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Copyright Statement

Martens & Associates Pty Ltd (Publisher) is the owner of the copyright subsisting in this publication. Other than as
permitted by the Copyright Act and as outlined in the Terms of Engagement, no part of this report may be reprinted
or reproduced or used in any form, copied or fransmitted, by any electronic, mechanical, or by other means, now
known or hereafter invented (including microcopying, photocopying, recording, recording tape or through electronic
information storage and retrieval systems or otherwise), without the prior written permission of Martens & Associates Pty
Ltd. Legal action will be taken against any breach of its copyright. This report is available only as book form unless
specifically distributed by Martens & Associates in electronic form. No part of it is authorised to be copied, sold,
distributed or offered in any other form.

The document may only be used for the purposes for which it was commissioned. Unauthorised use of this document
in any form whatsoever is prohibited. Martens & Associates Pty Ltd assumes no responsibility where the document is
used for purposes other than those for which it was commissioned.

Limitations Statement

The sole purpose of this report and the associated services performed by Martens & Associates Pty Ltd is to provide a
flood assessment at the subject site in accordance with the scope of services set out in the contfract / quotation
between Martens & Associates Pty Ltd and Rothwell Boys Pty Ltd C/- Resource Design and Management (hereafter
known as the Client). That scope of works and services were defined by the requests of the Client, by the time and
budgetary constfraints imposed by the Client, and by the availability of access to the site.

Martens & Associates Pty Ltd derived the data in this report primarily from a number of sources which included site
inspections, correspondence regarding the proposal, examination of records in the public domain, interviews with
individuals with information about the site or the project, and field explorations conducted on the dates indicated.
The passage of time, manifestation of latent conditions or impacts of future events may require further examination /
exploration of the site and subsequent data analyses, together with a re-evaluation of the findings, observations and
conclusions expressed in this report.

In preparing this report, Martens & Associates Pty Ltd may have relied upon and presumed accurate certain
information (or absence thereof) relative to the site. Except as otherwise stated in the report, Martens & Associates Pty
Ltd has not attempted to verify the accuracy of completeness of any such information (including for example survey
data supplied by others).

The findings, observations and conclusions expressed by Martens & Associates Pty Ltd in this report are not, and should
not be considered an opinion concerning the completeness and accuracy of information supplied by others. No
warranty or guarantee, whether express or implied, is made with respect to the data reported or to the findings,
observations and conclusions expressed in this report. Further, such data, findings and conclusions are based solely
upon site conditions, information and drawings supplied by the Client efc. in existence at the time of the investigation.

This report has been prepared on behalf of and for the exclusive use of the Client, and is subject to and issued in
connection with the provisions of the agreement between Martens & Associates Pty Ltd and the Client. Martens &
Associates Pty Ltd accepts no liability or responsibility whatsoever for or in respect of any use of or reliance upon this
report by any third party.
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Executive Summary

Martens & Associates Pty Ltd (MA) have prepared this flood assessment to support a
development application (DA) for a proposed low density residential subdivision at Lot
1 and 2 DP 725785 (the site). This report documents the procedures and findings of
hydrologic and hydraulic modelling of the site in existing and proposed conditions.

Modelling concluded that:

1.

Proposed flood characteristics are largely consistent with existing conditions,
and differences due to the proposed development are negligible.

The proposed residential development footprint within the site is predominantly
flood free in all 1% AEP flood events modelled.

The proposed development would have negligible offsite flood impacts.

Compliance with Council flood planning level requirements for buildings will be
achievable.

The proposed development is compatible with the existing floodplain
environment.

Executive Summary
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1.1

1.2

1.3

Introduction

Overview

Martens & Associates Pty Ltd (MA) have prepared this flood assessment
to support a development application (DA) for a proposed residential
subdivision at Lot 1 and 2 DP 725785, Pacific Highway, Moonee Beach,
NSW (the site, ‘The Glades’). Refer to Attachment A for site survey and
proposed development layout.

MA previously prepared a flood assessment for this region to support a
sub-division at Lot 1 DP1097743, Pacific Highway, Moonee Beach, NSW,
which is the lot immediately south of the site. The flood assessment for Lot
1 DP1097743 is documented in MA report P1002663JR08V02 (MA, August
2015). That flood assessment was subject to peer review and has since
been approved by Coffs Harbour City Council (CHCC). The hydrologic
and hydraulic models used for that assessment have been included and
updated to inform the flood assessment at the site.

Project Scope and Objectives
Project scope and objectives are:

1. Update the previously prepared hydrologic model (RAFTS) for the
adjacent site determine the peak flow of the 5% annual
exceedance probability (AEP) flood, 1% AEP flood, 1% AEP flood
with climate change, and the probable maximum flood (PMF)
events.

