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SUMMARY

Project 28 Pty Ltd commissioned Gilbert & Sutherland Pty Ltd
(G&S) to provide a Flooding and Flood Management Assessment in
support of the Kings Forest Stage 1 Project Application.

Detailed flood modelling for the site including the proposed future
development and climate change scenarios has been carried out.
The flood study results indicate that the development site is subject
to potential flooding from both local and regional runoff events and
is also influenced by potential sea level rise, storm surge and
climate change effects.

Based on the studies and investigations carried out to date, we
conclude that:

e The majority of the proposed development incorporating the
Stage 1 works is above current flooding influence and future
climate change affected flooding and no significant adverse off
site impacts are predicted.

¢ Habitable flood levels have been set at a minimum of 0.7m
above the upper limit high climate change (0.91m sea level rise
plus 30% increase in rainfall intensity) ARI 100 year case (and
therefore also above the 10% increase in rainfall climate
change level).

e The internal road network can be designed to provide flood-free
access up to the design ARI 100 year high climate change flood
and can also provide flood free access generally up to the ARI
500 year flood.

« Appropriate and safe emergency evacuation routes can be
provided in association with an early warning system to trigger
activation of an evacuation plan in the rare event of an actual
flood that is likely to exceed the design ARI 100 year flood.

¢ Flood velocities are low and non-scouring and generally less
than 0.5m/s and as such are not likely to pose any significant
risks to the public or to private and public infrastructure.
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1 Introduction

1.1 Background

Project 28 Pty Ltd commissioned Gilbert &
Sutherland Pty Ltd (G&S) to provide a Flooding
and Flood Management Assessment in support of
the Kings Forest Stage 1 Project Application.

This report therefore describes flooding and flood
management for the proposed Stage 1 Project
Application in accordance with:

e The latest Master Plan dated December 2010

e Recent Council decisions in relation to the
levels set for minimum habitable floor levels
and road levels
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e Concept Approval conditions dated 22
December 2010 and,;

e The Director General’s Environmental
Assessment Requirements (DGRs) for Project
Application No. 08_0194, dated 23 December
2010.

This report was originally prepared by Principal
Hydrologist and Water Resources Engineer Neil
Collins, who has since joined the firm BMT WBM.
However Mr Collins remains involved with the
project and has reviewed the flooding implications
of subsequent changes to the proposal.

This assessment is based on existing survey data
and preliminary civil design details for the
proposed works provided by Mortons Urban
Solutions.
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2 The existing site

2.1 Location

The Kings Forest Concept Plan covers an area of
approximately 870 hectares and is situated
immediately northwest of Cudgen Lake and
approximately three kilometres south of the
township of Kingscliff.

The site location is shown on Drawing No.
10468.1.1.

2.2 Receiving environment

The land ranges in elevation from approximately
RL Om Australian Height Datum (AHD) to RL 55m
AHD.

www.access.gs

Runoff from this development generally flows in
an easterly direction via a number of unnamed
ephemeral gullies and SEPP14 wetlands into
Cudgen Creek.

Cudgen Creek flows in a northerly direction from
Cudgen Lake, which lies to the south-east of the
site, to its mouth at Kingscliff, approximately 4.5
km to the north-east of the site.

2.3 Existing development

The site has been selectively cleared. A large
portion of the site was used as a pine plantation
which has recently been harvested and removed.

There are a number of dwellings and farm sheds
on the subject land.

AGRICULTURE WATER ENVIRONMENT
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3 The proposed development

The approved Kings Forest Concept Plan
proposes the creation of a residential community
inclusive of associated educational, social,
commercial, sporting and recreational amenities.
The development is to be completed in stages.

The Kings Forest Stage 1 Project Application
seeks approval for a rural retail development in
Precinct 1, residential development in Precinct 5
and bulk earthworks within the balance of the site.
A Precinct Plan prepared by MPS Architects is
provided in Attachment 2.

The proposed development would include:

e Subdivision to create new lots/land parcels for
future development.

+ Construction of the entrance road to the site
and associated works for the intersection with
Tweed Coast Road, as well as a new
connecting road to the Tweed Shire Council’s
former waste tip.

e Subdivision and associated infrastructure
works for the first stage of urban development
(Precinct 5).

e Bulk earthworks and planting for the future
golf course.

e Arrural retail development (commercial site)
on the developable land east of Tweed Coast
Road.

e Bulk earthworks as required in all precincts.

