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1 Introduction

1.1 Background

The North Tuncurry Urban Release Area (NTURA or the project) is a proposed residential development sponsored
by Landcom under a Project Delivery Agreement with the Crown Lands Branch of NSW Department of Planning,
Industry and Environment, who control the land. The project is located to the north of Tuncurry on 615 ha of land.

The project masterplan and technical studies were completed over the 2012-2014 period in consultation with (the
then) Great Lakes Council and other government agencies. A rezoning proposal was initially submitted to the (then)
Department of Planning in 2014 for review prior to public exhibition. The rezoning proposal was updated to address
some biodiversity related concerns and was re-lodged in 2019. The rezoning proposal included the following reports
that relate to stormwater and flooding:

. Integrated Water Cycle Management Strategy — Revision 5 (SMEC 2019) — Appendix P of the rezoning
proposal. This report is referred to as the IWCMS in the remainder of this document.

. Groundwater modelling technical report — Revision B (SMEC 2014) — Appendix J of the rezoning proposal.
This report is referred to as the GWMR in the remainder of this document.

In 2020, EMM Consulting Pty Limited (EMM) were engaged to assist Landcom address concerns raised by MidCoast
Council (Council), the Department of Planning, Industry and Environment — Water (DPIE-Water) and Department of
Planning, Industry and Environment — Biodiversity and Conservation Division (BCD) regarding the stormwater and
flooding aspects of the proposal. While some issues raised were addressed via responses and further descriptions,
additional information is required to address residual concerns. This addendum report has been prepared to
provide this additional information and forms part of an updated rezoning proposal.

1.2 Addendum report scope and structure

This report is an addendum to the IWCMS. Table 1.1 provides a summary of the report scope, reason for providing
further information and a chapter reference for each scope item. A summary of departures from the IWCMS is
provided in Section 1.3.

Table 1.1 Addendum report scope

Aspect Scope and reason for further information Chapter references

Gravity drainage A gravity drainage system (the gravity drain) is proposed to manage surplus water from  Chapter 2
system the water management basins, reducing the build-up of large volumes of water during

prolonged periods of wet weather and providing a reduction in peak flood levels and

durations during shorter more intense rainfall events.

The gravity drain is conceptually described in the IWCMS as linking the southernmost
basin to the Wallis Lake Entrance Channel. The concept has been further developed to
address concerns raised by Council and BCD. Key changes from the concept presented in
the IWCMS include:

¢ the outlet concept has been revised to a surcharge pit arrangement, to prevent tidal
water ingress into the system;

e further information on the civil design concept and maintenance regimes is provided;
and

e further information on the pipe hydraulics is provided.
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Table 1.1 Addendum report scope

Aspect Scope and reason for further information Chapter references
Design storm Design storm analysis has been undertaken to complement water balance modelling? Chapter 3
analysis that was used in the IWCMS to assess flood risk. The design storm analysis assesses a

range of Annual Exceedance Probability (AEP) storm events that have durations ranging
from a few hours to 7 days. Analysis of the Probable Maximum Flood (PMF) is also
provided.

The results are used to complement the water balance results and assess flood
conditions associated with > 1% AEP events and the sensitivity to key model parameters.

Flood risk The flood risk management strategy has been updated to consider the results from the  Chapter 4

management water balance model, detailed groundwater model and design storm analysis.

strategy

Concept designs Describes a framework to progress the design of key elements of the water management Chapter 5
system.

Water regulation Water licencing regulations and the NSW Aquifer Interference Policy are re-addressed in Chapter 6
this addendum report. This has been done due to feedback from DPIE-Water who
identified some errors in the information provided in IWCMS Section 2.3 and Appendices
Aand D.

1.3 Summary of departures

Some information presented in this addendum report supersedes information presented in the IWCMS and GWMR.
Table 1.2 provides a summary of departures and notes report section references to the revised information in this
addendum report and the superseded information in the IWCMS and/or the GWMR. It is noted that there are no
changes to the site-specific data, models or model results presented in IWCMS and the GWMR. There is also no
change to the project masterplan.

Table 1.2 Summary of departures
Aspect Description of departure Addendum report IWCMS/GWMR
reference reference

Description of the A revised description of the gravity drain concept is provided Chapter 2 IWCMS Section 5.3.4
gravity drainage in this addendum report (see Table 1.1 for further
system information).

There is no change to the drain’s capacity or functionality

hence the drain’s representation in modelling presented in

the IWCMS and GWMR does not require revision.
Flood risk The flood risk management strategy has been updated to be Chapter 4 IWCMS Section 5.5 and
management more comprehensive. There is no material change to the 5.6 and Table 10-1
strategy strategy elements described in the IWCMS.
Water licencing Water licencing regulations and the NSW Aquifer Chapter 6 and IWCMS Section 2.3 and
regulations and the Interference Policy are re-addressed in this addendum Appendix D Appendices A and D
NSW Aquifer report, superseding information provided in IWCMS.
Interference Policy
B The water balance model is referred to as the Empirical Groundwater Model in the IWCMS and GWM reports
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2 Revised gravity drain concept

2.1 Overview

A gravity drainage system (the gravity drain) is proposed to manage surplus water from the proposed water
management basins, reducing the build-up of large volumes of water during prolonged periods of wet weather and
providing a reduction in peak flood levels and durations during shorter more intense rainfall events.

The gravity drain is conceptually described in the IWCMS as linking the southernmost basin to the Wallis Lake
Entrance Channel. This would require the construction of a drainage system that is approximately 2 km long. The
pipe is described in the IWCMS as having an inlet level of 3 m AHD, an average grade of 0.2 to 0.3% and an outlet
level between -1 to -3 m AHD, depending on grade. A 1,050 mm diameter pipe was calculated to provide sufficient
capacity to limit the peak 1% AEP level (calculated using the water balance model) in the southern basins to below
4 m AHD. Water balance model results presented in IWCMS Plate 5-10 show that for the simulated 1963 event
(which was established as being greater than a 1% AEP event - see GWMR Section 7) the pipe would drain between
5 to 86 ML/day of water (the rate increases with higher water levels in the basin), totalling 974 ML over a period of
approximately 69 days.

The gravity pipe concept has been further developed to address concerns raised by Council and BCD. Key changes
from the concept presented in the IWCMS include:

. the outlet concept has been revised to a surcharge pit arrangement, to prevent tidal water ingress into the
system;

. further information on the civil design concept and maintenance requirements are provided; and

. further information on the pipe hydraulics is provided.

This chapter describes the revised concept and hydraulic analysis and is structured as follows:

. Section 2.2 describes the revised concept;

. Section 2.3 describes the hydraulic analysis that has been undertaken to establish the pipe capacity and
demonstrate design flexibility;

. Section 2.4 provides a summary of identified constraints, associated issues and the proposed approach; and
. Section 2.5 describes alternatives that were considered in the master planning process.
2.2 Revised concept

The revised concept is for a new drainage system to be constructed from the southernmost basin to the Wallis
Lakes Entrance Channel. The preferred alignment is along Beach Street, with two possible alighments for the
downstream (southern) portion of the pipe (see Section 2.2.2). The system will be standalone, meaning that there
will be no stormwater inflows along the alignment, and will outlet into the Wallis Lake Entrance Channel via a
surcharge pit arrangement. The pipe will be constructed as shallow as possible to minimise excavation depths and
the depth of the pipe at the outlet. This will result in an average pipe grade of around 0.15%.

Figure 2.1 provides an overview of the proposed concept. The following sections describe key features in further
detail.
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It is noted that this information is presented to demonstrate proof of concept. The concept will be further
developed at detailed design.

Surcharge pit, outlet level approx. 1.7 m AHD, above high
tide with projected 2100 sea level rise, no tidal ingress

Inflows from basin may contain floating debris. No
coarse or fine sediment is expected as this would
have settled out in the basin

High tide with projected 2100 sea

Hydraulic grade line in pipe
Y 8 P - level rise 1.7 m AHD (approx.)

' ceveesnnen, High fide 0.8 m AHD (approx.)
- mean sea level 0 m AHD
E> <— Tidal flap (bolted shut, manually opened)
2 X
4 Low tide - 0.8 m AHD (approx.)
Key design features \

1. Pipe constructed at minimum depth. Key design metrics (to
be confirmed at detailed design)

Manually operated gate or valve

(maintenance only) Flushing outlet

. . (maintenance only) )
- inlet level: 3m AHD Maintenance procedure

- outlet level (surcharge pit): 1.7 m AHD
1. Following a flow event, the pipe will remain

- outlet level (maintenance): -0.5 to 0.0 m AHD
full of water (up to 1.7 m AHD)

- length: 2,000 to 2,200 m

- Diameter: 1,050 or 1,200 mm 2. At low tide, manually open the gate to enable
- grade: <0.2% water stored in the pipe to rapidly discharge
2. The pipe will be standalone (ie no inflows other than the into the channel, this will produce a cleansing
basin inflows) flow (approximately 0.5 ML)
3. Maintenance pits will be constructed along the pipe 3. Reflood the pipe to approx. 0.5m AHD using
alignment at select intervals. The pits will be sealed to freshwater pumped from the basin. This will
avoid stormwater / sediment inflows. equilibrise the water level in the pipe with

surrounding groundwater levels and will

Note: this concept will be further developed at detailed design. minimise the potential for groundwater

inflows to occur.

Figure 2.1 Gravity drain concept
2.2.1 Expected flow regimes

As described in IWCMS Chapter 5, flow through the pipe will only occur occasionally following periods of prolonged
rainfall or significant storm events. Water balance model results presented in IWCMS Plate 5-8 indicate that flows
will occurs in 40% of years. However, annual flows of greater than 100 ML/year will only occur in 12% of years.

Once flow commences, it is expected to occur contiguously (mostly at low flow rates) until wet conditions ease.
Typical flow durations are expected to range from several weeks to several months. Plate 5-10 in the IWCMS shows
the simulated flow regime during the 1963 event. No flow through the pipe is expected during periods of below
average and average rainfall, which can occur for several years. During this time, water in the pipe will be stagnant.

2.2.2  Pipealignment

Landcom engaged Lidbury Summers Whiteman (LSW) to review local constraints associated with existing services
and land ownership and identify several possible alignments. LSW identified two alignments that have manageable
constraints and are amenable to the gravity drain concept that is described in this chapter. The alignments are:

. Option 1 —the upstream (ie northern) portion of the pipe will be located in the eastern verge of Beach Street.
The downstream (ie southern) portion of the pipe will be aligned through the eastern most road in the
Tuncurry Holiday Park, which is operated by Reflections Holiday Parks but is located on crown land.
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. Option 2 — The majority of the pipe length will be located within the eastern verge of Beach Street. The
downstream or southernmost portion of the pipe will be aligned adjacent to an existing easement (on crown
land).

Preliminary design drawings for each option are provided in Appendix A. The drawings include information on
identified service constraints and landownership details. A preferred alignment will be selected (in consultation
with stakeholders) and progressed at detailed design.

It is noted that both alignments are fully located in either the NUTRA site, a public road reserve or crown land. No
unavoidable requirements for works on freehold land were identified by the preliminary design.

2.2.3 Inlet concept

The pipe inlet is conceptualised to have an invert level of 3 m AHD, although levels between 2 and 3 m AHD could
be considered at detailed design. Inflows into the pipe will only occur intermittently when the water level in the
basins exceeds the invert level. When this occurs, water in the basins will move slowly towards the pipe inlet. Any
coarse or fine suspended material that enters to basins via stormwater inflows is expected to settle from the water
column near the stormwater outlet locations. Hence, water in the basins and inflows into the gravity pipe are likely
to have negligible concentrations of coarse or fine suspended sediment (ie suspended material that could
potentially settle out in the pipe). Floating debris including small organic matter, reeds, small to large woody debris
and floating litter are likely to be drawn towards the inlet. As a result, the inlet design will include:

. appropriate controls to prevent large floating debris from entering the pipe system and smaller floating
debris from clogging any inlet screens; and

. provisions to enable maintenance access to the inlet during a full range of basin level conditions.

It is expected that these objectives can be achieved at detailed design using:

. an initial control (such as floating debris boom or a permeable rock weir) located upstream of the inlet to
capture the majority of floating debris; and

. appropriate screening around the pipe inlet to prevent medium to large debris entering the system.
2.2.4  Outlet concept

The pipe outlet configuration is shown in Figure 2.1. It comprises a primary outlet via a surcharge pit arrangement
and a flushing outlet for maintenance purposes. These outlets are described further below.

i Surcharge pit outlet

A surcharge pit arrangement is proposed to avoid tidal water ingress into the drainage system. The pit will be
located near the Wallis Lake Entrance Channel rock revetment wall and will discharge via surcharging or upwelling.
The pit overflow level will be finalised at detailed design but for the purposes of this assessment it is assumed to be
at 1.7 m AHD, which is conservatively above the High High Water Solstice Spring tide, incorporating projected 2100
sea level rise (this is discussed further in Section 2.3.1).

The pit and grate size will be established at detailed design.
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i Maintenance outlet

As a result of the surcharge pit discharge arrangement, the pipe will not be free draining and the lower half (up to
1.7 m AHD) of the pipe will remain full of water following a flow event. A maintenance outlet is proposed to enable
the pipe system to be manually flushed with minimal effort. The outlet will be constructed at a similar level to the
base of the surcharge pit (ideally near or above low tide) and will include a manually operated valve. The pipe
system can be flushed by opening the valve at low tide, allowing water stored in the pipe (approximately 0.5 ML)
to rapidly flow out. This will produce a self-cleansing flow that will remove any material that has accumulated in
the bottom of the pipe and surcharge pit. The maintenance outlet will be sized at detailed design.

Following flushing, the pipe can be refilled to around 0.5 m AHD with fresh water from the NTURA basins (via
pumping). The refilled pipe would have a water level that is greater than the adjoining groundwater level, which is
likely to be slightly higher than mean sea level. Following filling, the water level in the pipe would be expected to
slowly equilibrise with the surrounding groundwater system, which will prevent any material groundwater inflows
occurring into the gravity pipe. As an alternative, the pipe could be partly flushed (ie using water stored in the pipe
between 1.7 and 0.5 m AHD. If this is effective, it would avoid the need to refill the pipe.

A flushing/maintenance procedure is provided in Figure 2.1.

