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Copyright Statement
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Limitations Statement

The sole purpose of this report and the associated services performed by Martens & Associates Pty Ltd is to undertake
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interviews with individuals with information about the site or the project, and field explorations conducted on the
dates indicated. The passage of time, manifestation of latent conditions or impacts of future events may require
further examination / exploratfion of the site and subsequent data analyses, together with a re-evaluation of the
findings, observations and conclusions expressed in this report.

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

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

This report has been prepared on behalf of and for the exclusive use of the Client, and is subject to and issued in
connection with the provisions of the agreement between Martens & Associates Pty Ltd and the Client. Martens &
Associates Pty Ltd accepts no liability or responsibility whatsoever for or in respect of any use of or reliance upon this
report by any third party.
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1.1

1.2

Overview

Project Background

This report outlines preliminary groundwater investigations and the
development of a Concept Groundwater Management Plan (CGMP)
to assist the proposed residential development of ‘Riverside’ at Tea
Gardens, NSW. We understand that the report was commissioned to
support a Concept Proposal Application under Part 3a of the EP&A Act
(1979).

A range of groundwater investigation works have been previously
undertaken on the site dating back to Coffey (February, 1996). These
works were undertaken in relation to various development proposals for
the site.

This report seeks to collate and extend the previous groundwater
investigation works undertaken at the site and assess groundwater
related impacts in light of the current proposed development concept
plan. The investigation also responds to Planning Assessment
Commission (PAC) and NSW Department of Planning (DoP) comments
which were made in relation to a previous Part 3a Application which
was withdrawn in early 2010.

Study Scope
The project scope is summarised as follows:

1. Summarise available site groundwater level and quality data.

2. Prepare a preliminary groundwater model based on available data
with groundwater modelling works to include:

i) Preparation of a preliminary  existing-development
groundwater model.

i) Calibration of existing-developoment model to site
Groundwater Monitoring Bore (GMB) data.

i) Preparation of a post-development groundwater model
based on concept proposed development plans.

iv) Preparation of pre and post-development mass budgets and
flows to the SEPP 14 wetlands in the east of the site.

v) Assessment of the impact of potential climate change
induced sea level rise on groundwater levels.

3. Preparation of an interim Conceptual Groundwater Management
Plan (CGWMP) covering the following:

i) Aquifer characteristics.

(mértens

Preliminary Hydrogeological Study and Concept
Groundwater Management Plan, Riverside, Tea Gardens, NSW
P0902346JR0O3V04 — December 2011

Page 5



1.3

1.4

1.5

i) Management objectives.

i) Management methods for aquifer recharge incorporating
the surface water management strategy.

iv) Post-development monitoring and contingency planning.

v) Water quality trigger values for management.

Development Proposal Description

We understand that concept plan approval is sought for the following
key elements:

1. Creation of 920 dwellings comprising of 855 residential dwellings, 50
Tourist Precinct lodges and 15 Tourist Precinct houses;

Internal road network;
3. Water Sensitive Urban Stormwater Design (WSUD); and

4. Creation of areas dedicated to open space, public recreation,
stormwater management and wildlife movement corridors.

Refer to the site Preliminary Environmental Assessment (PEA) (ERM,
August, 2010) for further detail with regards to the proposed concept
plan.

Study Area Description

The site forms part of a much larger, approximately northeast —
southwest aligned Pleistocene and Holocene coastal barrier mass. The
site consists typically of low-lying land (<6 mAHD) bound by the Myall
River to the east, Myall Way to the west, existing residential
development to the south and Shearwater Residential Estate to the
north. A proposed development concept plan is presented in Figure 1.

Margins of the site bordering the Myall River are subject to tidal
inundation and are designated wetlands under State Environmental
Planning Policy (SEPP) 14.

The site was formerly a forest plantation that ceased operation and is
currently undeveloped with vegetation comprising a variety of coastal
vegetation communities.

Proposed Surface Water System

The proposed surface water system (modified from previous concepts)
has been formulated by Cardno and is broadly summarised by the
following:

1. Does not extend the existing brackish lake (previously proposed).

2. Does not maintain a direct connection to the existing brackish
lake (ie. is a fresh water system).

(mértens
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Does not require any new channels through the wetland
(previously proposed) nor augmentation of the existing channel.

Has reduced the area of open window water bodies from that
previously proposed.

. Treats surface water to equal to or better than groundwater

quality through a range of primary water quality devices such as
dry swales, bio filtration, lined wetlands and lined ponds prior to
any connection with the water table.

Provides additional surface water freatment through two
freshwater (window) lakes and a major swale that conveys
outflows from the northern freshwater lake south to the brackish
lake. This swale replaces two large window ponds previously
proposed upstream of the western arm of the brackish lake.

Has been designed to function under a 0.9 m sea level rise
(including the effects of groundwater rise) and a climate
change scenario comprising a 10% decrease in average annual
rainfall.

Includes a recharge swale which buffers the SEPP14 wetland.

