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The conclusions in the Report titled Flood Advice 682 Coleridge Road, Bateau Bay are Stantec’s
professional opinion, as of the time of the Report, and concerning the scope described in the Report.
The opinions in the document are based on conditions and information existing at the time the scope
of work was conducted and do not take into account any subsequent changes. The Report relates
solely to the specific project for which Stantec was retained and the stated purpose for which the
Report was prepared. The Report is not to be used or relied on for any variation or extension of the
project, or for any other project or purpose, and any unauthorized use or reliance is at the recipient’s
own risk.

Stantec has assumed all information received from Red Bus Services Pty Ltd (the “Client”) and third
parties in the preparation of the Report to be correct. While Stantec has exercised a customary level
of judgment or due diligence in the use of such information, Stantec assumes no responsibility for the
consequences of any error or omission contained therein.

This Report is intended solely for use by the Client in accordance with Stantec’s contract with the
Client. While the Report may be provided by the Client to applicable authorities having jurisdiction and
to other third parties in connection with the project, Stantec disclaims any legal duty based upon
warranty, reliance or any other theory to any third party, and will not be liable to such third party for
any damages or losses of any kind that may result.
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1 Infroduction

1.1 Background

Stantec (formerly Cardno) was commissioned by Red Bus Services Pty Ltd to provide flood advice for
the proposed re-development of 682A The Entrance Road, Bateau Bay. This Report summarises the
available data and existing flood behaviour and provides advice on design considerations in order to
avoid flood impacts on adjacent properties and roads. The report also provides an outline Flood
Emergency Response Plan.

The location of the study site is shown in Figure 7. The site is currently used as a bus depot and is
proposed to be rezoned to Low/Medium and Medium Density Residential.

2

S

Figure 7 682A The Entrance Road, Bateau Bay
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1.2 Scope of Work

The scope of work included:

>

Undertaking detailed hydrological and hydraulic modelling to estimate flooding under existing site
conditions (Existing Conditions);

Modelling and mapping of the 50% Annual Exceedance Probability (AEP), 5% AEP, 1% AEP and
Probable Maximum Flood (PMF) flood extents, flood levels, depths, velocity and hazards under
Existing Conditions;

Assessing the impacts of Climate Change on the flood behaviour within the site and surrounds;

Modification of the floodplain model to represent concept development for two scneraios
(Conservative Scenario and Realistic Scenario) and the estimation of 50% AEP, 5% AEP, 1% AEP
and PMF events under Proposed Conditions and to assess the impacts on flooding;

Assessment of the compliance or otherwise of the planned development with Council's DCP
requirements; and

Outlining a Flood Emergency Response Plan.

Project Number: 300203848 Page 2
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2

2.1

Available Studies

2020 Coastal Lagoon Catchments Overland Flood Study

The final report of the Coastal Lagoon Catchments Overland Flood Study was released on 5 November

20201

As described by MHL, 2020, in part:

The Coastal Lagoons Catchments Overland Flood Study has been completed to provide a
detailed flooding assessment of Avoca Lagoon, Cockrone Lagoon, Terrigal Lagoon and
Wamberal Lagoon. The objective of this study is to improve understanding of flood behaviour
and impacts, and better inform management of flood risk in the study area. The study also
provides a sound technical basis for any further flood risk management investigation in the area.
The previous studies while providing relevant information that relates to the lagoon levels do
not provide hazard information in the upper catchments. The lagoons levels are largely
dependent upon the berm beach levels and are a key consideration in this project. .....

The flood maps appended to this report are presenting the flood levels, depths and velocities
for the critical duration and rainfall pattern of a full set of events including the 50%, 20%, 10%,
5%, 2%, 1%, 1 in 200, 1 in 500 AEP and PMF events and represent an envelope of the critical
duration/pattern of a selected representative upstream catchment and the critical
duration/pattern at the lagoon. The upper catchments are very flashy with very short critical
durations of less than 2h to reach the peak level while the downstream catchments (lagoons),
have typical critical durations ranging between 2h and 9h. .....

Sensitivity analysis highlighted the following points:

e The lower catchments of the four lagoons are highly sensitive to the berm level at the time
of the flood and maintaining the berm at a set level would minimise the risk of the lagoon
reaching very high levels should mechanical opening of the berm not be possible during a
storm.

e Tailwater conditions (including sea level rise) typically have minimal impact on most
lagoons flooding given the managed berm elevations. Only very large increases in
tailwater levels such as the 0.74m sea level rise scenario would influence the lagoon level.
The exception is Terrigal Lagoon that has a relatively low managed berm level and
changes in tailwater level would have significant impact on the lagoon level as elevated
ocean levels would flow into the lagoon. This identifies a significant potential issue with
flooding becoming more common in Terrigal with rising sea level.

e Increase in rainfall intensity due to climate change may exacerbate the overland flooding
but would typically have a relatively low impact on the lagoon level.

e Changes in roughness or antecedent conditions of the catchment (wet/dry catchment
leading to varying losses) could have minor to moderate impacts on the overland flooding.

1 MHL (2020) “Coastal Lagoon Catchments Overland Flood Study”, Final Report, prepared for Central Coast

Council, November, 133 pp + Apps
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2.2

e Blockages of structures can have severe impact in areas with no gravity flow that only
relies on the drainage network (e.g. ponding area) and maintaining the pits and pipes
network is essential to avoid exacerbating the flooding in such location.

e Intermittently Closed and Open Lakes and Lagoons (ICOLLs) entrance conditions are
sensitive to ocean inundation. These processes need to be carefully considered in
conjunction with this study.

Hydrology

As described by MHL, 2020, in part:

The direct rainfall method was employed in this study. This method applies rainfall directly to
the 2D hydraulic model cells which then determine the quantity, direction and velocity of flow
on a highly local scale based on detailed surface material and topographic information.
Therefore, development of a traditional hydrologic model was not required to complete the
study.

