decision

Figure C1 IAP2'sPublicParticipation Spectrum

Table C2 Preliminary Stakeholder M atrix

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

Office of Environment and High High High Empower

Heritage

Technical W orking Group (TW G) High High High Collaborate

Floodplain Risk Management High High High Collaborate

Focus Group

State Emergency Service High High Moderate Collaborate

Roadsand M aritime 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

Representativesfrom Council’s Moderate | Moderate Moderate Involve

Engineering, Planningand

Environmental Departments

Bega Valley Shire Coastal Moderate Moderate Moderate Involve

Planningand M anagement

Committee

NSW DPI - Crown Lands Moderate | Moderate Low Consult

NSW DPI — W ater 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 businessowners High High Low Consult

Residentsand ownersof Moderate Moderate Low Consult

propertiesnot affected by

floodingbut withinthe study area

(e.g.impacted by flood access)

Usersof the area (e.g.impacted Moderate Low Low Consult

by flood acce ss)

Interested Community Stakeholders

Towamba Community Progress Low Moderate Low Consult

Associationinc.

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 W ood Exports Low Low Low Consult

General community Low Low Low Consult

Engagement Methods Selection

Alist of engagement methodswasdeveloped at the project inception based onthe 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.
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. & bega valley MEDIA RELEASE

shire councill o
Contact: communications@begavalley.nsw.gov.au

‘ www.begavalley.nsw.gov.au/news

P. 02 6499 2222

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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‘ www.begavalley.nsw.gov.au/news

P. 02 6499 2222

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




Towamba River

e Stream gauge installed upstream of town (off the map) in the 80s or 90s.

e Wog Wog drive (off map) contributes significant runoff to Towamba River.

e Since 2011/12 event noticed increased level of vegetation affecting flow.

e 1971 the river was clearer with less vegetation.

e Sand under bridge has built up. There is an old photo of someone standing on a horse back
not able to touch the underside of the bridge. However, it is also noted that until recent
floods the old bridge footings were covered in sand, so some recent reduction in bed levels
may have also occurred.

e 1919 bridge washed away in flood.

e Local historian supplied a CD of photos.

e Pericoe Forest Road provides alternative access during a flood, Adds 1.5 hours to the
journey to Eden. Relatively good condition unsealed road.

e Towamba River is noted by some to be the fastest rising and fastest flowing river in NSW.

e Typically 2-3 days of steady rain will overtop bridge.

e Bridge overtopped in 2014, cut off for 3-4 days. 2 days due to water over bridge, another 1-2
days for debris clean up.

e 2011 isolation partly due to poor communication. Not many people knew that Towamba
was cut off.

e 2011 velocity stripped bitumen off road approaches to bridge. Northern approach still needs
repair.

e Residents would like to see road closed signs installed in Eden and at end of Towamba Road
when Towamba Bridge is under.

e Roadto Eden is mostly flood free now that Mitchell Creek crossing has been upgraded. Only
low point is just downstream of town.

e Several locations along the snake track that go under water from backwater. One low point
near Ivy Farm that is flooded from river flow (not backwater).

e Residents adjacent to Stoney Creek crossing are concerned about the sediment runoff from
unsealed approaches to crossing. In last big event, the deep dams on their property almost
completely filled with sediment washed down from the road. They feel that road sealing
should be prioritised near waterways to protect downstream waterways. Possibly run
sensitivity modelling of tributaries filling with sediment. May be a task for the FRMS.

e Debiris still present along river from 2011 event. Poses a fire hazard.

e There was a Towamba River Dam study done by State Government.

e The groundwater flow from Cathcart contributed to the flood in 1971. 2011 event was very
similar.

e Local resident has rainfall records from his house near the bus stop at Towamba and from
his farm.

e Towamba Post office took rainfall records.

e |n 1965 the current bridge over the Towamba River at Kiah was built to replace the previous
low level timber bridge. The river came about 0.5m below the soffit in 1971.

e Significant flood events noted in Towamba River in 1971, 78, 87, 2011 and 2016. Biggest
were 1971 and 2011.

e Significant impacts on farms in Kiah as a result of the 2011 flood. This was mostly due to the
lack of warning. There was very little rain in Kiah, most of the rain fell in the upper
catchment. The flood came in the night. No time to move cattle and pumps.



e Local Kiah resident has contacted Council to voice her concerns about Kiah not being
included in the study area. Provided photos of 2011 event.

0 2011 flood caused a lot of erosion and flooded cattle. Event caught property owners
by surprise. 3am at the river bank, 6:30am onto the flats, but 11am (ish) river had
broken through the berm at the northern end. There was a sudden rise in water
between 6:30am and 11am, possibly as a result of Rocky Hall rainfall.

0 2016 event not as big.

0 Flow from Towamba to Kiah takes about 12 hours.

0 Most people don’t build on river flats. Newer residents not as flood aware. Flood
mapping could assist in better property management.

0 There should be some controls of farming on river flats.

0 Floods knock out fences, this is an issue when farmed deer escape.

0 1971 water came close to going over the Kiah Bridge.

Eden

e Local resident has a residential property at Imlay St. Has issues with drainage at driveway.
Council and OEH representative visited the site. Council representative advised that there is
a design plan for this location to deal with the drainage issues.

e Council, OEH and Rhelm representative visited the industrial area on 7/12/17 and inspected
the channel at the rear of the properties. Very dense vegetation. Large trees growing in the
channel.

e Golf Course creek erosion has resulted in silting up of the culvert under highway.

e Highway at golf course went under by about 200mm in 2011 and maybe 2016.

e Flow that used to drain to Cattle Bay is now diverted the other way across Imlay Street and
then towards Bupa and Lake.

e Mailing Street floods, only one lintel near the Men’s Shed.

e At Freshwater Creek — old wooden bridge was too low. DMR replaced the bridge in 1980s.
The new bridge no longer goes under but the adjacent properties do.

