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EXECUTIVE SUMMARY

Heggies Pty Ltd was engaged to assess potential noise and vibration, lighting and air quality issues
associated with the marine crossing of gas transmission pipelines from the Central Queensland
mainland to the southern end of Curtis Island via inter-tidal mudflats and a passage of water called
The Narrows.

Two broad construction scenarios have been considered as follows:

*  Construction of up to four co-located pipelines in an east-west direction across the mudflats and
Narrows.

e Construction of a single pipeline which has a dogleg alignment skirting the southern edge of the
mudflats before proceeding north-east to The Narrows crossing location.

The co-located pipeline scenario may be constructed as a bundle or as individual pipelines.
NOISE AND VIBRATION

Measurements of background noise were undertaken to supplement those used in the EIS. The noise
criteria for the project established by the Coordinator-General are based on background noise levels.

Noise impacts were predicted using the CONCAWE noise prediction algorithm incorporated into a
SoundPLAN 3-dimensional computer noise model.

It was found that construction activities will exceed the established noise criteria. However, actual
noise impacts from the construction activities are not considered to be adverse at any of the
residences assessed except for one.

Use of construction transportation routes by heavy vehicles outside of standard construction times is
strongly discouraged due to low existing road traffic volumes. Neighbourly driver behaviour is also
considered to be important for light vehicles travelling to and from the construction site.

Noise effects on migratory birds are not expected to be severe and will be temporary.

It was found that no residences or visible infrastructure will be affected by vibration.

Underwater noise impacts are manageable, but will require additional mitigation measures to ensure
marine fauna are not adversely affected or injured.

AIR QUALITY

A risk-based air quality assessment was carried out for the construction phase of the pipelines. The
generally large distances from construction activities to residences will result in a low risk for air quality
impacts from this project.

Using typical construction industry air quality management measures, it is not expected that adverse
air quality impacts on local residents, flora or fauna will result from this project. A monitoring program
has been recommended to quantitatively assess the performance of mitigation measures.

LIGHTING

Computer simulations were carried out, assuming generic work floodlighting, to determine the
potential for obtrusive light spill from the construction lighting.

Heggies Pty Ltd
A member of SLR Group
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EXECUTIVE SUMMARY

A combination of topography, local vegetation and relatively large distances from working areas to
residents will minimise the risk for excessive light spill from the construction lighting. Mitigation
measures have been recommended to prevent excessive light spill from the site.

The results of the light impact assessment show that the potential for obtrusive light spill from the
construction lighting is minimal, assuming that the lighting installations are positioned and aimed
according to the mitigation recommendations given.

Heggies Pty Ltd
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1 INTRODUCTION

Heggies Pty Ltd has been engaged to assess potential noise and vibration impacts associated with
the construction of a section of gas transmission pipelines. The section of pipelines under
consideration is the marine crossing of the pipelines from the Central Queensland mainland to the
western side of the southern end of Curtis Island via a passage of water called The Narrows and
approximately 3,100 m of inter-tidal mudflat. This section of the pipeline is referred to as the
Kangaroo Island wetlands and The Narrows in the Coordinator-General’s reportl for the GLNG
project.

Two possible pipeline alignments are considered. The first alignment consists of four co-located
pipelines constructed simultaneously in an east-west orientation directly across the mudflats and The
Narrows (co-located pipelines). The second alignment is for a single pipeline that skirts the southern
edge of the mudflats instead of traversing directly across them (GLNG single pipeline). Both
alignments are identical west of the mudflats, while the GLNG single pipeline would cross The
Narrows slightly further north than the co-located pipelines.

A map of the pipeline marine crossing alignments and the broader region is shown in Figure 1.

1 Coordinator-General’s evaluation report for an environmental impact statement; Gladstone Liquefied
Natural Gas—GLNG project, May 2010.

Heggies Pty Ltd
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Figure 1 Pipeline Marine Crossing Alignments and Locality
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The east-west alignment with co-located pipelines may be constructed simultaneously, or each
pipeline may be constructed separately by the respective proponents.

Site and surrounds

The general area of the construction activities is rural. Farms on the mainland in the area run cattle or
are used to grow various crops such as pineapple and mango. There are also some residences on
small islands at the southern end of Curtis Island. However, these are at considerable distances from
construction activities, being located on the eastern side of Curtis Island.

A number of dwellings? exist in the area of the construction site and therefore will potentially be
impacted by noise and/or vibration associated with construction activities. An aerial photograph
identifying dwellings is shown in Figure 2. The structures were confirmed during a site visit on
6 May 2010.

Targinnie Road is the main access road to the area, and has a narrow, unmarked carriageway with
insufficient sealed width for vehicles to pass in opposite directions without both vehicles entering on
the unsealed verge.

2 Dwelling means a building or part of a building used or capable of being used as a residence
[Environmental Protection (Noise) Policy 2008].

Heggies Pty Ltd
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Figure 2 Buildings Identified in the Vicinity of the Marine Crossing
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The shortest distances from the residences to the welding and stringing yard, shown as a blue area in
Figure 2, are shown in Table 1. The welding and stringing yard is the area of intense activity nearest
to the residences.

Table1l Approximate Distances from Residences to Welding and Stringing Yard

Residence Shortest Approximate Shortest Approximate
Distance to Co-located Distance to GLNG Single
Pipelines Pipeline Main Works Area

1 Chernih Road 150 m 2,800 m

908 Targinnie Road 1,330 m 3,100 m

270 Forest Road 1,350 m 2,800 m

820 Targinnie Road 1,650 m 2,800 m

1023 Targinnie Road 1,480 m 3,900 m

Rural Fire Brigade 1,550 m 4,100 m

63 Flinders Road 1,600 m 4,300 m

101 Flinders Road 1,600 m 4,300 m

2 CONSTRUCTION METHODOLOGY

The following construction methodology has been paraphrased from information provided by QCLNG.
2.1 Outline

The construction area and associated methodologies can be sub-divided into three main areas as
follows:

1. Creek Section — approximately 1.35 km from the edge of the mainland across Humpy and
Targinnie Creeks onto the marshland.

2. Marshland Section — approximately 1.7 km from Targinnie Creek across the tidal mudflats to
Friend Point.

3. Narrows Section — approximately 2.45 km across the tidal waterway of The Narrows between
Friend Point on Kangaroo Island and Laird Point on Curtis Island.

In addition, two sections adjoining the above will accommodate supporting construction activities.
These sections are known as:

e Phillipies Landing Road Section (PLR) — this is an area within the Northern Infrastructure
Corridor Gladstone State Development Area (NIC GSDA) from approximately Targinnie Road to
Humpy Creek.

e Laird Point on Curtis Island (LPCI) — this is a shore crossing area within the NIC GSDA and the
50 m temporary construction access corridors to the north and south of the NIC GSDA and
landward onto Curtis Island some few hundred meters.

The above areas will support auxiliary construction activities such as laydown areas, stringing yards,
PASS/ASS treatment areas and winch site setup. The construction sections described above are
shown in Figure 3.

Heggies Pty Ltd
A member of SLR Group
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Figure 3 Pipeline Construction Sections
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The following construction methodologies are proposed in the three main sections:

Creek Section — Horizontal directional drilling (HDD)
Marshland Section — Sheet-piled Open-Cut

Narrows Section — Dredged Open-Cut

Construction Access

To facilitate access to and between the three construction sections the following temporary facilities
are proposed:

A piled rail/bridge system across the Creek Section to allow safe transportation of construction
materials and spoil removal between the PLR and Marshland Sections and to support The
Narrows and Marshland pipelines strings launching. The bridges will feature rows of five piles
every approximately 12 m.

A temporary construction access way across the Marshland Section to allow construction of a
sheet-piled trench, associated trench excavation and assistance with pipelines strings launching
and to facilitate general construction mobility in a safe manner.

To ensure structural integrity, minimise maintenance and facilitate eventual removal the
temporary construction access way will use a combination of Geotextiles and Geogrids. The
base layer will feature Geotextile and Geogrids overlain by a granular material. Further layers
of Geogrid will be incorporated at approximately 600 mm centres.

A temporary marine access facility at Laird Point to enable safe access to Curtis Island of
equipment for the winch site.

Construction Yards

To assist with the construction activities in the Creek, Marshland and Narrows Sections temporary
stockpile, fabrication and spoil treatment areas are required.

These are proposed to be located in the Phillipes Landing Road Section and lie primarily within the
NIC GSDA:

Stockpile Yard

For pipe, sheet piles and other temporary construction material.

Stringing Yard

To fabricate pipeline strings to be launched into the three construction sections.
PASS/ASS Treatment Yard

To treat excavated PASS/ASS spoil before removal to disposal location.
Temporary Fill Stockpile Yard

To store quarry material for the temporary construction access way.

Construction yard locations are shown in Figure 4.

Heggies Pty Ltd
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Figure 4 Construction Yard Locations

Heggies Pty Ltd
A member of SLR Group



Gladstone Gas Transmission Pipeline 17 Report Number 620.02637-R2

Kangaroo Island Wetlands and The Narrows Crossing 12 November 2010
Noise and Vibration, Lighting and Air Quality Assessment Revision 0
Report

Construction Camp

The Narrows Crossing construction camp is proposed adjacent to the Bruce Highway at Maroon Camp
near Calliope, indicated in Figure 5 (the exact location of the camp is to be advised).

Figure5 Accommodation Camp - Worksite Route

Note: Marker A is the approximate location of the camp, and marker B is the approximate location of the construction
site.

2.2 Creek Section Horizontal Directional Drilling (HDD)
The Creek Section will be drilled from a temporary pad set up on the Marshland adjacent to Targinnie

Creek. The pad will be approximately 60 m long by 50 m wide, depending on final separation required
between entry holes.

Heggies Pty Ltd
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Each gas pipeline requires two fibre optic cables (FOCs) installed nominally in a single conduit.
Therefore, for four pipelines, four HDDs are required for the gas pipelines and 4 HDDs are required for
the FOC conduits, a total of eight HDDs. The first hole drilled will be a conduit hole which will be used
as a temporary mud return line for the main gas pipeline drills. The main gas pipeline drills will require
over-drilling to around 60”-70" to create sufficient gap between the pipeline outside and the hole inside
to ensure the pipe string does not become stuck in the hole during insertion.

Across the Creek Section the pipelines will be installed a minimum of 10 m apart. The separation is
measured in both horizontal and vertical view and is therefore a true separation in space. The
pipelines are expected to be located 25 m-30 m deep where the underground exhibits competent
material. The FOC Conduits are located approximately 20 m deep.

2.3 The Narrows Section Dredging

Narrows dredging is proposed executed bg a Backhoe Dredger (BHD) working off a spud piled barge.
Dredge spoil will be excavated with a 5 m® to 7 m® bucket with the dredge spoil located into a hopper
barge. The dredge spoil will be taken away for either direct disposal in the case of Non-PASS
(Potential Acid Sulphate Soil) or if it is PASS/ASS (Acid Sulphate Soil) material it will be taken onshore
to the treatment pads prior to disposal.

Figure 6 Typical Spud Piled Backhoe Dredger
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Figure 7 Typical Backhoe Dredging Operation

Pipeline separation of 1 m can be controlled via the bundle technique. However, pipeline separation
between the bundles is expected to be larger at around 5 m as the bundles are installed in two
operations. There are significant project risks with attempting to pull 4 large diameter pipelines in one
operation across a high current waterway. Pulling two pipelines at a time is considered a safer and
more manageable operation, but will require larger separation between the bundles.

Trench depth is governed by burial requirements, which is 1.2 m minimum. Additional over-dredging
will be required to ensure the trench has sufficient depth to meet the code burial requirement. This
over-dredging may be 0.5-1.0 m.

2.4 Friend Point Cofferdam

Simultaneously with the dredging operation, a temporary shore transition cofferdam will be
constructed near Friend Point.