+GILBERT
SUTHERLAND

The ultimate proposed development includes the
construction and/or installation of the following
components:

e site earthworks

e roads / trafficable areas

e stormwater drains

e sewer reticulation mains

e water reticulation mains

e underground electricity distribution cables
e telecommunications cables

e other ancillary services

e construction/building works

e landscaping.

The revised Master Plan by MPS Architects is
included in the reference drawings for this report.

Given that the present application is for Stage 1 of
the Master Plan, detailed road and allotment
layouts have not been completed for the whole of
the project, however preliminary bulk earthworks
design, site grading and drainage design have
been prepared.
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4  Assessment of flooding
constraints and impacts

The site is subject to flooding from both local
catchment runoff and regionally under the
influence of Cudgen Creek flooding in
combination with regional storm surge effects.

Separate assessments (Flooding Assessment,
Kings Forest, Kingscliff, NSW by G&S December
2009 and; Local Hydrological Assessment, Kings
Forest, Kingscliff, NSW by G&S December 2009)
have been undertaken of both the local and
regional flooding to assess the development
constraints for the site and the potential impacts
of the development on external flooding. These
included allowance of a 30% maximum increase
in rainfall intensity in addition to 0.91m sea level
rise for a High Climate Change scenario and are
included as Appendix 1 and 2.

In response to subsequent queries from the
Department of Planning and Tweed Shire Council
(TSC) decisions in relation to the levels set for
minimum habitable floor levels and road levels,
further modelling has been undertaken to consider
a 10% increase in rainfall intensity and 0.91m sea
level rise for the existing case.

It should be noted here that the modelling
undertaken to date is based on the approved
Concept Plan as detailed in the Preferred Project
Report dated August 2009. This plan has been
amended for the Stage 1 Project Application to
include a minor reconfiguration of the proposed
lake, however, it is considered that the new
configuration is unlikely to result in significant
changes to the modelling results. A statement to
this effect has been provided by Neil Collins of
BMT WBM and is attached as Appendix 4.

4.1 Assessment of local and regional
hydrology

An investigation of local hydrology was
undertaken for the purposes of assessing the
potential local impacts of the development and to
determine design flows to be used as inputs to a
separate hydraulic model.
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Runoff from the local catchment was modelled
using the Watershed Bounded Network Model
(WBNM) computer modelling software. This was
calibrated to peak design flows estimated using
the Rational Method in accordance with the local
requirements of Tweed Shire Council. The local
catchment plan is shown in Drawing 10468.1.2.

Design peak flow and runoff hydrographs have
been derived for a wide range of both local and
regional flooding scenarios for design floods from
the 5 year ARI to the 100 year ARI flood. These
were then used as inputs into a detailed 2D
dynamic flood model.

An independent assessment of the regional
hydrology has not been undertaken.

4.2 Mitigation of potential development
impacts

The hydrologic modelling was used to determine
the potential impacts of the development on local
runoff as a starting point for the detailed design
phase.

The Integrated Water Cycle Management Plan,
Stage 1 Project Application, Kings Forest, NSW,
(February 2010) details industry best
management practices, water sensitive urban
design and integrated water management
principles to mitigate any potential impacts of the
development back to the existing pre-
development conditions.

With the implementation of these management
principles, the Stage 1 development is expected
to have no measurable impact on downstream
peak flows and flood levels.

4.3 Assessment of potential climate
change impacts

To assess the predicted impacts of future climate
change, modifications were made to the Existing
Case hydrologic model in accordance with the
NSW Climate Change Policy, to include a 10%
increase in design rainfall intensity. This was
achieved by increasing the magnitude of the
intensity data in the IFD table by 10%, and
subsequently re-running the WBNM model to
generate alternative hydrographs for input into the
regional flood model.

AGRICULTURE WATER ENVIRONMENT
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The previous assessment, described in the Local
Hydrologic Assessment (G&S, November 2009),
included as Appendix 2, considered a high climate
change scenario with 30% increase in rainfall
intensity, this has now been revised down to 10%
and results of the revised modelling are presented
in Appendix 3, alongside an updated IFD table
representing the 10% climate change scenario.