If the projected 0.91m of sea level rise occurs, the maintenance outlet would be permanently submerged, even at
low tide. Under these conditions, the flushing arrangement is still expected to be effective as the water level in
gravity pipe will initially be at the surcharge pit level (1.7 m AHD), which will be approximately 1.6 m above a low
tide level applying projected 2100 sea level rise (0.1 m AHD). This positive head will enable a sustained flushing flow
to occur, even if the flushing outlet is submerged. The flushing outlet will need to be shut as the water level in the
pipe approaches the water level in the entrance channel. If required, the remaining water in the pipe could be
removed by pumping, but there is no clear and obvious reason to suspect that this will be required.

2.2.5 Pipe material options

Stormwater drainage systems are typically constructed using precast reinforced concrete pipes. Polyethylene pipes
may provide a superior solution for this application as they:

. have lower roughness which can reduce pipe size and increase the flow velocity (and self-cleansing
potential);

. are resistant to corrosion; and

. may provide more design and construction flexibility.

Polyethylene pipes will be considered at detailed design.
2.3 Hydraulic analysis

Hydraulic analysis of the proposed gravity drain was undertaken using HY-8 culvert hydraulic analysis software. The
objective of the analysis was to assess the culvert capacity for a range of tailwater conditions, pipe roughness
assumptions and pipe sizes. The results from these scenarios are used to demonstrate the capacity of the gravity
drain concept.

Section 2.3.1 describes the water levels in the Wallis Lake Entrance Channel that have been applied to the analysis
and Section 2.3.2 describes the assumptions and results.
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2.3.1 Water levels in the Wallis Lake Entrance Channel

Information on the water levels in the Wallis Lake Entrance Channel near the gravity drain outlet are provided in
Table 2.1 for a range of tide and flood conditions. Levels for both current and potential 2100 sea level conditions
are provided.

The tidal statistics for current conditions were sourced from Coastal Processes Report: Hydrodynamic and sediment
transport: Assessment of Wallis Lake Dredging (WorleyParsons 2013). This report provides information on the tidal
planes and ranges at water level gauges located in the ocean, the entrance channel and Wallis Lake. Statistics from
the entrance gauge, located approximately 500 m to the east of the gravity drain outlet, are considered to be the
most representative of conditions at the outlet and are therefore provided in Table 2.1. However, these statistics
moderately overstate the peak tide levels as the tidal range (ie difference between low and high tide levels) declines
rapidly in the channel. For example, the mean spring tide range is 1.32 m in the ocean, 1.07 m at the entrance gauge
(located 500 m east of the pipe outlet) and 0.24 m at the islands gauge (located at the western end or lake side of
the entrance channel, approximately 5 km to the west of the pipe outlet) (WorleyParsons 2013).

The flood level information was sourced from flood maps in the Wallis Lake Foreshore (floodplain) risk Management
Study and Flood Study Review (WMA 2014).

Table 2.1 Water level statistics — Wallis Lake Entrance Channel

Current conditions (m AHD) 2100 sea level rise scenario! (m AHD)

Tidal statistics (from MHL gauge at entrance, 500 m to the east of the gravity drain outlet)

Tidal range 1.07m 1.07m
High High Water Solstice Spring (HHWS) 0.802 1.71
Mean High Water Spring (MHWS) 0.492 1.40
Mean High Water (MHW) 0.392 1.30
Mean sea level (MSL) -0.052 0.86
Mean Low Water (MLW) -0.482 0.43
Mean Low Water Springs (MLWS) -0.582 0.33
Indian Spring Low Water (LSLW) -0.802 0.11

Flood conditions

5% AEP flood level 1.43 2.3

1% AEP flood level 1.83 2.7

PMF level 4.23 Expected to be similar to 4.2

Notes: 1. Calculated by applying 0.91 m to the current condition value
2. Sourced from Coastal Processes Report: Hydrodynamic and sediment transport: Assessment of Wallis Lake Dredging (WorleyParsons
;.O;SL)Jrced from flood maps provided in the Wallis Lake Foreshore (floodplain) risk Management Study and Flood Study Review (WMA
2014)

2.3.2  Analysis

This section describes the hydraulic modelling assumptions, scenarios and results.
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i Assumptions

Key model assumptions are provided in Table 2.2. A range of values were assessed for some parameters. The values
labelled as default were applied to adopted model results while values labelled as ‘sensitivity analysis’ were only
used to test the sensitivity of a range of parameter values.

Table 2.2 Gravity pipe — hydraulic model assumptions
Applied value or range Comments
Inlet level All scenarios: 3 m AHD Levels between 2 and 3 m AHD could be considered at detailed
design. A lower level will increase capacity, especially at lower
basin levels.
Outlet level All scenarios: nominal level of -0.5 m Note, the surcharge pit levels are represented as a tailwater
AHD condition.
Pipe length All scenarios: 2,000 m A longer pipe would reduce capacity, while a shorter pipe would

increase capacity

Pipe diameter Default: 1.05 m Note, 1.20 and 1.35 m diameter pipes are included for sensitivity
Sensitivity analysis: 1.20and 1.35m  @nalysisonly.

Pipe type All scenarios: circular reinforced Note, polypropylene pipe solutions could also be considered at
concrete pipe (RCP) detailed design.

Pipe roughness Manning’s roughness values 0.012 is a typical Manning’s roughness value used for concrete
Default: 0.012 pipe. 0.015 is a value used for a rough concrete pipe and is a

L . conservative value.
Sensitivity analysis: 0.015
Pit losses All scenarios: None applied Pit losses are likely to be minor compared to pipe friction losses.
The combined pipe and pit losses can be offset by a larger pipe
diameter if needed (this is discussed below this table).

Head water condition All scenarios: 3to 5 m AHD Note, the proposed 1% AEP level in the basins is 4.2 m AHD
Tailwater condition Default: 2.0 m AHD Notes:
Sensitivity 0.0 to 3.0 m AHD e The default level of 2.0 m AHD accounts for the surcharge pit

overflow level of 1.7 m AHD and 0.3 m of head to enable
overflow from the pit to occur as weir flow.

¢ Tailwater conditions below 2 m AHD are provided for context
only.

i Tailwater scenarios

The default pipe scenario (ie a 1,050 mm pipe with a 0.012 manning’s roughness value) was applied to assess
tailwater levels between 0 to 3 m AHD. The default tailwater condition is 2.0 m AHD. This accounts for the surcharge
pit overflow level of 1.7 m AHD and 0.3 m of head to enable overflow from the pit to occur as weir flow. It is noted
that tailwater levels below 1.5 m AHD are provided for context only.

Results are presented as rating curves in Figure 2.2. Rating curves describe the pipe’s capacity at different basin (or
head water) levels. The pipe inlet level, 1% AEP level and minimum floor levels are shown for context. Refer to
Chapter 4 for further information on design flood levels.
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Gravity drain capacity at a range of tailwater levels

————— OMAHD ====-1mAHD ===-=-1.5m AHD 2mAHD ==---25m AHD 3.0 m AHD
1'8 P
1% AEP basin Minimum floor level:
level: 4.2 m AHD 5.0m AHD
1.6 Gravity pipe inlet
level: 3.0 m AHD
1.4 |
1.2
w
- 10 Default tailwater
E condition: 2 m AHD ==,
(0] ’
2 08
e
O
=
[a)
0.6 Assumptions
- pipe diameter: 1,050 mm
- pipe roughness: n value of 0.012
0.4 7
J/
#
02 /’/
00 =
3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0
Basin level (m AHD)
Figure 2.2 Gravity drain capacity — tailwater sensitivity

The results shown in Figure 2.2 indicate that the pipe capacity is not sensitive to the tailwater condition for flows
up to 0.4 m3/s, which occur when the basin level is within the 3 to 3.5 m AHD range. Under these flow conditions,
the pipe capacity is governed solely by entrance and/or pipe friction losses in the upper portion of the pipe.

When the flow rate exceeds 0.4 m3/s, the highest tailwater condition (3 m AHD) begins to reduce the pipe’s capacity
(ie the pipe capacity is governed by both friction losses and the tailwater condition). The default tailwater condition
of 2 m AHD does not diverge from the no tailwater condition (0.0 m AHD) curve until flows exceed 0.8 m3/s. At the
1% AEP basin level, the peak flow for the default tailwater condition is greater than 0.9 m3/s, and below the 1.3 m3/s
for the no tailwater condition. This analysis demonstrates that the surcharge pit arrangement will not materially
constrain (relative to the no tailwater condition) the pipe capacity below a basin level of 3.9 m AHD, but will
moderately reduce the capacity above this level.

The 1% AEP level in the Wallis Lake Entrance Channel at the pipe outlet location is estimated to be 2.7 m AHD for
the 2100 sea level rise scenario (see Table 2.1). Should these conditions coincide with peak flooding in the NTURA
basins, the pipe capacity would be temporarily reduced from 0.9 m3/s to 0.7 m3/s. This is not expected to materially
impact the flood levels in the NTURA basins as peak levels in the entrance channel will only occur for several hours
when peak flooding conditions coincide with a high tide. For example, a 0.2 m3/s reduction in outflow via the gravity
drain over a 4-hour period equates to less than 3 ML of water, which is less than 1% of the flood storage volume
provided in the basins (see Section 3.2.4).
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iii Pipe size and roughness scenarios

The gravity drain concept will be further developed at detailed design, and as noted in Table 2.2, the hydraulic
analysis does not make allowance for pit losses or higher than expected pipe roughness. Sensitivity analysis has
been undertaken to demonstrate that the required system capacity could be achieved with a larger diameter pipe
if system losses (ie pipe friction and pit losses) are higher than allowed for in the analysis presented in this report.
The sensitivity analysis considers 1,050, 1,200 and 1,350 mm diameter pipes with assumed manning’s roughness
values of 0.012 (default) and 0.015 (conservative). The rating curves for each scenario are provided in Figure 2.3.

Gravity drain capacity sensitivity to pipe size and roughness

——dia 1.05n=0.012 ====- dia 1.05 n =0.015 dia 1.2 n =0.012 ==--- dia 1.2 n =0.015 dia 1.35n=0.012 ----- dia 1.35 n =0.015
99 Minimum floor level:
' 1% AEP basin 5.0 m AHD
level: 4.2 m AHD —
2.0
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Figure 2.3 Gravity drain capacity — pipe size and roughness sensitivity

The sensitivity analysis results presented in Figure 2.3 shows that capacity of a 1,200 mm RCP with conservative
roughness values is greater than the capacity of a 1,050 mm RCP with the default roughness values. This
demonstrates that the required system capacity can be achieved with a larger diameter pipe if system losses (ie
pipe friction and pit losses) are higher than allowed for in the analysis presented in this report.

iv Self-cleansing flows

The ability of a pipe to self-cleanse is a function of the flow velocity along the base of the pipe. A flow velocity of
0.7 m/s is commonly used as a self-flushing flow velocity in the design of gravity sewer systems.

Hydraulic analysis indicates that for flow conditions up to 0.9 m3/s (which will only occur when the basin is at the
1% AEP level) flow through the initial section of pipe will be part full, with pipe full flow occurring in the lower
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section of the pipe. This isillustrated in Figure 2.4 which shows a hydraulic profile for a low flow (0.2 m3/s) condition.
Calculated velocities for part full and pipe full flow conditions are provided.

s5d
Results for a 0.2 m3/s
flow condition
“1 Basin water level
L (3.3m AHD)
F -
3d
Applied tailwater level (2 m AHD)
B

1

Pipe flowing part full

Flow Depth=0.30 m

Flow area= 0.21 m?
k! Velocity=1m/s S 1

Pipe flowing full
2 Flow area=0.86 m2
Velocity=0.2 m/s .
Surcharge pit
2 )
-500 0 500 1000 1500 2000 2500
Station (m)
Figure 2.4 Hydraulic profile: low flow condition

The results in Figure 2.4 indicate that for low flow conditions, part full flows in the initial pipe section would have a
self-cleansing velocity. The velocity will reduce in the lower pipe section where pipe full flow will occur due to the
backwater effect created by the surcharge pit. The flushing arrangement described in Section 2.2.4 will effectively
remove any debris that accumulate in the lower portion of the pipe and if required, a modest flow of 0.2 m3/s could
be pumped into the pipe (when the maintenance outlet is open) to achieve a full pipe flush.

v Summary

The capacity of the gravity pipe is represented in both the water balance model (described in the IWCMS) and
design storm analysis (see Chapter 3) using a rating curve. The hydraulic analysis presented in this section has
calculated a rating curve for the proposed gravity pipe concept and demonstrated that the stated capacity can be
achieved by increasing the pipe size if system losses are higher than allowed for in the analysis presented in this
report.

Figure 2.5 shows the calculated rating curve that has been applied to the design storm analysis and the rating curve
that was calculated (in 2012) for use in the water balance model (see GWMR Plate 4-8).
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Gravity drain capacity applied to design storm analysis
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Figure 2.5 Gravity pipe rating curve applied to design storm analysis

The two curves shown in Figure 2.5 are near identical for basin water levels between 3.0 and 3.8 m AHD, but diverge
for basin water levels between 3.8 and 3.9 m AHD. This divergence is due to a higher tailwater condition being
applied in the current analysis. This divergence is not considered an issue as the highest simulated basin level in the
water balance model is 3.9 m AHD (see IWCMS Plate 5-10) and there is only a 0.1 m3/s difference in the calculated
flow rate at this basin level. Accordingly, the gravity pipe capacity is reliably represented in the water balance model.

2.4 Constraints analysis

The gravity drain design concept has numerous constraints associated with its limited grade, outlet into an estuarine
water body and its alignment through an existing urban area. The concept presented in this chapter seeks to address
each constraint. Table 2.3 provides a summary of identified constraints, associated issues and the proposed
approach.
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Table 2.3 Gravity pipe — constraints and design approach

Constraint

Potential issues

Design approach

Constraint 1 — Discharge into
estuarine waterbody

Constraint 2 — Sea level rise

Constraint 3 — Pipe grade is
below the recommended
minimum grade of 0.3 to 0.5%
for stormwater systems.

H200596 | RP#5 | v5

Issue 1.1 — Marine fouling and sedimentation issues associated
with tidal inflows into the piped drainage system may reduce the
pipe capacity and require onerous maintenance.