The shore transition cofferdam assists with stabilising the shore crossing and minimises trench
excavation requirements and maintenance dredging. It will be extended out to LAT (Lowest
Astronomical Tide), thereby ensuring the trench does not become exposed to air to avoid AASS
(Actual Acid Sulphate Soil) generation. Plans and sections of the cofferdam are shown in Figure 8.
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Figure 8 Friend Point Shore Transition Cofferdam
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2.5 Wirelay

Immediately prior to the pipeline pulling operation the pull wires will need installing across The
Narrows.

This will take place off a wirelay barge, which will lay the wires from Friend Point to Curtis Island. The
wirelay operation will be supported by a tug to assist with maintaining barge position and relocation.
The barge may be an anchor type vessel, whereby some barge movement would be possible within
the anchor pattern.

It is imperative the pull wires are installed in a straight line. To facilitate this, the wirelay barge will be
equipped with GPS positioning equipment and local transponders may also be installed to assist with
determining vessel and wire position. The wirelay operation is represented in Figure 9.
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Figure 9 Wirelay Operation
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2.6 Pipe Installation
Once the pull wires are in position the pipelines will be readied in the Marshland trench two at a time.

The buoyancy modules are typically 200 m long each with valving at each end to allow controlled
flooding and dewatering as required to control pipeline bundle buoyancy. The buoyancy modules will
be installed along the entire length of the pipeline bundle.

Buoyancy control is necessary as pipeline bundle elevation requirement varies across the length of
the pulling operation. Whilst moving across the Creek Section, which is above ground on rails, the
buoyancy modules are empty. Whilst floating in the trench across the Marshland Section the pipeline
bundle will be required to be neutrally buoyant (ie floating in the trench fully submerged to ensure the
bundle will pass under the trench struts). Across The Narrows the pipeline bundle will be required to
be negatively buoyant and drag against the seafloor. This is necessary to ensure adequate stability in
The Narrows cross currents. Therefore, as the pipeline bundle transitions from the Marshland trench
into The Narrows trench the buoyancy module valves will be opened to allow controlled flooding of
each module during transition.

Following completion of the pulling operation the buoyancy modules will be removed using either a
Remotely Operated Vehicle (ROV) or divers. The pipe installation stages are indicated in Figure 10.
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Figure 10 Co-located Pipeline Configuration
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2.7 PASS/ASS
2.7.1 PASS/ASS Treatment

The PASS/ASS treatment will be carried out in accordance with the PASS/ASS Management Plan
(provided as a separate study).

PASS/ASS spoils excavated from the Kangaroo Island Wetlands and The Narrows will be transported
on Articulated Dump Trucks (ADT) from their point of excavation to the PASS/ASS Treatment Area in
the PLR Section.

A number of treatment pads will be setup within the treatment area. The final number and size of
these will be dependant on and tailored to suit progress of spoil excavation and drying/treatment
times. The primary neutralising agent proposed is Aglime.

The treatment pads will include a guard layer constructed of 300 mm thick compacted clay overlain by
a 300 mm thick lime treated soil guard layer. This will ensure leaching of ASS does not penetrate into
the underground. If the appropriate amount of clay cannot be sourced locally then geo-membranes
will be used to create the guard layer.

Surrounding the treatment pads will be leachate collection drains to allow control and capture of flow
of contaminated water caused by natural drainage and rainfall events. The leachate drains will collect
at a small sediment pond which will be treated to neutralise any acidic contamination occurring during
treatment.

The outline cycle procedure for PASS/ASS spoil management will entail:

Cycle Day One:

e Pad 1 will have the daily spoil volume excavated distributed over it as a 300 mm layer;

Cycle Day Two:
e Pad 1 will be spread and mixed with lime;

e Pad 2 will be distributed with the daily spoil volume excavated;

Cycle Day Three:
e Pad 1 will be left to sit for redundancy and testing;
e Pad 2 will be spread and mixed with lime;

e Pad 3 will be distributed with the daily excavated material,

Cycle Day Four:
e Pad 1 will have another layer of 300 mm thickness soil laid over the top of the existing;
o Pad 2 will be left to sit for redundancy and testing;

e Pad 3 will be spread and mixed with lime;

This cycle is continued until 4 layers have been treated (1.2 m height). At this stage the pads will be
excavated and the treated spoil removed from site to the proposed landfill at Beneraby for disposal.

If more time is required to dry out the spoils before treatment can be successfully carried out additional
pads will be built and the above cycle of event will be expanded with the inclusion of more redundancy
and testing time.
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The proposed schedule is based on around 760 m®day of PASS spoil being excavated from the
trench. At a spreading thickness of 300 mm each pad will then need to be around 50 m by 50 m.
Depending on exact number of cycle days the total treatment area can then be determined. If the
cycle days number five, say, the total treatment area may then be around 100 m by 150 m. If the
cycle days number 20 the total treatment area may then be around 150 m by 350 m. Importantly, the
treatment area will be set up within the GSDA.

2.7.2 PASS/ASS Spoil Disposal

Geotechnical studies and engineering work carried out by QCLNG has confirmed the in-situ Kangaroo
Island Wetlands and The Narrows spoils cannot be re-used as backfill due to risk of liquefaction.

Therefore, all spoil whether non-PASS or PASS/ASS require disposing after trench
excavation/dredging. PASS/ASS spoils will additionally require successful treatment to neutralise the
Acid generating potential before disposal.

The base case involves trucking the treated spoil to an approved landfill disposal facility near
Benaraby, approximately 60 km south along the Bruce Highway.

Disposal into Western Basin is also being investigated. This may be either pumping directly from site
for un-treated spoils, where feasible, or overland trucking along Targinnie and Forrest Roads to a
bunded treatment and disposal site north of the Fishermans Landing Wharves. This latter option
combines the treatment and disposal sites into one, whereby the spoils are treated in-situ, building up
a reclamation area with the treated spoils left following confirmation of successful treatment.

Disposal into Western Basin is obviously dependant on prior State and Federal approvals and requires
negotiating an agreement with Gladstone Port Corporation.

The final disposal location will be confirmed following appointment of an EPC Contractor.
2.8 Reinstatement

Following completion of all construction activities and successful pre-commissioning of the pipelines
site reinstatement works will commence.

This will involve removal of all temporary construction aids and return of impacted sites to an agreed
condition emulating pre-construction conditions:

¢ Remove temporary marine access at Curtis Island.

¢ Remove Curtis Island cofferdam.

e Remove Friend Point cofferdam.

¢ Remove Marshland Section sheet piling.

e Progressively remove Marshland Section temporary construction access way.
. The granular material will be removed with excavators and dump trucks.
. Final clean up and detritus removal will be by hand.

e Remove Targinnie Creek bridge.

e Remove Creek Section temporary construction access way.
. The granular material will be removed with excavators and dump trucks.
. Final clean up and detritus removal will be by hand.

¢ Remove Humpy Creek bridge.
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2.9 Construction Equipment, Logistics and Schedule

A number and variety of temporary and permanent construction equipment and materials are required
to facilitate installation of the four gas pipelines.

Some of these are sourced from overseas and some are sourced locally both in Australia and the
Gladstone area. All require transportation from point of origin to site. Transportation involves primarily
seagoing vessels and road going trucks and light vehicles. Weekly traffic movements expected for the
project are shown in Figure 11. An approximate construction program is provided in Table 2.
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Figure 11 Logistics Schedule
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Table2 Kangaroo Island Wetlands and Narrows Crossing Schedule (Approximate)

2010

2011

2012

A

EPC MILESTONES

EPC Contract Award

Special Early Works Access (Constr Camp, Survey etc.)

Camp Construction

Detailed Design

Hydrotest Complete All 4 Pipes

Completion

EARLY WORKS

Design (Cofferdams, Bridges, Rails, Temp Access Way)

Geotech, geophys and topography

Pipe Stringing Yard

Construct Temp Bridges and Acces Way PLR to Friend Pt

Marshland Sheet Piling

Curtis Island Temp Marine Access

CONSTRUCTION

Phillipies Landing Rd (QCLNG Only)

Creek Section (4 Pipelines)

Pre-HDD Weld and Test Strings 1+2

HDD Pipe 1

HDD Pipe 2

Pre-HDD Weld and Test Strings 3+4

HDD Pipe 3

HDD Pipe 4

Marshland Section (4 Pipelines)

Pipe String Weld and Test

Trench Excavation and PASS Treatment

Narrows Section (4 Pipelines)

Dredging

Lay Pull Wires

Pull Pipelines into Trenches (incl. recover Buoyancy Controls)

Backfill Crossing

Curtis Island Section (QCLNG Only)

Remove Sheet Piling

I Critical Path
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The majority of work activities will occur during the daytime. However, some activities are required to
run 24-hours for operational, logistical or environmental (tidal) reasons. Table 3 indicates the
proposed general working times for the various activities.

Table 3  Proposed Operating Hours for Site Activities

Section Activity Operating Hours
- _ Clear and Grade Daytime
gzg't'i%is Landing Road Dig Lay Bury (DLB) Daytime
Reinstatement Daytime
Access track installation Daytime
Temporary access track installation Daytime
Creek Section Temporary bridge installation Daytime
HDD work pad installation Daytime
HDD 24-hours
Reinstatement Daytime

Temporary access causeway installation Daytime

Marshland Section

Sheet pile coffer dam installation 24-hours
Dredging works in The Narrows 24-hours
Narrows Section Bottom pull of pipe bundle Daytime
Placement of pipe cover 24-hours
Temporary Jetty Installation works Daytime
Curtis Island Section Clear and Grade Daytime
DLB Daytime
Reinstatement Daytime
Installation of winch pad and catch pit Daytime
Delivery Station Works Civil Daytime
Delivery Station Works Mechanical Daytime
Hydro testing 24-hours
Auckland load out facilities — possible 24-hours

The plant and equipment schedule for each activity/area is provided in Table 4.
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Table4 Plant and Equipment Schedule

Section Activity / Construction Phase

Plant and Equipment

Phillipes Landing Site Yard
Road Section

100 KVA Generator
Site Workshop

100 KVA Generator
AS400 Diesel Welder
40 Te bogies

20 Te conveyor rollers

Clear and Grade RoW

Dozer D9
Grader 16G

3x Excavator 30t with attachments ie rake, grab,
vertical mulcher

2x ADT 40t

Stringing

Excavator 65t
Side boom 572L

Vacuum lift, CAT Challanger CH65C with dolley &
trailer

Sideboom with Bending machine 32 - 42"
Trubend bending mandrel 40 - 42"

DLB

Excavator 45-65t
Side boom 572L

Excavator 45t with attachments ie. screener,
shaker,etc

Challenger tow tractor

Automatic welder

End prep machine

Front End Buffing Rig Pipe Facing machine 42"
Challenger tack rig complete with compressor
Generator

Welding machines & internal line up clamp 40 - 42"
Moorooka Fill / Cap pass rigs

Hi-ab truck with two diesel powered welding sets for
tie-ins & external clamp

Moorooka sand Blast and joint coating rigs
Diesel welding set on a trailer for repairs
FEL CAT 950 x2

Reinstatement

Excavator 30t with attachments ie rake

ADT 40t
Grader 16G
Creek Section Temporary access track Dozer D9
installation Grader 16G

3x Excavator 30t, ADT 40t

3x 15t padfoot rollers

Temporary bridge installation
Excavator / Crane with pile driver
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Section Activity / Construction Phase

Plant and Equipment

120t Crawler crane
25t mobile crane
2x truck and trailer

HDD work pad installation

Excavator 30t
ADT 40t
Padfoot roller

HDD

Drilling rig

Control cabin steering tool

Down hole equipment

Drill pipe

Mud pumps

Mixing unit

Recycling installation

Cranes

Workshops

Crew containers

Excavators

Vacuum trucks

High pressure mud pump - Herrenknecht 6070
Drill fluid mix plant - Herrenknecht 2000
Self prime pit pump - Selwood 150C
Boost pump - Selwood 150SH

Hydraulic submersible pump - Sykes HD150
BICO Mud Motor - Transco

500 KVA Generator

100 KVA Generator

60 KVA Generator

Marshland Section Temporary access causeway
Installation

Dozer D9

Grader 16G

3x Excavator 30t

ADT 40t

3x 15t padfoot rollers

Sheet pile coffer dam installation

2x Excavator / Crane with pile driver
120t Crawler crane

25t mobile crane

2x truck and trailer

Narrows Section Dredging

Backhoe dredger with dredging excavator
40 Te bogies

20 Te conveyor rollers

2xlinear winches

barge-wire laying

pulling head.
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Section Activity / Construction Phase

Plant and Equipment

Curtis Island Clear and Grade RoW
Section

Dozer D9
Grader 16G

3x Excavator 30t with attachments ie rake, grab,
vertical mulcher.

