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1 Introduction

1.1 Background

Cardno (NSW/ACT) Pty Ltd have been engaged by London Lakes Partnership (LLP), who plan to undertake
refurbishment and renovations to the restaurant, boat-hire facilities and deck areas (The Superstructure), on
their leased property at the Barrenjoey Boat House, Palm Beach. They also plan to upgrade the marina
facilities under a separate application. The work will involve an almost complete demolition of the
Superstructure and pier replacement under it as required, other than a few piers that are in sound condition.

Figure 1 provides a locality plan of the site and its surrounds.
An annotated survey is given in Appendix A. As described by Cardno, 2021b:

This survey includes beach levels, which will be needed for design and construction of replacement
works, including below and along parts of the building. Note that Council has recently constructed a
cut sand-stone block seawall near the back beach area to the south — extending south about 20m
from the edge of the southern deck area.

As described by Cardno, 2021b:

Appendix B of Cardno (2021a) provides some history of the site and includes condition reports
prepared by Blue Pacific Constructions Pty Ltd — before June 2016. The building is old and was
developed in a piece-meal fashion. The seaward deck level is 1.8 m AHD and hence is currently
not affected by the 50-years average recurrence interval (ARI) storm tide level of 1.47m AHD; but
occasionally by high tides and ocean swell, such as in June 2016, when some damage to the
structure, together with shoreline erosion, occurred. Deck boards have been loosened by wave
action in the past — they are currently nailed to the deck beams/bearers below; with some nails
obviously lifted. A higher upper-deck at 2.5m AHD and closer to the restaurant and along the
southern side to the back of the building is accessed from the lower, seaward deck by steps and
also the arrival area.

1.2 Natural Environment Referral Response — Flood (DA2021/0669)
It is proposed under DA2021/0669 to undertake development on:

Lot 7005 DP 1117451, 1193 Barrenjoey Road PALM BEACH NSW 2108

Lot 7002 DP 1117592, 1193 Barrenjoey Road PALM BEACH NSW 2108

Lot 298 DP 721522, 1191 Barrenjoey Road PALM BEACH NSW 2108
In its Natural Environment referral response, Council advised, in part:

The Avalon to Palm Beach Floodplain Risk Management Study and Plan, 2017 identifies the
catchment flood regime for the site. The following non-compliances have been identified

e A flood management report considering catchment flooding and the impacts of the
development on flooding has not been provided

e The finished floor level of the proposed restaurant needs to be set at or above the Flood
Planning Level of 3.05m AHD

e The proposed ancillary building housing toilets, bin room and utilities is below the Flood
Planning Level of 3.05m AHD

e Potentially hazardous substances are stored below the Flood Planning Level of 3.05m
AHD, namely the location and level of the sewer tank
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There is potential for reduction of flood storage in a 1% AEP event.

1.3 Approach
To assess the merit of Council’s catchment flooding non-compliances the following tasks were undertaken:

(i) Create a local 1D/2D floodplain model to run to estimate flood levels, velocities, depths and
hazards based on a Rain on Grid modelling approach,

(i)  Modify the local 1D/2D floodplain model to represent the planned development on the site;
(i)  Run the post-development model and assess the impacts of the development on flooding.
The selection of design floods was informed by consideration of the following:
1.3.1 Pittwater LEP 2014

7.3 Flood planning

...... flood planning level means the level of a 1:100 ARI (average recurrent interval) flood event
plus 0.5 metres freeboard, or other freeboard determined by an adopted floodplain risk
management plan.

7.4 Floodplain risk management

(2) This clause applies to land between the flood planning level and the level of the probable
maximum flood, but does not apply to land subject to the discharge of a 1:100 ARI (average
recurrent interval) flood event plus 0.5 metre freeboard, or other freeboard determined by an
adopted floodplain risk management plan.

