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1 INTRODUCTION

1.1 Background

Defence Housing Australia (DHA) is proposing the Lee Point Master-planned Urban Development (the project)
which will establish a residential, tourism, community and commercial precinct on a 132.5 hectare (ha) site
(the project site) located on the outskirts of Darwin, in the suburb of Nightcliff. The project site consists of two
properties bisected by Lee Point Road, including a former Department of Defence (Defence) installation that
was operated by the 2 Control and Reporting Unit (2CRU) on the western side of Lee Point Road (referred to
as the 2CRU site), and vacant crown land on the east side of Lee Point Road (referred to as Muirhead North)
The project will provide for residential lots at a range of densities, providing much needed affordable housing
for Defence families and for members of the public. The project will involve a Main Street precinct that will
include a tourism activity centre containing restaurants, cafes, hotels, self-contained apartments and retail
shops which will capitalise on its close proximity to Lee Point and the Casuarina Coastal Reserve, Darwin’s most
popular area of public open space. The project will also deliver serviced allotments to the NT Government that
will be dedicated to a primary school, child-care centre and sporting oval.

The project will generate much needed economic stimulus for the Darwin region which is suffering declining
growth as a result of the downturn in the mining, and oil and gas industries. It is estimated that the project
will contribute $350 million to the local economy, and provide full-time employment for up to 964 employees
in the construction industry, 117 full-time and part-time employees in the hospitality industry and 40 full-time
employees in education. There will also be a focus on employing and training indigenous people.

Environmental impacts were considered during the planning phase, and the project was referred under the
Commonwealth Environment Protection and Biodiversity Conservation Act 1999 (EPBC 2015/7591). It was
assessed on 18 December 2015 as a controlled action due to likely impacts on listed threatened and migratory
species and as a Commonwealth action, and would be further assessed by Public Environment Report (PER).
The project was also assessed under the Northern Territory Environmental Assessment Act 1982 (EA Act) and
the preparation of an Environmental Impact Statement (EIS) was requested on 18 January 2016 by the
Northern Territory Environment Protection Authority (EPA) to assess the impacts of the project on threatened
species, erosion, the Casuarina Coastal Reserve and biting insects.

While the bilateral assessment agreement between the Northern Territory and Australian Governments does
not take effect in this instance, the NT EPA and Australian Government have coordinated the preparation of a
combined Terms of Reference (ToR) which address both Commonwealth and Northern Territory assessment
requirements. A draft ToR for the project was released for public comment on 23 April 2016 and finalised on
20 May 2016. A copy of the final ToR is provided in Appendix A.

1.2 Purpose

The EIS for the Lee Point Master-planned Urban Development (2CRU) has been prepared to address the ToR
and thereby satisfy approval conditions under the EPBC Act and EA Act. The ToR broadly requires further
information on the follow matters:

Lee Point Master-planned Urban Development — Environmental Impact Statement 8
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e The existing environmental conditions of the project footprint

e Infrastructure requirements to service the local community

e Assessment of impacts and risks to the environment, economy and local community
e Management measures to mitigate or avoid the likely impacts of the project.

Specialist consultants were engaged to undertake detailed engineering, environmental and social-economic
studies and prepare reports that specifically address the ToR. The reports are included as appendices to the
EIS. Information has also been drawn from previous assessments that were undertaken to support the initial
EPBC Act referral and Notice of Intent lodgement.

To identify the key risks to the environment, community, economy and existing infrastructure, a detailed risk
assessment was undertaken using international best practice standards (Australian and New Zealand Risk
Management Standard AS/NZS ISO 3100:2009). This process informed the project activities that would require
avoidance and mitigation measures to ensure impacts remained within regulatory requirements and where
possible, community’s expectations. The avoidance and mitigation measures proposed are detailed in a
Construction and Environmental Management Plan (CEMP) that will be implemented during the construction
phase of the project. The CEMP is supported by a number of sub-plans that relate to each environmental
discipline that the CEMP addresses.

1.3 Structure

The EIS has been structured in a logical manner to reflect the information requested as part of the ToR, and
to facilitate a range of different readers (e.g. referral agencies, utility companies, environmental groups and
members of the community) to easily locate information in the EIS that is relevant to them. A detailed project
description is provided in Chapter 2. The main technical chapters covering hydrology, air quality, utilities and
infrastructure, biodiversity and heritage, social and economic and noise, can be found in Chapters 4 to 9
respectively. Each of these chapters is structured in the following manner:

1. Existing conditions

2. Projectimpacts

3. Risk assessment

4. Avoidance and mitigation measures.

Detailed technical reports supporting the findings and recommendations in the main body of the EIS are
provided in Appendix E to Appendix O. The detailed risk assessment results are provided in Appendix C and
summarised in each technical chapter, while Chapter 3 provides a description of how the risk assessment was
applied. As requested by the NT EPA and DoEE, the final copy of the ToR is included in Appendix A and a list of
contributors that assisted with the preparation of the EIS including the technical studies and risk assessments
is provided in Appendix B.

Lee Point Master-planned Urban Development — Environmental Impact Statement 9



@

ecology & heritage
partners

Table 1. EIS Structure

1

10
Appendix A

Appendix B
Appendix C
Appendix D
Appendix E

Appendix F

Appendix G

Appendix H

Appendix |
Appendix J

Appendix K

Appendix L

Appendix M
Appendix N

Introduction

Project Description
Risk Assessment
Hydrology

Air Quality

Utilities and Infrastructure

Biodiversity and Heritage

Social Economic

Noise

Conclusion
References
Terms of Reference

Contributors
Risk Assessment

CEMP

Stormwater Management Plan — 2CRU

Stormwater
Muirhead North

Biting Insect Report

Noise Impact Assessment report

2CRU

Noise Impact Assessment report

Muirhead North

Odour Impact Assessment report

Traffic Impact Assessment report

2CRU

Traffic Impact Assessment report

Muirhead North

Black-footed Tree-rat Report

Migratory Shorebird report

Management

Introduction to the project, justification for preparing the EIS and
basic information on the proponent.

Describes in detail all aspects of the project including site history,
development stages and timelines.

Methodology for completing the risk assessment

Technical chapter addressing existing surface water and groundwater
conditions and proposed stormwater management plan.

Technical chapter addressing noise and odour impacts.

Technical chapter addressing potable water, sewerage, traffic, power
and telecommunications.

Technical chapter addressing impacts to threatened species,
migratory shorebirds land condition, and cultural and historic
heritage.

Technical chapter addressing the social and economic impacts
(positive and negative) of the project.

Technical chapter addressing the potential noise and vibration
impacts associated with the project.

Summarises the key impacts of the project and how they will be
addressed.

List of references cited in the EIS.

Copy of the final ToR and tabulated response to how each criteria in
the ToR has been addressed.

List of people who contributed to the preparation of the EIS
Detailed results of the Risk Assessment
Construction Environmental Management Plan with sub-plans

Technical document supporting Chapter 4
Technical document supporting Chapter 4

Technical document supporting Chapter 4 and general design of Area
Plan.

Technical document supporting Chapter 5

Technical document supporting Chapter 5
Technical document supporting Chapter 5

Technical document supporting Chapter 6

Technical document supporting Chapter 6

Technical document supporting Chapter 7

Technical document supporting Chapter 7
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Appendix O Water Quality Monitoring Plan

Appendix P EIS Supplement

Appendix Q Correspondence

Appendix R Site Auditors Report

Appendix S

Appendix T

Muirhead North: Stage 1 Preliminary
Site Investigation

Water Discharge Licence WDL 147-05
Annual and Compliance Report

Appendix U Water Discharge Licence 147-08

Monitoring plan to assess impact of the development on adjoining
waterways.

Response to comments received during the public exhibition period
of the EIS.

Copy of letter received from Parks and Wildlife Commission

Auditors report for 2CRU
Stage 1 contaminated land investigation for Muirhead North

Most recent monitoring report for Leanyer Sanderson Wastewater
Treatment Plant

Conditions of current Water Discharge Licence for Leanyer Sanderson
Wastewater Treatment Plant

1.4 Defence Housing Australia (the proponent)

Defence Housing Australia is a Commonwealth Government business responsible for providing housing and
related services for Department of Defence members and their families. This includes providing an active role

in the residential housing market by acquiring and developing land, and constructing and purchasing houses.

They have undertaken a number of projects that have been referred and approved under the EPBC Act,

including:

North Weston Residential Development, ACT (EPBC# 2011/6163)

Muirhead Subdivision, Northern Territory (EPBC# 2010/5525)

RM Military College Duntroon, ACT (EPBC# 2001/374)

Stirling — Weston Creek, ACT (EPBC# 2001/218)

Darwin Residential Complex NT (EPBC# 2001/163).

In addition to the Lee Point Master-planned Urban Development, the Rawlings Road Deebing Heights project
in Queensland (EPBC# 2016/7723) is currently being assessed under the EPBC Act.

Defence Housing Australia has shown to be an environmentally responsible organisation by complying with

environmental approval and regulatory conditions for all their projects. They also show a commitment to the
principles of Ecological Sustainable Development (ESD), as demonstrated at the Muirhead Breezes residential
development which adjoins the Muirhead North site to the south. Muirhead Breezes has orientated lots to
align with the prevailing breeze (hence the name ‘Muirhead Breezes’), and focussed on a climatically-

responsive small lot housing, which has resulted in a corresponding reduction in energy consumption. This

innovative approach to environmentally sensitive housing has been recognised with the following industry

awards:

2016 Urban Development Institute of Australia (UDIA) Northern Territory Award for Environmental

Excellence

2016 UDIA Northern Territory Awards for Innovation in Design

Lee Point Master-planned Urban Development — Environmental Impact Statement 11
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e 2015 UDIA Northern Territory Award for Excellence in Masterplanned Development

e 2015 UDIA Northern Territory Award for Excellence for Environmentally Sustainable Development.

This approach to ESD has been carried through to the Lee Point Master-planned Urban Development.

Table 2. Proponents details

Title Lee Point Master-planned Urban Development

544 (Lot 9370) and 577 (Lot 4873) Lee Point Road, Nightcliff,

Location .
Northern Territory

Defence Housing Australia

1 Carey Street, Darwin, Northern Territory
T08 8901 7107

Contact: Chris Grimm

Proponent

1.5 Supplement

In accordance with NT EPA and Commonwealth guidelines, the draft EIS was on display for public exhibition
between 18 November 2017 and 1 February 2018. During this period, the public had an opportunity to
review and provide comment on the draft EIS with comments received from ten Northern Territory
Government advisory bodies and seventeen submissions from members of the public and non-government
organisations. Comments received by DoEE were addressed prior to the draft EIS going on public exhibition.

The current version of the EIS has been updated to address comments received during the public exhibition
period. A supplement to the EIS has been prepared and details how all comments received have been
addressed (Appendix P).

Lee Point Master-planned Urban Development — Environmental Impact Statement
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2 PROJECT DESCRIPTION

2.1 General Information

Defence Housing Australia (DHA) is proposing the Lee Point Master-planned Urban Development to provide
housing, a tourism precinct, community infrastructure and public open space on a 132.5 ha site located at 544
and 577 Lee Point Road, Nightcliff, North Territory. The project site is located approximately 14 kilometres
(km) north-north-east of the Darwin Central Business District (CBD) and covers Lot 4873 (2CRU) and Lot 9370
(Muirhead North).

