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PUBLIC COMMENT INVITED

Phillips Petroleum Company Australia Pty Ltd, a subsidiary of Phillips Petroleum Company, proposes the construction and
operation of an expanded two-train Liquefied Natural Gas facility with a maximum design capacity of 10 million tonnes per
annum (MTPA). The facility will be located at Wickham Point on the Middle Arm Peninsula adjacent to Darwin Harbour
near Darwin, NT. The proposed project will include gas liquefication, storage and marine loading facilities and a dedicated
fleet of ships to transport LNG product. A subsea pipeline supplying natural gas from the Bayu-Undan field to Wickham
Point and a similar, but smaller 3 MTPA LNG plant were the subject of a detailed Environmental Impact Assessment
process and received approval from Commonwealth and Northern Territory Environment Ministers during 1998.

The environmental assessment of the expanded LNG facility is being conducted at the Public Environmental Report (PER)
level of the Northern Territory Environmental Assessment Act and the Commonwealth Environmental Protection (Impact of
Proposals) Act. The draft PER describes the expanded LNG facility with particular emphasis on its differences from the
previously approved LNG facility and addresses the potential environmental impacts and mitigation measures associated
with the project. This document will be available for public review from 18 March 2002 until 19 April 2002 at the
following locations:

e  Department of Infrastructure, Planning and Environment (DIPE), Ground Floor, Cavenagh House, 38 Cavenagh Street,
Darwin, NT

Darwin Public Library, Civic Centre, Harry Chan Avenue, Darwin, NT

Casuarina Public Library, Bradshaw Terrace, Casuarina, NT

Palmerston Public Library, Civic Plaza, cnr University Avenue & Chung Wah Terrace, Palmerston, NT
Litchfield Shire Offices, 7 Bees Creek Road, Bees Creek, NT

Environmental Australia Library, John Gorton Building, King Edward Terrace, Parkes, ACT

State Libraries:

— Northern Territory Library, Parliament House, cnr Bennett & Mitchell Streets, Darwin
— State Reference Library of Western Australia, Alexander Library Building, Perth Cultural Centre, Northbridge
— National Library of Australia, Parkes Place, Parkes, NSW
—  State Library of NSW, Macquarie Street, Sydney
— State Library of Queensland, South Bank Building, cnr Peel & Stanley Streets, South Brisbane
— State Library of South Australia, North Terrace, Adelaide
— State Library of Tasmania, 91 Murray Street, Hobart
— State Library of Victoria, 328 Swanston Street, Melbourne

The report can be examined for the duration of the public review period on DIPE’s Internet site at www.lpe.nt.gov.au/eia.
Phillips will be conducting a series of public information sessions during the review period which will be noticed in local
newspapers. Persons wishing to comment on the PER are invited to make written submissions by close of business on 19"
of April 2002 to:

Dr Janice Warren

Office of Environment and Heritage

Department of Infrastructure, Planning and Environment (DIPE)
GPO Box 1680

Darwin, NT 0801

E-mail: janice.warren@nt.gov.au

Fax: (08) 8924-4053

Submissions will be treated as public documents unless confidentiality is requested. Copies of all submissions will be
forwarded to Phillips Petroleum Company Australia Pty Ltd. Written submissions should be typed in black on A4-sized
paper. A version of the PER is available either in hard copy (purchase price $30.00) or CD-ROM (free of charge) from the
following location:

Ms Teresa Gray

Phillips Petroleum Company Australia Pty Ltd

Level 5, NT House, 22 Mitchell Street, Darwin NT 0800
GPO Box 2266, Darwin NT 0801

Tel: (08) 8981-8666 Fax: (08) 8981-6636


http://www.lpe.gov.au/cia
mailto:???@nt.gov.au
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EXECUTIVE SUMMARY

INTRODUCTION

This document is a Public Environmental Report (PER)
for a proposal to construct and operate an expanded
Liquefied Natural Gas (LNG) plant on Wickham Point
near Darwin, Northern Territory of up to 10 million
tonnes per annum (MTPA) capacity (Figure ES1). It is
being submitted by Phillips Petroleum Company
Australia Pty Ltd (the proponent) to provide the
Northern Territory Government, agencies of the
Commonwealth of Australia, and the public with the
information necessary to allow an informed appraisal of
the environmental acceptability of the proposed project.

The PER builds on environmental assessment documents
previously prepared and subjected to public review in
1997 and approved by both NT and Commonwealth
environmental ministers in 1998 for the construction and
operation of a proposed 3 MTPA LNG facility at the
same location. Construction of the original proposed
facility was deferred due to global economic issues. The
objective of the PER is therefore to identify the key
modifications to the current project from that previously
approved by regulatory authorities in 1998, and
consequently assess the potential impacts and
management requirements for those environmental
effects associated with the expansion in plant capacity.

The earlier environmental assessment also identified the
impacts associated with an expanded facility producing
up to 9 MTPA of LNG at Wickham Point. As this
document describes, the impacts of the proposed 10
MTPA LNG facility are not substantially different to
those associated with the 9 MTPA design.

THE PROPONENT

Phillips Petroleum Company Australia Pty Ltd, a
subsidiary of Phillips Petroleum Company, is the
proposed developer and operator of the LNG facility
located at Wickham Point. Phillips Petroleum Company
has over 30 years of operating experience with the
production and shipping of LNG. Phillips Petroleum
Company was the first company to market LNG to Japan
with the startup of its Kenai, Alaska, plant in 1969. Since
that time, the company has pursued LNG licensing and
commercial operations in many locations including the
United States, Europe and Africa.

Phillips Petroleum Company, through subsidiary
companies, controls a 58.5 percent interest in the
unitised Bayu-Undan gas and gas-condensate field in
Area A of the Zone of Cooperation (ZOC) located in the
Timor Sea between East Timor and Australia. When a
new Treaty is ratified by Australia and East Timor, this
area will be renamed the Joint Petroleum Development
Area (JPDA). The proven plus probable reserves of the
Bayu-Undan field are estimated to be 400 million barrels
of liquids and 3.4 trillion cubic feet (TCF) of gas.

D AR WTIN L NG P L ANT

In addition to its interests in the Bayu-Undan field,
Phillips Petroleum Company, through various subsidiary
companies, also holds a 30% share of the Greater
Sunrise field operated by Woodside in the central Timor
Sea. This major gas field lies partly within the JPDA and
partly in waters under Australian jurisdiction and has
reserves of approximately 300 million barrels of liquids
and 9 TCF of gas.

Phillips proposes to use natural gas produced from one
or both of these fields plus gas anticipated to be available
during the life of the LNG facility from other
strategically important Timor Sea gas fields to supply the
Wickham Point LNG plant.

Contact Details

The designated Proponent for the proposed Darwin LNG
Project is:

Phillips Petroleum Company Australia Pty Ltd
Attention: Dr Stephen Brand

Level 5 NT House

22 Mitchell Street

DARWIN NT 0800

GPO Box 2266

Darwin, Northern Territory

DARWIN NT 0801

THE PROPOSED PROJECT

The objective of the project is to transform a portion of
the gas reserves of Bayu-Undan and possibly other fields
into high quality LNG at a globally competitive price,
and in a safe, reliable, environmentally responsible
manner, provide a product for export and thereby
produce revenue from the sale of the product. The
balance of these gas resources will be available to supply
natural gas to domestic customers in the Northern
Territory.

The justifications for the project are that it will:

1) fulfill the terms of the treaty between Australia and
East Timor and its production sharing contracts
which stipulate that commercial hydrocarbon
resources within the JPDA shall be developed;

2) contribute substantial income to the region by way
of royalties, taxes, and demand for local goods and
services;

3) provide increased opportunities for employment
while diversifying the economic base of Darwin;

and

4) generate export earnings for Australia.
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EXECUTIVE SUMMARY

Previous Project Assessment

The Proponent previously (August 1997) submitted a
Draft EIS to the NT Department of Land, Planning and
Environment (NT DLPE) and Environment Australia
(EA) for evaluation of a proposal to construct a 3 MTPA
LNG Plant at Wickham Point in Darwin, linked by a
subsea pipeline from the Bayu-Undan gas field.

The Draft EIS was subject to Government and public
review (under both the Commonwealth Environment
Protection (Impact of Proposals) Act 1974 and the NT
Environmental Assessment Act 1982) until end
September 1997. Submissions received from government
and public were considered and appropriate measures
were submitted in response to address each issue raised
during the public review process.

In January 1998, Phillips filed a Supplement to the Draft
EIS in response to the comments received during the
public review process. In particular, the Supplement
included a revised site development plan for a possible
expansion of the facility to 9 MTPA LNG on Wickham
Point, information relating to the probable impacts from
such expanded plant, an updated draft of the Preliminary
Environment Management Plan (EMP) and a summary
of Proponent commitments. EA and NT DLPE issued
separate Environment Assessment Reports in March
1998 to confirm project acceptance, which concluded
that the 3 MTPA LNG Plant could proceed subject to
Phillips’ implementing the proposed project in
accordance with commitments made in the Supplement
and the additional recommendations made by EA and
NT DLPE.

In May 2001, a Notice of Intent (NOI) was submitted to
NT DLPE for a proposed LNG facility of up to 10
MTPA at the same Wickham Point location. In Phillips’
opinion, the current 10 MTPA proposal represents the
optimum sized LNG facility for location at the Wickham
Point site and it is unlikely that any material expansion
of such facility, other than de-bottlenecking
improvements, would be considered in the future.

Phillips wishes to amend its approved 3 MTPA LNG
project and to secure environmental approvals for a
larger facility of up to 10 MTPA. The current PER will
facilitate completion of the EMP to the satisfaction of
the (now) NT Department of Infrastructure, Planning &
Environment [NT DIPE, formerly NT DLPE] and EA as
a condition of project approval. Environmental approvals
for the gas pipeline from Bayu-Undan to Wickham Point
are being handled separately through the NT Department
of Business Industry and Resource Development (NT
DBIRD, formerly NT DME) in accordance with the
Petroleum  (Submerged Lands) (Management of
Environment) Regulations 1999. Two of four licenses
under P(SL)A regulations have been issued for this
pipeline.
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Major Components of Proposal

As with the previously approved 3 MTPA facility, the
proposed 10 MTPA project will involve construction and
operation of the following major components:

e An LNG plant utilising the Phillips Optimized
Cascade LNG Process which comprises:
— gas processing facilities to remove impurities
and refrigerate the natural gas;
—  product storage tanks;
— plant infrastructure and utilities;

e A loading jetty on the west side of Wickham Point
in Middle Arm of Darwin Harbour to transfer
product to tankers for shipping to market;

e A construction dock on the north-east side of
Wickham Point in East Arm of Darwin Harbour for
transfer of building materials and heavy equipment;
and

e A dedicated fleet of large, specially constructed
ships to transport LNG from Wickham Point to
global markets.

The project will comprise the same major components as
proposed for the previously approved 3 MTPA Project,
but will differ principally in the capacity of the LNG
plant and its layout on Wickham Point (shown in Figure
ES2). The construction of an access road along Middle
Arm Peninsula originally proposed as part of the
3 MTPA project is now being coordinated by the NT
Government and is not addressed further in the PER.

Key Project Modifications

The principal differences between the approved
plant design and the proposed new plant design are
as follows:

e The disturbed area envelope has increased in size
and changed shape slightly, in regard to the spill
impoundment area, the main flare area, and the
south eastern part of the plant site.

o Instead of one 3 MTPA LNG process train, the
present facility proposal will now comprise two
LNG process trains totalling up to 10 MTPA. These
trains will use the Phillips Optimised Cascade LNG
process as presented in the Draft EIS. This process is
based on the LNG technology used in Phillips’
Kenai LNG Plant. This facility has been operating
over 30 years and was the world’s second
commercial LNG project and the first to export LNG
to Japan. This process was also selected for the
Atlantic LNG Project in Trinidad. This plant started
up in June 1999 and currently has two expansion
trains under construction and a fourth under design.
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EXECUTIVE SUMMARY

o The increased plant capacity will result in increased
volumes of atmospheric emissions and waste
materials requiring disposal (refer Tables ES1 and
ES2).

o Instead of two LNG storage tanks there will be three
larger tanks.

e The new facility will not produce commercial
quantities of other LPG products (i.e. propane and
butane) for export as originally proposed, as the feed
stock gas will be processed offshore to remove
LPGs. Hence, the LPG storage tanks have been
eliminated from the current design. The only other
saleable product will be much smaller volumes of
stabilised condensate than had been included in the
original design.

The construction dock will now contain a dredged
berthing pocket to -6 m AHD at the seaward end,
instead of a gravel pad exposed at low tide.

The length of the shiploading facility has been reduced
by about 100 m and limited (if any) dredging of material
(<100,000 m’) is expected in the turning basin and at the
jetty head. These volumes represent no significant
changes from the original EIS.

e Instead of an elevated main flare as originally
proposed for the 3 MTPA plant, a large ground flare
is proposed for the 10 MTPA plant and has been
relocated to the south side of the plant site. This
change was made to accommodate a proposed future
road transport corridor from Darwin to Palmerston,
and an air traffic corridor for aircraft approaching
Darwin Airport.

e A metering facility has been relocated to the south
of the main plant area where the metering and
conditioning of gas for delivery to domestic markets
will occur;

e The shore crossing for the offshore pipeline onto
Wickham Point has been relocated 200 m south of
the point identified in the original EIS.

«  Approximately 90-100,000 m® of hydrotest water

from the LNG and condensate storage tanks will

need to be discharged once only into Darwin

Harbour prior to plant start-up. This discharge will

be undertaken in accordance with NT DIPE

requirements with appropriate reference to the

National Water Quality Management Strategy

(NWQMS) Guidelines.

Table ES1 Estimated LNG Facility Solid Waste Quantities
Type of Solid Wastes Quantity Kg/yr
3 MTPA 9 MTPA 10 MTPA
Waste Lubricating Oils 8,300 20,750 16,000
Spent Oils 950 2,375 1,500
Cellulose 1,020 2,500 2,000
Biological Sludge 4,000 6,000 5,000
Inorganic Sludge 200 500 400
Oily Sludge 40,000 80,000 60,000
Spent Solvents 100 250 200
Ceramic Balls 3,100 7,750 5,500
Molecular Sieve Waste 35,380 88,450 72,000
Trash 50,000 120,000 80,000

Table ES1 shows that the solid waste generated for the
proposed 10 MTPA facility does not incrementally
increase across the board. While higher than the
3 MTPA base case facility, there is a substantial
reduction in volumes from that originally estimated for
the 9 MTPA facility. Volume reductions are due to the

D AR WTIN L NG
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efficiencies achieved by utilising a two train versus a
three train operation. Reductions in the number of trains
directly relates to reductions in waste generation, for
instance less spent lube oil resulting from a fewer
number of compressors.
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EXECUTIVE SUMMARY

Table ES2 Comparison of Emissions from 3 MTPA, 9 MTPA, and 10 MTPA LNG Plants
Emissions in Tonnes per Year
Case PM SO, NOx (6[0) CO, TOC/CH,
3 MTPA 374 6 3,174 1,623 1,713,772 1,675
9 MTPA 1,097 18 9,244 4,800 5,070,441 5,010
10 MTPA 537 130 6,152 1,942 4,559,940 464

Table ES2 shows that the emissions for the proposed
10 MTPA plant, while generally higher than the 3
MTPA facility, in most cases reflect a substantial
reduction in emissions from that estimated for the 9
MTPA facility. This is as a result of improvements in the
10 MTPA design to include vapour recovery systems,
addition of waste heat recovery equipment, and changes
in the heat rating and efficiency of equipment. The
exception to this downward trend is in relation to sulphur
dioxide (S0O,). In the earlier proposal, H,S removed in
the amine treatment unit was to be vented to atmosphere
and the partial combustion of H,S to form SO, was not
accounted for in the emission inventory. In the current
proposal an acid gas incinerator has been provided to
combust all H,S removed. Therefore, SO, emissions are
higher than the original proposal.

Construction Summary

Prior to commencement of works at the site, the environs
of the major plant components will be surveyed in detail
to provide accurate topographic and bathymetric charts
of the work site.

The access road to be constructed by the NT Government
during the 2002 dry season will enable construction
equipment, materials and personnel to be readily
transported to the site. A pipeline to carry fresh potable
water to the site will be constructed by the NT
Government and will link into the Northern Territory
Power and Water Authority (PAWA) supply system to
the plant. Once the site has been cleared, the construction
dock will be constructed and a temporary electricity
supply from PAWA will be obtained.

Dredging of the approach channel to, and installation of,
the construction dock will also be undertaken early in the
construction programme.

After site preparation, the LNG plant will be constructed.
Construction of the LNG tanks, LNG train, utilities, storage
and loading system, product shiploading facility and flares
will occur during this phase.

The final phase of construction is the start-up and
commissioning of the project facilities. The utilities are
started up first, followed by the LNG train, then the storage
and loading facilities. Start-up and commissioning overlaps
the operational phase.
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Initial site preparation is anticipated to commence in late
2002 or early 2003. Construction of the first phase (one
process train up to 5 MTPA) of the proposed LNG
facility is anticipated to commence in early 2003 and be
completed by late 2005. Construction of the second LNG
process train, if additional gas supply arrangements can
be secured, is expected to commence in late 2003 and be
completed in late 2006. First loadout of LNG is
anticipated in early 2006.

The construction workforce in Darwin will peak at
approximately 1,600 personnel during this period if both
trains proceed in sequence. Many of the construction
jobs will be associated with a particular phase of work
and thus will not last for the entire construction period.

Operations Summary

An LNG plant is a very clean industrial facility. The
plant will utilise clean natural gas for energy
requirements and small amounts of potable water for
process and domestic requirements. Atmospheric
emissions and potential waste streams have been
estimated and are summarised in the mass balance
diagram presented overleaf (Figure ES3).

The LNG plant will be designed for continuous 24 hour
operation. The only planned shutdown of the plant will
be for routine maintenance on the plant equipment and
for periods when the LNG tankers undergo their required
maintenance. The LNG facility will be operated by a
workforce of up to 120 full-time personnel. Most of the
utilities consumed in the LNG facility will be produced
within the limits of the plant. Similarly, most of the
wastes produced in the LNG facility will be treated
within the limits of the plant.

The LNG facility will liquefy natural gas (Figure ES2)
and produce LNG at a nominal capacity of 10 MTPA.
Operation of the project will basically involve the
treatment of the gas to remove hydrocarbon liquids,
water, carbon dioxide and other impurities, then
liquefaction of the gas and its storage prior to loading
onto tankers for shipping to market (Figure ES4).
Further detail on the major components of the project is
provided below and is generally consistent with the
facility description included in the original EIS with any
exceptions noted.
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Major Components

Inlet Metering Facility

An inlet metering facility will be installed to receive the
gas from the offshore pipeline to Wickham Point. Any
liquids (condensate) collected from the gas stream will
be combined with other condensate produced within the
plant and stored on site in a 5,000 barrel tank. The
facility will also contain filters to remove any particles
from the gas and custody transfer meters to measure the
rate of gas flow. The facility will also contain inlet gas
heaters to warm the gas when needed to avoid freezing
and hydrate formation when the gas pressure is reduced.

The gas from the metering facility will be delivered to
the LNG plant and also to a pipeline for delivery to
domestic gas users.

LNG Plant - Gas Treatment

After the gas is metered it will enter the gas treating
section of the LNG plant to remove components within
the gas stream that are detrimental to the natural gas
liquefaction process. These components are primarily
carbon dioxide, hydrogen sulphide and water.

After the gas leaves the treating section it goes through
the first stage of chilling that also condenses out some
water. The gas then enters a three-bed molecular sieve
system to remove the final traces of water. Any water
collected is sent to the wastewater treatment system.

The final gas treating step uses two activated carbon beds
to remove trace amounts of mercury which may be
present to prevent any potential corrosion/damage on
downstream brazed aluminium heat exchangers.

LNG Plant - Liquefaction

The gas is subsequently fed to the refrigeration system
where it is cooled and liquefied as the LNG product. The
refrigeration or liquefaction system uses the Phillips
Optimized Cascade LNG Process.

There are three refrigerants (propane, ecthylene and
methane) used in the liquefaction systems to cool the gas
step by step to -160 °C. These refrigerants are optimally
cascaded to provide maximum LNG production utilising
all of the available power of the gas turbine drivers,
thereby maximising energy efficiency. The plant will use
air fin coolers for the heat removal requirements of the
liquefaction process, and therefore will not require
cooling water.

LNG Plant - Product Storage

LNG produced from the liquefaction process is stored in
three double containment storage tanks. Two tanks will
be of 100,000 m’ capacity each, and the third tank will be
of 160,000 m’ capacity. These represent an increase from
the 95,000 m’ capacity tanks included in the original EIS.
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The storage system includes product pumps for ship
loading and a boil off compressor for handling the
vaporising LNG.

In the previously approved 3 MTPA project described in
the draft EIS and supplement, LPG and some condensate
removal was premised at the LNG facility. For the
current 10 MTPA proposal, these products will be
removed offshore therefore only relatively small amounts
of condensate and no commercial LPG are now expected
to be recovered at the LNG facility. A storage tank
provides approximately one week of storage for
stabilised condensate product that may be produced.
Disposal of this condensate will be either through a truck
loading station to local markets, or through the LNG
shiploading facility. The location of the storage tank
facilities is shown in Figure ES2.

LNG Loading Facilities

A loading facility will be constructed to transfer LNG
(and potentially condensate) produced by the plant to
vessels for shipment to markets. The facility is proposed
to comprise a 925 m long rock fill groyne abutting the
shoreline, with an adjoining open piled trestle structure,
approximately 500 m long, leading to a pile-supported
(36 m by 16m) loading dock. A minimum 600 m
diameter vessel turning basin and 400 m by 70 m
berthing pocket will be established at the head of the
loading facility.

LNG Shipping

LNG will be transported from Wickham Point to world
gas markets via purpose-built tankers dedicated to the
project. At ten million tonnes per annum nominal
production, LNG vessels will arrive approximately every
two to three days for loading and export. Turnaround
time for vessels will be approximately 24 hours, with a
product loading duration of approximately 14 hours. The
LNG tankers will probably have a draught of 11.5 m and
be between 260 and 290 m in length with a carrying
capacity of up to 145,000 m’. The original EIS provided
for ships of up to 135,000 m® carrying capacity.

Condensate volumes produced during plant operations
are expected to be small and hence truck export to local
markets is the likely outlet for this product. However, if
ship export of this product is required, ship-loading
operations are expected to be approximately once a
month.

PHYSICAL ENVIRONMENT

Climate

The project area is located within the monsoonal tropics
which have distinct wet and dry seasons. In the Darwin
area, rainfall is approximately 1,710 mm, most of which
falls in the November to March wet season. Humidity
over this period averages 70-80% while in the dry season
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humidity averages 40% and there is virtually no rainfall.
Maximum temperatures are hot all year with November
being the hottest month with a range of 25 to 33°C. The
monthly minimum average temperature is 19°C in July.
Prevailing winds in the wet season are light west to
north-westerly, freshening in the afternoon due to sea
breezes. In the dry season the prevailing winds are south-
easterly trade winds. The monsoonal tropics also
experience occasional cyclonic activity.

Bathymetry/topography of Project Area

Darwin Harbour is a large ria system, or drowned river
valley, of about 500 km?* formed by post glacial flooding
of a dissected plateau. It is an estuary with three major
arms known as East, Middle and West Arm respectively,
plus a smaller inlet (Woods Inlet). The harbour is
relatively shallow, although deep channels (to >20 m) do
occur in places. Most of the harbour is less than 10 m
deep and much of it is intertidal. The intertidal flats and
shoals are generally more extensive on the western side
of the harbour than on the eastern side.