1.3.2 Pittwater 21 DCP Section B
B3.12 Climate Change (Sea Level Rise and Increased Rainfall Volume)
When this control applies:

This control applies where 'intensification of development' is proposed. 'Intensification of
development' includes but may not be limited to:

e an increase in the number of dwellings (but excluding dual occupancies and secondary
dwellings);
e an increase in commercial or retail floor space.

Climate Change Scenarios

The following climate change scenarios shall be considered:

Scenario 1: Impacts of sea level rise only:

Scenario 2: Impacts of sea level rise combined with increased rainfall volume:
1.3.3 2017 Avalon to Palm Beach FRMS&P

14.1.3 NSW and Pittwater Council Approaches

Pittwater Council has adopted a climate change scenario including 0.9 m sea level rise and a 30%
increase in design rainfall intensity for considering the possible implications of climate change on
floodplain risk management activities. While these values lie at the upper end of projections for the
period to 2100, it is noted that climate change and sea level rise are likely to continue for many
centuries beyond 2100 (e.g. IPCC 2014).
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14.2 Impact of Climate Change on Local Flood Behaviour and Impacts

It is noted that a 1% AEP ocean water level boundary of 1.45 m AHD was adopted for modelling of
the 1% AEP flood event in this study, representing quite severe conditions in Pittwater in itself.
Together with 0.9 m sea level rise this ocean water level condition would produce significant
inundation of the Pittwater foreshore, and much of the climate change impact observed in this
analysis can be attributed to ocean storm-driven inundation rather than catchment-driven flooding.

Based on these considerations the following design floods were assessed:
(i) 1% AEP combined with an estuary water level = 1.45 m AHD;

(ii) 1% AEP + 30% increase in Rainfall combined with an estuary water level = 2.35 m AHD; and

(i)  PMF combined with an estuary water level = 2.35 m AHD
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2

Previous Studies

21

Coastal Processes and Estuarine Flooding

Coastal processes and estuarine flooding are addressed in Cardno (2021a, b).

As described by Cardno, 2021b, in part:

2.2

2.21

LLP, through Blue Pacific Constructions, have requested that the EPL for re-design and re-
construction of the Superstructure at the Boat House Wharf be based on 2070, including projected
sea level rise. This has been interpolated from the 2050 and 2100 data presented in Cardno
(2012). This planning period is based on the likely design life of some of the proposed marine
works. Design principals have been based on AS 4997-2005 for Design of Maritime Structures
because the Superstructure is seaward of the gazetted MHWM and is classified as a normal
commercial wharf structure.

.... Note also that the rebuilt Superstructure could be raised after 50 years, above the new piers,
bearers and joists that would be installed — if the building is still in use at 2070.

... The EPL assessed above complies with Appendix 7 of Pittwater 21 DCP. Note that:

e This is not a residential development under Appendix 7 and Pittwater 21 DCP clauses 3.8
and 3.9.

e The storage of dangerous goods and sewerage systems are all above the EPL.

Flooding

2013 Pittwater Overland Flow Mapping and Flood Study

As described by Cardno, 2013, in part:

Cardno was commissioned by Pittwater Council to undertake Pittwater Overland Flow Mapping and
Flood Study. This study aims to identify properties and areas potentially affected by overland flow
rather than “mainstream” flooding identified by Pittwater Council as Category 1.

A full dynamic two-dimensional (2D) SOBEK hydraulic model has been developed in this study to
define the overland flow behaviour under existing conditions and climate change scenarios. A
range of flood events have been considered, including the 5 year ARI, 20 year ARI, 100 year ARI
and PMF events.

A detailed flood model was established on a pilot site to undertake a sensitivity analysis on the
impact of the key assumptions of the modelling. The sensitivity analysis included the impact of
assumption on pipe blockage, grid size and on the modelling of buildings on the floodplain.