2x ADT 40t

Stringing

Excavator 65t

Side boom 572L

Vacuum lift

CAT Challanger CH65C with dolley & trailer
Sideboom with Bending machine 32 - 42"
Trubend bending mandrel 40 - 42"

DLB

Excavator 45-65t
Side boom 572L

Excavator 45t with attachments ie. screener,
shaker,etc.

Challenger tow tractor

Automatic welder

End prep machine

Front End Buffing Rig Pipe Facing machine 42"

Challenger tack rig complete with compressor,
generator, welding machines & internal line up
clamp 40 - 42"

Moorooka Fill / Cap pass rigs

Hi-ab truck with two diesel powered welding sets for
tie-ins & external clamp

Moorooka sand Blast and joint coating rigs
Diesel welding set on a trailer for repairs
FEL CAT 950 x2

Delivery Station Works Civil

Excavator 30t with attachments ie rake, grab,
vertical mulcher

Bobcat
Dualcab truck
Hiup truck

Delivery Station Works
Mechanical

25t mobile crane

100t crane

Challenger tow tractor

Welding machines

Moorooka sand Blast and joint coating rigs

Reinstatement

Excavator 30t with attachments ie rake
ADT 40t
Grader 16G
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3 NOISE AND VIBRATION

3.1 Existing Acoustic Environment

Targinnie is rural and there is minimal transportation noise as there are no through-routes in the area.
The nearest main road (Mount Larcom - Gladstone Road) is some 9 km south of the study area.

Ambient noise monitoring was carried out at the northern end of Flinders Road, which is considered to
be representative of ambient noise levels in the area, from 20 February to 6 March 2008 as part of the
Environmental Impact Assessment (Heggies Report 20-2014R1R4 dated 22 May 2009). The
background LA90 noise levels measured were 31 - 33 dBA, and ambient LAeq noise levels were in the
order of 51 - 53 dBA. An inspection of the location of residences and the general area was carried out
on 8 May 2010 to confirm that the noise characteristics of the area have not changed significantly.

The 2008 measurements were affected by meteorological conditions which, while acceptable for noise
monitoring purposes, were considered to result in noise levels higher than what could be typically
expected in cooler months ie with less wind.

Additional noise monitoring was undertaken from Thursday 30 September 2010 to Thursday
7 October 2010 adjacent to Targinnie Road and approximately 50 m south-east of the Targinnie Rural
Fire Brigade and 550 m north-west of Chernih Road, as shown in Figure 12 (two residences are
shown for orientation purposes).

Figure 12 October 2010 Ambient Noise Monitoring Location

Additional noise monitoring was also undertaken at the township of Yarwun to provide a baseline level
of road traffic noise at the locations indicated in Figure 13. Unattended noise monitoring was carried
out at locations indicated in dark blue and attended noise measurements were carried out at locations
indicated in red.
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Figure 13 Yarwun Noise Monitoring Locations

3.1.1 Unattended Noise Monitoring - Targinnie

Unattended noise monitoring was undertaken with a ARL-315 Type 1 environmental noise logger.
The instrument was calibrated prior to and post measurements, and no significant drift (0.5 dB) was
detected. The noise logger is shown in Figure 14 with the Targinnie Rural Fire Brigade in the
background.
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Figure 14 Noise Logger - Targinnie Road, Targinnie

Background noise levels measured with the unattended noise logger are shown in Table 5, and
graphical charts of the noise levels measured are shown in Appendix B.

Table5 Unattended Measured Background Noise Levels - Targinnie

Date Measured Background Noise Level LA90 (dBA)
Daytime (7 am — 6 pm) Evening (6 pm — 10 pm)  Night (10 pm — 7 am)

30 September 2010 35dBA 42 dBA 34 dBA

1 October 2010 Excluded due to high wind

2 October 2010 33 dBA 35 dBA 32 dBA

3 October 2010 29 dBA 35dBA 29 dBA

4 October 2010 28 dBA 36 dBA 29 dBA

5 October 2010 29 dBA 35dBA 30 dBA

6 October 2010 31dBA 34 dBA 29 dBA

RBL" 29 dBA 35dBA 30dBA

Note 1: RBL is the Rating Background noise Level calculated in accordance with DERM Planning for Noise Control
Ecoaccess guideline.
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3.1.2 Attended Noise Monitoring - Targinnie

Attended noise measurements were carried out at the same location as the unattended
measurements using a Svan 948 Type 1 sound level meter. Attended noise measurements are
carried out to verify the unattended noise logger measured levels, and to qualify the acoustic
environment.

The sound level was calibrated prior to and post measurements, and no significant drift (+0.5 dB) was
detected. Results of the attended noise measurements are shown in Table 6.

Table 6 Attended Noise Measurement Results - Targinnie

Date / Start Time Ambient Sound Levels Weather Conditions and Comments
5 October 2010 16:45 LAL 58 dBA Cloud 1 octa, Wind 0-1.5 m/s
LA10 40 dBA Insects constant 35 dBA, f > 3150 Hz
LAeq 49 dBA Birds 37-63 dBA
LA90 29 dBA Distant jet

Distant car ~ 40 dBA
Car passby 77 dBA (only car in 15 minutes)

5 October 2010 21:45 LAL 44 dBA Cloud 0 octas, Wind nil
LA10 42 dBA Insects and frogs constant 40-43 dBA, f > 1000 Hz
LAeq 40 dBA Flying foxes.
LA90 37 dBA Distant low frequency noise. Possibly generator at

residence or Yarwun alumina refinery.
Faint sound of water running.

6 October 2010 00:00  LA1 42 dBA Cloud 0 octas, Wind nil
LA10 40 dBA Insects, birds and frogs constant 37-41 dBA, f > 2000 Hz
LAeq 39 dBA Distant low frequency noise.
LA90 37 dBA A few flying foxes.

Note: Times shown are in 24-hour format.

Ambient sound in the area was dominated by animal noise, and particularly insects. Insect noise is
seasonal, and generally is not present during the winter months. In order to obtain the ambient sound
levels in the absence of insect noise, the measurements were carried out in 1/3 octave bands. This
allows for the sound produced by insects ie at high frequencies to be filtered out.

The 1/3 octave band LAg90 noise levels recorded during the attended noise measurements are
provided in Table 7. Noise levels in frequency bands below 1250 Hz and above 10 kHz were all less
than 16 dBA, which is the noise floor of the instrument.

Table 7 1/3 Octave Band Centre Frequency 15-minute LA90 Noise Levels - Targinnie

Measured 1/3 Octave Band Centre Frequency (Hz)

Parameter 1250 1600 2000 2500 3150 4000 5000 6300 8000 10000
Daytime LA90 dB <16 <16 <16 <16 <16 17 20 19 20 16
Evening LASO dB 17 22 24 29 30 29 28 16 17 <16
Night-time LA90 dB <16 19 16 18 27 33 33 16 16 <16

The background noise levels for the measurements with insect noise removed are shown in Table 8.
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Table 8 Background Noise Levels Without Insect Noise - Targinnie

Date / Start Time Background Noise Level - Filtered to Exclude
Insect Noise

5 October 2010 16:45 <25 dBA

5 October 2010 21:45 <25 dBA

6 October 2010 00:00 <25 dBA

Note: Times shown are in 24-hour format.

The background noise levels with insect noise excluded in Table 8 show that background noise levels
from anthropogenic sources in the area are very low at all times of day. In accordance with the DERM
Planning for Noise Control Ecoaccess guideline, where the measured background noise level is less
than 25 dBA, a minimum background noise level of 25 dBA is to be adopted.

3.1.3 Unattended Noise Monitoring - Yarwun
Unattended noise monitoring was undertaken with ARL-315 Type 1 environmental noise loggers. The
instruments were calibrated prior to and post measurements, and no significant drift (0.5 dB) was

detected. The noise loggers are shown in Figure 15 and Figure 16.

The logger at the northern end of Yarwun was located 15 m from Targinnie Road, and the logger at
the southern end of Yarwun was located 11 m from Targinnie Road.

Figure 15 Noise Logger at Northern End of Yarwun Township - Looking Towards Targinnie
Road
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Figure 16 Noise Logger at Southern End of Yarwun Township - Looking Towards Targinnie
Road

LA10 noise levels measured with the unattended noise loggers are shown in Table 9 and Table 10,
and graphical charts of the noise levels measured are shown in Appendix F and Appendix G.

Table9 Unattended Measured Ambient Noise Levels - Northern End of Yarwun Township

Date LA10 18hr LA10 Day LA10 Evening LA10 Night
16 October 2010 51 dBA 57 dBA

17 October 2010 54 dBA 56 dBA 56 dBA 55 dBA

18 October 2010 56 dBA 58 dBA 53 dBA 55 dBA

19 October 2010 55 dBA 59 dBA 52 dBA 55 dBA

20 October 2010 52 dBA 56 dBA 53 dBA 54 dBA

21 October 2010 60 dBA

Table 10 Unattended Measured Ambient Noise Levels - Southern End of Yarwun Township

Date LA10 18hr LA10 Day LA10 Evening LA10 Night
16 October 2010 49 dBA 50 dBA

17 October 2010 51 dBA 53 dBA 50 dBA 46 dBA

18 October 2010 52 dBA 55 dBA 48 dBA 48 dBA

19 October 2010 52 dBA 56 dBA 49 dBA 49 dBA

20 October 2010 49 dBA 57 dBA 47 dBA 46 dBA

21 October 2010 56 dBA
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It should be noted that road traffic is a significant noise source in the area, but is not dominant.

3.1.4 Attended Noise Monitoring - Yarwun

Attended noise measurements were carried out near the unattended noise logger, but at an offset
from Targinnie Road which was representative of the location of residence facades. Measurements
we carried out with a Svan 948 Type 1 sound level meter. Attended noise measurements are carried
out to verify the unattended noise logger measured levels, qualify the acoustic environment, and
provide more detailed information on noise levels produced by road traffic. Details of the attended
noise measurement locations shown in Figure 13 are provided in Table 11.

Table 11 Attended Noise Measurement Locations - Yarwun

Attended Noise Measurement Location

Description of Location

Yarwun Attended 1

28 m from Targinnie Road, near logger at northern
end of township

Yarwun Attended 2

30 m from Targinnie Road and 4 m from Boyle Street

Yarwun Attended 3

18 m from Targinnie Road near logger at southern end
of township

The sound level was calibrated prior to and post measurements, and no significant drift (+0.5 dB) was
detected. Results of the attended noise measurements are shown in Table 12.

