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The process by which the results of a computer model are brought to agreel
with observed data

Commondatum for navigation charts. Typically relative to Lowest Astronom
Tide

A rise in mean sea level at the global scale, for example as a result of meltir
caps

The probability of an extreme event @arring at least once during a prescribe
period of assessment is given by the exceedance probability. The probability
in 100 year event (1% AEP) occurring during the first 25 years is 22%, duril
first 50 years the probability is 39% and ovetQ® year asset life the probability
63%

A numerical model that simulates the movement of water within a defined mc
area

A rise in sea |l relative to a fixed position, for example as a result of l¢
subsidence.

Mean Sea Level

Neap tides occur when the sun and moon lie at right angles relative to the ¢
(the gravitational effects of the moon and sun act in opposition on the ocean).

The residual water level the nonrastronomical tidal component of a water leve
Residual water levels can be either positive or negative, and can occur throi
range of processes such as catchment inflows, coastally trapped waves, wind
andthe inverse barometric effect

A permanent increase in the mean sea level

Tides with the greatest range in a monthly cycle, which occur when the sun, r
and earth are in alignment (the gravitational effects of the moon and sun a
concert on the gean)

The increase in coastal water levels caused by the barometric and wiAgps
effects of storms. Barometric sefp refers to the increase in coastal water lev
associated with the lower atmospheric pressures characteristic of stornisd \
setup refers to the increase in coastal water levels caused by an onshore
driving water shorewards and piling it up against the coast

Coastal water level produced by the combination of astronomical
meteorological (storm surge) oae water level forcing

A series of water levels that define standard tides, eg. 'Mean High Water Sj
(MHWS) refers to the average high water level of Spring Tides
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Tidal Range The difference between successive high water and low wiategls. Tidal range i
maximum during Spring Tides and minimum during Neap Tides
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1. INTRODUCTION

1.1 Overview

This report details the analysis undertakenittentify and predict inundation hazards associated
with large flood eventsin the Gippsland Lakesnundation hazards have been determinedder
existingconditionsand for a number ofprojected mean sea level riseenariosover the course of
the nextcentury.

A number of townships adjacent to the shorelines of the Gippsland Lakelw@ated at relatively
low elevations and are therefore vulnerable to inundation associated fitiding Water levels in
the Gippsland Lakes aigfluenced bya combinationof different physical forcings and hydrodynamic
processes including

1 Catchmentgenerated streamflowgincluding floods)
1 Coastal driven water levelgncluding tides and sestorms) and
1 Wind setup(lake levels elevated by the force of wind on the lake surface)

Detailed hydrodynamic modelling requiredto integrate these processeand enable estimates of
extreme water levels to be determined under various sea level rise scenArmansitivity analysis

has also been undertaken, assessing how hazards may vary with respect to changes in key system
inputs such as river inflows or cstal erosion.

It is noted that the purpose of this study is to define potential coastal hazards wexigting and
future climate change scenarios. Whilst this report will provide insightkedy future planning
levels around the Gippsland Lak&sdoes not redefine these levels. A further detailed and targeted
flood study will be required to revise flood planning levels for the Gippsland lakes under future
climate change scenarios.

1.2 Reporting

This document is par2 of a series of reports produced asrpaf the Gippsland Lakes Coastal
Assessment Project. It should be read in conjunction withdtier reports. The complete set of
reports is afollows:

1 Report 1: Summary Report

1 Report 2: Inundation Hazards

1 Report 3: Outer Barrier CoastatosionHazards

1 Report 4: Lake Shoreline Erosion Susceptibility
1 Report 5: Coastal Monitoring

236301/ RO2v04 Final- 14/04/2014 1
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1.3 Hazard Scenarios

The inundation hazard scenasioere developedby the Project Steemig Group in consultation with
the Technical Advisory Pandhe inundation hazard scenarios modelled in this study are shown in
Tablel-1 below. These represent a selection @fents spanning the range of potential SLR scenarios
up to 2100 andconsistent with theVictorian Hazard Guidd®SE, 20129nd the Intergovernmental
Panel on Climate Change (IPCC) Fifth Assessment Report, Working Gtasipdted that Scenario

2a was added to the list of scemas specified in the brieh orderto provide an indication of the
response of the Lakes under a more extreme flood level than the 10% AEFwdiser guidance on

the methods and approach to determine coastal hazard is provid€hapter8 - Risk Assesnentof

the Victorian Coastal Hazard Gui@@SE, 2012)