4.4 Assessment of local and regional
flooding

Both local and regional flooding have been
assessed in detail using the 2D flood modelling
software package TUFLOW. For the purpose of
this assessment, G&S has utilised the
Tweed/Byron Coastal Creeks Flood Study
TUFLOW model. (Final report Nov 2009).

The regional hydraulic TUFLOW model was used
to assess the existing case flood levels applicable
to the whole development site.

Based on the proposed Stage 1 earthworks levels
provided by Mortons Urban Solutions, the
TUFLOW model topography was then altered and
the model was rerun to assess design flood levels
applicable to the entire development site.

Drawings numbered 10468.1.3 and 10468.1.4
respectively provide detail on the base topography
and proposed development topography used in
the sub-model. Drawing 10468.1.5 shows the
overall TUFLOW model extent.

The TUFLOW Reporting Point Locations are
shown on Drawing 10468.1.6.

The most recent (July 2010) assessment of
flooding included the combined effects of regional
storm surge and future sea level rise of 0.91m, in
accordance with adopted NSW Government
policy and a 10% increase in rainfall intensity as
agreed with Tweed Shire Council. This
assessment is in accordance with the DGRs
dated 23 December 2010 and was undertaken to
augment the previous modelling in December
2009 which incorporated a High Climate Change
scenario including a 30% increase in rainfall
intensity in addition to the 0.91m sea level rise. As
no change was required to the previous modelling
for the ARI 5 year to ARI 100 year design flood
events including the probable maximum flood
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(PMF), only the December 2009 results for these
scenarios are included below.

4.5 Results of flood modelling

The existing pre-development ARI 100 year event
peak water levels for the site are shown on
Drawing 10468.1.7.

The developed site ARI 100 year event peak
water levels are shown on Drawing 10468.1.8.

The ARI 100 year (developed — existing) impacts
for the site are shown on Drawing 10468.1.9.

The results of the previous (December 2009)
modelling incorporating a range of design flood
scenarios from the 5 year ARI flood to the 100
year ARI design flood, including the probable
maximum Flood (PMF) which represents the
upper boundary of likely flooding for the site, are
presented in detail in Appendix 1.

A summary of the design flood levels and
potential flood level impacts for the site based on
the previous (December 2009) and more recent
(July 2010) modelling are presented in Tables
4.1.1 and 4.1.2 at the end of this section.

These results have been used to prepare the
preliminary concept design layouts of the
subdivision and to facilitate the incorporation of
flood proofing measures and disaster
management requirements within the
development master plan in the event of rare and
extreme floods (in excess of the design 100 year
ARI flood).

In summary, the analysis described above
demonstrates that no adverse impacts on peak
flood levels for the presented design storm events
are experienced as a result of the proposed
development. Some minor increases are
observed in the two and five year events over a
localised area, however these impacts will be
reduced once further detailed design is carried
out.

The requirements for flood plain management
principles to be incorporated into the development
are discussed in Section 5 of this report.
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5 Floodplain risk
management

5.1 ARI 100 year flood immunity

To protect future residents of the proposed
development site from both local and regional
flood impacts, it is proposed that the earthworks
levels for the site will ensure both existing and
future flood immunity (in accordance with the
requirements of Tweed Shire Council
Development Control Plan No. 3). The adopted
design criteria provides flood immunity to the
design 100 year ARI flood, incorporating future
high range climate change impacts including a
30% increase in rainfall intensity and 0.91m sea
level rise.

e The eastern precinct (Precinct 5) has a
proposed pad level of RL 4.5m AHD,
approximately 1.1m above the ARI 100 year
high climate change level and 1.3m above the
10% increase in rainfall intensity climate
change level.

e The golf course precinct will be designed with
pad levels of around RL 4.35m AHD,
approximately 0.95m above the ARI 100 year
high climate change level and 1.2m above the
10% increase in rainfall intensity climate
change level.

e The mid western precinct has indicative pad
levels from RL 5m AHD in the west to RL
4.5m AHD in the east, approximately 1.6m to
1.1m above the ARI 100 year high climate
change level and 1.8 to 1.3m above the 10%
increase in rainfall intensity climate change
level.

e The far western precinct has indicative pad
levels of about RL 5m AHD, approximately
0.7m above both the ARI 100 year high
climate change and 10% increase in rainfall
intensity climate change levels.

