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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 transmitted, 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 contract / quotation
between Martens & Associates Pty Ltd and Tolucy Pty Ltd (hereafter known as the Client). That scope of works and
services were defined by the requests of the Client, by the time and budgetary constraints 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.

Flood Assessment:

{j}é r t ens 58 Laitoki Road, Terrey Hills, NSW

P1504710JRO7V01 — October 2018
Page 2



© October 2018
Copyright Martens & Associates Pty Ltd
All Rights Reserved

Head Office
Suite 201, 20 George Street
Hornsby, NSW 2077, Australia
ACN 070 240 890 ABN 85 070 240 890
Phone: +61-2-9476-9999
Fax: +61-2-9476-8767
Email: mail@martens.com.au
Web: www.martens.com.au

Document and Distribution Status

Application

Author(s) Project Manager Signature
Ali Attar Daniel Dhiacou Gray Taylor
Document Location

o

=z > >

< Release Q [

o ipti [9)

2 Description Status Date 8 > g

o 0 2

o T e}

Development .
1 Final 09.10.2018 1P, 1E 1P

Distribution Types: F = Fax, H = hard copy, P = PDF document, E = Other electronic format. Digifs indicate number of document copies.

All enquiries regarding this project are to be directed to the Project Manager.

(m/c)lrtens

Flood Assessment:
58 Laitoki Road, Terrey Hills, NSW
P1504710JR0O7V01 — October 2018

Page 3



Executive Summary

Martens & Associates Pty Ltd (MA) have prepared this flood assessment to support a
development application (DA) for a proposed seniors living development at 58 Laitoki
Road, Terrey Hills, NSW (the site). This report documents the procedures and findings of
hydrologic and hydraulic modelling of the site in existing and proposed conditions.

Assessment concluded that:

1.

2.

The site is classified as a ‘low flood risk precinct’.

The site in its existing conditions is partly affected by flood waters during the 1%
AEP and PMF events.

The proposed design effectively renders the entirety of the development area
flood free in the 1%AEP and PMF flood events.

Site evacuation from site egresses to Laitoki Road and Cooyong Road are
always accessible during the 1% AEP and PMF flood events and site shelter-in-
place is available for all building levels.

Compliance with Council’'s flood planning level requirements for the proposed
development are achieved.

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 seniors living
development at 58 Laitoki Road, Terrey Hills, NSW (the site). Refer to
Attachment A for site survey and Attachment B for proposed site layout.

Project Scope and Objectives

Project scope and objectives are:

1.

Prepare a hydrologic model (ILSAX) for the site to determine the
peak flow of the 1% annual exceedance probability (AEP) flood
and probable maximum flood (PMF) events.

Prepare a hydraulic model (TUFLOW) for the site under existing
and proposed conditions.

Prepare relevant flood maps including flood extents, depths,
levels, velocities, hazards and impacts.

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.

Bureau of Meteorology (2003), The Estimation of Probable
Maximum Precipitation in Australia: Generalised Short-Duration
Method.

Commonwealth of Australia (Geoscience Australia) (2016),
Australian Rainfall and Runoff — A Guide to Flood Estimation.

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

Warringah Council (2011a), Warringah Local Environmental Plan
(LEP).

Warringah Council (2011b), Warringah Development Control Plan
(DCP).
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1.4

Definitions

AEP

ARI

ARR
BOM

Council

DA
FFL

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

Northern Beaches Council (NBC) (formerly Warringah
Council)

Development application
Finished Flood Level

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

Martens & Associates Pty Ltd

Probable maximum flood — the most extreme flood event
possible for a certain location, with an approximate ARI of
1,000,000 to 10,000,000 years.

Probable maximum precipitation — design rainfall data for
extreme storm events.
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2.1

2.2

23

Site Description and Background Data

Location and Site Description

Existing site description summary is provided in Table 1.

Table 1: Existing site description summary.

Address 58 Laitoki Road, Terrey Hills, NSW 2084.
Lot / DP Lot 368 DP 752017

Site Area 1.95 Ha

Local Government Area Northern Beaches Council (formerly Warringah Council)
(LGA)

Current Land Use Rural residential and horse boarding / training establishment.
Current Zoning RU4 Primary production small lots

Site Description The site grades to the west and is primarily grassed with frees
along the site boundary. There are four buildings, a
swimming pool, intfernal driveways and several animal
boarding amenities on the site. The site access is via
Cooyong Road.

Surrounding Land Uses Low density residential to the east and rural residential to the
other sides.
Site Elevation Approximately 198.0 mAHD at south eastern site boundary

falling to 170.2 mAHD at westemn site boundary.
Site Grading & Aspect Approximately 10% with westerly aspect.

Site Drainage Neverfail Gully Creek runs along the western site boundary.