In Darwin Harbour a channel of >20 m water depth
extends in a south-easterly direction from Darwin Port
Limits to the confluence of Middle and East Arms. The
channel continues up Middle Arm past Wickham Point.

On most maps and charts of Darwin Harbour, Wickham
Point is shown on the north-west tip of Middle Arm
Peninsula. This peninsula comprises two small ‘islands’
of terrestrial vegetation surrounded by intertidal
mangrove forests which are partially or completely
inundated by water at high tide. For the purposes of this
report, Wickham Point refers to the westernmost ‘island’
which is the proposed site for the LNG plant.

Wickham Point is roughly triangular in shape and consists
essentially of three parallel north-north-east trending
ridges separated by narrow valleys. The largest ridge
forms the western side of the island and rises at its
northern end to form Peak Hill, the highest point on the
island at 32 m elevation. The intervening valleys lie
between 4 and 8 m above sea level and terminate in small
embayments on the north and south coasts of the island.

Geology/Sediments of the Region

Bedrock at Wickham Point consists of meta-sediments
of the Early Proterozoic Finniss River Group. These
rocks have been metamorphosed to lower greenschist
facies and have undergone one major deformation which
has produced steep dips and resulted in the pervasive
north-north-east strike of the strata. The member of the
Finniss River Group present on Wickham Point is the
Burrell Creek Formation which consists of a sequence of
phyllite, siltstone, shale, sandstone and conglomerate.

The seabed of Darwin Harbour is dominated by gravel.
There is a scour zone in the centre of the harbour, where
the hard pavement substrate is covered by only a thin
veneer of sediment, grading into terrigenous sand
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offshore from the tip of Wickham Point. The intertidal
area off the point itself has fine sands and silts.

Seismicity

The proposed LNG plant site is located in an area of low
seismic activity. No earthquakes have been recorded in the
immediate vicinity of Darwin since reliable records
commenced.

Oceanography

Tides in Darwin Harbour are semi-diurnal with a
maximum range of 7.8 m. Water clarity in Darwin
Harbour varies significantly on both a tidal and seasonal
basis. Spring tides create fast currents which mobilise
shallow sediments and increase water turbidity. Water
clarity is best during neap tides in the dry season. The
wet season results in substantial input of turbid
freshwater into the harbour. Negligible freshwater inflow
occurs in the dry season.

BIOLOGICAL ENVIRONMENT

Darwin Harbour Habitats

There is a range of intertidal habitats in Darwin Harbour,
with rocky intertidal shores predominant along the
margins of the headlands. Extensive mangrove
assemblages occur on the upper intertidal, giving way to
mud and sand flats in the lower intertidal. There are few
sand beaches in the harbour itself. Coral communities
occur where the substrate is rocky in the lower intertidal
and shallow subtidal zones. Subtidally the rocks are
dominated by algal communities. Subtidal muds give
way to gravelly or pavement bottoms in the channels.

Wickham Point Intertidal

The intertidal mangrove community which surrounds
Wickham Point is extensive, and nine floral assemblages
have been recorded. Other intertidal communities
include rocky shores and pavements, sand beaches, and
mud and sand flats.

Marine Fauna

The marina fauna of Darwin Harbour is diverse and
comprised of species typically found in the vast Indo-
West Pacific Biogeographical Province. The majority of
species are widely distributed in this region, with the
northern part of the Australian continent being simply a
small part of the wider range of species.

Protected species known to occur within Darwin
Harbour include turtles, sea snakes, dugongs and
dolphins. These animals are protected under the
Commonwealth EPBC Act 1999. Most of these animals
feed or forage in waters within Darwin Harbour, and
turtles and dugongs have also been recorded feeding on
seagrass beds adjacent to Channel Island. None of these
species are threatened by this project.
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Terrestrial Flora and Fauna

The terrestrial flora of the Wickham Point islands is
dominated by monsoon/dry rainforest with limited areas
of paperbark-dominated woodlands (Figure ES5). No
rare or endangered flora species has been recorded at
Wickham Point, however the dry rainforest is of regional
conservation interest.

The fauna, particularly birds, is diverse, with a number
of migratory species known in the area, however none of
these species are regarded as threatened in the Darwin
region. There appear to be good populations of medium
and large sized mammals such as Northern Brown
Bandicoot, Northern Brushtail Possum and Agile
Wallaby on Wickham Point. None of these species is
rare or endangered. The area has not been recently
burned and largely lacks introduced weeds and feral
animals. The undisturbed nature of the “islands” makes
them of conservation interest.

Biting insects (mosquitoes and midges) are common at
Wickham Point. The mosquito Aedes vigilax 1is
considered to have the greatest potential as a pest and
disease vector in the area. It and several other species are
known to be vectors for Ross River virus, Barmah Forest
virus and Murray Valley encephalitis. In addition,
substantial numbers of biting midges breed in the
Wickham Point area.

SOCIAL ENVIRONMENT

Darwin is the major city in northern Australia, and the
capital of the Northern Territory. The total population in
the Darwin region is about 107,000. As a major city,
Darwin has a wide variety of infrastructure, including
the port, airport, national highways to other cities, and
other facilities needed for the LNG plant and its
personnel. The nearest community to Wickham Point by
highway is Palmerston (population about 25,000).

Wickham Point is the site favoured by the Northern
Territory government for clean industrial development
such as the LNG plant. Rezoning of the area to
accommodate the proposed project will be required but
this has been contemplated in long-term land use
planning for the Middle Arm area.

Wickham Point is perceived by the Larakia and other
Aboriginal people living around Darwin Harbour as
being of some significance to them. In 1999 an
agreement was reached with various Native Title parties
and the Northern Land Council to resolve native title and
aboriginal land rights claims previously lodged for the
area.

Nine archaeological sites were identified on Wickham
Point during the original environmental assessment,
most located either within or immediately adjacent to the
proposed plant area: six are prehistoric shell middens;
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two are historic sites dating from World War II; and one
is the remains of the “Mud Island” leprosarium. A
further five shell middens, and a WWII heritage site,
were recently discovered and are currently subject to
complete heritage surveys in consultation with the DIPE.

No Aboriginal burial grounds are known on Wickham
Point, but it is likely that burials did occur near the
leprosarium site and possibly in shell middens in the
area. The leprosarium is located north of the LNG plant
site and will not be affected by construction of either
access road or the LNG plant.

A heritage listed coral community occurs at Channel
Island, some 4 km to the south-east of Wickham Point.

Darwin Harbour is widely used for a variety of activities,
including recreational fishing, scuba diving, boating, and
aquaculture, but these occur well away from the
proposed LNG plant and existing port facilities.

The proposed Wickham Point site lies along the flight
path to the runway at Darwin’s regional airport used by
smaller private and commercial airplanes. Discussions
regarding minimising its impact upon such operations
are continuing with relevant Government and local
authorities.

ENVIRONMENTAL EFFECTS ASSESSMENT

The proposed 10 MTPA LNG Facility differs from the
approved 3 MTPA facility in a number of ways:

o the facility will be larger that originally approved
and will utilise larger LNG storage tanks and LNG
ships;

o the feed stock gas will be sourced from a number of
Timor Sea gas fields rather that solely from the
Bayu-Undan field. This may include gas from the
Greater Sunrise and possibly other gas fields, which
will be processed offshore to remove LPG’s and
condensate. As a result, the LNG facility will not
produce significant quantities of LPG’s or
condensate for export;

e the sulphur emissions are greater than previously
estimated;

e the use of waste heat and ship vapour recovery
equipment which will reduce atmospheric emissions
including greenhouse gases from fired equipment;
and

e the plant will use more efficient turbines than were
available at the time of the Draft EIS, and hence
lower emission factors will apply.

The main environmental effects of the new 10 MTPA
Facility as compared to the approved 3 MTPA facility
will result from the increased capacity of the plant and
will be as follows:
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increased area of ground disturbance from 66.8 ha to
88.3 ha;

increased demand for power generation from
18.2 MW to 48.4 MW;

increased operating workforce from 75 to 120
personnel;

increased demand for process water requirements
from 6 m*/hr to 12 m*/hr;

increased volume of  wastewater
requirement from 4.5 m*/hr to 11 m*/hr

disposal

increased volume of storage tank hydrotest water
discharge prior to plant start-up;

increased volume of solid waste generated;

potentially increased public risk environment as
result of increased storage tank volumes and
shipping movements associated with the larger
project;

increased product shipping movements from 78 to
approximately 160 per annum and associated
navigation risk using larger vessels; and

increased
emissions.

atmospheric and greenhouse gas

Since the previous environmental assessment, the

following

impact assessment studies have been

undertaken to update the baseline information for the
existing environment and assess the significance of
potential impacts associated with the expanded project:

1.
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Updated atmospheric dispersion modelling

A revised air modelling assessment, considering the
cumulative impacts of the project in combination
with the existing Channel Island Power Station,
showed that predicted worst-case concentrations of
all pollutants will meet accepted National
Environment  Protection = Measures (NEPM)
standards and no adverse effects on the residents of
Darwin are anticipated. The selection of efficient
gas turbine technology in the revised plant design
will ensure that oxides of nitrogen (NOy) are kept
within acceptable levels.

Greenhouse gas emissions assessment

A comprehensive inventory of annual greenhouse
gas (GHG) emissions anticipated from the project
has been undertaken, identifying the contribution of
a range of GHG mitigation efforts incorporated in
the plant design. These include the addition of waste
heat recovery and additional vapour recovery for
ship loading, the use of high efficiency Frame 5D
gas turbines, and use of low btu fuel. The outcomes
of a greenhouse offsets review is presented in the
PER, with offset options to be further investigated
through commitments under the voluntary
Greenhouse Challenge Programme. The volume of
CO, produced by the project is approximately
4.5 MTPA compared to 1.7 MTPA for the 3 MTPA
LNG project.
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Assessment of heat envelope from flares on air
traffic

Studies have been completed to address the potential
impact of the main process flares on air traffic using
Darwin Airport, and the outcomes reviewed by the
Civil Aviation Safety Authority (CASA). The main
process flare has also been redesigned from an
elevated to a multi-burner ground configuration to
minimize this impact. Discussions regarding further
study requirements and management actions to
minimise heat envelope impacts on air traffic with
relevant authorities are continuing.

Wastewater discharge analysis

An investigation of options available for wastewater
discharge from the proposed LNG plant was
undertaken. While the original design for the
previous 3 MTPA LNG plant included an outfall for
treated effluent to be located along the loading jetty,
the current design reflects Phillips’ commitment to
re-use and recycle wastewater discharges wherever
practicable in accordance with NT Government
policy. As such, the project will be designed so that
all treated wastewater will be used for on-site
irrigation. Direct outfall will only be considered as a
contingency option.

During construction of the storage tanks for LNG
and condensate product on-site, there will be the
requirement to discharge hydrotest water to Darwin
Harbour at an agreed rate with DIPE. This will be
investigated during the preparation of the final
Environmental Management Plan to identify the
concentrations and characteristics of any additives
which may be required. DIPE approval will be
sought prior to commencement of tank construction
activities.

Analysis of solid and semi-liquid waste
management

The capacity of existing infrastructure and services
available in the Darwin region to handle the
increased levels of solid and semi-liquid wastes
anticipated from the larger 10 MTPA plant design
was re-evaluated. As part of this evaluation, relevant
waste management operators in the Darwin region
were consulted to confirm that the range of non-
hazardous and hazardous wastes can be suitably
managed and disposed of safely in accordance with
the provisions of the Waste Management and
Pollution Control Act 1998 and DIPE general
requirements. Phillips’ waste management pro-
cedure includes waste minimisation guidelines
incorporated into the design of the LNG plant.

Updated noise modelling

A revised assessment of the likely noise impacts of
the proposed LNG plant was undertaken, in
recognition of the potential increase in ambient
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noise levels from the expanded plant design. Noise
generated by construction vehicle traffic and
construction equipment during the construction
phase is most unlikely to be noticeable above
background at nearby communities, the closest
being 7 km from the proposed LNG facility. Noise
sources during upset and emergency operating
conditions of the LNG plant will be of short
duration and very infrequent. Operation of the plant
is not expected to result in any unacceptable noise
impacts due to the relatively low sound pressure
levels associated with the proposed plant
components and the relatively large distance to the
closest noise sensitive receptor (over 7 km away).

Revised comparative visual impact assessment

A comparative visual impact assessment was
undertaken to assess the potential effects on visual
amenity from the revised 10 MTPA proposal, and in
particular how these may have changed from the
previous design for the originally proposed 3 MTPA
plant. The visual impacts between the 3 MTPA and
10 MTPA plants remained comparable, with the
exception of the larger capacity LNG storage tanks.
However these are not likely to significantly
impinge on the landscape from Darwin Harbour.
Some components, such as the main process flares,
will now have a significantly diminished visual
impact due their reconfiguration to a ground design.
Visual impact of the development will be greater for
vantage points within 500 m of Wickham Point.
Beyond 500 m, the visual impact of the
development will gradually diminish. Peak Hill,
which stands at 32 m, will continue to buffer the
main process area from the primary Darwin Central
Business District view.

A revised hazard analysis and public risk
assessment for the project

A revised Hazard and Risk Assessment and a
Preliminary Component Siting Study for the LNG
plant was undertaken, with a focus on the changes in
risk profile between the previously approved
3 MTPA plant and the currently proposed 10 MTPA
plant. The main relevant changes are that now there
are two LNG trains instead of one, greater LNG
storage capacity than before, and more frequent
shipping movements than for the previous proposal.

Though the plant capacity has been increased from
3MTPA to 10MTPA, the hazards are not
significantly different than those of the previous
proposal. The proposed facility will not have
propane and butane product, therefore, hazards
associated with these products have been eliminated.
The fire radiation exclusion zones associated with
LNG spill impoundment areas for the LNG Plant
and the LNG tanks do not extend beyond the
boundaries of the facility, and the increased
shipping movements arising from the proposed

10.
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expansion do not pose substantial additional risk to
the people of Darwin.

All potential hazards that could rise from the
operation of the LNG Plant are being addressed in
the design, and practicable measures to prevent
hazardous incidents will be adopted. This will be
confirmed through final risk and hazard assessments
to be undertaken during the final design phase.

Assessment of dredging and spoil disposal impacts
Additional bathymetry information obtained since
the approval of the 3 MTPA facility has indicated
that the amount of dredging proposed in the turning
basin and LNG jetty will be reduced and may not
even be required. If it is required, only small
volumes will be involved.

Most, if not all, of the dredging will now take place
in East Arm for the approach channel and pocket
berth to the construction dock. Some 145,000 m’
(100,000 m* previously) of material will require
disposal. These volumes represent non-substantial
changes to those proposed for the original 3 MTPA
plant.

The modelling previously undertaken for the EIS
predicted dredging to cause temporary and localised
increases in water turbidity. It also predicted that it
was most unlikely that Channel Island coral
communities will be exposed to water turbidity
elevated above background levels as a result of
dredging activities at the shiploading facility.

Updated ecological impact assessment

The ecological impacts anticipated from the project
remain very similar to those predicted for the
previously approved 3 MTPA proposal. The most
significant change is in relation to the requirement
for the permanent removal of some 88.3 ha of
vegetation and associated fauna currently existing
within the plant site boundary, as compared to 66.8
ha for the approved 3 MTPA development and 100
ha for the 9 MTPA plant design. This represents a
32 percent increase from the original approved level
of disturbance. The plant layout has been designed
to minimise the amount of mangrove habitat and dry
rainforest habitat to be cleared. The loss of good
quality rainforest vegetation is recognised as a
principal environmental cost of the proposed
project. In order to offset this loss, Phillips has
entered into discussions with the NT Government
regarding the protection of alternative dry rainforest
vegetation in the Darwin region for conservation
purposes.

Socio-economic and cultural impact assessment

The socio-economic environment of Darwin will be
affected by the construction phase of the plant site in
the following ways: 12 archaeological heritage sites,
comprising nine shell middens and three remnants
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of WWII sites will be disturbed; restriction of public
access to the plant site area; increased road traffic to
the plant site; and the costs and benefits of
supporting a large construction workforce over a
three year period.

The operational effects of the proposed 10 MTPA
LNG Plant remain very similar to those identified in
the 1997 Draft EIS. The project will produce
substantial economic benefits to the region at little
cost to the local community, including increased
opportunities for employment while diversifying the
economic base of the Territory; contribution of
income to the region by way of production sharing
income, demand for regional goods and services and
export earnings.

12. A sustainability assessment of the project

Phillips has undertaken a project sustainability
assessment which integrates the environmental,
social and economic aspects of the project to give a
truer picture of overall sustainability. This
assessment is summarised in the “Synopsis of
Environmental and Social Costs and Benefits”
presented at the end of this Executive Summary.

ENVIRONMENTAL MANAGEMENT

In November 1998, Phillips submitted a Preliminary
Environmental Management Plan (EMP) for the original
3 MTPA LNG Plant and associated sub-sea gas pipeline.
That EMP superseded previous commitments presented
in the Supplement to the Draft EIS in that it was
restructured to capture comments and approval
conditions provided by Commonwealth and Northern
Territory (NT) governments subsequent to their review
of the Supplement. As a working document, the
Preliminary EMP is not a public document but is
generally consistent with the commitments included in
the Supplement.

In relation to the proposed 10 MTPA LNG facility,
Phillips intends to build on the previous environmental
commitments for managing the approved 3 MTPA plant.
The finalisation of the EMP will occur in stages
following completion of the public review period for the
PER and will be focused on reviewing those original
commitments for their applicability. Preparation of the
final plans outlined in the Preliminary EMP will be
undertaken with due regard to the additional level of risk
associated with the expanded project and comments
received from interested stakeholders.

The overall objectives of the final EMP will be to
establish management and monitoring plans which ensure
that impacts of the facility are consistent with the PER,
that the actual and potential adverse impacts associated
with the construction, operation and decommissioning
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phases of the pipeline in the harbour and LNG plant are
minimised, and that compliance with all relevant
environmental regulations is achieved. The final EMP
will comprise the same components as those outlined in
the 1998 Supplement and the Preliminary EMP.

Additional Environmental Management
Commitments

The outcomes of the updated assessment studies
undertaken for the PER confirm that most of the
anticipated environmental effects of the proposed 10
MTPA LNG plant essentially remain the same as those
identified for the original 3 MTPA proposal. As such,
the commitments detailed in the Preliminary EMP
adequately address the majority of the anticipated effects
of the project on the biophysical, cultural and socio-
economic environments of Darwin Harbour.

However, evaluation of the modified project has
identified a number of additional commitments to be
implemented by the proponent, and one previous
commitment that can no longer be sustained. These are
outlined below:

1. Air monitoring

Phillips will quantify the major emission sources
following commissioning of the project by a targetted
emission testing programme. If appropriate and in
cooperation with other industrial proponents and the NT
Government, Phillips will undertake to participate in a
monitoring system for oxides of nitrogen (NOy) from
key emission sources. While the revised air modelling
assessment clearly showed that predicted worst-case
concentrations of all pollutants will meet accepted
NEPM standards and no adverse effects are anticipated,
when due consideration is given to cumulative effects
from the existing Channel Island Power Station, NOy
worst case concentrations approach ambient limits.

2. Greenhouse emissions

As part of its commitment to the Commonwealth
Government’s Greenhouse Challenge Programme,
Phillips will develop a Cooperative Agreement with the
AGO during the detailed design phase. This will include
a corporate commitment to continual improvement in
energy efficiency, development of a comprehensive
greenhouse gas management strategy, and action plans
for cost effective mitigation measures employed in the
design of the revised project.

Phillips will continue to investigate other ‘no regrets’
and ‘beyond no regrets’ options for greenhouse
minimisation. At this time plantation sequestration
options, such as investment in oil mallee plantations,
offer the greatest potential as tangible offset measures.
Phillips will evaluate these options further during
detailed design and construction, with periodic reviews
throughout the life of the project.
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3.  Wastewater discharge

Phillips has re-designed the wastewater disposal
component of the project. To avoid direct discharge into
Darwin Harbour, all treated wastewater will now be used
for on-site irrigation. Direct discharge will only occur as
a contingency option.

During preparation of the final EMP, Phillips will
undertake an evaluation of the proposed release of
hydrotest water following construction of the storage
tanks for LNG and condensate on-site. This will include
an analysis of the commercial additives which may be
present, their fate and anticipated environmental effects.
Management measures to avoid potential adverse effects
on the marine environment will be agreed with the DIPE
prior to construction.

4. Waste disposal management

The proposed management measures to handle the
increased levels of solid and semi-liquid wastes
anticipated from the expanded plant design are detailed
in the PER. These measures have been revised to ensure
compliance with the Waste Management and Pollution
Control Act 1999, which had not been enacted at the
time of the previous assessment.

Waste minimisation and recycling principles will be
built into all project operations so as to reduce solid and
semi-liquid waste streams where possible.

5. Dry rainforest mitigation

Phillips will continue to work with the NT Government
to identify a suitable area of dry rainforest in the Darwin
region to be acquired for conservation purposes.
Protection of dry rainforest of equal or better quality will
offset the loss of dry rainforest required within the
project area on Wickham Point.

6. Fauna Corridors

The restructure of major components within the plant
site for the revised plant design has markedly reduced
areas of natural habitat to the south of the plant. This has
therefore created a physical barrier through the fauna
corridor for the southern end of Wickham Point.
However, due to site adjustments necessitated by the
possibility of a future transportation corridor to the north
of the plant site on Wickham Point, a suitable fauna
corridor will remain on that side of the facility.

7. Public Risks

The PER details the outcomes of the revised Hazard
Analysis and Risk Assessment undertaken to address the
potential effects of the expanded 10 MTPA plant design
and increased movements of LNG tankers in Darwin
Harbour. It has been demonstrated that the siting, design,
construction and operation of the proposed LNG plant is
such that the safety and protection of persons, property
and the environment will be maintained.
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During the detailed engineering phase of the project,
Phillips will undertake the following:

e a final HAZOP (Hazard and Operability) Study, to
identify all potential scenarios arising from the
failure of valves and controls or other upset
conditions;

e a final QRA (Quantitative Risk Assessment), to
identify, assess, evaluate and manage all potential
risks associated with the project; and

e a detailed Safety Report for the LNG plant, in
accordance with relevant Worksafe Australia
Standards and prepared on the basis of the HAZOP
and QRA studies outlined above.

8. Sustainability Reporting Framework

Phillips has undertaken to develop a reporting
framework for assessing the design, construction and
operation of the project consistent with the principles of
Ecological Sustainable Development. Integration of the
environmental, social and economic aspects of the
project into a logic framework will enable Phillips to
track its performance towards sustainable development
of the LNG project. This will ultimately establish a
tangible means to openly communicate the company’s
goals, objectives and performance measures through a
public Sustainability Reporting process.

MONITORING PROGRAMME

The aim of the Environmental Monitoring Programme
will be to test and validate the main predictions
regarding the project effects which have the potential to
adversely impact the environment. The monitoring
programme also ensures that potential environmental
effects are minimised and that the facility complies with
any regulations governing particular activities.

EMERGENCY RESPONSE

A revised Hazard and Risk Assessment has been
undertaken for the PER, to take into consideration the
potential effects of the expanded plant design and
increased shipping movements for the current revised
proposal.

Emergency Response Manuals will be developed to
control and manage:

e LNG plant accidents;
e  LNG carrier accidents; and
e oil spills.

A series of Oil Spill Contingency Plans (OSCPs) will be
prepared by Phillips to enable effective response during
both the construction phase and the operation phase of
the project.
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DECOMMISSIONING

Phillips remains committed to the original position stated
in the Preliminary EMP that, at the end of the project
life, the plant will be decommissioned in accordance
with standard practice applicable at the time.