Although the direct rainfall method negates the need for hydrological models, hydrological
models were still developed to:
e Provide verification of the direct-rainfall method;

e Identify critical design duration/pattern hyetographs from the ensemble of events specified
by AR&R 2019; and

e warning systems or flood information tools (e.g. MHLFIT).

The hydrological model selected for this study is WBNM (version 2017). .....

The design events modelled in this study include:

e Frequent events - 50% AEP, 20% AEP and 10% AEP;
e Rare events - 5% AEP, 2% AEP and 1% AEP;
e Veryrare events - 1 in 200 AEP and 1 in 500 AEP; and

e Extreme event - Probable Maximum Flood (PMF).

The adopted WBNM subcatchment layout for the Wamberal Lagoon catchment is plotted in Figure 8.
The study site is located adjacent to and outside the Wamberal Lagoon catchment.

Project Number: 300203848 Page 4
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Figure 8 Wamberal Lagoon Subcatchments (after Figure 5.1, MHL, 2020)

2.3 Estimated Peak Design Flows up to 1 in 500 AEP
As described by MHL, 2020, in part:

The results of the WBNM model were processed using the Storm Injector software that allows
a quick determination of the critical duration and critical patterns for each design storm event
for both the upper and lower catchments.

The selection of the critical duration for the lower catchment was based on the peak flow out of
the lagoon rather than the peak inflow into the lagoon. This approach was adopted to consider
the significant effect of the storage on attenuating flows through the lagoon. This would be
equivalent to considering the peak water level into the lagoon (since the outflow of the lagoon
is directly dependent on the water level).

Each design event was modelled for 24 different duration ranging from 10 minutes to 168 hours

(except for the PMF that was modelled for eight durations from 15 minutes to 6 hours). Each
duration was run for 10 patterns as recommended by AR&R 2019.

Project Number: 300203848 Page 5
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3 Existing Conditions

While there was no hydrological or hydraulic model available for the study area, the modelling of the
adjacent Wamberal Lagoon catchment reported in the 2020 Coastal Lagoon Catchments Overland
Flood Study (MHL, 2020) provided guidance for the hydrological and hydraulic modelling undertaken
for this study.

A 1D/2D TUFLOW floodplain model for the Study Area was assembled guided by the approach and
parameters adopted for the 2020 Coastal Lagoon Catchments Overland Flood Study.

3.1  Floodplain Model

3.1.1 Model Extents

The study site has a relatively small contributing upstream sub-catchment. The TUFLOW model extent
was defined by the upper ridges of the sub-catchment and was extended around 1.2 km downstream

of the site to ensure the flood behaviour within the site is not influenced by the downstream boundary
conditions.

Figure 9 shows the hydraulic model extents adopted for this study.

~—— Site Boundary

i773 TUFLOW Model Extent
5m Contour

Ground Level (mAHD)

Bl <=155

Bl 15.5-27.0

B 27.0- 385

I 38.5 - 50.0

9 50.0 - 61.5

7 61.5-73.0
[7173.0-845

~ 1845-96.0
_196.0-107.5

_ 1>1075

Figure 9 Floodplain (TUFLOW) Model Extent and Ground Level Contours
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3.1.2 Model Topography

The existing terrain was created using the following data:

> 2011 Light Detection and ranging (Lidar) data downloaded from the Elevation and Depth -
Foundation Spatial Data (ELVIS) website ( /). Lidar data and terrain level
contours for the existing ground level terrain for the subject site and surrounds is shown in Figure 3;

> Detailed site survey undertaken by Barry Hunt Associates on 23/10/2020 (provided in Appendix A).

A grid size of 1.5 m x 1.5 m was adopted for this study based on the representative widths of the existing
flowpaths within the Study Area.

Some existing fences were also included in the model using the Layered Flow Constriction feature in
TUFLOW.

3.1.3 Hydraulic Roughness

The spatial distribution of surface roughness was represented in TUFLOW floodplain model based on
roughness zones. These were delineated using aerial photography. Table 1 summarises the surface
types and land uses and the adopted hydraulic roughness values.

Table 1 Adopted Roughness (n) Values for Different Surface Types and Landuse

Surface Type / Land Use Manning n Value

Roads 0.02
Thick Vegetation 0.1

Grass 0.04
Light Vegetation with Houses 0.08
Low to Medium Residential 0.06
Medium Residential 0.08
Open Water 0.015
Parking (Study Site) 0.035

3.14 Hydrology

Hydrological modelling was undertaken using a ‘Rain on Grid’ approach. This means the hydrologic
and hydraulic modelling were combined in the TUFLOW 1D/2D model.

Design rainfall data and rainfall losses were obtained from the 2019 edition of Australian Rainfall and
Runoff (ARR2019) in accordance with advice from Council.

3.1.5 Boundary Conditions

The existing buildings located on the study site and surrounds were blocked out in the floodplain model.
Removing the buildings from the 2D model domain meant that the model would not account for the rain
falling on these buildings.

Project Number: 300203848 Page 7
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B Fully Blocked Buildings
] Compensatory Building Rainfall Polygons

Figure 105 An Example of Removed Buildings and the Compensatory Building Rainfall Polygons

To ensure the rainfall on the study area was not underestimated, the rainfall volume associated with
each building was directly applied on the 2D domain using “2d_sa_rf” inflow boundaries. An example
of blocked out buildings and compensatory building rainfall polygon is shown in Figure 105.

The adopted downstream boundary condition was based on a water level versus flow (stage-discharge)
curve. The TUFLOW model can automatically generate the stage-discharge (H-Q) curve based on an
input friction slope. The H-Q approach was deemed suitable as the downstream model boundary is
sufficiently distance from the study site to have no impact on the flow behaviour cross the study site.