Twofold Bay

e Rock has been in place at Quarantine Bay, but the area still overtops during a coastal event.
e Low level crossing on Nullica Short Cut Road goes under water.
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Towamba River

e Stream gauge installed upstream of town (off the map) in the 80s or 90s.

e Wog Wog drive (off map) contributes significant runoff to Towamba River.

e Since 2011/12 event noticed increased level of vegetation affecting flow.

e 1971 the river was clearer with less vegetation.

e Sand under bridge has built up. There is an old photo of someone standing on a horse back
not able to touch the underside of the bridge. However, it is also noted that until recent
floods the old bridge footings were covered in sand, so some recent reduction in bed levels
may have also occurred.

e 1919 bridge washed away in flood.

e Local historian supplied a CD of photos.

e Pericoe Forest Road provides alternative access during a flood, Adds 1.5 hours to the
journey to Eden. Relatively good condition unsealed road.

e Towamba River is noted by some to be the fastest rising and fastest flowing river in NSW.

e Typically 2-3 days of steady rain will overtop bridge.

e Bridge overtopped in 2014, cut off for 3-4 days. 2 days due to water over bridge, another 1-2
days for debris clean up.

e 2011 isolation partly due to poor communication. Not many people knew that Towamba
was cut off.

e 2011 velocity stripped bitumen off road approaches to bridge. Northern approach still needs
repair.

e Residents would like to see road closed signs installed in Eden and at end of Towamba Road
when Towamba Bridge is under.

e Roadto Eden is mostly flood free now that Mitchell Creek crossing has been upgraded. Only
low point is just downstream of town.

e Several locations along the snake track that go under water from backwater. One low point
near Ivy Farm that is flooded from river flow (not backwater).

e Residents adjacent to Stoney Creek crossing are concerned about the sediment runoff from
unsealed approaches to crossing. In last big event, the deep dams on their property almost
completely filled with sediment washed down from the road. They feel that road sealing
should be prioritised near waterways to protect downstream waterways. Possibly run
sensitivity modelling of tributaries filling with sediment. May be a task for the FRMS.

e Debiris still present along river from 2011 event. Poses a fire hazard.

e There was a Towamba River Dam study done by State Government.

e The groundwater flow from Cathcart contributed to the flood in 1971. 2011 event was very
similar.

e Local resident has rainfall records from his house near the bus stop at Towamba and from
his farm.

e Towamba Post office took rainfall records.

e |n 1965 the current bridge over the Towamba River at Kiah was built to replace the previous
low level timber bridge. The river came about 0.5m below the soffit in 1971.

e Significant flood events noted in Towamba River in 1971, 78, 87, 2011 and 2016. Biggest
were 1971 and 2011.

e Significant impacts on farms in Kiah as a result of the 2011 flood. This was mostly due to the
lack of warning. There was very little rain in Kiah, most of the rain fell in the upper
catchment. The flood came in the night. No time to move cattle and pumps.



e Local Kiah resident has contacted Council to voice her concerns about Kiah not being
included in the study area. Provided photos of 2011 event.

o 2011 flood caused a lot of erosion and flooded cattle. Event caught property owners
by surprise. 3am at the river bank, 6:30am onto the flats, but 11am (ish) river had
broken through the berm at the northern end. There was a sudden rise in water
between 6:30am and 11lam, possibly as a result of Rocky Hall rainfall.

o 2016 event not as big.

o Flow from Towamba to Kiah takes about 12 hours.

o Most people don’t build on river flats. Newer residents not as flood aware. Flood
mapping could assist in better property management.

o There should be some controls of farming on river flats.

o Floods knock out fences, this is an issue when farmed deer escape.

o 1971 water came close to going over the Kiah Bridge.

Eden

e Local resident has a residential property at Imlay St. Has issues with drainage at driveway.
Council and OEH representative visited the site. Council representative advised that there is
a design plan for this location to deal with the drainage issues.

e Council, OEH and Rhelm representative visited the industrial area on 7/12/17 and inspected
the channel at the rear of the properties. Very dense vegetation. Large trees growing in the
channel.

e Golf Course creek erosion has resulted in silting up of the culvert under highway.

e Highway at golf course went under by about 200mm in 2011 and maybe 2016.

e Flow that used to drain to Cattle Bay is now diverted the other way across Imlay Street and
then towards Bupa and Lake.

o Mailing Street floods, only one lintel near the Men’s Shed.

e At Freshwater Creek — old wooden bridge was too low. DMR replaced the bridge in 1980s.
The new bridge no longer goes under but the adjacent properties do.

Twofold Bay

e Rock has been in place at Quarantine Bay, but the area still overtops during a coastal event.
e Low level crossing on Nullica Short Cut Road goes under water.
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Held at BVSC Conference Room at 04:00pm on Thursday, 5 October 2017
Present: Gary Louie — BVSC Clr Liz Seckold - BVSC
John Murtagh — (OEH) — by Emma Maratea (Rhelm)
teleconference Rhys Thomson (Rhelm)

Luke Evans — (Cardno) — by teleconference

1. Apologies

Clr Mitchell Nadin

Tim Whitaker (Community representative)
Kirra Waine — SES

Yvette Ringland — SES

Jason Deller — BVSC

Daniel Murphy — BVSC

Rob Quick — BVSC

Michael Fiedler - BVSC

2. Confirmation of minutes

Confirmation of minutes of the Floodplain Risk Management Focus Group meeting held on
20/6/2016

3.  Business arising from last meeting

The Merimbula and Back Lake Flood Study at Merimbula and surrounds has now been completed.

4. New business

4.1 Introductions and new Councillor Representatives

Introductions were completed and the group was advised of Council’s 2 new councillor
representatives Clr Seckold and CIr Nadin.

4.2  Twofold Bay, Lake Curalo, and Towamba River Flood Study inception
meeting - Rhelm

Rhelm gave a project overview. See attached presentation slides for reference - attachment 4.2
Potential initial community consultation workshops and dates were discussed.
Eden proposed late November, however, OEH unavailable 20-23 and 27-29 Nov

Target date for initial workshops likely to be 1 week December 2017
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4.3  Bega and Brogo Rivers Floodplain Risk Management Study and Plan progress
- Cardno

Cardno gave a project update.

The data collection and flood study is now complete. This stage builds on work from the previous
Bega and Brogo Rivers Flood Study.

The current floodplain risk management study (FRM S) focused on Bega downstream to Mogareeka
and at the village of Candelo.

The aim isto identify the mitigation options and strategiesto reduce flood risk for the community.
These options are broadly grouped into structural options, property modification options and
emergency management options.

e Typical examples of structural options are detention basins, levees and vegetation
management.

e Typical examples of property modifications are aimed at altering building response and
resilience usually through material specifications, planning controls and house raising.

e Typical examples of emergency management options are aimed at improving community
response, can include flood warning systems and community education.