Site Inspection
Site inspection was conducted on 19 July 2018 and included:

o General walkover to identify land forms and site characteristics to
understand local drainage behaviour.

o lIdentification and observation of existing site stormwater
infrastructure and natural drainage lines.

Catchment Description
We note the following regarding the catchment upstream of the site:

o The site is located within the Neverfail Gully Creek catchment
which is an upper tributary of Kierans Creek.

o Upstream catchment is urbanised to the north and east of the site,
and is rural residential to the north and west of the site.
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24

25

2.5.1

2.6

2.6.1

o The total catchment area is 88.4 ha and is shown in Attachment
D plan PS04-K00O.

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

o Overland flows from the local upstream catchment (refer to
Section 2.3).

o Flood overbank flows from Neverfail Gully Creek.
Previous Flood Studies

A review of previous flood investigations was undertaken to assess likely
local flood behaviour and characteristics for the site and the Neverfail
Gully Creek catchment. Review did not identify any Council flood
studies, but instead identified a previous flood study undertaken by MA
which would be relevant to this assessment.

MA (2013) Flood Assessment: 83 Booralie Road, Terrey Hills, NSW

MA has undertaken a flood assessment for a property approximately
190 m upstream of the site at 83 Booralie Road, Terrey Hills. The study was
prepared to support a development application for a seniors living
development at the site (DA 2013/0796). This flood assessment has been
accepted by Warringah Council, and construction of buildings at the
above address has been completed. Full details of the flood study are
provided in P1203558JR09VO1.

Proposed Development
Overview

Architectural drawings prepared by Calder Flower Architects
(Attachment B) indicate that the proposed development will include:

o Demolition of existing structures on site.

o Construction of a new two - storey seniors living residential
complex, including basement and ground carparking areas.

o Two access roads to Cooyong Road, internal driveways and
multiple footpaths.
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The following sections describe various elements of the proposed site
layout, which was iteratively and holistically designed to ensure project
objectives were met.

2.6.2 Earthworks Design Details

Proposed site earthworks plan and proposed road design plan are
provided in MA planset P1504710PS05-C 100 and P1504710PS05-D100 (not
attached to this report) and include:

o Bulk earthworks outside the riparian area o maximise
developable area.

o Filing in areas of minor flood affectation to elevate the proposed
development above the floodplain, and compensatory cut in
flood free areas to achieve balanced earthworks and to minimise
offsite impacts.

o Internal site grading design.

o Earthworks at north-western corner of the site to redirect the
floodwaters into Neverfail Gully Creek.

2.6.3 Stormwater Design Details

Proposed site drainage plan is provided in MA planset P1504710PS05-
ET100 (not attached to this report) and includes:

o Site drainage pit and pipe network with variable pipe sizes.
o Gross pollutant fraps to control site discharge stormwater quality.

o On-site detention (OSD) tank to regulate site discharge
stormwater quantity.
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3 Hydrology Modelling

3.1 Overview

For this assessment the previously NBC approved DRAINS model
developed for the flood assessment at the upstream site (83 Booralie
Road) was used. The catchment area and times of concentration were
updated to represent the increased catchment areas arriving at 58
Laitoki Road.

The DRAINS software package (version 2018.06 — 17 July, 2018) was used
with the ILSAX hydrological engine to assess the 1% AEP flood and PMF
peak flow rates for a range of storm durations between 5 minutes and 6
hours.

3.2 Model Setup

Parameters used for the updated DRAINS model are consistent with the
flood assessment for 83 Booralie Road and are provided in Table 2 and
Table 3. Model inputs are as follows:

1. Sub-catchment delineations and flow paths were updated using
LIDAR data provided by Land and Property Information NSW (LPI
2013) and site survey provided by Bee & Lethbridge Pty Ltd. Refer to
Attachment D PS04-K00O for site catchment plan.

2. Sub-catchment impervious areas were adopted based on recent
catchment aerials obtained from Nearmaps (2018).

3. Sub-catchment fimes of concentration were calculated based on
individual catchment properties and reach flow paths (kerb /
overland / channel / pipe flow etc).

4. Intensity Frequency Duration (IFD) data, rainfall temporal patterns
and Probable Maximum Precipitation (PMP) data were based on the
previous MA flood assessment at 83 Booralie Road. Data was based
on Australion Rainfall & Runoff (1987) and BOM (2003). Refer to
P1203558JR09VO01 for details.

5. ILSAX parameters have been adopted from the previous MA flood
assessment and are based on the suggested values in the DRAINS
(2018) user’s manual.