The project site is bisected by Lee Point Road with 2CRU located on the western side of Lee Point Road and
Muirhead north on the eastern side. It is adjoined to the south of 2CRU by the Lyons residential development
and by the Muirhead Breezes residential development to the south of Muirhead North. The Casuarina Coastal
Reserve including Sandy Creek border the western boundary of 2CRU and the reserve extends to the northern
boundary of 2CRU. Casuarina Coastal Reserve is Darwin’s most popular public area of natural public open
space and provides recreation facilities and public amenity including walking and mountain-bike trails (formal
and informal), a surf-life saving club, military history, car-parking, toilets and access to the Casuarina Beach.
Sandy Creek enters the Beagle Gulf through Casuarina Coastal Reserve and receives run-off from the western
half of the 2CRU site.

The Lee Point Village Resort fronts onto the northern boundary of Muirhead North. Buffalo Creek is located to
the east of Muirhead North and receives run-off from Muirhead North and the eastern half of 2CRU through
culverts which drain into Muirhead North. Buffalo Creek flows into Shoal Bay and is considered to be the most
polluted tributed discharging into Darwin Harbour.

2.2 Project Site

The Larrakia people are the traditional owners of the project site. The Larrakia Nation Aboriginal Corporation
and Larrakia Development Corporation have been consulted during the development of the EIS.

The project site is zoned Future Development (FD) under the City of Darwin Planning Scheme (Figure 1).

The 2CRU site is located at Lot 04873 Town of Nightcliff, 577 Lee Point Road and was owned by the
Commonwealth Department of Defence (Defence) until recently, when ownership transferred to DHA. The
project site was used by Defence as a communication facility and was operated by 2CRU between 1959 and
2002. During this period it had an important role in the Malayan Emergency and also supported Australia’s
involvement in the Konfrontasi conflict. The project site was inactive between 1974 and 1981 as a result of the
considerable damage caused by Cyclone Tracy. The site was purchased by DHA in May 2014. Since then the
site has remained vacant; however, there are ongoing issues with illegal site access for motorbike riding and
dumping of household and industrial waste. There is also a historical problem with gully erosion in the south-
west of the project site that is contributing sediment to the nearby Sandy Creek and providing habitat for biting
insects.

Lee Point Master-planned Urban Development — Environmental Impact Statement 13
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Figure 1. Planning zones

Most of the communication facilities installed by Defence have been removed from the project site, except
for a cruciform anti-battery site located in the centre of the site, and an area to the north referred as ‘The
Bunkers” which contains remnants of missile foundations, a concrete bunker and explosives/ammunitions
store. Most of the project site is covered by introduced grassland, or degraded bushland that has regenerated
since Defence operations ceased, although the western boundary of the site is covered in mature Monsoon
Vine-thicket.

There is a formal vehicle track from Lee Point Road into the middle of the site where a compound was once
situated, with other less formal tracks, including from the former compound heading in a southerly direction,
ultimately running adjacent to the southern site boundary and connecting with the trails in the Casuarina
Coastal Reserve. Vehicle tracks and firebreaks are present along the eastern and southern property
boundaries. There are numerous informal vehicle tracks within the site, along with evidence of itinerant
camps. Fencing along the road frontage has been repeatedly vandalised to allow illegal access.

The adjoining Muirhead North site is located at Lot 09370 Town of Nightcliff, 544 Lee Point Road, on the
eastern side of Lee Point Road. It is identified as vacant crown land, and with the exception of the
telecommunications tower and associated equipment shelter, is void of built form. The site is covered with
remnant vegetation, with natural and modified drainage paths occurring across the site to the Leanyer Swamp
further east. There is some seasonal inundation in the very eastern extent of the site, although the majority of
the site consists of well-drained soils. There are numerous informal vehicle tracks within the site, and evidence
of recreational four-wheel drive and/or motorcycle/quad bike access.

Muirhead North gently slopes towards the east with small localised undulations located throughout the
property. The eastern portion of 2CRU is similar, with a ridge line extending north-south in close parallel to
Lee Point Road. The western portion of 2CRU falls sharply from an escarpment, with vegetation below the
escarpment comprising Monsoon Vine-thicket that continues into the coastal reserve.

Lee Point Master-planned Urban Development — Environmental Impact Statement 14
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2.3 Climate

The project site experiences a tropical savannah climate, with a dry season extending from May to September
and a wet season running from October to March. During the dry season, mean monthly rainfall varies
between 1.1 millimetres (mm) in July and 21.6 mm in May and mean monthly relative humidity is below 50%
and as low as 37% in July (see Figure 2). At the beginning of the wet season, mean monthly relative humidity
continually rises until peaking in February at 72%. This pattern is broadly consistent with the mean monthly
rainfall pattern which is also unimodal and peaks at 423.7 mm in January (see Figure 3). Monsoon conditions
prevail from December to March when the mean monthly rainfall exceeds 250 mm and most days during this

period receive rain.

Mean monthly maximum temperatures are warmest in the wet season and coolest in the dry season, but vary
little between months ranging between 30.6 °C in July and 33.3 °C in October and November (Figure 2). The
onset of monsoons results in a small but noticeable decrease in mean maximum temperatures between
December and March. There is a larger variation in mean minimum temperatures which range between 19.3
°Cin July and 25.3 °Cin November and December.

Lee Point Master-planned Urban Development — Environmental Impact Statement 15



@

ecology & heritage
partners
35 75
33 {4 - 70
31 v 65
—_ X
T 29 60 z
] 3
5 . Smg=m Maximum Temperature
527 55 £
g g
: : - 2
= 25 "“\ - >0 “gel==Minimum Temperature
23 45
\_‘\ Relative Humidty
21 V 40
19 T T T T T T T T T T T 35
A QA & Q $ S S S
o’z} @'z} & ?Q& RS \& 003;9 N2 @oz 6,\0@ (&)e
Sl < v E
(22 9

Figure 2. Temperate and relative humidity data (Bureau of Meteorology Darwin Airport)
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Figure 3. Rainfall data (Bureau of Meteorology Darwin Airport)
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2.4 Project Description

The Lee Point Master-planned Urban Development will be developed in accordance with the Lee Point Area
Plan and Planning Principle’s as described in DHA’s application to amend the NT Planning Scheme
(PA2014/0922). It will accommodate approximately 700 ground-level dwellings, between 30 and 40 rural
residential lots, and between 200 and 250 apartments (see masterplan and site plans overleaf).

The Lee Point Area Plan identifies a tourism and mixed use centre situated along a Main Street precinct in
2CRU running from Lee Point Road through the site in a north-westerly direction where it will terminate at a
coastal esplanade. The area will provide most of the high density residence in 3-6 storey apartments. The
coastal esplanade runs perpendicular to the Main Street precinct and parallel to the Casuarina Coastal Reserve.
It will be an important area of public open space and provide bicycle and walking paths and other recreation
facilities. There will also be a small area of open space in the north of the site as part of the preservation of
local military history.

The Main Street precinct will provide a mixture of commercial, retail and community services. There are also
four tourist sites to be established along the Main Street that will be transferred to the NT Government and
will provide for hotel and apartment accommodation in buildings between 2-12 stories.

A Community Hub will be located in Muirhead North, and will include a primary school, child-care facility and
sports facilities, covering approximately 3.7 ha. Immediately adjacent to the Community Hub will be an active
recreation reserve including an AFL/cricket oval.

In addition to the coastal esplanade in 2CRU, other areas of public open space will include the preservation of
21.95 ha of Monsoon Vine-thicket and eucalypt woodland on the western side of 2CRU to conserve habitat
for the endangered Black-footed Tree-rat and expand the area of the existing Casuarina Coastal Reserve. A
further 1.6 ha within Muirhead North supporting sensitive Monsoon Rainforest vegetation will be protected.
The treatment train of bioretention and detention basins to manage stormwater will be integrated into public
open space, contributing an additional 10 ha (approximate). A series of parks and playground areas will be set-
aside across the project site.

The current staging plan for the projects proposes a seven staged development, with commencement of civil
works scheduled to commence in April 2019 (Table 3). Buildings and other facilities will be established once
civil construction works are completed.

Table 3. Staging plan for Lee Point Master-planned Urban Development (dates are subject to change)

m Estimated Start Date | Estimated Completion Date

1A April 2019 November 2018
1B April 2019 November 2019
2A March 2020 December 2020
2B March 2021 November 2021
3 March 2022 October 2022

4 April 2023 November 2023
5 March 2024 November 2024
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NOTES PROPERTY DESCRIPTION

LOT 4873 ON S78/107
TOTAL AREA 81.33 ha

(1) This plan was prepared for the purpose and exclusive use of DEFENCE HOUSING
AUSTRALIA as an Investigation into the Development Potential of the land
described in the plan and is not to be used for any other purpose or by any other
person or corporation.

JFP URBAN CONSULTANTS PTY LTD accepts no responsibility for any loss or
damage suffered howsoever arising to any person or corporation who may use
or rely on this plan in contravention to the terms of this clause or clauses 2, 3, 4,
5, 6 or 7 hereof.

(2)  The contours on this plan are approximate and are suitable only for the purpose
of this application. The accuracy of the contours has not been verified and no
reliance should be placed upon such contours for any purpose other than for the
purpose of this application.

(3)  JFP takes no responsibility for any changes to the design concept that may arise
as a consequence of the detailed vegetation assessment undertaken in the
future. To increase certainty JFP recommends the appointment of suitable
vegetation professionals to complete the vegetation assessment as soon as
practical.

(4)  This plan shall be read in conjunction with the JFP preliminary planning
assessment prepared in relation to the site.

(5)  The dimensions, areas, size and location of improvements, flood information (if
shown) and number of lots shown on this plan are approximate only and may g
vary. (g,_,\)

(6) Information sourced from third-parties has been utilised in the  preparation of
this plan.
JFP URBAN CONSULTANTS PTY LTD accepts no responsibility for the accuracy of
the information sourced from third-parties. Futhermore it is noted that the
boundaries and extents of the site have not been confirmed by survey and
therefore cannot be relied upon until such survey is undertaken.
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PROPERTY DESCRIPTION LEGEND NOTES

LOT 9370 ON S901068 (1)  This plan was prepared for the purpose and exclusive use of DEFENCE HOUSING
TOTAL AREA 51.17 ha SUBJECT SITE AUSTRALIA as an Investigation into the Development Potential of the land
described in the plan and is not to be used for any other purpose or by any other

. person or corporation.
LOTS 4000m? & larger (45m frontage min.) - 32 (12%) JFP URBAN CONSULTANTS PTY LTD accepts no responsibility for any loss or
damage suffered howsoever arising to any person or corporation who may use
or rely on this plan in contravention to the terms of this clause or clauses 2, 3, 4,

LOTS 600-700m? (20m x 30-31m) - 62 (24%) 5 6 o1 7 hereof

(2)  The contours on this plan are approximate and are suitable only for the purpose
of this application. The accuracy of the contours has not been verified and no
reliance should be placed upon such contours for any purpose other than for the

LOTS 450-539m? (15-17m x 30-31m) - 110 (42%) purpose of this application.

(3)  JFP takes no responsibility for any changes to the design concept that may arise
as a consequence of the detailed vegetation assessment undertaken in the

LOTS 540-599m? (18-19m x 30-31m) - 56 (22%)

PARK/OPEN SPACE future. To increase certainty JFP recommends the appointment of suitable
vegetation professionals to complete the vegetation assessment as soon as
COMMUNITY USES practical.
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, assessment prepared in relation to the site.
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3 RISKASSESSMENT

3.1 Introduction

A comprehensive risk assessment of all potential project impacts has been undertaken in accordance with
Australian and New Zealand Risk Management Standard AS/NZS I1SO 3100:2009. The risk assessment provides
a systematic process to quantify the severity of impact to the environment, community and local infrastructure
the project is likely to cause, and identifies which project activities will require management controls or
avoidance measures to ensure that any impact does not exceed regulatory thresholds and meets the public’s
expectations (where possible). The risk assessment was undertaken in the following manner:

1. Identify the risks to the environment

2. Identify the likely causes for risks to occur

3. Establish likelihood and consequence descriptors
4. Establish outcome descriptors

5. Quantify risk

6. Determine appropriate controls to reduce risk level to an acceptable level.

3.2 Method

The risk assessment was completed by specialist consultants responsible for preparing the detailed technical
reports (Appendix B). After determining the potential risks to the environment, and what factors contribute
to the risk, the risk level was quantified by determining the outcome, where outcome is calculated as:

- Outcome = Likelihood x Consequence
The tables below provide descriptions for the different levels of likelihood, consequence and outcome.