Once all resources are exhausted and no feed is available
for the LNG plant, plant equipment and piping will be
purged of hydrocarbons. Plant and office equipment will
be sold where possible unless the facility is sold as is.
Equipment that cannot be sold will be disassembled and
sold as scrap or disposed of in accordance with current
regulatory guidelines. This includes the construction
dock and product loading jetty.

The plant site will be rehabilitated as agreed with the
Northern Territory Government and the native title
parties.

SYNOPSIS OF ENVIRONMENTAL AND
SOCIAL ‘COSTS’ AND ‘BENEFITS’

In summary, the environmental and social ‘costs’ of the
proposed project will principally be:

o alteration of a part of Wickham Point (88.3 ha) from
a relatively unmodified wilderness ‘island’ to an
industrial plant site (in accordance with community
expectations as outlined in Darwin Regional Land
Use Structure Plan 1990);.

e loss of 67.2 ha of good quality dry rainforest, or
monsoon thicket (and associated fauna) , which is a
remnant vegetation type that is of regional
conservation value. This will be offset by protection
of another area of dry rainforest in the region;

o modification of intertidal pavement and sand flat in
the vicinity of the construction dock and the loading
jetty, and their replacement by structures which will
be recolonised by various marine organisms more
suited to the new habitats;

e loss of seven, and possible disturbance of three,
archaeological sites on Wickham Point (seven
Aboriginal middens and three World War II heritage
sites);

e increased road and harbour traffic during the
construction phase and increased demand on

community services, infrastructure and
accommodation as a result of the construction
workforce;

o restricted public access to the plant site and 500 m
safety exclusion zone around the loading facility and
construction dock;

o modified flight path for southern approaches to the
north/south runway at Darwin Airport, dependent on
current discussions with CASA;
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e high volume discharge of carbon dioxide into the
atmosphere (4.5 MTPA). Offset options will be
investigated through the Greenhouse Challenge
Programme;

e low volume discharge of atmospheric emissions of
NOy, SO,, and PM10 at acceptable concentrations
below NEPM standards; and

e low volume disposal of a range of hazardous and
non-hazardous wastes to approved onshore sites in
accordance with government requirements.

The above costs will be balanced to a large extent by the
following environmental and social ‘benefits’ of the
project:

e development of new sources of energy and
production of clean burning LNG for industrial fuel
purposes and natural gas for domestic use;

o financial contribution to the Governments of
Australia and East Timor through revenue sharing
resulting from the development of the gas reserves
in the Timor Sea through processing at the Darwin
LNG project;

e significant contribution to the regional economies of
East Timor and Australia via export earnings and
income sharing, taxes and salaries and purchases of
goods and services during the construction and
operation phase of the development;

e the use of LNG and natural gas as a preferred fuel
for existing and new facilities, in place of alternative
fossil fuels, will reduce global greenhouse gas
emissions in accordance with the objectives of the
Kyoto Protocol;

e provision of significant employment and training
opportunities in Darwin during the construction
phase of the development, that will result in a more
diverse skilled labour force for support of future oil
and gas developments in the region;

o diversification of the local economic base and the
supply of infrastructure for future long term
development of Timor Sea gas reserves;

o the project will be developed with a commitment to
ensure responsible management of all aspects of the
project in accordance with the principles of
Ecologically Sustainable Development (ESD) in
consultation with the community;

o the project will not threaten any populations of rare
or endangered species, nor will it threaten currently
designated conservation reserves in the Darwin area.
In fact, the conservation of dry rainforest habitat in
the Darwin area will increase once a suitable portion
of that habitat is located, purchased and placed in
reservation; and

e given that the environmental risks posed by the
project are minimal and manageable, and that
biodiversity will not be threatened and conservation
reserves will be increased, and also given the
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economic and social benefits that will accrue to the
community of Darwin if the project proceeds, it is
considered that future generations of Territorians
will applaud the decision by this generation to
proceed with the project.

With the exception of higher atmospheric emissions,
higher levels of rainforest impacts and higher economic
activity, these environmental and social “costs” and
“benefits” are generally the same for both the approved
3 MTPA LNG facility and the proposed 10 MTPA LNG
facility.
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1. INTRODUCTION

1.1 OBJECTIVE AND STRUCTURE OF
DOCUMENT

This document is a Public Environmental Report (PER)
for a proposal to construct and operate a Liquefied
Natural Gas (LNG) plant on Wickham Point near
Darwin, Northern Territory (Figure 1.1) of up to 10
million tonnes per annum (MTPA) capacity. It builds on
environmental  assessment documents previously
prepared in 1997 and approved in 1998 for the
construction and operation of a proposed smaller
3 MTPA LNG facility at the same location. Construction
of the original proposed facility was deferred after the
assessment was completed due to global economic
issues.

The PER is submitted by Phillips Petroleum Company
Australia Pty Ltd to provide the Northern Territory
Government, agencies of the Commonwealth of
Australia, and the public with the information necessary
to allow an informed appraisal of the environmental
acceptability of the proposed project. Phillips Petroleum
Company Australia Pty Ltd has been established to
construct and operate the new LNG facility and replaces
the original proponent of project, Phillips Oil Company
Australia.

This PER has six sections structured generally in
accordance with Northern Territory Department of
Infrastructure, Planning and Environment (DIPE,
formerly DLPE) Guidelines for the PER (which are
presented in Appendix A):

e Section I introduces the proponent and the proposed
project, highlighting the primary changes to the
previous environmental assessment for the proposed
3 MTPA LNG plant undertaken in 1997/°98. It also
presents a brief description of the environmental
assessment requirements for the Northern Territory
and Commonwealth Governments, and introduces
the scope of works undertaken for the PER.

e Section 2 describes the project, including its major
components and their construction and operation
phases, and identifies the changes from the project
description previously outlined in the original Draft
EIS (1997) and Supplement of 1998.

e Section 3 describes the physical, biological, cultural
and socio-economic environment in which the
project will operate.

e Section 4 analyses the potential and anticipated
environmental effects of the proposed expansion,
including a revised risk assessment analysis for the
expanded plant design. Its principal focus is to
discuss those aspects of the LNG project which have
changed since the original 3 MTPA LNG
assessment was completed.
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e Section 5 outlines the environmental management
programme proposed for the expanded project, and
builds on the preliminary environmental
management commitments made by the proponent
in the previous assessment of the smaller plant.

e Section 6 acknowledges sources of information used
in the development of the PER, the published
literature and reports referred to in the text, and
presents a glossary of technical terms used in the
PER.

Technical appendices, which provide detailed
information on impact assessment studies undertaken to
address the effects of the proposed expansion, are
included in this report.

1.2 THE PROPONENT

Phillips Petroleum Company is an integrated petroleum
company with interests around the  world.
Headquartered in Bartlesville, Oklahoma, the company
had 38,600 employees, $35.4 billion of assets and $22.5
billion of annualized revenues at September 30, 2001. A
description of the company as contained in its most
recent “Quarterly Fact Sheet” and additional information
can be found at :
http://www.phillips66.com/about/brief.pdf.

On September 14 2001, the company closed its
acquisition of Tosco Corporation, positioning Phillips as
a leading petroleum refining and marketing competitor
in the United States.

The company operates in a range of countries
worldwide, undertaking the following core activities:

e petroleum exploration and production on a
worldwide scale;

o natural gas gathering, processing and marketing in
the USA;

e petroleum refining, marketing and transportation
primarily in the USA;

e chemicals and plastics production and distribution
worldwide; and

¢ technology development and licensing worldwide.

Phillips Petroleum Company has a strong exploration
and production (E&P) group that contributes to Phillips’
integrated strengths by exploring for and producing oil,
natural gas and natural gas liquids (NGL) on a
worldwide scale.

As the company’s largest segment, E&P had assets of
USS$14 billion at December 31 2000, and conducted
exploration in 14 countries, producing in nine: the
United States, the Norwegian, Danish and U.K. sectors
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1. INTRODUCTION

of the North Sea, Canada, Nigeria, Venezuela, the Timor
Sea between East Timor and Australia, and offshore
China. Average worldwide crude oil production for 2000
was 437,000 barrels per day (B/D), and worldwide gas
production was approximately 1.4 billion cubic feet per
day.

Prior to combining its gas gathering, processing and
marketing assets with those of Duke Energy in 2000 to
form Duke Energy Field Services, Phillips Petroleum,
through its Gas Gathering, Processing & Marketing
(GPM) subsidiary, was one of the largest natural gas
liquids producers in the US. The plants and systems
operated by GPM were and remain among the most
efficient in the natural gas industry. Phillips Petroleum
retains significant interest in the GPM business through
its equity interest in Duke Energy Field Services.

Phillips Petroleum Company has over 30 years of
operating experience with LNG. Phillips Petroleum
Company was the first company to market LNG to Japan
with the startup of its Kenai, Alaska, plant in 1969. Since
that time, the company has established LNG commercial
operations across many locations around the world
including the United States, Europe and Africa.

Phillips controls a 58.5 percent interest in the combined
Bayu-Undan gas condensate field in Area A of the Zone
of Cooperation (ZOC) located in the Timor Sea between
East Timor and Australia. When a new Treaty is ratified
by Australia and East Timor, this area will be renamed
the Joint Petroleum Development Area (JPDA). All
future references in this document will adopt the JPDA
name for this major region. The proven plus probable
reserves of the Bayu-Undan field are estimated to be 400
million barrels of liquids and 3.4 trillion cubic feet
(TCF) of gas. Phillips Petroleum LNG Pty Ltd will be
developer and operator of the LNG facility located at
Wickham Point.

In addition to its interests in the Bayu-Undan field,
Phillips Petroleum Company, through various subsidiary
companies, also holds a 30% share of the Greater
Sunrise field location in the central Timor Sea and
operated by Woodside. This major gas field lies partly
within the JPDA and partly in waters under Australian
jurisdiction and has proven plus probable reserves
estimated to be 300 million barrels of liquids and 9.2
TCF of gas.

Phillips proposes to use natural gas produced from one
or both of these fields plus gas anticipated to be available
during the life of the LNG facility from other
strategically important Timor Sea gas fields to feed the
Wickham Point LNG plant. Phillips’ approach since
1996 in relation to Timor Sea gas development has been
and remains to gather and transport gas from a variety of
fields to a central location near Darwin to treat, process
and distribute gas to a number of domestic and export
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customers. The proposed LNG facility represents one of
several viable market opportunities for Timor Sea gas.

The person nominated as representative for the
Proponent and contact details are as follows:

Dr Stephen R. Brand

President

Phillips Petroleum Company Australia Pty Ltd
Level 5 NT House

22 Mitchell Street

Darwin, Northern Territory

Australia 0800

Phone 08 8981 8666

Postal Address:
GPO Box 2266
Darwin, Northern Territory
Australia 0801

1.3 PROPONENT’S HEALTH, SAFETY AND
ENVIRONMENTAL POLICY

Phillips recognises that Health, Environment and Safety
(HES) is inextricably linked to financial and operating
performance, and has a proven commitment to
developing and implementing a management system that
integrates HES into every aspect of business. This HES
Management System is part of a larger systems-based
approach to achieving operating excellence throughout
the company.

The company’s Health, Environment and Safety Policy,
as adopted by the Australasia Division, is summarised
below:

“Phillips Petroleum Company Australasia Division will
conduct all operations in a manner that protects human
safety and health, the environment and company
property, while complying with all applicable laws and
regulations. Moreover, the company will strive for
continuous improvement in these areas.

Health, Environment and Safety protection is a line
responsibility that extends to all levels of management.
All employees and contractors are to perform their work
in accordance with this policy.

This policy is carried out through the following
practices:

e seeking continual improvement of the health,
environmental and safety management systems
through the use of the Process for Safety and
Environmental Excellence;

e providing the necessary resources,

o informing employees of this policy and providing
them the training to safely perform their individual
responsibilities and duties safely and in an
environmentally responsible manner;
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e providing relevant safety and health information to
contractors and requiring them to provide proper
training to perform their individual responsibilities
safely and in an environmentally responsible
manner;

e incorporating health, environment and safety
requirements at the design phase and in operations;

e reviewing and reporting the performance of the
company’s operations and facilities on a periodic
basis;

e conducting industrial  hygiene, safety and
environmental reviews of existing facilities and
properties for acquisition or sale;

o establishing and maintaining communications on
health, environment and safety issues with our
communities, as well as with concerned groups and
regulatory agencies;

e providing appropriate equipment for the safe
performance of the work;

e establishing, maintaining, and reviewing with our
communities, as well as with concerned groups,
Emergency Readiness Plans to minimise health
impacts, injuries, damage to environment, and/or
property loss to the community or company, and

e encouraging and supporting sound research and
engineering to produce technology and products
consistent with Phillips Petroleum’s objectives.

Any employee who knowingly violates applicable health,
environment and safety policies, laws and/or regulations
will be subject to disciplinary action, up to and including
discharge.

The complete commitment of all employees and
contractor personnel is essential to accomplishing
Phillips Petroleum Company’s Australasia Division’s
goal of being a safe and environmentally responsible
operator.

Stephen R. Brand
President
Phillips Australasia Division”

1.4 BACKGROUND TO PROPOSAL
1.4.1 Previous Project Assessment

The Proponent has previously (August 1997) submitted a
Draft EIS to the NT DIPE and Environment Australia
(EA) for evaluation of a proposal to construct a 3 million
tonnes per annum (MTPA) LNG Plant at Wickham Point
in Darwin, linked by a subsea pipeline from the Bayu-
Undan gas field [Dames & Moore (D&M 1997)].

The Draft EIS was subject to Government and public
review (under both the Commonwealth Environment
Protection (Impact of Proposals) Act 1974 and the NT
Environmental Assessment Act 1982) until end
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September 1997. Submissions received from government
and public commentators were considered, and
appropriate measures were submitted in response to
address each issue raised during the public review
process.

In broad terms the original project evaluated in 1997/98
included the construction and operation of the following
major components (Figure 1.2):

e a subsea pipeline up to 36 inches in diameter from
the Bayu-Undan field to an LNG plant on Wickham
Point in Darwin Harbour;

e a3 MTPA air cooled LNG plant which comprises:
- gas processing facilities to treat and liquefy the
natural gas and to recover LPG product,
- product storage tanks,
- plant infrastructure and utilities,
- three plant flares, and
- on-site power generation facilities;

¢ aloading jetty on the west side of Wickham Point to
transfer product to tankers for shipping to market;

e a construction dock on the north-east side of
Wickham Point for transfer of building materials
and heavy equipment that may not be suitable for
road transport to the plant site;

e an access road through the Middle Arm Peninsula to
the plant site; and

o the transportation of LNG and other products to
markets using a number of large ships
(95 - 135,000 m® capacity).

In January 1998, Phillips filed a Supplement to the Draft
EIS in response to the comments received during the
public review process (D&M 1998a). The Supplement
plus the original Draft EIS together constituted the Final
EIS for that project and formed the basis for government
decisions regarding the environmental implications of
the original project. It included a revised site
development plan for a possible expansion of the facility
to 9 MTPA LNG on Wickham Point, information
relating to the probable impacts from such expanded
plant, an updated draft of the Preliminary Environment
Management Plan (EMP) and a summary of Proponent
commitments.

Environment Australia (EA) and NT DIPE responded to
the Supplement in February and March, 1998,
respectively, by issuing separate Environment
Assessment Reports which concluded that the 3 MTPA
LNG Plant could proceed subject to Phillips’
implementing the proposed project in accordance with
commitments made in the Supplement and the additional
recommendations made by EA and NT DLPE.
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Letters from both the Commonwealth and Northern
Territory Ministers for the Environment confirmed
project acceptance. Information regarding a possible
9 MTPA plant was considered during the review process
as indicative of the effects of a larger manufacturing
facility but approval was limited to the 3 MTPA plant.

The principal recommendations in the NT DIPE
Assessment Report (Nos 1 and 2) are reproduced below.
EA issued essentially identical recommendations.

“Recommendation 1

The proponent shall ensure that the proposal
is implemented in accordance with
environmental commitments and safeguards
identified in the Darwin LNG Plant draft
Environmental Impact Statement, as modified
in the Supplement to the draft EIS and as
recommended in this assessment report.”

“Recommendation 2

In preparing the Environmental Management
Plan the proponent shall include any
additional measures for environmental
protection and monitoring contained in
recommendations made by the
Commonwealth and Northern Territory
Governments with respect to the proposal.
The EMP shall be referred to Environment
Australia and relevant NT agencies for
review prior to finalisation, after which it
shall become a public document. The EMP
shall form the basis for any approvals and
licences issued under the forthcoming Waste
Management and Pollution Control Act.”

In April 1998, a meeting was convened by NT DIPE
involving the Proponent and all major government
agencies associated with the project to develop an
Implementation Strategy for the recommendations made
by the NT and Commonwealth governments.
Arrangements for responsibilities to be assumed by
relevant agencies in implementing final approvals were
agreed upon at the meeting. In summary, NT DME
assumed responsibility for matters related to the marine
pipeline, EA assumed responsibility for matters related
to greenhouse gas emissions, and NT DIPE assumed
responsibility for all remaining matters related to the
construction and operation of the LNG plant.

Subsequent to the above meeting, the Preliminary EMP
was updated in November 1998 and expanded to capture
all NT DIPE and EA recommendations, and to include
EA’s comments, identify the responsible and advisory
authorities for each recommendation, and provide
clarification of interpretation for each recommendation
as required (D&M 1998Db).

With the potential cooperative development of the Bayu-
Undan and other central Timor Sea gas fields, there are
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now sufficient gas reserves in the Timor Sea to support a
larger LNG plant than originally envisaged by Phillips,
which was based solely upon the reserves of Bayu-
Undan. In May 2001, a Notice of Intent (NOI) was
submitted by Wickham Point Pty Limited, an affiliated
company of Phillips Petroleum Company Australia Pty
Ltd, to NT DIPE for a proposed LNG facility of up to 10
MTPA at the same Wickham Point location (URS 2001;
Figure 1.3). In Phillips’ opinion, the current 10 MTPA
proposal represents the optimum sized LNG facility for
location at the Wickham Point site and it is unlikely that
any material expansion of such facility, other that de-
bottlenecking improvements, would be considered in the
future.

The current PER builds upon the previous environmental
assessments, and will facilitate completion of the EMP
to the satisfaction of the (now NT Department of
Infrastructure, Planning and Environment (NT DIPE;
formerly NT DLPE) and EA as a condition of project
approval.

1.4.2 History of Project since Approval
obtained in 1998

Shortly after environmental approvals were issued for
the 3 MTPA plant at Wickham Point in 1998, the LNG
market underwent a dramatic downturn principally as a
result of weakening economic conditions in the principal
LNG receiving nations in Asia. Phillips suspended
engineering work on the LNG project and focused its
efforts on developing the liquids phase of the Bayu-
Undan field. During the intervening period, Phillips
concentrated gas marketing efforts on domestic
opportunities but also continued to seek LNG customers
for a Darwin plant. Phillips also continued to progress
development of the necessary gas pipeline infrastructure
to deliver Timor Sea gas to customers in Australia.

In September 2000, Phillips entered into an agreement
with Multiplex Constructions relating to construction of
a gas pipeline from the central Timor Sea to Darwin. The
agreement covered engineering, design and survey work
in preparation for procurement, fabrication and
installation of a pipeline from Bayu-Undan to a site at
Wickham Point in Darwin Harbour. Multiplex, with the
support of its principal subcontractors, Kvaerner, Saipem
and EMC, provided Phillips a lump-sum, fixed-cost
price relating to installation of a 26-inch pipeline along
with options for several larger pipeline sizes. The former
size would be adequate for the supply of Bayu-Undan
gas alone, while the larger capacity option would
accommodate the gathering and transportation of larger
volumes of gas from other Timor Sea gas fields.

In February 2001, Phillips, Woodside and Shell finalised
principles for co-operative development of the Bayu-
Undan and Greater Sunrise resources. The agreement
was designed to combine the early gas delivery potential
of the Bayu-Undan gas and condensate development
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1. INTRODUCTION

with the larger gas reserve base of the Greater Sunrise
fields to attract the greatest number of customers for
Timor Sea gas. The agreed principles covered supply of
gas and marketing of LNG, pipeline infrastructure and
field optimisation. As a consequence of this agreement,
Phillips increased its share of the Greater Sunrise fields
to 30 percent.

On 1 August 2001, Phillips announced that the offshore
pipeline from Bayu-Undan to Darwin was being deferred
indefinitely pending resolution of several critical legal,
fiscal and taxation matters relating to the terms of
Production Sharing Contracts (PSCs) under a new Timor
Sea Treaty between Australia and East Timor. At the
current time, discussions between the governments and
the holders of relevant PSCs are continuing.

In addition to steps taken to progress the requisite
environmental approvals, Phillips has also continued to
progress other matters critical to the success of the
proposed LNG venture.

In 1996 Phillips applied to the Northern Territory to
acquire a site on Wickham Point for the installation of
gas processing facilities and/or distribution to other
domestic markets within the Northern Territory or
interstate. All matters relating to Native Title and
Aboriginal Land Rights claims affecting both the plant
site and offshore pipeline route have been resolved, as a
result of an agreement executed in 1999 between the
Proponent and various native title parties. The NT
Government completed the acquisition of native title in
mid-2000 and is in a position to offer land to non-
government parties under the terms of its acquisition.
Phillips and the NT Government have concluded
negotiations on terms associated with Phillips long term
interests in Wickham Point and will finalise necessary
agreements when a commitment to the Bayu-Undan gas
export project is secured.

In 1997 Phillips applied for several licenses for the
offshore pipeline from Bayu-Undan to Wickham Point
(Figure 1.4). In April 2001, the first two of four licenses
required by Australian authorities were issued to Phillips
Pipeline Australia Pty Ltd. Preliminary discussions with
the Timor Gap Joint Authority on various gas export
options have been conducted, and a Gas Development
Plan is being drafted. As a consequence of these efforts,
customers have begun to demonstrate confidence in the
Timor Sea as a significant new source of gas for LNG
production, greenfields gas processing and interstate
domestic gas sales purposes.

In March 2001 a Phillips’ affiliate executed a Letter of
Intent for the sale of 4.8 million tonnes of LNG to El
Paso Energy to be delivered to North American markets
commencing in 2005. The long-term supply of gas for
this market was expected to be the reserves of Greater
Sunrise with Bayu-Undan supplying gas to the facility
until such time as the Greater Sunrise project we
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operational. While there is some question about the
status of Greater Sunrise development, Phillips is
continuing to market Bayu-Undan gas to other LNG
customers and believes there is a strong possibility that
such customers can be secured within a reasonable
timeframe. As a result of these developments, Phillips
wishes to amend its approved 3 MTPA LNG project as
noted herein and to secure environmental approvals for
the larger 10 MTPA facility.

In addition, the NT Government is currently in the
process of constructing the arterial road corridor through
Middle Arm Peninsula, which will provide the necessary
road access to the proposed Wickham Point plant site. A
detailed geotechnical site survey has recently (August
2001) been completed to obtain current baseline data on
the geophysical condition of the area.

Environmental approvals from the Commonwealth and
NT governments were issued for the pipeline between
Bayu-Undan and Wickham Point in early 1998. The NT
and WA governments have issued two of four pipeline
licences relating to this pipeline. These licences
incorporate conditional approval relating to the discharge
of hydrotest water from a subsea wye-piece located
186 km south-east of the Bayu-Undan field. Any
remaining environmental matters relating to the pipeline
will be managed through amendments to the
Environment Plan by the NT Department of Business
Industry and Resource Development (NT DBIRD,
formerly NT DME) in accordance with the Petroleum
(Submerged Lands) (Management of Environment)
Regulations 1999. Therefore, this PER does not address
the subsea pipeline between Bayu-Undan and Darwin.