3.1.6 Existing Drainage Network
The existing drainage network within the study site was included in the floodplain model. It was based

on the detailed site survey and was represented in the TUFLOW floodplain model as 1D elements.
Figure 116Figure 6 shows the existing drainage network included in the floodplain model.

Project Number: 300203848 Page 8
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Figure 116 Layout of the Existing Drainage Network included in the TUFLOW Floodplain Model
3.2 Flood Behaviour under Existing Conditions

The floodplain model of Existing Conditions was run for the 50% AEP, 5% AEP, 1% AEP and PMF
events. Considering the relatively small size of the upstream catchment the model was run for 15
minutes, 30 minutes, 45 minutes, 60 minutes and 90 minutes duration storm burst in order to identify
the critical storm burst duration. Each event was run with 10 temporal patterns. The results were used
to identify the critical duration and mean temporal pattern for each event.

Table 2Table 2 shows the critical duration and mean temporal pattern identified for each of the
modelled events.

Table 2 Identified Critical Storm Burst Durations and Mean Temporal Patterns for the assessed Events

Event ‘ Critical Duration ‘ Mean Temporal Pattern
50% AEP 60 minutes TPO3

5% AEP 60 minutes TPO3

1% AEP 45 minutes TP0O6

PMF 30 minutes =

Project Number: 300203848 Page 9
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The flood hazard categories are adopted from the ARR2019 (Book 6: Flood Hydraulics, Section 7.2.7).
The classification is based on depth and velocity and defines six categories based on the stability of
children, adults, the elderly and vehicles in floodwaters.

The peak flood depth, peak flood velocity, peak water levels and flood hazard categories (H1-H6) have
been mapped for the 50% AEP, 5% AEP, 1% AEP and PMF events under Existing Conditions (refer
Figures BE1 to BE12 which are attached in Appendix B).

The results indicate that:

Flood Depths
> An overland flowpath traverses the site from south to north;
> In the 50% AEP event the site is mostly flood free;

> In the 5% AEP event flood depths of up to 0.55m are observed in the eastern parts of the study
site;

> Inthe 1% AEP event flood depths of up to 0.60m are observed at the eastern parts of the study
site. In addition, localized flooding is observed on the western side of the study site; and

> In the PMF, the site is significantly flooded with the flood depths exceeding 1 m at some locations.

Flood Velocities

> Inthe 1% AEP event the flood velocities within the site are generally low with the exception of the
flood velocities along the overland flowpath and also along the access road within the site; and

> In the PMF event, high velocities up to 4.0 m/s are observed within the study site mainly along the
overland flowpath and along existing roads.

Flood Hazards

> Inthe 1% AEP event the majority of site is classified as a H1 hazard category which is safe for
people and vehicles with some areas of H2 and H3 hazard category. Hazard category of H5 which
is unsafe for people and vehicles was observed along the access road within the site and also
along the flow path;

> In the PMF event, significant areas of H5 and H6 hazard category are observed along the access
road and along the flowpath; and

> Coleridge Road is unsafe and inaccessible in both 1% AEP and PMF events due to H5 and H6
hazards, respectively.

Project Number: 300203848 Page 10
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4 Climate Change Flood Behaviour

As described, in part, by GRID-Arendal (a UNEP Partner):

Representative Concentration Pathway(s) (RCPs) are trajectories of greenhouse gas
concentrations used for climate modelling in the IPCC Fifth Assessment Report (IPCC 2013).
The numerical values of the RCPs (i.e., 2.6, 4.5, 6.0 and 8.5) refer to the possible range of
radiative forcing values in the year 2100. RCPs are used to build future climate scenarios
based on greenhouse gas emissions from human activities, depending on the efforts taken to
limit greenhouse gas emissions (high efforts taken under RCP2.6, low efforts under RCP8.5)

Representative Concentration Pathway (RCP)

Scientists use the RCPs to model climate change If we follow

5 Y . the RCP8.5 pathway,
and build scenarios about the impacts more wikifires

will occur.
Radiative forcing

6 - RCP6.0

Temperature Extreme weather
2081-2100 2081-2100

W/m? Z
e R CP8.5 @
8 = 4
” Large

s RCP4.5

L

2~ /
If we follow

1- — the RCP2.6 pathway,

i | fewer wildfires

will occur.

0 | | |

2000 2021 2050 2075 2100
We are here

N / Moderate

1.8°C Z
/ Moderate

/

/
Small

Average increase Increase
relative to
1986-2005

GRID-Arendal/Studio Atlantis, 2021

Figure 127 Representative Concentration Pathway (RCP) | GRID-Arendal (grida.no), accessed 3 October

2023

Changes to the climate are expected to have adverse impacts on rainfall intensities. A feature of the
ARR DataHub is the guidance provided on the Interim Climate Change Factors under Representative
RCP 4.5, RCP 6 and RCP 8.5. The guideline values for Bateau Bay obtained from ARR2019 are shown
in Table 3. ARR2019 further recommends that consideration be given to the RCP 4.5 and RCP 8.5

scenarios.

As disclosed in Table 3Table 3 the highest increase in rainfall (19.7%) is associated with RCP 8.5 in

2090. For the purpose of this assessment the following climate change scenarios are adopted:

> 2090 RCP 4.5 (rounded up to 10%)
> 2090 RCP 8.5 (rounded up to 20%)

Project Number: 300203848
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Table 3 Interim Climate Change Factors for Bateau Bay (Source: ARR DataHub)

Year

2030

RCP 4.5

0.869 (4.3%)

RCP6
0.783 (3.9%)

RCP 8.5
0.983 (4.9%)

2040

1.057 (5.3%)

1.014 (5.1%)

1.349 (6.8%)

2050

1.272 (6.4%)

1.236 (6.2%)

1.773 (9.0%)

2060

1.488 (7.5%)

1.458 (7.4%)

2.237 (11.5%)

2070

1.676 (8.5%)

1.691 (8.6%)

2.722 (14.2%)

2080

1.810 (9.2%)

1.944 (9.9%)

3.209 (16.9%)

2090

1.862 (9.5%)

2.227 (11.5%)

3.679 (19.7%)

To evaluate the effects of increased rainfall intensity, the hydraulic TUFLOW model was run for the 1%
AEP event with 10% and 20% increase in rainfall intensities. The results indicate:

> Under the 10% Climate Change scenario flood level increases of up to 0.08 m are observed within
the study site. Flood levels within the existing drainage increase up to 0.12 m;

> Under the 20% Climate Change scenario flood level increases of up to 0.14 m are observed within
the study site. Flood levels within the existing drainage increase up to 0.23 m.