A description of the project activities that may contribute to impacts and were considered during the risk
assessment is provided in Table 7.

3.3 Results

The detailed results of the risk assessment, including the recommended mitigation and avoidance measures
are provided in Appendix C, and further explained in each relevant technical chapter of the EIS. A total of 98
risks were identified that have been assigned a management control.
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Table 4. Consequence rating descriptors

Hydrology Air Quality Utilities and Infrastructure Biodiversity mm

Minimal

Minor

Moderate

Major

Negligible effect to
the environment

Minor effect,
complaint from
adjacent neighbours
or community.
Temporary impact
on subterranean
conditions, aquifer
or Sandy Creek
without long-lasting
effects. Temporary
disruption to water
supply or effect on
water quality.

Localised impact,
local media
coverage, may
trigger regulators
involvement.

Short term impact
on sensitive
environmental
features, aquifer

resource or Sandy
Creek.

Major impact,
national media
coverage, would

Impacts to air
quality below
detectable
levels.

Impact on local
air quality is
within
allowable
limits, no
discernible
impacts on
health.

Temporary
impact on local
air quality
exceeds
allowable
limit,, impact
on respiratory
health, loss of
native
vegetation.

Damage to
respiratory
health

No discernible impact on quality of
service.

Available services cannot meet the
need of local residents.

Additional demand results in
decline in service quality for wider
community.

Additional demand results in health
impacts for residents and wider

Small scale native
vegetation or habitat
loss.

Small to medium scale
native
vegetation/habitat loss.
Fragmentation of habitat
for native species.

Potential significant
impact on
special/ecological

communities, medium to

large scale native
vegetation loss/habitat
fragment for native
species.

Significant impact on

species/ecological
communities

Low-level
repairable
damage to
commonplace
structures.

Minor damage
to items of low
cultural
heritage
significance.
Mostly
repairable.
Minor
infringement of
cultural
heritage values.

Substantial
damage to
items of
moderate
cultural or
heritage
significance.
Infringement of
cultural

heritage/sacred
locations.
Major
permanent
damage to

Some
people
indirectly
impacted.

Some
people
directly
impacted
or several
indirectly.

Several
people
directly
impacted
or many
indirectly.

Large
number
of people

Noise can
barely be
detected.

Noise
detected,
low-level  of
nuisance

Temporary
sleep
disturbance,
potential
hearing
injury,
complaints
from
adjoining
residents..

Temporary
hearing loss,
ongoing sleep
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Hydrology Air Quality Utilities and Infrastructure Biodiversity mm

Catastrophic

trigger  regulators
involvement.

Extensive off-site
contamination and
changes to level of

groundwater, or
quality of Sandy
Creek. Sustained

damage to the
environment/human
health and
remediation not
possible. National to
international media
coverage, regulators
involved.

requiring
specialist
medical
treatment,
local-regional
media
coverage,
significant
remediation
works
required.

Permanent
damage to
respiratory
health,
national media
coverage,
irrevocable
damage to
regional air
quality.

community. Local/regional media
attention.

Additional demand results in deaths
in local community. National media
attention.

Extinction
species/ecological
communities

of

items of high
cultural or
heritage
significance.
Significant

infringement

and disregard
of cultural
heritage values.

Total
destruction of
items of high
cultural or
heritage
significance.
Highly offensive
infringements
of cultural
heritage.

directly

impacted.

Loss
life.

of

disturbance,
damage to
buildings and
structures,
local/reigional
media
attention.

Permanent
hearing loss,
damage to
buildings.
National
media
attention.
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Table 5. Likelihood rating descriptors.

May occur in exceptional circumstances

Remote

Unlikely

Possible May occur

Likely Probability will occur

Almost Certain

Expected to occur

Table 6. Environmental outcome descriptors

LIKELIHOOD

REMOTE
UNLIKELY
POSSIBLE

LIKELY
ALMOST CERTAIN

MINIMAL
Negligible
Negligible
Very low
Low

Medium

Lee Point Master-planned Urban Development — Environmental Impact Statement

MINOR
Negligible
Very low
Low
Medium
High

Not expected to occur in most circumstances

MODERATE
Very low
Low
Medium
High

Very high

<1%
1-20%
21-49%
50-85%
>85%

MAJOR
Low
Medium
High
Very high

Significant

Few people interested
Some people affected
Many people affected
Most people affected

Almost everyone affected

OUTCOME

CATASTROPHIC
Medium

High

Very high
Significant

Significant
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Table 7. Project activities considered as part of the risk assessment

ial
Biodiversity Hydrology Noise and Air Quality Utilities

Ground Surface water Housing
Habitat loss Traffic (operation) Potable water
excavation = quality accommoda‘uon
Habitat fragmentation Site ) surface water Plant (construction) Workforce Sewerage
occupation | flow rates
Habitat degradation Erosion House lightin social Traffic
& ghting Infrastructure
Edge effects Flooding Acid sulphate soils Amenity and Safety = Telecommunications
Groundwater . . Economic/Business
Altered hydrology depth Chemical spills Development Power
Groundwater

Water quality

Erosion and sedimentation

contamination

Acid sulphate

Odour (Leanyer Sanderson Wastewater Treatment Plan)

soils

Litter, rubbish
entering
creeks and
eventually
Bay.

Soil compaction

Inappropriate/ineffective rehabilitation
Groundwater contamination

Impacts on surface and groundwater systems
Waste material

Traffic (construction)

Traffic (occupancy)

Weeds and pest animal invasion
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S . . . . Social and e
Dust
Noise

Human disturbance

Domestic pets
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4 HYDROLOGY

4.1 Introduction

This chapter addresses the hydrological criteria of the ToR. Information has been collected from a number of
sources including desktop review, field assessments and modelling. The chapter is presented in the following
structure:

e Section 4.2 — Existing Conditions. This section focusses on the pre-development condition of the
project site and adjoining water bodies. Details are provided of the current condition of groundwater
and surface water including description of any dependent ecosystems. Information on the likelihood
of flooding is also provided.

e Section 4.3 — Risk Assessment. Identifies the key risks to surface water and groundwater based on the
detailed hydrological risk assessment (Appendix C) and describes the avoidance and mitigation
measures that are proposed to reduce the risk of any impacts occurring to water values including off
site at Sandy Creek and Buffalo where stormwater from the detention basis will be discharged. The
mitigation measures are included in the Stormwater Management Plans (Appendix E and Appendix F),
Erosion and Sediment Control Plan (ESCP), Water Quality Monitoring Plan (Appendix O) and CEMP
(Appendix D).
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4.2 Existing Conditions

4.2.1 Geology

According to the Darwin 1:250 000 Geological Series map, the project site is underlain by late cretaceous
kaolinitic claystone and Tertiary pisolitic and mottled laterite (Figure 7). Quaternary alluvium, when found in
drainage line and lower elevations are sand, silt and clay.

A review of the Northern Territory bore database identified a number of bores in the neighbourhood. The
stratigraphy information associated with the bore records supported the understanding of the regional
hydrostratigraphy.

The regional hydrogeology is defined by an upper lateritic clay formation of up to 40 m depth which has the
potential to be water bearing. It is underlain by consolidated fine alluvium formations, reportedly shales,
siltstones, slate or conglomerates.

Groundwater was encountered regionally in some of the consolidated formation, however, bore yields have
reportedly been limited. A few bores in the database and the newly drilled bores at the site reported shallow
groundwater in the laterite.

Previous site geotechnical studies reported the absence of groundwater in nearby bores. This is inconsistent
with the records, however, the observations could simply be associated to the slow recovery of newly built
bores (i.e. not yielding water quick enough to observe on the day) or the need for redevelopment of older
bores.

Testing for acid sulphate soils has not been undertaken. Despite the proximity of the project site to the
coastline, the elevation of the site is likely to preclude the presence of acid sulphate soils (GHD 2010). If
present, acid sulphate soils are most likely to occur in the lowest elevations of the site, which occurs in the
south-east of Muirhead North. It should be noted that no acid sulphate soils were encountered in the adjoining
Muirhead Breezes development. Nonetheless, test pits will be dug in the south-east of Muirhead North prior
to any soil disturbance occurring as part of Stage 2B, to determine the presence of acid sulphate soils. If acid
sulphate soils are encountered than an acid sulphate soils management plan will need to be prepared.
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Figure 7. Site geology
4.2.2 Project Site

4.2.2.1  Groundwater

Site geology is informed by borehole information collected during previous investigations (Douglas Partner
2009, SMEC 2015) and in the recent investigation. The geotechnical investigations over the Muirhead North
and 2CRU sites documented the site geology to a maximum depth of three metres. The spread of the
boreholes provides a relatively good site cover. The geological settings are consistent across 2CRU and
Muirhead North. On the Muirhead North site, a recent investigation focused on the area up-gradient of the
Monsoon Rainforest and investigated the site geology to depth of 12 metres, which contributed to the
assessment of this site by providing a reference depth to groundwater for the area.

The project site geology can be summarised as follow:

e Anupper sand and silt unconsolidated formation of brown, yellow or red colour observed up to 4.5 m
depth, but more generally to 2-3 m depth. Small gravels of ferricrete (locally referred to as coffee
rock) or layers of ferricrete can be found in the first couple of metres. At the site, their distribution
appears to be quite discontinuous.

e An underlying clay formation, forming the upper part of the laterite profile. The clay can be silty at
times, mottled, with gravels or “coffee rock” gravels. The clay is not cohesive and shows heavy staining
between small pieces. The colour of the clay is predominantly brown and white but was also found
to be red and grey in places. The thickness of the clay in the closest bore (RN22618) was reported to
reach 33 metres.

e Underlying siltstones and shales.

The aquifer of interest is associated with the laterite profile. The finding is consistent with the heavy staining
observed through the mottled clay during drilling and the signs of hydro-chemical processes associated with
the presence of groundwater. Based on the nature of the formation and the slow recovery of the wells during
development and testing, the laterite aquifer would be associated with low yields. A deeper aquifer has been
reported within the fractured consolidated rock formation in some of the bores drilled in the area. Again here,
yields were rather low.

The aquifer is expected to respond to rainfall events, especially those of the wet season. The water table level
can be expected to increase a few metres after recharge (Foo, 2004, Foo1987, Vanden Broek 1980).
Groundwater is expected to be discharged through evaporation and through direct discharge at Sandy Creek
(western section of 2CRU), and Buffalo Creek (Muirhead North and eastern section of 2CRU). Discharge is
expected to be greater in the first part of the dry season due to higher water table levels and thus, stronger
hydraulic gradients.

In terms of discharge through groundwater usage, the supply bores located in close vicinity of the site have
either been decommissioned or are abandoned.

The Bureau of Meteorology (BOM) Groundwater Dependent Ecosystems (GDE) Atlas was accessed to inform
the potential presence of GDEs within the project site. Parts of the western and southern sections of 2CRU as
well as large portions of the adjoining Casuarina Coastal Reserve, are identified as having a moderate potential
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to support GDEs reliant on subsurface expression of groundwater (Figure 8) which is broadly consistent with
the extent of high ecological value Monsoon Vine-thicket identified by EcOZ (2014) who postulated that the
community may be groundwater dependent. Sandy Creek, located west of 2CRU site is not classified as a GDE.