Issue 1.2 — A deep pipe outlet into an estuarine water body would
be difficult to construct and maintain.

Issue 2.1 — Sea level rise could potentially result in tidal inflows
into the piped drainage system and constrain the hydraulic
capacity of the system.

Issue 3.1 — Potential sediment and debris accumulation within the
pipe could reduce pipe capacity and require onerous maintenance.

Issue 3.2 — There is potential for localised sections of flat or even
negatively graded pipe to occur due to construction tolerances and
differential settlement post construction.

Approach 1.1 —The pipe system will discharge to the Wallis Lake Entrance Channel
via a surcharge pit located adjacent to the channel (see Figure 2.1). The pit overflow
level will be finalised at detailed design but for the purposes of this assessment it is
assumed to be at 1.7 m AHD. This level is conservatively above the High High Water
Solstice Spring tide, incorporating projected 2100 sea level rise (see Section 2.3.1).
Hence, no tidal inflows into the drainage system are expected for current and
projected 2100 sea level conditions and therefore no marine fouling or
sedimentation issues are expected.

Approach 1.2 — The pipe will be constructed as shallow as possible to minimise
construction and maintenance complexity. The invert of the pipe at the surcharge pit
is expected to be near the low tide level.

See approach 1.1.

Approach 3.1 - Given the size of the NTURA basins, water that flows into the pipe
from the basins is not expected to have any suspended coarse or fine sediment that
may accumulate within the pipe system. However, some floating debris and organic
matter are expected to enter the pipe system (see Section 2.2.3).

Sediment and debris accumulation risks will be managed by:

e the inlet design (offtake level and screening);

¢ avoiding potentially sediment laden stormwater inflows along the pipe alignment;
¢ avoiding box culverts (due to the flat bottom);

¢ self-cleansing flows that will occur in the upper pipe section during low and
greater flow conditions (see Section 2.3.2); and

e provision for manually operated pipe flushing after flow events.
Approach 3.2 — Localised sections of flat or negatively graded pipe will not impact

the hydraulic capacity of the pipe as the capacity is a function of the difference in
water level between the inlet and outlet and system losses.
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Table 2.3 Gravity pipe — constraints and design approach

Constraint

Potential issues

Design approach

Constraint 4 — Intermittent
flow regime

Constraint 5 — Landownership
and existing services

Constraint 6 — Elevated
tailwater conditions during
ocean and/or estuarine flood
events

Issue 4.1 — Flows through the pipe will only occur occasionally,
resulting in stagnant water sitting in the pipe for potentially several
years. Groundwater inflows into the pipe may occur through pipe
joints.

Issue 5.1 — The proposed pipe will need to be constructed on land
that is not owned by Landcom.

Issue 5.2 — The proposed pipe will need to be constructed through
existing residential areas and has potential to impact existing
buried services.

Issue 6.1 — Water levels in the Wallis Lake Entrance Channel will
occasionally exceed the normal tidal range during ocean and
estuarine flooding events. This has potential to temporarily
constrain the pipe capacity.

Approach 4.1 — A maintenance procedure has been established to flush the pipe
after a flow event and re-fill the pipe with clean water from the basins. It is noted
that this maintenance may not be required after each event if there is minimal debris
accumulation in the pipe.

Approach 5.1 — LSW identified two pipe alignments that have manageable
constraints and are amenable to the gravity drain concept that is described in this
chapter. Both alignments are fully located in either the NUTRA site, a public road
reserve or crown land and no unavoidable requirements for works on freehold land
have been identified. The two pipe alignments are shown in preliminary design
drawings provided Appendix A.

Approach 5.2 — LSW have reviewed existing service constraints along two pipe
alignments and have not identified any unmanageable constraints associated with
existing buried services. The two pipe alignments are shown in preliminary design
drawings provided in Appendix A. These drawings provide information on existing
services.

Approach 6.1 — Hydraulic modelling presented in Section 2.3.2, concluded that the
pipe capacity will not be impacted if a 1% AEP flood event occurs with current sea
level conditions. Applying projected 2100 sea level conditions, the pipe capacity
would be moderately constrained (from 0.9 to 0.7 m3/s) if a 1% AEP flood peak in the
Wallis Lake Entrance Channel coincided with a peak 1% flood event in the NTURA
basins. This temporary constraint will not result in a material impact to flood levels in
the basins as the volume of water not conveyed due to the reduction in pipe capacity
is negligible when compared to the flood storage volume in the basins (see Section
2.3.2).
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2.5 Alternatives

Table 2.4 provides a description of several alternatives that were assessed during the masterplan development

phase.
Table 2.4 Description of alternatives
Alternative Description

Pump out based system

Gravity drainage to the
east

Gravity drainage to the
west

Gravity drainage to the
north

A pump out based system that discharges either to an existing drainage system, the Wallis Lake Entrance
Channel via a standalone rising main or the ocean via a temporary rising main would be effective in
achieving the water management objectives and would likely have lower capital costs than the proposed
gravity pipe. However, a pump-out based system is not the preferred approach as it would have higher
operating costs and complexities (ie associated with maintaining a large pump that is only occasionally
used) and potentially lower reliability than a gravity drainage system (ie due to potential for power and
mechanical failure).

A gravity drain system to the east (ie directly to the ocean) would require the pipe to be constructed
through the coastal foredune with an outlet within the active coastal zone. This is not considered to be
appropriate given coastal hazards, impact to ecology, the potential for sand to smother the outlet when
the pipe is unused and the aesthetic impacts of a pipe structure.

A gravity drainage system to the west (ie into the Wallamba River) would require a greater length of pipe

and would have less vertical fall than the proposed concept. It is therefore not considered to be preferable

relative to the proposed concept.

A gravity drainage system to the north is not possible as there is no means to outlet the pipe.
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3 Design storm analysis

3.1 Overview

The IWCMS assessed flood risk using a water balance model that simulates the surface and groundwater regime by
applying a long-term rainfall record for the Tuncurry area. This approach was applied as peak flooding conditions
were assessed to occur due to extended periods of wet weather rather than the shorter duration intense storm
events that typically lead to flooding in stormwater systems, rivers and estuaries. The water balance analysis
identified a 2 % month rainfall sequence that occurred in 1963 as producing the highest groundwater flood levels
for both existing and proposed conditions. This rainfall sequence comprised 1,464 mm over 69 days and included
four embedded storms, that had 48-hour rainfall totals of between 150 to 250 mm. Analysis of the water balance
results assessed this rainfall sequence as being greater than a 1% AEP event. Accordingly, this event was adopted
as a pseudo 1% AEP event. The water balance model and detailed groundwater models were applied to assess this
event, and the model results were used to establish the flood risk management approach for the project. Refer to
IWCMS Section 5 and GWMR Section 7 for detailed information on the 1963 event and assessment approach.

Design storm analysis applying the methods and principles described in Australian Rainfall and Runoff (ARR) (Ball
et all 2019) has been undertaken to complement the water balance analysis. The design storm analysis assesses a
range of AEP storm events that have durations ranging from a few hours to 7 days. The analysis requires
assumptions regarding the initial basin water and groundwater levels, which is a limitation to this approach.

The results are used to complement the water balance results and assess: flood conditions associated with 1% AEP
(1in 100 year), 0.2% AEP (1 in 500 year) and 0.05% AEP (1 in 2,000 year) events; the consequence of a blockage to
the gravity pipe; and sensitivity to antecedent conditions. Analysis of the PMF is also provided.

This chapter documents the design storm analysis. Section 3.2 describes the model approach and assumptions,
while model results are provided in Section 3.3.

Chapter 4 describes an updated flood risk management approach that considers the results from the water balance,
detailed groundwater model and design storm analysis.

3.2 Model description

3.2.1 Approach

Design storms and the PMF were simulated using the basin routing function in XP-RAFTS. The model simulates
inflows into the basins from contributing catchment areas, storage in the basin and above-basin areas and outflows
from the basin in the gravity pipe. Table 3.1 describes the proposed assessment approach, some aspects are
described in further detail after the table.

Table 3.1 Design storm and PMF assessment approach
Aspect Proposed assumptions/approach Justification
Rainfall e Design storm analysis — 1%, 0.2% and 0.05% AEP events were  Standard industry approach.

simulated using ARR 2019 methods. Lower magnitude events
were not assessed as they will be fully contained within the
basins. Further details are provided in Section 3.2.2.

¢ Probable Maximum Precipitation (PMP) —short and long
duration events were assessed using ARR 2019 methods (see
Section 3.2.2).
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Table 3.1 Design storm and PMF assessment approach

Aspect Proposed assumptions/approach

Justification

Hydrology The model considers all impervious and pervious areas within
Zones D1, D2 and D4 (refer to the IWCMS for a description of
water management zones). Runoff from Zone D3 was not
included as it is an infiltration zone, and any surplus overland flow
will generally drain away from the basins (see IWCMS Figure 2).
Catchment areas and rainfall loss assumptions are described in

Section 3.2.3.
Antecedent Design storm analysis — antecedent conditions equivalent to 50t
conditions (initial percentile conditions (ie median conditions) were applied. The
basin and median basin and groundwater levels are 1.8 m AHD (see IWCMS

groundwater levels) Plate 5-6).

It is noted that the consequence of a design storm occurring with
more conservative antecedent conditions is also assessed as a
sensitivity scenario (see Section 3.3.2)

PMF analysis — antecedent conditions equivalent to ‘minor flood
conditions” were applied — the proposed antecedent basin and
groundwater level is 3 m AHD. This is equivalent to 98t percentile
conditions (see IWCMS Plate 5-6).

Basin storage The level storage curve provided in GWMR Plate 4-7 has been
applied. Further details are provided in Section 3.2.4.

Gravity pipe The gravity pipe will drain water from the basins when the water
level exceeds 3 m AHD. The rating curve provided in Figure 2.5
was applied to the design storm analysis. Refer to Chapter 2 for
further information on the gravity pipe and hydraulic analysis.

It is noted that the consequence of partial and full pipe blockages
are assessed as sensitivity scenarios (see Section 3.3.2).

Losses to No losses from the basin to the adjoining groundwater system

groundwater were applied as these losses would be minor in comparison to the
inflows that would occur during short duration intense storm
events.

Standard approach

Model results are sensitive to antecedent
conditions. Applying conservative
antecedent conditions will effectively
increase the AEP of the design event. The
joint probability of intense rainfall
occurring when basin and groundwater
levels are elevated is assessed
comprehensively in the IWCMS using a
continuous simulation water balance
approach.

Conservative antecedent conditions are
appropriate for a PMF simulation as the
objective of the simulation is to establish
the worst-case flood conditions.

Based on the conceptual landform
developed as part of the masterplan

Standard approach

Conservative approach

3.2.2  Rainfall inputs

i Design storms

The 1%, 0.2%, and 0.05% AEP events were simulated using ARR 2019 methods. Lower magnitude events were not
assessed as they will be fully contained within the basins (see model results in Section 3.3.1). The following approach

was applied to establishing design rainfall inputs:

1. For each AEP a range of durations was assessed. For each duration the 10 ensemble storms were simulated
and the storm that produced the 5t highest basin level (ie the result above median) was selected.

2. The critical duration was selected based on the highest simulated basin level.
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i Probable maximum precipitation

The NTURA is located within the GSAM — GTSMR Coastal Transition Zone, hence the following methods apply to
calculating the PMP:

. The Generalised Short Duration Method (GSDM) applies to short duration events (<6 hours).

. Both the Generalised South-eastern Australia Method (GSAM) and Generalised Tropical Storm Method
Revised (GTSMR) apply to calculating longer duration (24 to 120 hours) events, with the method producing
the highest rainfall adopted.

The PMP for storm durations between 1 and 120 hours was calculated using the above methods. Calculation sheets
are provided in Appendix B.

3.23 Hydrology assumptions

Table 3.2 describes the catchment area and rainfall loss assumptions. The rainfall loss assumptions for pervious
areas account for initial losses due to infiltration into the groundwater system. For most events, the initial losses
will not be exceeded due to the very high infiltration rates and the significant storage provided in the aquifer.
However, during long duration (ie 5 to 7 day events) and extreme rainfall events such as a 0.05% AEP or PMP event,
runoff from pervious areas could occur:

. from the golf course and other areas within the above 1% AEP flood storage area (see Section 3.2.4) when
these areas become inundated;

. if rainfall intensities exceed the near-surface infiltration rates, which were estimated to range between
70 and 1,700 mm/hr (see GWMR Section 2.4); and

. if groundwater rises to the surface, depleting aquifer storage.
Initial and continuing losses for pervious areas were calculated to capture the above mechanisms for the antecedent

groundwater levels established in Table 3.1. The logic applied to each loss rate is described in the justification
column and table notes.

Table 3.2 Hydrology assumptions

Land-surface Area Rainfall loss assumptions Justification

Zone D1 - Golf course and open  68.6 ha Median conditions (design storms)  The initial loss accounts for groundwater
space (100% pervious surfaces) e Initial loss — 408 mm storage and is calculated as follows:

« Continuing loss — 1 mm/hr (4.2 m AHD! — antecedent groundwater
level?) x the specific yield? of 170 mm/m

. . "
Minor flood conditions (PMF) When the initial loss is exceeded, the model

¢ Initial loss — 204 mm will assume that runoff from pervious areas

e Continuing loss — 1 mm/hr will occur. This will account for direct rainfall
onto the golf course if it is flooded during a >
1% AEP event.

The continuing loss accounts for some
groundwater flow out of the development
area that would slowly replenish available
groundwater storage.
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Table 3.2 Hydrology assumptions

Land-surface Area Rainfall loss assumptions Justification
Zone D2 — Water management  18.1 ha Open water (90% of area) No losses due to direct rain onto an open
basins e Initial loss — 0 mm waterbody.

e Continuing loss —0 mm/hr
Batters (10% of area)

e Zone D1 approach was applied
Zone D4 - Piped drainage zone

— Roof area 40.9 ha e [nitial loss —10 mm Initial loss accounts for some capture in

e Continuing loss —0 mm/hr rainwater tanks, assumes tanks are half full.