Part of the FRM Sproject outcomes will be a dataset handover to SES

The floodplain risk management plan (FRMP) will be for council’s consideration for adoption of the
recommendations.

Broadly, structural options are limited due to the volume of flow and depth. Some options may be
suitable for levees but not the town asa whole.

Emergency management response options are more effective. Flood warning infrastructure can be
of benefit and also community education programmes.

The options that were more effective at managing risk were evaluated against a multi-criteria
analysis.

Community engagement isnow key including the public exhibition of draftsto seek feedback from
community regarding available options.

Hoping to finalise study by end of year

Clr Seckold raised a question whether the Bega pioneer museum part of FRM Sdata collection.
Cardno advised that the Musuem was part of the original Flood Sudy consultation that the current
project is built on.

Availabilities of different stakeholders were discussed ahead of the public exhibition period:
Cardno availability good over next 4 weeks, 2 weeks notice would be useful for booking flights

OEH unavailable 23 and 25 October to advise other availability
Actions:

Council to confirm public exhibition period and community workshop dates

OEH to advise other availability

Page 2 of 3
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4.4 Council issues

Current focusis complete the public exhibition period for the Bega and Brogo FRMS FRMPas there
isan end of year deadline to deliver the project materials to OEH.

Action

Council will forward commentsand submissions regarding Bega FRM S/ FRM P project to Cardno as
they are received to expedite evaluation of any submissions.

4.5  OEH issues
OEH availability outlined previously

4.6  SESissues
SESunavailable no update given.
Action

OEH to supply contacts

Council to supply meeting minutes and inform SES of the public exhibition

4.7 Community representative issues
Community representative unavailable, no update given.

Clr Seckold advised that she ison a separate committee with the community representative and that
he has changed jobsrecently.

Action
Clr Seckold to update Tim W hitaker on proceedings and confirm any new contact details.

Council to distribute meeting minutes

5. General business
Nil
6. Closure

Next meeting will be following close of submissions for Bega and Brogo rivers FRM Sand FRM P Public
Exhibition.

Meeting date to be advised, likely early-mid November.

Page 3 of 3
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HELD AT Eden Amateur Fishermans Club, Quarantine Bay, 11.45 am 22/2/2019

Present:
Emma Maratea— Rhelm Derek van Bracht — BVSC
(consultant) Environmental reprsentative Clr Liz Seckold - BVSC

Gary Louie — BVSC Assets
and Operations

representative Clr Mitchell Nadin - BVSC John Murtagh - OEH

Joanne Humphries — SES Clyde Thomas — Community
Regional Patricia Daly — SESEden representative

Colin Walder —

Community guest

1 Apologies:

Yvette Ringland — SES
Local Commander

Sophie Thomson — BVSC
Planning representative
2 Endorsement of guest aftendance

Colin Walder was endorsed unaminously by the Focus Group as a guest attendee for the purposes of
supervising use of the Eden Amateur Fishermans Club facility but also as a knowledgeable long time
local resident of the Towamba River catchment.

3 Confirmation of minutes

The Minutes of the 20/11/2017 Committee were taken asread.
Moved — Gary Louie BVSC

Seconded — Emma Maratea Rhelm

4 Business arising from last meeting

No business arising
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New business
5.1 Eden Twofold Bay Towamba River Flood Study progress update

A project overview of the Eden Twofold Bay Towamba River Flood Study was given by Rhelm. Refer
to the attachment for details.

An overview of the Floodplain Risk Management process was given and the relationship between
Flood Study (FS) and Floodplain Risk Management Study and Plan (FRM SP) projects.

Some questions and discussions were then raised about the availability of flood information to
insurance companies and erosion.

Derek commented that the effects of erosion have been considered in the Coastal Hazard study.
Rhelm commented that insurance companiestypically rely on their own information to price
premiums but FSinformation can on occasion assist in reducing premiums. The aim of the FSisto
define where it floods. The information then helpsto identify relevant mitigation options later. OEH
commented that FSinformation is typically made public when Council adopts and publishes the final
FS. However, interpretation of the information in the public arenais variable and is not controlled or
contained.

Some further discussion was then had regarding the differences between section 10.7 part 2 and part
5 certificates (previously section 149 certificates) and their relationship to development and planning
controls.

Derek commented that the s10.7 part 2 certificate typically outlines the planning and development
controls associated with a parcel of land whereasthe s10.7 part 5 certificate details additional
information of relevance. OEH commented that the part 2 isissued when land sale occursin NSW. A
part 5is an optional document can be secured. Derek then commented that Council isindemnified
under s733 of the Local Government Act if it issues relevant information in ‘good faith’ as indicated
on the s10.7 certificates. It isimportant to have the best available and current information
referenced on the certificates to ensure Council operates within the Act to effect indemnity
provisions.

Further discussion was then had on the relation between FS FRM SP and planning instruments like
Council’s Local Environmental Plan (LEP) and Development Control Plan (DCP).

OEH commented that the LEP and DCP will reference information from adopted studies asinputs.
The LEP and DCP then typically assist and guide planning decisions.

Action: Planning to verify the existing s10.7 certificates and LEP and DCP provisions are suitable to
effect indemnity provisions where Council have adopted studies and plans in place and report back
next meeting.

Rhelm then outlined how multiple models have been used to address differing flooding mechanisms
occurring within the catchment. There are 6 areas of specificinterest within the study area. Refer
attachment.

Rhelm then outlined why Kiah was not included originally as part of the project due to the lower risk
to life and lack of population in the flood affected area. During the course of the community
engagement, it became apparent that advance warning to residentswas important in the Kiah area
so that stock and pumps could be moved. There is scope to include Kiah as part of the FRM SP now
that the FSisin a well advanced stage. A likely recommendation of the FSmay be to include
consideration of Kiah in the FRM SP stage. Gary then commented that Council’s flood damage data
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from 2010 did not substantial damage or incidencesin the area and thusthe area was not included
as part of the original project scope due to budget considerations.

Action: Rhelm to consider appropriate recommendations regarding Kiah in production of the final
study outcomes.