(mértens
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2.1

2.2

Hydrogeological Investigation

Previous Investigations

A review of previous site investigations relating to groundwater was
undertaken. Documents that were reviewed included:

o Coffey Partners International (February, 1996), Myall Quays
Development Groundwater and Surface Water Study.

o Coffey Partners International (June, 1996), Myall Quays
Development Groundwater and Surface Water Study Estuarine
Lake Option.

o Coffey Geotechnics (October, 2007), Groundwater Assessment
Riverside Development, Tea Gardens.

o Coffey Geotechnics (March, 2009), Riverside Estate Project:
Groundwater Response Summary — Draft for Comment.

o Coffey Geotechnics (August, 2009), Additional Groundwater
Studies 2009, Crighton Properties Riverside Development, Tea
Gardens.

o ERM (July, 2008), Riverside at Tea Gardens Phase 1 Environmental
Site Assessment.

o Hunter Wetlands Research (January, 2009), Wetlands Assessment
for Riverside, Tea Gardens.

o Martens and Associates (April, 2009), Groundwater Comments,
Riverside Estate Project Proposal, Tea Gardens, NSW.

o Martens and Associates (July, 2009), Request for Additional
Groundwater Information, Riverside Site, Tea Gardens, NSW.

Site Groundwater Monitoring Bores (GMBs)

Over the course of previous investigations a total of 20 GMBs have
been installed on the site (including a standpipe installed to monitor
lake levels).

Vandalism and/or loss of 4 GMBs (GMBs 1, 2, 3 and 7) between 2004
and 2007 has reduced the number of existing site GMBs to 16.

GMBs are summarised in Table 1 with locations shown on Figure 2.

(mértens
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Table 1: Summary of site GMBs.

Installer, Year GMB 1D Bc;rnti;)Gesth Scre?:‘:ccl; Bepfh Grou(r;:l:'l-leg)qtion
DJD, 1994 22 5.0 2.5-45 2.370
DJD, 1994 32 5.0 25-45 0.845
DJD, 1994 4 10.0 7.5-95 2.045
DJD, 1994 5 5.0 2.5-45 2.608
DJD, 1994 ) 5.0 25-45 0.861
DJD, 1994 72 5.0 25-45 2.963
DJD, 1994 8 5.0 2.5-45 2.598
DJD, 1994 9 6.0 3.5-55 2.859
DJD, 1994 10 5.0 25-45 1.490
DJD, 1994 11 5.0 2.5-45 3.395
DJD, 1994 12 5.0 2.5-4.5 3.261
DJD, 1994 13 10.5 7.5-10.5 -3

Coffey, 2006 21 3.0 1.0-3.0 1.026

Coffey, 2006 22 3.1 1.0-3.0 1.095

Coffey, 2006 23 3.1 1.1-3.1 1.011

Coffey, 2006 24 3.0 1.0-3.0 0.834
MA, 2009 1A 1.69 0.69 — 1.69 1.708
MA, 2009 2A 3.04 2.04-3.04 2.479
MA, 2009 25 2.28 1.28-2.28 1.798
MA, 2009 26 (lake) NA NA 0.492 5

Notes:
1. GMB detaqils sourced from Coffey (October, 2007) and Martens and Associates field
investigations.

2 GMB reported as lost or vandalised sometime between 2004 and 2007 (includes GMB 1).
3. Ground elevation not known.

4 DJD = DJ Douglas. MA = Martens and Associates.

5. Lake bed level at standpipe location.

23 Water Bearing Strata

The aquifer in the vicinity of the site generally comprises silty sand and
fine to medium grained sand with some cemented layers (Coffee rock)
and peaty bands with basement sandstone rock at approximately 10
to 20 mBGL (Coffey, October, 2007).

P0902346JR03V04 — December 2011
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24 Aquifer Boundaries

The aquifer is bounded by elevated bedrock to the north of Toonang
Drive, Port Stephens associated bays and creeks to the south/west and
Myall River to the east.

25 Aquifer parameters

Review of pump test and recovery test results (DJ. Douglas and
Partners, 1994), and adopted values for previous site groundwater
models (Coffey, October, 2007), indicates that aquifer Hydraulic
conductivity (K) is likely to typically be of the order of 10 m/d. Deviation
from this value is expected in localised areas based on review of Bish
(1995) which reported K values ranging from 0.7 to 37 m/d for a nearby
Hawkes Nest aquifer.

Specific Yield (Sy) is likely to be of the order of 0.1 to 0.14 based on
review of Coffey (February, 1996) and our experience with similar
aquifers.

The mechanism for aquifer recharge is via direct rainfall infiltration.
Despite the permeable soils, recharge is expected to be somewhat
limited due to typically shallow groundwater levels which have the
impact of reducing aquifer storage potential and increasing the
likelihood of aquifer exposure to increased evapotranspiration (ET) rates
near ground level. No further background research with regards to
recharge was undertaken as this parameter is calibrated in the site
groundwater model.

2.6 Groundwater Levels

2.6.1 Manual and Automatic Measurements

Groundwater level measurements taken to date both manually and
automatically are summarised in Table 2. Refer to Attachment B for the
data that was used to compile Table 2.
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Table 2: Groundwater level summary.

Minimum Median Maximum
Ground Level Groundwater Groundwater Groundwater Min Depth (m) to
(mAHD) Level (mAHD) Level Level (mAHD) Groundwater
(mAHD)
GMB1 1.02 0.24 0.63 0.93 0.09
GMB2 2.37 0.69 1.02 2.02 0.36
GMB3 0.85 0.06 0.74 0.79 0.06
GMB4 2.05 0.824 1.07 4 1.304 0.744
GMB5 2.61 1.14 1.66 2.56 0.05
GMB6 0.86 0.283 0.673 0.773 0.093
GMB7 2.96 1.552 24272 28272 0.152
GMB8 2.60 0.73 1.78 2.46 0.14
GMB9 2.86 1.162 1.712 2.112 0.752
GMB10 1.49 0.39 0.89 1.23 0.26
GMB11 3.40 1.35 2.01 3.01 0.39
GMB12 3.26 1.37 2.12 3.05 0.21
GMB13 - - - - -
GMB21 1.03 0.78 0.80 0.81 0.21
GMB22 1.10 0.83 0.85 0.88 0.22
GMB23 111 0.76 2 0.932 0.932 0.182
GMB24 0.83 0.63 0.65 0.68 0.15
GMB1A 1.71 0.721 0.821 1.061 0.651
GMB2A 2.48 =13 1.20' 1.321 1.161
GMB25 1.80 0.781 0.86" 1.00! 0.80"
GMB26 (lake) ° 0.49 0.631 0.70! 0.90! NA'!
Notes:

1. Derived based on continuous data logging data (04/06/2009 to 06/07/2009).

2 Derived based on dipped data and continuous data logging data (04/06/2009 to 06/07/2009).

3. Derived based on dipped data and continuous data logging data (late July, 1994 to mid
November, 1994).

4 Derived based on dipped data and continuous data logging data (late July, 1994 to late
September, 1994).

5 Lake bed level at standpipe location.

2.6.2 Automatic Measurements
Continuous monitoring of groundwater levels has been undertaken by
Coffey (February, 1996) for GMB 4 and 6, and by Martens and
Associates (July, 2009) for GMB 1A, 2A, 7, 9, 23, 25 and 26 (lake). A
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summary of Martens and Associates (July, 2009) results is provided in
Table 3 with a continuous groundwater level plot provided in Figure 3.

Table 3: Summary of continuous groundwater level monitoring.

26
GMB 1A 2A1 42 63 71 91 231 251 (lake)
1

Ground
Level 1.708 2.479 2.045 0.861 2.963 2.859 1.111 1.798 0.492
(mAHD)
Max
Level 1.057 1.319 1.500 0.750 3.030 2.665 1.163 0.997 0.900
(mAHD)
Min
Level 0.717 1.132 0.500 0.250 2.687 2.142 1.001 0.777 0.629
(mAHD)

Range
(m)
Median
Level 0.821 1.197 1.100 0.500 2.910 2.398 1.103 0.862 0.703
(mAHD)
Notes:
. Martens and Associates (July, 2009) continuous data logging (04/06/2009 to 06/07/2009) at 0.5 hr
logging frequency.
2. Coffey (February, 1996) continuous data logging (late July, 1994 to late September, 1994) at
unknown logging frequency, estimated based on visual interpretation of plot.
3. Coffey (February, 1996) continuous data logging (late July, 1994 to mid November, 1994) at
unknown logging frequency, estimated based on visual interpretation of plot.

0.341 0.188 1.000 0.500 0.343 0.523 0.162 0.220 0.272

2.6.3 Summary

The following comments are made based on review of site
groundwater level data:

1. Groundwater levels are generally shallow (typically <1 mBGL).

2. Groundwater reached the surfaces at times at GMBs 7 and 23
during the Martens and Associates (July, 2009) confinuous data
logging period.

3. Short-term groundwater level fluctuation is likely to typically be <1 m.

4. Loke levels are consistently lower than groundwater levels and
therefore suggest that groundwater discharges to the lake in the
vicinity of the existing GMBs. Discharge of groundwater to the lake is
expected to occur around the majority of the lake based on likely
groundwater gradients.

5. Groundwater response to rainfall appears to be relatively rapid and
occurs within 1-2 days of incident rainfall. Groundwater responses
appear more substantial at higher ground elevations.

Preliminary Hydrogeological Study and Concept
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27 Groundwater Quality

2.7.1 Laboratory Data

Groundwater quality data to date has been collated for key analytes
and presented in Attachment C with a summary provided below in
Table 4.

Table 4: Summarised groundwater quality data.

Analyte Site GMB Median ! Lake Median !

pH 5.60 6.07
TDS (mg/L) 220.00 5564.50
Chloride (mg/L) 65.00 2918.70
Sulphate (mg/L) 33.00 431.00
Magnesium (mg/L) 7.80 181.50

Calcium (mg/L) 4.60 59.00
EC (us/cm) 264.00 7091.00

TN (mg/L) 3.80 0.72

TP (mg/L) 1.12 0.08

Notes:

1. Excludes values below laboratory detection limits. Data used to calculate median comprises
samples collected on 06.07.2009, 30.03.2007, 29.03.2007 and the mean value of 7 samples
collected between 13.12.1994 and 29.08.1995.

2.7.2 Automatic Measurements

Continuous monitoring of groundwater and lake EC concentrations was
undertaken concurrently with groundwater level monitoring by Martens
and Associates (July, 2009) for GMB 1A, 2A, 25 and 26 (lake). A
summary of results is provided in Table 5 with a continuous groundwater
EC plot provided in Figure 4. Results indicated that saline/brackish lake
water was not migrating from the lake to the local groundwater system.
This is expected given that the groundwater gradient is towards the
lake.
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Table 5: Summary of continuous groundwater EC (uS/cm) concentration monitoring.

GMB 1A1 2A7 4 ) A 91 231 251 (Ic?lfe)
1
Mean 255 155 - - - - - 229 10285
Minimum 240 140 - - - - - 180 7830
Maximum 260 150 - - - - - 380 13150
Range 20 10 - - - - - 200 5320

Notes:
- Martens and Associates (July, 2009) continuous data logging (04/06/2009 to 06/07/2009) at 0.5 hr
logging frequency.

2.7.3 Summary

The following comments are made based on review of site
groundwater quality data:

1. Groundwater quality is not to a standard to meet a potable
quality in accordance with the Australian Drinking Water
Guidelines (NHMRC, 2004), primarily on the basis of acid levels,
variable salinity and elevated concentrations of a range of
analytes (Martens and Associates, April, 2009).