— Road area 29.2 ha e Initial loss — 1.5 mm Standard rates

e Continuing loss —0 mm/hr

— Pervious area 42.2 ha Median conditions (design storms)  As per Zone D1, but the average surface level
is increased to 5 m AHD and the initial loss is
factored to account for impervious area
runoff that will be conveyed to the basins
Minor flood conditions (PMF < 6 (ie infiltration will only occur from pervious
hour duration)3 areas (approximately 40% of the surface area
in Zone D4)).

e Initial loss — 1,088 mm

e Continuing loss — 1 mm/hr

e Initial loss =0 mm
e Continuing loss — 70 mm/hr

Minor flood conditions (PMF > 6
hour duration)*

e |nitial loss — 680 mm

¢ Continuing loss — 1 mm/hr
Zone D4 (Total) 112.3 ha

Zone D1, D2 and D4 total 199 ha

Notes: 1.4.2 m AHD is a conservative estimate of average pervious surface levels in Zones D1. Refer to Table 3.1 for proposed antecedent
groundwater levels.
2. Specific yield is a term used to describe an aquifers ability to store and release water. A specific yield of 0.17 (or 170 mm/per m of
aquifer) was established in the GWMR. From a flood modelling perspective an aquifer with a specific yield of 0.17 can store 170 mm of
infiltrated rainfall for every 1 m of water table rise.
3. For short duration PMF events, rainfall intensities may exceed the near-surface infiltration rates. Hence, pervious area losses were
accounted for using a continuing loss rather than an initial loss. The continuing loss rate of 70 mm/hr was selected based on the results
from infiltration test site IT6 that measured the infiltration rate on a golf fairway (see GRMR Section 2.4). This approach was not
applied to Zone D1 as any infiltration excess would temporarily pond on the golf course instead of draining to the basin.
4. For longer duration events, the rainfall losses are constrained by the available storage in the aquifer rather than the near-surface
infiltration rate.

3.2.4  Flood storage

Flood storage will be provided within the basin (above the ambient basin level) and on low lying land that adjoins
the basin, this primarily comprises the golf course. A storage level curve for the development area was established
using conceptual earthworks modelling (see IWCMS Chapter 7) and is provided in IWCMS Plate 5-4 (up to 4.0 m
AHD only) and GWMR plate 4-7 (for a full range of elevations). Associated design contours are provided in IWCMS
Figure 2. The storage level curve was applied to design storm modelling and is reproduced in Figure 3.1. Note the
curve was adjusted to show flood storage (ie storage above 1.8 m AHD) only. The 1% AEP basin and freeboard levels
and associated storage volumes are provided for context. The terms basin storage and freeboard storage are used
when discussing the results (see Section 3.3).
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Figure 3.1 Flood storage level curve

Source: the storage level curve was sourced from GWMR Plate 4-7 but was adjusted for flood storage only (ie storage below 1.8 m AHD was
removed)

3.3 Model results

This section presents the results from the simulation of the:

o 1%, 0.2%, and 0.05% AEP events (Section 3.3.1);
. sensitivity scenarios (Section 3.3.2); and

. PMF scenarios (Section 3.3.3).

33.1 Design storm analysis

i Results

The 1%, 0.2%, and 0.05% AEP events were simulated by applying the methods and assumptions described in
Section 3.2. The following results are provided:
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. Table 3.3 presents the peak simulated basin water levels for the 1%, 0.2%, and 0.05% AEP events for storm
durations ranging from 12 hours to 7 days. The peak levels associated with the 10 ensemble storms are

provided in Appendix C.

. Basin water level hydrographs for the 48-hour (2-day) and 144-hour (6-day) duration storm events are
provided in Figure 3.2 to Figure 3.4 for the 1%, 0.2%, and 0.05% AEP events respectively. The basin storage

level and minimum floor levels (established in Chapter 4) are provided for context.

The results are discussed following the tables and figures.

Table 3.3 Design storm results: peak basin water levels

Peak simulated basin water level (m AHD)

Storm duration 1% AEP (1 in 100 yr) 0.2% AEP (1 in 500 yr) 0.05% AEP (1 in 2,000 yr)
12 hr 3.51 3.73 3.94
24 hr 3.69 3.94 4.19
36 hr 3.79 4.06 4.35
48 hr (2 day) 3.84 4.19 4.47
72 hr (3 day) 3.87 4.25 4.56
96 hr (4 day) 3.89 4.29 4.61
120 hr (5 day) 4.01 434 4.63
144 hr (6 day) 4.04 4.39 4.70
168 hr (7 day) 4.03 4.37 4.67
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1% AEP results
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Figure 3.2 Basin water level hydrographs — 1% AEP event
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0.2% AEP results
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Figure 3.3 Basin water level hydrographs — 0.2% AEP event
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0.05% AEP results

———0.05%AEP_48hr 9  ———0.05%AEP_144hr_6

5.5

Minimum floor level 5.0 m AHD

4.5

Basin storage level 4.2 m AHD

o
.
<
e 4
T
3
3
©
235
=
©
[22]
T i
Gravity pipe inlet level 3.0 m AHD
2.5
2
0 1 2 3 4 5 6 7 8 9 10 11
Days since storm commencement
Figure 3.4 Basin water level hydrographs — 0.05% AEP event

i Discussion

The design storm analysis assessed the basin flooding regime for events that have durations between 12 hours and
7-days. For the 1% AEP (1 in 100 year) storm events, the peak basin water levels ranged from 3.51 to 4.04 m AHD,
with the highest simulated level occurring from the 6-day duration event (see Table 3.3). This analysis indicates that
flooding during design rainfall 1% AEP events will be fully contained within the basin storage (see Section 3.2.4).

Analysis of the 0.2% AEP (1 in 500 year) event concluded that flooding from storm durations of up to 48 hours would
be fully contained within the basin storage. Longer duration events would produce peak flood levels of up to
4.39 m AHD, resulting in shallow (<0.2 m) flooding of the golf course and perimeter roads around the basins. This
flooding would last for approximately 2 days (see Figure 3.3).

Analysis of the 0.05% AEP (1 in 2,000 year) event concluded that flooding from storm durations of up to 24 hours
would be fully contained with the basin storage. Longer duration events would produce, peak flood levels of up to
4.70 m AHD, which is 0.3 m below the proposed minimum habitable floor level (it is noted that the simulated level
is a still level and higher levels may occur due to small waves). Flooding above the basin storage level would last for
approximately 5 days (see Figure 3.4).
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3.3.2 Sensitivity scenarios
i Scenarios
Analysis was undertaken to estimate peak basin flood levels for a range of scenarios that include partial and full

blockage of the gravity drain and conservative antecedent conditions. The following scenarios were assessed for
the 1% AEP event:

. Scenario 1 — applies a 50% reduction in the gravity drain capacity.
. Scenario 2 — applies a 100% reduction in the gravity drain capacity (ie assumes no flow through the pipe).
. Scenario 3 — applies the conservative ‘minor flood’ antecedent conditions that were established in

Section 3.2 for use in the long duration PMF simulation. These conservative antecedent conditions apply a
higher initial basin water level and lower rainfall losses for pervious areas.

. Scenario 4 — applies the conservative antecedent conditions combined with a 50% reduction in the gravity
drain capacity.

. Scenario 5 — applies the conservative antecedent conditions combined with a 100% reduction in the gravity
drain capacity (ie assumes no flow through the pipe).

i Results
The peak simulated basin water levels for each sensitivity scenario are provided in Table 3.4. For each scenario, the
peak water level for storm durations up to 48 hours (2 days) and the highest level from all durations is provided.

Basin water level hydrographs for the 48 hour (2 day) and the governing duration storm events are provided in
Appendix C. Results are discussed following the table.

Table 3.4 Sensitivity scenario results: peak basin water levels

Peak simulated basin water level (m AHD) for the 1% AEP event

Storm durations up to 2-days Highest level - all storm durations
Scenario 1 3.92 4.22 (7-day storm)
50% reduction in gravity drain capacity
Scenario 2 4.01 4.43 (7-day storm)
100% reduction in gravity drain capacity
Scenario 3 4.28 4.33 (6-day storm)
Conservative initial conditions?!
Scenario 4 4.37 4.53 (6-day storm)
Conservative initial conditions? plus 50% reduction in
gravity drain capacity
Scenario 5 4.48 4.78 (7-day storm)
Conservative initial conditions? plus 100% reduction
in gravity drain capacity
Notes: 1. Applies the minor flood antecedent conditions established in Section 3.2.
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iii Discussion
a Gravity drain blockage scenarios

Scenarios 1 and 2 assess the implications of a partial and full reduction in the gravity drain capacity. The results
indicate that for both scenarios peak flood levels would not exceed the basin storage level if a partial or full blockage
of the gravity drain occurred during a 2-day (or shorter duration) storm event. For longer duration events (ie the
7-day event), the basin storage level would be exceeded by 0.02 m for Scenario 1 (50% capacity reduction) and
0.23 m for Scenario 2 (a 100% capacity reduction). The peak Scenario 2 level is 0.57 m below the proposed minimum
floor level. As most blockage issues could be resolved within 24 hours via maintenance, the likelihood of a full
blockage occurring for 7 days is low.

It is also noted that this analysis may appear to understate the importance of the gravity drain. The drain’s primary
purpose is to manage the accumulation of water during prolonged wet weather periods, such as the 1963 rainfall
sequence. Water balance modelling of this sequence estimated that the drain will remove 974 ML of water from
the basins over a period of approximately 69 days (see GWMR Plate 7-8). If this water was not removed, the basin
water level would likely exceed 5 m AHD and could take several months to recede (via groundwater flow).

b Conservative antecedent conditions scenario

Scenario 3 simulates the implications of a design 1% AEP event occurring with conservative ‘minor flood’ antecedent
conditions. The applied conditions assume an initial basin and typical groundwater level of 3 m AHD. Such conditions
would only occur following either a significant rainfall event or an extended wet period. Water balance model
results indicate that these levels are representative of 98" percentile conditions (ie they occur only 2% of the time)
(see IWCMS Plate 5-6). Accordingly, a design 1% AEP rainfall event occurring with ‘minor flood’ antecedent
conditions would occur less frequently then a 1% AEP rainfall event. It is noted that the joint probability of intense
rainfall occurring when basin and groundwater levels are elevated is assessed comprehensively in the IWCMS using
a continuous simulation water balance approach.

The Scenario 3 results indicate that if a design 1% AEP rainfall event was to occur with ‘minor flood” antecedent
conditions, the peak water level would exceed the basin storage level by 0.13 m, but would be 0.67 m below the
proposed minimum floor level.

c Scenarios 4 and 5

Scenarios 4 and 5 consider the implications of a partial or full blockage to the gravity drain combined with
conservative antecedent conditions. The simulated peak flood levels for both Scenarios are within the freeboard
zone, with no over floor flooding predicted.

3.3.3 PMF
i Scenarios

The PMF was simulated by applying the methods and assumptions described in Section 3.2. The following scenarios
were simulated:

. Short duration events — applies PMP storm durations between 1 and 6 hours that were calculated using the
GSDM.
. Long duration events — applies PMP storm durations between 1 and 5 days that were calculated using the

GTSMR. PMP storms calculated using the GSAM were not assessed as they have lower rainfall totals than the
same storm calculated using the GTSMR (see Appendix B).
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i Results

For each scenario, the total rainfall, peak basin level and maximum rate of water level rise (above the basin storage
and minimum floor levels) is provided in Table 3.5. Basin water level hydrographs for the 6-hour and 5-day duration
events are provided in Figure 3.5. Results are discussed following the table and figures.

Table 3.5 PMF results: peak level and rate of rise

Total rainfall Peak basin level Maximum rate of rise!
Duration Above basin storage Above minimum floor

level (4.2 m AHD) level (5.0 m AHD)

Short duration events (PMP calculated using the GSDM)
1hr 360 mm 4.6 m AHD 0.7 m/hr N/A
1.5hr 470 mm 4.9 m AHD 0.9 m/hr N/A
2 hr 550 mm 5.0 m AHD 0.8 m/hr N/A
2.5hr 600 mm 5.1 m AHD 0.8 m/hr 0.1 m/hr
3hr 660 mm 5.1 m AHD 0.7 m/hr 0.1 m/hr
4 hr 760 mm 5.2 m AHD 0.6 m/hr 0.1 m/hr
5hr 830 mm 5.3 m AHD 0.6 m/hr 0.1 m/hr
6 hr 880 mm 5.3 m AHD 0.5 m/hr 0.1 m/hr
Long duration events (PMP calculated using the GSDM)
24 hours (1 day) 810 mm 5.1 m AHD 0.2 m/hr 0.1 m/hr
36 hours (1 % days) 990 mm 5.3 m AHD 0.1 m/hr 0.1 m/hr
48 hours (2 days) 1,160 mm 5.5 m AHD 0.1 m/hr 0.1 m/hr
72 hours (3 days) 1,460 mm 5.7 m AHD 0.2 m/hr 0.1 m/hr
96 hours (4 days) 1,640 mm 5.9 m AHD 0.1 m/hr 0.1 m/hr
120 hours (5 days) 1,720 mm 5.9 m AHD 0.1 m/hr 0.1 m/hr
Notes: 1. Calculated as the maximum average rate of rise over a 15-minute period and rounded to one decimal place.
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PMF results
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Figure 3.5 Basin water level hydrographs — PMF

iii Discussion

The PMF simulation results indicate that for a short duration event (ie a 6-hour duration PMP event calculated using
the GSDM), the water level in the basins would rise from 3.0 to 5.3 m AHD over a 6-hour period. This would result
in inundation of the golf course and low-lying development areas. The maximum rate of rise (above the basin storge
level) would be approximately 0.4 to 0.5 m/hour. A peak flood level of 5.3 m AHD would exceed the minimum floor
level by 0.3 m, resulting in shallow inundation of lower lying dwellings within the development area. Flood waters
would take more than a week to recced below the minimum floor level. A shelter in place strategy during the storm
followed by evacuation of impacted dwellings would be an appropriate risk management approach.

The PMF simulation of a longer duration event (ie a five-day duration event calculated using the GTSMR) indicates
that floodwaters would slowly rise (at approximately 1 m/day, with short term rises of 0.1 m/hr during intense
rainfall bursts) and ultimately reach 5.9 m AHD, though it is possible that some water may ‘spill’ from the
development area via low points in the developed landform. If such an event were to occur, evacuation of most
dwellings would be required. As noted in Figure 3.5, approximately 15 to 20% of the development area would be
above 6 m AHD.