Table 5.1.1 (end of this section) summarises the
key results for the ARI 100 year (existing climate),
the ARI 500 year High Climate change
(incorporating a conservative 30% increase in
rainfall intensity) and the PMF design floods.

12
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Based on the proposed subdivision earthworks
levels, all residential roads will be flood free in the
design 100 year ARI flood and are typically set
about 500mm lower than the residential pad
minimum levels. As such, they will all be above
the ARI 100 year high climate change level (which
is similar to the existing ARI 500 year flood level)
and well above the 10% increase in rainfall
intensity climate change level.

The central west area above the lake is a
proposed 17 hectare sporting field area, which will
be immune from frequent flood events and free
draining in compliance with Tweed Shire Council
requirements.

5.2 ARI 500 year and PMF flood
immunity

The flood modelling results indicate that there are
two areas of the floodplain that behave differently
to the general floodplain due to localised runoff
characteristics. In general, the floodplain is slow to
fill and the peak 100 year, 500 year and PMF
levels are controlled by long duration storm
events, (critical durations 24 — 36 hours) with
peaks occurring after 30 or more hours. This is
due to the very large storage within the floodplain
which attenuates the rate of rise of flood waters as
they fill the available storage.

However in two small sections of significance on
the site, the critical design storm that is likely to
produce the worst regional flooding is the 6 — 9
hour design storm. These localised areas include
a small section of waterway near Reardons Road
and another near the Tropical Fruit World, both
toward the northern extent of the flood plain. Both
of these areas are important because they must
be catered for in planning evacuation routes to
flood free land north of the subdivision.

The results of these analyses indicate that the
proposed subdivision roads will all be trafficable
for all events up to and including the 100 year
climate change flood and for the ARI 500 years
existing situation design flood.

The results also indicate that the design deck
levels of the various bridges throughout the
subdivision will be crucial to ensuring the
evacuation routes are kept open for as long as

AGRICULTURE WATER ENVIRONMENT
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possible. Deck levels will be set to an appropriate
level during the detailed design process.

5.3 Implications of flood evacuation
planning criteria on design
subdivision and bridge deck levels

To ensure adequate evacuation routes are
available during rare and extreme floods, it is
necessary to provide as long a warning time to the
public as possible. General emergency
management experience, based on numerous
natural disaster events worldwide, indicates that
the majority of people will not voluntarily evacuate
and will tend to wait as long as possible before
they can be convinced, or are forced to leave.

It is therefore essential that the best advice
possible is given to residents in potentially flood
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prone areas. The incorporation of the draft
activation sequencing recommended in this report
into the Local Disaster Plan by Council, SES and
Police, should maximise the future success of
these strategies.

The next most important thing is that the roads
and bridges are available for as long as possible,
within reason, during an actual flood event.

While it is not possible to provide high level flood
immunity for all roads and structures, the critical
links, and generally the lowest points along the
evacuation network, are most likely to be at the
waterway crossings.

Table 5.3.1 shows the level of flood immunity and
evacuation route availability that can be achieved

by adopting various road bridge levels at key

Table 5.3.1 Considerations regarding general availability of bridges for flood evacuation

Min. bridge Time to peak Time to peak Time to Available
deck/road 100 year flood 500 year flood PMF flood evacuation Comments
level (m AHD) EVEIRGIS) CVEIRGIS) level (hrs) time (hrs)
. Limited rigid vehicle access
2.90 35 15 12.5 Not available after 1.75hrs in PMFE
Flood
3.15 Immunity 19 14.25 1.75 Closed after 5.5hrs in PMF
above RL
2.92m AHD
3.40 72 18 5.50 Closed after 7.5hrs in PMF
Flood
3.65 immunity 20.50 7.50 Closed after 9.25hrs in PMF
above RL
3.45m AHD
Closed after 11.25hrs in
3.90 22.25 9.25 PME
4.15 2375 11.95 Closed after 12.75hrs after
PMF
4.40 25 25 12.75 Closed after 26.5hrs after
PMF
4.65 26.50 14 Closed after 27.5hrs in PMF
4.90 27.75 15.25 Closed after 29hrs in PMF
5.15 29.25 16.75 Closed after 31hrs in PMF
Deck would be awash but
5.40 30.75 18.25+ probably trafficable in PMF