6. DRAINS model layout is provided in Attachment D PS04-K010.
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3.3

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

Pervious

Time of Concentration (min) 3

Sub-catchment!'  Area (ha)!’ 'mFE;r;lizous
Catchment 1 26.5 40
Catchment 2 248 42
Catchment 3 15.4 18
Catchment 4 7.9 2
Catchment 5 4.2 20
Catchment 6 9.5 29
Total 88.4
Notes

1.  Obtained based on LIDAR data provided by LPI (2013). Refer to Attachment D plan PS04-K0O00

for site catchment plan.

(%) ?
40
38
82
79
80
71

Impervious Pervious
22.5 28.1
14.5 21.5
14.5 20.3
15.9 13.1
8.8 17.1
9.6 19.3

2. Adopfted based on recent catchment aerials obtained from Nearmaps (2018).

3. Calculated based on individual catchment properties and reach flow paths (kerb / overland /

channel / pipe flow etc).

Table 3: Probable maximum precipitation data used in DRAINS modelling.

PMP Data !
PMP 15 min rainfall intensity
PMP 30 min rainfall intensity
PMP 45 min rainfall intensity
PMP 1 hour rainfall intensity
PMP 1.5 hour rainfall intensity
PMP 2 hour rainfall intensity
PMP 3 hour rainfall intensity

PMP 6 hour rainfall intensity

Unit
mm/hr
mm/hr
mm/hr
mm/hr
mm/hr
mm/hr
mm/hr

mm/hr

Valve
650.0
450.2
379.7
330.3
275.9
239.5
190.3
125.0

Notes

1. Adopted based on the previously approved DRAINS model using the BOM (2003) Generalised

Short Duration Method.

Resulis

Results of peak flow rates for sub-catchments arriving at the site for the
critical duratfion 1% AEP flood event and PMF event are summarised in
Table 4. The critical storm duratfion was determined to be 2 hours for the
1% AEP flood event and 30 minutes for the PMF event. DRAINS model
results for critical storm durations are provided in Attachment D PS04-

KOT5.
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Table 4: Peak 1% AEP and PMF flow rates for critical duration storms estimated by DRAINS modelling
for sub-catchments arriving at the site.

Peak Catchment Flow Rates (m3/s)
Sub-catchment 1% AEP (2 hrs) PMF (30 mins)

1 10.5 34.5

2 11.2 38.5

3 6.3 21.8

4 3.7 13.7

5 1.9 6.1

6 4.4 13.7
Total 3747 119.11

Notes

1. 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.
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4.1

4.2

4.3

Hydraulic Modelling

Overview

The TUFLOW hydraulic model was used to determine flood characteristics
including flood extents, levels, depths, velocities, hydraulic hazard and
water level impacts for the critical 1% AEP flood and 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 are in their current state
as described in Sections 2.1, 2.3 and 2.4.

2. Proposed condition: the catchment inits current state and the site
in its proposed state as described in Section 2.6.

The hydraulic model was used to assess flooding for the following events:
3. 1% AEP 2 hours (critical duration) event.
4. PMF 30 minutes (critical duration) event.

In summary, a total of 4 scenarios were modelled as part of this
assessment (2 flood condition scenarios and 2 flood events each).

Terrain Data

A 3D surface for the existing catchment site and local floodplain
environment was prepared for the TUFLOW model using:

1. LIDAR data provided by LPI (2013).

2. Site survey data provided by Bee & Lethbridge Pty Ltd (May 2015)
(Attachment A).

3. Survey data for 83 Booralie Road provided by Bee & Lethbridge
Pty Ltd (September 2012).

4. Survey data for 85 Booralie Road provided by Bee & Lethbridge
Pty Ltd and works as executed Neverfail Gully Creek channel
survey downstream of Laitoki Road (May 2016).

5. Survey data for 25 Laitoki Road provided by Bee & Lethbridge Pty
Ltd (November 2017).
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4.4

The proposed conditions surface also included site design grading as
shown in MA planset P1504710PS05-C100 (not attached to this report).

Model Setup

4.4.1 Existing Conditions

TUFLOW model construction for existing conditions consisted of:

1.

2.

A 1.0 m topographic grid based on the data listed in Section 4.3.

The model domain was defined from a point downstream of the
Laitoki Road culvert 450 m upstream of the site to a point 240 m
downstream of Cooyong Road. Model boundary extents were
generally placed along Neverfail Gully Creek ridgelines and
connecting high points surrounding the study area.

Inflow boundary conditions based on the critical duration 1% AEP
and PMF hydrographs from DRAINS for each of the six sub-
catchments discharging to the study area.

Computed water slopes for downstream model extent boundary
conditions based on the slopes from available LIDAR data.

Manning’s zones based on Nearmaps (2018) aerial photography
of the study area with roughness coefficients adopted from the
MA flood assessment as per Table 5.

Existing buildings obstructions were represented as elevated cells
in the model.