The flood behaviour maps as well as the differences in peak water levels between the Climate Change
scenarios and current day climate are provided in Figures CC1 to CC8 in Appendix C.

The results show that impacts of climate change on the study area are minimal. Under the 20% Climate
Change scenario, flood depths upstream and through the study site slightly increase (up to 0.14m).

Project Number: 300203848
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5 Proposed Conditions

The concept subdivision layout is shown in Figure 138Figure 8.

In the absence of any concept plan or grading plan, two scenarios were formulated and assessed.

These scenarios are:

> Conservative Scenario: The majority of the development area is blocked out from the model;

> Realistic Scenario: Parts of the development area only are blocked out from the model.

Both scenarios require mitigation measures/considerations to limit adverse impacts on flooding outside
the study area.

Figure 149Figure 9 and

Figure 1510 show the various components included the Conservative Scenario and Realistic Scenario,

respectively.
&
J @é‘y (-|L . sw‘gaa!: s
& g
“Seeoy, « AR w N
Ui g
1 E §D
#
'\"‘\(}ﬁx
&
6“@» !

B mep Bl
FUEL: FEFE-Ta!
FIEEF -Thal

[ owvepumosamy irsma
E FLF

F Tl P
WWTE 1T WK T

Bl veouwosweTy e

‘AP ~ PROPOSED ASSETT PROTECTION ZONE
W~ FROFOSED RIGHT OF CARRIAGEWAY
'EF ~ PROPOSED EASEMENT FOR SERVICES

‘A~ EASEMENT FOR ACCESS & DRAINATE VARIASLE WIDTH (VIDE X821403)
B~ EASEMENT TO DRAIN WATER 3 WIDE (VIDE T486712)
o =oR. Y D 3.3m WIDE [0F 1226084)

' ~ EASSMENT FOR ELECTRICITY PURSOSEE 10m WIDE (DF 827187

Project Number: 300203848 Page 13



Flood Advice
682 Coleridge Road,
Bateau Bay

Figure 138 Concept Subdivision Layout
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Figure 149 Conservative Scenario Model Elements
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Figure 1510 Realistic Scenario Model Elements

In addition to the scenario-specific assumptions and elements, both scenarios were based on the
following assumptions:

> Model roughness zones were updated across the study site to reflect the proposed concept
development including roads and residential development;

> Existing buildings within the study site were excluded from the model; and

> A preliminary road grading was undertaken to smooth out the terrain and to convey the overland
flows along the road.

5.1 Flood Behaviour under Proposed Conditions
5.1.1 Conservative Scenario

The peak flood depth, peak flood velocity, peak water levels and flood hazard categories (H1-H6) in the
50% AEP, 5% AEP, 1% AEP and PMF events have been mapped under the Conservative Scenario.
These results are contained in Figures DC1 to DC12 which are attached in Appendix D.

A summary of the results is provided below:

Flood Depths
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> The flood depths are similar to Existing Conditions with the site flood free in the 50% AEP event;

> Inthe 5% AEP and 1% AEP events, minor flooding is observed along some of the proposed roads.
It should be noted that this is due to the absence of a detailed grading of the site at this early stage
of the project;

> Inthe 5% AEP and 1% AEP events, ponding is observed within the setback area to the east of the
site. It is recommended that during design development, a suitable grading be considered at this
location to convey the runoff towards the existing flowpath;

> Inthe 5% AEP and 1% AEP event,s ponding is observed within the setback area to the south of the
site. It is recommended that during design development, drainage works are considered at the
location to convey the runoff towards the proposed road; and

> In the PMF, flooding with depths of up to 0.7m is observed along the proposed road connecting
Poplars Avenue to Coleridge Road. Other proposed roads are either flood free or experience minor
flooding.

Flood Velocities

> In the 1% AEP event the flood velocities within the site are generally low with the exception of the
flood velocities along the overland flowpath and also along the proposed road connecting Poplars
Avenue to Coleridge Road. This is attributed, in part, to the lack of a grading plan at this stage of
the project; and

> Inthe PMF, high velocities up to 6.0 m/s are observed within the study site mainly along the overland
flowpath and proposed roads.

Flood Hazards

> The majority of proposed roads experience H1 hazards in the events up to and including 1% AEP
flood, the only exception being localised areas of the proposed road connecting Poplars Avenue to
Coleridge Road. This is attributed, in part, to the lack of a grading plan at this stage of the project;

> In the PMF most proposed roads experience H5 and H6 hazards, similar to the adjacent existing
roads.

It should be noted that the Conservative Scenario is extreme (with raised backyards and assuming full
blockage of overland flows within the majority of development areas) and it is not likely to be
representative of what would happen in reality. However, despite the extreme nature of the scenario,
acceptable outcomes have been achieved.

5.1.2 Realistic Scenario

The peak flood depth, peak flood velocity, peak water levels and flood hazard categories (H1-H6) in the
50% AEP, 5% AEP, 1% AEP and PMF events have been mapped under the Realistic Scenario. These
results are contained in Figures ER1 to ER12 which are attached in Appendix E.