10468 FLD_MNT_4F.DOCX / KINGS FOREST / PROJECT 28 PTY LTD — FLOODING & FLOOD MANAGEMENT 13
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points within the subdivision. Based on this
analysis, it is recommended that the general road
bridge links between the precincts should ideally
be set at a level the same as the minimum road
level within the precincts at RL 3.5 m AHD. At an
absolute minimum, a level of RL 3.4 m AHD would
provide approximately 18 hours of normal vehicle
access during the PMF and would still be
trafficable by high vehicles during an ARI 500 year
design flood event. This would provide a minimum
of 6 — 8 hours of effective evacuation time after
the evacuation trigger level is reached.

The only exception to this should be at the two
areas controlled by shorter duration localised
flooding. These include a potential evacuation link
to Reardons Road which should be provided with
a minimum deck level of RL 4.1 m AHD, and to
the potential link to the north west, in the vicinity of
the Tropical Fruit World, where the recommended
deck level should be above RL 4.4 m AHD.

Along the existing road profile, the actual road
levels of the main access road to the north east,
as constructed, are at approximately 3.14m AHD.
Based on this, this access road and evacuation
route will be available in the ARI 500 year design
flood, but would be cut within 6 hours of an
evacuation notice being issued in accordance with
the criteria set above.

For this reason, the most viable potential flood
free links are to the north via Reardons Road,
subject to further investigation, and to the north
west and west, provided the internal subdivision
bridges are constructed at a level above RL 3.4m
AHD.

It should be noted that these recommended levels
are based on trafficability criteria only. It is
expected that there will be other bridge design
criteria related to design loads, standards of
service, minimum clearance between design flood
levels and the soffits of structural elements, as
well as dimensional considerations of girders and
deck slabs, that will mean these design deck
levels are easily met or exceeded.

5.4 Flood evacuation planning

Tweed Shire Council requires that all housing
located in potentially flood prone land is provided
with safe egress routes to flood free refuges.

14
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Flood prone land is defined as being land below
the Probable Maximum Flood. (PMF). The
probable maximum flood is usually taken, for
practical planning purposes, as a flood that would
only be exceeded, in the balance of probability,
once in approximately 10,000 to 100,000 years.

Such floods are considered to be so rare that it
would in fact be meaningless to quantify them in
terms of probability. Based on current trends, it is
most likely that design sea levels and rainfall data
will change markedly over time, so it is difficult to
actually quantify the potential effects of such large
floods with any certainty at all.

Design PMF flood levels for this site indicate that
the majority of the site is flood prone in the design
PMF event. Based on the design pad and road
levels provided, it is expected that the majority of
slab on ground dwellings would experience above
floor flooding to a depth of approximately 550- 650
mm in such a rare circumstance. The only
effective strategy to counter the potential effects
of such large floods on the safety of the human
population at risk in such events is the
implementation of a well structured flood warning
and evacuation strategy.

The analysis of the rate of rise and time history
plots for the ARI 100 year, ARI 500 year and PMF
design flood events indicates that there is
sufficient time to implement an effective
evacuation strategy. Two critical factors in this will
be the provision of bridges with decks set at an
appropriate level to match the available warning
time, activation time and evacuation time
requirements.

Early lead time for evacuation planning should be
based on rainfall data and rate of flood level rise,
both of which can be monitored in real time with
currently available technology. For the purposes
of analysis it is assumed that as the community
expects to be flood free in the design ARI 100
year flood, that no activation of any evacuation
plan would be likely to occur until an actual flood
reaches the design flood level and the rate of rise
and rainfall data and flood level data indicate that
it will continue to rise. Rainfall data and flood level
data provide the earliest possible trigger for an
effective evacuation strategy.

AGRICULTURE WATER ENVIRONMENT
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In any flood event, as the flood reaches maximum
stage, the rate of rise slows down and
approaches zero at the peak of the flood. Data
related to the actual flood behaviour during real
time as it approaches critical trigger levels
provides an excellent second trigger for
evacuation planning.