1.5 THE CURRENT PROPOSAL COMPARED
TO PREVIOUS PROJECT

As with the previously approved 3 MTPA facility, the
proposed 10 MTPA project will involve construction and
operation of the following major components:

e an LNG plant utilising the Phillip’s Optimised
Cascade LNG Process which comprises:

— gas processing facilities to remove impurities
and refrigerate the natural gas;

- product storage tanks;

— plant infrastructure and utilities;

o aloading jetty on the west side of Wickham Point in
Middle Arm of Darwin Harbour to transfer product
to tankers for shipping to market;

e a construction dock on the north-east side of
Wickham Point in East Arm of Darwin Harbour for
transfer of building materials and heavy equipment;
and

e a number of large ships to transport LNG from
Wickham Point to global markets.
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1. INTRODUCTION

The project will comprise the same major components as
proposed for the previously approved 3 MTPA Project,
but will differ principally in the capacity of the LNG
plant and its layout on Wickham Point (shown in
Figure 1.3). The access road, which will be constructed
by the NT Government, has been relocated slightly and
incorporated into a major arterial transport corridor
originally proposed for construction by the NT
Government in the Darwin Regional Land Use Structure
Plan 1990. The main process flare has been relocated to
the south of the process area also as a result of this
transport corridor and has been redesigned from a single
elevated flare to a multi-burner ground level
configuration.

The principal differences between the approved plant
layout shown on Figure 1.2 and the proposed new plant
layout shown on Figure 1.3 are as follows:

o the disturbed area envelope has increased in size and
changed shape slightly, in regard to the spill
impoundment area, the main flare area, and the
south eastern part of the plant site;

o instead of one 3 MTPA LNG process train, the plant
will now comprise two LNG process trains totalling
up to 10 MTPA. These trains will still use the
Phillips’ Optimised Cascade LNG process as
described in the Draft EIS. The increased plant
capacity will result in increased volumes of
atmospheric emissions and waste materials requiring
disposal;

o instead of two LNG storage tanks there will be three
larger tanks;

o the new facility will not produce commercial
quantities of other LPG products (i.e. propane and
butane) for export as originally proposed, as the feed
stock gas will be processed offshore to remove
LPGs. Any recoverable LPG products will be
blended back into the finished LNG product. The
only other saleable product will be small volumes of
stabilised hydrocarbon condensate;

e the construction dock will now contain a dredged
berthing pocket to -6 m AHD (Australian Height
Datum) at the seaward end, instead of a gravel pad
exposed at low tide;

e the length of the shiploading facility has been
reduced by about 100 m to avoid the need for
dredging in the turning basin;

o instead of an elevated main flare as originally

proposed for the 3 MTPA plant, a large ground flare
is proposed for the 10 MTPA plant;

« a metering facility has been located to the south of
the main plant area where the metering and delivery
of gas to domestic markets will occur; and

e the shore crossing for the offshore pipeline onto
Wickham Point has been relocated 200 m south of
the point originally identified.

Page 1-10
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Initial site preparation, involving the access road to
Wickham Point being constructed by the NT
Government and some preliminary land clearing for the
pipeline installation project, will be required in late
2002. Construction of the first phase (one process train
up to 5 MTPA) proposed LNG facility is anticipated to
commence in early 2003 and be completed by early
2006. Construction of the second LNG process train, if
additional gas supply arrangements can be secured, is
expected to commence in late 2003 and be completed in
late 2006.

1.6 ENVIRONMENTAL ASSESSMENT
REQUIREMENTS AND PROCEDURES

1.6.1 Northern Territory Legislation and
Licence Requirements

The Environmental Assessment Act (1982) and the
Environmental Assessment Administrative Procedures
(1984), under which the Act is implemented, form the
basis of the Northern Territory environmental
assessment process. The Northern Territory Minister for
the Environment (the Territory Minister) is responsible
for administering the Act and Procedures. The primary
purpose of the assessment process is to provide for
appropriate examination of proposed new projects that
may cause significant environmental impact.

The level of environmental assessment varies depending
on the sensitivity of the local environment, the scale of
the proposal and its potential impact. Generally, there are
four phases in the environmental assessment process:

Phase 1: Notice of Intent (NOI). An NOI for the
proposed expanded LNG project was submitted to the
Northern Territory Government on 9 May 2001. The
NOI provided an outline of the proposed development to
assist the Minister and his department to determine what
level of environmental assessment was required for the
proposed development. Information within the NOI and
consultation with other relevant agencies enabled the
DIPE to prepare guidelines concerning matters to be
addressed in a PER or an EIS.

Phase 2: Level of Assessment - PER or EIS? If the
proposal is considered to have significant environmental
impact, the proponent is directed to prepare a PER or an
EIS by the Minister. The primary difference between the
two is:

e PER - deals with proposals that have environmental
issues that are considered limited;

e EIS - the environmental impacts are considered
significant in terms of site specific issues, off-site
issues, conservation values and/or nature of the
proposal.

P L ANT P E R
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Phase 3: Public Review of Guidelines and Assessment
Report.  Draft guidelines covering issues to be
addressed in the PER were released for public and
government review on 21 July 2001. On 31 October
2001, final guidelines were issued by the Minister for
the Environment (Appendix A).

Upon lodgement of the Draft PER by the proponent, the
documents are made available for public and
government review and comment. The period for public
review and comment for a Draft PER is a maximum of
28 days.

Phase 4: Final Documents. For a PER, the NT DIPE
(formerly DLPE) will prepare an assessment report and
recommendations for approval by the Minister, who in
turn forwards the report and recommendations to the
responsible Minister for incorporation in lease or license
conditions, and relevant management procedures. The
assessment report and recommendations represent a
consolidation of issues raised by the advisory bodies and
in the public comments.

Licence conditions for the plant (if approved) will be
established in accordance with the Waste Management
and Pollution Control Act 1999.

1.6.2 Commonwealth of Australia Legislation

The original 3 MTPA LNG project has already been
assessed under the Environment Protection (Impact of
Proposals) Act 1971 (EPIP Act), which was replaced
with the FEnvironment Protection and Biodiversity
Conservation Act 1999 in July 2000.

The Environmental Reform (Consequential Provisions)
Act 1999 provides transitional arrangements between the
old legislation and the new Act, which determines that
the project remains under the EPIP Act. A referral was
submitted to EA on 13 August 2001 to confirm that
assessment of the PER under NT legislation addresses
the requirements of both the NT and Commonwealth
Governments. After a period of public comment, the
Commonwealth Minister for the Environment confirmed
on 20 September 2001 that assessment of the project as a
new proposed action under the EPBC Act is not
warranted. Rather, the revised proposal will be assessed
primarily under the NT Environmental Assessment Act,
and concurrently reviewed under the provisions of
paragraph 10 of the Administrative Procedures approved
under the EPIP Act (EPIP Administrative Procedures).

1.7 SCOPE OF WORKS UNDERTAKEN FOR
PER

1.7.1 Investigations
Since the time of the previous environmental assessment,

the following impact assessment studies have been
undertaken to update the baseline information of the
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existing environment and identify potential impacts
associated with the expanded project:

e an updated atmospheric emissions inventory for the
proposed expanded project;

o areview of Greenhouse gas emissions, best practice
management options and offsets review and
assessment;

e an assessment of the safety risk to the public of the
increased plant capacity and increased shipping
movements;

e avisual impact assessment of the new plant layout;

e an analysis of wastewater discharges and

management options;

e an investigation of dredging and spoil disposal
management requirements;

¢ additional archaeological studies on Wickham Point;
o noise modelling of the expanded facility;
o revised social impact assessment of the project;

e an onshore and offshore geotechnical/geophysical
survey;

e an ecological impact assessment, including
investigation of options for mitigating any loss of
dry rainforest at Wickham Point; and

e asustainability assessment of the project;

The outcomes of the above investigations are
summarised in detail in Section 4 of this report.

1.7.2 Consultations

During the preparation of the Draft PER, the Proponent
consulted the following organisations regarding the
proposed expanded LNG project:

¢ NT Department of Lands, Planning and
Environment (now Department of Infrastructure,
Planning and Environment, DIPE)

e NT Department of Mines and Energy (now
Department of Business, Industry and Resource
Development)

e  NT Parks & Wildlife Commission (now DIPE)

o  Environment Australia

e Australian Greenhouse Office

e NT Department of Transport and Works (now
DIPE)

e  Darwin Port Corporation

e NT Department of Primary Industry and Fisheries
(now Department of Business, Industry and
Resource Development)

e  Civil Aviation Safety Authority

e Territory Health Service (now Department of Health
and Community Services)

e NT Herbarium.

The assistance of these stakeholders is acknowledged in
Section 6.1 of this report.
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2. PROJECT DESCRIPTION

2, PROJECT DESCRIPTION
2.1 INTRODUCTION

This section describes the proposed project, including its
major components and their construction and operation
phases, taking into account changes from the project
description previously outlined in the original Draft EIS
and Supplement (D&M 1997, 1998a).

This section describes the project in sufficient detail to
enable the reader to understand what will be constructed,
where it will be constructed, how it will be constructed
and how it will be operated on completion of
construction. Waste products and materials generated
during both the construction and operation phase are also
described. The section concludes with comments on the
final selection of Wickham Point over other alternative
locations in the Darwin region as the preferred site for
LNG manufacturing facilities.

The purpose of the LNG plant is to receive natural gas,
via the Bayu-Undan to Darwin pipeline. This offshore
pipeline was previously assessed and approved. The
pipeline will terminate at Wickham point as shown in
Figure 1.3. The gas will then flow through a “pig”
receiver. This receiver is designed to allow the isolation
and removal of special pipeline equipment, commonly
called “pigs”, that are sent through the pipeline for
maintenance and/or inspection purposes. The gas will
then go through metering facilities, which measure the
gas received onshore for use in pipeline monitoring and
gas sales accounting. The metering facilities will also
have equipment to heat, filter, and remove any trace
liquid if required to meet gas delivery requirements for
both the LNG plant and the needs of the domestic gas
users. The installation of these heaters is a change from
the previously assessed 3 MTPA project and the
emissions associated with such are further discussed in
Section 2.5.4.1. The gas from the metering facility will
then flow to the LNG Plant and also to a pipeline that
will leave Wickham point for delivery to domestic gas
users.

The gas to be processed into LNG will use the Phillips
Optimised Cascade LNG process. An overview of this
process is provided in Figure 2.1. This process is based
on the LNG technology used in Phillips’ Kenai LNG
Plant. This facility has been operating over 30 years and
was the world’s second commercial LNG project and the
first to export LNG to Japan. This process was also
selected for the Atlantic LNG Project in Trinidad. This
plant started up in June 1999 and currently has two
expansion trains under construction and a fourth under
design. Prior to export to overseas markets by a
dedicated fleet of specially constructed LNG tankers, the
processed LNG will be stored onsite. As part of the
processing, small volumes (up to 100 barrels per day) of
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condensate will also be produced and either consumed in
various local fuel-based markets or exported from the
LNG jetty.

Section 1.5 details the key changes to the current LNG
project from that previously approved by regulatory
authorities in 1998. The following section therefore
focuses on the current project description. The reader is
encouraged to refer to the NOI submitted by the
Proponent in May 2001 (included as Appendix B) for
additional details on the difference between the 3, 9 and
10 MTPA plant inputs and outputs. These are also
addressed at the beginning of Section 4.

2.2 MAJOR COMPONENTS OF CURRENT
PROPOSAL

The proposed project for which approval is sought will
involve construction and operation of the following
major components (Figure 1.3):

e a multiple-train LNG plant of up to 10 MTPA
capacity which comprises:
- gas processing facilities to remove impurities
and refrigerate the natural gas,
- product storage tanks,
- plant infrastructure and utilities;

¢ aloading jetty on the west side of Wickham Point in
Middle Arm of Darwin Harbour to transfer product
to tankers for shipping to market;

e a construction dock on the north-east side of
Wickham Point in East Arm of Darwin Harbour for
transfer of building materials and heavy equipment;

e a dedicated fleet of large ships to transport LNG
from Wickham Point to global markets; and

e an inlet metering station to meter and condition a
portion of the incoming gas stream for domestic
natural gas sales.

The following subsections provide a technical
description of each of the above components, followed
by a description of the construction programme. A
description of how the facilities will be operated and the
waste materials generated completes this section of the
report.

23 DESCRIPTION OF MAJOR
COMPONENTS

2.3.1 Inlet Metering Facility

An inlet metering facility will be installed to receive
natural gas from the offshore pipeline to Wickham Point.
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2. PROJECT DESCRIPTION

A pipeline pig receiver will be located in the metering
facility for wuse during any pipeline maintenance
activities. The pipeline is expected to operate liquid free,
however a small liquids knockout drum will be provided
to collect any liquids that may be carried by the gas. Any
liquids (condensate) collected from the gas stream will
be combined with other condensate produced within the
plant. The facility will also contain filters to remove any
particles from the gas and custody transfer meters to
measure the rate of gas flow. The facility will also
contain inlet gas heaters to warm the gas when needed to
avoid freezing and hydrate formation when the gas
pressure is reduced.

The gas from the metering facility will be delivered to
the LNG plant and also to a pipeline for delivery to
domestic gas users, therefore providing two alternative
routes for the pipeline gas.

2.3.2 LNG Plant

Two LNG trains are premised to liquefy natural gas
(Figure 1.3, items 9 & 10) and produce a nominal
capacity of 10 MTPA for the facility.

2.3.21 Gas treatment

After the gas is metered it will enter the gas treating
section to remove components within the gas stream that
are detrimental to the natural gas liquefaction process.
These components are primarily carbon dioxide,
hydrogen sulphide and water.

First, the gas is contacted with an aqueous solution of
amine to remove carbon dioxide, and small quantities of
hydrogen sulfide and other sulfur components contained
in the gas (collectively called acid gas). The acid gas is
absorbed by the amine solution. The acid gas (mostly
CO,) is then stripped from the amine solution in a
stripper and then incinerated for abatement of any
hydrocarbon or sulfur compounds in the stream. If the
carbon dioxide is not removed, it will solidify during the
LNG liquefaction process.

After the gas leaves the amine treating section it goes
through the first stage of gas chilling that also condenses
out some water. The gas then enters a three-bed
molecular sieve system to remove the final traces of
water. Any water collected is sent to the wastewater
treatment system. Any hydrocarbon liquids removed are
further processed and stabilised within the facility.

The final gas treating step uses two activated carbon beds
to remove trace amounts of mercury which may be
present to prevent any potential corrosion/damage on
brazed aluminum heat exchangers located downstream in
the process.
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2.3.2.2 Liquefaction

The gas is subsequently fed to the refrigeration system
where it is liquefied as the LNG product. The
refrigeration or liquefaction system uses the Phillips
Optimised Cascade LNG Process. Figure 2.1 is a process
system layout with the path of the gas flow highlighted
to assist the reader in visualising how the gas is
processed in the individual plants.

There are three refrigerants (propane, ethylene and
methane) used in the liquefaction systems to cool the gas
step by step to -160 °C. These refrigerants are optimally
cascaded to provide maximum LNG production utilising
all of the available power of the gas turbine drivers,
thereby maximising energy efficiency. Each of the three
refrigeration systems uses two 50 percent or three 33
percent capacity refrigerant turbine compressor sets with
common condensers, chillers and accumulators. Each of
the compressors is driven by a gas turbine. The plant will
use air fin coolers, instead of a cooling tower, for the
heat removal requirements of the liquefaction process,
and therefore will not require cooling water.

2.3.2.3 Product storage

LNG produced from the liquefaction process is stored in
three double containment storage tanks. Two tanks will
be of 100,000 m® capacity each, and the third tank will be
of 160,000 m’ capacity. The storage system includes
product pumps for ship loading and a boil off compressor
for handling the vaporising LNG.

In the previously approved 3 MTPA project described in
the draft EIS and supplement, LPG and condensate
removal was premised at the LNG facility. Subsequent to
the conclusion of the EIS for the 3 MPTA facility the
decision was taken by the Bayu-Undan participants to
recover these products at the offshore production and
processing facilities. Consequently for the current 10
MTPA proposal, only relatively small amounts of
condensate and no LPG are now expected to be
recovered at the LNG facility.

For comparison purposes, current expected condensate
volumes are approximately 19.8 tonnes/day for the 10
MTPA facility compared to 400 tonnes/day discussed
and approved in the draft EIS and supplement for the 3
MTPA facility. A storage tank provides approximately
one week of storage for stabilised condensate product
that may be produced. The location of the storage tank
facilities is shown in Figure 1.3 (item 31). Disposal of
this condensate will be either through a truck loading
station for delivery to local markets or through the LNG
loading facility onto a tanker for delivery to overseas
markets.
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2.3.3 LNG Shiploading Facilities

A shiploading facility will be constructed, as shown in
Figure 1.3, to transfer LNG and small volumes of
condensate produced by the plant to vessels for shipment
to markets. The following criteria were used to determine
the length and orientation of the loading jetty facility:

o ensuring safe and reliable access for marine vessels
to service the site;

e minimising the extent of dredging to reduce level of
environmental impact and dredging costs;

o avoiding seafloor features that might complicate the
design, construction or operation of the facility; and

e avoiding disruption of other marine traffic, both in
the deep draught channel and nearshore waters.

The facility is proposed to comprise a 925 m long rock
fill groyne abutting the shoreline, with an adjoining open
piled trestle structure, approximately 500 m long, leading
to a pile-supported (36 m by 16 m) loading dock. The
loading dock and associated facilities are described in
detail in Figures 2.2 and 2.3. A minimum 600 m
diameter vessel turning basin and 400 m by 70 m
berthing pocket will be established at the head of the
loading facility.

2.3.4 Construction Dock

A construction dock [Figure 1.3 (item 16) and
Figure 2.4] is required to receive heavy equipment, pre-
fabricated process modules and possibly plant personnel.
The facility will comprise a 20 m wide (width at top)
rock fill groyne, extending approximately 470 m to the
north-east of the plant site into the East Arm, and a rock
fill dock approximately 50 m wide and 30 m deep. A
200 m by 40 m berthing pocket, and an approach
channel approximately 1 km long by 70 m wide dredged
to — 6 m AHD will be provided.

The frequency of arrivals at the dock will vary
throughout the LNG plant construction period. The dock
may continue to be used at low frequency during the
operational phase of the plant.

2.3.5 LNG Tankers

LNG will be transported from Wickham Point to world
gas markets via purpose-built tankers dedicated to the
project (shown in Plate 1, see page 2-14).

All LNG tankers are of a double-hull design and their
cargo containment systems are classified as either a
membrane or self-supporting design. The self-supporting
design consists of the most recognisable LNG tanker
feature, i.e. a spherical tank profile as used on the North
West Shelf LNG project. This design also includes the
prismatic LNG tanker used by Phillips’ Kenai LNG
project in Alaska.
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The LNG tanker design used by the Phillips Kenai LNG
plant is shown in Figure 2.5. Each ship carries liquefied
natural gas in four tanks using the IHI Self-Supporting,
Prismatic Tank, Type B containment system. Each tank
is constructed from heavy aluminium plate fabricated to
a prismatic shape, allowing each tank to match the form
of the ship’s hull. All of the tanks contain a complex
system of inner structure that absorbs stress fluctuations
resulting from wind, wave, cargo load and temperature
changes. A longitudinal and lateral ‘swash’ bulkhead is
integrated into the structure of each tank to help prevent
sloshing of the LNG, especially while the ship is in a
partially loaded condition.

Gas evaporation, or ‘boiloff’, is collected, compressed
and used as fuel in the ship propulsion system. Fuel
requirements in excess of this natural ‘boiloff’ can be
supplied by fuel oil or by forced vaporising of the LNG
cargo.

The LNG tankers will probably have a draught of 11.5 m

and be between 260 and 290 m in length with a carrying
capacity of up to 145,000 m’.

24 CONSTRUCTION OF MAJOR
COMPONENTS
241 Construction Programme and Schedule

The construction phase of the project will involve major
engineering projects as follows:

1) clearing of the plant site and construction of the
plant components;

(i1) construction of LNG storage tanks, and

(ii1) construction of the ship loading facility and
construction dock, plus associated dredging and
spoil disposal.

Figure 2.6 provides the current schedule for engineering,
construction and initial operations of the new 10 MTPA
LNG facility.

Prior to commencement of works at the site, the environs
of the major plant components will be surveyed in detail
to provide accurate topographic and bathymetric charts
of the work site.

The access road to be constructed by the NT Government
will enable construction equipment, materials and
personnel to be readily transported to the site. A pipeline
to carry fresh potable water to the site will be constructed
by the NT Government, and will link into the Northern
Territory Power and Water Authority (PAWA) supply
system. Once the site has been cleared, the construction
dock will be installed and a temporary electricity supply
from PAWA will be obtained.
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2. PROJECT DESCRIPTION

Dredging of the approach channel to the construction
dock and minor dredging in the turning basin for the
loading jetty will also be undertaken early in the
construction programme.

After site preparation, the LNG plant will be constructed.
Construction of the LNG tanks, LNG trains, utilities,
storage and loading system, product shiploading facility
and flares will occur during this phase.

The final phase of construction is the start-up and
commissioning of the project facilities. The utilities are
started up first, followed by the LNG train, then the storage
and loading facilities. Start-up and commissioning overlaps
the operational phase.

Construction of each LNG train and associated support
facilities will take approximately three years. The actual
plant construction schedule will be dependent on the
LNG market conditions. First delivery of LNG is
expected in early 2006.

Most of the construction work will be performed during
the day, but in rare instances work will be performed at
night where necessary.

2.42 LNG Plant

2.4.21 Site preparation

The plant site has been located to minimise the amount
of earthworks, as well as to utilise the western ridge to
shield it from view from Darwin. The plant elevation
will be determined (subject to the minimum elevation
required to prevent flooding of the site) so that cut and
fill ratio are equal, and hence it is anticipated that there
will not be a requirement for fill to be trucked in to the
site. Preliminary earthwork calculations indicate that the
required volumes are: 1,600,000 m® of ‘cut’ and
1,000,000 m* of “fill’, excluding the jetty groyne. Thus
the ‘fill’ requirement is less than the ‘cut’. Excess cut
will be disposed of on site by terracing the laydown
areas and/or used in the jetty groyne construction. It is
unlikely that sufficient stone of suitable quality will be
available on site to provide the armour stone for the jetty
groyne, therefore it is proposed to import armour stone
to the site from local quarries.

Because of the hilly nature of the site, significant rock
excavation will be required. The preferred method of
excavation will be via the use of typical earthmoving
equipment, such as excavators and bulldozers. Blasting
will only be pursued, with appropriate safety and
environmental protection, as a final option.

In recognition of the ecological value of the dry
rainforest vegetation on the site (refer Section 3.3.3), the
plant layout has been designed to minimise loss of this
vegetation community. The area to be cleared has been
restricted to some 88.3 ha. This represents a 32 percent
increase from the 66.8 ha clearance approved under the
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3 MTPA EIS process. The entire area within these limits
(refer Figure 1.3) will be cleared of all materials,
including trees, downed timber, brush and rubbish, at or
above the natural ground surface. This material will be
disposed of as appropriate (refer Section4). Trees
outside of the project limits will remain and be protected
during construction.

It is also anticipated that there will be no need to remove
in situ mangrove mud for disposal offsite. Mud layers
are relatively thin (1-1.5m) and, as such, can be
squeezed out from under surcharged fill using the mud
wave technique. None of the mangrove areas reclaimed
in this manner will bear major loads requiring stable
foundations.

Once the site has been levelled, it will be graded to
contain runoff and direct it to appropriately constructed
drains after first passing through silt traps to control
input of sediment-laden water to the harbour.