The sensitivity analysis results are summarised as follows:

e An alternative approach to modelling buildings as blocked would significantly impact on
flowpaths immediately adjacent to buildings, but not on flowpaths away from the buildings;
and

e Incorporation of drainage system in the model would decrease water levels in general. The
results indicate that the model without blockage of stormwater infrastructure for 100 year ARI
event generates a similar flood extent generated by the model with blockage of stormwater
infrastructure for 20 year ARI event. This suggests that 20 year ARI (with blockage) in the
larger models may by a more realistic representation of the 100 year ARI, if no pit blockage
is assumed.

Preliminary validation was undertaken to test the robustness and reliability of the hydrological
component of the model. The validation results suggest that the SOBEK model is capable of
simulating hydrological processes for the study area and the hydrological parameters applied in the
SOBEK model are reasonable.
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The results from the modelling have been provided in a number of forms:
o Peak depths and water levels;
e Overland flow extents;
e Provisional flood hazard, which is a measure of the risk to life from the overland flow;
e Hydraulic categories, including floodway, flood storage and flood fringe.

A 0.15m filter was selected to represent significant overland flow as this is generally the standard
height of most kerb and gutters within the LGA. Depths in excess of this are likely to represent a
reasonable proportion of flow, particularly within the steep terrain of the Pittwater LGA.

.... Climate change is predicted to influence both sea levels and rainfall intensities during infrequent
storm events. An analysis has been undertaken on the likely impact of climate change on overland
flow within the LGA.

.... For planning purposes overland flow for the Pittwater LGA was categories into two severities:

e Overland Flow Path — Major: is defined as land that has a depth of overland flow greater
than 0.3m.

e Overland Flow Path — Minor: is defined as land that has a depth of overland flow greater
than 0.15m and less than 0.3m.

Flood Planning Level (FPL) mapping across the Pittwater LGA has been based on the above two
overland flow categories.

2.2.2 2017 Avalon to Palm Beach FRMS&P
As described by MHL, 2017, in part:

Pittwater Council commissioned NSW Public Works, with financial assistance from the NSW State
Government, to prepare the Avalon to Palm Beach Floodplain Risk Management Study and Plan.
The study area extends from Bilgola Beach in the south to Palm Beach in the north, and includes
Avalon town centre and Careel Creek, which have experienced serious flooding in the past.

.... The principal outcomes of this study include:

e A consolidated Flood Study (Chapter 7), with estimates of flood extents, levels, depths and
velocities for the 20% Annual Exceedance Probability (AEP), 5% AEP, 1% AEP, 0.5% AEP,
0.2% AEP and probable maximum flood (PMF) events;

o Mapping of the high, medium and low Flood Risk Precincts and of Flood Life Hazard
categories used for applying Pittwater 21 DCP (Chapter 7);

e Definition of the flood problem by construction of a property database and assessment of
building inundation, road inundation, evacuation ‘hot spots’ and flood damages; about 219
dwellings and 101 other buildings would be flooded above floor in the 1% AEP event, though
generally to shallow depths (median < 0.2m); the estimated average annual damages is $5.2
million and the net present value of damage is $77.1 million (Chapter 8);

o Further definition of the flood problem by a formal risk assessment; this shows that
catastrophic damage to houses is largely confined to very rare events (medium risk) but
moderate damage is expected in frequent events (high risk); areas of pronounced risk in the
study area include Pittwater Palms retirement village, the Avalon town centre and the Elaine
Avenue precinct (Chapter 9);
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An assessment of potential floodplain management measures (Chapter 10) and detailed
evaluation of flood modification options (Chapter 11), property modification options (Chapter
12) and response modification options (Chapter 13);

An assessment of the potential impacts of climate change (Chapter 14);

A recommended Floodplain Risk Management Plan (FRMP) for the Avalon to Palm Beach
study area (Chapter 15).