2. The most significant beneficial uses for groundwater in some
locations of the site are for irrigation and ecosystem
maintenance (Coffey, October, 2007).

3. The median EC and TDS concenfration within the lake is higher
than in GMBs and is indicative of saline water. This is expected as
the invert level of the lake's drain is reported to be at an
approximate elevation of 0.66 mAHD (Coffey, October, 2007).
Based on review of Fort Denison tidal data such an elevation
can be expected to be breached by tfides approximately 25
days per year.

4. The median EC and TDS concenftration within GMBs is indicative
of fresh water.

5. Monitoring data indicates that lake nutrient concentrations are
lower than those observed in nearby GMBs.
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2.8

2.8.1

Preliminary Groundwater Modelling

Model Development Approach

To assist with determining the spatial extent and variability of
groundwater resources below the site, a series of preliminary steady
state groundwater models of the study area were developed using
Visual MODFLOW Pro 2009.1. Modelling works extended a concept
model previously prepared by Coffey (October, 2007 and August, 2009)
which was modified and calibrated by Martens and Associates to
include the following:

O

O

O

Site GMB calibration data;
Additional GMBs (more calibration locations)
A larger active domain areaq;

Slightly modified layer terrain in the north of the model to reduce the
potential for dry cells due to abrupt changes in elevation; and

Changes to aquifer/boundary condition properties as follows:

¢ The constant head boundary used to represent Port Stephens
associated bays and creeks and the Myall River was
decreased from 0.045 mAHD to O mAHD.

e The bulk of the aquifer’s K value was increased from 8 m/d to
10 m/d. We note that a K value of 10 m/d is consistent with
the DJ Douglas Partners (1994) K estimate for the site which
was derived from a pump test.

e The existing brackish lake was modelled as a constant head
of 0.7 mAHD. We note this level is consistent with the median
level observed during Martens and Associates (July, 2009)
contfinuous monitoring of lake levels.

e A pond associated with a quarrying excavation
approximately 1.6 km west of the site was modelled as a
constant head of -1.7 mAHD. We note this level is consistent
with survey records and anecdotal evidence.

e Re-distribution of recharge zones and reform of recharge
estimation method (a net recharge approach was pursued
over separate calibration of recharge/ET).

The following scenarios were modelled as part of this investigation:

Model 1 (M1): Pre-development Conditions (steady state)

Using available site geotechnical data, a calibrated
single layer steady state model M1 was developed.
The primary purpose of the model was to provide a
base case for development footprint and climate

(mértens
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Model 2 (M2):

change impact assessment purposes.

Post - development Conditions (steady state)

Model 3 (M3):

Model M2 was developed to provide a preliminary
assessment of the likely impact of the proposed
development footprint on steady state groundwater
conditions. In particular, model M2 reduced recharge
rates over the proposed development and locally
increased recharge rates at unlined site stormwater
basins and along the swale which abuts the SEPP14
wetland boundary. The model included proposed-
development terrain (provided by Tattersall Lander).

Post-development Conditions with Sea Level Rise

(steady state)

Model M3 was developed using the developed
conditions as documented in model M2, but modified
to examine the impact that potential climate change
induced sea level rise of 0.9 m would have on
groundwater levels within the development footprint
(including the proposed surface water management
system).

2.8.2 Model Discretisation
Model discretisation is summarised in Table 6.

2.8.3

Table 6: MODFLOW model discretisation.

Property Value / Details

Model Area 6 km x 5 km

Approximate Proportion of

Model Area Designated as 35%

Active

Grid cell size 50 m x 50 m (refined to 25 m x 25 m over site)

Layer thickness

Topography

Calibration Period

Generally 15 min area of site (layer terrain adopted from
Coffey (October, 2007) model.

Surface terrain adopted from Coffey (October, 2007 and
August, 2009) model. Proposed development terrain used in
M2 and M3 integrated intfo model based on proposed
development terrain data provided by Tattersall Lander (2010).

Median GMB levels from between 1994 and 2009 (steady state
model M1) (see Attachment C).

Boundary Conditions for Model M1

A constant head of 0 mAHD was applied along the eastern, southern
and western fringes of the active model domain to represent the Port

Stephens associated bays and creeks to the south/west of the site and
Myall River to the east of the site.

(mértens
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A constant head of -1.70 mAHD was applied in the area of a quarry pit
located in the west of the model domain based on anecdotal survey
data.

A constant head of 0.70 mAHD was applied in the area of the existing
loke located to the south of the site. This elevation was assigned based
on review of monitoring data and in light of the lake’s drain invert level
of approximately 0.66 mAHD.

2.8.4 Calibration of Model M1

Steady state calibration of model M1 was undertaken using a
homogeneous K zone of 10 m/d. This value is consistent with the DJ
Douglas Partners (1994) K estimate for the site which was derived from a
pump test.

Recharge was estimated iteratively for undeveloped areas of the
model and developed areas of the model. Developed areas where
assigned a recharge rate 50% lower than the undeveloped areas to
take into account the impact of impervious areas. A recharge rate of 0
mm/yr was applied in the area where Coffey mapping (October, 2007)
identified surface clay deposits.

Final calibration (Figure 5) required a recharge rate of 135 mm/yr for
undeveloped areas and 67.5 mm/yr for developed areas. This resulted
in a calibrated residual mean of -0.083 m (i.e the model is marginally
under-predicting groundwater head). The normalized RMS was 9.4%
which is below the typical industry accepted upper threshold of 10%.