Tablel-1 Scenario and Event Combinations Considerethmndation Hazard Assessment
SLRLikeihood at differert timeframes Giﬁgilea;nd
Scenario SLR (m) Flood
Current 2040 2070 2100 (AEP%)
1 Likely Virtually 0 10%
certain
About as Virtuall
2 likely as Likely Y 0.2 10%
certain
not
About as Virtuall
2a likely as Likely Y 0.2 1%
certain
not
3 Unlikely | Aboutas Likely Virtually 0.4 10%
likely as not certain
4 Exceptlonally Unlikely _About as 08 10%
unlikely likely as not

! Note that flood level frequency in the Gippsland Lakes may result from a combination of river inflows, wind, storm stidg and

It was cecided by the PSG thatadelling of the 1% AEP flood scenario with +0.4 and m0d8 sea
level riseshouldnot be undertakenfor the following reasons

1 The uncertaintie@aroundfuture climate changerojections, particularly in regard to rainfall,
runoff and resultant changes the estimated 1% AEP flood volumes entering the lakes; and

9 The potential to confuse model outputsom this studywith the declared flood levels
presentlyused in the Gippsland Lakes.

236301/ RO2v04 Final- 14/04/2014 3
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1.4 Reporting

This document is part 2 of a sesi®f 5 reports produced as part of the Gippsland Lakes Coastal
Assessment Project. It should be read in conjunction with the other reports. The complete set of
reports is as follows:

1 Report 1: Summary Report

1 Report 2: Inundation Hazard

1 Report 3: Outer Baigr Coastal Erosion Hazard
1 Report 4: Lakes Shoreline Erosion Hazard

1 Report 5: Coastal Monitoring

This report is structured as follows:

9 Background into the physical processes and dynamics that cause extreme water levels in the
Gippsland Lakes

9 Overview of he historical impact of flooding within the Gippsland Lakes and overall flood
vulnerability ofrepresentative locatios within the Gippsland Lakes;

9 Discussion of the analysis undertaken to identify representative design flood case ssenario

for the Gippsland Lakes;

Documentation of the development of the hydrodynamic model and calibration;

Modelling analysis of the impact of sea level rise on the ambient hydrodynamic processes in

the Gippsland Lakes;

1 Modelling analysis of the impact of skevel rise on extreme water levels in the Gippsland
Lakes; and

1 Modelling analysis of major sources of uncertainty that could impact the inundation hazard

assessment

=a =
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2. BACKGROUND

2.1 Flood Drivers

Water levels in the Gippsland Lakes are a result of a comgticateraction betweena number of
physical forcings and hydrodynamic processes. The following summarises the main inxscsl
of water levetin the Gippsland Lakes:

Catchment Generated Streaffows

Catchment generated stream flows atfee dominant brcing affecting extreme water levels in the
Gippsland LakeGrayson R, 2004Major floods in the river basins draining to the Gippsland Lakes
can increase mean water levels by over one metre for periods of two to five dhgsumber and
scale of the contributing catchments (over 20,006 in total) is such that variability in the synoptic
rainfall systemsanresult in large variations in the streamflow contributions from each river basin
Subsequentlythe Gippsland Lakéss complicated flood hydrology.

Coastal DriverWater Levels

The Gippsland Lakes experience water level variations caused by meteorological forcing of coastal
water levels in Bass Strait that propagate through the entrance and penetrate all major walies bo
within the Lakes. The water level variations are caused by a combination of the inverse barometric
pressure affect, coastally trapped waves and astronomical tides. Extreme coastal driven water level
events are generally referred to as storm surgesastaly driven water levdluctuationsgenerally

vary over periods of two to five days and can frequently increase water levels by up to
approximately 0.5n with extreme storm surge events exceeding approximatelyn®(Mclnnes
Macadam, Hubbert, Abss, & Bathols, 200bjhe Gippsland Lakes. Higher frequency diu(poate

daily) and semidiurnal (twice daily)astronomical tides propagate through the ocean entrgnce
although attenuated,and influence water levels in the vidiiof Lakes EntrancéDue to narrow
channels and high friction losses, tida® more significantly attenuated further from the entrance
such that the spring tidal range is less thanm.&nd 0.05m in the central and western lake basins
respectively.

Wind Setup

The action of wind on the water surface creates shear stresses that drag water in the downwind
direction within the Lakes. In shallow depths and confined waterways, the rate at which water is
transported downwind exceeds the rate at which it caturn under gravity and a super elevation of
water levels is observed at downwind locatiofrsthe Gippsland_akeshis generally occurs along a
SWNE axisWind setup can elevate water levels over periods of several hours to a day tay
approximately0.5m.

2.1.1 ExistingFlood Characteristics

A number of townships, adjacent to the Lakes shorelane locatedat relatively low elevations and
aretherefore vulnerable to inundation associated with elevated wadgsels in the Gippsland Lakes.