Most of Muirhead North is mapped as having a potential to sustain GDEs. The potential for groundwater
interaction is variable over the site, with a low potential on the western part of the site corresponding with
the most elevated part of the site, a medium potential for groundwater dependent ecosystems in the north-
east section and a high potential in the south east corner of the site (Figure 8). The mapping of potential GDEs
does not match well with the location of the Monsoon Rainforest patch however it highlights the potential for
groundwater dependency of vegetation in the lower slopes of the site, which were mapped by EcOz (2014) as
supporting Lophostemon and Pandanus Open Woodland.

Beagie Gulfs

Legend
[JProposed site

I "' Boreholes

High potential for groundwater interaction
potential for i {
|| Low potential for groundwater interaction

yeires
———— e—
0 50100 200 300 43

e et SN NG TS0 D SO U105 G5 002

Figure 8. Bureau of Meteorology GDE Atlas and borehole locations
The characteristics of the groundwater system are provided in the below groundwater conceptual model
(Table 8) and illustrated in Figure 9.

All the elements of the groundwater system were assembled together in a hydrogeological conceptual model.
A hydrogeological conceptual model is a representation of a groundwater system in words, figures and/or
maps. The hydrogeological conceptual model is then used as a key tool for the assessment of the risk to
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groundwater from the project and, if necessary, the development of suitable management and mitigation
measures where an impact or potential impact associated with the project has been identified.

Consistent with the data and information available, a simplified conceptual hydrogeological model was
prepared. The hydrogeological conceptual model describes the following:

e The aquifer(s) and aquitard(s) of the study area
e The groundwater flow (depth to water and flow direction)
e The groundwater recharge and discharge process, and connectivity between water bodies

e The groundwater environmental values.

Table 8 — Groundwater Conceptual Model - 2CRU

Element of the .
Characteristics
conceptual model

The aquifer of concern is the water table aquifer found in the upper part of the lateritic profile.
The laterite clays are some 30 m deep and are underlain by shales and siltstones formations.
Some of those consolidated formations support minor aquifers.

Hydrostratigraphy
(aquifers & aquitards)

The water table can be expected to be found in excess of seven metres depth at the end of the
dry season over the elevated section of the site. The water table is expected to rise significantly
during the wet season. No data is available at this stage to characterise the seasonal variability.

Water table The water table aquifer is separated from underlying aquifers through the presence of aquitard
formations.

Deeper aquifers are not of interest to this assessment as they do not interfere with
environmental values due to depth from surface.

A review of site activities and site contamination was performed by GHD (2014). The report
Groundwater quality indicates there is no gross contamination of soils or groundwater. The site has been
unoccupied since this assessment and the situation would have remained unchanged since.

Groundwater use Bores located in close vicinity of the site have either been decommissioned or are abandoned.

The monsoon vine thicket area located on the western slope was identified in previous studies

as likely to be groundwater dependent. This is most likely in the lower half of the slope. The

GDE would be supported by the water table aquifer, accessed by the plants through their root
Groundwater values systems. The GDE is not a Matter of National and Environmental Significance

Due to low vyield, groundwater bore usage is not a groundwater value in the area of the
proposed development.

There are no groundwater values of national environmental significance in the project site.

Groundwater flow is inferred to mirror the topography. On the project site, the topographical
Groundwater flow | high will act as a groundwater divide, with groundwater flow to the west being inferred towards
direction the coastal plains and groundwater flows to the east of the divide being directed to the
Muirhead North site.

The site area is recharged directly through rainfall infiltration. The upper unconsolidated silty
Groundwater recharge formation is highly permeable and will transmit groundwater flows to the underlying
weathered laterite.

Groundwater is expected to discharge through seepage at the foothill of the hill. The water
table at the end of the dry season appears to be fairly flat resulting in reduced discharge
towards the coastal plain. Following recharge, a higher groundwater gradient will result in
added flow, however, due to the nature of the laterite, the flow is expected to remain small.

Groundwater discharge
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Elevation (m AHD)

Figure 9. Groundwater Model Cross Section

Table 9. Groundwater Conceptual Model - Muirhead North

Element of the .
Characteristics
conceptual model

The aquifer of interest is the water table aquifer found in the upper part of the lateritic profile.
Deep aquifers are not of interest to this assessment as they do not interfere with environmental

. values due to depth from surface.
Hydrostratigraphy

(aquifers & aquitards) The laterite clays are some 30 m deep and are underlain by shales and siltstones formations.

Some of those consolidated formations support minor aquifers. The water table aquifer is
separated from underlying aquifers through the lower part of the laterite profile which acts as
an aquitard and the presence of aquitard formations further at depth.

Depth to the water table has been measured at the end of the dry season and found to be 5 to
7 m below ground directly upgradient of the rainforest patch. The water table is expected to

Water table A . ) )
be very close to ground level in the eastern part of the site corresponding with the lower part
of the rainforest and low lying area.

Groundwater quality No groundwater contamination is known on site.

Groundwater use There are no remaining groundwater users in the vicinity of the site.

A patch of monsoon rainforest has been identified in the eastern part of the site along the
drainageline. Inits lower reaches, it is expected to be groundwater dependent. The GDE would
Groundwater values be supported by the water table aquifer during the dry season. During the wet season water
ponding in the rainforest would be the primary source of water supply. The GDE is not Matter
of National and Environmental Significance
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Element of the ..
Characteristics
conceptual model

Due to low vyield, groundwater bore usage is not a groundwater value in the area of the
proposed development.

Buffalo Creek is another sensitive value.

Due to low vyield, groundwater bore usage is not a groundwater value in the area of the
proposed development.

Groundwater flow

direction Groundwater flow is inferred to mirror the topography, i.e. a general eastwards direction.

The site area is recharged directly through rainfall infiltration. The upper unconsolidated silty
formation is highly permeable and will transmit groundwater flows to the underlying
weathered laterite. Higher recharge is expected in the rainforest area during the wet season
when water ponding is observed.

Groundwater recharge

Groundwater discharges through seepage at the foothill as observed in the area between the
eastern site boundary and the rainforest patch. The water table at the end of the dry season
appears to be fairly flat resulting in reduced discharge towards the Buffalo Creek. Following
recharge, a higher groundwater gradient will result in added flow.

Groundwater discharge

4.2.2.2 Surface water

2CRU

The 2CRU site is currently unoccupied but previously was used for a Royal Australian Air Force transmission
facility situated in the northern half of the site. This facility previously included buildings, sealed roads and car
parking together with cleared unsealed areas. The buildings and car parking areas have since been removed
with only some sealed roads remaining. A number of unsealed tracks also traverse the site. The vegetation on
the project site is predominantly casuarina forest and open woodland with densities increasing along the
western boundary where the land drops off sharply towards Sandy Creek and Beagle Gulf. .

Topography across the site ranges from approximately 33 m (Australian Height Datum ‘AHD’), at the highest
point of the ridge which traverses the middle of the site in a roughly south to north alignment, down to the
lowest point of 4.5 m AHD in the south west corner. The lowest point along the Lee Point Road eastern frontage
is approximately 22.5 m AHD located 200 m to the south of the Lee Point Village Resort southern boundary.
Gradients across the site are generally less than 3%, although there are steep slopes along the western
boundary and within the south western corner where runoff from the local site catchment conveys flows to
Sandy Creek.

While the majority of surface runoff across the site is conveyed as relatively shallow sheetflow and surface
flow, there are some minor gullies where surface runoff is concentrated in defined gullies and excavated
drains. These include natural gullies within the south west corner and also open drains located along the
former sealed road entrance to the former RAAF facility. The drain along the former RAAF facility entry road
conveys flows to Lee Point Road via twin box culverts and a lined opened drain.
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Figre 10. Entry road to 2CRU

Flows are conveyed across Lee Point Road via 2 x 1200W x 450H RCBCs into an unlined drain that runs along
the Lee Point VillagevResort southern boundary before discharging into a large rural dam. A second culvert
crossing of Lee Point Road is located 115m further south and consists of 5 x 750 RCPs that conveys flows
collected within the road side drain to the east. The second culvert crossing is shown in the figure below.

Lee Point Road

¥ o 2

Lee Point Road

nearmap

current : clear; change

Figure 11. Culvert cross of Lee Point Road 115m south of the Lee Point Resort (Nearmap 2016).
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The local catchment conveying flows to the south west corner via local gullies discharges into Sandy Creek
which runs parallel to the coast in a north-easterly direction before joining the Beagle Gulf. There is also a
relative small catchment in the northwest corner of the site which conveys local runoff via the Casuarina
Coastal Reserve and beach frontage to Beagle Gulf. It appears that this flow is conveyed as relatively shallow
sheet flow down the escarpment.

There are no identifiable external catchments contributing to flows across the site with the Royal Darwin
Hospital and Lyons Estate adjacent to the southern boundary effectively forming a catchment divide with flows
from the site being conveyed via open drains along this boundary to both Sandy Creek and Lee Point Road.

Muirhead North

The site is currently undeveloped, predominately consisting of casuarina forest and open woodland. An
environmentally significant rainforest area exists within the centre of the site. A number of unsealed tracks
traverse the site, and a rural dam exists immediately to the north.

Topography across the site ranges from approximately 5 to 25 m AHD, generally grading from west to east
before discharging into Buffalo Creek. Surface runoff from the site is relatively shallow, and is mainly conveyed
via sheet flow and surface flow, in some areas runoff is concentrated in defined gullies. These include naturally
occurring gullies within the centre of the site.

A proportion of the 2CRU catchment drains through the subject site, via 3 culverts as can be seen in Appendix
F—Figure 2.

4.2.2.3 Flooding

Notwithstanding inundation across the project site from local catchment runoff resulting in shallow sheet flow
and concentrated gully flows, other potential sources of inundation could occur due to storm tide inundation
given the proximity of the site to Beagle Gulf.

Reference to the ‘High Resolution Storm Tide and Climate Change Impacts Study — 2010’ prepared by System
Engineering Australia for the Northern Territory Department of Lands and Planning identifies the following
storm tide levels for Lee Point detailed in Table 10.

Table 10. Total Storm Tide Level (m AHD) at Lee Point

Estimated Return Period of Total Storm Tide Level

50y 100y 500y 1000y 10000y

2010 4.5 4.7 5.2 54 5.8
2050 4.9 51 5.6 5.8 7.1
2100 5.4 5.6 6.1 6.5 7.4

The above levels for 2100 have been mapped by GHD in 2014 based on the latest topographic information
(2009 and 2011) as part of the Northern Territory Storm Surge Mapping with the area containing the site
extracted below in Figure 12. The storm surge mapping shows that the entire site is above the 100 year
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Average Recurrence Interval (ARI) storm tide level for 2100, except for a small area in the south-west corner
of 2CRU and south-east corner of Muirhead North.
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Figure 12. Darwin Area Storm Surge Inundation for 2011 (Copyright: Northern Territory Government, GHD and
SEA)

4.2.3 Casuarina Coastal Reserve

The Casuarina Coastal Reserve comprises 1,361 ha and includes a strip of 8 km of coastline to the west of Lee
Point (Figure 13). The Reserve includes extensive sandy beaches, tidal flats, estuaries, dune systems, mangrove
communities, Casuarina forests, fringing monsoon forest and an offshore marine area. As noted in the
Management Plan, “The hydrological resources of a park are a critical element of the park’s ecosystems and
the maintenance of their integrity is crucial” (Parks and Wildlife Commission of the Northern Territory, 2002).