The third critical planning factor to consider in
evacuation planning is time to peak. In the design
ARI 100 year flood, the actual flood peak is most
likely to occur after 24 — 30 hours. However,
during the 500 year and PMF floods, the 100 year
peak flood level will be reached much earlier in
the flood, with water levels continuing to rise
rather than coming to a static level. In these
events, the designated trigger levels will be likely
to occur approximately 19 hrs and 12.5 hours into
the flood respectively, with the flood levels still
rising.

The proposed road levels throughout the
subdivision are generally above RL 3.5m AHD
and provide flood free immunity in the design ARI
500 year flood. To ensure the safety of residents
in the event of a larger flood, the following triggers
are proposed for evacuation purposes, and in the
following order:

e Alert Level One: Actual rainfall exceeds the
100 year ARI design rainfall and it is
continuing to rain. Activation of evacuation
response plan.

 Alert level two: Actual flood level reaches or
exceeds the design ARI 100 year flood in less

than 24 hours and the water level is still rising.

Activation of evacuation notices to residents
to be on standby and prepare for evacuation.
Evacuation of sick, elderly and at risk groups
and early voluntary evacuation to begin as
soon as possible after reaching this stage.

e Alert Level Three: If actual rainfall exceeds
the ARI 500 year design rainfall or water level
is still increasing and rate of rise data
indicates less than 6 — 8 hours before roads
or bridges will be cut, then general evacuation
should commence.
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6 Conclusions

Detailed flood modelling for the existing site and
under proposed future development scenarios for
both existing and future climate change situations
has been carried out. Flood level predictions have
been based Tweed/Byron Coastal Creeks Flood
Study Tuflow model. (Final Report Nov 2009).

The flood study results indicate that the
development site is subject to potential flooding
from both local and regional runoff events.
Flooding is also influenced by potential sea level
rise, storm surge and climate change effects.

Based on the studies and investigations carried
out to date, we conclude that:

e The majority of the proposed development is
above current flooding influence and future
climate change affected flooding.

e Only floodplain fringe filling is proposed.

« No significant adverse off site impacts are
predicted.
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Habitable flood levels have been set a
minimum of 0.7m above the upper limit high
climate change (0.91m sea level rise plus
30% increase in rainfall intensity) ARI 100
year case (and therefore also above the 10%
increase in rainfall climate change level).

The internal road network can be designed to
provide flood free access up to the design ARI
100 year high climate change flood and can
also provide flood free access generally up to
the ARI 500 year flood.

Appropriate and safe emergency evacuation
routes can be provided in association with an
early warning system to trigger activation of
an evacuation plan in the rare event of an
actual flood that is likely to exceed the design
ARI 100 year flood.

Flood velocities are low and non-scouring and
generally less than 0.5m/s and as such are
not likely to pose any significant risks to the
public or to private and public infrastructure.

AGRICULTURE WATER ENVIRONMENT
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7 Qualification

This report has been prepared by G&S specifically
for Project 28 Pty Ltd, to provide advice on
flooding in relation to the Project Application for
the Kings Forest development, located in Kings
Forest, New South Wales. As such its use is
limited to this purpose and may not be applicable
beyond this scope.

In preparing this report, we have relied on
information provided by others, including:

e Site survey supplied by Mortons Urban
Solutions.

e Concept Plan provided by MPS architects
dated October 2009.

e Preliminary civil design carried out by Mortons
Urban Solutions.

e Recent Council decisions in relation to the
levels set for minimum habitable floor levels
and road levels.

+GILBERT
SUTHERLAND

Whilst the MPS Concept Plan (October 2009) was
updated in June 2011, the changes were of no
consequence for the purposes of the flood
modelling reported herein.

The accuracy of this report is limited to the
accuracy of this information. While G&S'’s report
accurately assesses flooding from design storms,
future observed flood levels may vary from the
predicted, depending on the accuracy of
rainfall/runoff.

Our analysis and overall approach has been
specifically to cater for the particular requirements
of Project 28 and may not be applicable beyond
this scope. For this reason any third parties are
not authorised to utilise the report without further
input and advice from G&S. Third parties should
therefore seek advice from G&S on applicability
for any other use.
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8 Attachment 1 - Drawings
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9 Attachment 2 — Reference drawings

Kings Forest Master Plan — MPS Architects — Drawing MPS 2142 MP-01 December 2010
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10 Appendix 1 — ‘Flood Assessment, Kings Forest, Kingscliff,
NSW’ (Gilbert & Sutherland, December 2009)
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Summary

Gilbert & Sutherland Pty Ltd (G&S) was commissioned by Project 28 Pty Ltd, a subsidiary of Leda
Developments (LEDA), to undertake specialist studies and assessments in support of a Part 3A
Project Application. These studies have been undertaken to provide responses to the Director
General’'s Environmental Assessment Requirements for Project Application No. 08_0194, dated
October 14, 2008.