2.4.2.2 Construction workforce

Construction of the total capacity LNG plant and
supporting facilities will create an estimated demand for
up to approximately 1,600 skilled and unskilled workers
in peak periods. The various phases of construction are
expected to last for a total of approximately three to four
years. Many of the construction jobs will be associated
with a particular phase of work and thus will not last for
the entire construction period. Figure 2.7 shows the
buildup of the construction workforce for this project for
the staggered construction of two LNG trains. It is
estimated that 25% of the workforce will be obtained
from the Darwin area with the remaining 75% being
sourced from outside Darwin.

The construction workforce will be housed in existing
accommodation available in Darwin and transported to
and from the site each day either by buses or by ferries
from Darwin Harbour. If necessary, a construction camp
will be established.

2.4.2.3 Utilities required during construction
phase

Water: It is anticipated that PAWA will supply the site
with 80 m*/hr of fresh/potable water through a 15 cm
line during the construction phase of the plant.

Electricity: Early during construction, the contractor
will tie into the PAWA local utility grid, and PAWA will
supply the site with 4 megawatts of power.

Communications: It is envisioned the Telecom-
munications Services of the Northern Territory will
supply local phone communications, to be supplemented
with cellular telephones, marine radios (ship-to-shore)
and hand-held UHF/VHF radios for field usage.
Subcontractors will be required to establish a compatible
communication system.
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2. PROJECT DESCRIPTION

Fuel storage: During the construction phase, diesel fuel
will be used for pumps, generators, compressors and
earthmoving equipment. The diesel fuel will be stored in
tanks or drums that will be provided with impervious
berms, and synthetic liners will be used underneath the
tanks and drums to prevent contamination to the ground
or surface waters. Sand or other absorbent materials will
be used to collect small leakages and sumps will be
strategically located to contain any large spills in the
unlikely event that they should occur.

Fencing: The plant site will have perimeter fencing and
manned entrance and exit gates. The fence will be
approximately 1.83 m high with barbed wire on top.

Temporary facilities: Temporary construction facilities
to support all phases of construction will include the
following:

. guard house;

. personnel/briefing/induction facility;
. site construction offices,

. field offices,

. warehouse,

. customs clearance/receiving office,

. Dbatch plant and material yard,

«  bulk materials laydown yard,

. vehicle and equipment repair shops,
. vehicle and equipment parking areas;
. medical facility;

. portable toilets; and

. fire fighting equipment storage.

Some of these facilities may be incorporated into the
permanent plant facilities. Those not converted for use
during operations will be removed from the site.

2.4.2.4 Construction of facilities

Once the plant site surface has been graded, compacted and
stabilised, construction of permanent facilities will
commence. This will include:

. administration building,

. warehouses and laboratory,

. power generation equipment,

. process plant,

. storage tanks for LNG and condensate,
. safety systems and ground flares,
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«  ship loading pumps and piping.

The proposed location of these and other facilities within
the plant site is shown on Figure 1.3.

Construction standards/design principles

Generally, where an appropriate Australian Standard
exists, then it shall be used in preference to an
International Standard, with the latest edition of the code
or standard being used, including addenda, supplements,
or revisions at the date of the commencement of detail
design, will be used unless specifically agreed otherwise.

Many areas of the design will not be covered by an
appropriate Australian Standard. Where no applicable
Australian Standard exists, then the appropriate
American or International Code, Standard, or
Recommended Practice will be specified and enforced.

Where conflict exists between Codes and Standards the
descending order of precedence shall be as follows:

«  Northern Territory Legislation

«  Australian Statutory Requirements.
« Australian Codes and Standards

«  American Codes and Standards

. International Codes and Standards
«  Project Specifications

The minimum plant, elevation will be set by a detailed
hydrodynamic study that will consider storm tide level,
including allowances for cyclone wave set up,
astronomical tide, and wave run up against the rip-rapped
embankments. Above this elevation, the plant elevation
will be set by the desire to balance cut and fill to minimise
the need for importing fill or disposing of excess cut. It is
expected that this will result in a final plant elevation of
between 6.5 and 7 m above AHD.

A seismic study of the area has been conducted. Based on
this information, the civil/structural design will be Unified
Building Code Zone 1 or Zone 2b.

2.4.2.5 Construction wastes

Construction waste will be divided into hazardous or
non-hazardous in accordance with applicable Northern
Territory regulations. Examples of typical construction
waste are shown in Table 2.1. Treatment and disposal of
these wastes are described in Sections 4 and 5.
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2. PROJECT DESCRIPTION

Table 2.1

Typical Construction Waste Classifications

Waste

Classification

Construction debris contaminated by oil or organic compounds

Hazardous

Empty drums

Non-hazardous if triple rinsed

Empty paint and coating containers (water-based without metals)

Non-hazardous

Empty paint and coating containers (oil-based without metals)

Hazardous

Aerosol containers

Non-hazardous if empty and depressurised

Trash (waste paper, plastics, cardboard, etc.)

Non-hazardous

Wood and scrap metal

Non-hazardous

Dryland and mangrove vegetation

Non-hazardous

Marine muds

Non-hazardous

Spent oils

Hazardous

Excess fill

Non-hazardous

Domestic garbage and food waste

Non-hazardous

Domestic wastewater

Non-hazardous

2.4.3 Ship-loading Facilities and Construction
Dock

The characteristics of the ship loading facility and
construction dock have changed slightly from the
previous proposal. Information is presented here for
completeness of information.

The rock groyne is not anticipated to adversely affect
coastal processes and harbour hydrodynamics as it will
be constructed in line with an existing rocky promontory
which is exposed at mid tide level (Plate 2). The effects
of the groyne structure on hydrodynamics have been
investigated in the previous (1997) EIS (refer
Section 7.2.3.2 and Appendix E in D&M 1997), and
shown to be minimal.

The groyne will be constructed with 2:1 sloping sides,
and a crest width of 13 m, and will comprise
approximately 430,000 m* of rock and earth fill
protected by 80,000 m® of armour stone. The earth fill
material will come from on-site cut and armour rock will
be sourced from an existing off-site quarry. The groyne
will gradually extend from the shore out toward the jetty.

The trestle structure will comprise a concrete deck
supported on steel beams, with a two-tiered steel pipe
rack, all supported by steel pile caps on tubular steel
piles. The loading dock will be a pre-cast concrete deck
on steel framing, supported by tubular piles. Mooring
and breasting dolphins will comprise vertical steel piles,
connected to the loading dock by long-span lattice type
steel catwalks. The length of the trestle structure has
been reduced from 550 m to approximately 500 m and
the length of the rock groyne has been reduced from
1000 m to approximately 925 m as a result of a review of
recent bathymetry information that allows this reduction

D AR WTIN L NG P L ANT

in length with no significant changes in dredging from
the original EIS.

Plates 3 and 4 show the intertidal area on which the
construction dock is to be built. The dock will comprise
a bulkhead of steel sheet piles backfilled with
approximately 300,000 m’ of earth fill and armour stone
to form a rubble mound groyne. The sources of armour
material will be the same as those for the groyne section
of the shiploading facility.

Dredging of the approach channel to and the berthing
pocket for the construction dock is anticipated to
produce approximately 145,000 m® of similar material.
An additional 30,000 m’® of material will be removed by
dozer for the landward penetration through the
mangroves. These volumes represent no significant
changes from the original EIS.

Detailed bathymetric survey of Middle Arm undertaken
for this project indicates that sufficient depth exists to
allow unhindered access to and from the shiploading
facility even at low tide for vessels of 11.5 m draught.
Middle Arm channel is about 20 m deep on average.
Hence capital dredging of approaches to the jetty
through Middle Arm is unlikely. Ongoing discussions
with Darwin Port Corporation confirm preliminary
indications that the loading facility berth is unlikely to
require maintenance dredging.

A cutter-suction dredge will be used for all dredging.
The Darwin Port Corporation has previously expressed
interest in taking dredge spoil for disposal as landfill at
the East Arm port development. The proponent supports
this approach, however if this is not timely or feasible,
application will be made for sidecasting of the dredged
materials.
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2. PROJECT DESCRIPTION

25 OPERATION OF PROJECT
2.51 Operation Phase Activities

Operation of the project will basically involve the
treatment of the gas to remove hydrocarbon liquids,
water, carbon dioxide and other impurities, then
liquefaction of the gas to produce LNG which will be
stored in tanks at the plant site (refer Section 2.5.2.4).
This treatment process will produce some atmospheric
emissions (principally carbon dioxide) and low volumes
of wastewater. Further detail is provided below.

252 LNGPlant

2521 General

The LNG plant will be designed for continuous 24 hour
operation. The only planned shutdown of the plant will
be for routine maintenance on the plant equipment and
for periods coordinated with required maintenance of the
LNG tankers. Availability of the plant for both scheduled
and unscheduled maintenance is expected to be over
93%. During periods of unplanned shutdowns, scheduled
maintenance and ship loading, some gas flaring will
occur.

Upon completion of the pipeline and the transfer of the
first gas from the Timor Sea fields, the LNG plant will
start up in a step-wise process. Typically, the first
systems started in the plant will be the utility systems
followed by the refrigeration compression. Natural gas is
then introduced into the system for liquefaction.

To ensure the safe startup and operation of the plant, a
comprehensive  operational  safety =~ management
programme will be pursued to ensure the overall
effectiveness of hazard control through all stages of

activity. The primary elements of this programme will
be:

(N site operating procedures;

2) personnel training;

3) emergency procedures;

4 pre-startup safety review; and
(5) regular audits and reporting.

Site operating procedures will be written to identify
personnel responsibilities and to document start-up,
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normal and abnormal operations, and shutdown
situations. Personnel training will utilise the framework
of a computer-based training system. Emergency
procedures will be prepared for plant control action
required to achieve safe holding and shutdown
conditions, and to ensure the safety of personnel. The
pre-startup review will be structured to ensure that all
construction meets intended specifications, written
safety, operating, maintenance and emergency
procedures, and that these specifications and procedures
are in place and the training of personnel has been
completed.

A safety policy and procedure manual will be prepared
for the Darwin LNG plant. The safety policies and
procedures will be subject to periodic audits and reviews
to ensure continued effective performance, with audit
findings being contained in written reports. Any
hazardous incident which may occur will be investigated
to establish the factors contributing to its cause, and
recommendations made for any necessary changes to
procedures and practices.

2.5.2.2 Workforce

A 10 MTPA LNG plant will be operated by a workforce
of up to 120 full-time personnel. The workforce will
consist of approximately 40 personnel in plant operation,
50 supporting plant maintenance, and the remainder as
technical and administrative support. It is anticipated that
plant personnel will live in the Darwin/Palmerston
vicinity and access the plant primarily via the Channel
Island road.

2,5.2.3 Utilities

Utility requirements of the plant include potable water,
electricity, fire protection, communications and fuel
storage. Most of the utilities consumed in the LNG
facility will be produced within the limits of the plant.
Similarly, most of the wastes produced in the LNG
facility will be treated within the limits of the plant.

Water:  During the operations phase, plant water
requirements will be less than 12 m*/hr. It is premised
that the Northern Territory PAWA will continue to
supply water after the construction phase is complete.
Water requirements are shown in Table 2.2.
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2. PROJECT DESCRIPTION

Table 2.2 Water Requirements of the LNG Plant during the Operational Phase
User Requirements, m®/hr
Potable water 6.7
Process water 25
Fire water flush 1.0
20% margin 20
TOTAL 12

Note: The current design basis is using hot oil in the Waste Heat Recovery System. Phillips is evaluating
an option of generation of steam instead of using hot oil. If a steam generator (boiler) is used, additional 4

m’/hr water will be required for make-up.

Electricity: n the present design, electricity is generated
by gas turbine generator sets installed within the LNG
plant area. Up to 45 megawatts of installed electrical
generation capacity will be required for a full 10 MTPA
LNG facility. Phillips is discussing power supply inter-
relationships and cooperation with the Northern Territory
PAWA. Emergency power generation within the plant will
be from additional diesel-driven generator sets which
produce 400 Volt power from diesel engines. The
emergency power will be sufficient for a safe and orderly
shutdown and operation of critical utilities as well as for
bringing the facility back into production.

Fire Protection: The Fire and Safety System includes
several parts. The primary system is the firewater system
which includes water storage, a pumping facility and an
underground distribution loop which includes hydrants,
monitors, hose reels, deluge systems and a sprinkler
system. One Hi-ex foam system for the LNG impoundment
area has been provided. Combustible gas and hazardous
gas detection systems, as well as low temperature detectors,
are incorporated into the layout design to facilitate rapid
response to any uncontrolled release of dangerous
materials.

The plant layout philosophy maximises the use of passive
protection in the form of equipment spacing and drainage
of possible liquid spillages away from critical equipment.
Active measures such as fire and gas detection, a fire water
system and over-pressure protection are included in the
design.

Communications: As for the construction phase, the
Telecommunications Services of the Northern Territory
will supply local phone communications, to be
supplemented with cellular telephones, marine radios
(ship-to-shore), and hand-held UHF/VHF radios for field
usage.

Fuel Storage: Natural gas will be used as a combustion
source for major equipment during plant operations.
Diesel used for firewater pumps and emergency
generators will be stored in the Diesel Storage Tank with
a capacity of 40 m’. The tank will be provided with a full
containment dyke to hold both the entire contents of the
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tank and a 24 hour rainfall event anticipated once per 25
year return period.

Effluent Treatment: The facility includes effluent
treatment for both the process wastewater streams and
potentially contaminated stormwater. Process wastewater
and contaminated stormwater will be routed to a
corrugated plate interceptor (CPI) oil/water separator unit
for removal of oil and grease and suspended solids.
Treated effluent will be routed to an irrigation system for
landscaping. A separate treatment package has been
provided for treating sanitary wastes. Treated effluent
from the sanitary treatment plant will be dechlorinated
and will be used for irrigation of the landscape. Holding
tanks will be provided to ensure that the treated effluent
is safe for using for irrigation or ocean disposal. In the
unusual event that onshore irrigation is unavailable, the
treated effluent from the CPI oil/water separator will also
be routed to a discharge point on the trestled portion of
the jetty.

Additional Utilities/Support System Description

The Flare and Relief System will dispose of waste
gases and emergency vents from the process and utilities.
The system is composed of several parts: a ground flare
of size 375 m long x 70 m wide, consisting of a wet and
dry flare to burn hydrocarbon releases from the LNG
Plant; and a marine flare (13 m high) which combusts
vapours displaced from the ships’ tanks during initial
loading periods. The ground flares will be provided with
a wall constructed out of fire resistant material for
protecting plant equipment and personnel from heat
radiation.

The marine flare will operate each time an LNG tanker
comes in warm after its annual maintenance from the dry
dock for approximately 12 hours duration while the
onboard LNG tanks are cooling down. Also, two hours
of purging to the marine flare is expected when the
tanker arrives in cold. The ground flares are anticipated
to operate less than 108 hours/year (see Section 2.5.4.1).

The Refrigerant Storage System provides storage
volume for refrigerant make-up to the process as well as
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de-inventory volume for the process loop during
maintenance. Two separate systems, one for ethylene
(vacuum jacketed and pressurised) and one for propane
are included.

Miscellaneous Storage is provided for several other
fluids used by or available to the process such as diesel
fuel and Iube oil.

A Fuel Gas System is provided to supply natural gas to
high pressure users such as refrigerant turbines and
power turbines, and low pressure users such as the start-
up fired heaters and flare systems.

A Hot Oil System is used as the heating medium for the
amine system as well as the stabiliser for heavies removal.
This is a closed loop circulation system with four waste
heat recovery units installed on four refrigerant turbines
exhaust. One fuel gas fired heater is provided for start-up
and as a spare unit.

Compressed air is supplied from two motor driven air
compressors and an emergency diesel driven compressor.
The air is cooled and dried to a —54 °C dew point.

Nitrogen is provided (99.95% pure) from a package unit
which includes a pressure swing absorption (PSA)
production unit with independent liquid nitrogen storage
and vaporisation for header pressure maintenance.

2.5.2.4 Storage

LNG will be stored in three double containment storage
tanks. Two tanks will be of 100,000 m® capacity each
and the third tank will be of 160,000 m® capacity. Each
tank will comprise an inner container fabricated from 9%
nickel-steel surrounded by approximately 1 m of perlite
insulation, contained within an outer steel reinforced
concrete wall. The inner tanks will contain the LNG
product at its boiling point of -161£5 °C at a pressure
slightly above atmospheric. No refrigeration will be
necessary. Heat leakage (minimised by insulation) will
produce a small amount of boil-off gas which will be
recovered.

LNG will be held in the storage tanks until it is
transferred to the loading facility for loading into ships
for export. The LNG will be pumped from the tanks via
pipework connections through the roofs using in-tank
pumps (three per tank with one spare) to obviate the need
for any sidewall penetrations.

In addition to LNG, a number of other potentially

hazardous products and chemicals will be stored in bulk
at the LNG plant.
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The characteristics of the potentially hazardous
substances handled/stored at the facility in large bulk
quantities are outlined below. These substances have
characteristics such as flammability or corrositivy that
require special storage and/or handling considerations.

Natural Gas (Feed Gas)

Flammable Asphyxiant Gas

Flash Point: -195°C
Boiling Point: -172°C
Flammable Limits (v/v air): 9% /15.0%
Molecular Weight 16.1

LNG (Liquefied Natural Gas Product)

Cryogenic Liquid, Flammable Asphyxiant
Vapour
Flammable as Natural Gas
Boiling Point: -161.5°C
Molecular Weight: 16.1
Flammable Limits (v/v air): 4.9% /15.0%

Ethylene (Refrigerant)
Flammable Cryogenic Liquid, Flammable Asphyxiant

Vapour
Molecular Weight: 28.05
Boiling Point: -117.94 °C

Flammable Limits (v/v air): 2.75% / 28.6%
Propane (Refrigerant)

Flammable Pressurised Liquefied Gas,
Flammable Asphyxiant Vapour

Molecular Weight: 44.1
Flammable Limits (v/v air): 2.1%/9.8%
Stoichiometric (v/v air): 4.0%

Boiling Point: -42.1°C

Condensate (Product)

Molecular Weight: 80
Flammable Limits (v/v air): 1.1%/7.5%
Reid Vapor Pressure 70 KPa
Auto Ignition Temp. 225°C

Amine Solution (Diglycolamine, DGA)
Pure Component Physical Properties

Boiling Point 221 °C
Specific Gravity 1.057
pH 12.3-13.5

Storage and loading facilities are also provided for the
condensate product. A 5,000 barrel tank will receive the
liquid as it is delivered from the Condensate Stabilizer.
A Lease Accounting Custody Transfer (LACT) Unit
meters and pumps the condensate to a truck loading
station and/or to the ship loading facility.
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2.5.3 Ship Loading Operations

The loading facility will be capable of handling LNG
tankers with capacities of up to 145,000 m’. LNG will be
transferred to the ships via the loading pumps in the
storage tanks and two loading arms, with a separate
vapour loading arm transferring ship vapours to a vapour
recovery system onshore. Methane vapour produced in
the LNG storage tanks due to heat gain, or displaced by
liquid as the tanks are filled, is recovered by the boil-off
compressor and sent back into the liquefaction system.

During ship loading, additional vapours are produced
during the cool down of the LNG ship loading line and
displaced from the ships as they are filled. Some of these
vapours are used to displace the LNG being removed
from the storage tanks during loading. The remaining
vapours will be gathered and compressed by boil-off gas
compressors and routed back to the LNG liquefaction
section for recovery and re-liquefaction. When a ship
arrives warm, which is generally after the ship has gone
through its scheduled maintenance which occurs every
2.5 years, the warm vapours generated during this cool
down process will be more than the boil-off compressors
can handle and these vapours will need to be routed to
the marine flare.

Vessels for LNG loading will enter Middle Arm of
Darwin Harbour and proceed to the loading facility to be
located on the west side of Wickham Point. At ten
million tonnes per annum nominal production, LNG
vessels will arrive approximately every two to three days
for loading and export. Turnaround time for vessels will
be approximately 24 hours, with a product loading
duration of approximately 14 hours. Depending on the
market serviced, each train will require up to eight
dedicated LNG tankers with a total of 80 combined
tanker loads per year per train.

Condensate volumes produced during normal plant
operations are expected to be small, less then 100 bbls
per day. A condensate loading arm may also be
constructed on the loading facility to enable occasional
exports by small tankers.

Tugs will be utilised for berthing assistance and
departure, and to provide sufficient assistance to allow
the vessels to be docked in winds up to 12-15m/s
dependent on wind direction and when the current is less
than 2 knots. Winds over 10 m/s are extremely rare and
currents greater than 1 m/s only occur for periods during
spring tides but are reduced for a sufficient enough time
near high and low water to allow safe manoeuvring of
vessels

There are no tidal constraints for vessel loading since the
natural channel is sufficiently deep to allow unhindered
access at all tides for vessels of 11.5 m draught. Waves
at the port are generated by local winds and are not
likely to affect manoeuvring or berth occupancy. The
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vessel will be required to leave the dock during periods
when cyclonic wind conditions are anticipated.

254 Operation Wastes and Emissions

LNG plants are typically very clean facilities. The plant
will utilise natural gas for energy requirements. A mass
balance for normal operations is presented in Figure 2.8.
It shows that there will be essentially three input streams
of materials to the plant:

1) natural gas from the pipeline which has been
treated to remove liquids and is provided as feed
gas to the plant;

(i1) potable water for domestic, process and
firefighting purposes to be provided by PAWA;
and

(iii) miscellaneous supplies and chemicals required

for the operation and maintenance of the plant.

These inputs will be processed into product (LNG and
stabilised condensate) for export. Table 2.3 presents the
physico-chemical characteristics of the feed gas and each
of the plant products. The process will generate a range
of atmospheric emissions, wastewater discharges, and
solid and semi-liquid wastes for disposal off-site.

Atmospheric emissions and potential wastewater and
solid/semi-liquid waste streams have been estimated and
are summarised below.

2541 Atmospheric and fugitive emissions
The air emissions which are expected to be released by
the plant under normal operating conditions have been

estimated and are presented in Table 2.4.1, and start-
up/upset scenarios shown in Table 2.4.2.

The emissions shown above represent the expected
emissions in an average year for the facility. Vapours
from a cold ship will be sent to the marine flare for the
first two hours during the 14 hour loading process to
both further cool the ship and purge out impurities.
Vapours generated while cooling down a warm ship will
exceed the design limitation of the vapour recovery
equipment as well as contain impurities that must be
purged from the system and will also be sent to the
marine flare.

To minimise air emissions from the LNG facility, waste
heat recovery and additional vapour recovery for the ship
loading vapour has been introduced into the plant design.
The design in the original EIS did not incorporate this
equipment. As mentioned in section 2.5.2.3, discussions
are in progress with PAWA on the potential for PAWA
to supply power to the site. If this occurs, the emissions
shown for the power generation turbines would be
reduced at this site and the same or smaller emissions
instead attributed to the power generated at PAWA’s
Channel Island facility.
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Table 2.3 Physical and Chemical Characterisation of
Feed Gas and the Products of the Plant
Stream Description Feed Gas LNG in Storage Stabilis;go((:jzzgensate

Temperature °Cc 25 -160 43.3
Pressure kPa(a) 5295 103.4 105
Density kg/m3 49.2 463.1 711.6
Helium mol% 0.1 0 0
Nitrogen mol% 3.87 0.06 0
Carbon dioxide mol% 6.11 0.01 0
Methane mol% 79.83 87.31 0
Ethane mol% 8.26 10.34 0
Propane mol% 1.57 1.97 0
I-butane mol% 0.12 0.16 0.03
N-butane mol% 0.1 0.13 0.21
Pentanes Plus mol% 0.02 0.03 99.77

For any power generation equipment installed at the
LNG facility, the use of Dry Low NOx combustors, or
other equipment designed to achieve a similar reduction
in NOx emissions, is proposed. The refrigerant
compressor gas turbines will use a lower btu fuel that by
itself will lower NOx emissions by 30.1% when
compared to using a typical high btu natural gas. The use
of this low btu fuel also improves turbine horsepower
efficiency and therefore reduces overall emissions from
this equipment. Section 4.3.1 further discusses details on
the atmospheric modelling and the various mitigation
efforts undertaken to minimise air emissions from the
facility.