Table 12 Attended Noise Measurement Results - Targinnie

Location/Date/Time Ambient Sound Levels Weather Conditions and Comments

Yarwun Attended 1 LA1L 66 dBA Cloud 8 octas, Wind 0-5 m/s
LA10 59 dBA Cars 58, 62, 61, 58, 52, 56, 56 dBA
gé.gg t_ogg.r125010 LAeqg 56 dBA Birds 50-76 dBA
' ' LA90 44 dBA Dog bark 61 dBA
Buses 64, 67, 67 dBA
Small trucks 63 66 dBA
Train 63 dBA
4x4’s 63, 58, 58, 57, 58, 59, 56 dBA
Squealing bus brakes 56 dBA
Heavy vehicles 67, 69, 69 dBA
Resident 57 dBA
Lots of birds.
Yarwun Attended 1 LAL 68dBA Cloud 8 octas, Wind 0-1.5 m/s
LA10 56 dBA Cars 56, 58, 55, 58, 58, 59, 60, 59, 57 dBA
g;(l);:t_ogglréom LAeq 54 dBA Birds 54, 57, 75, 70, 63 dBA
' ' LA90 40 dBA Heavy vehicles 69 dBA
4x4’s 58, 54 (low speed), 63, 61 dBA
Train (electric) 62 dBA
Yarwun Attended 1 LA1L 68 dBA Cloud 8 octas, Wind 0-1.5 m/s
LA10 59 dBA Cars 61, 62, 57, 59, 55 dBA
gégft_ogg;%om LAeq 57 dBA 4x4's 61, 62, 64, 63, 62 dBA

LA90 41 dBA

Heavy vehicles 70, 67 dBA

Birds 68, 73, 80 dBA

Resident 55, 57, 55, 56, 61 dBA
Backhoe 69 dBA (on Lindherr Road)
Backhoe reverse alarm 70 dBA
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Location/Date/Time Ambient Sound Levels

Weather Conditions and Comments

Yarwun Attended 2 LAL 68 dBA Cloud 8 octas, Wind 0-1.5 m/s
LA10 60 dBA Birds 61, 69, 63 dBA
éé,ggt_ogge,rléom LAeq 57 dBA Dogs 63, 61, 72, 74 dBA
' ' LA90 43 dBA On Targinnie Road
Cars 61, 64, 59, 60, 67, 52 dBA
Heavy vehicles 66, 67, 75 dBA
4x4's 62, 62, 60 dBA
On Boyle Street
Cars 70, 71, 68, 68, 62 dBA
4x4’s 67, 69, 68, 66, 65 dBA
Yarwun Attended 2 LAL 68 dBA Cloud 8 octas, Wind 0-1.5 m/s
LA10 57 dBA Birds 53 65 dBA
gé'?é:t_ogge.rszlom LAeq 55 dBA On Targinnie Road
' ' LA90 41 dBA Cars 65, 58 dBA
4x4’s 64, 61, 60, 62 dBA
Heavy vehicles 72, 69 dBA
On Boyle Street
Car 63 dBA
Light truck 74 dBA
Yarwun Attended 2 LA1 72 dBA Cloud 8 octas, Wind 0-1.5 m/s
LA10 64 dBA Birds 65-70 dBA
g;'gzct_ogg.réom LAeq  55dBA On Targinnie Road
' ' LA90 44 dBA 4x4’s 62, 58, 66, 55 dBA
Heavy vehicles 69, 70, 65 dBA
Light trucks 62, 64 dBA
Car 62 dBA
On Boyle Street
4x4's 70, 68, 72, 70, 69 dBA
Heavy vehicle 80 dBA
Light truck 70 dBA
Bus 78 dBA
Car 70 dBA
Yarwun Attended 3 LAL 64 dBA Cloud 8 octas, Wind 0-1.5 m/s
LA10 54 dBA Cars 61, 65, 62, 64, 68, 68 dBA
21 October 2010 LAeq 52 dBA 4x4 66 dBA
) ’ LA90 37 dBA Birds 50-58. 75 dBA
Train horn 56 dBA
Yarwun Attended 3 LA1 67 dBA Cloud 8 octas, Wind 0-3 m/s
LA10 53 dBA 4x4 pulling into driveway 55 dBA
ié'(())é:t_ofg.rlzsom LAeq 55 dBA Car door closure 51, 56 dBA
' ' LA90 36 dBA Birds 53-61 dBA
Wheelie bin rolling 54 dBA
Dog barking 50-52 dBA
Heavy vehicle 71 dBA
Industry noise in distance - possibly Yarwun refinery.
Light truck 79 dBA.
Yarwun Attended 3 LA1 68 dBA Cloud 8 octas, Wind 0-5 m/s
LA10 56 dBA Heavy vehicles 69, 77, 63, 71 dBA
ié(?(;: t_ofg.r125010 LAeq 56 dBA Car door closure 63 dBA
' ' LA90 40 dBA Cars 69, 61 dBA

4x4’s 65, 61 dBA
Birds 50-61, 66 dBA
4x4 turning around 59 dBA

Note: All noise levels recorded are the “fast” response time maximum noise levels in dBA for individual events.

Times shown are in 24-hour format.
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Road traffic noise levels are reported as either “free-field” or “facade corrected”. Free-field noise
levels are measured in a location with no sound-reflecting surfaces nearby. A facade-corrected noise
level is the noise level at 1 m from a building facade and is 2.5 dBA higher than a free-field noise level
in the same location.

The road noise decrease as a result of the increased distance from the logger locations to the
corresponding attended measurement locations at the north and south ends of Yarwun will be
approximately cancelled (within 1 dBA) by the 2.5 dBA correction that would be applied at the facades
of the residences. Therefore, the logger measured noise levels are considered to be representative of
facade-corrected noise levels at the set back of the residences.

3.2 Noise Criteria (Terrestrial)
3.2.1 Construction Noise

The Coordinator-Generals evaluation report for an environmental impact statement - Gladstone
Liguefied Natural Gas-GLNG project (Coordinator-generals report) provides noise criteria for the
project, reproduced in Table 13. The criteria provided by the Coordinator-general for the APLNG
project3 are identical to those shown in Table 13.

The Coordinator-general’s report for the QCLNG project* does not provide noise criteria for the
project, but notes for the LNG facility that “While noise is a criterion when in operation, during the
construction period of both projects (referring to the APLNG facility) operational noise impacts do not
apply”. Noise criteria are not mentioned for the pipeline construction. Therefore, it has been assumed
that construction noise criteria do not apply for daytime activities for the QCLNG project. For night-
time works, the criteria in Table 13 are more stringent than has been applied to construction noise for
other major infrastructure projects in Queensland (50 dBA LAmax).

Application of the criteria in Table 13 to QCLNG would be consistent with the approvals for the GLNG
and APLNG projects, although these criteria are conservative compared to the legislative
requirements for daytime works, and the (generally adopted) sleep disturbance criterion for night-time
works. If the pipelines are constructed concurrently, the QCLNG noise criteria to be achieved would
need to default to the most stringent criteria specified for any of the proponents, as there would be no
practical way to distinguish QCLNG construction noise from the other proponents. However, if the
QCLNG pipeline was constructed in isolation from the other proponents, the standard legislative
provisions as noted above would apply.

3 Australia Pacific LNG Project Coordinator-General’s report on the environmental impact statement
October 2010

4 Queensland Curtis LNG Project Coordinator-General’s report on the environmental impact statement
June 2010
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Table 13 Noise Limits from the Coordinator-Generals Report

Sensitive place

Noise level Monday to Saturday Sundays and public holidays
?nBegsured 7 am to 6 pm to 10 pm to 9 am to 6 pm to 10 pm to
as: 6 pm 10 pm 7 am 6 pm 10 pm 9 am
LA90, adj, 15 mins lesser of lesser of

bg +3 or 48 bg+0 or 40
LA10, adj, 15 mins lesser of bg lesser of bg+0 lesser of bg lesser of

+5 or 50 bg+5 or 45 +5 or 45 bg+5 or 40
LA1, adj, 15 mins lesser of lesser of lesser of lesser of lesser of lesser of

bg+100r55 bg+100r50 bg+5 or 45 bg+100r50 bg+100r45 bg+5o0r40

Commercial place

Noise level Monday to Saturday Sundays and public holidays
dBA d 7 am to 6 pm to 10 pm to 9 am to 6 pm to 10 pm to
21Se.asure 6 pm 10 pm 7 am 6 pm 10 pm 9 am
LA90, ad, 15 mins lesser of bg+0 bg+0 lesser of bg+0 bg+0
bg+5 or 50 bg+3 or 43
LA10, adj, 15 mins lesser of lesser of lesser of lesser of lesser of lesser of
bg+10 or 55 bg+10 or 50 bg+5 or 45 bg+10 or 50 bg+10 or 45 bg+5 or 40
LAz, adj, 15 mins lesser of lesser of lesser of lesser of lesser of lesser of

bg+15 or 60 bg+15 or 55 bg+10 or 50 bg+15 or 55 bg+15 or 50 bg+10 or 45

Notes:  bg = background
In the event that measured bg is less than 25 dB(A), then 25 dB(A) is to be substituted for the measured level
If the background is higher than the number shown on the second line in any box, the limit is to be background
plus 0.

It has been assumed that for time periods for which no criteria have been nominated, noise is
expected to be inaudible.

Specific noise criteria have been calculated by applying the minimum background noise level of
25 dBA determined in Section 3.1 to the noise criteria in Table 13, as shown in Table 14.

Table 14 Noise Limits Based on the Coordinator-Generals Report

Sensitive place

Noise level Monday to Saturday Sundays and public holidays
?nigsured 7 am to 6pmto 10 pm to 9 am to 6 pm to 10 pm to
as: 6 pm 10 pm 7 am 6 pm 10 pm 9 am
Lago, adj, 15mins 28 dBA 25 dBA

La10,ad 15mins 30 dBA 30 dBA 25 dBA 30 dBA 30 dBA

LAz, adj, 15 mins 35 dBA 35 dBA 30 dBA 35 dBA 35 dBA 30 dBA
Commercial place

Noise level Monday to Saturday Sundays and public holidays
?nigsured 7 am to 6pmto 10 pm to 9 am to 6 pm to 10 pm to
as: 6 pm 10 pm 7 am 6 pm 10 pm 9 am
Lago, adj, 15mins 30 dBA 25 dBA 25 dBA 28 dBA 25 dBA 25 dBA
LA10, adj, 15 mins 35 dBA 30 dBA 30 dBA 35 dBA 35 dBA 30 dBA
LAz, adj, 15 mins 40 dBA 35 dBA 35 dBA 40 dBA 40 dBA 35 dBA
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3.2.2 Transportation Noise

Transportation noise criteria adopted for this assessment are consistent with criteria for the Gladstone
LNG Environmental Impact Statement (EIS) shown in Table 15.

Table 15 Summary of Road Traffic Noise Criteria (from the EIS)

Road Type Criteria
State Existing Road 68 dBA LA10(18hour) and
< 2 dBA change in existing LA10(18hour)
New Road 63 dBA LA10(18hour)
Other public road Existing Road 63 dBA LA10(18hour) and
< 2 dBA change in existing LA10(18hour)
New Road 63 dBA LA10(18hour)

This assessment does not extend to impacts beyond local roads, none of which are state-controlled.
Therefore, the criteria for noise generated by the construction traffic are:

63 dBA LA10(18hour); and

< 2 dBA change in existing LA10(18hour).

It should be noted, however, that the LA10(18hour) is calculated using the CoRTN road traffic noise
model, which requires a minimum road traffic volume of 50 vehicles/hour or 1,000 vehicles/18 hours.
Where construction traffic is lower than these values, alternative approaches to assessing construction
traffic noise may be required.

3.2.3 Noise Impacts on Migratory Birds

Literature discussing the effects of noise on birds generally focuses on environments where chronic
noise has caused vacation from an area over time due to the inability of some species to adequately
communicate above ambient noise levels (eg in busy urban areas or near to large industries).

As far as our research currently reveals, there are no government policies or other widely-accepted
guidelines in respect to the noise levels which may be acceptable to wildlife. The levels or character
of noise that may “startle” or otherwise affect the feeding or breeding pattern of birds or other wild
animals are also not firmly established in the technical literature.