In light of the available data, modelling results indicate that the steady
state model (M1) is sufficiently calibrated to allow its use for preliminary
assessment.

2.8.5 Boundary Conditions for Models M2 and M3
Boundary conditions utilised in M1 were modified as follows:

M2

a) M2 recharge rates were decreased by 50% in areas of proposed
development to simulate decreased recharge due to increased
impervious areas. A reduction in recharge was not applied to the
tourist lodgings precinct as this proposed area appears to have
relatively less impervious area when compared to other proposed
development areas. We note that should the impervious area
percentage deviate from 50% then further modelling will be
required to model the correct impervious area percentage.
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b) Recharge rates were increased over areas of proposed unlined
stormwater basins. Recharge rates were assigned based on basin
area and annual stormwater flow to the basin (recharge = annual
flow to basin/basin area) which were based on MUSIC modelling
data provided by Cardno. Drain boundary conditions were used to
model the affect of stormwater outflows from the unlined
stormwater basins.

c) Drain boundary conditions were set to occupy the areas of the site
that contained proposed unlined basins. Drain levels were based on
estimated basin operating levels provided by Cardo with drain
conductance set infinitely high to represent efficient discharge of
basin water.

d) A preliminary developed surface terrain file was prepared by
Tattersall Lander Pty Ltd and incorporated in the model domain.

e) Increased recharge at the swale which abuts the SEPP14 wetland
boundary was modelled by applying 5% of the average annual
surface water flow (provided by Cardno, 2010) over the area of the
proposed swale.

M3

a) Boundary conditions generally remained as per M2 with the
following modifications.

b) The constant head of 0 mAHD that was applied along the eastern,
southern and western fringes of the active model domain to
represent the Port Stephens associated bays and creeks to the
south/west of the site and Myall River to the east of the site was
increased to 0.9 mAHD to represent climate change induced sea
level rise. This boundary was also relocated to occupy the 0.9 mAHD
land surface contour within the model to take into account
shoreline tfransgression.

c) The lake constant head was increased to 0.9 mAHD to coincide with
its connection to the Myall River under sea level rise condifions.

d) The drain boundary condition levels for the unlined basins were
raised from 1.05 mAHD (Flake1) and 0.9 mAHD (Flake2) to 1.4 mAHD
(Flokel and Flake 2) in accordance with estimated levels that were
provided by Cardno.

e) The western quarry standing water level was raised by 0.9 m to — 0.8
m AHD to model the impact of potential climate change induced
sea level rise. This approach maintains a similar head differential
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2.8.6

2.8.7

between current sea level and mean quarry standing water level.
This is taken as a reasonable interim assumption in light of the limited
information [regarding quarry water levels and groundwater
processes] available at the time of report preparation.

Modelled Groundwater
Steady state groundwater modelling results are discussed below:

Model 1 (M1): Existing Conditions (steady state)
Simulation results are provided in Figure 6 which
indicate that groundwater flows from the north west to
the south east in the area of the site and discharges to
the Myall River.

Model 2 (M2): Developed Conditions (steady State)

Simulation results outlining groundwater head and
drawdown (using M1 output for initial head) are
provided in Figure 7 and Figure 8 respectively. Results
indicate that the proposed development is likely to
reduce groundwater levels in the area of the proposed
unlined lakes by up to approximately 0.5 m due to
interception of groundwater. Results also indicate that
groundwater levels over the adjacent SEPP14 wetlands
are likely to remain unchanged with modelled draw-
downs of <0.05 cm, which is within the resolution of
modelling. Changes to groundwater flow direction at
the site boundaries and within adjoining wetlands are
negligible.

Model 3 (M3): Developed Conditions with Sea lLevel Rise (steady
State)
Simulation results outlining groundwater head and
drawdown (using M2 output for initial head) are
provided in Figure 9 and Figure 10 respectively. Results
indicate that sea level rise will lead to inundation of the
majority of the SEPP14 wetland area adjacent to the
site. Groundwater levels in the area of the site where
development is proposed are modelled to increase by
a maximum of 0.35 - 0.4 m.

Preliminary Zone Budgets

The site was separated info the following zones for water budgeting
assessment purposes.

1. Site Zone - this zone comprises the development site and
external areas within the model domain which are not occupied
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by wetland.

2. SEPP 14 Wetland Zone - this represents SEPP14 wetland areas to
the east of the site.

Zone locations are provided in Figure 11. Zone budget results were
developed based on model M1 and M2 results and are provided in
Table 7.

Comments are as follows:

1. On the basis of current groundwater data, there may be a minor
reduction (approximately 5%) in net groundwater recharge to the
fringing wetland. This is within expected existing annual water
balance fluctuations and comes about through a marginal
decrease in net recharge within the development site.

2. The modelled reduction is well within expected annual discharge
fluctuation and is considered an acceptable outcome.

3. Further minor modification of the stormwater system could be
undertaken at the project phase to elevate discharge rates to the
SEPP14 wetland should that be required.

Table 7: Annual wetland groundwater zone budgets (ML/year).

Existing Conditions Developed Conditions
(Model M1) (Model M2) Net Change (%)

(ML/year) (ML/year)

Wetland Zone Inflow 266 254 -5

2.8.8 Preliminary Nutrient Fluxes

Using the zone water budgets defined above, nitrogen and phosphorus
fluxes were estimated based on the limited existing groundwater
chemistry data. Results are provided in Table 8 with comments as
follows:

1. Results provide an overview of mass transport rates to the
fringing wetlands and hence to the receiving waters.

2. Developed conditions show minor reductions to nutrient fluxes.

3. Impacts of stormwater loads to the groundwater system have
not at this stage been included in the nutrient flux analysis but
should be included in the more detailed modelling at a later
stage. We note that the brackish lake's total nitrogen and total
phosphorous concentrations are lower than those of the
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groundwater system and therefore the lake will not provide a
source of nutrients for the groundwater system.