Bechtel also reviewed the available process flow
diagrams (PFD) and process instrumentation diagrams
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(PID) for the LNG plant in order to develop equipment
counts for fugitive emissions estimates (leaks). The
equipment of interest included piping connectors, flange
connections, open ended lines, pumps, valves and other
piping equipment.

The emissions factors used for estimating the fugitive
emissions from the process streams were primarily based
on USEPA publications. These factors are specific for
oil and gas production operations, and were developed
from data gathered from the industry by the American
Petroleum Institute (API) and evaluated by the US
Environmental Protection Agency. The fugitive emission
rates derived for the proposed project, for both the
originally proposed 3 MTPA plant and the current 10
MTPA plant design, are presented in Table 2.5.
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Table 2.4.1 Air Emission Inventory (Base Case)
Source Emission Rate (kg/hour) Total Annual Emission Release (tonnes)
PM SO, NOx CO CO, TOC/CH4 N,O PM SO, NOx CcO CO; TOC/CH,4 N,O

Heaters/Flares
Inlet Gas Heaters (Metering Facility) 0.297 0.020 3.904 3.279 4,996 0.429 0.009 2.599 0.176 34.199 28.727 43,761 3.762 0.081
IAcid Gas Incinerator

Fuel 0.138 0.058 1.819 1.528 2,586 0.200 0.004  1.126 0.475 14.818 12.447 21,069 1.630 0.035

Acid Gas in Feed Gas 15.893 222,540 0 129.480  0.000 0.000 1,812,987 0.000 0.000
Flare Pilots & Purge Gas 0.006 0 0.078 0.065 90.950 0.009 0.000 @ 0.048 0 0.632 0.531 740.9 0.070 0.002
Flares
Marine Flare

a) Warm Ship Cool-down 0.000 33.761 183.7 57,012 69.508 0.116 = 0.000 0 3.241  17.635 5,473 6.673 0.011

b) Cold Ship Cool-down 0.000 72.081 3922 121,723 148.4 0.247 = 0.000 0 21913 119.2 37,004 45.114 0.075
Gas Turbines
Refrigeration Compressor/Turbines 63.855 0 724.8 174.0 295,018 28.735 0.597 @ 520.2 0 5,904 1,418 2,403,455 2341 4.866
(16 Frame 5D's)
Power Generation Turbines
(7 Solar Mars 100S's)

a) Normal Operation w/o Ship Loading 1.616 20.974 41.947 28,313 20.974 0.057 @ 9.391 0 121.9 243.7 164,519 121.9 0.331

b) Normal Operation w/ Ship Loading 1.733 21.875 43.751 30,364 21.875 0.061 @ 4.049 0 51.101  102.2 70,931 51.101 0.143

Total ;| 67.6 16.0 879.2 840.5 762,642 290.1 1.1 537.4 130.1 6,152 1,942 4,559,940 464.3 5.5
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Table 2.4.2  Air Emission Inventory (Start-Up and Emergency Releases)

Source

PM

Emission Rate (kg/hour)
SO, NOx CO CO,

TOC/CH,

NZO

PM

Total Annual Emission Release (tonnes)

SO,

NOx

CO

CO,

TOC/CH,4

NZO

Heaters/Flares
Startup Regeneration Gas Heater
Startup Hot Oil Heater

0.167
1.930

0.011 2.203 1.850 2,818
0.131 25.389 21.327 32,488

0.242
2.793

0.005
0.060

0.064
1.183

0.004
0.080

0.844
15.569

0.709
13.078

1,080
19,921

0.093
1.713

0.002
0.037

Flares

\Wet Flare
Plant Upset

Dry Flare
Plant Upset

Marine Flare
Maintenance

0.000

0.000

0.000

2.141 287.9 1,566 531,041

0.000 241.3 1,313 445,111

0.000 5.489 29.867 9,269

592.6

496.7

11.301

0.985

0.826

0.019

0.000

0.000

0.000

0.026

0.000

0.000

3.454

23.162

3.366

18.795

126.029

18.315

6,372

42,731

5,684

7.112

47.687

6.930

0.012

0.079

0.012

Total ;|

2.1

2.3 562.2 2,932 1,020,728

1,104

1.9

1.2

0.1

46.46

176.9

75,788

63.5

0.1

Case Basis
Wet Flare Source: Plant Feed Gas
Upset
Rate (kg/hr) (25% of design rate)
Emission Duration (hours/year)
Dry Flare Source: Plant Feed Gas
Upset
Rate (kg/hr) (25% of design rate)

Emission Duration (hours/year)

Marine Flare Source: LNG Storage Tank Vapors

Maintenance

Rate, based on tank heat leakage (kg/hr)

(two 100,000 m® and one 160,000 m* tanks)

Emission Duration (hours/year)

Assumed Plant Availability
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222,000
12

186,500

96

3,472

613
93%
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Table 2.5 Comparison of Fugitive Emissions from the 3 MTPA and 10 MTPA Plants
Equipment Type 3 MTPA Plant 10 MTPA Plant
Total Count (approx.) Total Count (approx.)
Connectors 400 880
Flange 5,150 11,340
Open ended lines 0 0
Pump seals 50 100
Valve 1,300 1,900
Other 250 550
TOTAL COMPONENTS 7,150 13,770
Compound Emissions (kg/hr) Emissions (kg/hr)
Nitrogen 0.425 1.105
Carbon dioxide 0.114 0.296
Methane 2.968 7.717
Ethane 0.469 1.219
Ethylene 0.005 0.013
Propane 3.924 10.202
I-butane 0.515 1.340
N-butane 0.576 1.498
Pentane Plus 0.111 0.289
Water 0.401 1.043
Hydrogen sulphide 0.000 0.000
DGA amine 0.201 0.523
I-Pentane 0.252 0.655
N-Pentane 0.162 0.421
Hexane Plus 0.215 0.559
TOTAL VOCs 5.961 15.50
TOTAL HYDROCARBONS 9.398 24.436
TOTAL EMISSIONS 10.34 26.88

2.54.2 Wastewater discharges

Figure 2.9 summarises the sources of liquid waste within
the plant site, their proposed treatment and disposal.
There are basically three liquid waste disposal streams:

clean stormwater runoff from clean parts of the site
will be discharged via drains into the intertidal zone
at selected points adjacent to the site;

(1)

small quantities of semi-liquid/solid materials (such
as sludge and slop oil from the CPI separator) will
be disposed off site at approved facilities

(i)

(iii)

very low volumes of process wastewater, plus low
volumes of utility water from cleaning operations or
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testing of fire fighting equipment, and potentially
contaminated stormwater runoff from the plant
process area, will be routed to the CPI separator for
treatment. Treated wastewater will be routed to an
irrigation system for landscaping.

Low volumes of treated sewage will be pumped to a
sewage treatment plant and treated effluent will be routed
to an irrigation system after dechlorination. Holding
tanks have been provided for the treated effluent to
ensure that the water quality is suitable for irrigation. In
the event of heavy rainfall, the treated effluent may be
discharged to the ocean. The water quality values shown
in Table 2.6 are for normal operating conditions of the
treatment units.
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Table 2.6 Anticipated Effluent Quality
Water Quality Indicators Anticipated Effluent Quality

pH (in standard units) 6.5—-8.5
BODs 20
TSS 20/60 max
QOil and grease 20 (none visible)
Temperature 1°C above ambient
Floatable/settleable matter None
Arsenic None Expected
Cadmium None Expected
Total chromium None Expected
Copper None Expected
Iron None Expected
Lead None Expected
Manganese None Expected
Mercury None Expected
Nickel None Expected
Silver None Expected
Zinc None Expected
Acute toxicity None
Coliforms <400 MPN

Note : MPN = Most Probable Number

2.5.4.3 Solid and semi-liquid wastes

Sources of solid wastes in the LNG plant are:
administration and office buildings, plant area, amine
and dehydration units, sewage treatment plant,
demineralisation unit, CPI separator, hot-oil system and
mercury removal catalyst units (Table 2.7).

Wastes generated in the LNG plant are classified as
hazardous and non-hazardous in accordance with
Northern Territory’s “Waste Management and Pollution
Control Act”, December 2000. Non-hazardous wastes
sanitary sludge, demineralisation sludge, molecular sieve
waste, and trash. Hazardous waste may include spent
solvents, waste lubricating oils, spent oils, oily sludge,
and mercury contaminated carbon beds. It is anticipated
that the above wastes can be disposed of safely within
Australia.

2.6 CONSIDERATION OF ALTERNATIVE
SITES

As part of the original environmental assessment in
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1997, Phillips undertook a detailed review of a range of
alternative sites for the location of the LNG plant. The
selection process examined sites near Darwin and on the
Island of Timor:

e Four sites on Timor Island:

(1) Kupang;

(2) Suai on the south coast of East Timor;
(3) Vikeke on the south coast of East Timor;
(4) east coast of Roti Island, and

e Four sites in the Darwin area of the Northern

Territory:

(1) Point Margaret, on Cox Peninsula, west of
Darwin;

(2) Glyde and Gunn Points, to the north-east of
Darwin;

(3) Masson and Raft Points, on Cox Peninsula,
west of Darwin;

(4) Wickham Point, on Middle Arm Peninsula in
Darwin Harbour.
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Table 2.7

Comparison of Anticipated LNG Plant Solid Waste Generation from the
3 MTPA and 10 MTPA Plants

Type of Solid Wastes Sou;t\:lgsc:fe:olid Classification 3 MTPA :uantlty kglyr
ant 10 MTPA Plant
Waste lubricating oils Plant area Hazardous 8,300 16,000
Spent oils Hot-oil system Hazardous 950 1,500
Cellulose Plant area Non-hazardous 1,020 2,000
Biological sludge Sewage treatment plant | Non-hazardous 4,000 5,000
Inorganic sludge Demineralisation unit Non-hazardous 200 400
Oily sludge CPI separator Hazardous 40,000 60,000
Spent solvents Plant area Hazardous 100 200
Ceramic balls Dehydration unit Non-hazardous 3,100 5,500
Molecular sieve waste Dehydration unit Non-hazardous 35,380 72,000
Mercury-contaminated | Mercury removal unit Hazardous * *
carbon beds
Trash Plant area Non-hazardous 50,000 80,000
Note: *  The carbon utilised for mercury removal has sulphur impregnated in the pores of the carbon granules. Based on

preliminary testing of the Bayu-Undan gas, the amount of mercury that would accumulate over the life of the project
would be approximately 3.3 kg/yr. This would equate to a 20 year life for a single carbon bed (which contains some
24,000 kg of carbon) and the current LNG plant design includes two such beds. In addition, it has been the experience
of a leading carbon supplier that the carbon does not test hazardous for mercury based on the United States EPA test
method for toxicity and meets current standards for disposal in industrial landfills.

The sites were evaluated qualitatively on the basis of the
following site selection criteria:

the location of an LNG plant at the site must be
environmentally acceptable to the public and
government authorities;

the proposed site should be within an area zoned or
considered by government to be acceptable for
industrial development to facilitate granting of the
necessary approvals;

there should be no impediments to obtaining
freehold title to the necessary land;

port facilities must be capable of providing safe
passage and sheltered berthing for 95 - 145,000 m’
LNG tankers;

the berthing dock should be close to shore to
minimise trestle and LNG loading line and vapour
recovery costs;

the site must be at least 150 ha in area to allow for
potential expansion to three LNG trains (nine
million tonnes per annum);

the harbour must be able to handle LNG tanker
traffic for up to nine million tonnes of LNG per
annum, LPG tanker traffic and other uses;

the terrain should preferably minimise site
preparation work and disruption to the local
environment;
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there should be a minimum one kilometre wide
buffer zone between the plant and surrounding
developments;

geotechnical properties of the site should provide
adequate foundation formations to support plant
equipment and storage tanks;

materials for construction should be obtainable on or
near the site;

the site should be tectonically stable;

the site should have the capability of receiving
large, heavy shipments of equipment or modules
either overland or by barge;

the site should be located to ensure there are
minimal disruptions to the LNG plant and marine
shipment facilities from the effects of wind, waves,
tides, currents and siltation;

there should not be any major impediments to
providing the required infrastructure on site;

the site should preferably be located in an area
where the infrastructure and necessary skills for
plant construction and operations are readily
available; and

construction costs should be minimised.
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2. PROJECT DESCRIPTION

This evaluation, along with quantitative estimates of site
preparation and construction costs formed the basis of a
site selection for the project (see Section 4.3.3 of the
1997 EIS, D&M 1997).

Wickham Point on the Middle Arm Peninsula was
identified as the preferred site, chosen after consideration
of infrastructure availability, construction costs,
workforce availability, berthing conditions, water depths,
land  availability, foundation  conditions, and
environmental implications. Subsequently, the EIS
process confirmed the adequacy of this site for the LNG
facility and the necessary steps were undertaken to
progress native title acquisition, site allocation, and
pipeline approvals associated with this preferred
location. As a result of this effort, Wickham Point is
immediately available to development of the LNG
facility described in the document. No other site can
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offer the necessary security of tenure and certainty of
access.

The evaluation of Glyde Point demonstrated advantages
to Wickham Point only in terms of the availability of
suitable land for industrial use. However, it was rejected
as a preferred option due to the exposed nature of the
coastline to north-west winds, the requirement for
extensive dredging to be undertaken, the lack of
infrastructure and access from Darwin suburbs, and
strong spring tidal currents and shallow shoals and reefs
which would present navigation hazards for vessels.

Phillips believes that Wickham Point remains the best
location for LNG production facilities in the Darwin
region and the only location that can support early
development options for Timor Sea gas.
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3. DESCRIPTION OF EXISTING ENVIRONMENT

3. DESCRIPTION OF EXISTING ENVIRONMENT

3.1 INTRODUCTION

This section describes the physical, biological, cultural
and socio-economic environment in which the proposed
10 MTPA LNG project will be constructed and operated.

The information presented in this section is largely a
summary of detailed field surveys undertaken in the
preparation of the 1997 Draft EIS and Supplement of
1998. However, this has been updated by new
information or data which has become available since
the original assessment, through recent literature reviews
and consultations with various specialists.

In accordance with guidelines set by the NT DIPE, a
focus has been retained on the main features of the
environment likely to be affected by the proposed
expansion, particularly in relation to the Darwin airshed
and harbour catchment.

3.2 PHYSICAL ENVIRONMENT
3.21 Regional Geomorphic Setting

Darwin Harbour, with an area of about 500 km?, is a
large ria system, or drowned river valley, formed by
postglacial marine flooding of a dissected plateau. In its
southern and south-eastern portions the harbour has three
main components: East, West and Middle Arms which
merge into a single unit, along with the smaller Woods
Inlet, before joining the open sea. Freshwater inflow to
the harbour occurs from January to April, when estuarine
conditions prevail in all areas (Hanley 1988).

Over the 6-8,000 years since Darwin Harbour was
formed by rising sea levels, erosion from the adjoining
terrestrial environment has carried substantial quantities
of sediment into the harbour. This sediment now forms
much of the intertidal flats which veneer the pre-flooding
bedrock.

It is proposed to locate the LNG plant on land located at
the western end of Middle Arm Peninsula in Darwin
Harbour, between the East and Middle Arms of the
Harbour. Both arms are the estuaries of rivers which
during the wet season drain much of the hinterland
behind Darwin and Palmerston (Figure 3.1). Elizabeth
River flows into East Arm, while the Darwin and
Blackmore Rivers flow into Middle Arm.
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3.2.2 Topography and Bathymetry

3.2.21 Wickham Point topography

Wickham Point is on the north-west tip of Middle Arm
Peninsula. This peninsula comprises two small ‘islands’ of
terrestrial vegetation surrounded by intertidal mangrove
forests which are partially or completely inundated by
water at high tide (Figure 3.1). For the purposes of this
report, Wickham Point refers to the westernmost island
which is the proposed site for the LNG plant. The
topography of Wickham Point is shown on Figure 1.3.

The island is roughly triangular in shape and consists
essentially of three parallel north north-east trending
ridges separated by narrow valleys. These ridges are strike
ridges oriented along the prevailing direction of the
steeply dipping bedrock formation. They are steep-sided,
particularly on their coastal margins, and generally have
narrow foot slopes. The largest ridge forms the western
side of the island and rises at its northern end to form Peak
Hill, the highest point on the island at 32 m elevation. The
central ridge is shorter and decreases in height to a rocky
bar extending into the mudflats at its northern end while
the eastern ridge is reduced to a low shelf at its northern
end. The intervening valleys lie between 4 and 8 m above
sea level and terminate in small embayments on the north
and south coasts of the island.

Swampy conditions develop in the valley between the
western and central ridge during wet weather. No
permanent streams are present on the island though it is
evident that intermittent flows occur in the shallow gullies
on the sides of the ridges during the wet season.

The island is surrounded by an extensive zone of tidal flats
which are widest on the northern side and narrowest at the
south-western side of the island. The tidal flats are gently
inclined surfaces underlain by sand in low tidal areas and
mud in mid-high tidal levels. Mangroves typically occupy
the mid-high tidal mud flats and form a peripheral belt
around the entire island. Within the high tidal mud flats,
areas of salt flats and samphire flats have developed as a
result of hypersaline groundwater conditions precluding
mangrove establishment. Spits and cheniers occur as
elongate narrow sand/gravel deposits either attached to or
separate from the island. Some bars of bedrock are
exposed at places in the salt flats and tidal flats (Plates 2
and 4).
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3. DESCRIPTION OF EXISTING ENVIRONMENT

3.2.2.2 Darwin Harbour bathymetry

The bathymetry of Darwin Harbour is shown in
Figure 3.2. A channel of >20 m water depth (below
LAT) extends in a south-easterly direction from Darwin
Port Limits to the confluence of Middle and East Arms.
The channel favours the eastern side of the harbour, with
broader shallower areas occurring on the western side.
The intertidal flats and shoals are generally more
extensive on the western side of the harbour than on the
eastern side.

The channel continues into East Arm at water depths of
>15m LAT, the bathymetry in this area has been
modified by previous dredging for the East Arm Port
development. A slightly deeper channel extends into
Middle Arm, up to the western side of Channel Island
and a localised depression of >30 m LAT depth known
as Town Hall. A shallower channel (generally <10 m
LAT depth) separates Wickham Point from Channel
Island and terminates in Jones Creek.

A recent geotechnical/geophysical study of the project
undertaken by Fugro on behalf of Phillips, has detailed
the bathymetric profiles and seabed features for the
proposed loading facility, turning basin and construction
dock. The area of the trestle portion of the export jetty
has a typical water depth of 1-3 m closest to the rock
platform, before increasing to a depth of approximately
15 m nearest the loading facility. The bathymetry of the
proposed vessel turning basin ranges between 15 to 17.5
m. Both the loading facility and turning basin is now
proposed 125 m east of the original location to avoid a
shallower mound of 10-11 m depth (shown in Figure
3.2) and thereby reduce dredging requirements. The area
of the proposed construction dock on the north-eastern
side of Wickham Point ranges between 0 - 2 m in depth
along its length.

3.2.3 Climate

The closest meteorological station with comprehensive
climatic data to Wickham Point is at Darwin Airport, a
distance of approximately 12 km to the north. The
nearest meteorological station, situated on the Channel
Island Power Station site some 4 km to the south, is only
part of the mesoscale network and is not subject to the
same level of data quality assurance as Darwin Airport.

The project area is located within the monsoonal tropics.
Over the 60 year period between 1941 and 2001, average
annual rainfall in Darwin is approximately 1710 mm,
most of which (approximately 87%) falls in the
November to March wet season (Bureau of Meteorology
2001). Humidity over this period averages 70-80% while
in the dry season humidity averages 40% and there is
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virtually no rainfall.

Maximum temperatures are hot all year with November
being the hottest month with a range of 25 to 33°C. The
monthly minimum average temperature is 19°C in July.

Prevailing winds during the wet season are light west to
north-westerly, freshening in the afternoon due to sea
breezes. In the dry season, the prevailing winds are the
south-easterly trade winds (Parkinson 1996). Wind roses
for Darwin Airport are presented in Figure 3.3.

The monsoonal tropics also experience cyclonic activity.
The cyclone season in northern Australia extends from
October to April (DCC 2001a). Tropical cyclones cause
most damage within a distance of 50 km from the coast;
once a cyclone has passed onto landfall it weakens
rapidly, but resultant storm surge can be of concern to
coastal developments and flood damage can result from
associated squally rains.

3.24 Darwin Harbour Hydrodynamics

Darwin Harbour is characterised by a macrotidal regime.
Tides are predominantly semidiurnal (two highs and two
lows per day), with a slight inequality between the
successive tides during a single day, but nearly diurnal
tides occur for a two day period during the neaps. The
lowest spring tides of the year occur during October,
November and December. Tidal excursions range from 8
to 15 km during springs and 2 to 8 km during neaps
(Semeniuk 1985; Hanley & Caswell 1995).

Byrne (1988) summarised data on the hydrodynamics
and coastal processes of Darwin Harbour, with particular
reference to the area of Fannie Bay and Cullen Bay. The
harbour is considered well protected, with wind-
generated waves typically less than 0.5 m with periods of
two to five seconds. The majority of waves are generated
within the harbour or in Beagle Gulf. The available data
did not include cyclonic conditions, but predicted waves
during cyclones would be of the order of 3 to 3.5 m.

Wave modelling conducted by GHD-Macknight
(GHDM 1997) considered the ambient wave climate at
the proposed loading facility site to be generally short
crested waves with mean wave periods of less than 3
seconds. During the summer months, waves from the
north-west sector could reach heights up to 1m,
although average wave height was less than 0.5 m.
Average wave conditions during the winter months were
predicted to be even less. It was considered that tsunamis
and swell waves (long period waves) could not occur
within Darwin Harbour due to its orientation and the
protection from ocean swells by Melville and Bathurst
Islands.
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3. DESCRIPTION OF EXISTING ENVIRONMENT

Extreme wave conditions were modelled by GHDM
(1997) using wind data from Cyclone Tracy. Waves with
significant wave height of 4.5 m, and average periods of
~7.5 seconds, were found to occur at the entrance to
Darwin Harbour. However, these waves were found to
be affected by bathymetry as they propagated towards
the proposed loadout facility site, reducing to a height of
~0.7 m.

Extreme high water levels at Wickham Point, taking into
account cyclone storm surge, cyclone wave set-up and
astronomical tide, were estimated by VIPAC (1994 in
GHDM 1997) to be 3.8 m (10 year return period), 5.1 m
(100 year) and 6.4 m (1,000 year) (D&M 1998a). The
minimum plant elevation will be set by a detailed
hydrodynamic study that will consider storm tide level,
including allowances for cyclone wave set up,
astronomical tide and wave run up against embankments.
It is expected that this will result in a final plant
elevation of between 6.5 and 7 m AHD.

Numerical modelling of tidal current circulation in
Darwin Harbour was conducted by GHDM (1997) to
determine current speeds and directions at the proposed
loading facility. The model indicated maximum current
velocities in the proposed turning basin area to be
1.3 m/sec (flood tide) and 1.1 m/sec (ebb tide), with
velocities decreasing closer to the Wickham Point
shoreline. Current velocities were lower in the shallower
channel between Wickham Point Peninsula and Channel
Island, and flood tide water moved up the main channel
of Middle Arm rather than flowing around the north side
of Channel Island. A simulated wet season water inflow
of 10,000 m*/sec into Middle Arm resulted in a decrease
in flood tide velocity of 0.2 m/sec and an increase in ebb
tide velocity of 0.2 m/sec.