A 1050 mm pipe at northern property bybassing stormwaters from
upstream to downstream (noth-west of the site) was modelled as
a 1D element based on the Bee & Lethbridge Pty Ltd survey and
LIDAR data, and a 25% blockage was adopted based on the
assessment procedure in Australian Rainfall and Runoff (Weeks &
Rigby, 2016).

The 3 x 1050 mm pipes below Cooyong Road were modelled as
a 1D element based on the Bee & Lethbridge Pty Ltd survey data,
and a 25% blockage was adopted based on the assessment
procedure in Australian Rainfall and Runoff (Weeks & Rigby, 2016).
All other pits and pipesin the study area have conservatively been
assumed to be 100% blocked.
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Table 5: Manning’s roughness values for TUFLOW modelling.

Catchment Material Type Manning’s Roughness Coefficient !

Low Density Vegetation 0.035
High Density Vegetation 0.080
Developed Creek bed 0.045

Roads / Concrete 0.150

Notes
1. Based on the previous MA flood assessment (83 Booralie Road).

4.4.2 Proposed Conditions

The existing conditions model was modified as follows to simulate
proposed conditions:

1. A 1.0 m topographic grid based on the available proposed site
surface.

2. Site manning's zones were updated to represent design surfaces
as detailed in Section 4.3.

3. Site buildings were removed and replaced with proposed
buildings to model as flow obstructions.

4. Internal stormwater network was conservatively assumed to be
100% blocked.

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

4.5 Resulis
4.5.1 Flood Results

Flood mapping results (flood levels, depths, velocities provisional hazard
categories and flood level impacts) for the critical duration 1% AEP flood
event and PMF events in existing and proposed conditions are provided
in Aftachment D, with drawing references summarised in Table 6.

Table é: Flood map drawing references in Attachment D (MA planset P1504710PS04).

FIoc_:c} Cnhc.ql Water Level Water Prov[5|onql Water Level
Condition Duration & Depth Velocity Hydraulic Hazard Afflux
Scenario Flood Event P Categories !

Existing 1% AEP K100 K101 K102 -
Conditions PMF K110 K111 K112 -
Proposed 1% AEP K200 K201 K202 K300
Condifions PMF K210 K211 K212 K310
Notes
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4.6

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

Figure 1: Provisional hydraulic hazard categories (NSW Floodplain Development Manual, 2005).

Discussion

We note the following regarding modelled flood behaviour:

4.6.1 Existing Conditions

1.

The primary source of site flooding is overland flow in Neverfail
Creek west of Laitoki Road.

Flood waters cross Laitoki Road at the sag point and flow onto 35
Laitoki Road upstream of the site.

Flood waters affect the western portion of the site as they reach
the boundary of Neverfail Gully Creek.

Overbank flows from Neverfail Gully Creek upstream of the site
also contribute to site flood affectation.

Flood waters primarily flow from the north western site boundary
tfoward south western site boundary in the direction of Neverfail
Gully Creek.

Flood waters encroaching the site development area form a
shallow overland flow path with depths of less than 250 mm for the
critical PMF and less than 100 mm for the critical 1% AEP event.

Provisional flood hazards across the flood affected portion of the
site are low in the 1% AEP and PMF events.
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4.6.2 Proposed Conditions

1. Proposed flooding conditions are largely unchanged from existing
conditions, and the proposed earthworks do not materially affect
local flood characteristics.

2. The proposed design effectively renders the entirety of the
development area flood free in the 1% AEP flood and PMF events.

3. The peak 1% AEP flood level at the site is 175.0 mAHD, and the
peak PMF level at the site is 175.5 mAHD.

4. Floorlevel compliance:

a. NBC classify the site as a low flood risk planning precinct,
and require minimum habitable level for the development
to be ‘set at the PMF level or the 1% AEP level plus 500 mm
freeboard whichever is greater’ (Warringah DCP 2011).

b. Table 6 demonstrates that proposed habitable finished
floor level (FFL) for the proposed development is above
NBC's minimum acceptable floor level and indicates that
the proposed development achieves compliance with
NBC requirements.

5. All site habitable floor levels are at or above the peak PMF level
of 175.5 mAHD and evacuation from site egresses to Laitoki Road
and Cooyong Road is always available during flood events up to
and including the PMF. Therefore, no evacuation plan is required
for the proposed development.

Table 7: Minimum accepted habitable floor levels for the proposed development.

1% AEP PMF Water 1% AEP Water Minimum Minimum Complies
Water Level Level Level + 500mm Accepted FFL proposed FFL
(mAHD) ' (mAHD) 2 (mAHD) (mAHD) 3 (mAHD) 4
175.00 175.50 175.50 175.50 175.85 Yes
Notes

1. Refer Attachment D PS01-K200 for modelled proposed 1% AEP flood levels.
2. Refer Attachment D PSO1-K210 for modelled proposed PMF flood levels.