2. Update the previous hydraulic model (TUFLOW) for the site under
existing and proposed conditions.

3. Prepare relevant flood maps including flood extents, depths,
levels, velocities, hazards and impacts for the critical 1% AEP flood
event,

4. Comment on flood characteristics and model outcomes in
existing and proposed conditions.

Relevant Guidelines

This report has been prepared in accordance with the following
guidelines and policies:

1. Coffs Harbour Council (2008), Climate Change Policy.
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. Coffs Harbour Council (2009), Coffs Harbour Engineering Design

Guidelines — Stormwater Drainage.

. Coffs Harbour Council (2013), Coffs Harbour Local Environmental

Plan (LEP).

. Coffs Harbour Council (2015), Coffs Harbour Development Control

Plan (DCP).

NSW Department of Environment and Climate Change (2007),
Floodplain Risk Management Guideline Practical Consideration of
Climate Change.

NSW Department of Environment and Climate Change (2010),

Flood Risk Management Guide.

7. NSW Department of Infrastructure, Planning and Natural
Resources (2005), Floodplain Development Manual.

1.4 Definitions

AEP

ARI

ARR

BOM

Council

DA

IFD

MA

PMF

PMP

Annual exceedance probability: the probability of a flood
event occurring within a year. A 1% AEP flood has a 1%
chance of occurring in any given year.

Average recurrence interval: the average time between
flood events occurring. A 100 year ARl flood occurs on
average once every 100 years.

Australian Rainfall & Runoff

Bureau of Meteorology

Coffs Harbour City Council (CHCC)
Development application

Intensity frequency duration — design rainfall data for
frequent and infrequent storm events.

Martens & Associates Pty Ltd

Probable maximum flood — the most exireme flood event
possible for a certain location, with an approximate ARl of
100,000 to 1,000,000 years.

Probable maximum precipitation — design rainfall data for
extreme storm events.

(m/c)lrtens
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2 Site Description and Background Data

2.1 Location and Site Description

Existing site description summary is provided in Table 1.

Table 1: Existing site description summary.

Address Lot 1 and 2 DP 725785, Pacific Highway, Moonee Beach,
NSW

Lot / DP Lot 1 and 2 DP 725785

Site Area Approximately 92.55 ha

Local Government Area (LGA) Coffs Harbour City Council (CHCC)
Current Land Use Vacant

Current Zoning This land is currently zoned Residential 2A Low Density under
Coffs Harbour Local Environmental Plan 2000.

Site Description The site is currently mostly cleared with some bushland. No
structures or intensive land use are currently seen on the site.

Surrounding Land Uses The site is bordered by the Pacific Highway to the west,
partially cleared land to the south, bushland to the north
and Moonee Creek to the east.

Site Elevation Approximately 16 mAHD at western site boundary falling to
sea level af the northern and eastern boundaries.

Site Grading & Aspect Raised in centre of site at 12 mAHD, falling to approximately
4% in northern, eastern, and southern directions.

Site Drainage Skinners Creek runs along the northern boundary of the site.
Bucca Creek runs through the southern portion of the site.
Moonee Creek runs along the eastern site boundary.

2.2 Catchment Description
We note the following regarding the catchment upstream of the site:
o Thesite is located within the Moonee Creek catchment.

o Upstream catchments are primarily bushland and rural residential
areas, and include the suburbs of Moonee Beach, Sapphire
Beach and Emerald Beach.

o The total upstream catchment area is approximately 4,181 ha,
and is shown in Attachment B KOOO.

23 Site Flood Mechanisms
The site is likely affected by the following flood mechanisms:

o Overland flows from the local upstream catchment (refer Section
2.2).

Flood Assessment:
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2.4.1

o High tailwater conditions in Moonee Creek causing upstream
flows to back up onto the site.

o Storm surge causing high ocean levels and upstream flows to
back up onto the site.

Previous Flood Studies

A review of previous flood investigations was undertaken to assess likely
local flood behaviour and characteristics for the site and the Moonee
Creek catchment. Review identified four previous flood studies which
would be relevant to this assessment.

Paterson Consultants (1998) Moonee Creek Flood Study

Paterson Consultants conducted a flood assessment for this catchment
on behalf of Coffs Harbour Council, and summarised the assessment in
the report Moonee Creek Flood Study (1998), hereafter referred to as the
Paterson flood study. As part of their study, Paterson used RORB for
hydrologic modelling and MIKE 11 for hydraulic modelling.