In summary, a PMF event would be of major concern to residents within NTURA as well as the greater Foster
Tuncurry region. However, due to the slow rate of rise of flood waters, a PMF would not present any material
unmanageable risk to life.
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3.3.4  Summary

The design storm analysis has estimated a peak 1% AEP basin level of 4.04 m AHD, which is higher than the level
documented in the IWCMS (3.9 m AHD) that was established using the water balance model. This higher level has
been applied to the revised flood risk management approach that is described in Chapter 4.

The results from the 0.2% and 0.05% AEP events and sensitivity analysis demonstrates that the flood storage within
the freeboard zone (ie 4.2 to 5.0 m AHD) provides significant contingency for events and/or circumstances that are
beyond those applied to the design event simulations. For example, the analysis concluded that peak basin flood
levels would not exceed the proposed minimum floor level of 5.0 m AHD: during a 0.05% AEP (or 1 in 2000 year)
design storm event; or if a 1% AEP event occurred following an extended wet period and the gravity drain was fully
blocked.

In summary, the design storm analysis demonstrates that the proposed water management system can effectively
manage shorter duration intense storm events as well as the longer duration (ie several months) extended wet
periods that were the focus of the detailed modelling documented in the IWCMS and GWMR.
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4  Flood risk management

4.1 Overview

The flood risk management strategy has been updated to incorporate the results from the water balance model,
detailed groundwater model and design storm analysis. This chapter describes the updated approach (Section 4.2)
and explains why no off-site flood impacts are expected (Section 4.3).

4.2 Flood risk management approach

This section describes the proposed flood planning levels and risk management measures.

4.2.1 Flood planning levels

Table 4.1 describes the proposed flood planning levels. This information supersedes the flood planning levels
provided in the IWCMS.

Table 4.1 Proposed flood planning levels

Flood planning level

Proposed levels

Rationale

1% AEP groundwater
flood levels

1% AEP basin water
level
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Groundwater levels provided in IWCMS
Plate 5-11

It is noted that peak groundwater levels will
vary locally (ie due to mounding near
infiltration systems). Hence, appropriate
freeboards will be established at Concept
Design (see Chapter 5) using a risk
assessment framework.

e Golf course basins?2—4.2 m AHD

¢ Northern basins? — 4.4 m AHD

¢ Calculated using the detailed groundwater model* based on
the simulation of the 1963 event.

* Incorporates 2100 sea level rise conditions

Golf course basins

The 1% AEP basin level is the minimum surface level (see
IWCMS Figure 4) and is conservatively higher than the peak 1%
AEP level of:

e 4.04 m AHD that was calculated by the design storm analysis
(see Section 3.3.1); and

e 3.9 m AHD that was calculated by the water balance model
(see IWCMS).

Northern basins

The level is increased by 0.2 m to allow for some head loss as
water flows from these basins to the gravity drain inlet that will
be in the southern most basin.
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Table 4.1 Proposed flood planning levels

Flood planning level Proposed levels

Rationale

Minimum habitable  Zone D4 (piped drainage zone)
floor levels The greater of:
e 0.8 m above the 1% AEP basin level

¢ 0.5 m above the adjoining road level*

Zone D3 (infiltration zone)

e Provisional level® of 1.0 m above the 1%
AEP groundwater level or 5 m AHD
(whichever is higher)

Minimum road levels Zone D4 (piped drainage zone)
The greater of:
e the 1% AEP basin level; or
e the 1% AEP groundwater level

Zone D3 (infiltration zone)

e Provisional level® of 0.5 m above the 1%
AEP groundwater level

PMF level 5.9 m AHD

This approach applies a 0.8 m freeboard to the 1% AEP basin
level. As described in Chapter 3, the flood storage provided in
the freeboard zone provides significant contingency.

The 0.5 m freeboard to the adjoining road level will mitigate
risks associated with groundwater flooding as:

e roads will be at or above the 1% AEP groundwater levels;

e the roads will have subsurface drainage (see Measure 2.1 in
Table 4.2 for further information); and

e any groundwater that intercepts the surface will drain freely
to the stormwater system within the road reserve (see
Measure 2.2 in Table 4.2 for further information).

A provisional 1 m freeboard to the 1% AEP groundwater level is
applied as there is potential for localised mounding of the
watertable near infiltration areas. This freeboard will be
reviewed at Detailed Design once the infiltration system design
is known.

The minimum floor level of 5 m AHD will provide the same
mitigation as Zone D4 for dwellings located near the basins.

This approach will ensure that roads are trafficable during a 1%
AEP event.

A provisional 0.5 m freeboard to the 1% AEP groundwater level
is applied as there is potential for localised mounding of the
watertable near infiltration areas. This freeboard will be
reviewed at Detailed Design once the infiltration system design
is known.

This is the peak PMF level that was calculated using the
methods described in Chapter 3.

Notes: 1. Refers to the three-dimensional groundwater model that was developed using the MODFLOW-SURFACT modelling platform. Refer
to GWMR Section 5 for a description of the detailed groundwater model.
2. The golf course basins refer to the basins that adjoin the golf course. The northern basins refer to the northern most basin and the
two finger drains that extend to the north and north-west from this basin. These basins are noted in IWCMS Figure 1 and 2.
3. This level is provisional as it will be reviewed and potentially altered when preparing a Development Control Plan or at detailed

design.
4. Refers to the lowest road level that adjoins the lot.

4.2.2 Proposed measures

Table 4.2 describes proposed flood risk management measures. This information supersedes the measures
provided in the IWCMS. It is noted that these measures are provisional as they will be reviewed and potentially

altered during future design stages.
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Table 4.2 Proposed flood risk management measures

Provisional® Measure

Rationale

1 - General

Measure 1.1 — The water management system will be designed and
constructed generally in accordance with the concepts described in the
IWCMS and this addendum report.

Measure 1.2 — Roads and other buried infrastructure will be designed
and constructed to be resilient to groundwater inundation.

Measures 1.3 — The potential for a near surface watertable will be
considered in the design and construction of dwellings and other
structures.

To ensure the system functions in a manner that is
consistent with the functionality assumed when
preparing the IWCMS and addendum reports and
associated modelling.

To minimise the risk of infrastructure damage due to
groundwater flooding.

To ensure periods of elevated groundwater levels do not
cause structural damage to dwellings or indirect damage
(ie due to rising damp).

2 - Zone D4 (piped drainage zone)

Measure 2.1 — Subsurface drainage will be provided under road bases in
the piped drainage zone. The drainage will outlet into the piped drainage
system.

Measure 2.2 — All lots will be free draining to either a road gutter or a
surface drain. The floor levels of dwellings will be located sufficiently
above drain levels to ensure that the dwellings will not be inundated by
overland flows that could occur from stormwater runoff or if the
watertable intercepts the surface.

This measure was recommended in the IWCMS to
manage localised groundwater flooding in development
areas.

To ensure that dwellings will not be inundated by
overland flows that could occur from stormwater runoff
or if the watertable intercepts the surface.

3 - Zone D3 (infiltration zone)

Measure 3.1 — All lots will be free draining to either a road gutter or a
surface drain. The floor levels of dwellings will be located sufficiently
above drain levels to ensure that the dwellings will not be inundated by
overland flows that could occur from stormwater runoff; blockage of an
infiltration system; or if the watertable intercepts the surface.

To ensure that dwellings will not be inundated by
overland flows that could occur from stormwater runoff,
blockage of an infiltration system or if the watertable
intercepts the surface.

Notes:
detailed design.

4.3 Flood impacts on adjoining land

1. The measures are provisional as they will be reviewed and potentially altered when preparing a Development Control Plan or at

The project is not expected to result in impacts to groundwater or surface water flooding on land adjoining the site
or the golf course, which will be partially reconfigured as part of the project. Table 4.3 provides a summary of
potential impact mechanisms and explains why no impacts are predicted.

Table 4.3 Summary of flood impacts

Flood impact mechanism Summary of impacts

Increases to peak groundwater flood
levels

The proposed water management system will lower peak groundwater flood levels both
within the site and in areas adjacent to the site. GWMR Plate 7-18 shows the predicted

change in peak levels during the simulated 1963 event, which is used as a pseudo 1% AEP
event. The reductions in groundwater level (relative to existing conditions) in areas
adjoining the site range from 0.2 to 0.4 m to the south of the site and 0.6 to 1.0 m to the
west and north of the site. In summary, no increases to groundwater flood levels are
predicted within the site or on private property or crown land that adjoins the site.
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Table 4.3 Summary of flood impacts

Flood impact mechanism

Summary of impacts

Impacts to surface water flooding or
stormwater system capacity in
Tuncurry and other surrounding areas.

Impacts to the Tuncurry Golf Course

Stormwater management zones D1, D2 and D4 (Central and Western portions of the
site)

All stormwater runoff and groundwater will be managed by the water management
system. The system is conceptually designed to contain/store surplus runoff that will occur
during intense rainfall events or prolonged periods of wet weather. When the basin levels
exceed 3 m AHD, surplus water will drain to the Wallis Lake Entrance Channel in the gravity
drain (see Chapter 2).

No impacts to surface water flooding or the existing capacity of stormwater drainage
systems in Tuncurry or other surrounding areas will occur as:

¢ the water management system is not designed to overflow; and
¢ the gravity drain will be standalone (ie it will not be integrated with existing drainage).
Stormwater management zone D3 (Eastern portion of the site)

The groundwater constraints are lower in the eastern portion of the development area
due to proximity to the ocean. Accordingly, infiltration-based stormwater systems are
proposed (see IWCMS Section 5). The stormwater systems will include surface drains that
will convey runoff that exceeds the infiltration system capacity to a designated overflow
location. Potential overflow locations are shown in IWCMS Figure 2.

As shown in IWCMS Figure 2, stormwater runoff from a small development area located in
the south-eastern portion of the site will drain to the south onto an existing sports field,
where it would rapidly infiltrate. Accordingly, no impacts to the urban areas further to the
south are expected.

The proposed water management system will reduce the frequency of groundwater levels
within the development area and golf course exceeding 3 m AHD (see IWCMS Plate 5-7).
As most golf greens are higher than 3 m AHD, the water management system will reduce
the frequency and duration of golf greens being inundated when the groundwater table
intercepts the surface. It is proposed to reconfigure some parts of the golf course as part
of the project. The reconfiguration will involve establishing some new greens and will
provide an opportunity to locally raise any portions of existing greens that are below

3 m AHD (if deemed necessary).
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5 Design development framework

The proposed water management system described in the IWCMS (SMEC 2019) and this addendum report was
developed as part of the master planning process for the project. The system conceptualisation had multiple
objectives including flood risk management, water quality management, balancing cut and fill and integration with
the proposed land uses. Groundwater and surface water flooding risks were identified as a key constraint in the
central and western portions of the site and have been assessed using several modelling methods. The IWCMS
(SMEC 2019) established four water management zones based on proposed land use and site constraints. These
zones are described as Zone D1 (golf course and open space), Zone D2 (basins), Zone D3 (urban development,
infiltration zone) and Zone D4 (urban development, piped drainage zone). Water management concepts for each
of these zones have been established. Overall, the concepts have been developed to a sufficient level of detail to
demonstrate functionality, proof of concept and establish flood planning controls (see Chapter 4).

Further design development is required for some aspects to establish the optimal design solution, development
staging and finalise any planning arrangements. Accordingly, Landcom proposes that Concept Designs will be
prepared for the following project elements: gravity drain, basin system and earthworks and staging. It is proposed
that the Concept Designs will be finalised after rezoning approval but prior to the detailed design of development
stages that will utilise the basin system. The Concept Designs will be generally in accordance with the concepts
described in the rezoning proposal but will be progressed to a sufficient level of detail to enable key design decisions
to be made in advance of detailed design, which will occur in stages.

The concept designs will be prepared in consultation with Council and BCD. For the gravity drain and basin system
designs, Landcom will also fund external peer reviews to add both value and confidence to the process. The peer
reviewer(s) will be selected in consultation with Council and will provide an independent perspective. It is expected
that each design process will include a series of workshops attended by all stakeholders.

Table 5.1 provides and overview of the proposed objectives, scope, and consultation for each of the three Concept
Design packages.
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Table 5.1 Concept Design overview

Concept Design

Objectives

Informed by

Consultation

Gravity Drain

Basin systems and
stormwater management

Earthworks and staging

Establish preferred alignment

Finalise inlet and outlet arrangements

Establish materials and construction methods

Establish any impacts to services and freehold land
Prepare a maintenance plan

Confirm hydraulic capacity

Finalise the shape, bottom levels and the distribution of
ephemeral and open water zones

Prepare conceptual civil and geotechnical designs
Finalise landscape design including planting

Finalise stormwater management approach and stormwater
basin interfaces

Establish materials and construction methods
Prepare a maintenance plan

Confirm design flood levels

Update the earthworks concept to achieve cut to fill balance

Establish development staging schedule and associated
progressive cut to fill balance

e Detailed survey (including services)
e Geotechnical investigations
e Civil design

e Hydraulic calculations

e Civil design

e Geotechnical design

e Landscape design (including planting)

e Update design storm analysis (if
required)

e Civil design

Council, BCD, service providers (if required),
independent peer reviewer

Council, BCD, independent peer reviewer

Council
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6 Water regulation

6.1 Overview

This chapter addresses relevant water regulations using information sourced from the IWCMS and GWMR. It
supersedes information related to water licensing and the NSW Aquifer Interference Policy (AIP) that is documented
in IWCMS Section 2.3 and Appendices A and D.

6.2 Relevant regulation

The NSW Water Management Act 2000 (WM Act) sets out the legislative requirements for the sustainable and
integrated management of water sources within NSW. The principal instruments under the WM Act are
management plans for: water sharing, water use, floodplain management, drainage, environmental protection,
controlled activities and aquifer interference.

Plans that are relevant to the NTURA proposal are described below.
6.2.1  Water sharing plans

Water Sharing Plans (WSPs) are statutory documents that apply to one or more water sources. They define the
rules for sharing and managing water resources within water source areas.

The WSPs relevant to the NTURA are:

. Water Sharing Plan for the North Coast Coastal Sands Groundwater Sources 2016 — the Great Lakes Coastal
Sands Groundwater Source applies to groundwater in the vicinity of the site.