3. NBC requires the minimum habitable floor level to be set at the PMF level or the 1% AEP level
plus 500 mm freeboard whichever is greater.

4. Refer architectural drawings (Attachment B).
4.6.3 Offsite Flood Impacts

1. The proposed development has no offsite impacts above 20 mm
on the floodplain environment in the 1% AEP event.
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2. Inaddition, the proposed earthworks cause reduction in upstream
flood levels, and therefore have a net beneficial effect on the
northern property.

3. There are small areas of offsite flood level increase above 50 mm
in the PMF (up to 100 mm increase) on the northern property.

4. Given that the proposed development causes reduction in flood
levels and provides a net benefit for the northern property during
the more frequent flood events up to and including the 1% AEP
flood, small areas of flood level increase during the PMF event are
of immaterial significance and are considered acceptable.
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Compliance Assessment

NBC requires compliance with the Warringah Council LEP and DCP
(2011) for the proposed development. Flood specific controls are
provided in the DCP at clause E11 ‘Flood Liable Land’. We note that:

o Thessite development areais classified as a ‘low flood risk precinct’
by NBC as it is above the flood planning level (FPL of 1% AEP plus
500 mm freeboard).

o The proposed development is a seniors living development which
is categorised as a ‘vulnerable use’.

A compliance assessment for the proposed development is summarised
in Table 8.

This assessment demonstrates that the proposed development complies
with the Council flood requirements.

(m/c)lrtens
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Table 8: Compliance with Warringah Council DCP (2011) development matrix prescriptive confrols.

Warringah Council DCP Requirement Compliance

A. FLOOD EFFECTS CAUSED BY DEVELOPMENT

A2. Certification shall be provided in accordance with Northern Beaches Council's (1) Refer to Attachment C.
Standard Hydraulic Certification Form (Forms A and Al of Northern Beaches
Council's Guidelines for preparing a Flood Management Report) to the effect that
works have been designed and can be constructed to adequately address flood
risk management issues.

A3. The applicant shall include in their submission, calculations to illustrate that any fill (2) The proposed development will not materially affect the flood storage or
or other structures that reduce the total flood storage are replaced by flood levels as demonstrated by the impact plots (refer to Attachment D
Compensatory Works. plan PS04-K300 & K310). Comparison of existing and proposed condition

velocity plots indicate no material impacts are expected.

A4. Development (including earthworks and subdivision) shall not be approved unless
it can be demonstrated in Flood Management Report that it been designed and
can be constructed so that in a Probable Maximum Flood event:

(a) There are no adverse impacts on flood levels and velocities caused by (3) As discussed at (2).

alterations to the flood conveyance;

(b) There are no adverse impacts on surrounding properties; (4) Asdiscussed at (2).

(c) Itissited to minimise exposure fo flood hazard. (5) The proposed development minimises exposure to flood hazards due to
being constructed at least 250 mm above the flood planning level (175.5
mAHD) and PMF level.

Where relevant certification shall also be provided in Northern Beaches Council's (6) Asdiscussed at (1).

Standard Certification Form (Forms A and Al of Northern Beaches Council)

B. DRAINAGE INFRASTRUCTURE AND CREEK WORKS

B1. Flood mitigation works or stormwater devices that modify a major drainage (7) No major flood mitigation works or stormwater devices are proposed for
system, stormwater system, natural water course, floodway or flood behaviour the development.
within or outside the development site may be permitted subject to demonstration
through a Flood Management Report that they comply with the Flood Prone Land
Design Standard found on Council's webpage.

B2. A Section 88B notation under the Conveyancing Act 1919 may be required to be (8) NA
placed on the title describing the location and type of flood mitigation works with
a requirement for their retention and maintenance.

Flood Assessment:
mar t ens 58 Laitoki Road, Terrey Hills, NSW

P1504710JR0O7V01 — October 2018
Page 21


https://eservices.northernbeaches.nsw.gov.au/ePlanning/live/pages/plan/book.aspx?exhibit=DCP
https://eservices.northernbeaches.nsw.gov.au/ePlanning/live/pages/plan/book.aspx?exhibit=DCP
https://eservices.northernbeaches.nsw.gov.au/ePlanning/live/pages/plan/book.aspx?exhibit=DCP
https://eservices.northernbeaches.nsw.gov.au/ePlanning/live/pages/plan/book.aspx?exhibit=DCP
https://eservices.northernbeaches.nsw.gov.au/ePlanning/live/pages/plan/book.aspx?exhibit=DCP