A computer-based literature search of DIALOG and other scientific databases has been conducted. In
an earlier attempt to determine the levels of acceptable noise exposure for wetland birds and other
animals, we also contacted the National Parks and Wildlife Service and a set of possibly relevant
technical references was supplied.

After review of these references, and particularly a paper by the NSW Department of Agriculture and
Fisheries (Poole 19825) and a study by the Swedish University (Algers et al 19785) on the effects of
continuous noise on animals, it is concluded that birds tend to accept and/or adapt to constant steady
noise levels, even of a relatively high level in the order of 70 dBA. Poole found that continuous
exposure to higher noise levels (from 70 dBA to 85 dBA and above) may cause some degree of
behavioural changes in birds (non-specific to species).

5 Poole G, 1982. Sound Advise Poultry Notes. NSW Department of Agriculture and Fisheries.
6 Algers B, Ekesbo |, Strombery S, 1978. Noise Measurement in Farm Animal Environments. ACTA
Veterinaria Scandinavica. Suppl.68, p19.
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Observations of behaviour patterns also indicate a higher tolerance to intermittent, moderate level
noise events such as road traffic. Sudden loud or impulsive or impact noises are capable of causing
birds and other wild animals to become startled, which if repeated in the longer term, may affect
feeding and possibly breeding habits in some bird species. On the other hand, there are instances
where such noises have been used in an attempt to drive flocks of birds (and bats) away from
particular sites (at airports, waste disposal sites, etc). Due possibly to the more “domesticated” nature
of these bird species, the success of such trials have been of limited success.

3.3 Noise Criteria (Underwater)

There is increasing community, academic and government concern regarding the effects of
underwater noise on marine life, and in particular interference with mammals’ ability to communicate.
Section 8 of the EIS for the GLNG project and Section 5 of the EIS for the APLNG project indicate that
dugong and dolphin are the marine mammal species most likely to occur in the area, and the area is
also significant for sea turtle foraging (the EIS for the QCLNG project does not appear to specifically
address underwater noise). Assessment of underwater noise impacts would therefore focus on
potential impacts on these marine creatures.

The major sources of underwater noise for the construction phase of this project are identified as:
e Dredging and associated vessels
¢ Impact piling of circular hollow section (CHS) piles

¢ Vibration sheet piling

Noise from the dredging operation proposed (BHD) will be dominated by underwater engine and
propeller noise. The arm and bucket of the backhoe will not produce significant levels of noise
underwater, unless rock is encountered. Noise from construction of the marine access facility will
involve pile driving of CHS and sheet piles.

Similarly, cable laying and winching of pipelines is not expected to introduce any unusual high levels
of underwater noise.

Dugong

Gerstein et al found that sustained high levels of noise from dredging (cutter-suction) can increase the
chance of manitees (similar to dugongs) colliding with boats up to a radius of 4 km’, also noting that
there is evidence of manatees and dugongs having low noise source localisation abilities. While BHD
dredging is expected to produce substantially lower underwater noise levels than cutter-suction
dredging, the source localisation (in)ability of dugong has been confirmed by Australian research
(Hodgson8 2004 and Hodgson and Marsh® 2007). The Australian research also concluded that
dugong may travel towards a noise source if the source was also in the direction of deeper water.

Savery & Associates10 found that the radius of exclusion from CHS piling for dolphin (the criteria of
which were conservatively applied to dugong due to the absence of data on that species) to avoid
adverse impacts was 250 m without additional underwater noise mitigation measures.

7J. Acoust. Soc. Am. Volume 120, Issue 5, pp. 3153-3153 (November 2006)

8 Hodgson, A J Dugong behaviour and responses to human influences PhD Thesis, School of Earth
and Environmental Science, James Cook University, Queensland 2004

9 Hodgson, A J and Marsh H.. Response of dugongs to boat traffic: The risk of disturbance and
displacement Journal of Experimental Marine Biology and Ecology 340 (2007) 50-61

10 savery & Associates Noise and vibration impact study - Downstream LNG plant - Australia Pacific
LNG - Curtis Island, Gladstone January 2010.
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The radius of exclusion for sheet piling to avoid adverse noise impacts for dugong is approximately
10 m.

Mitigating underwater noise from impact piling and measures to avoid collisions with vessels are
therefore the primary concern for managing noise impacts on dugong.

Dolphin

The exclusion radius for dolphin (also from Savery & Associates) is stated above. The available
literature suggests dolphin do not suffer adverse effects from vessels, and there is ample anecdotal
evidence supporting this.

Turtles

Savery & Associates adopted the cetacean noise criteria for application to turtles, as turtles’ auditory
response is contained entirely within the hearing range of cetaceans. It should be noted that damage
criteria for turtles’ auditory system is unknown.

3.4 Construction Vibration Control Guidelines
When dealing with construction vibration, the effects in buildings can be divided into three main
categories:
e Those in which the occupants or users of the building are inconvenienced or possibly disturbed.
e Those in which the integrity of the building or the structure itself may be prejudiced.
e Those where the building contents may be affected.
Humans are far more sensitive to some types of vibration than is commonly realised. They can detect
and possibly even be annoyed at vibration levels which are well below those causing any risk of
damage to a building or its contents. Figure 17 illustrates this difference in susceptibility by

comparing widely accepted human disturbance criteria (BS6472) with various threshold damage levels
(DIN4150, US Bureau of Mines and BS7385).
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Figure 17 Human Disturbance Criteria and Building Damage Limits.
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=== No Damage - DIN4150 Dwellings === No Damage - DIN4150 Sensitive Structures
= = = USBM Safe Blasting Ground Vibration o=} Cosmetic Damage (5% Risk) - BS 7385 Dwellings
Notes: BS 6472 “Adverse Comment” disturbance criteria are for continuous vertical vibration at point of entry to body.

DIN 4150 “No Damage” threshold criteria are peak particle velocity on building footings. BS 7385 5% Risk of
Cosmetic Damage criteria are peak particle velocity on building footings (or in ground nearby). US Bureau of
Mines Safe Blasting criteria are peak particle velocity in the ground

3.4.1 Effects of Vibration on Structures

It is generally recognised that damage criteria should not be specified in terms of vibration velocity
alone, but should be further defined with an associated frequency or frequency range to account for
the possible resonance effects within structures and the lower susceptibility to damage of structures to
higher frequencies of vibration. Vibration amplification can occur within a structure if the frequencies
of significant levels of ground vibration energy are close to or coincide with the natural (resonant)
frequencies of the structural components. While structures can have many modes of vibration, the
natural frequencies of major building elements are usually well below 40 Hz.

e Most single-storey structures have a superstructure or “whole body” natural frequency in the
order of 5 Hz. The pattern of this vibration is often referred to as “racking”, where the floors and
ceilings vibrate horizontally in opposite directions.

e Walls and floors have fundamental frequencies generally between 8 Hz and 25 Hz. These
modes of vibration represent panel modes or diaphragm action, somewhat like a vibrating drum
skin. They are the modes of vibration most easily excited by thunder and other low frequency
noise sources such as diesel engines and empty truck bodies.
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Suspected damage to structures caused by ground vibration from construction works often involves
other contributing factors. These include poor foundation conditions, differential foundation
settlement, reactive soils and changing weather patterns, differential thermal expansion, inadequate
structural design, deficient construction methods and structural overloading. Generally, no single
factor is usually solely responsible for the onset of damage and all can be exacerbated by the
presence of vibration.

Most commonly specified “safe” structural vibration limits are designed to minimise the risk of
threshold or cosmetic surface cracks and are set well below the levels having the potential to cause
damage to the main structure. It would only be in extreme or unusual situations that these “safe”
vibration limits would not adequately cater for the existing stress condition of the structure.

German Standard DIN 4150-3 :1999 Guidelines

German Standard DIN 4150-3: 1999 Structural vibration Part 3: Effects of vibration on structures
provides guideline levels of vibration velocity for evaluating the effects of vibration in structures. The
limits presented in this standard are generally recognised to be conservative.

As opposed to the “minimal risk of cosmetic damage” approach adopted in British Standard BS 7385:
Part 2-1993 Evaluation and measurement for vibration in buildings Part 2, the “safe limits” given in DIN
4150 are the vibration levels up to which no damage due to vibration effects has been observed.
Hence, the guideline limits in DIN 4150 are somewhat lower than those in BS 7385.

The DIN 4150 values (maximum levels measured in any direction at the foundation, OR, maximum
levels measured in (x) or (y) horizontal directions, in the plane of the uppermost floor), for the
evaluation of short-term building vibration are summarised in Table 16.

The minimum "safe limit" of peak vibration velocity at low frequencies for commercial buildings (as per
the subject building) and buildings of similar design is 20 mm/s (Line 1 in Table 16). For dwellings
and buildings of similar design and/or use it is 5 mm/s (Line 2 in Table 16) and for structures which
may be particularly sensitive to ground vibration, such as historic buildings with preservation orders
(Line 3 in Table 16), itis 3 mm/s.

It should be noted from Table 16 that levels higher than these minimum figures for low frequencies
may be quite "safe", depending on the frequency content of the vibration.

It should also be noted that these levels are "safe limits”, up to which no damage due to vibration
effects has been observed for the particular class of building. "Damage" is defined by DIN 4150 to
include even minor non-structural effects such as superficial cracking in cement render, the
enlargement of cracks already present, and the separation of partitions or intermediate walls from load
bearing walls.
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Table 16 DIN 4150 - Structural Damage - Safe Limits for Short-Term Building Vibration

Line Type Guideline Values for Vibration Velocity in mm/s
g];ructure Vibration at the Foundation Vibration at
at a Frequency of Horizontal
1Hzto 10 Hz to 50 Hz to Pl_ane of
10 Hz 50 Hz 100 Hz Highest
Floor at All
Frequencies
1 Buildings used for commercial 20 20to 40 40 to 50 40

purposes, industrial buildings
and buildings of similar design

2 Dwellings and buildings of 5 5to 15 15 to 20 15
similar design and/or occupancy

3 Structures that because of their 5 3108 810 10 8
particular sensitivity to vibration,
cannot be classified under lines
1 and 2 and are of great intrinsic
value (eg listed buildings under
preservation order)

Source - German Standard DIN 4150-3: 1999
Note: For frequencies above 100 Hz, the higher values in the 50 Hz to 100 Hz column should be used.

When damage is observed without vibration levels exceeding the “safe limits” DIN 4150, suggests that
it may be attributed to other causes. Finally, DIN 4150 states that when vibration levels higher than
the “safe limits” are present, it does not necessarily follow that damage will occur.

All of the above qualifications found in DIN 4150 are testament to the degree of uncertainty that exists
between vibration and damage.

It can be clearly seen that the levels of tactile human perception to vibration are well below the
“damage” levels specified by Group 3 in DIN 4150 for the most sensitive of structures. This
comparison assists in giving an understanding of the relationship between human response to
vibration and perceived potential for damage. People are typically able to detect vibration at levels
much lower than those required to cause even superficial damage to the most susceptible class of
building.

Guidelines from BS 7385

In terms of relevant vibration damage criteria, BS 7385:Part 2-1993 is often viewed as a definitive
standard against which the likelihood of building damage from ground vibration can been assessed.

In general, there is a lack of reliable data on the threshold of vibration-induced damage in buildings in
countries where national standards already exist. BS 7385:Part 2 was developed from an extensive
review of UK data, relevant national and international documents and other published data. The
standard sets guide values for building vibration based on the lowest vibration levels above which
damage has been credibly demonstrated. These levels are judged to give a minimum risk of vibration-
induced damage, where minimal risk for a named effect is usually taken as a 95% probability of no
effect.