Table 8: Average annual nutrient fluxes for wetland groundwater zone.

Zone Existing Conditions Developed Conditions Net Change
(TN / TP tonnes/year) (TN / TP tonnes/year) (TN / TP%)
Wetland Zone Inflow 1.01/0.30 0.97 /0.28 -5/-5

Notes: - Total Nitrogen (TN), Total Phosphorous (TP). 2 Flux calculations based on assumed groundwater TN
concenfration of 3.8 mg/L and TP concentration of 1.12 mg/L (Table 4).

29 Potential Impacts on Wetlands

In 2007 Coffey Partners compiled a groundwater model in respect
of proposed development at Riverside. The Groundwater model was
based on the previously proposed development scheme at Riverside,
which incorperated a substantial saline lake extension and extensive
freshwater "window" lakes. The Coffey Partners work also responded to
a new connection to the Myall River (which was proposed at that
time). We understand that the Coffey Partners model, in conjunction
with surface water modelling provided by Cardno (2008) was reported
upon by Winning in the Wetlands Assessment for Riverside, Tea gardens
(2009).

Winning (2009) reported that the fringing wetlands were dependent on
existing groundwater levels and that the drawdown modelled by
Coffey Partners (2007) was not likely to affect ecosystems. The current
modelling, which incorporates the Cardno 2010 surface water
management scheme (fewer window lakes, no lake extension, no
increased connection to the Myall River), demonstrates a similar but
further reduced drawdown at the wetland boundary to that modelled
by Coffey Partners (2007). From this we conclude:

1. Groundwater levels within the wetlands will remain essentially at
their current level.

2. There will be no significant changes in groundwater flow budgets
to the wetlands.

Existing groundwater flow paths within the wetlands will remain.

4. There will be no saline groundwater intrusion within the wetlands.
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3.1

3.2

3.3

Preliminary Concept Groundwater Management Plan

Overview

This preliminary concept groundwater management plan provides
advice on the following:

oMb~

Existing aquifer characteristics
Potential aquifer risks

Risk management objectives

Risk management methods
Further Investigation Requirements

General Aquifer Characteristics

Based on limited investigation and modelling of the aquifer, the
following interim characteristics define the Riverside site aquifer:

5.
é.

The aquifer is sand-dominated and highly permeable;

The groundwater system is coupled with the Port Stephens
estuary/Myall River and is responsive to tidal fluctuations;

The aquifer is highly responsive to recharge events. Reasonably
rapid groundwater level fluctuations of the order of 500 mm to
1000 mm can occur in response to rainfall;

Aquifer recharge is local and is predominantly controlled by
incident rainfall; and

Based on available groundwater quality data, groundwater is
likely to be of a low-value resource due to TDS, pH, chloride,
sodium and ammonia concentrations which exceed Australian
Drinking Water Guidelines (NHRMC, 2004).

Primary Risk Identification

Whilst this document does not present a comprehensive analysis of risks
to the sites aquifer, the following broad scale potential risks are
identified in association with the release of urban land.

1.

Untreated stormwater discharge to groundwater resulting in
groundwater contamination.

Changes fto groundwater level which come about through
modifications to surface infiltration and recharge properties at
the site.

Changes to groundwater flow direction which come about
through modifications to surface infiliration and recharge
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properties at the site.

4. Significant modifications to groundwater flow budgets to
groundwater dependent ecosystems and the receiving waters.

5. Locally increasing groundwater levels though excessive
recharge resulting in surface water losses from the groundwater
system.

3.4 Risk Management Objectives

On the basis of identified risks, the following risk management
objectives are provided:

1. Development is to be undertaken in such a way so as to ensure
that groundwater table drawdown is minimised.

2. Development should not result in a degradation of the existing
aquifer water quality.

3. Development should not significantly alter the flow directions of
ground water at the site.

4. Insure the surface and groundwater system is maintained such
that the integrity of groundwater dependent ecosystems is
preserved or enhanced.

3.5 Risk Management Methods

The following methods are recommended in order that the risk
management objectives can be met:

1. Ensure all stormwater management systems treat stormwater to
a level equal to or better than existing groundwater quality prior
to discharge to any groundwater body.

2. Minimise [but do not necessary preclude] the exposure of
groundwater to surface water systems.

3. Ensure that where groundwater recharge has been locally
reduced, that recharge is increased in other areas of the site to
compensate for any potential water budget short falls.

4. Recharge treated stormwater throughout the site in such a way
so as to enable distributed recharge rather than single point
recharge. This will ensure that groundwater flow gradients, levels
and directions are maintained at/close to pre-development
levels. It is noted that that current proposal features a recharge
swale that buffers the SEPP14 wetland.
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3.6 Groundwater pH Management

Existing groundwater pH levels at the site are variable and may typically
range between say 5.0 and 6.5 depending on specific location, local
soil and geology, and antecedent rainfall conditions. Samples from
GMB returned the lowest pH value of 3.99.

Rainfall pH levels for coastal NSW are generally acidic due to the
disassociation of CO2 to form carbonic acid and may range between
say 5.5 and 7.0. Lower levels [to say pH of 4.5] can be experienced in
coastal areas near larger urban centres or closer to industrial centres
(such as Newcastle in the case of this site) (Bridgman, 1989).