Warringah Council DCP Requirement Compliance

C. BUILDING COMPONENTS AND STRUCTURAL SOUNDNESS
C1. All buildings shall be designed and constructed as flood compatible buildings in (92) All structural elements, external and internal finishes up to the PMF (175.5
accordance with Reducing Vulnerability of Buildings to Flood Damage: Guidance mAHD) are to be constructed from flood compatible building components.
on Building in Flood Prone Areas, Hawkesbury-Nepean Floodplain Management Building materials shall be designed considering the forces of the
Steering Committee (2006). floodwater, debris, buoyancy and inundation. Details will be provided at
detailed design stage.
C2. All structures must be designed and constructed to ensure structural integrity up fo  (10) As discussed at (9).
the Flood Planning Level, taking into account the forces of floodwater, wave
action, flowing water with debris, buoyancy and immersion. Structural certification
shall be provided confirming the above. Where shelter-in-place refuge is to be
provided the structural integrity is fo be fo the Probable Maximum Flood level.
C3. All new electrical equipment, power points, wiring, fuel lines, sewerage systems or (11) All electrical services, power points, fittings, and equipment will be above
any other service pipes and connections must be waterproofed and/or located the FPL.
above the Flood Planning Level. All existing electrical equipment and power points
located below the Flood Planning Level must have residual current devices
installed that turn off all electricity supply fo the property when flood waters are
defected.
D. STORAGE OF GOODS
D1. Hazardous or potentially polluting materials shall not be stored below the Flood (12) Hazardous or potentially polluting materials are not expected to be stored
Planning Level unless adequately protected from floodwaters in accordance with on site.
industry standards.
D2. Goods, materials or other products which may be highly suscepfible to water (13) Products which are highly susceptible to water damage will not be stored
damage are to be located/stored above the Flood Planning Level. below the FPL, and adequate storage room is available at higher levels.
E. FLOOD EMERGENCY RESPONSE
E1. Development shall comply with Council's lood Emergency Response Planning for (14) The proposed design effectively renders the enfirety of the development
Development in Pittwater Policy and the outcomes of any Flood Risk Emergency area flood free in the 1% AEP flood and PMF flood events. As such, the
Assessment Report where it applies to the land. proposed development will enable safe occupation for all occupants and
visitors up to and including the PMF event.
(15) In addition, site evacuation from site egresses to Laitoki Road and
Cooyong Road are always accessible during the 1% AEP and PMF events.
E2. New development must provide an appropriately sized area to safely shelter-in- (16) As discussed at (14) (15).
place above the Probable Maximum Flood level and appropriate access to this
area should be available from all areas within the development.
Flood Assessment:
58 Laitoki Road, Terrey Hills, NSW
martens
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Warringah Council DCP Requirement Compliance

E3. Adequate Warning Systems, Signage and Exits shall be installed to allow safe and (17) Not applicable as occupants can shelter-in-place for all flood events up
orderly evacuation without reliance upon the SES or other authorised emergency fo and including the PMF.
services personnel.

F. FLOOR LEVELS

F2. All development structures must be designed and constructed so as not to impede (18) As discussed at (2) and (9).
the floodway or flood conveyance on the site, as well as ensuring no loss of flood
storage in a 1% AEP Event. Where the dwelling is located over a flow path it must
be elevated on suspended pier/pile footings such that the level of the underside
of all floors including balconies and decks within the flood affected area are at or
above, or raised fo the Flood Planning Level to allow clear passage of the
floodwaters under the building. The development must comply with the Flood
Prone Land Design Standard.

For suspended pier/pile footings, there must also be sufficient openings in (19) NA
perimeter walls located below the 1% AEP flood level to allow for the flood waters
to flow through unimpeded:

(a) The underfloor area of the dwelling below the 1% AEP flood level is to be (20) NA
designed and constructed to allow clear passage of floodwaters.

(b) 50-75% of the perimeter of the underfloor area is of an open design between (21) NA
the natural ground level and the 1% AEP flood level. Only 25-50% of the
perimeter would be permitted to be solid.

(c) No solid areas of the perimeter of the underfloor area would be permitted in a (22) NA
floodway.
F3. Where the lowest floor has been elevated to allow the passage of flood waters, a (23) NA

restriction shall be imposed on the title of the land, pursuant to S88B of the
Conveyancing Act confirming that the undercroft area is not to be enclosed.

F7. All floor levels within the development shall be at or above the Probable Maximum (24) The proposed development ground surface level is at or above 175.5
Flood level of Flood Planning Level whichever is higher. mAHD which is at the PMF level and the FPL. As such, the lowest habitable
levelis at175.85 mAHD and therefore, also above the PMF and FPL.

G. CARPARKING
G2. The lowest floor level of open carparks and carports (unroofed or with open sides) (25) As discussed at (24).
shall be constructed no lower than the natural ground levels.