Large portions of the reserve are identified by the Australian Groundwater Dependent Atlas as having a
moderate potential to support GDEs reliant on subsurface expression of groundwater. The mapping of GDEs
across the reserve is broadly consistent with the extent of high ecological value Monsoon Vine-thicket.
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Figure 13, Casuarina Coastal Reserve (Casuarina Coastal Reserve Management Plan: Parks and Wildlife
Commission of the Northern Territory 2002).

4.2.4 Sandy Creek

Sandy Creek is a sensitive ecosystem containing some mangroves, rainforest and dense vegetation and forms
part of the Casuarina Coastal Reserve described above. The Sandy Creek catchment area includes the
urbanised areas of Muirhead (South), Tiwi, Lyon and the Royal Darwin Hospital precinct. The western portion
of the project site discharges to the Sandy Creek catchment at the south-west corner of the 2CRU site where
the creek continues in a northerly direction for approximately 1 km parallel to Casuarina Beach before
discharging into the sea.

The Northern Territory Government does not collect any water quality data on Sandy Creek. Upstream, the
creek receives discharge from Royal Darwin Hospital, urban areas and roads. It is assumed that the water
quality is similar to the ANZECC parameters for a slightly-moderately disturbed waterway in tropical Australia.

4.2.5 Buffalo Creek

The Buffalo Creek catchment flows into Shoal Bay to the north-east of Muirhead North. It is understood to be
the most polluted tributary discharging into Darwin Harbour. This is due to the following present and past
land-uses within the catchment:
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The Leanyer-Sanderson Sewerage Treatment Plant that discharges treated sewage directly into
Buffalo Creek

Discharge of untreated urban stormwater from existing urban development

Construction activities

Existing and historic landfills

Recreational activities

A historic quarry mine.

The latest 2016 report card for Darwin Harbour which includes monitoring of Buffalo Creek and Shoal Bay is

shown below:
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Quter Harbour Inner Harbour Tidal creeks

Figure 14. Darwin Harbour Region Report Card 2016

Treated sewerage from Leanyer Sanderson Wastewater Treatment Plant is discharged into Buffalo Creek in

accordance with Water Discharge Licence WDL 147-08. In accordance with licence condition 18, Power and

Water Corporation are responsible for ensuring that discharges must not:

Contain any visible matter, floating oil and grease or petroleum hydrocarbon sheen or scum, or litter
or other objectionable matter;

Cause or generate odours which would adversely affect the use of surrounding waters;
Cause visible change in the behaviour of fish or other aquatic organisms;
Cause mortality of fish or other aquatic organisms; or,

Cause adverse impacts on plants.
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In accordance with the WDL, Power and Water Corporation are required to undertake period monitoring and
report of water quality of Buffalo Creek. The last annual audit and compliance report available for Leanyer
Sanderson Wastewater Treatment Plant is from December 2014 and relates to WDL 147-05. Condition 8 of
the report addresses the following requirement ‘the licensee must, without limiting any other condition of this
Licence in conducting the Activity do all things reasonable and practicable to ensure the Activity does not
adversely affect the Declared Beneficial Uses and Objectives as declared from time to time..,”. Power and Water
Corporation provided the following response:

‘PWC does all things reasonable and practical to protect BUs (Beneficial Uses) within the constraints
of the existing WSP technology and for discharge in this location i.e. poorly flushed estuary (legacy issues over
40 years). The WwWTP performs well in reduction of loads and prevention of direct faecal contamination. PWC
periodically undertakes necessary operational changes to ensure the optimum capacity and functioning of the
WSPs. Major operational changes such as desludging of ponds are accompanied by tasks specifics ERAs prior
to commencement to prevent environmental harm...Buffalo Creek is considered a highly disturbed aquatic
ecosystem and likely to remain in this state without significant infrastructure investment that will require
government/public consultation”.

There are no other publicly available monitoring reports related to WDL 147. Power and Water Corporation
have also not provided any additional monitoring reports or other information on the condition of Buffalo
Creek to DHA.
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4.3 Risk Assessment

4.3.1 Risk assessment summary

A summary of the risk assessment findings of the potential impacts the project will have on hydrological values

is provided below in Table 11. The summary includes those impacts which are considered to be of High or

Medium risk and necessitates mitigation measures to reduce the risk to an acceptable level. The full results of

the risk assessment are provided in Appendix C. The risk assessment was completed in accordance with the

methods described in Section 3.

Further information on the nature of the potential impacts and the type of mitigation measures proposed is

provided below in Section 4.3.2.

The potential for further decline in the health of Buffalo Creek as a result of increased effluent discharge is

low. Please see Section 6.3.1.1 for further information.

Table 11. Summary of risk assessment

Surface water quality

Surface water flow rates

Erosion

Flooding

The development of the site has the
potential to impact on the water
quality of the downstream receiving
waters. Typical pollutants generated
from development of the site include
an increase in nutrient loads,
sediments, gross pollutants and heavy
metals and  hydrocarbons  for
commercial/industrial land uses.

The increased impervious areas and
drainage network incorporating
underground pipes has the potential to
increase peak flows discharging from
the site into Sandy Creek..

Erosion and sedimentation during
construction and post-development

Notwithstanding inundation across the
site from local catchment runoff
resulting in shallow sheet flow and
concentrated gully channel flows,
other potential sources of inundation
could occur due to storm tide
inundation given the proximity of the
site to Beagle Gulf.

To mitigate the impacts of the
development on discharged water
quality it is proposed to incorporate
Water Sensitive Urban Design (WSUD)
principles and a stormwater treatment
strategy that includes the use of
bioretention basins, and vegetated
swales/buffers for treatment. For
more intense land-uses or areas that
have limited space for treatment there
is the potential to use proprietary
treatment devices.

Water Quality Monitoring will be
undertaken to ensure the project does
not impact Sandy Creek.

It is proposed to incorporate on-site
detention measures in the form of end-
of-line detention basins and online
detention utilising internal road
crossings of drainage channels.

Erosion and Sediment Control Plan
(ESCP), which will also include
rehabilitation of large erosion gullies in
the south-west of 2CRU.

The detailed drainage design of the
development will incorporate both
underground pipes and open channels
to convey the site runoff though the
development. To mitigate the
potential increases in peak flows, on-
site detention measures are also
proposed. The design levels for the
adjacent lots and roads will ensure
adequate freeboard and trafficability

Lee Point Master-planned Urban Development — Environmental Impact Statement 41



@

ecology & heritage
partners

Litter, rubbish entering creeks and
eventually Bay.

Groundwater quality

Groundwater quality

Lower groundwater recharge

The development of the site has the
potential to impact on the water
quality of the downstream receiving
waters. Typical pollutants generated
from development of the site include
gross pollutants.

Contamination through uncontrolled
release during construction works

Contamination
leaks/release

though sewage

Lower groundwater recharge as a
result of reduction of natural surfaces
over the site potentially affecting GDEs

respectively during the applicable
design flood events. The majority of
the site is above the 100 year Average
Recurrence Interval (ARI) storm tide
level for 2100.

The stormwater quality treatment
measures proposed include the use of
bioretention basins and vegetated
swales/buffers. In addition, for more
intense land uses, proprietary products
including Gross Pollutant Traps (GPTs)
are proposed. .

Preparation & implementation a CEMP
which would include special response
spill  containment and response
measures

Site residences are connected to main
sewage network, no septic systems.
Design of sewerage system in
accordance with City of Darwin and
PWC'’s requirements.

Reserve area on western side of the
development. Retain Monsoon
Rainforest patch in Muirhead North.
Optimise natural areas throughout the
area by the presence of natural
reserves, parks and gardens. Water

recharge increased through water
infiltration at stormwater detention
basin.

Complete test drilling in south-east

Acid sulphate soils have a low-medium ) .
P corner of Muirhead Nort prior to

potential to occur at the lowest ) . )

. . . : ) commencing construction. If acid
Acid sulphate soils elevations of the project site, that )

i sulphate soils are encountered,

being the south-east corner of ) .

prepare an acid sulphate soils

Muirhead North.
management plan.

4.3.2 Description of impacts and mitigation
Mitigation measures proposed for the development include the use of WSUD principles.

The stormwater quality treatment measures to be adopted for the development include the use of
bioretention basins and vegetated swales/buffers. High density areas within the development such as the
commercial precinct may also incorporate proprietary treatment devices such as the Stormwater360
treatment system.

The impact of the development on stormwater quantity is to be mitigated by on-site by detention measures
in the form of end-of-line detention basins and online detention utilising internal road crossings of drainage
channels. Suitable scour and erosion protection measures will be incorporated at the outlets to any basins and
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at locations where velocities are such that they have the potential to cause significant scour, such as
downstream of culvert crossings of roads. These scour protection measures will be in the form of a
combination of rock protection, gabions and/or flow spreaders.

The risks to groundwater are considered to be low. Standard spill management procedures will be
implemented as part of the CEMP. In the highly unlikely event that pollutants enter the groundwater they
could be removed using standard remediation procedures. There is unlikely to be any change in recharge, and
as such GDEs should not be affected.

4.3.2.1  Groundwater

Potential impacts from groundwater can be classified in three chronological categories:
e Impacts arising from previous activities, primarily associated with potential contamination
e |Impacts to groundwater during construction activities
e Impacts to groundwater arising from residential use of the site.
The risks associated with previous site activities have been assessed (GHD 2014). GHD reviewed the site

historical activities and potential contamination and concluded that there was no soil and groundwater
contamination at the site.

Risks to groundwater during construction activities are associated with accidental spills and contamination.
The contaminant would need to enter the subsurface and then propagate down through the laterite profile to
the water table and affect water quality of the aquifer and receiving water bodies.

The risk to groundwater from residential activities lays more with the disposal of sewage than inhabitants’
activities themselves.

Impacts to water quality groundwater during construction activities

The site auditors report for 2CRU considered that the risks to groundwater from site activities as low and that
no further investigation was necessary (AECOM 2016). However, some uncertainty remains around the quality
of groundwater on site and the use of groundwater for beneficial uses should be prohibited until further
investigation is undertaken (AECOM 2016).

In the case of uncontrolled spills, the chemical characteristics of the contaminant are most likely to be from
the hydrocarbons family and as such can easily be identified from natural groundwater and surface water
settings.

It is highly unlikely that an accidental spill would result in an impact on groundwater quality at the site for the
following reasons:

e Any construction activity would have to follow the CEMP which would include special response spill
containment and response measures.

e The contamination would initially be limited to the soil and upper unsaturated aquifer profile, where
remediation by removal of the contaminated soil/rock is very effective.
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e Should the regional groundwater be affected, the chemical release is estimated to be quite minor
(small source of contamination over a very short period) and through natural attenuation would
rapidly become insignificant or undetectable.

For the same reasons, it is highly unlikely that an accidental spill would result in an impact to aquifer water
quality.

As a result, there will be no impact to groundwater from construction activities provided suitable spill response

and control measures are in place during construction.

Impacts to water quality arising from residential use of the site

The project site is planned to be developed as residential development, commercial development, community
facilities and conservation areas. The development will benefit from the connection to main sewer services.
As a consequence, there is no risk associated with on-site treatment of sewage.

Impacts to groundwater dependent ecosystems

Impacts to GDEs that potentially occur along the western boundary of 2CRU, and the eastern section of
Muirhead North, could be associated with a decrease of supply (i.e. decrease of the level of the water table)
due to a reduced area for groundwater recharge. The development proposal will retain the Monsoon Vine-
thicket area as part of the Casuarina Coastal Reserve, and the Monsoon Rainforest patch in Muirhead North.
The GDE Atlas identifies other vegetation types in the eastern section of Muirhead North, which is likely to be
partially cleared as part of the rural alotments. It should be noted that groundwater dependency will require
the rooting system to reach to the water table. Thisis only likely to occur at low and mid-slope in the Monsoon
Vine-thicket area.