This report describes assessments of flooding characteristics associated with the site for the
existing and proposed developed conditions. The assessment covers both Cudgen Creek
regional flooding, storm surge and local catchment flooding in combination. A separate report
detailing local catchment hydrology has also been prepared.

An assessment of the potential climate change impacts on flood level has also been carried out.
The sensitivity assessments were based on those outlined in the NSW Department of
Environment, Climate Change and water (DECC) publication, ‘Practical Consideration of Climate
Change’, 2007. The scenario used for the sensitivity analysis included the combination of
+0.91m rise in sea level and a 30% increase in rainfall intensity over the entire catchment.
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1) Introduction

Gilbert & Sutherland Pty Ltd (G&S) was
commissioned by Project 28 Pty Ltd, a
subsidiary of Leda Developments (LEDA) to
undertake specialist studies and
assessments in support of a Part 3A Project
Application. These studies have been
undertaken to provide responses to the
Director General’s Environmental
Assessment Requirements (DGRs) for Project
Application No. 08_0194, dated October 14,
2008 and to support the associated project

application in relation to the management
of local flooding.

This report describes assessments of the
local and regional flooding and the
potential impact with which the proposed
Kings Forest development will have on
these levels.

This assessment has been based on existing
survey data and preliminary civil design
details for the proposed works provided by
Mortons Urban Solutions.
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2) Site description and
proposal

2.1 Location

The site for the proposed development
occupies approximately 870ha and is
located in Kingscliff, on the NSW far North
Coast. The site is bounded by Depot Road

to the east and Duranbah Road to the west.

The site location is shown on Drawing No.
KJ0224.1.1.

2.2 Receiving environment

The land ranges in elevation from
approximately RLOm Australian Height
Datum (AHD) to RL55m AHD.

Runoff from this development generally
flows in an easterly direction via a number of
unnamed ephemeral gullies and SEPP14
wetlands into Cudgen Creek. Cudgen Creek
flows from Cudgen Lake which lies to the
south-east of the site to its mouth at
Kingscliff approximately 4.5km to the north-
east of the site.

2.3 Existing development

The site has been selectively cleared. A
large portion of the site was used as a pine
plantation which has recently been
harvested and removed.

There are a number of dwellings and farm
sheds on the subject land.

2.4 Proposed development

The Kings Forest Concept Plan proposes the
creation of a residential community
inclusive of associated educational, social,
commercial, sporting and recreational
amenities. The development would be
completed in stages and would include
substantial areas of open space which
would provide substantial riparian buffer
areas to the SEPP14 wetlands Cudgen Creek
and Cudgen Lake.

Given that the present application is for
approval of a concept plan, detailed road
and allotment layouts have not been
completed for the whole of the project,
however preliminary bulk earthworks
design, site grading and drainage design
has been prepared. The proposed concept
plan, prepared by MPS Architects is
included as a reference drawing to this
report.

The ultimate proposed development

includes the construction and/or installation

of the following components:

o site earthworks

. roads / trafficable areas

o stormwater drains

o sewer reticulation mains

o water reticulation mains

o underground electricity distribution
cables

o telecommunications cables

e other ancillary services

e construction/building works

e landscaping.
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3) Flooding assessment

3.1 Methodology

To assess the extent of flooding that the site
currently experiences, G&S has utilised the
Tweed-Byron Coastal Creeks TUFLOW 2D
flood model, developed by BMT WBM on
behalf of Tweed Shire Council. A full
description of the model is presented in the
Tweed Shire Council/BMT WBM report
entitled ‘Tweed-Byron Coastal Creeks Flood
Study Final Report’, November 2009.

Hydraulic modelling was carried out using
the BMT WBM'’s TUFLOW one-
dimensional/two-dimensional hydrodynamic
flood modelling system, utilising both the
one and two-dimensional modelling
features. The two-dimensional component
allows for accurate portrayal of flow over
the floodplain whilst the one-dimensional
components accurately represent main
channels and various structures within the
model area.