Gé. Carports must comply with the Flood Prone Land Design Standard. (26) NA
Car ports must:

Flood Assessment:
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Warringah Council DCP Requirement Compliance

(a) Be of an open design, where 50-75% of the perimeter walls are ‘open’
between natural ground level and the Flood Planning Level. Only 25-50% of the
perimeter wall would be permitted to be ‘solid’, openings should permit a 75
mm sphere to pass through, and should not impede the flow of water.

(b) Constructed of flood compatible material.

G7. Where a driveway is required to be raised it must be demonstrated that there is no

loss to flood stage in the 1% AEP flood event and no impact on flood conveyance
through the site.

G9. All enclosed carparks must be protected from inundation up to the PMF level or

Flood Planning Level whichever is higher. All access, ventilation and any other
potential water entry points to any enclosed car parking shall be above the
relevant PMF Flood Level or Flood Planning Level whichever is higher.

G10. Enclosed Garages must be located at or above the PMF Level or Flood Planning

HI.

.

Level whichever is higher.

FENCING

Fencing, including pool fencing, shall be designed so as not to impede the flow of
flood waters and not to increase flood affectation on surrounding land.
Appropriate fencing must comply with the Flood Prone Land Design Standard in
addition to other regulatory requirements of pool fencing.

Fencing (including pool fencing, boundary fencing, balcony balustrades and
accessway balustrades) shall be open for passage of flood waters - All new
fencing on the property must be flood compatible with 50-75% of the fence being
of an open design between the natural ground level and the Flood Planning
Level. Only 25-50% of the perimeter fence would be permitted to be solid.
Openings should permit a 75 mm sphere to pass through, and should not impede
the flow of water.

POOLS

Pools located within the 1% AEP flood extent are to be in-ground, with coping flush
with natural ground level. Where it is not possible to have pool coping flush with
natural ground level, it must be demonstrated that the development will result in
no net loss of flood storage and no impact on flood conveyance on or from the
site.

All electrical equipment associated with the pool (including pool pumps) is fo be
waterproofed and/or located at or above the Flood Planning Level.

(27)

(28)
(29)

(30)

(31)

(32)

(33)

(34)

(35)

NA

NA
NA

As discussed at (24).

As discussed at (24).

NA

NA

NA

NA

martens
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Warringah Council DCP Requirement Compliance

All chemicals associated with the pool are to be stored at or above the flood (36) NA
planning level.
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Summary and Recommendations

A detailed hydrologic and hydraulic model has been developed for the
site using the previously accepted MA flood assessment for 83 Booralie
Road. Detailed survey data for several sites in the local area and
proposed design elements for 83 Booralie Road were used to assess local
flood characteristics.

The model was used to determine the existing and proposed flood
conditions in the 1% AEP and PMF flood events. Assessment concluded
that:

1. The site in its existing conditions is partly affected by flood waters
during the 1% AEP and PMF events.

2. The proposed design effectively renders the entirety of the
development area flood free in the 1% AEP flood and PMF events.

3. Site evacuation from site egresses to Laitoki Road and Cooyong
Road are always accessible during the 1% AEP and PMF flood
events and site shelter-in-place is available for all building levels.

4. Compliance with Council flood planning level requirements for
the proposed development are achieved.

A number of recommendations are made to ensure the NBC
requirements. These are summarised in Table 8.

The proposed development has been designed to ensure compatibility
with the existing floodplain environment. As the proposed development
achieves Council requirements, no further recommendations are
considered necessary.

(Mrtens
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DRAWING LIST A

rroiic.  PROPOSED SENIORS LIVING
e FLOOD ASSESSMENT .

FLOODING
MODEL SETUP

PSOL-K000 [B  |CATCHMENT PLAN
CLIENT: PS04-K010 |B | DRAINS MODEL SETUP —
PS0L-K015 |B  |DRAINS MODEL RESULTS
1% AEP & PMF FLOWS

MODEL RESULTS

PS0L-K100 [B  |1% AEP CRITICAL STORM DURATION
EXISTING CONDITION
WATER LEVEL (mAHD) & WATER DEPTH (m)
PS0L-K101T [B |1% AEP CRITICAL STORM DURATION
EXISTING CONDITION
WATER VELOCITY (m/s)
PS04-K102 |B |1% AEP CRITICAL STORM DURATION
EXISTING CONDITION
PROVISIONAL HYDRAULIC HAZARD CATEGORIES
PSOL-KT0 [B  |PMF CRITICAL STORM DURATION
EXISTING CONDITION
WATER LEVEL (mAHD) & WATER DEPTH (m]
PSOL-KT1 [B  |PMF CRITICAL STORM DURATION
EXISTING CONDITION
WATER VELOCITY (m/s)
PS01-K112 [B |PMF CRITICAL STORM DURATION
EXISTING CONDITION |
PROVISIONAL HYDRAULIC HAZARD CATEGORIES
PS0T-K200 [B |1% AEP CRITICAL STORM DURATION
PROPOSED CONDITION
WATER LEVEL (mAHD) & WATER DEPTH (m)
PS01-K201 [B |1% AEP CRITICAL STORM DURATION
SITE PROPOSED CONDITION
WATER VELOCITY (m/s)