Rhelm then outlined the project timeline and activitiescompleted to date and activities yet to occur.
Stage 1 and 2 have now been completed and the project isnow nearing end of Stage 3. Refer
attachment.

Rhelm then discussed the signficance of rainfall intensity and daily gauges. A daily gauge can only
determine the total rainfall but not intensity of rainfall. A pluviometer can provideintensity data as
readings are taken more frequently typically at 15min intervals. The model is not calibrated due to a
lack of available calibration data but rather the model is ‘validated’ since it correlates well with
community information supplied. The upper catchment around Towamba and Rocky Hall had flow
gauges, pluviometers and daily gauges available. The lower catchment around Eden and Twofold Bay
had less data available. OEH then commented that Bureau of Meteorology daily gauges are only
read once per 24 hours at 9am each day.

Flood terminology was then discussed. Rhelm outlined that older terminology of the 1in 100 year
flood isreferred to asthe 1% AEP event (Annual Exceedance Probability). This meansthat an event
has a 1% chance of occurring in any one year rather than once every 100 years as was commonly
misconstrued. PMF means Probable Maximum Hood, a very very rare flood. In anecdotal terms, the
‘Noah Flood’.

Rhelm then commented that the level of catchment development can be a factor contributing to
flood impacts and how thisistypically accounted for in modelling. Roughness parameters are used
as proxies for the level of development. Undeveloped catchments are ‘rougher’ and developed
catchments are ‘lessrough’. The preliminary 1% AEP maps were then presented for comment and
some examination of the area around Lake Curalo occurred. Further discussion was then had
regarding the difference between coastal and catchment effects and how boundary conditions apply.

SESthen discussed the key issueslocally for them. The BUPA facility was typically an issue within
Eden compared to other locations. Some discussion was then had about sensitive infrastructure and
how the final flood study information can be used. Clyde Thomasthen commented that he used to
own the land that BUPA was built on and outlined the original construction process. Refer Clyde for
further details.

Action: Rhelm to follow up with Clyde Thomas regarding BUPA local knowledge to validate any
findings.

Rhelm then outlined the interaction between the coastal and lagoon model and how the information
isof use. Some discussion regarding the sediment in the lake was had and a previous sediment study
project was discussed.

Rhelm then outlined the next steps of the process. The public exhibition and Stage 4 activities are
likely to occur around August — September 2019 with a project end date submission to Council and
OEH still on target for end of the year.

Action: Allto promote the upcoming public exhibition through private and professional networks so
that broad community feedback can be garnered to provide ownership over the final outcome.
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5.2 Merimbula Laoke and Back Lake Floodplain Risk Management Study and Plan
progress update

A project overview of the Eden Twofold Bay Towamba River Flood Study was given by Rhelm. Refer
to the attachment for details.

The previous engagement process was discussed. The Flood Study identified from flooding and
overland flow issues. From areview of preliminary information, Council has no apparent planning
controlsin place to deal with overland flow at the moment.

A copy of the community engagement brochure used in the initial drop-in sessions was circulated for
information.

Clr Nadin commented that the Back Lake Estuary east of the bridge was treeless in the 1960s and
also noted about the location of a powerpole on Merimbula Creek in the Berrambool Sports
complex. It would be good to include some recommendationsin the Floodplain Risk Management
Study and Plan to assist future grant applications for environmental management.

OEH commented that environmental management options can be applied in the floodplain
management programme at 2:1 funding if flood mitigation benefits arise. Otherwise, application can
be made to the coastal hazard programme which isat 1:1 funding.

Rhelm then summarised that the Stage 1 activities are now virtually complete and then outlined the
remaining activities to occur.

5.3 SESissues

Joanne Humphries briefly introduced herself and outlined that the SEShave mandatory requirements
from the Floodplain Risk Management process and inquired whether these were previously provided
to Rhelm.

Rhelm confirmed that the requirements have been provided by OEH.

Local SES Eden advised that a recent issue following heavy rains at the Killer Whale Museum location
has now been resolved. It was also advised that the BUPA site is highly represented in emergency
responses.

Regional SESalso commented that they could be available to assist with community engagement
with appropriate notice.

Action: Council to consider inviting SESto participate in the next round of public exhibition
workshops for the draft Eden Twofold Bay Towamba River FSand Merimbula and Back Lake FRM SP.

54 Council issues
5.4.1 Councillor issues

Clr Seckold reported that Wallagoot Lake with its small catchment, closed mouth and
warming water reducing oxygen leading to fish kill are of concern to her.

Action: Rhelm to note in development of FRM SP

Clr Nadin reported that environmental issues are of concern to him citing a past incident
in Mirador and Merimbula Creek. The other key interest is having relevant information
available to secure external funding.

Action: Rhelm to note in development of FRM SP

Clr Seckold then reported that weed control and revegetation following the Tathra fires
isnow in progress.
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5.4.2 Current deferred matters and ofher issues - Planning staff

A brief of relevant BVSC Planning interests was given by Derek van Bracht in the absence
of Planning staff.

Council currently has a Rural Living Strategy on exhibition for the Towamba and Kiah
areas.

There are no large scale releasesidentified in the study area but a current Planning
Proposal exists for the locality of Boydtown.

Emblem Street, Eden isan issue to consider in detail and also the BUPA facility location.

Action: Rhelm to verify whether the locations have been considered as part of the
modelling process and report back next meeting.

5.4.3 Current identified grant projects - Asset and Operations staff

Council’s broad strategy of floodplain risk management projects was outlined. Council
Council uses arisk based methodology based on areas of population, an older strategic
flood risk assessment and whether a catchment has an existing flood study to target
flood study grant applications and projects. When a flood study has been prepared and
adopted in accordance with the 2005 NSW Floodplain Development Manual, Council
prefersto make grant application to OEH to secure fundsto complete a subsequent
Floodplain Risk Management Study and Plan. Once a Floodplain Risk Management Plan
has been adopted, Council will then again make application to OEH for an
implementation grant. Some areas will be lower priority according to a lack of
population, alack of flood damages or according to the priorities of the previous
strategic assessment.

A number of grant applications are now being prepared for the current grant round.
Clr Nadin then verified the major catchments within the LGA for potential projects.

Action: Asset and Operations to verify that Wallaga Lake and Wonboyn River are part of
the forward programme and include if not.