In setting up this model our approach has
been to:

e Review the supplied TUFLOW model
data.

e Update the model topography with
survey supplied by Mortons Urban
Solutions

¢ Re-run the model for the design storm
events including the 5, 10, 20, 50 and
100 year ARI storm events. The PMF
and high climate change events were
also assessed.

* Produce flood inundation maps of the
ARI design storm events for the current
site.

e Incorporate the proposed development
into the model.

Model the proposed development for
the same ARI design storm event to
determine flow patterns and flood
levels for the site and surrounds.

e Compare the pre and post flood levels
to assess potential impacts on peak
flood levels.

Drawings numbered KJ0224.1.2 and
KJ0224.1.3 provide detail on the base
topography and proposed development
topography used in the sub-model.

Drawing No. KJ0224.1.4 shows the overall
TUFLOW model extent.

Roughness coefficients were based on those
within the supplied flood model. The
proposed development model incorporated
allowance for maintenance works within
the existing site drain and assumed a
manning’s ‘n’ value of 0.08 for this area.

Discharges and boundary conditions
representing the regional design storm
events and storm surge were provided with
the BMT WBM TUFLOW model. Local
catchment flows for the site were obtained
from WBNM hydrologic modelling of the
local site catchment as detailed the
accompanying report, ‘Local Hydrological
Assessment. Kings Forest, NSW’, December
2009.

3.2 Results

Appendix 1 contains detailed results of the
flood assessment.

In summary, from the analysis described
above, no adverse impacts on peak flood
levels for the presented design storm events
are experienced as a result of the proposed
development. Some minor increases are
observed in the two and five year events
over a localised area however these impacts
will be reduced once further detailed
design is carried out.

A predicted climate change assessment was
also carried out to provide assistance in
setting development levels to take into
account the potential for sea level rise and
increases in rainfall intensity due to possible
future climate change. The scenario run
was the high climate change scenario which
included the combination of +0.91m rise in
sea level and a 30% increase in rainfall
intensity over the entire catchment as per
the NSW Department of Environment,
Climate Change and water (DECC)
publication, ‘Practical Consideration of
Climate Change’, 2007.

To assist in evacuation planning, a PMF
assessment for the site was also conducted.
From these results route planning and
refuge areas can be determined.

Table 3.2.1 provides a comparison of peak
flood levels at selected reporting points
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within the site and adjacent areas for a
range of flood events. Drawing No.
KJ0224.1.5 shows the location of these
points.
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4) Conclusions

This study has investigated the effects on
flooding of a proposed development and

the potential impacts associated with them.

Based on the analysis described herein, the
proposed Kings Forest development at
Kingscliff, NSW has no adverse impact on
peak flood levels for the full range of
design storm events. Thus resulting in no
adverse impacts on adjacent property
owners.

In addition to the design storm event
assessments, modelling has also been
carried out to assess potential climate
change effects, for the purpose of checking
development levels against future sea level
rise and increased rainfall intensity, as well
as PMF modelling to assist in evacuation
planning.
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5) Qualification

This report has been prepared by G&S
specifically for Project 28 Pty Ltd, a
subsidiary of LEDA Manorstead Pty Ltd, to
provide advice on flooding in relation to
the Project Application for the Kings Forest
development, located in Kingscliff, NSW. As
such its use is limited to this purpose and
may not be applicable beyond this scope.
Third parties should therefore seek advice

from G&S on applicability for any other use.

In preparing this report, we have relied on

information by others including:

e Site survey supplied by Mortons Urban
Solutions

e Concept Plan provided by MPS
architects

e Preliminary civil design carried out by
Mortons Urban Solutions

The accuracy of this report is limited to the
accuracy of this information. While G&S's
report accurately assesses flooding from
design storms, future observed flood levels
may vary from the predicted, depending on
the accuracy of rainfall/runoff.

Our analysis and overall approach has been
specifically to cater for the particular
requirements of LEDA and may not be
applicable beyond this scope. For this
reason any third parties are not authorised
to utilise the report without further input
and advice from G&S.
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6) Appendix 1 — Reporting points
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7) Appendix 2 — Detailed model results
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