A summary of the results is provided below:

Flood Depths
> The flood depths are similar to Existing Conditions, the site is flood free in the 50% AEP event;

> Inthe 5% AEP and 1% AEP events, minor flooding is observed along some of the proposed roads.
It should be noted that this is due to the absence of a detailed grading of the site at this early stage
of the project;

> In the 5% AEP and 1% AEP event, ponding is observed within the setback area to the east of the
site. It is recommended that during design development, a suitable grading be considered at this
location to convey the runoff towards the existing flowpath;
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>

In the PMF, flooding with depths of up to 0.7m is observed along the proposed road connecting
Poplars Avenue to Coleridge Road. Other proposed roads are either flood free or experience minor
flooding.

Flood Velocities

>

In the 1% AEP event the flood velocities within the site are generally low with the exception of the
flood velocities along the overland flowpath and also along the proposed road connecting Poplars
Avenue to Coleridge Road. This is attributed, in part, to the lack of a grading plan at this stage of
the project;

In the PMF, high velocities up to 6.0 m/s are observed within the study site mainly along the overland
flowpath and proposed roads.

Flood Hazards

>

The majority of proposed roads are experience H1 hazards in the events up to and including 1%
AEP, the only exception is localised areas of the proposed road connecting Poplars Avenue to
Coleridge Road. This is attributed, in part, to the lack of a grading plan at this stage of the project;

In the PMF, the majority of proposed roads experience H5 and H6 hazards, similar to the adjacent
existing roads.

It should be noted that the while the Realistic Scenario is closer to reality (compared to the Conservative
Scenario) it still has limited allowance for lowered backyards and assumes full blockage to the flows
within the majority of development areas. These assumptions are not likely to be representative of what
would happen in reality. However, despite the relatively conservative nature of the scenario, acceptable
outcomes have been achieved.
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5.2 Flood Impact Assessment
5.2.1 Conservative Scenario

The flood level and velocity differences in a 1% AEP flood are mapped respectively in Figures DC13
and DC14.

Based on the concept development adopted for assessment purposes, the following impacts were
estimated in the 1% AEP flood (refer Figures DC13 and DC14):

1% AEP Flood Levels

> Upto a0.06 mdecrease in flood levels are observed along Coleridge Road;

> Uptoa0.02mto 0.03 mincreases in flood levels are observed along the overland flowpath between
Coleridge Road and the Central Coast Highway,

> Upto a0.03 mdecrease in flood level is observed along Passage Road;

> Minor localised increases of up to 0.013 m in flood levels are observed on Battan Circuit, these
impacts are considered negligible compared to the existing depth of flooding at this location (more
than 0.4 m);

> Minor and very localised increases in flood levels are observed on 16 and 21 Sanctuary Place. It is
expected that these minor impacts can be addressed through the re-grading of the site during the
detailed design phase.

1% AEP Flood Velocities

> Flood velocities along Coleridge Road and Battan Circuit increase however the hazard category of
both roads remains H5 (similar to Existing Conditions); and

> Minor increases in flood velocities (up to 0.02 m/s) and local higher increases of more than 0.05m/s
are observed on the open spaces downstream of Coleridge Road.

Coleridge Road Accessibility in a 1% AEP Flood

> Coleridge Road remains unsafe and inaccessible in both 1% AEP and PMF events due to H5 and
H6 hazards, respectively (similar to Existing Conditions).

5.2.2 Realistic Scenario

The flood level and velocity differences in a 1% AEP flood are mapped respectively in Figures ER13
and ER14.

Based on the concept development adopted for assessment purposes, the following impacts were
estimated in the 1% AEP flood (refer Figures ER13 and ER14):
1% AEP Flood Levels

> Up to a 0.05 m decrease in flood level is observed along Coleridge Road, The Entrance, Battan
Road and green spaces downstream of Coleridge Road.

1% AEP Flood Velocities
> Wide-spread flood velocity decreases are noted downstream of Coleridge Road;

> Localised velocity increases are experienced on Coleridge Rd, however the hazard category
remains H5 (similar to Existing Conditions).
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Coleridge Road Accessibility in a 1% AEP Flood

> Coleridge Road remains unsafe and inaccessible in both 1% AEP and PMF events due to H5 and
H6 hazards, respectively (similar to Existing Conditions).

5.2.3 Conclusion

It is concluded that while the Conservative Scenario shows areas of minor localised adverse impacts,
and while the Realistic Scenario shows improved flooding conditions, there is potential to identify an
intermediate scenario (between the Conservative Scenario and the Realistic Scenario) during design
development that achieves a neutral impact downstream of the development. The merit or otherwise of
a neutral impact scenario could be further investigated in the later stages of the project once the concept
plan and grading plan are available.
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6

6.1

Compliance with the DCP Requirements

2022 Central Coast Development Control Plan (DCP)

The flooding requirements are set out in Chapter 3.1 Floodplain Management and water Cycle
Management of 2022 Central Coast Development Control Plan. The development will need to comply
with a series of controls as outlined below:

“3.1.4.2 Performance Based Assessment

Council will consider development proposals that do not meet the prescriptive requirements of this
DCP only if a report prepared by a suitably qualified engineering professional accompanies the
application and addresses the following:

a.

is compatible with the established flood hazard of the land. In areas where flood hazard has
not been established through previous studies or reports, the flood hazard must be
established in accordance with the Floodplain Development Manual.

will not significantly adversely affect flood behaviour resulting in detrimental increases in the
potential flood affectation of other development or properties;

incorporates appropriate measures to manage risk to life and property from flood;

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

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

is consistent with the principles of Ecologically Sustainable Development.
adequately considers the impact of climate change.

e Itis to be noted that with regard to climate change, appropriate benchmarks based on the
best available current information have been used in producing the flood risk management
studies and plans that inform this document.