Salinities in Darwin Harbour vary considerably during
the year, particularly in the arms where freshwater
influence is greatest during the wet. Salinities throughout
the harbour are about 37 parts per thousand (ppt) during
the dry season, with surface and bottom depths having
similar salinities. At the height of monsoonal inflow
during March, areas in the middle of the harbour such as
Weed Reef (Figure 3.2) can decrease to 27 ppt. Salinities
in the arms, which are more influenced by freshwater
inflow can reach as low as 17 ppt. The water at this time
is highly stratified, with salinities on the bottom being as
much as 12 ppt higher than on the surface. As the rains
cease runoff decreases, and salinities return to their
higher dry season levels (Parry & Munksgaard 1995).

With its tropical location, water temperatures in Darwin
Harbour are very high, but some seasonal variations do
occur. Temperatures range between 31 and 32 °C for
most of the year, but they decrease to about 29 °C during
the height of the wet season. In contrast to salinities,
there is little temperature stratification in Darwin
Harbour during the wet season (Hanley & Caswell
1995).
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Light levels reaching the sea surface in Darwin Harbour
are very high. However, because of water turbidity the
light is rapidly dissipated, and even within the space of a
few metres levels can become very low, particularly
during the wet when turbidity levels are very high. Even
at a depth of only 3 m below the surface light levels
during the wet can be as low as 7.7% of surface levels.
Light levels near the bottom can be as low as 1% of
surface levels during the wet season (Hanley & Caswell
1995).

3.2.5 Hydrology (Surface and Groundwater)

The LNG plant site on Wickham Point is underlain by
early Proterozoic sediments of the Burrell Creek
Formation, which at the site comprise shale, siltstone,
sandstone, and phyllite. Outcrop is limited to two small
sandstone ridges. A fine-grained sandy colluvium forms
scree slopes on the base of the ridges.

The Burrell Creek Formation which underlies the
peninsula is generally impermeable and holds only
limited water in fractures, which may be of limited
extent. Minor groundwater may be retained in the
colluvium during the wet season. Groundwater stored in
the colluvium and fractures is likely to be utilised by the
vegetation or lost through evaporation.

One prominent drainage line transects the valley to the
east of Peak Hill while several smaller creek lines
become evident during the wet season.

3.2.6 Geology, Soils and Sediments
3.2.6.1

Wickham Point terrestrial geology and
soils

An evaluation of the local geology; landforms and soil
types (their characteristics, erodibility and potential for
acid generation), was prepared using a variety of data
sources including topographic maps, geological maps,
land systems reports, aerial photography, other
references and by fieldwork in October 1996. This has
been supplemented by recent geotechnical/geophysical
investigations undertaken by Fugro on behalf of Phillips,
which involved airborne electromagnetic  and
aeromagnetic surveys, resistivity profiling, refraction
tomography, downhole seismic testing and subsurface
stratigraphy studies through bore drilling.

Bedrock in the local region consists of meta-sediments
of the Early Proterozoic Finniss River Group which were
deposited by turbidity currents in a submarine fan
environment. These rocks have been metamorphosed to
lower greenschist facies and have undergone one major
deformation which has produced steep dips and resulted
in the pervasive north-north-east strike of the strata.

The member of the Finniss River Group present on
Wickham Point is the Burrell Creek Formation which
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3. DESCRIPTION OF EXISTING ENVIRONMENT

consists of a sequence of phyllite, siltstone, shale,
sandstone and conglomerate. Prominent quartz veining
up to Im in width has been noted in several areas,
particularly on the ridges that may contribute in part to
their resistance to erosion. The overburden ranges in
thickness from a few decimeters up to 4 m in the
proposed plant area; and the overburden thickness tends
to increase towards the lower footslope and valley floor.
The overburden consists mostly of sands, silts and clays.
The underlying rock varies considerably in strength both
laterally and vertically.

An extensive cycle of deep weathering, erosion, re-
sorting and lateritisation occurred throughout the Top
End of the Northern Territory during the Late Tertiary
and resulted in the development of what is termed the
Koolpinyah Surface. Parts of this surface are present on
the island and take the form of laterite deposits on the
bench areas of lower slopes of the flanks of the ridges
and as extensive platforms near sea level.

There is a prominent ferricrete pavement near sea level
and it appears to extend seawards out to the low tide
level as a capping on the shallow nearshore reefs. Only
material from the zone of iron enrichment in the laterite
profile has been found on Wickham Point to date but
material from the underlying mottled zone has been
encountered in the offshore boreholes drilled for the
investigation of the jetty alignment.

Offshore subsurface stratigraphy is represented by 5 m to
9.5 m of sediment in the LNG tee head area underlain by
phyllite and meta-siltstone of the Burrell Creek
formation. The rock is extremely to distinctly weathered.
The sediment thickness along the trestle varies from
about 4.5 m to 7.0 m. The underlying rock is stronger
than at the tee head.

Tidal mudflats which form a broad platform around
Wickham Point can be divided into mangrove flats and
salt flats. These mudflats are composed of Quaternary
marine alluvium which consists of clay, silt and some
fine sand, commonly with shell fragments and organic
matter in the mangrove zone and salt crusting on the salt
flats. In front of the western mangrove fringe of
Wickham Point is a broad intertidal flat up to 1.2 km
wide and overlain by a sand and mud veneer of variable
thickness. At the southern tip of Wickham Point is an
expanse of exposed pavement, supporting three intertidal
rock stacks, which extends nearly 1 km westwards from
the mangrove fringe. A sloping rock platform extends
some 100 m southwards from the mangrove fringe.

Cobbles and boulders rounded by wave action are
observed in the strand line deposits behind the mudflats
on the north-western side of Wickham Point. These
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deposits are the result of strong wave action that does not
now occur on the landward margin of mudflats. Such
deposits would have to pre-date the formation of the
mudflats.

Cheniers are barrier beach deposits built by wave action
in front of the actual shoreline. The cheniers are formed
from Quaternary beach deposits consisting of fine to
coarse quartz sand with shell and occasional coral
fragments. The sandbanks which provided the sand for
the formation of the cheniers have been buried by the
more recently formed mudflats.

3.2.6.2 Darwin Harbour sediments

Michie (1988) reported three sources of sediments
available to Darwin Harbour:

e breakdown of rocks in the catchment area by
weathering and erosion;

e remobilisation of existing sediments, including
partially consolidated sediments; and

e sediments of biogenic origin, including those
derived from corals.

Most harbour sediments are a mixture of all three types.
There is a general annual cycle of sediment deposition
during the wet season and erosion during the dry.

The seabed of Darwin Harbour is dominated by gravel.
There is a scour zone in the centre of the harbour, where
the hard pavement substrate is covered by only a thin
veneer of sediment, grading into terrigenous sand
offshore from the tip of Wickham Point. The intertidal
area off the point itself has fine sands and silts.

3.2.7 Seismicity

A detailed discussion of regional seismicity of the local
area was included in Appendix G of the Draft EIS, and is
summarised below.

The proposed LNG plant site is located in an area of low
seismic activity. No earthquakes have been recorded in the
immediate vicinity of Darwin since reliable records
commenced. The nearest recorded earthquake epicentre to
the plant site is located at Bathurst Island, 100 km north-
west of Darwin. This earthquake epicentre is the
southernmost of a line of three recorded epicentres
extending north of Melville Island. A cluster of four other
epicentres have been recorded approximately 270 km
south of Darwin in the vicinity of Fitzmaurice River.

There is no evidence to date that any of these epicentres
are active in the Darwin region.
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3.3 BIOLOGICAL ENVIRONMENT
3.3.1 Terrestrial Biota

3.3.1.1 Flora

Vegetation Communities of Wickham Point

Aerial photograph interpretation and field surveys,
conducted during both the dry and wet seasons, were
used to describe the vegetation of Wickham Point as part
of the original environmental assessment. A vegetation
map of Wickham Point is presented as Figure 3.4 and a
full report on the vegetation survey is provided in
Appendix H of the Draft EIS (D&M 1997).

The vegetation of the Wickham Point end of Middle
Arm Peninsula comprises extensive intertidal areas
supporting mangrove forests (Plate 5) and salt flats that
completely surround two upland or hinterland areas
rising to a maximum elevation of 32 m at Peak Hill
These islands of hinterland are largely vegetated with
monsoon rainforest (which is expressed as dense vine
forest, Plate 6) covering an area of approximately 180
ha. Limited areas of paperbark dominated woodland also
occur on Wickham Point.

Within the survey area, 161 species from 138 genera
were recorded. Of these, 44 species or 27% of the total
were recorded during the wet season surveys, indicating
they were stimulated to growth by the wet season. The
rainforest was the richest vegetation formation (and
covered the largest area of dryland vegetation on the
islands) with 99 species, followed by Melaleuca
woodlands with 37 species, mangroves with 28 species,
and eucalypt woodlands with 24 species.

The Wickham Point survey area covered 1,515 ha (15.15
km?®) of mangrove and salt flat vegetation. Within the
intertidal zone, eight distinct plant communities or
floristic zones were found. These zones were arranged
roughly parallel to the shore or tidal creeks and rivers.
The zones often comprised almost monospecific stands
at predictable topographic elevations above mean sea
level. The pattern of zonation of the eight mangrove
communities was mapped by Brocklehurst and
Edmeades (1996). Distribution of the zones is shown in
Figure 3.4.

With regard to dry land or terrestrial plant communities
the major plant community is monsoon rainforest, also
known as rainforest, vine forest or vine thicket, which
covers the majority of Wickham Point.

The floristic zones of the intertidal and dry land areas are
summarised below:

Seaward: Map Unit 1. An almost monospecific band of
Sonneratia alba aligned roughly parallel to the shore of
Wickham Point is inundated twice daily, by every tide,
and consists of woodland 4 to 8 m tall in unconsolidated
soft mud substrates (Plates 4, 5).
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Shoreline: Map Unit 2. This unit merges with the
seaward zone. The dominant mangrove species is
Rhizophora stylosa, which typically forms a closed
canopy forest 6-10 m in height.

Tidal Creek: Map Unit 3. The tidal creek unit merges
with the seaward zone. Again the dominant mangrove is
Rhizophora stylosa, which also forms a closed canopy
forest 6-10 m in height in this zone. Associated species
include Camptostemon schultzii, Avicennia marina and
Bruguiera parviflora. There is regular tidal inundation
and the zone has deep root-structured muds.

Mid Tidal Flat: Map Unit 4; and Upper Tidal Flat: Map
Unit 5. Ceriops tagal is the dominant and often
monospecific mangrove species. It forms dense, low
forests typically with a closed canopy 2 to 4 m high.
Tree height varies in response to salinity and fresh water
inflow, height being greater where fresh water inflow is
greatest. Tidal inundation occurs every fortnight on
spring tides. Substrates are firm sandy to gravelly muds
with seasonally high soil salinities.

Hinterland Fringe: Map Unit 6. This zone is
characterised by taller mixed species mangrove stands.
Ceriops tagal is often the dominant species, forming
dense closed canopy forests to 6 m along the landward
margin. There is freshwater inflow during the wet and
very infrequent tidal inundation. Lumnitzera racemosa,
Bruguiera exaristata and Excoecaria ovalis are the
common species

Mixed Species Low Woodland: Map Unit 7. This unit is
composed of taller mixed species mangrove stands.
Ceriops tagal is often the dominant species, forming
dense closed canopy forests to 6m along the landward
margin. Freshwater inflow and very infrequent tidal
inundation occur. Other common species include
Avicennia marina and Lumnitzera racemosa.

Salt Flat: Map Unit 8. There are extensive bare
hypersaline flats on the upper intertidal flat where
salinity rises above that tolerated by mangroves. The
flats may support scattered patches of samphire and are
typically fringed by stunted Avicennia marina and
Ceriops tagal.

Beach: Map Unit 9. The beach habitat comprises an
open woodland, well separated trees to 8 m tall. A
number of pantropical species such as Gyrocarpus
americanus, Hibiscus tiliaceus and Cordia subcordata
may be present. Patches of vine forest with Drypetes
lasiogyna, Micromelum minutum and abundant vine
species (Tinospora smilacina, Capparis sepiaria, Abrus
precatorius and Gymnema geminatum) tend to occur on
the upper dune areas. Strand plants such as Ipomoea pes-
caprae and Sesuvium portulacastrum are found on the
lower dune areas.
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3. DESCRIPTION OF EXISTING ENVIRONMENT

Dry Rainforest (dense canopy): Map Unit 10. This unit
is composed of dense, closed canopy, vine-rich
rainforests. Dominant  species include Acacia
auriculiformis and Sterculia quadrifida as scattered
emergents in the upper stratum. Drypetes lasiogyna,
Diospyros compacta and Glycosmis trifoliata are the
dominant species in the mid-stratum.

Dry Rainforest (mid-dense canopy): Map Unit 11
(Plate 6). These are vine thickets with a more open
canopy comprising a higher proportion of semi-
deciduous species. Scattered emergent species include
Acacia  auriculiformis,  Eucalyptus tectifica and
E. polycarpa. Dominant mid stratum species include
Dodonaea platyptera, Hakea arborescens and Strychnos
lucida.

Littoral Woodland: Map Unit 12. This unit occurs on
areas of shallow, skeletal soils particularly on the coastal
margins. The dominant species include Eucalyptus
tectifica and to a lesser extent Brachychiton diversifollus
and Sterculia quadrifida. Acacia auriculiformis is a
ubiquitous canopy species in this community.

Melaleuca Woodland: Map Unit 13. Melaleuca spp.
(paperbarks) become dominant in areas of freshwater
flow or seepage.

Sedgeland & Grassland: Map Unit 14. A small area with
a perched water table supports a sedgeland and grassland
community with low trees and shrubs capable of
withstanding brackish conditions.

Weeds

Very few weed species have been recorded at Wickham
Point to date. Within the rainforest habitat the most
abundant weed is Lantana camara. Lantana is a declared
noxious weed and in other areas of Australia is a serious
threat to native vegetation (National Weeds Strategy
Executive Committee 2000). It is an invasive species
that smothers native plants and makes access difficult.
Most plants found outside town areas in the Northern
Territory have been garden escapes, and have tended not
to spread under NT conditions and so Lantana is not yet
a major problem (NT DPIF 1998). At Wickham Point
and within other rainforests locally, this species typically
coexists with native flora as a rambling understorey
shrub. In some areas with a more open canopy, dense
Lantana thickets occur. Minor areas of Hyptis
suaveolens, the vine Wild Passion Fruit Passiflora
foetida and the declared noxious weed Mission Grass
Pennisetum polystachion were also observed. These
species were confined largely to open areas with high
light intensity such as the beach habitat and littoral
woodland or the fringes of dry rainforest areas. The
dense canopy rainforest is relatively free of introduced
species.
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3.3.1.2 Fauna

The terrestrial fauna of Wickham Point were
documented through field surveys and reference to
existing reports and databases, and summarised in detail
in Appendix I of the Draft EIS. Significant fauna areas
are shown in Figure 3.5.

Five habitat types were recognised for the previous fauna
survey. These were Eucalyptus open forest; mangroves,
margins and samphires; monsoon rain forest; paperbark
woodland; and intertidal flats.

Amphibians

Seven frog species were recorded during the previous
survey. All were found only during the wet season
survey in the Eucalyptus open forest habitat of the
mainland peninsula. Frogs were common in waterlogged
sedge areas and especially around a seasonally flooded
gravel quarry near the proposed access route. The most
common species were Brown Tree Frog (Litoria rothi)
and Dwarf Tree Frog (L. bicolor).

No amphibians were observed on the islands. These
habitats are hostile to amphibians, which generally
require freshwater for breeding, and are intolerant of
saline conditions. Some seasonal freshwater areas do
exist on the islands, so it is possible that frogs may occur
there. Four species, Dwarf Tree Frog, Green Tree Frog
(Litoria caerulea), Desert Tree Frog (L. rubella), and
Marbled Frog (Limnodynastes convexiusculus) have
been previously recorded in mangrove margin and
littoral habitats in the Northern Territory.

Reptiles

Eleven species of reptiles were recorded during the
survey, including one species of crocodile, and 10 lizard
species. The most common species were small skinks of
the genus Carlia, of which three species were observed.
Carlia munda was the most abundant, and was found in
all non-marine habitats. Carlia amax was only observed
around rocky areas within the monsoon vine thickets.
Two skinks, Glaphromorphus darwiniensis and G.
douglasi, were generally confined to the monsoon vine
thickets and paperbark forest habitats. The latter species,
which was common at Wickham Point, is the only reptile
species known to have a preference for the vine thickets
habitat in the Darwin area (Martin & Freeland 1988).

Estuarine Crocodiles (Crocodylus porosus) occur in
Darwin Harbour and a management program for this
species is in effect in the area. Crocodiles are
occasionally seen on the mudflats and in the small
mangrove creeks around Wickham Point.
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3. DESCRIPTION OF EXISTING ENVIRONMENT

Four species of water snake are specialised for life in
mangroves. Although they were not observed in the
previous study, they are very likely to occur in this area.
These species are Bockadam (Cerberus rhynchops),
White-bellied Mangrove Snake (Fordonia leucobalia),
Richardson's Mangrove Snake (Moron richardsoni) and
Little File Snake (Acrochordus granulatus). Two species
of sea snake are also reported to be mangrove dwellers
(O'Gower 1979). These are the Port Darwin Sea snake
(Hydrelaps darwiniensis) and the Elegant Sea snake
(Hydrophis elegans).

Additional reptile species known to occur in littoral
habitats in the Darwin area include the Northern
Bluetongue Skink (Tiliqua scincoides), Northern Water
Dragon (Gemmatophora temporalis), Mitchell's Water
Monitor (Varanus mitchelli), Common Keelback
(Amphiesma mairii) and Children's Python (Liasis
childreni). Species such as Burton's Legless Lizard
(Lialis burtonis), Children's Python, King Brown Snake
(Pseudechis australis), Moon Snake (Furina ornata) and
Common Tree Snake (Dendrelaphis punctulatus) are
common in the East Arm and Palmerston area and would
be expected to occur at least on the mainland peninsula.

Birds

Ninety species of birds were recorded in the study area.
An additional 93 species are known to occur in littoral
habitats within Darwin Harbour and are likely to also be
present at Wickham Point (D&M 1997). The birds most
commonly observed during surveys were Bar-shouldered
Dove (Geopelia humeralis), Sulphur-crested Cockatoo
(Cacatua  galerita), Helmeted Friarbird (Philemon
buceroides) and Yellow Oriole (Oriolus flavocinctus).
All of these species were frequently observed in both
surveys, and were found in a range of habitats.

More bird species (57) were observed in mangrove
associated habitats than in any of the other habitats. The
next richest habitat was Eucalyptus open forest, with
fewer species observed in the other habitats. Because of
the small area of the study site, many of the species
recorded could be expected to move between several
habitats.

A number of birds are more or less restricted to
mangroves. These include Chestnut Rail (Eulabeornis

castaneoventris), Collared Kingfisher (Todiramphus
chloris), Red-headed Honeyeater (Myzomela
erythrocephala), =~ Mangrove  Robin  (Eopsaltria
pulverulenta), Mangrove Golden Whistler
(Pachycephala  melanura),  Melville  Cicadabird

(Coracina tenuirostris melvillensis) and White-breasted
Whistler (Pachycephala lanioides). Some of these
species are uncommon and restricted to well developed
mangrove stands, so the occurrence of so many
specialised species is indicative of high quality habitat.
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Some bird species live primarily in monsoon vine forest.
These species include Rainbow Pitta (Pitta iris), Rose-
crowned Fruit-dove (Ptilinopus regina), Emerald Dove
(Chalcophaps indica) and Orange-footed Scrubfowl
(Megapodius reinwardt). Many of the mangrove and
vine forest specialists freely move between these two
habitats, so the occurrence of good representative
examples of each habitat in close proximity at Wickham
Point is beneficial to those species. For example, Rose-
crowned Fruit-doves were frequently observed or heard
in mangroves during the survey.

A great deal of seasonal variation was observed in bird
species and numbers between the two surveys. Similar
numbers of species were observed in each seasonal
survey (67 in the dry; 62 in the wet), but only 38 species
were recorded on both field surveys, indicating that the
area has a very high proportion of transient or seasonal
migrant species compared to residents. These species are
made up of groups such as migratory waders, (e.g. Little
Curlew Numenius phaeopus, Curlew Sandpiper Calidris
ferruginea and Ruff Philomachus pugna) and other wet
season visitors such as Pied Imperial Pigeon (Ducula
bicolor), Rainbow Bee-eater (Merops ornatus) and
Dollarbird (Eurystomus orientalis). A number of "wet"
season visitors were recorded during the September
survey, which is the usual time for the arrival of seasonal
migrants.

One prominent feature of the site is the occurrence of
many large nesting mounds of the Orange-footed
Scrubfowl (Plate 7). This species was commonly seen,
often in pairs, near the mounds during both surveys. The
mounds were all located along the beach/mangrove
margin interface, especially in areas proximate to
monsoon vine forest (Figure 3.5).

Mammals

Fifteen mammal species (including two introduced
species) were recorded during the field surveys. Small
mammal trapping rates were low; only 0.5% in the dry
season and 0.4% in the wet. The only rodent observed
was the Grassland Melomys (Melomys burtoni), which
was trapped in paperbark woodland, and was observed at
night in sedgelands bordering mangroves. This species is
common in littoral habitats around Darwin and has been
recorded from mangroves previously (D&M 1993).

The Northern Brown Bandicoot (Isoodon macrourus) is
a common species in the study area. Diggings,
disturbances and tracks were observed in many locations
around the mangrove margins and in the Eucalyptus
open forest. Tracks across the samphire flats indicate
that this species forages in these areas at low tide. A
Northern Brushtailed Possum (7richosurus arnhemensis)
was trapped in paperbark forest on the main island, and
tracks of this species were also frequently encountered.
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3. DESCRIPTION OF EXISTING ENVIRONMENT

Agile Wallabies (Macropus agilis) were occasionally
observed around the mangrove fringes and their tracks
were also seen on the samphire flats.

Microchiropteran (insectivorous) bats were recorded
frequently in Eucalyptus open forest, over tributaries and
water bodies and using flyways on mangrove/open forest
ecotones. Survey of microchiropteran bat species within
open forest recorded three species using ultrasonic call
detection. The most common was the Little Northern
Freetail-bat (Mormopterus loriae). The Little Northern
Freetail-bat and the Large-footed Myotis (Myotis
molluccarum) were also recorded over mangroves and
tidal creeks in the vicinity of the proposed access route.
One species recorded during the survey, the Common
Bentwing-bat (Miniopterus schreibersii) is known to
regularly roost in caves or similar structures (Dwyer
1995). A large “camp” of Black Flying Foxes (Pteropus
alecto) was observed in the mangroves along the north-
western edge of Wickham Point during the wet season.

Aquatic Fauna

There are no permanent freshwater habitats on Wickham
Point or the adjacent mainland peninsula. However, wet
season freshwater habitats are present in some areas of
the mainland peninsula along the proposed access route.
No pure freshwater fish species were observed in these
areas, but juvenile Ox-eye Herring (Megalops
cyprinoides) were observed in one small runoff stream.
It is likely that these seasonal freshwater areas provide
breeding sites for some other estuarine and coastal
freshwater fishes.

Introduced Species

Evidence of Feral Pigs (Sus scrofa), in the form of
tracks, diggings and a skull was found on Wickham
Point. However, very little disturbance was noted and it
appears that there are no permanent populations of this
species on Wickham Point. It is probable that individual
animals occasionally cross the mudflats to the islands in
the wet season and forage for brief periods before
returning to the mainland. One Feral Cat (Felis catus)
was observed in the monsoon vine forest at Wickham
Point. Numbers of this species are also probably low, but
the presence of cats in the area is of concern given that
numbers of mammals such as bandicoots and possums
seem relatively high.