A series of flood maps showing flood characteristics for the 1% AEP flood
(heights and hazards) were produced that show a peak flood level of
approximately 2.8 mAHD in Moonee Creek adjacent to the site. Hazard
mapping showed the subject site to be largely outside of existing 1% AEP
flood extents, with some portions of the site identified as having a ‘Low
Hazard’ rating. These figures are provided as Figure 1 (flood levels) and
Figure 2 (flood hazard).

(m/c)lrtens
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Figure 1: 1% AEP flood level map for Moonee Creek and Bucca Creek in the vicinity of the subject
site (Paterson Consultants, 1998).
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Figure 2: 1% AEP flood hazard map for Moonee Creek and Bucca Creek in the vicinity of the subject
site (Paterson Consultants, 1998).
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2.4.2 Bewsher Consulting (2005) Coffs Creek Floodplain Risk Management
Plan

This assessment was completed by Bewsher Consulting on behalf of Coffs
Harbour City Council and provides details a floodplain risk management
plan for Coffs Creek. Whilst Moonee Creek and its tributaries were not
included in this assessment, a flooding and hazard extents map was
prepared for areas to the north of Coffs Creek, based on the previous
assessment conducted by Paterson Consultants (1998). This map (Figure
3) shows that a portion of the site is affected by the 1 in 100 year ARl peak
flood extents.

MOONEE

Flooding Extents

Legend
[A—

=
[ 1 o e et
[ e

MOONEE BEACH

Figure 3: Flood extents mapping for Moonee Creek and tributaries (Bewsher Consulting, 2005).

2.4.3 Cardno Lawson Treloar (2007) The Glades, Moonee Beach — Hydraulic
Assessment

Cardno Lawson Treloar (CLT) previously developed a detailed MIKE 11
model for the ‘The Glades’ development (the site).

Full details of the CLT model are provided in the report, The Glades,
Moonee Beach - Hydraulic Assessment, (Cardno Lawson Treloar, 2007).
As part of their study, CLT extended the Paterson Model which utilised
RORB for hydrologic modelling and MIKE 11 for hydraulic modelling,
updated to the latest version and supplemented with additional cross-
sections and the addition of the Pacific Highway bridge over Skinners
Creek to improve model accuracy in the vicinity of the development.

The assessment considered three flood simulations (i.e. flood envelope)
to determine the 1% AEP flood event envelope curve as follows:

Flood Assessment:
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2.4.4

25

2.5.1

o 1% AEP flood event flows with normal high tide level as boundary
conditions (0.6 mAHD).

o 5% AEP flood event flows with 5% AEP tide level as boundary
conditions (adopted as 2.3 mAHD).

o 20% AEP flood event flows with 1% AEP tide level as boundary
conditions (adopted as 2.6 mAHD).

The development was modelled by assuming that all developed areas
would be filled to be above the 1% AEP flood level.

Modelling results for flood levels showed that the effects of the adjacent
development on local flooding levels were contained within the relevant
site (Lot 1 DP 725785). Modelling results indicated that downslope of
Moonee Creek section 6580, peak flood levels resulted from the high
tailwater scenarios rather than the peak flood flow scenario.

The CLT model and report have been verified and accepted by Coffs
Harbour City Council and has been reviewed by MA. The Cardno report
has been evaluated and will be superseded by this report.

Martens and Associates (2015) Flood Assessment: Moonee Beach Sub-
division of Lot 1 DP 1097743

Martens and Associates conducted a flood assessment for the area, and
summarised the assessment in the report Flood Assessment: Moonee
Beach Sub-division of Lot 1 DP 1097743 (2015), hereafter referred to as
the previous MA flood assessment (MA, 2015). As part of the study, MA
used XP-RAFTS for hydrologic modelling and TUFLOW for hydraulic
modelling. This flood assessment was subject o a peer review and has
since been approved by Coffs Harbour City Council (CCHC).

MA have used the previous MA flood assessment as a basis for the
preparation of the ‘existing conditions’ hydraulic model for the site in this
study.

Proposed Development
Subdivision Details
Proposed site subdivision is provided in Aftachment A and includes:

o Creation of 555 residential lots with lot sizes ranging from 600
to1,842 m2,

o A series of internal roads connecting the various stages of the
development and linking the site to future developments to the
south.
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2.5.2

2.5.3

o Parks and recreational areas.
Earthworks Design Details
Proposed site earthworks includes:

o Grading of proposed internals roads.

o Fill for proposed residential areas above flood plain.
Flood design details

Attachment B P1706361PS0T A050 shows 3 x 1.8 m x 2.4 m box culverts
are to be provided under ‘Road 4' to convey flows from Bucca Creek
through the southern portion of the site. These culverts have been sized
to minimize offsite flood impacts and maximise flood free areas in the
site.
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3.1

3.2

Hydrology Modelling

Overview

The RAFTS software package was used to assess the 5% AEP flood, 1%
AEP flood, 1% AEP flood with climate change and PMF peak flow rates
for a range of storm durations between 10 minutes and 24 hours.