e Some prescriptive requirements such as flood planning level requirements may be relaxed
if Council can be satisfied that the projected life of the proposed development is for a
relatively short-term and therefore does not warrant the imposition of controls that consider
impacts beyond the cessation of the proposed development. This will only be considered
for uses where the residual risk to the occupation of the development is considered to be
low. This may include certain temporary or demountable structures but would not include
residential developments.
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3.1.5.3 Requirements for Filling of Flood Prone Land

a. Filling for any purpose (including the raising of a building platform in flood-prone areas) is not
permitted in areas identified as Flood Planning Precinct 3 or Flood Planning Precinct 4, unless
a Floodplain Risk Management Plan for the catchment has been adopted which allows filling to
occur. In Flood Planning Precinct 2, filling will not be permitted unless a report from a suitably
qualified engineer has been submitted and approved by Council that certifies that the
development will not increase flood affectation elsewhere.

b. Filling of individual sites in isolation, without consideration of the cumulative effects is not
permitted. Any proposal to fill a site must be accompanied by an analysis of the effect on flood
levels of similar filling of developable sites in the area. This analysis would form part of a flood
study prepared by a suitable qualified professional. “

6.2 Compliance of Concept Development

The flood impact assessment described in Section 5.25.2 indicates that the concept subdivision layout:

> Under the Conservative Scenario, has minimal impact on adjacent road and properties in a 1% AEP
flood. The increased flood levels on the open spaces downstream of Coleridge Road are unlikely to
result in increased erosion given the dense vegetation which is present (see Figure Figure 1). If
needed this issue could be further investigated during the concept or detailed design stage.

> Under the Realistic Scenario 1% AEP flooding conditions on the adjacent roads and properties
improves.

A cut and fill plan for the site is not available at this stage, however once the cut and fill plan is developed
during the detailed design phase the flood impact assessment could be refined if needed.

x X

Figure 11 Existing Vegetation in the vicinity of the Coleridge Road / Entrance Road Intersection
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Climate Change impacts on flood behaviour within the site are investigated in Section 44. While
changes in the flood levels under the climate change scenarios are not significant, it is recommended
that during the Concept or Detailed design stage that climate change being considered when defining
the applicable Flood Planning levels (FPLSs).
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7 Flood Emergency Response

7.1 Rate of Rise of Floodwaters

To understand the likely warning times and associated response times during flood events it is
necessary to estimate the expected rate of rise of floodwaters in the vicinity of the development.

Legend

@ Key Location

Flood Hazard
H1 - Generally safe for vehicles
people and buildings.
H2 - Unsafe for small vehicles.

H3 - Unsafe for vehicles.
children and the elderly.

| H4 - Unsafe for vehicles and people.
H5 - Unsafe for vehicles and people.
All buildings vulnerable to structural
damage. Some less robust buildings
subject to failure.
H6 - Unsafe for vehicles and people.
All building types considered
vulnerable to failure.

Figure 16 PMF Hazard and Reference Locations

The variation in the rise and fall of flood depths at Locations A and B (refer Figure 12) in the 1% AEP
and PMF events are plotted respectively in Figures 13 and 14.

7.2 Flood Hazards

The 2023 Flood Risk Management Guideline FB0O3 released on 30 June 2023 by NSW DPE includes
a plot of flood hazard vulnerability curves based on six hazard categories H1 — H6 (see Figure 15).

The flood hazard categories experienced on the site the 1% AEP and PMF events have been mapped
under Existing Conditions and under Proposed Conditions and are attached in Appendices B, D and E.

The variation in flood hazards at Locations A and B (refer Figure 12) in the 1% AEP and PMF events
are plotted respectively in Figures 16 and 17.
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1% AEP Flood Depths

——Location A
0.9
——Location B

0.8

[=]
@

Unsafe for Large 4WD Vehicles when Velocity < 1.2 m/s

Flood Depth (m)
=]
(52 ]

04
03 nsafe for Small Vehicles when Velocity < 1 m/s
0.2
01
0.0 ——
0 10 20 30 40 50 60 70 80 90 100 110 120

Time (mins)

Figure 17 1% AEP Flood Depths at Locations A and B
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Figure 18 PMF Depths at Locations A and B
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5.0

Figure 1

Note: Categories H1 to H4 in this guideline are equivalent to low hazard and H5 to H6 equivalent to high

1.0

2.0 3.0
Velocity (m/s)

General flood hazard vulnerability curve

hazard in the 2005 Floodplain development manual (DIPNR 2005).
Source: Figure 6 AIDR 2017b.

4.0

5.0

Figure 15 Flood Hazard Categories (Source: 2023 FRMM FB03)
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Figure 19 Indicative Risk to Life in the 1% AEP Flood at Locations A and B
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Figure 20 Indicative Risk to Life in the PMF at Locations A and B
7.3 Pedestrian and Vehicular Stability in Floods

The latest edition of Australian Rainfall and Runoff released in 2019 provides guidance on both
pedestrian and vehicle stability in floods as does the 2023 Flood Risk Management Guideline FB0O3
released on 30 June 2023 by NSW DPE.

7.3.1 Pedestrian Stability

The 2023 Flood Risk Management Guideline FBO3 released on 30 June by NSW DPE includes a plot
of thresholds for the stability of people in floods. This plot is presented in Figure 18.

The variation in in flood depths and velocity at Locations A and B (refer Figure 12) in the 1% AEP and
PMF events are plotted respectively in Figures 19 and 20.

7.3.2 Vehicle Stability

The 2023 Flood Risk Management Guideline FB03 released on 30 June by NSW DPE includes a plot
of thresholds for vehicle stability in floods. This plot is presented in Figure 21.

H1 and H2 categories (refer Figure 15) have been adopted as representative categories for vehicular
stability respectively for small vehicles and large (4WD) vehicles.
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Figure2 Thresholds for the stability of people in floods
Notes: D.V = VxD = velocity x depth.
Source: Figure 8 AIDR 2017b; modelled after Cox, Shand and Blacka (2010).
Figure 18 Thresholds for the stability of people in floods (Source: 2023 FRMM FB03)
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Figure 21 1% AEP Pedestrian Hazard Categories at Locations A and B
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Figure 3 Thresholds for vehicle stability in floods
Source: Figure 9 AIDR 2017b; modelled after Shand et al. (2011).