Sources of vibration which are considered in the standard include blasting (carried out during mineral
extraction or construction excavation), demolition, piling, ground treatments (eg compaction),
construction equipment, tunnelling, road and rail traffic and industrial machinery.
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The strain imposed on a building at foundation level is proportional to the peak particle velocity but is
inversely proportional to the propagation velocity of the shear or compressional waves in the ground.
Hence, the peak particle velocity has been found to be the best single descriptor for correlating case
history data with the occurrence of vibration-induced damage.

The guide values from this standard for transient vibration judged to result in a minimal risk of
cosmetic damage to residential buildings and industrial buildings are presented numerically in
Table 17 and graphically in Figure 18.

Table 17 Transient Vibration Guide Values for Cosmetic Damage

Line Type of Building Peak Component Particle Velocity in
Frequency Range of Predominant Pulse
4Hzto 15 Hz 15 Hz and above

1 Reinforced or framed structures 50 mm/s at 4 Hz and above

Industrial and heavy commercial
buildings
2 Unreinforced or light framed structures 15 mm/s at 4 Hz 20 mm/s at 15 Hz
Residential or light commercial type increasing to increasing to
buildings 20 mm/s at 15 Hz 50 mm/s at 40 Hz and
above

The BS 7385 guide values for building types corresponding to Line 2 are a function of frequency. In
particular, the lower the frequency, the more stringent the guide values (as is the case for DIN 4150).

The standard goes on to state that minor damage is possible at vibration magnitudes which are
greater than twice those given in Table 17, and major damage to a building structure may occur at
values greater than four times the tabulated values.

Figure 18 Building Damage Limits
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Fatigue considerations are also addressed in the standard and it is concluded that unless calculation
indicates that the magnitude and number of load reversals is significant (in respect of the fatigue life of
building materials) then the guide values in Table 17 should not be reduced from fatigue
considerations.

Finally, BS 7385 states that the guide values in Table 17 relate predominantly to transient vibration
where resonant response of the structure or structural elements is not an issue. Where dynamic
magnification is suspected, BS 7385 suggests that the guide values may need to be reduced by up to
50%.

3.4.2 Vibration Effects on Underground Pipelines

DIN 4150.3-1999 “Structural Vibration, Part 3: effects of vibration on structures” provides a guideline
values to avoid damage to underground pipes as shown in Table 18.

Table 18 DIN 4150 Part 3 “Table 2 - Guideline values for vibration velocity to be used when
evaluating the effects of short-term vibration on buried pipework”

Pipe Material Guideline values for velocity measured on the
pipe in mm/s

Steel (including welded pipes) 100

Clay, concrete, reinforced concrete, pre-stressed 80
concrete, metal (with or without flange)

Masonry, plastic 50

35 Noise Modelling

In order to calculate the noise emission levels at the various noise sensitive receiver locations, a
SoundPLAN (Version 7) environmental computer model was developed. SoundPLAN is a software
package which enables compilation of a sophisticated computer model comprising a digitised ground
map (containing ground contours and buildings), the location and acoustic sound power levels of
potentially critical noise sources on site and the location of receivers for assessment purposes.

The computer model can generate noise emission levels taking into account such factors as the
source sound power levels and locations, distance attenuation, ground absorption, air absorption and
shielding attenuation, as well as meteorological conditions, including wind effects. The CONCAWE
noise prediction algorithm, suitable for the assessment of industrial sources, was selected for this
assessment.

The statistical accuracy of environmental noise predictions using CONCAWE was investigated by
Marsh (Applied Acoustics 15 - 1982). Marsh concluded that CONCAWE was accurate to £2 dBA in
any one octave band between 63 Hz and 4 kHz and = 1 dBA overall.

Meteorological Conditions

Certain meteorological conditions can enhance the level of noise at a receiver. Wind has the potential
to increase noise at a receiver when it is light and stable and blows from the direction of the noise
source. As the strength of the wind increases, the noise produced by the wind will obscure noise from
most industrial and transport sources. Generally this occurs at wind speeds above approximately
5mf/s.

Temperature inversions, when they occur, have the ability to increase noise levels by focusing sound
waves. Temperature inversions occur predominantly at night during the winter months.
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Wind patterns in the Gladstone area are generally easterly and north-easterly. Wind roses for
Gladstone are shown in Figure 21 and Figure 22.

The area also experiences temperature inversions in cooler weather, which may occur in Autumn,
Winter or Spring. However, katabatic (drainage) winds, if any, would be expected to travel eastward ie
away from residences.

The two “worst case” meteorological conditions selected for noise modelling purposes are therefore:

1.

A wind speed of 5 m/s in a “worst case” direction with Pasquill stability class D. The “worst
case” direction from source to receiver will be generally easterly, which is the predominant
wind direction in the area. Temperature 25°C, humidity 60%, air pressure 1012 mbar.

A temperature inversion of 3°C and nil wind with Pasquill stability class F. Temperature 15°C,
humidity 40%, air pressure 1016 mbar.

Pipeline Works Noise Modelling Scenarios

Three pipeline works scenarios were selected for noise modelling purposes - one of each daytime and
night-time (24-hour) works for the co-located pipeline, and one night-time scenario for the GLNG
single pipeline. The scenarios are based on peak periods of concurrent activities from Table 2 as

follows:
1.

Co-located Pipeline Scenario 1 - Daytime

Construct temporary bridges and access way from Phillipes Landing Road to Friend Point
Marshland Sheet Piling

Creek Section HDD

Pre-HDD Weld and Test Strings

Pipe string weld and test

Trench Excavation and PASS Treatment

Curtis Island section

Co-located Pipeline Scenario 2 - Night-time

Marshland sheet piling

Creek Section HDD

Dredging

GLNG Single Pipeline Scenario - Night-time

Construct temporary access way from southern edge of marshland to Friend Point
Marshland Sheet Piling

Trench Excavation and PASS Treatment

Pipe string weld and test
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The locations of plant items for the activities (described in Table 4) for each of the scenarios is
provided in Appendix C. It should be noted that while all major plant is included in the noise model,
some items of plant may be excluded due to a lack of noise data, or negligible noise emission level.
However, any associated error in noise predictions will be relatively minor due to the large number of
plant items in the modelling scenarios ie the logarithmic addition of noise sources reduces the
incremental increase in total noise generation when additional sources are added to an already large
number of sources. Furthermore, the dominant noise sources (heavy machinery, piling etc) will render
many small sources insignificant. For the modelling scenarios considered, the error in total sound
power estimation as a result of this uncertainty is expected to be less than 1 dBA. Sound power levels
for plant and equipment used are shown in Appendix D.

The sources identified for each work area are either mobile or subject to location change. Therefore
all of the sources identified for a particular area were logarithmically summed and entered into the
model as an area source covering the extent of the particular work area.

3.6 Predicted Pipeline Works Noise Impacts

The predicted noise levels for each of the pipeline works scenarios and meteorological conditions are
provided in Table 19 to Table 21. Noise levels have been calculated as an “average maximum”,
approximated by the LA10 parameter. Noise levels have a general +3 dBA penalty applied for tonality
and/or impulsiveness. The LA90 noise level from a construction site is expected to be within 5 dBA
below the LA10. The LA1 is more difficult to determine, as this will be dependant on short-duration
noise generation which may not be foreseeable. The LA1 will, however, generally be within 10 dBA of
the LAz1o.

Table 19 Predicted Noise Levels - Co-located Pipeline Scenario - Daytime

Receiver LA10,adj Noise Level dB
1 Chernih Road 63 dBA
101 Flinders Road 42 dBA
1023 Targinnie Road 39 dBA
270 Forest Road 41 dBA
63 Flinders Road 42 dBA
820 Targinnie Road 42 dBA
908 Targinnie Road 35 dBA

Table 20 Predicted Noise Levels - Co-located Pipeline Scenario - Night-time

Receiver LA10,adj Noise Level dB
1 Chernih Road 43 dBA
101 Flinders Road 36 dBA
1023 Targinnie Road 36 dBA
270 Forest Road 39 dBA
63 Flinders Road 36 dBA
820 Targinnie Road 38 dBA
908 Targinnie Road 32 dBA
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Table 21 Predicted Noise Levels - GLNG Single Pipeline Scenario - Night-time

Receiver LA10,adj Noise Level dB
1 Chernih Road 36 dBA
101 Flinders Road 29 dBA
1023 Targinnie Road 30 dBA
270 Forest Road 34 dBA
63 Flinders Road 29 dBA
820 Targinnie Road 34 dBA
908 Targinnie Road 33 dBA

Noise contours for the three model scenarios are provided in Appendix E. It is noted that other
construction activities not included in the scenarios such as dozers clearing and grubbing and circular
hollow section pile driving will produce high levels of intermittent noise. However, the scenarios
selected for modelling represent the phases of activity considered to have the greatest potential for
noise impacts due to their intensity and duration.

Construction Traffic Noise
The current traffic volume on Targinnie Road is 90 vehicles per day, with 3% commercial vehicles.

The period of peak traffic flows for the project is expected to be approximately 4-5 months into the
construction schedule, and will be primarily due to bulk deliveries and importing material for the
Marshland Section (Figure 11). The weekly one-way traffic volume will consist of:

. 210 light vehicles

. 280 heavy vehicles

In the absence of more detailed information, it has been assumed that the traffic is evenly spread
throughout the week. The two-way traffic volume will therefore be 420 light vehicles and 560 heavy
vehicles per week, or approximately 100 vehicles per day with 57% heavy vehicles.

The current traffic volumes on Targinnie Road are too low to model noise emissions. The construction
traffic volumes, while representing a 100% increase in traffic above existing levels is also too low to
model noise emissions.

Traffic volumes through Yarwun presently peak at approximately 100 vehicles per hour based on site
observations. However, outside of the peak periods the hourly traffic volume appears to fall below 50
vehicles per hour during the day, and it is expected that at night traffic volumes would reduce further.

It should be noted that heavy vehicles accounted for 20-40% of the traffic volume during some
15-minute attended noise observations.

Due to the low traffic volumes involved, but significant increase in traffic over the existing, a qualitative
assessment of noise impacts will be made.

3.7 Noise Impacts on Migratory Birds
Noise levels in the vicinity of the migratory bird roosting area at Friend Point could reach levels up to

100 dBA in the immediate vicinity of piling works. However, piling will be a relatively short-term
operation, and continuous noise levels will be much lower.
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3.8 Underwater Noise

Underwater noise impacts associated with the proposed dredging and marine facility construction
activities have been assessed in detail by Savery & Associates and Les Huson & Associates!! as part
of the EIS process for other LNG proponents. The construction activities assessed by those authors
are still proposed. Therefore, it is not considered necessary to repeat that work. This assessment will
concentrate on potential risks identified and mitigation measures.

3.9 Vibration Impacts from Vibratory Rolling

Structures

Levels of ground vibration caused by vibratory rollers can be up to 1.5 mm/s at 25 m. The highest
levels of vibration usually occur as the roller is brought to rest and the frequency of the centrifugal
forces passes through resonance with the natural frequency of the roller/ground structure.

Based on recommendations used by the NSW Roads and Traffic Authority, which are generally in
accordance with DIN 4150, Table 22 sets out safe working distances for the use of vibratory rollers

adjacent to buildings.

Table 22 Safe Working Distances for Vibratory Rollers *

Roller Class Weight Range Centrifugal Force Distance from Building
Range

| Very Light Less than 1.25 10 - 20 kN 3m
tonnes

Il Light 1to 2 tonnes 20 - 50 kN 5m

1l Medium 2 to 4 tonnes 50 - 100 kN 6m

\% Medium 4 to 6 tonnes 100 - 200 kN 12m

Heavy

Y, Heavy 7 to 11 tonnes 200 - 300 kN 25m

Vi Very Heavy 12 tonnes and over Over 300 kN 25m

A Values suggested to prevent damage to buildings.

B Values suggested to minimise strongly adverse comment from residents.