Model Setup

Parameters used in the model are provided in Table 2 and Table 3. Model
inputs are as follows:

1.

Sub-catchment delineation, flow paths and slopes were developed
using the 1:25,000 Moonee Beach topographic map from Land and
Property Information (2001). Refer to Atftachment B PSO1-KOOO for
catchment plan. The unidentified creek line south of Cunninghams
Creek is labelled Cunninghams Creek South for the remainder of this
report.

Sub-catchment impervious areas were adopted based on zoning
maps and recent catchment aerials obtained from Nearmaps (2017).

Roughness coefficients (PERN) were determined using a weighted
average based on the XP-RAFTS (1996) User’s Manual and each sub-
catchment’s land use based on recent site aerials obtained from
Nearmaps (2017).

RAFTS parameters have been derived from the suggested values in
the XP-RAFTS (1996) User Manual. Sub-catchment surface soils are
assumed to be clay loam, based on the NSW Government
Environment & Heritage (2017) eSPADE - NSW Soil and Land
Information website.

Intensity Frequency Duration (IFD) data was obtained from Australian
Rainfall and Runoff (1987). BOM IFD data is consistent with the
previous MA flood model (MA, 2015).

1% AEP rainfall intensities were increased by 10% for the worst-case
climate change scenario in accordance with the Floodplain Risk
Management Guideline - Practical Consideration of Climate
Change (2007) for catchments within the Northern Rivers, as was
adopted for the previous MA flood study (MA, 2015).

Probable Maximum Precipitation (PMP) intensities and temporal
distributions were determined using the BOM (2003) Generalised
Short-Duration Method and BOM (2003) Generalised Tropical Storm
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3.3

Method. Rainfall data are consistent with the previous MA flood
model (MA, 2015).

Table 2: Details of sub-catchments used in RAFTS modelling.

Sub-catchment ! Area Impervious Pervious Impervious Pervious
(ha)? Area (ha) 2 Area (ha) 2 PERN 3 PERN 3
Moonee Upper 1,804.9 38.4 1,766.4 0.015 0.089 2.2
Moonee Lower 224.4 16.7 207.7 0.015 0.087 0.3
Skinners Ck 785.6 21.7 763.9 0.015 0.089 3.8
Bucca Ck 78.6 185 65.1 0.015 0.062 2.0
Cunninghams Ck 278.0 6.7 271.3 0.015 0.090 4.4
Cunninghams Ck— g9 19.0 63.6 0.015 0.063 6.4
South
Sugar Mill Ck 926.9 70.4 856.6 0.015 0.075 6.3
Total 4,181.0 186.4 3,994.6 0.015
Notes

1.  Obtained based on 1:25,000 Moonee Beach topographic map. Refer to Attachment B plan
PS01-KOQO for site catchment plan.

2. Adopfted based on recent catchment aerials obtained from Nearmaps (2017).

3. Obtained from the weighted average land use based on recent cafchment aerial
photographs obtained from Nearmaps (2017) and the XP-RAFTS User Manual (1996).

Table 3: Probable maximum precipitation data used in RAFTS modelling

PMP Data! Unit Value
PMP 15 min rainfall intfensity mm/hr 136.1
PMP 30 min rainfall intensity mm/hr 200.1
PMP 45 min rainfall infensity mm/hr 254.1
PMP 1 hour rainfall intensity mm/hr 302.1
PMP 1.5 hour rainfall intensity mm/hr 353.6
PMP 2 hour rainfall intensity mm/hr 400.5
PMP 3 hour rainfall intensity mm/hr 457.8
PMP 6 hour rainfall intensity mm/hr 588.5
PMP 9 hour rainfall intensity mm/hr 725.0
PMP 12 hour rainfall intensity mm/hr 860.0
PMP 18 hour rainfall intensity mm/hr 1100.0

Notes
1. Obtained using the BOM (2003) Generalised Short-Duration Method and BOM (2003)
Generalised Tropical Storm Method.

Resulis

Results of peak flow rates for catchments arriving at the site for the critical
duration 5% AEP flood event, 1% AEP flood event, 1% AEP flood event
with climate change and PMF events are summarised in Table 4.
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Additional storm durations were modelled to determine the critical storm
duration for the Bucca Creek catchment, in line with the peer reviewer
comments from the previous MA flood study (BMT WBM). RAFTS model
results for critical storm durations are provided in Table 4 and Table 5.