Figure 21 Thresholds for the stability of vehicles in floods (Source: 2023 FRMM FB03)
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7.4 Durations of Unsafe Conditions
Based on the criterion for pedestrian and vehicular stability, the periods of time that conditions would
be unsafe for children and adults and small and large vehicles in the 1% AEP flood and the PMF at the

Locations A and B are given in Table 4.

The elapsed time from start of the storm burst until unsafe conditions are reached at the Locations A
and B in the 1% AEP flood and the PMF are summarised in Table 5.

Table 4 Durations (mins) that it is unsafe for small and large vehicles, children and adults

Duration (mins) it is Unsafe for:

Table 5 Elapsed Time (mins) from Start of Storm Burst until Unsafe Conditions are Reached

Small Large Small Large
Vehicles Vehicles Vehicles Vehicles
Location 1% AEP PMF
Location A 0 0 15 15
Location B 60 35 45 35
Duration (mins) it is Unsafe for:
Children Adults Children Adults
Location 1% AEP PMF
Location A 0 0 5 0
Location B 35 10 35 20

Elapsed Time from Start of Storm Burst until
Unsafe Conditions Reached (mins):

Small Large Small Large
Vehicles Vehicles | Vehicles  Vehicles
Location 1% AEP PMF
Location A 0 0 15 15
Location B 15 25 5 10
Elapsed Time from Start of Storm Burst until
Unsafe Conditions Reached (mins):
Children Adults Children Adults
Location 1% AEP PMF
Location A 0 0 15 0
Location B 25 40 10 15
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7.5 Flood Warning Times

As presented in Error! Reference source not found. above, the available flood warning times before
unsafe conditions are experienced at Locations B or Location A are very short. Under these
circumstances there would be no time to safely evacuate residents from the development via
Coleridge Road and residents would be safer sheltering in place.

7.6 Draft Shelter in Place Guideline

The draft Shelter in Place Guideline released by the NSW Department of Planning and Environment
advises:

Evacuation is the Primary Response Strategy for Flooding

e Horizontal evacuation at street level is achieved by vehicle before any roads are cut by
floodwaters.

e |tis arisk management strategy used to reduce loss of life or lessen the effects of an
emergency on a community.

e Evacuation requires an understanding of the full range of flood behaviour up to the
probable maximum flood (PMF), which is reflected in flood plans developed by the
NSW SES and Floodplain Risk Management Studies by councils.

Shelter-In-Place (SIP)

e Shelter-in-place is the movement of occupants to a building or the occupants remaining
in a location that provides vertical refuge on the site or near the site above the PMF level
before their property becomes flood-affected.

e Currently, SIP in infill developments is being approved on an ad hoc basis (part of a
merit- based assessment of each development), while it is not considered an acceptable
flood management approach in greenfield areas or large-scale urban renewal.

e There are limited applications of SIP as a policy for floodplain management
internationally and it is not widely practised in Australia, although some councils such as
Tweed, Northern Beaches and Parramatta have SIP provisions in their development
control plans.

When SIP is Appropriate

e SIP is an emergency management response, especially when the flood warning time
and flood duration are both less than six hours (typically called flash floods).

e These flooding events are dangerous because of the short timeframes, as well as the
flood speed and depth.

e Under such circumstances, evacuation via vehicle may not possible. SIP is the last resort
evacuation option for development in greenfield and infill areas.
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Where to apply SIP

e SIP is arefuge occurring above the PMF level. Thus, the height of PMF would determine
the application of SIP regardless of development types, i.e. infill or greenfield
development.

e For example, if the height of PMF of a site is above two storeys, SIP in a one- or two-
storey building would not be viable. However, SIP might apply in high-density
development on the site because the refuge or habitable floor level could be built above
PMF.

¢ Note that SIP should not determine development scale or density. Rather, the height of
PMF in a location is used to inform where SIP could be applied.

What considerations are needed for SIP to be successful

Councils can develop SIP-related controls for their development control plans (DCP) and
apply those controls when assessing Development Applications.

7.7 Flood Emergency Response Plan

A basic Flood Emergency Response Plan for the for the development is as follows.
7.7.1 Flood Threat

A summary of the flood threat (under Realistic Conditions) is summarized as follows:

Flood Depths
> The flood depths are similar to Existing Conditions, the site is flood free in the 50% AEP event;

> Inthe 5% AEP and 1% AEP events, minor flooding is observed along some of the proposed roads.
It should be noted that this is due to the absence of a detailed grading of the site at this early stage
of the project;

> In the 5% AEP and 1% AEP event, ponding is observed within the setback area to the east of the
site. It is recommended that during design development, a suitable grading be considered at this
location to convey the runoff towards the existing flowpath;

> In the PMF, flooding with depths of up to 0.7m is observed along the proposed road connecting
Poplars Avenue to Coleridge Road. Other proposed roads are either flood free or experience minor
flooding.

Flood Velocities

> In the 1% AEP event the flood velocities within the site are generally low with the exception of the
flood velocities along the overland flowpath and also along the proposed road connecting Poplars
Avenue to Coleridge Road. This is attributed, in part, to the lack of a grading plan at this stage of
the project;

> Inthe PMF, high velocities up to 6.0 m/s are observed within the study site mainly along the overland
flowpath and proposed roads.
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Flood Hazards

> The majority of proposed roads are experience H1 hazards in the events up to and including 1%
AEP, the only exception is localised areas of the proposed road connecting Poplars Avenue to
Coleridge Road. This is attributed, in part, to the lack of a grading plan at this stage of the project;

> In the PMF, the majority of proposed roads experience H5 and H6 hazards, similar to the adjacent
existing roads.