Conftrasting the depressed pH of rainfall, urban runoff, notably from
concrete and other pavement surfaces, has the potential to maintain a
slightly elevated pH of say 6.5 — 7.5. In the case of this development,
we do not expect any changes to background groundwater pH levels
at the fringing wetlands for the following reasons:

1. There will be minimal concrete pavements / surfaces within the
development relative to other surfaces (ie. pervious surfaces and
roofs) and therefore limited potential for significant production of
alkaline urban runoff.

2. Rainwater will remain the primary source of acidity within urban
runoff and there will continue to be significant opportunity within the
development footprint and within the proposed surface drainage
system for contact between rainwater and in-sifu soil prior fo
percolation to the groundwater system.

3. Local soils within and adjoining the fringing wetlands have a
significant capacity to maintain stable pH levels given the high
levels of organic matter and buffering capacity of local soils
(Murphy, 1995).

3.7 Recycled Water Usage

We provide the following preliminary comments in relation to the risks
that any potential irrigation of recycled water over the site would pose.

1. Indicative nutrient concenfrations in recycled water would be 6
mg/L TN and 2.2 mg/L TP. These values are comparable to existing
groundwater conditions, particularly nitrogen levels. We note there
may be scope to reduce these concentrations with addifional
water tfreatment.

2. On the basis that lots will be of the order of 600 m2 with irrigated
garden beds and/or lawns being in approximately 200 m2, some 90-
100 KL/ET/year (say 100 KL/dwelling/year) of recycled water would
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be expected to be used for outdoor purposes (assuming a total
water consumption rate of 210 KL/ET/year).

3. lIrrigation nutrient loads to the yard areas will therefore be of the
order of 0.60 kg/year TN and 0.22 kg/year TP. It is important to note
that these loads would be irrigated during dry times and generally
onto unsaturated soils and not directly intfo the groundwater system.
During times of high groundwater, there would be no need to
provide additional irrigation water. Risks of direct recharge are
therefore negligible.

4. Broad acre nutrient consumption rates for lawns and landscaped
gardens are of the order of 200 kg/ha/year and 15 kg/ha/year
phosphorus. On this basis, demand for nutrients in irrigated yard and
landscaped areas will be of the order of 4 kg/year TN and 0.3
kg/year TP.

5. The above demonstrates that demand for nutrients in garden areas
alone far outstrips that which can be supplied by the recycled
water. In the case of nitrogen, demand is 660 % of expected
supply, and in the case of phosphorus, demand is 136 % of
expected supply. In the case of phosphorus, these preliminary
estimates do not account for the significant sorption of phosphorous
that would occur within soils.

6. The preliminary calculations are conservative as they do not
account for the opportunity for nutrient uptake in areas outside
those being irigated, nor do they account for nutrient
tfransformation which will occur within the unsaturated and
saturated portions of the soil (eg. denitrification losses).
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Note:

Image shows location of all installed GMBs to date. GMBs 1, 2, 3 and 7
were lost, vandalised or destroyed sometime between 2004 and 2007
and are therefore are no longer currently present.
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GMB GMB15  GMB25 GMB35  GMB4  GMB5S  GMB6  GMB75  GMB8  GMBY  GMBl0  GMBIl  GMB12  GMBI3  GMB21  GMB22  GMB23  GMB24  GMBIA  GMB2A  GMB25  Lake26
Ground level (mAHD) 1020 2370 0845 2045 2608 0861 2963 2598 2859 1490 3395 3.6l -4 1026 1095 1111 0834 1708 2479 1798  0.492
Concrete cap level (mAHD) 1020 2375 0840 2131 2638 1020 3163 2598 2909 1310 3547 3311
Source Date
8/11/1994 0570 0.850 1.488 1388 1459 0700  1.837 1951
24/11/1994 0410 0785 0260 1338 1713 1268  1.319 1657 1761
6/12/1994 0300 0735 0300 1.268 1593 1188  1.319 1597 1621
22/12/1994 0250 0685  0.060 1.188 1553 1108 1229 0390 1457 1481
6/01/1995 0.650 0835 0720 1.298 1733 1258 1449 0620 1437 1591
21/02/1995 0570 0765 0550 1.138 1563 1078 1329 0480 1347 1371
8/03/1995 0240 1525 0550 1.658 2568 0728 1159 0760 2047 2332
14/03/1995 0.855 1295 0780 2.278 2593 2098 1749 0800 2127 2421
31/03/1995 0595 1020  0.660 1713 2243 1578 1549 0615 1952 1921
19/04/1995 0440 0985 0525 1433 1938 1328 1399 0485 1717 1646
2/05/1995 0370 0800 0250 1363 1803 1218 1329 0395 1562 1486
17/05/1995 0910 0995 0760 1.823 2133 1628 1429 0830 1697 1831
18/05/1995 0930 1375 0760 2.328 2403 2258 1699 0910 2237 1601
19/05/1995 0900 1365 0760 2.358 2443 2208 1699 0890 2067 1681
Coffey (feb, 1996)
22/05/1995 0925 1795 0790 2703 2458 1859 1110 2257 2761
23/05/1995 0920 1825 0780 2,558 2723 2408 1899 1070 2337 2971
24/05/1995 0920 1715 0780 2538 2733 2368 1859 1030 2337  3.051
25/05/1995 0910 1685 0780 2.548 2763 2348 1839 1020 2477 2931
26/05/1995 0920 1695 0770 2.548 2743 2368 1829 1050 2447 2951
21/06/1995 0880 2015 0785 2.803 2428 1969 1210 2777  3.041
13/07/1995 070 1965 0760 2.228 2713 2188 1939 1230 2747 2721
26/07/1995 0.640 0925 0740 1.898 2413 1958 1749 1030  3.007 2521
11/08/1995 0580 0825 0720 1071 1608 0670 2183 1778 1719 0970 1967 2261
28/08/1995 0.510 0460 0821 1478 0280 1953 1528 1559 0760 1837 2071
19/09/1995 0.600 0.740 2.328 2423 2328 1869 1160 2377 2491
20/09/1995 0.620 0750 1301 1598 0750  2.603 2278 1929 1140 2.641
Late July 1994 - mid Nov 1994 0.500"
Late July 1994 - late Sept 1994 1.1001