The reduction in recharge due to the replacement of permeable surfaces with hardstand areas will reduce
recharge, although this will be counterbalanced by reduced evapotranspiration and localised recharged at
utility trenches. In addition, the proposed development optimises the use of natural areas and the presence
of bio-retention basins upstream of the Monsoon Vine-thicket and Monsoon Rainforest patch (see Figure 5 in
Appendix E and Appendix F) will provide added recharge to the groundwater system. As a result, the likelihood
of a significant recharge reduction is estimated to be low. The risk of impact to GDEs is rated low (Rare
likelihood x Major consequence). The “major” consequence classification relates to the interest of the
Northern Territory in maintaining this type of vegetation.

Ongoing monitoring of the health of the Monsoon Vine-thicket and Monsoon Rainforest patches will be
conducted to infer any potential impact associated with reduced groundwater recharge (see Section 7.3.2.10).

4.3.2.2 Stormwater
Development of the project site has the potential to:

e Release sediment and potential contaminants into receiving waters as a result of vegetation clearing
and/or excavation

e Adversely impact fish and other aquatic species that may inhabit Sandy Creek due to increased
turbidity and/or release of contaminants during construction, or increased pollutant loads from road
runoff during operation
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e Impact roosting and feeding habitat for migratory shorebirds at the mouth of Sandy Creek
o Contaminate water in the event of fuel or oil spills during construction and operation.

The potential for the development to impact on Buffalo Creek is considered low, given the existing poor
condition of Buffalo Creek, and stormwater treatment and ESCP measures that will be implemented.

The majority of potential water quality and quantity related impacts can be adequately managed with effective
implementation of the mitigation measures outlined in the following section to meet specific Water Quality
Objectives (WQOs). These measures include bioretention systems, vegetated swales/buffers, erosion and
sediment control and proprietary devices. Water quality will also be monitored at the three discharge locations
as well as in Sandy Creek and Buffalo Creek (Appendix O).

Construction Phase Water Quality

During the construction phase, the potential exists for increases in the amount of pollutants, particularly
sediment, exported from the site. During this period, an ESCP will be referred to as part of the overall CEMP
prepared for the construction phase.

It is considered that the completion of construction activities in accordance with an ESCP developed using
latest version of the following guidelines will minimise the nature of any adverse impacts during the
construction phase and allow the design objectives to be achieved:

e |ECA.2008, Best Practice Erosion and Sediment Control- Engineering Guidelines for Queensland
Construction Sites.

e Institution of Engineers Australia.1996, Soil Erosion and Sediment Control, Engineering Guidelines for
Queensland Construction Sites. June.

Please refer to Appendix D for further details of the ESCP.

Post-Construction Phase Water Quality

The formulation and implementation of the stormwater quality management plan for the development is
based on the following key principles:

e Adoption of WSUD principles where feasible.

e Management and control of water quality both during and after construction. A detailed ESCP will be
developed in accordance with recognised standards during the detailed design phase and
implemented on site during the subdivision construction process.

A copy of the Stormwater Management Plan is provided in Appendix E (2CRU) and Appendix F (Muirhead
North).

Proposed Stormwater Quality Treatment Train

The treatment measures outlined in the Stormwater Management Plan include the use of Ecosol Net Guards,
bioretention basins and vegetated swales/buffers. High density areas within the development such as the
tourism/commercial precinct may also incorporate proprietary treatment devices such as the Stormwater360
treatment system. The preliminary locations for the proposed treatment measures are shown in the
Stormwater Management Plans (Appendix E and Appendix F).
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To minimise the size of the bioretention areas, it is proposed to incorporate the proprietary treatment product

by Ecosol being the Net Guard as pre-treatment to the bioretention basins. The Net Guard will primarily treat
the Total Suspended Solids (TSS) and Gross Pollutants (GP) with some additional pollutant removal of Total
Nitrogen (TN) and Total Phosphorus (TP). The recommended pollutant removal efficiencies have been
provided by the manufacturer and listed below:

TSS — 40% removal
TN —30% removal
TP — 35%

GP-93%

The preliminary details of the bioretention basins are detailed in Table 12 with the locations of the bioretention
basins are shown in the Stormwater Management Plans (Appendix E and Appendix F).

The bioretention basins and stormwater treatment devices will be designed to allow for effective

maintenance. The maintenance of stormwater management assets will be considered as part of the

Conservation and Offset Management Plan to be prepared for the Conservation Area, so as not to compromise

to ability undertake management and address any biting insect issues.
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Table 12. Bioretention details for 2CRU (Bio-Basin A-E) and Muirhead North (Bio-Basin F-I)

Parameter Bio- Bio- Bio- Bio- Bio- Bio- Bio- Bio- Bio-
BasinA | BasinB | BasinC | BasinD | BasinE | BasinF | BasinG | BasinH | Basin|

Extended Detention Depth

(m)

Surface Area (m?) 900 700 700 900 650 750 1050 600 600
(Fr'T']tze)r Media Surface Area 5, 700 700 900 650 750 1050 600 600
Saturated Hydraulic 5, 200 200 200 200 200 200 200 200
Conductivity (mm/hr)

Filter Depth (m) 06 06 06 06 06 06 06 06 06
TN Content (mg/kg) 400 400 400 400 400 400 400 400 400
Orthophosphate Content 30 30 30 30 30 30 30 30 30

(mg/kg)

It should be noted that the maximum bioretention area is recommended to be 800m? for both ease of
maintenance and to aid the survival of bioretention vegetation during extended dry periods. The limiting
pollutant in sizing most of the bioretention areas is TSS, with the use of proprietary pre-treatment devices
such as Ecosol’s Net Guard product, the overall size of the bio-retention basins could be reduced.

It is noted that the use of rainwater tanks for re-use of rainwater could also potentially reduce the pollutant
loads discharging from the site while also reducing demand on town water supply. However, imposing this
requirement on potential property buyers is not easily enforced and has therefore not been included as part
of the treatment train.

The stormwater treatment train has been designed to discourage breeding and providing habitat for biting
insects. The Stormwater Management Plans have been developed to comply with the recommendations set
out in the Biting Insect Report prepared specifically for this project (Appendix G). This includes by ensuring all
water within the detention basin drains within 24 hours of a rain event, that stormwater is discharged within
the tidal section of both creeks (i.e. less than 3 m AHD).

Design and Performance of Treatment Measures

In order to determine the effectiveness of the adopted treatment train in meeting the WQOs, a stormwater
quality analysis was performed using the Model for Urban Stormwater Improvement Conceptualisation
(MUSIC) Version 6.

The model requires the user to specify meteorological data (rainfall and evaporation), soil properties and
pollutant loads for each catchment. Suitable parameters for the MUSIC model have been adopted in
accordance with the recommendations within the Water Sensitive Urban Design Stormwater Quality Modelling
Guide, May 2009 prepared by the Northern Territory Department of Planning and Infrastructure.

The Urban Residential Source node has been adopted within the MUSIC modelling. Further, the development
has been divided into roof areas, road areas and general urban based on the applicable Source Node land use.
The pollutant export parameters adopted are shown in Table 13.
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The rainfall data applied to the MUSIC model was for the Darwin Airport rainfall station for the period 1987-
1996. A 6 minute time step was considered for the analysis.

Table 13. Stormwater Quality Parameters for MUSIC Source Nodes

TSS (log., values) TP (log., values) TN (log,, values)

Source Node

Mean St. Dev. Mean St. Dev. Mean St. Dev.
Roof 1.1 0.17 -0.82 0.19 0.32 0.12
Roads 1.1 0.17 -0.82 0.19 0.32 0.12
Baseflow
General 1.1 0.17 0.82 0.19 032 0.12
Urban
Roof 1.55 0.39 -0.92 0.29 0.42 0.19
Roads 2.38 0.40 -0.60 0.50 0.42 0.19
Stormflow
General 2.20 0.32 -0.45 0.25 0.42 0.19
Urban
Catchment Areas

Catchment areas and percentage impervious values were determined as part of the Stormwater Management
Plans (see Appendix E and Appendix F). The adopted catchment characteristics are given in Table 14.

Table 14. Catchment areas for 2CRU (Catchment A-E) and Muirhead North (Catchment F-I)

A 14.33 42
B 11.91 49
C 9.43 67
D 12.26 67
E 9.37 60
F 12.20 50
G 16.24 57
H 10.70 16
| 9.81 17

The results of the MUSIC modelling, shown as total annual loads, are presented in Table 15 (2CRU) and Table
16 (Muirhead North). The results demonstrate that the proposed stormwater treatment measures for the
development will satisfy the adopted WQO for all pollutants modelled in MUSIC. Stormwater Quality and
therefore the COD criteria for water quality have been appropriately addressed.
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Table 15. Predicted Pollutant Load Reductions —2CRU

Post-development 0 .
Generated Load (Mitigated) Load % Reduction

TSS (kg/yr) 123000 24200 80.3
TP (kg/yr) 256 71.3 72.1
TN (kg/yr) 1850 791 57.1
Gross Pollutants (kg/yr) 14100 1.24 99.9

Table 16. Predicted Pollutant Load Reductions — Muirhead North

Post-development .

TSS (kg/yr) 83000 16100 80.6

TP (kg/yr) 177 48.1 72.8

TN (kg/yr) 1300 545 58

Gross Pollutants (kg/yr) 9460 0 100
Stormwater Quantity

The intensified development of the site has the potential to increase local site runoff due to the increase in
impervious areas associated with the development. This potential increase in local peak flows can ultimately
result in increased peak discharges within the adjacent waterways that can result in increased flood levels,
erosion of the waterway and affect bank stability.

To limit the adverse impacts external to the developed site, it is required to limit post-development flows from
the site to less than pre-development levels using appropriate mitigation measures where possible.

To mitigate the potential increase in flows discharging from the project site, it is proposed to include end-of-
line detention basins at the outlet to the site’s three major outlets located as shown in the Stormwater
Management Plan for 2CRU (Appendix E) and Muirhead North (Appendix F).

Modelling undertaken as part of the Stormwater Management Plans showed that without mitigation the peak
flows would increase at three out of five of the outlets (Table 17). When considering the impact of the
development on both the rainforest patch and rural dam, it is anticipated that the volume of the more frequent
runoff events would be the critical hydrologic factor in maintaining the health and demand for the respective
receiving environments. Given that the antecedent catchment condition is considered the same in both the
pre and post-development scenarios, there should ultimately be no impact on runoff volume to the respective
receiving locations if the contributing catchment area is maintained.

It should be noted that the health of the Monsoon Rainforest patch will be monitored to infer whether
stormwater flows are appropriate for sustaining the patch. If the stormwater flows are not considered
tolerable than changes to the stormwater treatment system will be considered, which most likely would
include removing bioretention basins and replacing with Gross Pollutant Traps to increase baseflows in to the
Monsoon Rainforest whilst still treating stormwater for nitrogen and phosphorous pollution.
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Table 17. Impact on 100 Year ARI Peak Flows for 2CRU (RPo1 and RPo4) and Muirhead North (RPos, RPo6 and
RP5)

Pre-development Post-development
Sub-catchment XPRAFTS Q100 Peak (Unmitigated) Increase in Peak
Outlet Flow XPRAFTS Q100 Peak Flow Flows (m?/s)
(MES) (MES)

RPO1 — North West 2.51 4.50 1.99 79
RP04 — South West 9.46 19.26 9.80 104
RPO5 — To Rainforest 744 3.6 308 53
Patch
RP0O6 — To Rural Dam 3.92 1.86 -2.06 -53

_ 154
RP5 Buffalo Creek 2707 3123 416
outlet

The Stormwater Management Plans includes mitigation in the form of bioretention and detention basins to
ensure that peak flows are not impacted by the project. To ensure the rural dam supply is maintained by
regular runoff from the upstream catchment, it is proposed to divert all flows up to the 2 year ARI event
(1.86m3/s and 3.46m?3/s) to the existing drains that conveys flows to the rural dam and rainforest patch in
Muirhead North respectively. The 2 year ARl peak flow was selected based on the existing cross drainage
culvert of Lee Point Road expected to have a minimum 2 year ARl capacity and preliminary estimates of the
capacity of the drain. The balance flows from the developed catchment will be diverted to link with the main
drainage path to the south.