5.4.4 Environmental issues - Environmental Services Staff
Lake Curalo isthe main area of focus for gaining additional information.
Derek then left the meeting early.
5.5 OEH issues

The current round of Floodplain Management and Floodplain Risk Management grants are now open
and closing 20" March 2019.

OEH has been working with Council regarding strategic priorities for both agenciesin formulating
grant applications.

Action: Council to progress grant application submissions for the current grant round.
5.6 Community issues

Clyde will think through some different ideas for improving community engagement in conjunction
with the Eden Twofold Bay Towamba River Flood Study project.

Clyde’sprevious professional career involved diving and has seen many practical examples of erosion
and scour he can contribute to the conversation.

Clyde Thomas left the meeting early.

Action: Clyde to report back on community engagement concepts at next meeting.
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5.7 General Business

Colin Walder gave some local background history to the Cathcart upper catchment area that includes
Mt. Darragh, Coolangubra and Cathcart.

Twin landslides occurred in the upper catchment that banked water up and then broke. The current
sediment load is probably from the previous event working down. The Towamba river appearsto be
going back to itsrock base from the 1971 event.

Mt. Darragh/Cathcart controlsthe water in the BVSC LGA stemming up to Brown Mountain. In 1971,
the upper catchment was heavily forested. Subsequent die back led to be debris being washed
down.

Colin then outlined his association with the Tathra bridge construction at M ogareeka.

Many timber bridges survived following the 1971 event whereas concrete structuresdid not. The
timber structures flexed with the floodwaters. The piles at Mogareeka went down 140 feet before
hitting solid ground. Floodwaters reached the top of the powerpoles across Jellat Jellat. In 1971, the
floodwaters went to the Fish and Chip shop on Andy Poole Drive opposite the caravan park. Gary
then commented that these were probably not the current powerpoles asthey are higher than the
normal 11m above ground standard poles.

Colin also added that in 1971, floodwaters also got to the 2" step of the first pub in Pambula and
that the ‘Oaks’ was under about 30 feet of water at the time.

In Eden, the bottom of the Palestine school was inundated and the road was cut at the Golf Club and
the Fountain caravan park. Government Road was underwater in 1975 and also in 1965 after an
offshore underwater landslip near the first drop off generated a 60 foot wave. The water crossed the
Highway near Quarantine Bay.

Action: Rhelm to note information and validate against current model outputs and follow up with
Colin for any other local knowledge of use.

Closure
The meeting was declared closed at 2.15 pm.
Next meefing

The next meetingisto be held at a date and venue to be determined nearing the time of public
exhibition of the draft Eden Twofold Bay Towamba River Flood Study in the 2" half of 2019.



Eden Twofold Bay @ e
Towamba River -
Flood Study -

technical sub- MINUTES
commitiee meeting

HELD AT 1 pm 16/10/2018 BVSC GM s Conference Room

Present:
John Murtagh — OEH Luke Evans — Rhelm (via
teleconference) Emma Maratea - Rhelm
Sean Garber — Baird
Australia (via
teleconference) Gary Louie - BVSC Rhys Thomson - Rhelm

Yvette Ringland - SES

Apologies:
Derek van Bracht - BVSC

Progress Update - Rhelm
Rhelm gave a progress update of the stage 2 work completed as per the draft stage 2 report.

Council’'scomments were discussed regarding the draft Stage 2 report and figures as provided
through OneDrive. Some issuesregarding the commentary and figures required some attention.

OEH's commentsregarding the draft reportswere regarding the flood frequency analysis and
calibration at Towamba mostly.

Rhelm recognised that a good executive summary will be required to the substantive technical
material to be reported.

The scope of the project and study area was recapped for the benefit of SES.

Initial model runs used an open downstream boundary without tidal effects as a starting point to test
model operation.

There are 2 modelsin Eden. A model for the Lake Curalo lagoon to determine tidal impacts and
another for the Eden township to determine overland flows. TUFLOW is being used to define the
floodplain impacts and Delft3d to drive the entrance conditions and water level boundary.

Rhelm are considering running a suite of durationsthrough the models. Alternatively, a static
boundary condition could be used. Council’s preference isfor atime seriesdynamic analysis.
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Baird outlined some of their modelling technique thus far.

Entrance condition assumptions are important. At the start of runs, use an open entrance condition
based on 2016 bed levels. A closed condition of between 0.1-0.6 MSLwas also used to test lake
volume impacts. An open entrance was used to test the tidal exchange and propagation of storm
tide effects associated with the June 2016 ECL.

Before breakout, typically an inflow event at 0.6 — 0.7m MSLwas observed for the starting water
level. The 1% event referred to in coastal modelling is the 1% exceedance at any point in time rather
than based on an annual series. To calibrate the breakout processin the lagoon, the November 2013
event was used. Thisexamined sediment transport to produce a realistic opening scenario. Broken
entrance characteristics at Curalo corresponds well to other similar work Baird have done at other
sites along the NSW coast.

Rhelm added that other ICOLLSwithin the study area were examined lessrigorously due to lower
populations surrounding them. The Juno Drive culvert at Boydtown needs more examination. This
will tested in Delft3d to determine any overtopping potential.

The Nullica grid may be refined to a smaller cell size in the upper creek catchment to resolve some
resolution issuesthere.

Shadrach’s Caravan Park was noted to be impacted significantly in the 20% AEP event. Some
extension of model on other side of highway may be needed to assess private road access impacts.

The breakout level isassumed to be at the managed entrance level. A conservative approach isto
adopt the lake water level prior to breakout.

OEH offered that work by Hanslow may have some probabilistic berm height data at Curalo available.

OEH also added that a local developer had contacted a number of ministers regarding
flooding/insurance in the Boydtown area and that OEH isinvestigating on behalf of the relevant
minister.

If no better data can be sourced, then the managed level for berm height can be used.
Baird to check sensitivity on berm height based on 20% and 1% AEP events.

Rhelm added impacts of lake water level v. highest daily rainfall events could be used as another
check measure.

Council added that contours of water levels in some figures will be useful for the final report.
Rhelm to incorporate.

Baird left the meeting and Rhelm continued to discuss the Towamba River catchment model
hydrology.

Rhelm outlined that from the data review, good flow data was available but pluvio datawasrarer. A
number of disparate daily rainfall gauges were available but temporal effects will be difficult to
determine due to alack of pluvio data. The available data was used to try and get the temporal
patter correct.