.... As part of the current Floodplain Risk Management Study it was determined that it would be
advantageous to update previous modelling, essentially through extension of the existing Careel
Creek TUFLOW model to include those parts of the Avalon to Palm Beach study area previously
modelled using SOBEK (assembled for the 2013 Pittwater Overland Flow Mapping and Flood
Study). .....

The model development, calibration and validation, and result processing are described in detail in
Appendix B, with floodplain mapping presented in Appendix C. In summary:

The extended TUFLOW model was adequately calibrated against surveyed flood levels for
the February 2008 flood event, and verified against simulated flood levels and flows from the
2013 Careel Creek TUFLOW model.

Flood conditions for the PMF, 0.2%, 0.5%, 1%, 5% and 20% AEP design events have been
investigated in this study. Critical design storm durations were adopted as per the Careel
Creek Catchment Flood Study (WMA Water 2013) and comprise a 120 minute duration for
the 0.2%, 0.5%, 1%, 5% and 20% AEP events, and a 60 minute duration for the PMF.

Flood levels in low lying foreshore areas of the study area as well as discharge from Careel
Creek are influenced by the coinciding water level in Pittwater and the ocean. A 1% AEP
ocean water level boundary (1.45 m AHD) was adopted for the PMF, 0.2%, 0.5% and 1%
AEP events, while for the smaller AEP events a tailwater of 0.95 m was adopted (mean
Highest High Water Solstice Springs for Sydney). These tailwater levels were determined
with reference to Development of Practical Guidance for Coincidence of Catchment Flooding
and Oceanic Inundation (Toniato et. al 2014).

The use of the direct rainfall method in TUFLOW results in all active model cells being ‘wet’
or inundated. Filtering is therefore required to improve interpretation of flooding. A filtering
methodology was developed and applied to all mapping consisting of velocity and depth
thresholds and removal of small isolated ‘ponds’ of inundation.

A suite of flood maps was produced including peak flood depths, peak flood levels, peak
flood velocities, hydraulic flood hazard and hydraulic categories.
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3 Flooding Assessment

As outlined in Section 1.3, a local TUFLOW model of the site and its surrounds was assembled.

3.1 Local Overland Flow Model

The Digital Elevation Model (DEM) was created by combining detailed survey (attached in Appendix A) and
ALS data external to the site that was collected in 2013. Across reference Locations 1 — 8 (refer Figure 19)
the survey ground level was found to vary from 0.14 m lower (P6) to 0.23 m higher (P3) than the ALS level.
Immediately east of the Boathouse the survey ground level was 0.02 m lower than the ALS level.

The adopted grid size was 1 m x 1 m.

Any drainage system is very limited or not present given the sandy soils and lack of kerb and gutter. No
drainage was included in the model.

The roughness zones for the floodplain are mapped in Figure 3.

A “rain on grid” approach was adopted for combined hydrological and hydraulic modelling based on the
following:

To be consistent with the approach adopted in the 2017 Avalon to Palm Beach FRMS the IFD and storm burst
temporal patterns were obtained for the 1987 edition of Australian Rainfall and Runoff (ARR1987).

The adopted rainfall losses for impervious surfaces were an initial loss = 1 mm and a continuing loss =0 mm/h.

The adopted rainfall losses for pervious surfaces were an initial loss = 0 mm and a continuing loss = 10 mm/h.
This initial loss was consistent with the initial loss adopted in the 2017 Avalon to Palm Beach FRMS. The
continuing loss reflected the very sandy soils, as evidenced by the historical image of Palm Beach below, and
was guided by the continuing loss adopted for assessments on the Kurnell peninsula on similar sandy soils.

Palm Beach Camping Ground in 1955
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Based on the considerations outlined in Section 1.3, the following design floods and estuary levels were
assessed:

(i) 1% AEP combined with an estuary water level = 1.45 m AHD;
(ii) 1% AEP + 30% increase in Rainfall combined with an estuary water level = 2.35 m AHD; and

(i)  PMF combined with an estuary water level = 2.35 m AHD

3.2 Benchmark Conditions

An initial assessment of 1% AEP storm burst of 60 mins, 90 mins and 120 mins determined that in the
vicinity of the Boathouse the 90 mins storm burst is critical. For the PMF a 60 mins storm was adopted in
accordance with the 2017 Avalon to Palm Beach FRMS.