No introduced amphibians, reptiles or birds were
observed during the field surveys although the Rock
Dove (Columbia livia) and the Asian House Gecko
(Hemidactylus frenatus) do occur in the Darwin area and
the latter species is found in littoral habitats.
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Biting Pests

Appendix J of the Draft EIS summarised details of a
survey of the biting midges and mosquitoes of the
Wickham Point area conducted by the Medical
Entomology Branch of the Territory Health Services
(THS) in February 1997, to assess potential biting insect
problems and the associated pest and disease problems
faced by both construction workers and the permanent
workforce (D&M 1997).

Biting insects (mosquitoes and midges) were found to be
common at Wickham Point. The mosquito Aedes vigilax
is considered to have the greatest potential as a pest and
disease vector in the area. It and several other species are
known to be vectors for Ross River virus, Barmah Forest
virus and Murray Valley encephalitis. In addition,
substantial numbers of biting midges breed in the
Wickham Point area.

Salt marsh mosquito breeding sites were found to be
generally absent at Wickham Point, but there is a site
near the beach which could potentially be a breeding
area during the high tide period at the end of the dry or
after flooding early in the wet season. Mosquito breeding
areas are shown on Figure 3.5.

3.3.2 Marine Biota

The marine fauna of northern Australia is part of the vast
Indo-West Pacific biogeographical province
(Figure 3.6). The majority of species are widely
distributed in this region, with the northern part of the
Australian continent being simply a small part of the
wider ranges of most species. The relationships between
areas within tropical Australian waters have been
discussed by a number of authors, but most recent
studies consider there to be one Tropical Australian
Province extending from Shark Bay or North West Cape
in Western Australia across the top of the continent and
to the southern end of the Great Barrier Reef in
Queensland. A small proportion of the species west of
Cape York occur only in Australian waters, but are
generally widespread within the region (D&M 1997;
Wilson & Allen 1987).

The Port of Darwin Harbour has been determined to be
free of introduced marine pest species, based on the
outcome of a baseline study undertaken by the NT
Government and CSIRO between 1998 and 2000
(Russell & Hewitt 2000). This is despite detection of an
infestation of the Black-striped Mussel (Mytilopsis
sallei) in harbour marinas in 1999, populations of which
were able to be detected early and eradicated during the
final stages of the port study.
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3. DESCRIPTION OF EXISTING ENVIRONMENT

The Aquatic Pest Management Program, established in
June 1999 and coordinated by the Department of
Primary Industry and Fisheries, ensures active
monitoring and inspection practices for the presence of
marine pests.

3.3.21 Darwin Harbour assemblages

Darwin Harbour has a complex assemblage of habitat
types, but there are large differences in the extent of
each. The distribution of various habitat types in Darwin
Harbour has been mapped by the DLPE and is shown in
Figure 3.7. Rocky intertidal areas are found where
hillsides meet the sea. Seaward of these extensive
mangroves dominate in the upper intertidal, particularly
in bays and other protected areas. Seaward of the
mangroves, extensive flats occur in the lower intertidal.
Many of these flats are mud, but some areas are
basement rock which may or may not be covered with
sand or mud. The sides of the channels are generally
rocky, but the bottoms are similar to the intertidal in that
they vary from exposed pavement, through sand
veneered pavement to beds of sediment.

The biotic assemblages discussed below provide a
convenient structure for examining the biological
features of the marine environment. However, it should
be emphasised that the environment is complex, and
many of the habitats are present as small units on a
single shoreline, with complex patterns of habitats such
as rocky shores, mangroves and mudflats all occurring in
a small area.

Rocky Shore Communities

Rocky shores occur in many areas of Darwin Harbour,
particularly on headlands. Zonation patterns on the
shores can be readily seen, with relatively few species
occurring in the upper intertidal where organisms are
exposed to variable conditions of temperature, sunlight,
salinity, and other factors which can change suddenly as
storms pass through the area during the wet. Diversity
increases further down the shore where conditions are
not as extreme. Species in the middle of the intertidal
region are adapted to life in that region and do not occur
subtidally. Characteristic species such as gastropods
(limpets, nerites, the pulmonate slug Onchidium, and
thaids such as Morula), chitons (Acanthopleura spp.),
bivalves (oysters of the genus Saccostrea), barnacles
(Chthamalus and Tetraclita), and others live in the
midtide region. In some areas the calcareous tubes of
Galeolaria worms (Polychaeta) are common.

Mangroves

As indicated above, mangroves occupy most of the
margins of Darwin Harbour (Figure 3.7). The mangrove
species present at Wickham Point and their zonation
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patterns are described in Section 3.3.1.1 and Figure 3.4.

Over the past five years the NT Government has spent
approximately $400,000 on mangrove research (NT
DLPE 2000a). A number of projects are currently
nearing completion which will support management
strategies for the region, ranging from productivity
studies employing leaf litter and overall biomass
methodologies, and ecological studies examining links
between mangroves and various fauna including fish,
insects and sesarmid crabs. A comprehensive report on
the current status of the mangrove resources of Darwin
Harbour is currently being prepared by DLPE, and is
anticipated to be released later in 2001 (K. McAllister,
pers. comm.).

Studies of the distribution of invertebrates in mangroves
have shown that zonation patterns of the invertebrates
can parallel plant zonation (D&M 1997). Hanley (1993)
compared invertebrates on the seaward edge and tidal
creek bank zone of mangroves in the Darwin South
Project Area with sites on West Arm. A total of 131
species of invertebrates were found, including
representatives of eight phyla. A variety of species are
commonly found on the mud surface, or on trees.
Dominant molluscs are potamidids (7erebralia,
Telescopium and Cerithidea), the slug Onchidium, the
nerite Nerita balteata, and several species of ellobiids.
Dominant crustaceans are fiddler crabs (Uca), the mud
lobster Thalassina anomala, crabs (Perisesarma
semperi), and mudcrabs (Scylla serrata). The completion
of a current post-graduate research program on
seasonality and taxonomic composition of insects over
three years in Darwin Harbour mangroves will
contribute further to the knowledge base of invertebrate
distribution patterns and behaviour.

Benthic Fauna

While limited studies have been undertaken on the flora
and fauna of mudflats, in some areas the invertebrate
fauna is known to be diverse, abundant and of a high
biomass (D&M 1997). These areas are invaded by fish,
mobile invertebrates, and some vertebrates during high
tide for feeding, and similarly at low tide by birds.

During a field survey conducted by LDM in late 1996
(Appendix K of Draft EIS, D&M 1997), the intertidal
mudflats fronting the mangroves in the vicinity of the
proposed LNG plant were found to be moderately
bioturbated, with fiddler crabs (Uca spp.), alpheid shrimp
and mudskippers (Periopthalmus sp.) associated with
many of the burrows. Sampling of subtidal sediments
within the proposed vessel turning basin in November
1996 found that amphipod crustaceans were the most
abundant fauna present, though their distribution was
very patchy. Polychaete worms were common and more
evenly distributed (Appendix K of Draft EIS).
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3. DESCRIPTION OF EXISTING ENVIRONMENT

Coral and Algal Communities

Corals in the harbour are scattered as individual coral
heads or colonies, and do not form reefs. They are
restricted to a very small vertical region extending from
just above the low tide zone to a depth of 2-3 m below it
(Hanley & Caswell 1995). Species living in Darwin
Harbour are those which are tolerant of conditions which
exclude most corals: variable salinities, which can be
very low during the wet season; high turbidity which
adversely affects symbiotic zooxanthellae living within
the coral tissue; sedimentation; and other factors.
Although the environmental tolerances of species living
in Darwin Harbour are not known, it is likely that at least
those individuals living well within the harbour are in
suboptimal habitats and are naturally stressed.

Field surveys previously conducted by LDM as part of
the investigations for the Draft EIS included sites on the
rubble-covered pavements of Wickham Point, Weed
Reef and West Point, a portion of the National Estate
registered coral area at Channel Island and a subtidal
rock pinnacle (Plater Rock). At all locations, coral cover
in the intertidal zone was low (rarely >10% areal cover),
predominantly comprising massive and submassive
colonies of faviids, mainly Goniastrea and Platygyra but
with  Favia, Oulophyllia, Barabattoia, Cyphastrea,
Moseleya, Echinopora, Acanthastrea, Leptastrea and
Montastrea commonly present. A wide diversity of other
genera were also present, including fungiids (including
Fungia, Polyphyllia, Herpolitha), mussids (Symphyllia,
Lobophyllia) and Pectinia, Porites, Galaxea and
Merulina.

Soft corals (mainly Sarcophyton and Dendronephthya
species) were abundant on the intertidal rock platforms at
the southern tip of Wickham Point, and commonly
occurred in similar habitats elsewhere. Sponges (including
Microcionidae and Niphatidae) were generally common
within this habitat, and mushroom-shaped ascidians (cf.
Polycitoridae) were often encountered.

In shallow subtidal areas (1-2 m below LAT) there was no
clear dominance in hard coral genera, with acroporids
(encrusting and plate Montipora, corymbose and
branching Acropora), poritids (Goniopora, Alveopora),
pectinids  (Oxypora,  Echinophyllia, — Mycedium),
merulinids (Hydnophora), faviids (Cyphastrea) and
dendrophylliids (Turbinaria, Duncanopsammia) present at
variable abundances. Sponges, gorgonians (Ctenocella,
Junceella), soft corals (Clavularia, Sinularia) and colonial
anemones were also common in some of these areas.

An examination of algae on rocks and firm gravel near
Channel Island in the environmental work prior to the
installation of the power station (Caldwell Connell 1983,
in D&M 1997) showed there to be a limited amount of
favourable habitat in the area, but the limited habitat that
is present provides firm attachment for algae. A total of
19 genera were recorded. Eucheuma was common along
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with the green algae Caulerpa, Ulva, and Halimeda, the
browns Padina, Taonia, and Sargassum, the red
Laurencia and unidentified encrusting corallines.

The macroalgal communities of rubble covered intertidal
pavements such as Weed Reef can be diverse, and may
include browns (Sargassum, Padina), foliose reds
(Laurencia), greens (Caulerpa, Ulva, Udotea) and
calcareous greens (Halimeda).

Seagrasses

Seagrasses in Darwin Harbour are known to occur off
Mandorah, near the north-western entrance to the
harbour, and between Channel Island and the mainland.
Very sparse seagrass (thin-leafed Halodule uninervis and
Halophila decipiens) is present on some of the soft
sediments of the lower intertidal region at Wickham
Point, but significant seagrass beds are not known to
occur in the harbour.

On Weed Reef, LDM found a very sparse, patchy
coverage of seagrasses where the rocky intertidal platform
was covered with a thin sand veneer. These were mainly
thin-leafed Halodule uninervis and Halophila decipiens,
with some Halophila ovata and Cymodocea serrulata
close to the reef edge.

The NT DIPE is currently pursuing a proposal to
undertake an NHT funded project to identify seagrass
beds and other favourable habitat locations for dugongs
and sea turtles (N. Smit, pers comm).

Subtidal Pavement Biota

The areas of the harbour floor where strong currents
leave only a thin veneer of gravel and coarse sand over
the calcarenite substrate can support a highly diverse
fauna comprising sponges, soft corals and gorgonian
whips and fans, often with attendant crinoids (feather
stars). These fauna rely on water currents to provide their
food source and favour such high-current areas. In
shallower pavement areas (3-5 m below LAT) such as
offshore from West Point, brown algae such as
Sargassum and Padina may also be common.

Fish

Harbour waters support a high abundance of both
resident benthic and transient pelagic fish species. The
most recent survey of fishes of Darwin Harbour was
undertaken by Larson & Williams (1997, cited in Russell
& Hewitt 2000), which documented a total of 415
species including 31 new records for the Northern
Territory.

Long term monitoring of the survival and productivity of
fish that live within the mangroves of Darwin Harbour is
being conducted by NT DPIF and MAGNT. Preliminary
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3. DESCRIPTION OF EXISTING ENVIRONMENT

results have identified 48 species from 21 families of
fish, with the greatest numbers of fish caught within
Charles Darwin National Park (NT DLPE 2000a). The
results of this programme will facilitate the development
of a basic trophic model to simulate different parts of the
harbour and the contribution of mangrove ecosystems to
the marine food chain.

Reptiles

Turtles tend to occur throughout the harbour, with
Flatback Turtles (Chelonia depressa) known to nest at
Channel Island and at Mica Beach near the harbour
entrance. Green Turtles (Chelonia mydas) and Hawksbill
Turtles (Eretmochelys imbricata) also occur in the
harbour but there are no significant nesting sites in the
study area (M. Guinea, cited in Dames & Moore 1993a).
Saltwater (also known as Estuarine) Crocodiles
(Crocodylus porosus) occur but are regularly removed
by the Northern Territory government. Sea snakes are
infrequently seen in Darwin Harbour.

Mammals

Indo-Pacific Hump-backed Dolphins (Sousa chinensis)
and Irrawaddy River Dolphins (Orcaella brevirostris)
are commonly observed within the harbour.

Dugongs (Dugong dugon) are also known to occur in
East and Middle Arms except in small creeks. Three
years of observations by the Northern Territory
University and Biomarine International have suggested
that dugongs regularly use waters around Channel
Island, foraging on seasonally abundant macroalgae on
rocky reef areas as a dietary supplement to the rare and
small patches of seagrasses observed within the harbour
(S. Whiting, pers comm.; Whiting (in press). Areas of
macroalgae, including genera such as Sargassum,
Padina, Turbinaria and Ulva, in the vicinity of the
eastern end of Channel Island Bridge were shown to be
particular foraging areas. There is also a dugong and
turtle habitat project currently underway which will
provide definitive mapping of favourable habitats within
the harbour.

3.3.3 Ecological Function and Conservation
Status of Major Biotic Groups

Wickham Point contains a good representation of coastal
habitats found in the Darwin area. The area, at least on
the westernmost and central islands, is relatively free of
feral animals and recent human disturbance, and appears
to be well protected from fire.

3.3.3.1 Rainforest vegetation

The total area of dry coastal and subcoastal rainforest
vegetation in the Northern Territory is currently
estimated at approximately 121,249 ha (O. Price, pers
comm). The Darwin Harbour region has an estimated
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1,842 ha of dry rainforest, which represents 1.5 % of the
total coverage of this vegetation type in the NT.
Wickham Point has approximately 60 ha of dry
rainforest, while a larger area 121 ha in size exists
further down Middle Arm Peninsula (Figure 3.8).

Northern Territory rainforests are typically found as
small disjunct patches, scattered within a vast expanse of
mostly eucalypt-dominated woodland or savanna
(Russell-Smith & Lee 1992). These rainforests are
characteristically less than 5ha in extent with a
maximum species richness of around 135 species per
patch. The small size of most rainforest patches leaves
them vulnerable to disturbance. A study over the
Northern Territory as a whole noted that approximately
one third of rainforest survey sites were severely
disturbed by fire, 20% were severely disturbed by cattle
and buffalo and 10% by pigs (Russell-Smith & Bowman
1992). Panton (1993), in evaluating the change in
distribution of rainforests in the Darwin region over the
45 year period to 1993, identified 40% of dry rainforest
loss as attributable to urban development in the area,
while fire and cyclone damage, and weed incursion were
also noted as major factors in the declining distribution.

Previous research by the NT Parks and Wildlife
Commission has indicated that because these habitats are
dependent on flying vectors (birds and bats such as
flying foxes) for pollination and seed dispersal, they
need to be considered in a regional context. Their
conservation requires ensuring that they are close
enough to other patches for these vectors to utilise them.
When one rainforest completes its fertile phase, the
resources of another rainforest or adjacent hinterland
area needs to be accessible to these animals (D&M
1997).

One of the most significant threats to the integrity of
rainforest vegetation is the combined threat of fire and
weeds. The noxious weed Pennisetum polystachion is a
common introduced grass found on the edges of
rainforest patches, and in (at least) one patch at
Wickham Point. Unlike the native annual Sorghum
species, Pennisetum is a tall perennial grass that remains
green and non-flammable until late in the dry season. If
fire occurs at this time this species will support a high
intensity fire with flame heights to 5 m (Panton 1993).

The vine forests of Wickham Point contain relatively
few species of introduced plants and those weeds present
tend to occur in very low densities. The scarcity of
weeds indicates low habitat disturbance and
environmental degradation, and is an indication of the
high integrity of these patches at Wickham Point.

It is apparent from existing fuel loads and the almost
complete absence of fire scars and charcoal that
rainforest vegetation on Wickham Point and the adjacent
island has not been burnt for a considerable period of
time. Given the frequency of fire in the Darwin region,
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3. DESCRIPTION OF EXISTING ENVIRONMENT

where the great majority of savanna and woodland
habitats are burnt by frequent, sometimes annual or
biennial fires, an area of unburnt country represents an
unusual habitat or refuge.

Previous reports have highlighted the fire protection that
rainforest pockets on hinterland islets are afforded when
completely surrounded by mangroves, which do not burn
(Dames & Moore 1993a). This habitat represents a
refuge for fire-sensitive vegetation. On these hinterland
islets rainforest species which are killed by fire
(including Aidia racemosa, Cupaniopsis anacardioides,
Mpyristica  insipida, Terminalia sericocarpa and
Strychnos lucida) can occur (Bowman 1991). Unburnt
areas provide both resources and habitat for a variety of
wildlife throughout the dry season.

Monsoon rainforests such as the Wickham Point vine
forests contain a large number of fruit-bearing plant
species of significance to fauna. The Orange Lacewing
Butterfly (Cethosia penthsilea paksha) is dependent on
the vine-forest species Adenia heterophylla australis
(D&M 1997). The larvae of this poorly known butterfly
feed gregariously on this native vine from the
passionfruit family. Other species such as the Rose-
crowned Fruit Dove, Rainbow Pitta, Torres Strait
Imperial Pigeon and Black Butcherbird observed at
Wickham Point utilise the rainforest patches for at least
part of the year.

Rainforests provide important resources to species that
forage or roost in this habitat and to migratory species
such as the Torres Strait Imperial Pigeon that depend on
rainforests as a seasonal food resource. Over 60% of
vine forest species have fleshy, brightly coloured or
exposed seeds suitable for dispersal by birds (Wightman
& Andrews 1989). Flying foxes (fruit bats) and birds are
important pollinators and dispersers of seed and play a
role in maintaining the genetic viability of rainforests
generally - particularly with their typically disjunct
distribution of small isolates.

Significant Flora Species

During the detailed surveys conducted for the Draft EIS,
the Herbarium of the Northern Territory was consulted
regarding the presence of rare plant species within the
survey area. No rare, endangered or threatened species
were recorded for the site, nor for nearby Channel Island
(I Cowie, NT Herbarium), however the dry rainforest is
recognised to be of regional conservation interest (as
discussed in the previous section).

3.3.3.2 Mangroves
The mangroves of Darwin Harbour are recognised as
being a key part of the marine ecosystem, providing

primary production which can be used by animals higher
up the foodweb. They are also a major nursery habitat
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for species of both vertebrates and invertebrates. The
animals may be benthic species (largely marine
invertebrates) which inhabit the mangroves throughout
their juvenile and adult phases, or they move into the
mangroves during high tide (fish, prawns, sea snakes,
etc.) or alternatively low tide (birds, small mammals,
etc.) to feed. Primary production may be used by animals
either in the mangroves or it can be exported by tides
and currents and used elsewhere.

Brocklehurst and Edmeades (1996) undertook a detailed
study of the mangrove resources of Darwin Harbour,
building on the knowledge base outlined in previous
reports (e.g. D&M 1985, 1988; Wightman 1989). It was
estimated that there are approximately 20,400 hectares of
mangroves in Darwin Harbour, in relatively pristine
condition.

Mangrove species diversity in Darwin Harbour is high
when compared with the rest of the coastline.
Approximately 48 species of plants are recognised as
being regular inhabitants of the mangroves in the NT, of
which approximately 36 are found in Darwin Harbour
(Wightman 1989). In the course of the 1996 survey
undertaken by Brocklehurst and Edmeades, 24 genera
comprising 29 species were found.

Darwin Harbour was listed in the ANCA Directory of
Important Wetlands in Australia in 1993 and updated in
1995. This inclusion was largely based on the harbour
providing a good example of a shallow branching
embayment of the Top End Region, supporting one of
the largest discrete areas of mangrove forest in the
Northern Territory, and also the most mangrove species
of any Northern Territory embayment. The mangroves
also provide a major nursery area for estuarine and
offshore fish and crustacea in the Beagle Gulf Area.

The Darwin Harbour Wetlands are currently listed as an
Indicative Place nominated for inclusion in the Register
of the National Estate, for their extensive and well
developed mangrove communities, and associated
significant marine flora and fauna of the harbour. The
Australian Heritage Commission is yet to make a final
decision on whether the place should be entered in the
Register.

3.3.3.3 Terrestrial fauna

The extensive mangrove and mudflat habitats of Darwin
Harbour are listed as being of “good” quality for birdlife.
The mangroves in the Wickham Point area are not
considered to be as good a bird habitat as the two
adjoining areas of upper Middle Arm and East Arm.
Nevertheless, it is clear that the mangroves and mudflats
around Wickham Point contain almost all of the more
specialised mangrove bird species found in the region,
including Cicadabird, Chestnut Rail, White-breasted
Whistler and Mangrove Golden Whistler.
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3. DESCRIPTION OF EXISTING ENVIRONMENT

The intertidal mudflats do not appear to support large
numbers of migratory waders or shorebirds, although
these areas would be an important feeding resource at
times. Port Darwin is listed in the above mentioned
Directory of Important Wetlands as an important habitat
for several (25) migratory bird species listed in the
annexes to the JAMBA, CAMBA and Bonn Treaties.
Most of the more significant species in this group,
including Little Tern, Ruff, Eastern Curlew, White-
bellied Sea Eagle and Rainbow Bee Eater, have been
recorded in the area.

The best developed mangrove areas tend to have more of
the rarer bird species present. In this respect, the upper
reaches of the mangrove creeks are most important. The
creek draining west between Wickham Point and the
adjacent island had, for example, species such as Great-
billed Heron, Chestnut Rail, Cicadabird and White-
breasted Whistler present (see Figure 3.5).

The mangrove margin habitats, including the interface
between the mangroves and landward habitats such as
monsoon vine forest and paperbark woodland are
particularly important for wildlife. A number of large
nesting mounds used by the Orange-footed Scrubfowl
occur along this interface (Figure 3.5, Plate 7). Some of
these mounds are quite spectacular, being in excess of
3m in height and 10 m across the base. All mounds
seem to be active, and nesting was observed in the wet
season. Some of the Aboriginal shell middens in the area
have also been utilised by Orange-footed Scrubfowl as
nesting mounds. The same mounds may be used by
several pairs of birds. Some of these mounds may be
thousands of years old and are of some scientific and
public interest. The area holds a high density of these
birds. They are not considered a threatened species and
are generally not susceptible to human disturbance (they
frequently forage in suburban gardens around Darwin)
although interference with the nesting mounds would
inhibit breeding.

There appear to be good populations of medium and
large-sized mammals, such as Northern Brown
Bandicoot, Northern Brushtailed Possum and Agile
Wallaby. These populations are centred on the mangrove
— paperbark interface zone, where freshwater sedge
communities are developed. These species are probably
more abundant in this area than in similar habitats close
to Darwin as a consequence of the site being fire-
protected to a large degree, and to the low levels of
human disturbance.

The monsoon vine thickets on both Wickham Point and
the adjacent island are amongst the most extensive found
around Darwin. However, this habitat is not considered
of high significance for rare or threatened fauna. Most of
the resid