The crifical storm duratfion for the Moonee Creek catchment was
determined to be 9 hours for all modelled flood events. The critical storm
duration for the Bucca Creek catchment was determined to be 1.5 hours
for all modelled flood events. Results for critical storm duration peak flow
rates are provided in Table 4 and Table 5.

Table 4: Peak design storm flow rates for critical duration storms for the Monee Creek catchment
estimated by RAFTS modelling for sub-catchment flows.

Event 5% AEP 1% AEP 1% AEP (CC 1) PMF
Storm Duration Total (hr) 9.02 9.02 9.02 9.02
Moonee Creek Upper 127.5 193.4 215.5 605.5
Moonee Creek Lower 9.3 14.8 16.7 583
Skinners Creek 79.5 113.7 125.4 336.9
Bucca Creek 11.3 15.3 16.8 42.5
Cunninghams North 34.0 47.0 51.7 137.1
Cunninghams South 14.2 18.9 20.7 53.1
Sugar Mill Creek 119.6 164.1 180.3 471.6
Total 3 380.2 548.0 607.8 1,682.8

Notes

1. Based on 10% increased rainfall intensity in accordance with the Floodplain Risk Management
Guideline - Practical Consideration of Climate Change (2007) for catchments within the
Northern Rivers.

N

The 9 hr storm duration is for critical Moonee Creek for all flood events modelled.

w

The offset of the timing of each catchment's hydrograph means the total flow rate is not always
equal to the sum of all catchment peak flow rates.

{m/c)lrtens
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Table 5: Peak design storm flow rates for critical duration storms for the Bucca Creek catchment
estimated by RAFTS modelling for sub-catchment flows.

Event 5% AEP 1% AEP 1% AEP (CC ") PMF

Storm Duration Total (hr) 1.52 1.52 1.52 1.52
Moonee Creek Upper 50.1 79.8 91.0 375.2

Moonee Creek Lower 12.6 16.0 17.5 49.0
Skinners Creek 41.7 65.5 74.9 295.6

Bucca Creek 12.3 16.4 18.1 58.0
Cunninghams North 21.9 33.8 38.5 141.9
Cunninghams South 20.2 27.1 30.5 101.6
Sugar Mill Creek 80.9 119.4 135.2 494.5
Total 3 219.6 322.6 366.3 1373.4

Notes

1. Based on 10% increased rainfall intensity in accordance with the Floodplain Risk Management
Guideline - Practical Consideration of Climate Change (2007) for catchments within the
Northern Rivers.

The 1.5 hour storm is critical for Bucca Creek for all flood events modelled.

The offset of the timing of each catchment’s hydrograph means the total flow rate is not always
equal to the sum of all catchment peak flow rates.

w N
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4.1

4.2

Hydraulic Modelling

Overview

The TUFLOW hydraulic model was used to determine flood characteristics
including flood extents, levels, depths, velocities and hydraulic hazard for
the 1% AEP flood (envelope analysis), 1% AEP flood with climate change
and probable maximum flood (PMF) events for existing and proposed
conditions.

Scenarios

The hydraulic model was setup to represent the following flood condition
scenarios:

1. Existing condition: the catchment and site in their current state as
described in Sections 2.1, 2.2 and 2.3.

2. Proposed condition: the catchment inits current state and the site
in its proposed state as described in Section 2.5.

The site is subject to storm surge and high ocean levels as described in
Section 2.3. Combinations of catchment flooding and high ocean levels
were adopted from Department of Environment, Climate Change &
Water (DECC, 2010). Determining the joint probability of each of these
events coinciding at the site is outside the scope of this assessment. Each
of these scenarios was simulated in the hydraulic model to represent an
envelope analysis of possible site flood conditions.

As part of this envelope analysis, critical storm durations for the Moonee
Creek catchment and the local Bucca Creek catchment were assessed
in line with the peer reviewer's comments from the previous MA flood
study (MA, 2015). Details of critical storm durations for these catchments
are provided in Section 3.

In addition, climate change scenarios were assessed in accordance with
the NSW Department of Environment and Climate Change (2007),
Floodplain Risk Management Guideline Practical Consideration of
Climate Change. This included an increased rainfall intensity of 10% and
an increased ocean level of 0.91 m. The combinations of those flood
event scenarios were assessed in the hydraulic model as summarised in
Table 6.
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4.3

4.4

4.4.1

Table é: Combinations of catchment and ocean flood events adopted for modelling.