3.21 Flood Levels and Depths

The overall 1% AEP, 1% AEP under climate change and PMF flood extents and depths under
Benchmark Conditions are plotted in Figures 4, 8 and 12 respectively.

In the vicinity of the Boathouse, the 1% AEP, 1% AEP under climate change and PMF flood extents
and depths under Benchmark Conditions are plotted in Figures 5, 9 and 13 respectively. The flood
depths at the reference locations identified in Figure 19 are summarised in Table 1.

3.2.2 Flood Velocities

In the vicinity of the Boathouse, the 1% AEP, 1% AEP under climate change and PMF flood velocities
under Benchmark Conditions are plotted in Figures 6, 10 and 14 respectively.

3.2.3 Flood Hazard

As described in the 2005 NSW Floodplain Development Manual, experience from studies of floods
throughout NSW and elsewhere has allowed authorities to develop methods of assessing the hazard
to life and property on floodplains. This experience has been used in developing the 2005 NSW
Floodplain Development Manual to provide guidelines for managing this hazard. These guidelines are
shown schematically below.

Velocity (V misec)

02 04 0E 1.0 12 20

| Depth of Flood at Site (D metres) |

Provisional Hazard Categories
(after Figure L2, NSW Government, 2005)
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Table 1 Flood Levels (m AHD) and Depths (cm) under Benchmark Conditions

Ground Level 1%AEP 90mins 1%AEP 90mins + 30% Increase PMF 60mins
Point in Local Model Flood Level Depth Flood Level Depth Flood Level Depth
(mAHD) (mAHD) (cm) (mAHD) (cm) (mAHD) (cm)
P1 253 2.54 1 255 2 258 5
P2 2.76 2.80 4 2.84 8 292 16
P3 269 281 12 284 15 292 23
P4 264 2.80 16 284 20 292 28
Ps 2.68 2.80 12 2.84 16 292 24
P7 267 276 9 2.80 13 289 22
P& 213 217 4 244 3 244 i
Pa 267 279 12 283 16 29 24
P9 2.65 2.78 13 282 17 290 25
P10 264 2.74 10 277 13 284 20
211 2.58 2.67 9 270 12 276 18
P12 243 259 6 2 61 8 2 66 13
P13 255 257 2 259 4 262 T
P14 252 287 5 259 7 263 1
P15 2.55 2.70 15 273 18 278 23
P16 258 270 12 273 15 279 21
PAT 268 2.80 12 284 16 29 23
P15 2.66 2.80 14 2.84 18 292 26
P19 2.70 2.80 10 2.84 14 292 22
P20 2.64 2.81 17 2.84 20 292 28
P21 264 2.80 16 283 19 29 27
P22 275 2.80 5 284 g 29 16
P23 2.75 2.79 4 2.§2 7 2.88 13
P24 273 2.80 7 2.84 1 29 18
P25 264 2.80 16 284 20 292 23
P26 2.64 2.80 16 284 20 292 28
Fixed Tailwater = 1.45mAHD  |Fixed Tailwater = 2.35mAHD Fixed Tailwater = 2.35mAHD

To use the diagram, it is necessary to know the average depth and velocity of floodwaters at a given
location. If the product of depth and velocity exceeds a critical value (as shown below), the flood flow
will create a high hazard to life and property. There will probably be danger to persons caught in the
floodwaters, and possible structural damage. Evacuation of persons would be difficult.