Preliminary design of the detention basins has been undertaken assuming the following criteria:
e 1in 6 batters to facilitate maintenance of the batters, assumed to be turfed;
e Basins initially assumed to be trapezoidal with a width:length ratio of 1:2;

e Maximum depth within each basin to be 1.2m for the 20 year ARI event for public safety. Deeper
basins may be possible with appropriate sighage and fencing and approval from the City of Darwin;
and

e Post-development peak flows to be mitigated to pre-development peak flows for all events from the
2 to 100 year ARI.

For the catchment discharging to the south-west corner of the 2CRU, two individual detention basins have
been designed to maintain existing peak flows in the two defined gullies immediately downstream rather than
a single outlet which would potentially result in additional erosion in a single gully.

For the catchment discharging to the north of the project site, a detention basin has been designed to maintain
existing peak flows.

The detention basin outlets are detailed in Table 18 with the stage-storage relationships shown in Table 19.
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Table 18. Detention Basin Details

High Flow
. Y rface A
Weir Width 20 Xeat 100 Year Depth SIS Volume at 100

Depthi . . Year Level
at 100 Year epthin in Basin (m) P00 NEAEEENE Year Level (m3)

Basin ID Outlet Pipes

el Basin (m) (m2)
) 1/ 1200 x 600
Basin 1 RCBC 1.80 1.07 1.33 3,300 3,600
. 1/1200 x 600
Basin 2 RCBC 1.80 1.04 1.25 3,200 3,350
Basin 3 2/1200x 600 1.80 1.04 1.45 15,950 22,050
RCBC
Basin 4 7/1.5x0.9RCBC 1.80 1.18 1.26 12,800 15,714

Table 19. Proposed Detention Basin Stage-Storage Relationships

Basina Basin 2 Basin 3 Basin 4
Stage (m)
Storage (m3) | Storage (m3) | Storage (m3) | Storage (m3)
0 0 0 0

0.00

0.20 511 511 3,451 3,451
0.40 1,021 1,021 6,696 6,696
0.60 1,526 1,526 9,702 9,702
0.80 2,018 2,018 12,422 12,422
1.00 2,551 2,551 15,194 15,194
1.20 3,149 3,149 18,177 18,177
1.40 3,799 3,799 21,277 21,277
1.60 4,508 4,508 24,500

The resulting mitigated peak flows at each reporting point for all design events are presented in Table 20 to
Table 22 and demonstrate that the detention basins will attenuate the increase in run-off associated with the
increase in impervious areas, and maintain peak flows at or slightly below pre-development levels.

Table 20. 100 and 50 Year ARI Peak Discharge (m3/s)

100 Year ARI 5o Year ARI

Reporting Mitigated Mitigated
Point

Pre-developed = Post- Impact Pre-developed = Post- Impact
developed developed
RPO1 2,51 2.05 -0.46 2.21 1.88 -0.33
RP0O2 291 2.27 -0.64 2.58 2.09 -0.49
RPO3 6.38 4.70 -1.67 5.67 4.15 -1.53
RPO4 9.46 6.90 -2.56 8.44 6.17 -2.27
RPO5 7.44 3.46 -3.98 6.58 3.46 -3.12
RPO6 3.92 1.86 -2.06 3.48 1.86 -1.62
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Table 21. 20 and 10 Year ARI Peak Discharge (m3/s)

20 Year ARI 10 Year ARI

Reporting Mitigated Mitigated

Point Pre-developed = Post- Impact Pre-developed = Post- Impact
developed developed

RPO1 1.85 1.66 -0.19 1.56 1.46 -0.10
RPO2 2.25 1.89 -0.36 1.94 1.67 -0.28
RPO3 4.83 3.44 -1.39 4.09 2.66 -1.43
RPO4 7.27 5.24 -2.03 6.22 4.22 -2.00
RPO5 5.64 3.46 -2.18 4.84 3.46 -1.38
RPO6 3.02 1.86 -1.16 2.59 1.86 -0.73

Table 22. 5 and 2 Year ARI Peak Discharge (m?3/s)

5 Year ARI 2 Year ARI

Reporting Mitigated Mitigated
Point

Pre-developed @ Post- Impact Pre-developed @ Post- Impact
developed developed
RPO1 141 1.32 -0.09 1.11 1.05 -0.06
RPO2 1.76 151 -0.24 1.44 1.21 -0.23
RPO3 3.66 2.01 -1.66 2.97 0.75 -2.23
RPO4 5.60 3.39 -2.21 4.54 2.05 -2.49
RPOS5 4.33 3.46 -0.87 3.46 3.46 0.00
RPO6 2.32 1.86 -0.46 1.86 1.86 0.00
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Staging

The proposed staging plan (Table 3) implies the commencement of civil works prior to proper construction of
a functioning stormwater management system. Construction of the detention basins and drainage system as
outlined in the Stormwater Management Plans (Appendix E and Appendix F) will be brought forward to ensure
compliance with the Stormwater Management Plan during construction. Run-off from Stage 1A and 3 will be
diverted to Muirhead North, and therefore will require development of the detention basin in Stage 2B
beforehand. Likewise, the detention basin in Stage 4 would need to be functioning prior to development of
Stage 2A.

4.3.2.3  Acid Sulphate Soils

Testing for acid sulphate soils has not been undertaken. Despite the proximity of the project site to the
coastline, the elevation of the site is likely to preclude the presence of acid sulphate soils (GHD 2010). If
present, acid sulphate soils are most likely to occur in the lowest elevations of the site, which occurs in the
south-east of Muirhead North, which relates to Stage 2B. It should be noted that no acid sulphate soils were
encountered in the adjoining Muirhead Breezes development. Nonetheless, test pits will be dug in the south-
east of Muirhead North to determine the presence of acid sulphate soils prior to the development of Stage
2B. If acid sulphate soils are encountered than an acid sulphate soils management plan will need to be
prepared and implemented.
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5

AIR QUALITY

5.1

Introduction

This chapter assesses the potential impacts of the project on air quality, or existing air quality issues that may

affect the amenity for future residents. The chapter specifically focusses on dust generation and odour and

addresses the following criteria of the EIS ToR:

Potential impact from odour related to the proximity to the Leanyer Sanderson Wastewater
Treatment Ponds, supported by on site sampling and undertaken by a suitably qualified and
experienced consultant in accordance with AS/NS 4232.3:2001 or other demonstrated industry best
practice methodology.

Discuss the risks from dust and other particulate matter during construction activities and the
proposed mitigation of those risks.

The chapter is structured in the following manner:

Description of the methods used to model the magnitude of odour impacts, and likely impacts from
dust (Section 5.2).

A summary of the Identified odour and dusk risks to sensitive receivers and future residents and a list
of practical and appropriate mitigation measures to avoid any unacceptable dust or odour disturbance
that may occur during the construction or operation phase of the project (Section 0).

The full risk assessment is provided in Appendix C. The findings of odour impacts are based on the Odour

Impact Assessment prepared by The Odour Unit (2017), which is provided in Appendix .
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5.2 Existing Conditions

5.2.1 Odour methods

The methods used to establish the impact from odour focussed on the plume extent and odour intensity, both
of which were undertaken using industry best-practice standards. Field staff who undertook odour
measurements in the field are registered assessors in accordance with AS/NZS4323.3:2001 Dynamic
Olfactometry. Meteorological data was also recorded during the assessment to aid interpretation.

5.2.1.1  Plume extent

Establishing the plume extent was based on the internationally recognised European Standard: EN 16841-
2:2016 using the dynamic plume method. At least 20 single measurements were taken at different distances
downwind from the Leanyer Sanderson Wastewater Treatment Plant by at least two assessors in order to
define at least six transition points and the odour plume extent. Assessors walked in a zig-zag fashion into and
out of the defined plume to prevent adaptation to the odour. The maximum extent of the plum is determined
by assessors repeatedly crossing the plume at different distances from the source. The spatial location of each
measurement point is recorded, along with the time and whether or not the odour could be detected.

5.2.1.2 Odour Intensity

Once the plume extent was defined, the assessors determine the odour intensity based on the internationally
recognised German Standard: VDI 3940, 3882 Part 1. Assessors conducted measurements at discrete points
downwind of the Leanyer Sanderson Wastewater Treatment Plant, involving 60 grab measurements for 10
sections for a single measurement cycle of 10 minutes. Each measurement provided a single odour sample,
where assessors determined the presence, character and intensity of the odour.

The odour intensity is determined using the categories in the table below.

Table 23. German Standard VID 3940, 3882 Part 1 — Odour Intensity Categories

Odour Strength IntenSity Rank (COde)

Not detectable 0 No odour detected.
Odour recognised and assigned to the odour source
Very weak 1 s
(recognition).
Weak 2 Odour is weak but not yet distinct.
Distinct 3 Odour is clearly distinct.
Strong 4 Strong odour detectable.
If offensive, observer may consider moving from the
Very strong 5
area.
Extremely strong 6 Odour is sufficiently over-powering that assessor

moves from area.
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5.2.2 Odour impacts

The potential odour impacts from Leanyer Sanderson Waste Treatment Plant were determined in accordance
with the methods specified in the ToR. An independent odour specialist (The Odour Unit) completed an odour
impact assessment for the project, focussing on odour emanating from the Leanyer Sanderson Wastewater
Treatment Plant. The odour assessment was completed over six days between 23 and 28 February 2018 and
in accordance with the methods outlined in the following international standards:

e Determination of Plume Extent (European Standard EN: 16841-2:2016).

e Determination of Odour Intensity (German Standard: VDI 3940; 3882 Part 1).

The timing of the assessment was considered optimal for establishing the extent and intensity of the plume,
due to the lack of rainfall preceding the assessment which would limit dilution of odour. The assessments were
also undertaken between 6 am and 9 am to coincide with peak morning inflows.

The odour assessment noted that the conditions at the Waste Treatment Plant were essentially baseline, that
is, the process conditions were static with no process maintenance taking place, and in particular no noticeable
sludge cleanout activities. The findings of the odour assessment therefore reflected an odour emissions
scenario where there no upset conditions or any type of process interruptions of maintenance.

An odour plume was detected on 25 and 26 February when prevailing winds were from the east and south-
east. On both days the plume extent was determined to be approximately 600 metres length by 150 metres
width. This plume extent was found to be consistent with the odour extent determined by GHD (2015) from
the Leanyer Sanderson Wastewater Treatment Plan for or a proposed subdivision in Sanderson.

It was concluded that based on the results of the assessment, under those process conditions at the time of
the odour assessment, the likelihood of odour impact on 2CRU or Muirhead Development was negligible or
nil (Appendix J). However, it was acknowledged by The Odour Unit that the extent and intensity of odour
impacts may increase under certain upset conditions that would relate to process operations of the treatment
plant and not the typical day-to-day running of a modern waste-water treatment plant and infiltration and
evaporation ponds. The Odour Unit identified the following upset conditions as factors that could lead to a
greater plume extent or intensity than assessed:

e Poor performance of Leanyer Sanderson Wastewater Treatment Plant.
e Inlet works breakdown.

e Drying out of ponds where sludge may be exposed.

e Poor control of sludge.

e Presence of anaerobic conditions where algal blooms may occur.