Scenario Catchment Event ! Ocean Event 2 Peak Ocean Level (mAHD) 2
1 5% AEP (9 Hour) 1% AEP 2.60
2 1% AEP (9 Hour) 5% AEP 2.25
3 1% AEP (9 Hour) Neap fide 0.60
4 PMF (9 Hour) Neap tide 0.60
5 1% AEP + CC 3 (9 hour) 5% AEP (CC 3) 3.163
6 5% AEP (1.5 hour) 1% AEP 2.60
7 1% AEP (1.5 hour) 5% AEP 2.25
8 1% AEP (1.5 hour) Neap tide 0.60
9 PMF (1.5 hour) Neap tide 0.60
10 1% AEP + CC 3 (1.5hour) 5% AEP (CC 9) 3.163
Notes

1. Critical duration flood events for Moonee Creek and Bucca Creek catchments as determined
by RAFTS modelling, refer Section 3.

2. Ocean levels obtained from Department of Environment, Climate Change & Water (2010),
Flood Risk Management Guide: Incorporating sea level rise benchmarks in flood risk
assessments.

3. Climate change analysis included a 10% increased rainfall intensity and a 0.91 m increased
ocean level, in accordance with NSW Department of Environment and Climate Change (2007),
Floodplain Risk Management Guideline Practical Consideration of Climate Change.

In summary, a total of 20 scenarios were modelled as part of this
assessment (2 flood condition scenarios and 10 flood events each). The
proposed conditions surface also included site design grading provided
by RDM (2017).

Terrain Data

3D surfaces for the local floodplain environment used in the TUFLOW
model are based on LIDAR provided by LPI (2013) and survey/LIDAR data
provided by Resource Design & Management (RDM, 2017) for ‘The
Glades’ development.

Detailed Existing Model Setup
Existing Conditions Model Setup
TUFLOW model construction for existing conditions consisted of:

1. Development of a 5.0 m topographic grid based on the available
data provided in Section 4.3.

2. Establishment of model extents defined from 350 m upstream of
Pacific Highway to the east of the site, to upstream of the
confluence of Skinners Creek and Moonee Creek approximately
250 m north of the site, to the ocean approximately 2.3 km
downstream of the site. Boundary extents were generally located
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along catchment ridgelines and connecting catchment high
points surrounding the study area.

Inclusion of inflow boundary conditions based on the crifical

duration 5% AEP, 1% AEP, 1% AEP with climate change, and PMF

hydrographs from RAFTS for each sub-catchment in Table 4 (see
page 16); with inflow locations shown in Attachment B: Flood
Assessment Planset.

Inclusion of varying ocean water levels for downstream model

extent boundary conditions based on DECC (2010) as described

in Section 4.2. The tidal events for the 5% AEP, 1% AEP, and 1% AEP
with climate change were conservatively modelled with a
constant peak water level.

. Assigning manning’s roughness coefficients based on Nearmap

Aerials (2017) for hydraulic modelling as shown in Table 7.

Inclusion of two bridge crossings under the Pacific Highway as
layered flow constrictions. Levels were adopted from RDM survey
(2017) and LIDAR, and AECOM SMEC JV (2011), Bridge Waterway
Crossings —Hydrology and Hydraulics study (BWCHHS). A structural
blockage of 0% was adopted based on the assessment
procedure in Australian Rainfall and Runoff (Weeks & Rigby, 2016)
and as per Council correspondence and recommendation.

Inclusion of 2 x 1500 mm concrete pipes at the crossing of Pacific
Highway over Bucca Creek. Leveled were adopted from RDM
survey (2017). A culvert blockage of 25% was adopted based on
the assessment procedure in Australion Rainfall and Runoff
(Weeks & Rigby, 2016).
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Table 7: Manning’s roughness values for TUFLOW modelling.

Catchment Material Type Manning'’s Roughness Coefficient !

Beach 0.025
Buildings 0.200
0.04 when depth<0.3 m
Creek
0.01 when depth > 0.6 m
Bushland / Riparian 0.100
Roads / Concrete 0.013
Rural Residential / Agricultural 0.035
Urban 0.015

Notes
1. Based on typical values from similar catchments and review of Nearmap images (2017).

4.4.2 Proposed Conditions

The following changes were made to the existing conditions flood model
to enable detailed modelling of proposed site conditions:

1. Inclusion of the RDM ‘Glades’ proposed site grading, including
internal roads.

2. Updating manning's roughness coefficients for the site to reflect
proposed development surfaces.

3. Inclusion of proposed culverts (3 x 1.8 m x 2.4 m rectangular box
culverts) at the crossing of Road 4 over Bucca Creek. A culvert
blockage of 25% was adopted based on the assessment
procedure in Australian Rainfall and Runoff (Weeks & Rigby, 2016).
Culvert location is provided in Attachment B: Flood Assessment
Planset.