By contrast, in low hazard areas people and their possessions can be evacuated safely by trucks.
Between the two categories a transition zone is defined in which the degree of hazard is dependent
on site conditions and the nature of the proposed development. This calculation leads to a provisional
hazard rating. The provisional hazard rating may be modified by consideration of effective flood
warning times, the rate of rise of floodwaters, duration of flooding and ease or otherwise of evacuation
in times of flood.

In the vicinity of the Boathouse, the 1% AEP, 1% AEP under climate change and PMF provisional
flood hazards under Benchmark Conditions are plotted in Figures 7, 11 and 15 respectively.
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3.2.4 Flood Profiles

Two 1% AEP flood profiles were also plotted. The alignments of Sections AA and BB through the
driveway and the boat ramp and access road respectively are plotted in Figure 16. The flood profiles
along Sections AA and BB are plotted in Figures 17 and 18 respectively.

3.2.5 Discussion
It was concluded rom the assessments of flooding in the 1% AEP, 1% AEP under climate change and PMF
events that:

(i) The 1% AEP flood depth is shallow (0.09 m — 0.13 m) and is fairly uniform down the driveway and
starts getting shallower (down to 0.01 m) once it has an opportunity to spread out in front of and flow
under the Boathouse;

(i) The impact of climate change would be to increase the 1% AEP flood levels by up to 0.04m except
of Reference Location 6;

(i) The impact at reference Location 6 is greater because the tailwater condition in the 1% AEP under
climate change and PMF events drowns this location;

(iv) The PMF is up to 0.13 m higher than the 1% AEP flood level (except at Reference Location 6) which
indicates that a freeboard of 0.5 m is overly conservative.

3.3 Future Conditions

The assessment of flooding under Future Conditions was undertaken by modifying the local TUFLOW model
of Benchmark Conditions to represent the planned development as documented in Figure 20.

The DEM as updated based on the proposed levels and building layouts.

The proposed deck was not included on the basis that it is intended the overland flows down the driveway
flow under the proposed pervious deck.

The adopted roughness zones under Future Conditions are mapped in Figure 21.

3.3.1  Flood Levels and Depths

The overall 1% AEP, 1% AEP under climate change and PMF flood extents and depths under Future
Conditions are plotted in Figures 22, 26 and 30 respectively.

In the vicinity of the Boathouse, the 1% AEP, 1% AEP under climate change and PMF flood extents
and depths under Future Conditions are plotted in Figures 23, 27 and 31 respectively. The flood
levels and depths at the reference locations identified in Figures 19 are summarised in Table 2. The
locations of four additional reference locations (27, 28, 29 and 30) are also identified as follows.

o s
o FemEmE

ap2i

apP17
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Table 2 Flood Levels (m AHD) and Depths (cm) under Future Conditions

Ground Level 1%AEP 30min 1%AEP 90min CC30 PMF 60min
Puoint in Local Model Flood Level Depth Flood Level Depth Flood Level Depth
(mAHD) (mAHD) (cm) (mAHD) (cm) (mAHD) (cm)
(d)
B 253 253 0 253 0 254 1
p2 2.76 2.81 5 2.85 9 2.95 19
P3 269 2.81 12 285 16 295 26
P4 264 2.81 17 2.85 21 2594 30
P5 268 2.81 13 285 17 295 27
PT 267 276 9 2.81 14 2.9 24
PG 213 217 4 244 3 244 K]
Pg 2.67 2.80 13 2.85 18 294 27
P 2.65 279 14 2.84 19 293 23
P10 266 277 11 2.80 14 287 21
P11 274 - 279 5
P12 253 2.58 5 259 6 2564 11
P13 2.55 2.56 1 2.56 1 2.58 3
P14 252 2.57 5 260 8 265 13
P15 2.85 2.70 15 273 18 2.81 26
P16 258 270 12 274 16 281 23
P17 2.65 2.80 12 2.84 16 2594 26
P18 266 2.81 15 285 19 295 29
P19 270 2.81 1 2.85 15 2.95 25
P20 2.64 2.81 17 2.85 21 2.95 3
P21 264 2.80 16 2.84 20 2594 30
P22 275 2.81 B 2.85 10 2.95 20
P23 276 2.84 8 284 8 2584 8
P24 2.93
P25 264 2.81 17 285 21 295 K|
P26 2.64 2.81 17 2.85 21 2.95 Kl
P27 294 2.94 0 294 0 295 1
P28 2.81 2.82 1 2.85 4 2.95 14
P29 274 2.81 7 285 1 295 21
P30 2.65 2.68 13 2.70 15 275 20
Fixed Tailwater = 1.45mAHD  |Fixed Tailwater = 2. 35mAHD Fixed Tailwater = 2. 35mAHD
3.3.2 Flood Velocities