. Water Sharing Plan for the Lower North Coast Unregulated and Alluvial Water Sources 2009 — the Wallamba
River water source applies to surface water in the vicinity of the site.

6.2.2  NSW Aquifer Interference Policy

Projects that intercept groundwater need to consider the AIP. The AIP defines the regime for protecting and
managing the impacts of aquifer interference activities on NSW’s water resources. The AIP requires consideration
of the potential impacts of an aquifer interference activity in respect to the watertable, water pressure and water
quality. Proponents must estimate the water take (including incidental take) from each water source and connected
water sources. Changes to watertable, water pressure and water quality are assessed against minimal impact
considerations for each water source.

The AIP defines water sources as being either ‘highly productive’ or ‘less productive’ based on levels of salinity and
average available yields and by their lithological character, being one of alluvium, coastal sand, porous rock, or
fractured rock, and identifies thresholds for minimal impact considerations. Based on the NSW Government’s
mapped areas of groundwater productivity in NSW (NOW 2012), the project area is within a ‘highly productive’
coastal sands water source. Applicable minimal impact considerations for the project have been reproduced in
Table 6.1.
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If an activity is assessed as being ‘minimal impact’ or the impacts are no more than the accuracy thresholds of the
model, then it is defined as a ‘minimal impact’. Where impacts are predicted to be ‘greater than minimal impact’
but additional studies show that impacts, although greater than ‘minimal’ do not prevent the long-term viability of
the relevant water dependent asset, then the impacts will be defined as ‘acceptable’. Where impacts are predicted
to be ‘greater than minimal impact’ and the long-term viability of the water dependent asset is compromised, then

the impact is subject to ‘make good’ provisions.

Table 6.1

Watertable

Water pressure

Minimal impact criteria for ‘highly productive’ coastal sands water source

Water quality

1. Lessthan or equal to 10% cumulative variation in the
watertable, allowing for typical climatic ‘post-water sharing
plan’ variations, 40 m from any:

a) high priority groundwater dependent ecosystem; or
b) high priority culturally significant site;

listed in the schedule of the relevant water sharing plan.
A maximum of a 2 m decline cumulatively at any water
supply work.

2. If more than 10% cumulative variation in the water table,
allowing for typical climatic ‘post-water sharing plan’
variations, 40 m from any:

a) high priority groundwater dependent ecosystem; or

b) high priority culturally significant site;

listed in the schedule of the relevant water sharing plan
then appropriate studies (including the hydrogeology,
ecological condition and cultural function) will need to
demonstrate to the Minister’s satisfaction that the variation

will not prevent the long-term viability of the dependent
ecosystem or significant site.

If more than a 2 m decline cumulatively at any water supply
work then make good provisions should apply.

6.3 Estimated water take

3. Acumulative pressure

head decline of not
more thana2 m
decline, at any water
supply work.

If the predicted
pressure head decline is
greater than
requirement 1 above,
then appropriate
studies are required to
demonstrate to the
Minister’s satisfaction
that the decline will not
prevent the long-term
viability of the affected
water supply works
unless make good
provisions apply.

1. Anychangeinthe

groundwater quality
should not lower the
beneficial use category of
the groundwater source
beyond 40 m from the
activity.

If condition 1 is not met
then appropriate studies
will need to demonstrate
to the Minister’s
satisfaction that the
change in groundwater
quality will not prevent
the long-term viability of
the dependent
ecosystem, significant site
or affected water supply
works.

The proposed conditions water cycle is described in IWCMS Section 5. Figure 6.1 reproduces IWCMS Plate 5-3
(which conceptually shows the water cycle) and notes the following water take mechanisms.

1. The capture of roof runoff in rainwater tanks.

2. Net groundwater inflows into the water management basins from the adjoining coastal sands aquifer.
3. The extraction of groundwater from the coastal sands aquifer for the purposes of irrigation.

4, Groundwater inflows into the water management basins during the excavation of the basins.

For each mechanism, an assessment of water take and a description of the proposed licencing approach is provided

in Table 6.2 (after Figure 6.1).
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Developed Conditions Groundwater Regime

Zone D4: Urban Development
(Piped Drainage Zone)

. All runoff from roof and road areas is to be treated in
above pipe rain gardens before discharging to the
basins via a stormwater pipe system.

. Under elevated groundwater conditions, subsurface
drainage under roads will dewater groundwater to the
basins via the stormwater pipe system.

. Runoff from all pervious areas and impervious areas
that are not connected to the piped drainage system
will recharge to groundwater.

. ET losses from groundwater due to deep rooted
vegetation.

Runoff from roof and road areas will be
treated in above pipe raingardens. The
raingardens will be lined and treated
water will discharge to the basins via
the stormwater pipe system.

Subsurface

Ephemeral zones located
within the basins

Indicative Groundwater Profile
(Wet Conditions)

Figure 6.1 Water take mechanisms

Source: Background image from IWCMS Plate 5-3
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Zone D2: Water Management

Area

All direct rainfall will
accumulate inthe basins.

Outflow from the basins
via the proposed gravity
drainage systerm when the
basin level exceeds

3m AHD.

ET losses fram surface
water.

Public Open Space

Groundwater recharge t
occurs during extended -
wet periods :

Irrigated water mostly
lost to ET.

ET losses from ground
water due to deep
rooted vegetation.

Basins drain offsite through a piped

ET Losses from
open water

drainage system when levels exceed
3m AHD

Zone D1: Golf Course and | Zone D3: Urban Development

{Infiltration Zone)

Runoff from both
impervious and
pervious surfaces will
be infiltrated to
groundwater.

ET losses from ground-
water due to deep
rooted vegetation.

All runoff from impervious surfaces

directed to infiltration systems

and basin level profile
Irrigation of publi
open space

Indicative 100 year ARI groundw ater

3

During non-extreme conditions, the east-west groundwater
divide is to be defined by the basins due to the inflow of

runoff from connected impervious areas.

Lower 100 year ARI levels in the eastern
portion of the development area due to

the proximity to the ocean
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Table 6.2

Water take mechanism

Assessment of water take and licensing approach

Assessment of water take

Licensing approach

The capture of water in rainwater tanks

Net groundwater inflows into the water
management basins from the adjoining
coastal sands aquifer.

Groundwater extraction for irrigation
purposes

H200596 | RP#5 | v5

The rainwater tanks are excluded works under Schedule 1, item 5 of the NSW Water Management (General)
Regulation 2018. Reuse of water captured within the rainwater tank is exempt from requiring a licence under
Schedule 4, item 12 of the NSW Water Management (General) Regulation 2018.

Incidental groundwater take during non-flood conditions

During non-flood conditions, the water level in the basins will be higher than levels in the surrounding
groundwater system as runoff from impervious areas in stormwater management Zone D4 (see IWCMS Plate 6-
5) will be conveyed into the basins, along with direct rainfall. As a result, water from the basins will slowly flow
to the east and west into the groundwater system (see IWCMS Plate 5-9). Accordingly, no water take is
predicted.

Incidental groundwater take during flood conditions

Groundwater modelling results for both existing and proposed development scenarios show that during flood
conditions, the east-west groundwater divide will shift to the west of the development area (see GWMR Section
8). This is due to the increase in groundwater levels resulting from high rainfall recharge. As a result,
groundwater would flow into the basins from the west and out of the basins to the east, towards the ocean (see
IWCMS Plate 5-11). Hence, there is potential for incidental groundwater take to occur if the groundwater
inflows exceed outflows.

Mass balance results presented in GWMR Plates 7-7 and 7-8 include estimates of groundwater flows from the
development area (in all directions) during the 1963 flood event (which is used as a pseudo 1% AEP event). The
mass balance results indicate that groundwater flows would reduce from 725 ML (existing conditions) to 706 ML
(developed conditions), a 19 ML change. This provides a reasonable estimate of potential incidental
groundwater take volumes during flood conditions.

The IWCMS notes that there is an opportunity to extract groundwater to irrigate public open spaces. Extraction
would likely occur via local spearpoint wells and would be managed by Council.

A potential water take volume of 67 ML/year is provided in IWCMS Section 9 based on an assumed irrigation
area. This estimate will require review once detailed landscaping plans are prepared and the need for irrigation
established.

There is no requirement for a water
access licence or works approval.

There is no requirement for a water
access licence or works approval.

Advice from NSW Government’s Natural
Resource Access Regulator is required to
ascertain if water licences are required
for groundwater take that will only occur
occasionally during flood conditions.

Works approvals and water access
licences (from the Great Lakes Coastal
Sands Groundwater Source) would be
obtained by or on behalf of Council prior
to any extraction occurring. The NSW
Water register shows that existing WALs
in this water source have a total share of
2,148 ML, well below the LTAAEL! of
16,000 ML, indicating there is
considerable market depth.
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Table 6.2 Assessment of water take and licensing approach

Water take mechanism

Assessment of water take Licensing approach

Water take associated with the
excavation of the basins

The basins are effectively excavations that would satisfy the definition of an Aquifer Interference Activity (AIA)  Work approvals will be required.
under the Water Management Act 2000 and therefore require approval under that Act. As the AIA approval
provisions are yet to be switched on, a Water Supply Work Approval application will need to be lodged with the requiring Water Access Licences provided
regulator (either WaterNSW or NRAR). no dewatering is required. This will be

Schedule 4, Clause 7 of the Water Management Act 2000 makes provision for exemption from requiring Water  reviewed once the construction methods
Access Licences for minimal extractions (less than 3 ML per water year) associated with an AIA. On the basis that are known.

the watertable will not need to be dewatered to excavate the basins (ie the basins will be excavated using either

an excavator or a dredging system) no water take in excess of 3ML is predicted.

The basins are considered exempt from

Notes: 1. Long Term Annual Average Extraction Limit (LTAAEL)
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6.4

Assessment against Aquifer Interference Policy

The construction of the water management basins is an aquifer interference activity as defined under the AIP.
Table 6.3 provides an assessment against the minimal impact criteria established in Section 6.2.2.

The aquifer interference assessment framework step by step guide is provided in Appendix D.

Table 6.3

Minimal impact criteria

Watertable

1. Lessthan or equal to 10% cumulative variation in the
watertable, allowing for typical climatic ‘post-water sharing
plan’ variations, 40 m from any:

a) high priority groundwater dependent ecosystem; or
b) high priority culturally significant site;

listed in the schedule of the relevant water sharing plan.
A maximum of a 2 m decline cumulatively at any water
supply work.

2. If more than 10% cumulative variation in the water table,
allowing for typical climatic ‘post-water sharing plan’
variations, 40 m from any:

a) high priority groundwater dependent ecosystem; or

b) high priority culturally significant site;

listed in the schedule of the relevant water sharing plan

then appropriate studies (including the hydrogeology,

ecological condition and cultural function) will need to
demonstrate to the Minister’s satisfaction that the variation
will not prevent the long-term viability of the dependent
ecosystem or significant site.

If more than a 2 m decline cumulatively at any water supply work
then make good provisions should apply.

Assessment against minimal impact criteria

Assessment

Non-flood conditions

The project will increase the volume of water recharged into the
groundwater system as impervious area runoff will recharge at a
greater rate and frequency than rainfall that infiltrates into the
existing landscape (see GWMR Section 3 for further information).

For median conditions, recharge within the development area
will increase from 33% of rainfall to 50% of rainfall (see GWMR
Plate 8-1). This will result in a generally higher watertable within
the development area.

GWMR Plate 8-2 shows the expected change in typical
groundwater levels within the project area for a range of climate
conditions. These results indicate that developed conditions
groundwater levels will be approximately 0.3 to 0.4 m higher
than existing conditions levels at all times except for flood
conditions (discussed below).

GWMR Plate 8-6 shows the predicted change in groundwater
levels during typical wet conditions. The results indicate that
groundwater levels in areas adjoining the project area will be
between 0.0 and 0.3 m higher than existing levels, with the
greatest increases occurring immediately to the west of the
project area.

Accordingly, during non-flood conditions, the project will not
result in a watertable decline at any water supply work that is
located near the project.

Flood conditions

During flood conditions, the water management system will
lower peak groundwater flood levels, which in some locations
intercept the surface. GWMR Plate 7-18 shows the predicted
change in peak levels during the simulated 1963 event, which is
used as a pseudo 1% AEP event. The predicted reduction in peak
groundwater levels in areas adjoining the site range from 0.2 to
0.4 m to the south of the site and 0.6 to 1.0 m to the west and
north of the site. The reductions will be temporary and will only
occur during flood conditions, when groundwater availability is
high.

Conclusion

The project will result in minor changes to local groundwater
levels and groundwater availability and therefore is considered to
have a minimal impact.

H200596 | RP#5 | v5
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Table 6.3

Minimal impact criteria

Water Pressure

1. A cumulative pressure head decline of not more thana2 m
decline, at any water supply work.

2. |If the predicted pressure head decline is greater than
requirement 1 above, then appropriate studies are required
to demonstrate to the Minister’s satisfaction that the decline
will not prevent the long-term viability of the affected water
supply works unless make good provisions apply.

Water Quality

1. Any change in the groundwater quality should not lower the
beneficial use category of the groundwater source beyond
40 m from the activity.

2. If condition 1 is not met then appropriate studies will need to
demonstrate to the Minister’s satisfaction that the change in
groundwater quality will not prevent the long-term viability
of the dependent ecosystem, significant site or affected
water supply works.

Assessment against minimal impact criteria

Assessment

The receiving groundwater system is an unconfined sand aquifer.
In an unconfined system the water pressure within the aquifer is
directly correlated to the watertable level, whereby a change in
water pressure will result in an equivalent change in the
watertable level. As a result, the assessment of changes to
watertable apply to water pressure (ie minimal impact).

Potential for changes to nutrient concentrations

IWCMS Section 6.4 describes the project’s predicted impacts to
groundwater quality and notes the potential for the project to
increase the nitrogen and phosphorus loads entering the
groundwater system. For groundwater that will flow from the
development area to the west towards the Wallamba River
Estuary, any increased nutrient loads are expected to be
attenuated to background levels via chemical sequestration/
absorption within the aquifer and assimilation by wetlands in
groundwater recharge zones near the Wallamba River (refer to
IWCMS Section 6.4 for further details).