All other model construction elements remained consistent with the
existing conditions model.

4.5 Resulis

Flood mapping results (flood levels, depths, velocities and provisional
hazard categories) for the critical duration 1% AEP flood (Scenario 2) in
existing and proposed conditions are provided in Attachment B: Flood
Assessment Planset, with drawing references summarised in Table 8.
These results are provided as they represent the scenario with the worst-
case offsite impacts. An additional flood map for the critical duration 1%
AEP flood with climate change is also provided as this controls proposed
flood planning levels.

Flood Assessment:

{p& r t ens The Glades Development, Lot 1 and 2 DP 725785, Pacific Highway, Moonee Beach, NSW
P1706361JRO1VO1 - January 2018
Page 21



4.6

4.6.1

Table 8: Flood map drawing references in Aftachment B (MA planset P1706361PS01).

Water Level Water Provisional Water Level
Scenario Flood Event & Depth (m) Velocity Hydraulic Hazard Impact (m)
P (W) Categories ! P
Existing Scenario 2 2 K100 K101 K102 =
Scenario 2 2 K200 K201 K202 K300
Proposed
Scenario 2 2 K210 - - -
Notes

1. Provisional hydraulic hazard categories are based on NSW Floodplain Development Manual
(2005) definitions and are shown in Figure 4.

2. Scenario 2is the critical duration (?hr) Moonee Creek 1% AEP catchment flood with the 5% AEP
ocean level, as described in Table 6.

3. Scenario 5 is the critfical duration (?hr) Moonee Creek 1% AEP with climate change event, as
described in Table 6. Climate change scenario based on 10% increased rainfall intensity in
accordance with the Floodplain Risk Management Guideline — Practical Consideration of
Climate Change (2007) for catchments within the Northern Rivers.

High
Hazard

Velocity (V m/sec)

02 04 08 1.0 12 20

I Depth of Flood at Site (D metres) |

Figure 4: Provisional hydraulic hazard categories (NSW Floodplain Development Manual, 2005).
Discussion

We note the following regarding modelled flood behaviour:

Existing Conditions

1. The primary source of flood affectation at the site is due to the
high tailwater condition in Moonee Creek.

2. Flood waters primarily flow through the southwest section of site
from west to east in the flow direction of Bucca Creek.

3. Overland flows from the Bucca Creek catchment back up behind
Pacific Highway due to the insufficient capacity of the existing 2 x
1,500 mm concrete pipes.

4. Maximum water levels and impacts for all scenarios modelled are
governed by the critical duration Moonee Creek events (9 hour
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storm) as opposed to the critical duration Bucca creek events (1.5
hour storm).

During the critical 1% AEP flood event there are overland flow
depths of up to 1.0 m within Bucca Creek. This transitions to
ponding at a distance of approximately 130 m downstream of the
creek exiting the site, with depths up to 0.8 m. The area
immediately adjacent to Bucca Creek is subject to overland
flooding and have higher flood levels in the area.

Flood velocities for all events up to the critical 1% AEP flood event
are generally:

a. Moderate (<1.0 m/s) in Bucca Creek.
b. Low (<0.2 m/s) in the area of the site north of Bucca Creek.
c. Low (<0.4 m/s) in the area of the site south of Bucca Creek.

Hydraulic hazard is infermediate to high within the centre of
Bucca Creek but is low for all areas outside of creek banks for all
events up to the critical 1% AEP flood event.

4.6.2 Proposed Conditions

1.

Proposed conditions adjacent to Bucca Creek reduce the area
of flood affectation, however the local floodplain characteristics
remain largely unchanged from existing conditions.

Flow through the existing 2 x 1500 mm concrete pipes in Bucca
Creek below Pacific Highway arrive at the site and flow through
the 3 x 2.4 x 1.8 m box culverts below proposed Road 4. These
culverts are sized to ensure that only a minor degree of overland
flow backs up behind the culverts in the critical 1% AEP flood
event.

The proposed earthworks render the residential footprint largely
flood free in the critical 1% AEP flood event. The proposed Road 4
crossing over Bucca Creek is flood free in the 1% AEP flood event,
with the road level (5.0 mAHD) 850 mm above the adjacent 1%
AEP flood level (4.15 mAHD).