In the vicinity of the Boathouse, the 1% AEP, 1% AEP under climate change and PMF flood velocities
under Benchmark Conditions are plotted in Figures 24, 28 and 32 respectively.

3.3.3 Flood Hazard

In the vicinity of the Boathouse, the 1% AEP, 1% AEP under climate change and PMF provisional
flood hazards under Benchmark Conditions are plotted in Figures 25, 29and 33 respectively.
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4 Flood Impact Assessment

The impacts the proposed development on flood levels and flows down the driveway are described as follows.

4.1 Flood Level Impacts

The estimated impact of the proposed the 1% AEP, 1% AEP under climate change and PMF flood levels are
plotted in Figures 34, 35 and 36 respectively.

The ground level and flood level differences at the reference locations identified in Figures 19 are summarised
in Table 3.

Table 3 Flood Levels (m AHD) and Depths (cm) under Future Conditions

1%AEP 90min - 1%AEP 90min CC30 PMF 60min

Ground Level Differences Differences Differences

Point Difference Flood Level Flood Level Flood Level

(cm) (cm) (cm) (cm)
(d)

P1 0 -1 =L 4
P2 0 1 1 3
P3 0 0 1 3
P4 0 1 1 2
P5 0 1 1 3
PT 0 0 1 2
PB 0 0 0 0
Pa 0 1 2 3
P3 0 1 2 3
P10 2 3 3 3
P11 16 - 3
P12 0 -1 -2 -2
P13 0 -1 -3 -4
P14 0 0 1 2
P15 0 0 0 3
P16 0 0 1 2
P17 0 0 0 3
P18 0 1 1 3
P19 0 1 1 3
P20 0 0 1 3
P21 0 0 1 3
P22 0 1 1 4
P23 1 5 2 -4
P24 25 - 0
P25 0 1 1 3
P26 0 1 1 3
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The following was noted from the assessments of impact on flood levels in the 1% AEP, 1% AEP under
climate change and PMF events:

(i) The impacts on 1% AEP flood levels are negligible except locally where the proposed development
modifies the existing ground level eg. the central path at Reference Locations 23 and 24;

(i) Any impacts are almost wholly confined to the property and there are no adverse impacts on any
adjoining property;

(iii) The impacts on 1% AEP flood levels under climate change are negligible except locally where the
proposed development modifies the existing ground level;

(iv) The impacts on 1% AEP flood levels under climate change are minor (up to 0.03 m).

The potential impact of the proposed pervious ramp on flood levels in the driveway in a 1% AEP flood was
also estimated based on uniform flow calculations. The assessment was based on an assumed porosity of the
ramp of 50% and a further scenario where the porous areas were a further 50% blocked. It was estimated that
local increase in 1% AEP flood level in the driveway in the vicinity of the ramp could be 0.015 m and 0.022 m
for an unblocked ramp and for a ramp with a further 50% blockage respectively. This is comparable to the
local impacts of a 30%increase in 1% AEP rainfall.

4.2 Peak Flow down Driveway

The peak flows down the driveway in the 1% AEP, 1% AEP under climate change and PMF were extracted
at Section CC shown below under Benchmark and Future Conditions. These peak flows are summarised in
Table 4.