During both flood and non-flood conditions, the east-west
groundwater divide will be to the west of the golf course (see
IWCMS Plates 5-9 and 5-11). Hence, any potentially nutrient rich
groundwater from the golf course will flow to the east, into the
ocean which is a less sensitive receiving water than the
Wallamba River Estuary.

Potential for changes to salinity

The project will increase the volume of freshwater recharged to
the aquifer and is therefore not expected to have an adverse
impact on water salinity.

Human health risks

All dwellings will be serviced by a sewer and there will be no on-
site wastewater treatment systems such as septic tanks that will
discharge into the groundwater system (see IWCMS Section 8).
Accordingly, the project will not be a source of pathogens, E coli
and other pollutants associated with wastewater.

Conclusion

The project will have a minimal impact on groundwater quality as
it is not expected to:

e resultin a change in groundwater quality that would lower the
beneficial use category of the groundwater source; or

e impact a groundwater dependent ecosystem or receiving
surface water system such as the Wallamba River.

H200596 | RP#5 | v5

42



7 References

Ball, J., Babister, M., Nathan, R., Weeks, W., Weinmann, E., Retallick, M., & Testoni, I. (Eds.). (2019). Australian
Rainfall and Runoff: A Guide to Flood Estimation, Commonwealth of Australia

SMEC 2014, Groundwater modelling technical report, Revision B, Appendix J of the rezoning proposal
SMEC 2019, Integrated Water Cycle Management Strategy, Revision 5 - Appendix P of the rezoning proposal
WMA 2014, Wallis Lake Foreshore (floodplain) risk Management Study and Flood Study Review

Worley Parsons 2013, Coastal processes Report: Hydrodynamic and Sediment Transport Assessment of Wallis Lake
Dredging

H200596 | RP#5 | v5 43



Appendix A
Gravity drain - preliminary design
drawings
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OPTION 2 GRAVITY PIPE ALIGNMENT - LANDOWNERSHIP DETAILS
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Appendix B

PMP calculation sheets




GSDM WORKSHEET

LOCATION INFORMATION

Catchment Name: NTURA

Duration Limit:

6

(3-6 hours)

Approx. Centroid:

Portion of Area Considered:

Latitude °S:

Smooth(0.0- 1.0), S=

0

Rough (0.0-1.0), R=

State: NSW

Area (km?):

Longitude °E:

ELEVATION ADJUSTMENT FACTOR (EAF)

Mean Elevation (m):

5

Adjustment for Elevation:

EAF (0.85 - 1.00)=

required if greater than 1,500 m

-0.05 per 300 m above 1500 m

GSDM MOISTURE ADJUSTMENT FACTOR (MAF)

EPW

catchment™

GSDM MAF=EPWcatchment/104.5

OR read directly off GSDM Moisture Adjustment Factor chart at centroid

GSDM MAF (0.46-1.19)=

0.75

PMP VALUES (mm)

PMP Estimate =

Rounded PMP

Duration (hours) Initial Depth 1 Initial Depth - (DSHS + DRHR)H | Estimate(neares
Smooth(DS) | Rough(DR)
MAF H EAF t10 mm)
0.25 170
0.5 250
0.75 310
1 360
15 470
2 550
2.5 600
3 660
4 760
5 830
6 880

Prepared by Chris Kuczera
Checked by Jason O'Brien

H200596 | RP#5 | v5

Date: 14/12/2020
Date: 17/02/2021
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WORKSHEET 2: Generalised Southeast Australia Storm Method (GSAM)

LOCATION INFORMATION

seasonal standard

Catchment Name: NTURA State: NSW
GSAM zone: GSAM - GTSMR Coastal Transition Zone |Area (kmz); 4
CATCHMENT FACTORS
Topographical Adjustment Factor TAF = 1.08
Annual Moisture Adjustment Factor MAF EPW..qonal catchment average
~ EPW

EPWseasonal catchment
Season EPWseasonal standard | MAF
average
Summer (annual) 78 80.8
Autumn 64 71

Summer PMP values (mm)

Autumn PMP values (mm)

Duration Initial Depth PMP Estimate Duration Initial Depth PMP Estimate
(hours) (DXTAFXMAF,) (hours) (DXTAFXMAF,)
( Dsummer) ( Dautumn)

24 24

36 36

48 48

72 72

96 96

Final GSAM PMP Estimates
Duration Maximum of the Seasonal |Preliminary PMP Estimate (nearest Final PMP
(hours) Depths 10 mm) Estimate

1 360 360

2 550 550

3 660 660

4 760 760

5 830 830

6 880 880

12 910

24 940

36 1050
48 1110
72 1160
96 1200

Prepared by Chris Kuczera
Checked by Jason O'Brien

Date: 14/12/2020
Date: 17/02/2021




WORKSHEET 2: Generalised Tropical Storm Method Revised (GTSMR)

LOCATION INFORMATION

Catchment Name: NTURA State: NSW
GTSMR zone: GSAM - GTSMR Coastal Transition Zone |Area (km?): 4
CATCHMENT FACTORS
Topographical Adjustment Factor TAF = 1.08
Decay Amplitude Factor DAF = 0.84
Annual Moisture Adjustment Factor MAF, = EPW catenmeny/ 120.00
MAF, = Epwnammam_ﬁnmJBEran
Season EPW catchment EPW standard MAF
Annual 78 120
Winter 54 82.3

Summer (Annual) PMP values (mm)

Winter PMP values (mm)

o PMP Estimate o
Duration Initial Depth —D, XTAFXDAFXMA Duration Initial Depth | PMP Estimate
(hours) (hours) (D.XTAFXMAF,)
(Dy) Fu (Dauturnn)
24 24
36 36
48 48
72 72
96 96
120 120
Final GSAM PMP Estimates
Duration Maximum of the Seasonal |Preliminary PMP Estimate (nearest Final PMP
(hours) Depths 10 mm) Estimate
1 360 360
2 550 550
3 660 660
4 760 760
5 830 830
6 880 880
12 845
24 810
36 990
48 1160
72 1460
96 1640
120 1720

Prepared by Chris Kuczera
Checked by Jason O'Brien

Date: 14/12/2020
Date: 17/02/2021




Appendix C

Design storm analysis results




C1 Ensemble storm results

C.l1l1 Design storm scenarios

Design storm results
3.5065 denotes the adopted ensemble

1% AEP design storms
Storm duration
Ensemble 12 hrs 24 hrs 36 hr 48 hr 72hr 96hr

1 3.51 3.69 3.77 3.78 3.87

2 3.51 3.70 3.77 3.92 3.83

3 3.50 3.69 3.78 3.83 3.86

4 3.51 3.67 3.84 3.88 3.80

5 3.51 3.70 3.83 3.85 3.94

6 3.51 3.68 3.76 3.84 3.93

7 3.51 3.68 3.78 3.86 3.83

8 3.51 3.69 3.79 3.86 3.87

9 3.51 3.69 3.84 3.84 3.91

10 3.51 3.70 3.81 3.81 3.97

Median 3.51 3.69 3.79 3.85 3.87
0.2% AEP design storms

Storm duration
Ensemble 12 hrs 24 hrs 36 hr 48 hr 72hr 96hr

1 3.72 3.94 4.04 4.11 4.25

2 3.72 3.96 4.04 4.23 4.23

3 3.72 3.94 4.06 4.17 4.24

4 3.73 3.91 4.10 4.21 4.21

5 3.74 3.96 4.10 4.19 4.32

6 3.72 3.92 4.05 4.15 4.29

7 3.72 3.91 4.05 4.17 4.22

8 3.73 3.94 4.04 4.19 4.25

9 3.74 3.93 4.10 4.19 4.29

10 3.74 3.96 4.09 4.12 4.34

Median 3.73 3.94 4.05 4.18 4.25
0.05% AEP design storms

Storm duration
Ensemble 12 hrs 24 hrs 36 hr 48 hr 72hr 96hr

1 3.94 4.19 4.34 4.40 4.55
2 3.93 4.22 4.33 4.51 4.52
3 3.94 4.20 4.35 4.45 4.53
4 3.95 4.17 4.39 4.49 4.50
5 3.96 4.21 4.38 4.47 4.61
6 3.93 4.18 4.35 4.42 4.59
7 3.93 4.17 4.35 4.44 4.50
8 3.94 4.19 4.32 4.47 4.56
9 3.97 4.18 4.38 4.47 4.59
10 3.96 4.20 4.38 4.39 4.63
Median 3.94” 4.19 4.35 4.46 4.55

H200596 | RP#5 | v5

3.97
3.89
3.89
3.85
3.92
4.05
3.95
4.02
3.84
3.89

3.91

4.34
4.28
4.23
4.25
4.29
4.39
4.31
4.38
4.22
4.29

4.29

4.64
4.59
4.52
4.56
4.61
4.66
4.62
4.67
4.52
4.60

4.60

120 hr
4.08
4.07
4.01
3.87
4.01
4.02
4.01
3.85
3.95
3.82

4.01

120 hr
4.45
4.42
4.34
4.20
4.37
4.29
4.37
4.21
4.26
4.15

4.32

120 hr
4.73
4.70
4.63
4.46
4.68
4.53
4.67
4.51
4.56
4.48

4.59

144 hr
4.19
4.02
4.21
3.91
4.01
4.04
4.05
3.85
3.80
4.16

4.03

144 hr
4.55
4.39
4.54
4.28
4.37
4.42
4.30
4.22
4.12
4.49

4.38

144 hr
4.81
4.70
4.80
4.57
4.66
4.73
4.59
4.54
4.46
4.75

4.68

168 hr
4.18
4.03
4.22
3.94
3.86
4.02
3.97
4.00
4.05
4.10

4.02

168 hr
4.53
4.41
4.57
4.32
4.13
4.36
4.34
4.38
4.35
4.37

4.37

168 hr
4.80
4.73
4.83
4.63
4.36
4.66
4.66
4.69
4.64
4.67

4.67

C1



C.1.2  Sensitivity scenarios

Sensitivity Scenario 1- 1% design storms only

Ensemble 12 hrs
1

W 00NV A~ WN

=
o

Median

Storm duration

24 hrs 36 hr 48 hr
3.87
3.95
3.91
3.93
3.92
3.91
3.92
3.92
3.90
3.89

3.91

Sensitivity Scenario 2 - 1% design storms only

Ensemble 12 hrs
1

W 00 NGOV A~ WN

=
o

Median

72hr 96hr 120 hr
4.20
4.20
4.14
4.07
4.17
4.15
4.17
4.08
4.13
4.06

4.15

Storm duration

24 hrs 36 hr 48 hr
4.01
4.01
4.01
4.01
4.01
4.01
4.01
4.01
4.01
4.01

4.01

Sensitivity Scenario 3 - 1% design storms only

Ensemble 12 hrs
1

O 00NV A~ WN

=
o

Median
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72hr 96hr 120 hr
4.33
434
4.33
4.33
4.34
4.35
4.33
4.32
4.34
4.33

4.33

Storm duration

24 hrs 36 hr 48 hr
4.21
4.32
4.26
4.29
4.28
4.24
4.25
4.28
4.28
4,21

4.27

72hr 96hr 120 hr
4.43
4.36
4.29
4.11
4.34
4.19
4.33
4.13
4.22
4.10

4.26

144 hr
4.28
4.21
4.29
4.06
4.12
4.21
4.19
4.10
4.06
4.25

4.20

144 hr
4.40
4.38
4.40
4.39
4.36
4.38
4.40
4.37
4.37
4.39

4.38

144 hr
4.46
4.31
4.45
4.33
4.34
4.36
4.20
4.13
4.02
4.40

4.33

168 hr
4.29
4.22
4.30
4.10
4.08
4.15
4.13
4.17
4.21
4.24

4.19

168 hr
4.43
4.41
4.43
4.43
4.42
4.40
4.42
4.42
4.44
4.45

4.42

168 hr
4.40
4.32
4.46
4.36
4.07
4.30
4.30
4.33
4.24
4.25

4.31

C.2



Sensitivity Scenario 4 - 1% design storms only

Ensemble 12 hrs
1

W O NGOV A WN

=
o

Median

Storm duration

24 hrs 36 hr 48 hr
4.33
4.39
4.36
4.38
4.37
4.35
4.35
4.37
4.37
4.33

4.36

Sensitivity Scenario 5 - 1% design storms only

Ensemble 12 hrs

O 0O NOOUL B WNR

=
o

Median
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72hr 96hr 120 hr
4.58
4.54
4.49
4.41
4.54
4.43
4.53
4.42
4.46
4.41

4.47

Storm duration

24 hrs 36 hr 48 hr
4.46
4.49
4.48
4.48
4.48
4.47
4.47
4.48
4.48
4.47

4.48

72hr 96hr 120 hr
4.72
4.72
4.70
4.70
4.72
4.70
4.71
4.69
4.70
4.69

4.70

144 hr
4.61
4.53
4.60
4.45
4.49
4.57
4.46
4.43
4.38
4.57

4.51

144 hr
4.77
4.75
4.77
4.76
4.74
4.76
4.73
4.72
4.71
4.76

4.75

168 hr
4.58
4.54
4.61
4.49
4.33
4.49
4.49
4.51
4.50
4.50

4.50

168 hr
4.79
4.77
4.79
4.79
4.74
4.76
4.77
4.78
4.77
4.79

4.78
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C.2 Basin water level hydrographs

—— 1%AEP_48hr_6 ~—— 1%AEP_168hr_2
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Days since storm commencement
Figure C.1 Basin water level hydrographs — 1% AEP event: Sensitivity Scenario 1
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Sensitivity Scenario 1 results
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Sensitivity Scenario 2 results

—— 1%AEP_48hr 5  ——— 1%AEP_168hr_4
55

4.5

Basin storage level 4.2 m AHD f’

Basin water level (m AHD)

Gravity pipe inlet level 3.0 m AHD

Scenario 2 applies a 100%
reduction to the gravity pipe
capacity
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Figure C.2 Basin water level hydrographs — 1% AEP event: Sensitivity Scenario 2

Sensitivity Scenario 3 results
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Figure C.3 Basin water level hydrographs — 1% AEP event: Sensitivity Scenario 3
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Sensitivity Scenario 4 results

—— 1%AEP_48hr_5 == 1%AEP_144hr_2
5.5
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25 Scenario 4 applies conservative
initial conditions plus a 50%
reduction to the gravity pipe capacity
2
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Days since storm commencement
Figure C.4 Basin water level hydrographs — 1% AEP event: Sensitivity Scenario 4
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5.5

Sensitivity Scenario 5 results
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Figure C.5 Basin water level hydrographs — 1% AEP event: Sensitivity Scenario 5
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Appendix D

AlIP assessment framework




Department of
‘l“" Primary Industries

!ﬂmﬂ Office of Water

AQUIFER INTERFERENCE ASSESSMENT FRAMEWORK

Assessing a proposal against the NSW Aquifer
Interference Policy — step by step guide

Note for proponents

This is the basic framework which the NSW Office of Water uses to assess project proposals against the
NSW Aquifer Interference Policy (AIP).