The hydrology fit is good at new Buildings and Rocky Hall, less so at Towamba. The Towamba model
will test the calibration of travel time/routing.

Flood frequency analysis (FFA) is available at the 3 locations above. The Towamba FFA had good
correlation at 10% AEP flows but the 2011 event was an issue when using the FLIKE model. Originally
the Log-Pearson Il (LPIII) distribution was used to test fit and also the Generalised Extreme Variable
(GEV) but the fitswere not very good. Later log-normal distributions were used that omitted the
2011 event and a better fit was achieved. Accordingly, 2011 appears an outlier and some
examination of causesis needed.
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There is approximately 2m difference in levels between the 2011 and 1978 events. The 2011 event
was higher than 1978.

The cross section at the Towamba gauge location needs some examination to test model impacts
and verification for validity as the gauge is some km upstream from the village.

OEH issues

No other issues were raised.
SES issues

No other issues were raised.
Council issues

Council added that the end products can be submitted into the NSW Flood Portal.

Immediately, work can continue to resolve technical issues around calibration. The issues can be
resolved through a series of working papersin teleconference with key technical sub-committee
members.

Rhelm to note.

General Business

Nil

Closure

The meeting was declared closed at 2.10pm.
Next meefing

The next meeting isto be held at BVSCdate and time TBA.
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APPENDIX D

Calibration & Validation




Model Calibration

The datareview processhasallowedfortheidentification of appropriate calibration eventsthrough review of
rainfall and water leveldata and consultation with the community. A summary of key catchment and coastal
eventsis provided in Table D-1. Further discussion on these eventsis provided in Section D.2. Calibration

eventsdid not necessarily require all modelsto berun,the modelsrun for each of the eventsisnoted in Table

D-1Table 5-4.

Discussion on the calibration and validation modellingundertakenis presentedin below. No calibration data

was available for Boydtow n 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 extentsaround
Catchment Event Towamba, Rocky Hall and New buildings,
butthere were periodsof missingdatain
the gauge record, preventing calibration
to thisevent.
1978 Catchment | Calibration | Validation The community were able to identify
and Coastal Event of 20% and several flood levels and extentsaround
1% AEP Towamba.
runs General observations were collected of
floodingin Eden.
June 1998 East Listedin Council’sbrief but no significant
Coast Low water levels were recorded for this
event.
February 2010 No reliable flood observationsavailable.
Towamba River
Catchment Event
March 2011 | Calibration M ajority of flood recollections provided
Towamba River for Kiah area. One calibration mark
Catchment Event surveyedin Towambafor thisevent.
M arch 2012 Calibration | It isone of thelargest water levelevents
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




Event Calibration/ Validation Undertaken Comments

elevated behind a closed entrance prior
totheevent.

However, missing Lake Curalo water level
data resulted in no calibration being

undertaken.
June 2016 East Calibration | Lake Curalo entrance wasopen (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 portsalongthe 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 along-term population (1000 year) of storm tide
events.

Table 5-6 presentsa summary of the water level calibration statistics for full NSW Tasman Sea model. The
valuesin Table 5-6 are calibration metricsfor modelled astronomical tidesovera 12 monthsperiod.

Table D-2: Comparison of measured and modelled water levels (m M SL) for selected portsin the Delft3D
NSW Tasman Sea M odel.

Location Bias (m) Skill RM Serror (m)
Tweed Heads 0.001 0.997 0.049
CoffsHarbour 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
BatemansBay 0.001 0.999 0.023
Eden 0.001 0.999 0.026




Lake Curalo Hydrodynamic Model

For the calibration of the ICOLL model setups, historical calibration eventswere 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 abreakout event (March 2012). The calibration periodsare
asfollows

e ECL:June2016: 31st May 2016 —16th June 2016
e Breakout:March 2012: 24th Feb 2012 —7th March 2012

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

Measured water levelsat the Eden tide gauge were used as the coastal boundary conditions for the two
periods, see Figure D-1. Smilarly, the inflow datafrom the catchment model (XP-RAFTS) appliedto the Delft3D
modelwere also derived from measured rainfallduringthe two events.
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Figure D-1 W ater levelsat Eden Tide gauge used as coastal boundary conditionsin the Lake Curalo
model

June 2016 ECL Event

The June 2016 ECLevent occurred whenthe lake entrance wasopen. Asthe lake survey wasundertaken with
aclosed entrance, the entrance condition needed be assumed and an open lake entrance schematised in the
model. Lake depthswere modified using satellite imagery asareferenceto replicate the entrancedimensions,



orientation and depthswithin Lake Curalo. Further, sensitivity analysiswasundertaken with roughnessvalues
throughthelake entrance area.

Measured water levelswithin Lake Curalo were used to compare the modelled outputs and the bathymetry
and entrance conditionsadjustedtoreplicate the tidal range and tidal phase forthe pre-storm open entrance
conditions. Figure D-2 showsthat the modelled lake water level, with the schematised open entrance
bathymetry, matched wellwiththe measuredtidal range and phase within the lake prior to and afterthe ECL
event, indicatingthat the entrance dimensionsand orientation are agood representationof the open entrance
condition during that event.

Phasing of the peak water levelsduringthe event are well replicated by the modeland are principally driven
by astronomical tide and storm surge, however the peak water level isunderpredicted. 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 inflowswere provided by the Eden catchment model and
were added at suitable locations around the lakesboundary. However,the inclusion of catchment inflow sdid
not improve the comparisonsagainst the measured water levelswith the timing of the discharge being out of
phase with the observed lake water level response. It isexpected that thisis a result of having to adopt the
pluvio data from Merimbula (as no pluviometer datawas available at Eden for this storm), with the rainfall
depthsfactored to Eden based on the Eden and Merimbula daily totals. This highlights the limitations of
derivingaccurate catchment inflows with limited site-specificrainfalldata. Furtheranalysis of the timing and
discharge rates of peak catchment inputswould improve the representation of the peak water levels within
the lake. Asit stands, the model schematisation of an open entrance condition hasbeen validated against the
observed waterlevelrecordsin the lake.