PS01-K202 [B |1% AEP CRITICAL STORM DURATION
PROPOSED CONDITION
PROVISIONAL HYDRAULIC HAZARD CATEGORIES
PS01-K210 [B |PMF CRITICAL STORM DURATION C
PROPOSED CONDITION
WATER LEVEL (mAHD) & WATER DEPTH (m]
PS01-K211 [B |PMF CRITICAL STORM DURATION
PROPOSED CONDITION
WATER VELOCITY (m/s)
PS01-K212 [B |PMF CRITICAL STORM DURATION
PROPOSED CONDITION
PROVISIONAL HYDRAULIC HAZARD CATEGORIES
PSOT-K300 [B |1% AEP CRITICAL STORM DURATION

PROPOSED CONDITION B
WATER LEVEL AFFLUX (m)
PS01-K310 B |PMF CRITICAL STORM DURATION
PROPOSED CONDITION
WATER LEVEL AFFLUX (m)

LOCALITY PLAN
N.TS.

LGA: NORTHERN BEACHES COUNCIL

58 LAITOKI ROAD, TERREY HILLS, NSW :
LOT 368 DP 752017

DEVELOPMENT APPLICATION - NOT FOR CONSTRUCTION,;
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24072017 Rainfall IFD Data Systemn: Water Information: Bursau of Meteorology

Location

Label: 85 Booralle Rd, Terrey HIlls
Latitude: -33.679627 [Nearest grid cell: 33.6875 (5)]
Longltude:151.219172 [Nearest grid cell: 151.2125 (E)]

IFD Design Rainfall Intensity (mm/h Issued: 24 July 2017

Ralnfall Intensity for Duratlons, Exceedance per Year (EY), and Annual Exceedance Probabllities (AEP).
FA r New ARR pr ili rminol

Annual Exceedance Probabllity (AEP)

'Duration | 63.2% | 50%# | 20%* | 10% | 5% | 29 | 1% |
1 min | 142]  1e0] 219] 261  305|  3e6| 418
|2 min | us|  132]  178]  211| 245|296 338 |
'3 min | 109  122]  1es| 19| 229  276| 315
amin | 103|  115]  1se| 186  217|  261| 298
'5 min | 970 100] 148|177  207|  249| 283 HYDROLOGICAL MODEL INPUTS
110 min | 7e7| 85|  119]  142|  186| 199 228
|15 min | 638 720 =90 118) 138 166 188
20 min | ss0| 620 52| 102|119  143] 162

25 min 1 ass| s47| 751 se.8| 105 126] 143
30 min | " a36] 401 674 805 40| 113] 128
45 min | 340 382 s522| 623 727 874 994
|1 hour | 283 318 433 s1.7]  e03 725 826
1.5 hour | 218 244 332 3956 462 557 @ 63.5)
2 hour | 182 203  275] 329 384 463] 529
'3 hour | 141] 158 214 255 208 361 412
4.5 hour | 11| 124]  168] 201|235 285 325
6 hour [os7| 105 143 171 201 243|277
12 hour | 638 718 s8] 119 140 169 193]
Note:

# The 50% AEP IFD does not correspond to the 2 year Average Recurrence Interval (ARI) IFD.
Rather It corresponds to the 1.44 ARI.
* The 20% AEP IFD does not correspond to the 5 vear Average Recurrence Interval (ARI) IFD.
Rather It corresponds to the 4.48 ARI.

This page was created at 12:48 on Monday 24 July 2017 (AEST)

@© Copyright Commonwealth of Australla 2017, Bureau of Meteorology (ABN 92 ©37 533 532} | Risclalmer | Prdvacy |
Access|bllity

http:/iwww.bom.gov.au/water/designRainfalls/revised-ifd/?design=ifds8sdmin=true&sdhr=true&nad % 5B %5D=208nsdunit% 5B%50=-m&nsd%5B%... 11
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DISCLAIMER & COPYRIGHT PROJECT NAME/PLANSET TITLE Water 1% AEP & PMF FLOWS
This plan must not be used for construction unless signed as approved b
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- HYDRAULIC HAZARD BASED ON NSW GOVERNMENT (2005) FLOODPLAIN
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