7.7.2 Responsibilities

While in a flood emergency the NSW State Emergency Service (SES) has responsibilities including
to:

> Direct the evacuation of persons and/or communities at risk of flood inundation, and

> Issue evacuation warnings for individual communities that describe possible local effects,
suggested actions and evacuation arrangements.

It is expected that residents will be responsible for implementing the actions identified herein and
should not rely on the SES for any evacuation warnings. These actions would include monitoring the
SES website and any flood warnings, maintaining regular communication with any resident’s
association and initiating actions as identified below.

7.7.3 Preparedness

Residents shall be advised of the potential flood threat in their locality, and recommended
management and procedures in case of a flood event. They should comply with all lawful directions.

7.7.4 Warning

While in a flood event, the SES will prepare, authorise and distribute evacuation warnings it is
expected that the short warning times mean that in the case of major and extreme flash floods that
there would be insufficient time to evacuate any residents and/or visitors from the development and
that instead residents and/or visitors would need to shelter in place.

7.7.5 Response

1. Floods experienced by the proposed development are considered as "flash floods" and no warning
system is available. Storms leading to major flooding are typically 2 hours long, however shorter
storms as little as a 1 hour long can produce significant flooding. Once the storm passes
floodwaters usually disappear rapidly.

2. During floods local and major streets and roads will be cut by floodwaters. Traveling through
floodwaters on foot, or in a vehicle can be very dangerous as the water may be polluted,
obstructions can be hidden under the floodwaters, or you could be swept away. It is recommended
that staying within your home as much as practical as this is the safest option. If you need to leave
your home then do so prior to the flood because the available warning time is very short once a
major storm hits (see Table 5).
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3. Develop your own family flood plan and be prepared if flooding should occur while the kids are
coming home from school or when you are returning from work. Talk to Council to determine the
safer travel routes that are less likely to be cut by floodwaters.

4. If the flooding approaches the garage floor level (but only if safe to do so) relocate any items that
may be damaged by water, or poisons, or wastes to as high a level as possible.

5. If the flooding approaches the habitable ground floor level:

() gather medicines, special requirements for babies or the elderly, mobile phones, first aid
kit, special papers and any valuables into one location,

(ii) puton strong shoes, raise any items within the home that may be damaged by water (e.g.
photo albums) to as high a level as possible, with electrical items on top. Turn off and
disconnect any large electrical items such as a TV that cannot be raised.

(i) place wet towels across the bottom and lower sides of external doors to slow down the
entry of water through the door.

6. In the very rare event that floodwaters may enter the ground floor collect items from 5 (i) above
and move to an upper level in your home. Do not evacuate your home unless instructed to do so
by the SES or the Police. Remember floodwaters are much deeper and can flow much faster
outside.

7. Inthe case of a medical emergency ring 000 as normal, but explain about the flooding.

8. Alaminated copy of your flood plan should be permanently attached (glued) on an inside cupboard
door in the kitchen and laundry and to the inside of the electrical meter box.

9. Your flood management plan should be reviewed every 5 years, particularly with the potential
changes in storm intensity due to climate change.

7.7.6 Recovery
The NSW SES will issue an ‘all clear’ message when the immediate danger to life and property has

passed. Also visually monitor conditions on the local roads and only drive on a local road once any
flooding has subsided and the road surface is visible.
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8 Conclusions

This Report summarises the available data, existing flood behaviour and provides advice on design
considerations in order to avoid flood impacts on adjacent properties and roads. The report also outlines
a Flood Emergency Response Plan.

A 1D/2D TUFLOW hydraulic model was established for the study site to investigate the flood behaviour
under the Existing Conditions and Proposed Conditions. The flood model was developed using the
available data including detailed site survey, proposed design, 2011 Lidar data and aerial images.

Hydrological modelling was undertaken using a ‘Rainfall on Grid’ approach. This means the hydrologic
and hydraulic modelling were combined in the TUFLOW 1D/2D model. Design rainfall inputs were
obtained from ARR2019.

The Existing Conditions model was run for the 50% AEP, 5% AEP, 1% AEP and PMF flood events for
15 minute, 30 minute, 45 minute, 60 minute and 90 minute storm burst durations and 10 Temporal
Patterns for each duration. The identified critical duration and mean temporal patterns for each event
are presented in Table 2Table 2Table 2.

The impacts of climate change on the flood behaviour within the study site was assessed through
increasing rainfall intensities by 10% (CC10) and 20% (CC20). The results showed that:

> Under the 10% Climate Change Scenario increased flood levels of up to 0.08 m are observed within
the study site. Flood levels within the existing drainage increase up to 0.12 m;

> Under the 20% Climate Change Scenario increased flood levels of up to 0.14 m are observed within
the study site. Flood levels within the existing drainage increase up to 0.23 m.

In the absence of any concept plan or grading plan, two scenarios were modelled and tested:
> Conservative Scenario: the majority of the development area is blocked out from the model,;

> Realistic Scenario: only some parts of the development area is blocked out from the model.

The assessment showed that the conservative scenario shows negligible flood impacts outside study
area, while realistic scenario generally improves flooding conditions outside the study area. There is
potential for an intermediate scenario (between the Conservative Scenario and the Realistic Scenario)
to achieve a neutral impact downstream if appropriate. This needs to be further investigated in the later
stages of the project once the concept plan and grading plan are available.

While both conservative and realistic scenarios had limited allowance for backyards and assume full
blockage to the flows within the majority of development areas, acceptable outcomes were achieved in
both scenarios.

The 1%AEP and PMF flood depth hydrographs were extracted at two reference locations at and around
the site and showed that the duration of inundation in both the 1% AEP and PMF events is short (less
than 1 hour).

It was concluded that Shelter-in-place is the recommended flood emergency response strategy for the
study site.
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