Table 4 Peak Flows (m3/s) down the Driveway

Benchmark Conditions Future Conditions
1% AEP 0.27 0.15
1% AEP under climate change 0.48 0.25
PMF 1.12 0.64

It is noted that the proposed landscaping works narrow a section of the driveway which reduces the flow down
the driveway. This combined with the raising of the central path to a level higher than the PMF leads to a local
redistribution of flows and additional storage of runoff which manifests as very small increases in the flood
levels.
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Flood Impact Assessment

0B1BBoat House, Palm Beach

5 Natural Environment Referral Response

5.1 Floor Levels and Freeboard

Based on issues of concern raised in relation to DA2021/0669, it is proposed that the floor levels be raised

as summarised in Table 5. The resulting freeboard to the 1% AEP, 1% AEP under climate change and PMF
levels is also given in Table 5.

Table 5 Amended Floor Levels and Freeboard

1%AEP 90min 1%AEP 90min CC30 PMF 60min
Floor Level Flood Level Freeboard Flood Level Freeboard Flood Level Freeboard
(m AHD} (m AHD) (m} (m AHD} (m}) (m AHD} (m}
Ground Floor of the Boathouse 29 253 037 253 037 254 0.36
Ancillary Buildings
Sewer Tank / Grease Arrestor 29 258 0.3z 259 0.3 2 64 0.26
Female and Mail Toilets 29 274 0.16 274 0.16 279 0.11
Boat Hire General Storage 28 207 0.03 2.80 0.00 287 -0.07
Bin Room 28 279 0.01 284 -0.04 293 -0.13

It is concluded that under Future Conditions:

(i) The ground floor level of the Boathouse has freeboard above the PMF level;

(i)  All non-habitable floor levels in the Ancillary buildings have freeboard in the 1% AEP flood;

(iii) The Sewer Tank/Arrestor and Female and Male Toilets have freeboard in the PMF;

(iv) The Boat Hire General Storage would experience shallow inundation in a PMF.

5.2 Comments on Referral Responses

In its Natural Environment referral response, Council advised, in part:

The Avalon to Palm Beach Floodplain Risk Management Study and Plan, 2017 identifies the
catchment flood regime for the site. The following non-compliances have been identified

A flood management report considering catchment flooding and the impacts of the
development on flooding has not been provided

This report satisfies this non-compliance.
The finished floor level of the proposed restaurant needs to be set at or above the Flood
Planning Level of 3.05m AHD

The flooding assessment disclosed that the PMF is up to 0.13 m higher than the 1% AEP
flood level (except at Reference Location 6) which indicates that a freeboard of 0.5 m is
overly conservative.

Council’'s nominated Flood Planning Level of 3.05 m AHD is based on a freeboard which is
overly conservative when compared the incremental increase in flood level in a PMF.

As identified in Table 5 the amended ground floor level of 2.9 m AHD provides a freeboard
over the PMF level in the vicinity of the Boathouse.

It is concluded that the amended ground floor level of 2.9 m AHD is acceptable.

The proposed ancillary building housing toilets, bin room and utilities is below the Flood
Planning Level of 3.05m AHD
As identified in Table 5,

- all non-habitable floor levels in the ancillary buildings have freeboard in the 1% AEP
flood.

- the Female and Male Toilets have freeboard in the PMF;
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- The Boat Hire General Storage would experience shallow inundation in a PMF.

It is concluded that the amended floor levels of the ancillary building rooms are acceptable
given the proposed non-habitable uses.

e Potentially hazardous substances are stored below the Flood Planning Level of 3.06m
AHD, namely the location and level of the sewer tank
As identified in Table 5, the floor level of the Sewer Tank/Arrestor has freeboard in the PMF.

It is concluded that the amended floor level of the Sewer Tank/Arrestor is acceptable and
exceeds Council’s intended level of protection against flooding.
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