Note 1:  Source of data: ARRB Special Report No.11, “Ground Vibrations: Damaging Effects to Buildings”.
Pipelines

The location and extent of underground services in the vicinity of Chernih Road are unknown. It is
envisaged that this information will be sourced as part of the detailed construction programme. If
vibratory rolling will occur within close proximity (25 m or less) of underground pipes, on-site
measurements of vibrations from vibratory rollers should be carried out to develop a site law which in
turn can be used to define safe working distances.

11 | es Huson and Associates Underwater Noise Impact Assessment (GLNG Project) May 2009.
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3.10 Assessment of Impacts
3.10.1 Noise (Terrestrial)
Co-located Pipelines

The noise modelling results in Table 19 and Table 20 show that the LA10 noise criteria in Table 14 will
be exceeded. The LAg90 noise criterion is also expected to be exceeded due to the continuous
operations of much of the plant on-site, and the LA1 is also likely to be exceeded. It should be noted
that while the noise criteria are expected to be exceeded, this is a consequence of very low
background noise levels, and the actual noise impact at the majority of residences may not be
significant.

The most severe noise impacts are expected at 1 Chernih Road. This residence is the nearest to the
construction works, and is also the most exposed ie there is no intervening topography providing a
noise barrier. Daytime average maximum noise levels are expected to be 63 dBA, and night-time
noise levels are expected to be 43 dBA. Noise levels received during the day are expected to produce
an adverse reaction from residents in this dwelling.

Noise levels during the daytime and night-time at all other residences are not considered to be
adverse even though the criterion is exceeded by significant margins, particularly for a defined
construction period. Construction noise is expected to be audible outside at some stages of
construction and times of day at the residences considered. Internal audibility will depend on whether
the residents open their windows, and the level and nature of indoor noise sources.

GLNG Single Pipeline

The noise modelling results in Table 21 show that the LA10 noise criteria will be exceeded at four
residences. The noise levels expected are lower than for the co-located pipelines construction, and
are also not considered to be adverse.

Transportation Noise

The daily traffic volumes expected for the project are not large relative to most populated areas.
However, due to the rural nature of Targinnie, the peak construction traffic will essentially double the
existing traffic volumes on Targinnie Road. The transportation route from the construction site to the
camp is via a number of rural localities including Targinnie, Yarwun and West Stowe.

If the diurnal daily peak construction traffic occurs around 6.00 am and 6.00 pm, traffic noise impacts
are not expected to cause any adverse community reaction. However, adverse driver behaviour,
particularly through Yarwun and at any stage during the night, could potentially cause annoyance to
local residents.

Heavy vehicle transportation times should be considered very carefully. These vehicles produce
significantly more noise than light vehicles travelling normally, however they will potentially produce
even more noise along Targinnie Road due to acceleration and deceleration requirements as a result
of the narrow road and numerous floodway dips.

3.10.2 Vibration

All piling will take place at great distances from identified structures and infrastructure, and will not
cause damage by vibration.
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The nearest residence to construction works at 1 Chernih Road is approximately 150 m from the site.
Therefore, vibratory rolling associated with upgrading Chernih Road and DLB operations will not have
any impact on the structure. All other residences are at distances greater than 1 Chernih Road from
possible vibratory rolling activities, and are therefore not expected to be subjected to adverse levels of
vibration.

3.10.3 Underwater Noise

Auditory damage to marine animals of concern (primarily dugong, dolphin and turtles) is possible
during impact piling within a 250 m radius of the pile with no additional mitigation measures in placel2.
Mitigation measures are required to protect marine life for this activity.

BHD, spoil barge and vessel noise including winch cable laying, are not expected to produce unusual
or adverse levels of underwater noise.

3.11 Noise and Vibration Mitigation
3.11.1 Terrestrial Noise

Increases in noise from the construction transportation routes, and specifically Targinnie Road, will be
perceptible, but not adverse in absolute terms. However, it is recommended that heavy vehicles using
local roads are restricted to the standard construction hours (6.00 am — 6.00 pm) where possible.

Noise impacts at 1 Chernih Road are expected to cause an adverse reaction from residents within that
dwelling. There are a number of options for mitigating impacts at this residence, including:

. The project proponents rent the dwelling for the entire construction period (if the premises are
available).

. The project proponents relocate the residents to alternative accommodation.

. The project proponents install air conditioning to all rooms of the residence and contribute to
the electricity charges. This would enable the residents to close the doors and windows,
providing an acceptable noise level internally.

The first and third options presented above are generally preferable to relocating residents, particularly
over a relatively long construction period.

AS 2436-1981 “Guide to Noise Control on Construction, Maintenance and Demolition Sites” sets out
numerous practical recommendations to assist in mitigating construction noise emissions. Noise
control strategies that should be considered for construction activities listed below.
Work Practice Controls

. Construction work to occur, wherever possible, within the daytime period.

. Where practicable, avoid the coincidence of plant and equipment working simultaneously
close together.

. Operators of construction equipment to be made aware of the potential noise problems and of
techniques to minimise noise emission through a continuous process of operator education.

. Restrict heavy vehicle movement on local roads to standard daytime construction hours where
possible.

12 savery & Associates Noise and vibration impact study - Downstream LNG plant - Australia Pacific
LNG - Curtis Island, Gladstone January 2010.
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Reversing alarms within construction areas cannot be avoided for safety reasons.
Consideration should therefore be given to sourcing so-called “quiet” white-noise alarms
whose annoying character diminishes quickly with distance and self-adjusting alarms which
adjust emission levels relative to the local background noise level. Preferably, traffic routes
within the construction site should be established so that reversing, at least outside normal
construction hours, is not required.

Large rocks are to be placed in dump trucks not dropped.

Horn signals should be kept at a low volume, where feasible. An alternative method to using
excavator horns to indicate when a truck is loaded is to use radios. This is particularly
important if night works are undertaken. Haul loading and transportation routes designed so
that no reversing of vehicles is required is highly preferable.

Brief all staff travelling to/from the accommodation camp of the necessity to drive neighbourly
at all times. Baseline noise levels at Yarwun have been recorded, and can assist in
determining the impacts of construction road traffic noise levels if necessary.

Source Noise Controls

Quietest plant and equipment that can economically undertake the work should be selected,
wherever possible.

Regular maintenance of equipment in order to keep it in good working order.
Mobile plant and other diesel powered equipment to be fitted with residential class mufflers.
Minimise the usage of truck exhaust brakes.

Where possible, use silenced air compressors.

Community Liaison Controls

Utilise existing community consultation framework to provide access to information for the
community and maintain positive relations with residents.

Construction site personnel are to be made aware of all community attitudes and complaints.

Residents are to be made aware of the times and duration that they will be affected. Making
residents aware of likely future occurrence of noise significantly reduces annoyance and
allows people to make arrangements accordingly.

Implement as part of the broader community involvement plan, a well-planned, focussed
community awareness programme inviting representative groups of the community to a short,
concentrated noise and vibration briefing prior to commencement of works near or within their
community.

Provision of a complaints phone number. A nominated person is to receive, log, track and
respond to complaints within an appropriate timeframe and to record what actions were taken.

Migratory Birds

Avoid, as far as practicable, short loud noises in the vicinity of the bird roosting area, as
available research indicates that birds will adapt readily to continuous noise.

If possible, schedule works near the main roosting site to avoid breeding season.

3.11.2 Vibration

It is not expected that vibration will affect structures or infrastructure for this project. However, a
thorough examination of all areas where vibratory rolling will occur should be carried out to check for
buried pipelines.
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3.11.3 Underwater Noise

Unmitigated noise from piling will require an exclusion zone of 250 m radius from the pile. This radius
can potentially be reduced to 50 m with the inclusion of the following mitigation measures:

. Use of a wooden cushion block at the pile head, and

. An air bubble curtain.

In addition, the exclusion zone would require visual monitoring for marine fauna combined with a soft-
start to the piling to ensure the fauna vacate the area. Note that soft-start piling is a gradual ramping
up of the piling impact so that animals in the area have time to retreat from the source before the noise
reaches damaging levels.

The exclusion zone is not based on detailed modelling. It is recommended that, if the size of the
exclusion zone is critical to the project, underwater noise measurements are carried out with a test pile
to establish a more site-specific dimension.

It is also recommended that the vessel speed limit in the area is reduced to 5 kn (10 km/h) to reduce
the risk of collisions with dugong (except when safety to personnel is at risk).

All staff working in the marine area should be briefed to alert their supervisor if any marine fauna are
spotted in the work area. This particularly applies to turtles and dugong, which appear to be most at
risk from injury as a result of collisions with vessels, and to a much lesser extent injury from the BHD.
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4 AIR QUALITY

This section of the report describes the potential effects of the construction of the marine crossing of
the gas transmission pipelines on ambient air quality, and identifies suitable mitigation and
management measures to address potential impacts.

A qualitative air impact assessment has been undertaken to identify potential sources of air emissions
from pipeline construction activities and to investigate mitigation measures to ensure adverse air
quality impacts do not occur as a result of these activities. The qualitative study considered the
following:

e Air quality objectives as described in the Environmental Protection (Air) Policy 2008.
e Existing environment within the pipeline study area.
e Sources, nature and quantity of air emissions.

e Mitigation measures to reduce the identified potential impacts.
4.1 Identification of Air Emissions

Construction of the marine crossing of the pipelines from the Central Queensland mainland to the
southern end of Curtis Island via The Narrows and inter-tidal mudflats will result in the generation of
fugitive, wheel generated and general construction dust and exhaust emissions.

Dust emissions are expected to peak during the site establishment phase, when the construction of
access roads and laydown areas is performed. This stage of the works will involve the use of dozers,
loaders, graders and trucks to clear vegetation, excavate and transport soils, and to grade and level
the road surfaces and laydown areas, and will generally occur above sea level. Subsequent phases
of the project will involve the use of significantly less mobile equipment and the most significant source
of emissions is expected to be wind erosion from previously disturbed areas (ie laydown areas, etc)
and from wind erosion and materials handling emissions associated with the PASS/ASS treatment
pads. As the construction works move into areas below sea level, and the excavated materials
become wet, dust emissions from the handling and transport of soils will become less significant.

Exhaust emissions from the diesel-powered mobile plant and equipment will include oxides of nitrogen
(NOy), sulphur dioxide (SO,), carbon monoxide (CO), particulate matter (PM) and volatile organic
compounds (VOCSs).

The excavation, handling and treatment of Acid Suphate Soils (ASS) also has the potential to give rise
to emissions of odours due to the generation of hydrogen sulphide (H,S), which has a distinctive
“rotten gas” smell. Emissions of odour from these soils can vary, however the treatment process
would be expected to significantly reduce any odours from the soil.

4.2 Legislative Framework

The Environmental Protection Act 1994 provides the framework for the management of the air
environment in Queensland. The Environmental Protection (Air) Policy 1997 was made under the Act
and gazetted in 1997. This policy was subsequently reviewed and the Environmental Protection (Air)
Policy 2008 (EPP Air) came into force on 1 January 2009.

The objective of the EPP Air is:
“....to identify the environmental values of the air environment to be enhanced or
protected and to achieve the object of the Environmental Protection Act 1994, i.e.,

ecologically sustainable development.” (EPP Air Explanatory Notes)

The environmental values to be enhanced or protected under the EPP Air are the qualities of the
environment that are conducive to:
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e Protecting the health and biodiversity of ecosystems;
e Human health and wellbeing;

e Protecting the aesthetics of the environment, including the appearance of buildings structures
and other property; and

¢ Protecting agricultural use of the environment.
The administering authority must consider the requirements of the EPP Air when it decides an
application for an environmental authority, amendment of a licence or approval of a draft

environmental management plan. Schedule 1 of the EPP Air specifies air quality objectives for
various averaging periods. Those relevant to the Project are shown in Table 23.