March 2012 Lake Breakout Event

The entrance breakout event that occurredin March 2012wasusedto calibrate the entrance breakout process
in the Lake Curalo model. Asfor the previousvalidation case, the exact entrance condition (berm level) was
not known and hence water leveldatafrom within Lake wereusedto inferthe bermlevelpriorto the breakout
event. The sediment transport module of Delft3D was used to dynamically model the March 2012 entrance
breakout. Beinga closed entrance condition, the rate of change in measured waterlevelsprior to breakout is
controlled by the rate of discharge from the seven catchment inflow inputs. Hence, the critical calibration
parametersforthetimingof the breakout were the initial berm leveland the difference in lake volume before
the eventtobreakout, whichwere bothinferred from measured lake levelsand associated lake volumes.

The measured and modelled peak water levelswithin Lake Curalo duringthe March 2012 breakout event are
1.35 and 1.42 m AHD respectively withthe phasingof the modelled breakout matchingthe measurementsto
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 recedeswithin the ICOLL following an entrance breakout isan 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
bermlevel beingthe calibration parameterswiththe mostinfluence onthe rate of change in lake levelsafter
the breakout.



The largest uncertainty for thisevent iswith the inflow dischargesfrom the catchment as the quality of the
measured rainfall during this period are low. Due to a lack of pluviometer datawithin the Eden catchment
area, it was necessary to source pluviometer datafrom the nearest operating gauge, located in Merimbula.
Rainfall depthswere factored to Eden based on a comparison of daily rainfall totals in Eden and M erimbula.
Merimbulaislocated approximately 25km from Eden, so while both locationswould have experienced rainfall,
it islikely the distribution will have been different. Initial estimatesof the catchment flowsresultedin a more
gradual increase in the lake water level than what was observed, indicating limitations with the catchment
inflow estimates. These were subsequently modifiedto betterreflect 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 hoursfollowing 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 +0.2mM SLwhich is a realistic channeldimension for
ICOLL entrance breakouts.
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Figure D-2 Comparison of modelled lake water levelswith the measured water levelsfrom the MHL

gauge within Lake Curalo for the June 2016 ECL event.
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Figure D-3 Comparison of modelled lake water levelswith the measured water levelsfrom the MHL

gauge within Lake Curalo for the March 2012 breakout event.

Coastal Connected Area Models (ICOLLs)

No calibration data wasavailable for Cocora Lagoon, ShadrachsCreek and Nullica River and Boydtown Creek.
Instead,the modelswere ‘tested’ usingexample design flood scenarioswith the modeldomain extending out
tothe5 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,whichwasonly recorded at the Towambagauge. This event is approximatelya in 80 year event
basedon the FFA.

Unfortunately, therainfall data associated with thisevent was minimal. The initial review of the rainfall data
suggested that the 2011 event should have been recorded at two pluvio-stationswithin the catchment at
Towamba and Wyndham. However, on receiving the rainfall data, the pluvio-station at Towamba w as found



not tobe workingduringthe 2011 event. Therefore, only Wyndham could be usedto representthe tempora
pattern. Thisgauge 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 changesto the temporal pattern moving south
throughthe catchment, and in the steeperupperreachesof the catchment.

The rainfall data from the Wyndham gauge was factored acrossthe 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.

Assufficient pluvio datato definethe storm movementwasno available, areview wasundertaken of the BoM
rainfall radar to gain an indication of how the storm through the catchment area. The radar data from the
Canberraradar gauge (whichwasthe closest to the study area) wassourced from The Weather Chaser website
(http://www.theweatherchaser.com), which provide historicrainfall 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 1.5hoursto move fromthetop of the catchmenttothe bottom. To account for this, the rainfall
depthsacrossthe catchment were shifted accordingly, so that the peak of the rainfall occurred 1.5 hourslater
at the bottom of the catchment comparedto thetop.

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 2.4

The 1978 event wasalso investigated, whichis estimatedto be approximatelya 1in 30 year event. However,
for thisevent 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 Buildingswhere the gaugesare located, which would also
be affectedbythe mountainousterrainin thisarea. Therefore,thisevent wasnot used for the calibration of
the hydrological model.

The XP-RAFTSmodel hydrographs and the gauge hydrographsfor the 2011 event are shown in Figure D-4.
There wasno gauge data available at either Rocky Hall or New Buildingsforthe 2011 event.

The modelshad areasonable calibration with regardto the timing. The start and end of the flood hydrograph
from XP-RAFTScorrespondswellwiththe recorded gauge flows.However,the twin peaksof the gauged flows



are not replicated in the modelling. This may be aresult of the lack of pluviometerdata, makingit difficult to
represent the change in storm asit moved acrossthe catchment. Further,itisdifficult 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 onthe peakflow estimates. The 2011 event, by comparison, then providesconfidence on
the flow routingin the modelto ensure that the timing between therainfalland flow at Towambais similar.

6000

5000

by
o
o
o

3000

Flow (cumecs)

2000

1000

0 1
20/03/2011 0:00 21/03/2011 0:00 22/03/2011 0:00 23/03/2011 0:00 24/03/2011 0:00 25/03/2011 0:00 26/03/2011 0:00

Model

Gauge

Figure D-4 Comparison of modelled and gauge flowsat Towamba, 2011

Validation Against FFA Results

The XP-RAFTSmodel was used to run the full set of ensemble stormsfor durations from 12to 72 hours, for
the 10%, 5%, 2%and 1% AEPevents. The median storm flow peakwasthen plotted onthe FFA curvesto assess

how wellthe design flows aligned with the results of the FFA assessment. These figuresare shown in Figure
D-5to Figure D-7.

The figuresshow that the design flowsfor 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 parametersis reduced.
The good match between the XP-RAFTSmodel and the FFA at these gauges indicate that the catchment
characteristics (roughnessand slope) are appropriate.

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

As such, further assessment wasundertaken of the Towambagauge data.
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In the first instance, the frequency andrelative size of majorfloodsin the Towamba River was reviewed. This
isplotted below in Figure D-8 below.

The figure showsthat beforethe 2011 event, it had been 19 years(1992) since a 20% AEPevent, and 33 years
(1978) since anythinglarger than a 10% AEP event. Further more, in the preceding 10 years (2001 — 2011)
there wasverylittle major flow activity in the TowambaRiver.