The NSW Aquifer Interference Policy can be downloaded from the NSW Office of Water website
(www.water.nsw.gov.au under Water management > Law and policy > Key policies > Aquifer interference).

While you are not required to use this framework, you may find it a useful tool to aid the development of a
proposal or an Environmental Impact Statement (EIS).

We suggest that you summarise your response to each AIP requirement in the tables following and provide a
reference to the section of your EIS that addresses that particular requirement. Using this tool can help to
ensure that all necessary factors are considered, and will help you understand the requirements of the AlP.

Table 1. Does the activity require detailed assessment under the AIP?

Consideration Response

1 |lIs the activity defined as an aquifer Yes
interference activity?

2 |lIs the activity a defined minimal impact |Yes
aquifer interference activity according
to section 3.3 of the AIP?

Note for proponents

Section 3.2 of the AIP defines the framework for assessing impacts. These are addressed here under the
following headings:

1. Accounting for or preventing the take of water
2. Addressing the minimal impact considerations

3. Proposed remedial actions where impacts are greater than predicted.

www.dpi.nsw.gov.au



Aquifer Interference Assessment Framework - Assessing a proposal against the NSW Aquifer Interference Policy — step by step guide

1. Accounting for, or preventing the take of water

Where a proposed activity will take water, adequate arrangements must be in place to account for this water. It is
the proponent’s responsibility to ensure that the necessary licences are held. These requirements are detailed in
Section 2 of the AIP, with the specific considerations in Section 2.1 addressed systematically below.

Where a proponent is unable to demonstrate that they will be able to meet the requirements for the licensing of the
take of water, consideration should be given to modification of the proposal to prevent the take of water.

Table 2. Has the proponent:

NSW Office of Water

AIP requirement Proponent response
comment

1 |Described the water source(s) | Water Sharing Plan (WSP) for the North
the activity will take water Coast Coastal Sands Groundwater Sources
from? 2016, the Great Lakes Coastal Sands
Groundwater Source

2 | Predicted the total amount of |Refer to Addendum report Table 5.2
water that will be taken from | (67 to 86 ML/year estimated)

each connected groundwater
or surface water source on an
annual basis as a result of the
activity?

3 |Predicted the total amount of | Not applicable, the project is a residential
water that will be taken from  |development that will operate for perpetuity.
each connected groundwater
or surface water source after
the closure of the activity?

4 |Made these predictions in Yes.
accordance with Section 3.2.3
of the AIP? (refer to Table 3,
below)

Baseline groundwater conditions established
in Groundwater Modelling Technical Report
Section 2

Licensing conditions/rules followed (refer
Addendum report Table 5.2).

Minimal predicted impacts to landholders,
licensed water users, GDEs or the
environment (Addendum report Table 5.3)

5 | Described how and in what Refer Addendum report Section 5.3
proportions this take will be
assigned to the affected
aquifers and connected
surface water sources?

6 |Described how any licence Refer Addendum report Table 5.2
exemptions might apply?

7 | Described the characteristics |Not applicable
of the water requirements?

2 NSW Department of Primary Industries, August 2013



Aquifer Interference Assessment Framework - Assessing a proposal against the NSW Aquifer Interference Policy — step by step guide

NSW Office of Water

AIP requirement Proponent response
comment

8 | Determined if there are The proposed water licencing approach is
sufficient water entitlements | discussed in Addendum report Table 5.2
and water allocations that are
able to be obtained for the

activity?
9 | Considered the rules of the Project meets the rules of relevant water
relevant water sharing plan sharing plans.

and if it can meet these rules?

10 | Determined how it will obtain | Refer Addendum report Section 5.3
the required water?

11 | Considered the effect that The WSP states that the LTAAEL is
activation of existing 16,000 ML/yr (but could be increased to
entittement may have on 23,650ML/yr). The NSW Water register
future available water shows that existing WALs have a total share
determinations? of 2,148 ML, indicating that there is

considerable market depth.

12| Considered actions required | Not applicable
both during and post-closure
to minimize the risk of inflows
to a mine void as a result of
flooding?

13 | Developed a strategy to Not applicable
account for any water taken
beyond the life of the
operation of the project?

Will uncertainty in the predicted inflows have a significant impact on the environment or other authorised water
users? No, as the project will increase the volume of water recharged into the groundwater system, and will
therefore have a neutral to beneficial impact on local groundwater levels and groundwater availability

If YES, items 14-16 must be addressed.

14 | Considered any potential for
causing or enhancing
hydraulic connections, and
quantified the risk?

15 | Quantified any other
uncertainties in the
groundwater or surface water
impact modelling conducted
for the activity?

3 NSW Department of Primary Industries, August 2013



Aquifer Interference Assessment Framework - Assessing a proposal against the NSW Aquifer Interference Policy — step by step guide

NSW Office of Water

AIP requirement Proponent response
comment

16 | Considered strategies for
monitoring actual and
reassessing any predicted
take of water throughout the
life of the project, and how
these requirements will be
accounted for?

4 NSW Department of Primary Industries, August 2013



Aquifer Interference Assessment Framework - Assessing a proposal against the NSW Aquifer Interference Policy — step by step guide

Table 3. Determining water predictions in accordance with Section 3.2.3
(complete one row only — consider both during and following completion of activity)

NSW Office of Water

AIP requirement Proponent response
comment

1 |For the Gateway process, isthe |Yes
estimate based on a simple
modelling platform, using suitable
baseline data, that is, fit-for-
purpose?

Refer to Groundwater Modelling Technical
Report Section 6 for information on model
confidence level classification.

2 |For State Significant Not applicable.
Development or mining or coal
seam gas production, is the
estimate based on a complex
modelling platform that is:

o Calibrated against suitable
baseline data, and in the case of
a reliable water source, over at
least two years?

e Consistent with the Australian
Modelling Guidelines?

¢ Independently reviewed, robust
and reliable, and deemed fit-for-
purpose?

3 |In all other processes, estimate Not applicable.
based on a desk-top analysis that
is:

e Developed using the available
baseline data that has been
collected at an appropriate
frequency and scale; and

o Fit-for-purpose?

5 NSW Department of Primary Industries, August 2013



Aquifer Interference Assessment Framework - Assessing a proposal against the NSW Aquifer Interference Policy — step by step guide

Other requirements to be reported on under Section 3.2.3

Table 4. Has the proponent provided details on:

AIP requirement

Proponent response

NSW Office of Water
comment

Establishment of baseline
groundwater conditions?

Refer to Groundwater Modelling Technical
Report Section 2

A strategy for complying with any
water access rules?

Refer to Addendum report Section 5.3

Potential water level, quality or
pressure drawdown impacts on
nearby basic landholder rights

water users?

Refer to Groundwater Modelling Technical
Report Section 7 (flooding) and 8 (non
flooding)

A summary is provided in Addendum
report Table 5-3

Potential water level, quality or
pressure drawdown impacts on
nearby licensed water users in
connected groundwater and
surface water sources?

Refer to Groundwater Modelling Technical
Report Section 7 (flooding) and 8 (non
flooding)

A summary is provided in Addendum
report Table 5-3

Potential water level, quality or
pressure drawdown impacts on
groundwater dependent
ecosystems?

Refer to Addendum report Table 5-3

Potential for increased saline or
contaminated water inflows to
aquifers and highly connected river
systems?

Addendum report Table 5-3

Potential to cause or enhance
hydraulic connection between
aquifers?

All excavations will be undertaken within
the upper portion of the coastal sands
aquifer. Hence, there is no potential to
cause or enhance a connection with
another aquifer.

Potential for river bank instability,
or high wall instability or failure to
occur?

There is no potential to impact river bank
or high wall instability.

Details of the method for disposing
of extracted activities (for coal
seam gas activities)?

Not applicable.
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Aquifer Interference Assessment Framework - Assessing a proposal against the NSW Aquifer Interference Policy — step by step guide

2. Addressing the minimal impact considerations

Note for proponents

Section 3.2.1 of the AIP describes how aquifer impact assessment should be undertaken.

1. Identify all water sources that will be impacted, referring to the water sources defined in the relevant water
sharing plan(s). Assessment against the minimal impact considerations of the AIP should be undertaken for
each ground water source.

2. Determine if each water source is defined as ‘highly productive’ or ‘less productive’. If the water source is
named in then it is defined as highly productive, all other water sources are defined as less productive.

3. With reference to pages 13-14 of the Aquifer Interference Policy, determine the sub-grouping of each water
source (eg alluvial, porous rock, fractured rock, coastal sands).

4. Determine whether the predicted impacts fall within Level 1 or Level 2 of the minimal impact considerations
defined in Table 1 of the AIP, for each water source, for each of water table, water pressure, and water quality
attributes. The tables below may assist with the assessment. There is a separate table for each sub-grouping of
water source — only use the tables that apply to the water source(s) you are assessing, and delete the others.

5. If unable to determine any of these impacts, identify what further information will be required to make this
assessment.

6. Where the assessment determines that the impacts fall within the Level 1 impacts, the assessment should be
‘Level 1 — Acceptable’

7. Where the assessment falls outside the Level 1 impacts, the assessment should be ‘Level 2’. The assessment
should further note the reasons the assessment is Level 2, and any additional requirements that are triggered
by falling into Level 2.

8. If water table or water pressure assessment is not applicable due to the nature of the water source, the
assessment should be recorded as ‘N/A — reason for N/A’.
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Aquifer Interference Assessment Framework - Assessing a proposal against the NSW Aquifer Interference Policy — step by step guide

Table 5. Minimal impact considerations

AelUiEE ) coastal sands

©-\i=seip . Highly productive

Level 1 Minimal Impact Consideration Assessment

Water table Addendum report Table 5.3 — minimal impact

Less than or equal to a 10% cumulative variation
in the water table, allowing for typical climatic
‘post-water sharing plan’ variations, 40 metres
from any:

¢ high priority groundwater dependent
ecosystem or

¢ high priority culturally significant site

listed in the schedule of the relevant water sharing
plan.

OR

A maximum of a 2 metre water table decline
cumulatively at any water supply work.

Water pressure Addendum report Table 5.3 9 - minimal impact

A cumulative pressure head decline of not more
than a 2 metre decline, at any water supply work.

Water quality Addendum report Table 5.3 — minimal impact

Any change in the groundwater quality should not
lower the beneficial use category of the
groundwater source beyond 40 metres from the
activity.
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Aquifer Interference Assessment Framework - Assessing a proposal against the NSW Aquifer Interference Policy — step by step guide

3. Proposed remedial actions where impacts are greater than predicted.

Note for proponents

Point 3 of section 3.2 of the AIP provides a basic framework for considerations to consider when
assessing a proponent’s proposed remedial actions.

Table 6. Has the proponent:

AIP requirement

Proponent response

NSW Office of Water
comment

1 |Considered types, scale, and
likelihood of unforeseen impacts
during operation?

A comprehensive assessment of the water
management constraints and opportunities
was undertaken based on available data.
The proposed surface and groundwater
management strategy was formulated to
respond to identified constraints and risks.

2 |Considered types, scale, and
likelihood of unforeseen impacts
post closure?

Not applicable, the project is a residential
development that will operate for perpetuity

3 |Proposed mitigation, prevention or
avoidance strategies for each of
these potential impacts?

A comprehensive assessment of the water
management constraints and opportunities
was undertaken based on available data.
The proposed surface and groundwater
management strategy was formulated to
respond to identified constraints and risks.
Potential impacts are considered minimal.

4 | Proposed remedial actions should
the risk minimization strategies fail?

No remedial actions are proposed.
Potential impacts are considered minimal.
However, as discussed below there is
flexibility in the design of the open basins.

5 | Considered what further mitigation,
prevention, avoidance or remedial
actions might be required?

The open basins can be filled to become
ephemeral basins if required. This would
not impact the functionality of the water
management system.

6 | Considered what conditions might
be appropriate?

The final form of the open basins will be
negotiated with Council and other
government stakeholders.
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Aquifer Interference Assessment Framework - Assessing a proposal against the NSW Aquifer Interference Policy — step by step guide

4. Other considerations

Note for proponents

These considerations are not included in the assessment framework outlined within the AIP, however
are discussed elsewhere in the document and are useful considerations when assessing a proposal.

Table 7: Has the proponent:

AIP requirement

Proponent response

NSW Office of Water
comment

1 |Addressed how it will measure and
monitor volumetric take? (page 4 of
the AIP)

Monitoring of water take for open space
irrigation will be undertaken using a
standard method such as a flow meter.

Volumetric water take from the basins
will be established by calculation if
required to be licenced.

2 | Outlined a reporting framework for
volumetric take? (page 4 of the AIP)

Reporting of water take for open space
irrigation will be undertaken using
standard methods.

More information

www.water.nsw.gov.au

© State of New South Wales through the Department of Trade and Investment, Regional Infrastructure and Services, 2021. You may copy, distribute and otherwise
freely deal with this publication for any purpose, provided that you attribute the NSW Department of Primary Industries as the owner.

Disclaimer:

This is a draft document produced as a guide for discussion, and to aid interpretation and application of the NSW Aquifer Interference Policy (2012). All information
in this document is drawn from that policy, and where there is any inconsistency, the policy prevails over anything contained in this document.
Any omissions from this framework do not remove the need to meet any other requirements listed under the Policy.

The information contained in this publication is based on knowledge and understanding at the time of writing (March 2021). However, because of advances in
knowledge, users are reminded of the need to ensure that information upon which they rely is up to date and to check currency of the information with the
appropriate officer of the Department of Primary Industries or the users independent adviser.

Published by the NSW Department of Primary Industries.
Reference 12279.1

10 NSW Department of Primary Industries, August 2013
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