The NT EPA released the Recommended Land Use Separation Distance Guidelines in October 2017 (NT EPA
2017) to provide guidance on potential impacts of emissions from industrial sources on sensitive land-uses.
Specifically, the guidelines purpose is “to recommend separation distances between industry and sensitive land
uses to ensure off-site emissions of offensive odour, noise, smoke, dust or fumes do not adversely impact on
people” (NT EPA 2017). It is primarily for the use of the NT EPA when preparing advice on development plans

Lee Point Master-planned Urban Development — Environmental Impact Statement 56



ecology & heritage

and strategic land use plans but can also be used by the NT EPA during environmental assessments to minimise
off-site emissions and impacts.

The proposed separation distance for odour impacts from sewerage treatment plants using pond systems is
based on the following formula which has been adopted from the Victorian EPA:

=10 x (EP)®S

Based on this formula the proposed separation distance from the Leanyer Sanderson Wastewater Treatment
Plant is 2,236 metres and 2,300 metres based on current EPs (50,000 EPs) and at project completion (52,904
EPs) respectively. Under both scenarios the proposed separation distance would cover all the Muirhead North
site and most of 2CRU in addition to other sensitive land-uses in the local area including existing residential
developments, schools and the Darwin Hospital. It is important to note that no odour was recorded in these
areas during the assessment by The Odour Unit (Appendix J — Figure 5). These separation distances are also
nearly four-fold greater than the plume extent established by The Odour Unit (Appendix J) and GHD (2015),
and the PWC’s 700 metre odour buffer around Leanyer Sanderson Wastewater Treatment Plant.

Site-based assessment data can be used instead of the separation distance specified in the guidelines to inform
the appropriate land-use separation distance. For instance, page 9 of the guidelines states that “The Guideline
is not intended to replace site-specific assessments or the consideration of site-specific circumstances which
may result in a requirement for a separation distance which is larger or smaller than the distance proposed in
the Guidelines” (NT EPA 2017). As such, the plume extent determined by The Odour Unit (Appendix J) is
considered a more accurate assessment of the appropriate land-use separation distance from Leanyer
Sanderson Wastewater Treatment Plan under standard operating conditions than what is specified in the
guidelines.

The NT EPA have provided information that odour complaints have been received in suburbs outside the
plume extent determined by The Odour Unit as well as the separation distances inferred from the guidelines
(NTEPA 2017). As these complaints are part of an ongoing EPA investigation, information on the location, date
and time of day of the complaints cannot be disclosed until the investigation has been concluded. It is
therefore not possible to establish the cause of the odour impacts, although, it is speculated that they are
likely to be the result of one or more of the upset conditions listed above, or odour emanating from other
sources such as stagnant water.

Subsequent to the odour assessment completed by The Odour Unit and the complaints received by the NT
EPA, Power and Water Corporation have committed to improving infrastructure at the Leanyer Sanderson
Wastewater Treatment Plant that are expected to substantially reduce the odour impacts. Works have
commenced on a $16.2 million inlet works upgrade that will remove unwanted bathroom products and kitchen
waste that restricts the natural treatment process of the ponds and contributes substantially to odour impacts.
The upgrade is expected to be completed by November 2018.

In addition to specifying land-use separation distances for wastewater treatment ponds, the guidelines also
specify separation distances from sewerage pumping stations (NT EPA 2017). The Lyons and Muirhead
sewerage pumping stations are within the general vicinity of the project. The guidelines propose a separation
distance of 100 metres from these types of pumping stations (NT EPA 2017). It is shown below (Figure 15) that
the 2RU and Muirhead North are well outside the separation distances for both pumping stations.
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Figure 15. Land use separation distances for Leanyer Sanderson Wastewater Treatment Plant, and Sewerage Pumping Stations
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5.2.3 Dust

5.2.3.1  Overview

Dust generation can occur during the construction phase of urban development projects. It is more likely to
occur in the dry season when drier soils and particulate matter more readily become airborne during
disturbance. The likely causes of dust generation for this project are:

e C(Clearing vegetation
e Construction works
e Vehicle movements

e [Frosion.

The risks and impacts of dust generation associated with this project have been established from referring to
projects of a similar nature and guidelines for dust prevention in Australia. The potential impacts of dust
generation can include:

e Human health (respiratory problems)

e Exposure to contaminants (e.g. asbestos)

e Vegetation smothering restricting carbon uptake and transpiration
e |oss of amenity

e Sedimentation leading to reduced water quality.

Depending on the extent of the dust plume, onsite workers and adjoining residents can be affected during
construction, while if proper remediation and mitigation solutions are not in place, dust management
problems can remain after the construction phase.

5.2.3.2 Potential contamination

Contamination from asbestos and other pollutants that could potentially become airborne during construction
were considered from 2CRU by GHD (2010). Twenty-five shallow soil boreholes were drilled across 2CRU to a
maximum of 0.8 metre depth and analysed for potential contaminants including within the Conservation Area
and Casuarina Coastal Reserve. No imported fill materials were noted within the boreholes; however, some
surface soil samples appeared to be reworked natural material.

GHD (2010) found that heavy metals concentrations did not exceed the Health-based soil Investigation Levels
(HILs) for residential use as per the National Environment Protection (Assessment of Site Contamination)
Measure (NEPM 1999). They also did not identify any hydrocarbon odours or soil staining.

Given the low contaminant levels at 2CRU, GHD (2010) did not recommend any further investigate Source —
Pathway — Receptor linkages as part of a Conceptual Site Model.

Asbestos containing materials were not observed within soils during the investigation, although it was noted
that asbestos is known to occur within site compound (GHD 2010). Areas of Potential Environmental Concern
(APEC), including potential asbestos containing material (ACM) have subsequently been removed from 2CRU.
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DHA engaged SERS to remediate contamination at 2CRU. These works were undertaken in a staged manner

as follows:

e Stage 1-—removal of all observed ACM prior to the demolition of above ground structures as per the

Asbestos Removal Control Plan (ARCP) protocols:

o

All ACM products present within the buildings were removed by licences asbestos removalist
in accordance with current legislation and Worksafe NT and Comcare procedures.

Any ACM observed was collected and placed in a plastic asbestos disposal bag and sealed
with PCV tape then placed into another bag of same quality and sealed (double bagged).

Upon completion of the ACM removal works the building and structures were inspected by a
qualified asbestos assessor and any open space grid walked three time in each axis to confirm
successful removal of all AMC prior to demolition.

Once asbestos assessor was satisfied that all ACM had been removed, a clearance certificate
was issued and the demolition work proceeded.

e Stage 2 —demolition of building and structures with the exception of APEC G (Electrical Transformer),

APEC J (Underground Petroleum Storage System) and APEC K (Septic System) to the following

protocols:
o All demolition activities were carried out in accordance with NT and federal legislation.
o Above ground structures were deconstructed first, followed by concrete slabs and hard
standing areas.
o All demolition works were notified to Worksafe NT and undertaken by SERS nominated

subcontractor BDS in accordance with the safety documentation provided.

e Stage 3 -removal of APEC G (Electrical Transformer), APEC J (UPSS) And APEK K (Septic System)
structures and associated contaminated soil under the supervision and direction of SERS as follows:

o

Prior to the remediation of the APEC’s, SERS surveyed and pegged the site structures in
preparation of demolition to ensure that all impacted areas would be addressed during the
remediation.

Two steel twin skinned tanks were removed from APEC J (UPSS — both tanks were noted to
being empty prior to removal) and inspected for breaches prior to being loaded onto a truck
for disposal at Shoal Bay Waste Facility.

Removal of one concrete dual chamber tank from APECK (Septic System). The chambers were
excavated using the onsite excavator and placed on adjacent hard standing area for
inspection prior to crushing. No liquid was noted as being present in the septic system prior
to removal.

Excavation of contaminated soils from the relevant APEC (G, J and K) to a depth of 300 mm
below any structure or observed visual of olfactory evidence of contamination. All excavated
materials were placed on plastic sheeting lined hard stand and covered with plastic sheeting
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while laboratory analysis were performed on representative samples. Soils excavated from
each APEC were stockpiled separately to prevent cross contamination.

o Sampling and analysis of the excavations were performed from the base and side walls to
validate that any potential contamination has been removed from the APEC. Upon
completion of the remedial works, all final samples recorded concentrations below the
adopted soil criteria.

o Upon receipt of the chemical analysis, results for the stockpiled soils were compared to the
ASC NEPM 2013 threshold values. Results determined:

= Soils from APEC J (UPSS) and APEC K (Septic System) were considered suitable for
reuse on site and used to back fill respective excavation pit.

= Soils from APEC G (Transformer) were considered unsuitable and underwent waste
classification and ultimately offsite disposal at Shoal Bay Waste Facility.

Stage 4, Stage 5 and Stage 6 — upon completion of the building and infrastructures, each APEC was
cleared for near surface ACM to the following protocols:

o The entire site was separated into seven areas to make asbestos remediation manageable.

o Each area in turn was grid walked three times in each axis in line formation by a team of no
less than three competent asbestos removalist/assessors.

o AnyACM observed was collected and placed within a plastic asbestos disposal bag and sealed
with PVC tape and then placed into another bag of the same quality and sealed.

o During the process, ACM recovered was weighed and aesthetic quality (colour, foreign
material) were visually assessed. Once no ACM was observed, this stage of the asbestos
remedial works was considered complete and validation sampling of exposed soils were
undertaken.

During the decommission of the 2CRU site, there was an unexpected find of ACM piping, which was removed

by SERS and their subcontractor BDS in the following manner:

Soils from above the ACM piping were carefully removed using an excavation and shovels and
stockpiled adjacent to the sludge beds.

All ACM pipes were then removed manually as to prevent breakages and placed directly into lined bins
for removal from site and disposal to landfill.

Approximately 98% of pipeline was removed with no minor breakages. In case of minor breakages,
which occurred in particular areas around the joints of the pipeline, BDS and SERS personnel manually
removed any remaining fragments by hand picking and the was inspected by SERS post removal of
ACM fragments.

In area where ACM pipeline came into direct contact with soil surrounding area was manually dug out
to 300 mm below impacted area and disposed as asbestos waste.
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The Site Auditor confirmed that the remediation works were generally undertaken in accordance with the
Remediation Action Plan and NT guidelines (AECOM 2016). A copy of the Site Auditors reports is provided in
Appendix .

A Stage 1 Preliminary Site Investigation has been completed for Muirhead North (EcOz 2015) and is included
in Appendix S. It found Muirhead North has always been Vacant Crown Land and there has been no significant
developments within the area. Illegally dumped househould rubbish, car bodies, soil piles and building
materials (i.e. steel, concrete, etc) were observed in some areas, which were mainly concentrated near access
tracks, particularly in the western section of the site. A small amount of ACM was observed at one location.
EcOz (2015) concluded that it is unlikely that there is any extensive contamination of ACM (but noted the
possibility of additional areas of minor ACM contamination) and did not recommend a Stage 2 Detailed Site

Investigation.

The NT Parks and Wildlife Commission have also noted areas within the Conservation Area where there has
been rubbished dumped. The Commission is unaware of the source of this rubbish, given the history of illegal
access to the site. Risk Assessment

5.2.4 Risk assessment summary

The section summarises the findings of the detailed risk assessment, and identifies those risks which require
management and mitigation measures to reduce the level of risk of dust generation and odour to the
environment and human health, to an acceptable level.

Based on the results of the odour assessment, the risk of odour impact on the project development is low-
negligible during normal operating procedures. The odour plume was measured as extending up to 600 metres
from the Leanyer Sanderson Wastewater Treatment Plant, and at low intensity (i