Unfortunatelytherecord at Towambadoesn’t extend farback beyondthe 1978 event, butthe 8 yearsof data
available isindicative of a similar patternforthisevent aswell. The gauge at New Buildingsgoesback to 1956,
and the annual maxima are shown in Figure D-9. For New Buildingsit showsa large eventin 1971 (forwhich
the gauge malfunctioned at Towamba) before which theseisa15 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 processeswasobserved duringthe visit
to the gauge.

Inordertotake thisinto account, asecond stage-dischargerelationship wasdeveloped for the channel section,
adoptinghigherroughnessvaluesacrossboth banks. Roughnessvalueswereincreased forboththe low shrub
areasclosetothewater,aswell asthe denservegetation furtherupthe banks.

Usingthis higherroughnessstage-dischargecurve, revisedflow estimateswere determined forboththe 1978
and 2011 events. Aswould be expected, the higher roughness values resulted in alower peak discharge for
these events,basedonthewaterlevel recorded by the gauge. Thisresultedin the 2011 eventreducingfrom
3,570 to 2,620 cumecs, and the 1978 event from 2,960 to 2,200 cumecs, reductionsin the order of 25%.



The FLIKE assessment wasthen undertaken incorporating these reduced flows. Only these two events were
changed. The otherflowsremainedthe same asthe previousassessment,based onthe previousrating curve.

The results of this FFA are shown in Figure D-10. The general alignment of the FFA with the RAFTSmodelis
good, thoughthe FFA is still estimatinghigher values.

A second FFA test was also done, which removedboththe 1978 and 2011 flows from the assessment. These
resultsare shownin Figure D-11. In this case, the FFA and the RAFTSestimateshave avery good correlation.
The 1978 and 2011 events are still plotted against this result, and it showsthem well within the confidence
limits but sitting noticeably above the FFAline with respect to the otherevents.

This assessment indicates the influence that these two events have on the FFA results. This isn’t surprising
given how much larger they are comparedto the othereventsinthe record. It also showsthat any uncertainty
in these eventsisgoingto 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 RAFTSflows are matching well. The differencesbetween Figures D-10 and Figure D-11 highlight
theinfluencethese twolarge eventshave and suggeststhat thereisa factor at play that resultsin these two
events deviating so strongly from the bulk of the data. It is suggested that both bank roughness and
sedimentation played arole in elevating the levels of these two events, beyondthe ‘normal’ rating curve of
the channel at the gauge, though without photographicevidence it cannot be shown conclusively.

Overall, the results shown in Figure D-11 (which include the 2011 and 1978 events) are reasonable, and the
RAFTSflowsare wellwithinthe confidencelimitsof the FFA, indicatingthe RAFTSmodelissuitably calibrated.
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Towamba River Catchment HydraulicModels

As part of the collection of the additional survey, flood marksfrom the 2011 and 1978 eventswere collected
in Towamba. Additional observationsfrom the community regarding flood extents were collected as part of
the community consultation.

Only the Towambamodel was able to bedirectly calibrated. However, in order to ensure that the Towamba
River models are compatible with one another, the hydraulic model parameters determined through the
Towambacalibration processwill be adopted at the other study areas.

In orderto calibrate the Towambahydraulic model,the revised gauged flowsfrom the 2011 and 1978 events
were run through the model. The comparison between modelled results and the survey and community
observationsare shownin Map 520 forthe 2011 event and Map 521 forthe 1978 event.

The figure shows that the hydraulic model results are producing similar flood levels and extentsto those
observed bythe community.

Inthe 2011 event,the surveyed floodlevelin Towambawas38.34mAHD. The modelhad alevel of 38.54maHD
at thislocation. The comment from the community wasthat the 2011 flood “reached the text of the sign” at
thislocation, so 0.2m iswell 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 modelwas 39.7mAHD. Given the accuracy of the extent reporting (a
community memberindicatingthe flood extent onan A1 map) thisis also within the accuracy of the historical
reporting.



The community also provided a photo of the local bus shelter in the 2011 event. Two photos showing the
floodingof the busshelter are providedin Figure D-12. The photosshow 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 onthe map as part of the communitydrop
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, reachingto
approximately 50m from Pericoe Road.

The point surveyedforthe 1978 event wasmarked by a hacksaw on apost nearthe intersection of Yambulla
Road and Towamba Street. The point was surveyed as being at 36.52mAHD. The model at thislocation hasa
level of 36.39mAHD, 0.13m lowerthan the survey mark.

Figure D-12 Towamba Bus Shelter Floodingin 2011

Eden HydraulicModel

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 (Section4.5).

The 20% and 1% AEPdesign eventshave been modelled with astage vsdischarge (HQ) downstream boundary
to provide an overview of the flood behaviour. The design runsundertaken aspart of Stage 3 of the study will
adopt a dynamic downstream boundary condition driven by the water levelsin the Lake Curalo and Cocora
Lagoon Hydrodynamicmodels.



Theresultsof the modelrunsare shownin Map 524 and M ap 525 along with the community observationsof
flooding. Although there are only limited flood observations, the results appear to align with what hasbeen
observedinthe past.
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ARR Datahub Output




Results- ARRData 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_M ETA]

Time Accessed,23 July 2018 10:09AM
Version,2016_v1

[END_RIVREG]

ARF Parameters
[LONGARF]
Zone,SECoast
a,0.06

b,0.361

c,0.0

d,0.317

e,8.11e-05



f,0.651

0,0.0

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 ContinuingLosses(mm/h),5.7
[LOSSES M ETA]

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,23July 2018 10:09AM
Version,2016_v2

[END_TP]

Areal Temporal Patterns



[ATP]

code,SSmainland
arealabel,Southern Slopes (Vic/ NSV)
per_intersect,1.0

[ATP_META]

Time Accessed,23 July 2018 10:09AM
Version,2016_v2

[END_ATP]

BOM IFD Depths

[BOM IFD]

No data,Nodatafound at this location!
[BOMIFD_META]

Time Accessed,23 July 2018 10:09AM

[END_BOM IFD]

M edian Preburst Depthsand 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),



[PREBURST_M ETA]
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_M ETA]

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,



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 (0.001),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_M ETA]

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_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),



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),
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_M ETA]

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_ M ETA]

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_PREBURST90]

Interim Climate Change Factors



[CCF]

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,ARRrecommendsthe use of RCP4.5 and RCP 8.5 values

[END_CCF]

[ENDTXT]
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