7/04/2004 02908 1144 2043 0768 2816 2314 2111 1101 2562 2708

Coffey (Oct, 2007) 11/05/2004 0232 0928 1451 2081 1774 1880 0836 1939 2120 0.778 0876 0930  0.681

29/03/2007 0823 1303 1534 1657 0541 1689 1655 0813 0826 0760 0628

Martens and Associates 04/06/2009 - 6/7/2009 2.9102 2.3982 1.1032 0.8212 11972 08622  0.7032
(July, 2009)
Minimum Level (mAHD) 0240 0685 0060 0821 1138 0280 1553 0728 1159 0390 1347 1371 0.778 0826 0760  0.628
MEd(i:Ia;\r/]el;e\:/aelL(ediirF: ‘C’:::)e(‘c‘nf:ﬂé?‘zdian 0630 1020 0740 1071 1658 0670 2418 1778 1709 0890 2007  2.120 0796 0851 0930 0655 081 1197 0862 0703
Maximum Level (mAHD) 0930 2015 079 1301 2558 0768 2910 2458 2398 1230 3007  3.051 0813 087 1103 0681
Min Depth (m) to GW 009 0355 0055 0744 0050 0093 0053 0140 0461 0260 0388 0210 0213 0219 0008  0.53

Notes: * Estimated median value based on visual observation of continuous monitoring data plot. > Median value derived from continuous monitoring data. > Value used for groundwater model (M1) calibration. * Elevation not known. > GMB lost, destroyed or vandalised sometime between

2004 and 2007.



7 Attachment C — Collated Groundwater Quality Data



Source Sample date GMB13 GMB23 GMB33  GMB4  GMB5  GMB6  GMB7°  GMBS  GMB9  GMBIO  GMBIl  GMB12 GMBI3  GMB21  GMB22 GMB23  GMB24 GMBIA  GMB2A  GMB25  Llake26  Lake
pH 6.40 5.30 6.20 6.00 5.60 6.00 5.30
DS (mg/L) 490.00  190.00  13900.00 1900.00 42000  2300.00  220.00
Coffey Averageresult  Chioride (mg/L) 22000 8200  7600.00 1100.00 150.00  1200.00  60.00
13/12/94 to
(Feb, 1996) 29/8/19951  Sulphate (mg/L) 33.00 16.00  1200.00 170.00 <5 170.00  25.00
Magnesium (mg/L) 36.00 6.00 540.00 76.00 8.40 85.00 5.20
Calcium (mgLL) 9.00 1.20 160.00 33.00 7.20 22.00 2.20
pH 5.32 5.02 5.62 6.05 5.60 5.46
DS (mg/L) 155.00 1210.00 11500.00 1350.00  212.00  2250.00
Chloride (mg/L) 50.40 64.60 530000 43000 5870  800.00
Sulphate (mg/L) 10.00 22.00 702.00 39.00 6.00 344.00
cOf;%g())ct, 29/03/2007 Magnesium (mg/L) 4.00 6.00 420.00 23.00 7.00 54.00
Calcium (mgLL) 2.00 2.00 126.00 11.00 3.00 31.00
EC (us/cm) 202.00 268.00 15500.00 1610.00  234.00  2730.00
TN (mg/L) 0.93 3.07 12.13 7.24 251 9.33
TP (mg/L) 0.14 0.76 1.38 0.79 0.32 1.12
pH 3.99 5.83
TDS (mg/L) 200.00 129.00
Chloride (mg/L) 34.40 37.40
Sulphate (mg/L) 13.00 12.00
( oft(?f;%n 30/03/2007  Magnesium (mg/L) 3.00 3.00
Calcium (mgLL) <1 8.00
EC (us/cm) 178.00 182.00
TN (mg/L) 2.53 0.72
TP (mg/L) 1.00 0.08
pH 430 5.70 6.20 5.10 5.60 6.30
DS (mg/L) 96.00 180.00 17000 12000  160.00  11000.00
Chloride (mg/L) 37.00 65.00 30.00 50.00 2500  5800.00
Martens and Sulphate (mg/L) <5 <5 39.00 <5 5.00 850.00
Associates 6/07/2009 Magnesium (mg/L) 2.90 7.80 8.20 3.40 4.40 360.00
(uly, 2009) Calcium (mgLL) 0.30 3.60 5.60 1.20 3.60 110.00
EC (us/cm) 160.00 280.00 280.00  200.00  260.00  14000.00
TN (mg/L) 1.00 <0.6 7.10 3.80 30.00 <0.6
TP (mg/L) 1.90 <0.05 6.10 2.80 1.20 <0.05

Notes: I Comprised 7 individual monitoring rounds. 2Refer to source for laboratory report and results for additional analytes. 3 GMB lost, destroyed or vandalised sometime between 2004 and 2007.