None of the proposed roads are affected by flood water in the
crifical 1% AEP flood event. Of the 555 proposed lots, only 3 are
affected by flood waters in the critical 1% AEP flood event —lofs 1,
20 and 24 (refer Attachment A). These 3 lots are large (>1000 m?)
and only a small portion of each are affected by shallow, low
hazard flood waters. We consider that flood flooding will not be a
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major constraint for these lots, as building footprints can be
located clear of critical 1% AEP flood extents.

The critical 1% AEP flood level ranges from 2.94 to 4.15 mAHD, and
proposed earthworks are largely flood free.

Flood velocities for all events up to the critical 1% AEP flood event
are generally:

a. Moderate (<1.0 m/s) in Bucca Creek.
b. Less than 1.7 m/sin the proposed culverts under Road 4.

c. Eliminated from the development footprint due to the
proposed earthworks being above the critical 1% AEP flood
event,

Hydraulic hazard is infermediate to high within Bucca Creek and
is outside the development footprint due to the proposed
earthworks. Hydraulic hazard is low within the site up to the 1% AEP
flood event with climate change.

The PMF flood level varies from 4.5-5.2 mAHD across the site. A
shelter-in-place evacuation strategy is recommended for future
proposed dwellings with a second story for each building.

4.6.3 Offsite Flood Impacts

1.

The proposed development does not have material offsite
impacts on water levels. There is a small area of approximately 58
m?2 impact within the Bucca Creek creekline of up to 70 mm in the
critical 1% AEP flood event at the sites’ western boundary
adjacent to Pacific Highway. This impact is negligible considering
its small area and its’ location within the existing creek.

There are no other offsite water level impacts in the critical 1% AEP
flood event, and no residential properties are negatively affected.
The proposed development therefore has an acceptable impact
on the local floodplain environment.

4.6.4 Climate Change Analysis

1.

The crifical 1% AEP with climate change flood level yields
maximum water levels of 3.53 - 4.18 mAHD. To comply with
Council’s freeboard controls, the proposed flood planning level
(FPL) will be 500 mm above the 1% AEP with climate change flood
level of 4.03 - 4.68.
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2. With the exception of the 3 lots discussed in section 4.6.2, the
proposed earthworks are flood free up to the critical 1% AEP flood
event with climate change.

3. Table 9 summarises flood levels and the recommended flood
planning levels for the proposed development.

Table 9: Flood levels and recommended flood planning level

Flood FPLI
Scenario  Duration (hr) Rainfall Ocean Level' (MAHD)
(mAHD)

2 9.0 1% AEP 5% AEP 2.94-4.15 3.44 - 4.65
4 9.0 PMF Neap Tide 4.51-522 -

1% AEP + Climate 5% AEP +
5 9.0 Change Climate Change 3.53-4.18 4,03 -4.68
7 1.5 1% AEP 5% AEP 2.49 - 4.03 2.99 -4.53
9 1.5 PMF Neap Tide 3.76 — 4.66 -

1% AEP + Climate 5% AEP +
10 1.5 Change Climate Change 3.29 - 4.06 3.79 - 4.56

Recommended FPL  4.03 - 4.68 2

Notes
1. Flood level and therefore recommended flood planning levels vary across the site. Refer
fo Aftachment B: Flood Assessment Planset for details.
2. We note this is marginally higher than the 4.00 mAHD FPL adopted to the south in the MA
2015 flood report, because this study has adopted slightly higher ocean boundary
conditions.
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Summary and Recommendations

A detailed hydrologic and hydraulic model has been prepared for the
site consistent with Council’'s accepted MA 2015 TUFLOW model
provided in MA P1002663JR0O8V01, with additional site survey and
proposed design elements to assess local flood characteristics.

The models were used to determine the existing and proposed flood
conditions in the 1% AEP envelope analysis (with and without climate
change), and PMF events. Modelling concluded that:

1.

The proposed development does not have any material offsite
water level impacts.

The proposed development areais flood free in the critical 1% AEP
flood event with climate change.

Compliance with Council flood planning level requirements for
future buildings and roads are achievable.

The following recommendations are made:

1.

All proposed dwellings are to have a finished floor levels at 4.03 -
4.68 mAHD (0.5m higher than determined flood levels), in
accordance with drawing PSO01-K210 produced in this report.

Should the proposed development footprint change, or
significant changes to the proposed design levels and/or culvert
design occur (as shown on Drawing PSO1-A050), an updated flood
model with detailed earthworks should be prepared at
Construction Certificate stage.

The proposed development has been designed to ensure compatibility
with the existing floodplain environment. As the proposed development

has been designed to achieve Council requirements, no further
recommendations are considered necessary.
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