The largest rearded flood events in the Gippsland Lakes wier@893 and 1952. Available accounts
suggest that these two flomwere of similar magnitude(State Rivers and Water Supply
Commission, 1981although there is limited flood levehformation or flood damage reports from
these eventsOver recent decades, the Gippsland Lakes and associated townships and communities
have experienced a number of minor to moderate flooding everfike following section
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summarises the historical impaof flooding at the critical study area locatioasd the overall flood
vulnerability of these locations under existing sea level conditions.

Lakes Entrance

Lakes Entrance is particularly vulnerable to flooding due to the intensity of the developmém in t
township, low elevatioaand proximity to the ocean entrance and associated tidal influence which
can amplify flood levellwcally. The estimatedAnnual Exceedance ProbabiliygP flood levels from

the Gippsland Lakes Flood Modelling Projgst FMP (Grayson, et al., 2004pr Lakes Entrance in
comparison to historical flood events are displayed Tiable2-1. Table2-1 also displays the
estimated number of propertie impacted or isolated for differeriiood levels in Lakes Entrance

The 1% AEP flood level for Lakes Entramaecalculatedas 1.8m AHD as part of the GLFMP. It is
estimated approximately 597 properties are at risk of inundation in a flood of this magnat
Lakes Entrangevith an additional 211 properties isolatéBast Gippsland Shire Council, 2012)

The most significant recent historical flood event at Lakes Entrance was the June 2007 flood. This
flood peaked at 1.4n AHD at Lakes EntrancA flood of this magnitude would be expected to have
an AverageRecurrerceInterval (ARI)of approximately 3810 years.

The next most significant flood recent flood event was in 1998 when levels peakppraiximately
1.3 m AHDat L&es EntranceA flood of this magnitude would be expected to have an average
recurrence interva{ARI)of approximately 20 years.

The potential extent of inundation at Orh flood level increments for Lakes Entrance has been
derived from the LiDARurvey ad is displayed ifrigure2-1. As can be seen frofigure2-1, the

flood level vulnerability of LakesEntranceis such that flooding of roads and properties begins at
around 0.9¢ 1.0m AHD. Low level imdation hazards begin primarily through surcharging of the
stormwater network. Large increases in flood inundation extents and numbers of properties
impacted occurs at flood levels above approximatelym BHD at Lakes Entrance.

Table2-1 Historical Flood Magnitudes and Impacts at Lakes Entrance
AEP(ARI) Historical Level (m AHD) Impacted Properties
Flood Floods Flooded Isolated
1% (100yr) 1.8 597 211
1952 1.7 561 211
2% (50yr) 1.6 505 211
2007 14 409 194
5% (20yr) 1.3 329 173
1998 13 - -
10% (10yr) 1.2 - -
1990 1.06 83 0
2012 0.88 32 0

1Property Information sourced froitine East Gippsland Shire Flood Emergency @ast Gippsland Shire
Council, 2012)
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Figure2-1 Inundation Profile for Lakes Entrance
Paynesville& Raymond Island

The communities of Pagaville and Raymond Island are vulnerable to flooding. Raymaoauaidiss
particularly vulnerable as the island becomes isolated at relatively low elevations due the inability of
the ferry to operateduring periods of Lake water levelbove 0.725 n{East Gippsland Shire Council,
2012) The islation of Raymond Island cagpically last for up to two weeksThe estimated AEP

flood levels from the GLFMP for Paynesville and Raymond Island in comparison to historical flood
events are displayed iffable 2-2. Table 2-2 also displays the estimated number of properties
impacted or isolated at for different flood levels at Raymond Island and Paynesville

The 1% AEP flood level at Paynesville egdsulatedas 2.0m AHD as part of the GLFMR .excess of
300 properties at Paynesville and Raymond Island combined are subject to inundation during a 1%
AEP flood even(East Gippsland Shire Council, 2012)

The most significant recent historical flood event was the June 2007 flbad. flood peaked at
approximatelyl.5 m AHD atPaynesville A flood of this magnitude would be expected to hare
average recurrence intervafl approximately20yearsat Paynesville

The flood vulnerability profile aPaynesville and Raymond Islaiglgiven in Figure2-2. Large
increases in inundation extents and number of properties impacted occursapproximately
1.3mAHD
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Table2-2

Historical Flood Magnitudes and Impact$ Raynesville & Raymond Island

AEP (AR)) | Historical Level Impacted Propertie$
Flood Flood(year) | (mAHD) Flooded Isolated
1% (L00yr) 2.0 - -
1.8 292 264
2% (50yr) 1.7 263 251
1893 1.67 - -
5% (20yr) 15 174 251
2007 15 174 251
1998 1.35 - -
10% (10yr) 1.25 58 122
2012 1.01 23 5

'Property Information sourced from the East Gippsland Shire Flood EmergendyaiBtan
Gippsland Shire Council, 2012)

Figure2-2

Inundation Profile for Paynesville
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