Table 23 Ambient Air Quality Objectives (EPP Air, 2008)

Indicator Environmental Value Averaging Air Quality Number of days of
Period Objective Exceedance
(Mg/m3)1 Allowed Per Year
Particles as PMyo 2 Health and wellbeing 24-hour 50 5
Particles as PMas 3 Health and wellbeing 24-hours 25 N/A4
Health and wellbeing 1-year 8 N/A
Total suspended particulates Health and wellbeing 1l-year 20 N/A

1 pg/m3 - micrograms per cubic metre

2 PMa1o - particulate matter with aerodynamic diameter less than 10 microns
3 PMzs- particulate matter with aerodynamic diameter less than 2.5 microns
4N/A — not applicable

Dust nuisance can occur due to the deposition of dust particles in populated areas. Elevated dust
deposition rates can cause reduced public amenity through impacts such as such as soiling of clothes,
cars, buildings and other surfaces or by affecting the productivity of crop and livestock capabilities.

The Queensland Department of Environment and Resource Management (DERM) uses a dust
deposition guideline of 120 milligrams per square metre per day as a benchmark for avoiding amenity
impacts and impacts to sensitive dwellings due to dust. The dust deposition guideline is not defined in
the EPP Air and therefore is not a statutory requirement, but is a valuable tool in assessing the
potential for nuisance complaints.

The EPP Air does not specify objectives for protecting the health and biodiversity of ecosystems or
agricultural uses for the indicators that are identified in Table 23. The available literature indicates the
accumulation of dust on foliage and fodder impacts on flora, fauna and agricultural activities. The
literature suggests the thresholds for adverse impacts are significantly higher than those detailed
above for protecting human health and amenity (Andrews et al. 1992; Kannegieter 2006; Doley 2003).

4.3 Existing Environment - Climate and Meteorology

The nearest available meteorological monitoring station to the project area is operated by the Bureau
of Meteorology (BoM) at Gladstone Airport, which is located approximately 16 km southeast. Long-
term climate statistics for Gladstone Airport are discussed below.

Rainfall

Long-term rainfall statistics for Gladstone Airport (1994-2010) are summarised in Figure 19. Rainfall
peaks during the summer months, with a maximum average of 195 mm recorded during February,
which is associated with an average of 11.6 rain days per month. During the remainder of the year,
the rainfall is much lower, ranging from 22 — 61 mm/month. The highest monthly rainfall recorded at
Gladstone Airport over the time period examined was 657 mm recorded in February 2003.
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Figure 19 Long Term Rainfall Data for Gladstone Airport (1994-2010)
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Temperature

Long-term temperature statistics for Gladstone Airport (1993-2010) are summarised in Figure 20.
Mean maximum temperatures range from 23°C in winter to 31°C in summer, while mean minimum
temperatures range from 12°C in winter to 23°C in summer.
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Figure 20 Long Term Temperature Data for Gladstone Airport (1993 — 2010)
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Wind Speed and Direction

Long-term wind speed and direction data (9.00 am and 3.00 pm) recorded by the Gladstone Airport
meteorological station are presented as monthly windroses in Figure 21. The wind roses show the
frequency of occurrence of winds by direction and strength. The bars correspond to the 16 compass
points (ie N, NNE, NE, etc). The bar at the top of each wind rose diagram represents winds blowing
from the north (ie northerly winds), and so on. The length of the bar represents the frequency of
occurrence of winds from that direction, and the widths of the bar sections correspond to wind speed
categories, the narrowest representing the lightest winds. Thus it is possible to visualise how often
winds of a certain direction and strength occur over a long period, either for all hours of the day, or for
particular periods during the day.

The Gladstone Airport windroses show the following:

e From January to April, morning winds are predominantly southeasterlies, shifting to easterlies
during the afternoon.

e During winter (May to August) morning winds blow predominantly from the southwest to
southeast quadrant. In the afternoon, easterly winds continue to predominate, with
northeasterly winds occurring with increasing frequency over this period.

e During spring and early summer (September to December) the morning winds are slightly more
widespread, with easterly and south easterlies predominating. In the afternoon, easterly and
northeasterly winds continue to predominate.

e Strong winds (>30 km/hr) generally only occur from the east and are more frequent during the
afternoon.
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Figure 21 9:00 AM Monthly Windroses for Gladstone Airport (1993 — 2010)
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Bureau of Meteorology
9:00 AM Windroses

Heggies Pty Ltd
A member of SLR Group



Gladstone Gas Transmission Pipeline 63 Report Number 620.02637-R2

Kangaroo Island Wetlands and The Narrows Crossing 12 November 2010
Noise and Vibration, Lighting and Air Quality Assessment Revision 0
Report

Figure 22 3:00 PM Monthly Windroses for Gladstone Airport (1993 — 2010)

Gladstone Airport AWS
Bureau of Meteorology
3:00 PM Windroses
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Relative Humidity

Long-term humidity statistics (9.00 am and 3.00 pm monthly averages) for Gladstone Airport (1993-
2010) are summarised in Figure 23. Morning (9.00 am) humidity levels range from an average of
around 60% in spring to 70% in late summer. Afternoon (3.00 pm) humidity levels range from an
average of around 45% in winter to just over 70% in late summer.

Figure 23 Long Term Humidity Data for Gladstone Airport (1993 — 2010)
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4.4 Existing Air Quality

The existing air quality environment in the project area is influenced by regional air pollutant sources,
with minor contributions from local traffic, construction, rural/cropping activities and oceanic emissions
(eg salt spray). Variations in local air quality will occur due to the proximity of sources such as major
roads, regional events such as bushfires and dust storms and variations of meteorological conditions
such as wind speed, wind direction and atmospheric stability. It is noted that Targinnie Road is
currently only sealed to one car-width. This road therefore has the potential to give rise to dust
emissions during dry periods whenever vehicles travel along the unsealed portion (eg when passing
oncoming traffic, etc).

The quality of the air over the proposed gas pipeline route can also be expected to be affected to
some extent by emissions from approximately 10 significant industries located in Gladstone
(approximately 10 km southeast) and Fisherman’s Landing (approximately 5 km southeast). These
facilities include:

¢ Rio Tinto Alumina’s Yarwun refinery;
e Cement Australia;

e Fisherman’s Landing;

e Gladstone Power Station;

e Queensland Energy Resources;

e QAL Aluminium Smelter; and

e Gladstone Port.

These facilities have the potential to contribute to elevated levels of PMy, at the project site under
southeasterly wind conditions.

Detailed background air quality data (in terms of either TSP, PM;o or deposited dust levels) are not
available for the project site itself. A summary of the monthly maximum 24-hour PM,o concentrations
measured by DERM at Targinnie (approximately 3 km southwest of the project site) over the period
April 2009 to March 2010 is presented in Table 24. These data show that at times, exceedances of
the EPP Air (2009) objective for 24-hour PM;, concentrations of 50 pg/m* have been measured in
Targinnie.
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Table 24 Summary of Ambient of PM,, Concentrations Measured at Targinnie (Feb 2009 to
March 2010)

Month Monthly Maximum 24-Hour Average PMio Instrument
Concentrations Availability
(Hg/m®) (%)

April 2009 33.1 88

May 66.5 92

June 24.6 92

July 36.9 94

August 394 97

September 314.6 96

October 711 88

November - 47

December 30.5 96

January 2010 30.0 97

February 20.5 96

March 15.9 95

SOURCE: Air Quality Bulletin — Central Queensland (DEM, 2010)

It is noted that mechanically-generated dust emissions from the sources associated with the proposed
construction project predominantly consist of the larger size fractions of suspended particulate (see
Figure 24), compared to combustion-related sources. The impacts of these emissions therefore tend
to relate more to nuisance effects due to increases in dust deposition levels, as opposed to health
impacts associated with increases in PM;o or PM; 5 particulate levels. Due to their larger size, they are
also more subject to gravitational settling effects, hence the majority of the dust will settle out of the air
close to the source and will not travel for significant distances downwind.

Figure 24 Typical Size Distributions of Various Particulate Emission Sources
(Watson et al, 2000)
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4.5 Nearest Sensitive Receptors

The locations of the nearest sensitive receptors to key activities within the construction site are
summarised as follows:

e The ASS/PASS treatment areas are to be located east of the end of Chernih Rd, with the
nearest residence located approximately 720 m away;

e The HDD stringing area is located east of the end of Chernih, north of the stockpile and ASS
treatment areas and is 230 m from the nearest residence; and

e The stockpile yard has one residence located approximately 140 m away.
Most of these receivers are shielded from the site by the local terrain and/or vegetation.

The windroses presented in Section4.3 indicate that moderate to strong easterly and northeasterly
afternoon winds are a feature of the area and these winds will tend to blow any air emissions
generated by the construction activities towards the nearest sensitive receptors. It will therefore be
particularly important to implement mitigation measures under these conditions, particularly during
extended dry periods.

4.6 Potential Impacts

In general, dust emissions can occur at any point where soil, fill, rock and vegetation are handled,
traversed, crushed, conveyed or open to erosion by the wind. The key construction activities that
have the potential to emit dust include:

e Clearing, mulching and stockpiling vegetation.
e Construction of access roads and laydown areas (excavation, grading etc).
¢ Vehicle movements on access roads.

e Wind erosion of stockpiles, ASS/PASS treatment areas and disturbed soils.

The rate of emission of dust from each of these activities will vary with activity, soil type, soil
compaction, production rate, any recent rain and prevailing wind conditions and humidity levels. Any
impacts on air quality in the immediate area surrounding the project area will also be temporary in
nature and only limited to the duration of the construction works (approximately 18 months).

Emission factors are available in the literature for the estimation of fugitive dust emissions from these
types of sources, however these factors are based on average data collected at a number of large
coal and metalliferous mines. They are therefore subject to a larger degree of uncertainty when
applied to the short-term impacts of more variable, smaller-scale construction-related activities. In
addition, the majority of the works associated with the pipeline construction will involve the handling of
materials with quite different characteristics (eg moisture content, slit content, etc) than those typically
handled at coal mines, which will increase the uncertainties associated with the use of such emission
factors. As a result, a quantitative assessment of potential impacts associated with dust emissions
from the proposed construction activities using emission factors and dispersion modelling techniques
is not considered appropriate. Instead, appropriate mitigation measures have been identified in the
following section to ensure that emissions are controlled at source and off-site impacts are minimised.

4.7 Mitigation and Management

Air emissions associated with all construction activities will be managed through compliance with
construction environmental management plans (CEMPs). This will include implementation of
procedures designed to meet the air quality objectives set down in the Queensland Environmental
Protection (Air) Policy 2008.
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The following specific mitigation measures will reduce the emissions from those construction activities
associated with significant air emissions in consideration of the air quality objectives. Table 25
provides a summary of the environmental values, emission sources, potential impacts and mitigation
measures identified in this assessment.

47.1 General

During periods of extended dry weather and when dust nuisance has the potential to occur as a result
of construction activities, including vehicle movements on unpaved surfaces, clearing and grading,
trench excavation and rehabilitation, dust will be managed by use of water to suppress emissions.
The following general measures will also be applied to the construction works:

e Vegetation or other waste materials will not be burnt onsite.

¢ Dust generating activities will be minimised in windy conditions, if practicable.

e The use of material stockpiles will be minimised, and not located in areas prone to elevated
erosion or close to sensitive receptors.

¢ Silt and other materials will be removed from erosion control structures as soon as is practicable
following a rain event.

e A Construction Environmental Management Plan will be implemented to ensure that:
. the works are conducted in a manner that minimises the generation of dust emissions;
. the effectiveness of the controls being implemented is monitored; and

. additional measures are implemented where required, as determined by the monitoring
program.

e A complaints management system will be implemented to ensure that any complaints are dealt
with through investigation and implementation of corrective treatments.

4.7.2 Vehicle Movements

Dust and exhaust emissions from trucks and other vehicles will be controlled as follows:

e All vehicles and machinery used for the construction of the pipeline will be maintained in
accordance with the manufacturer's specifications to minimise exhaust emissions.

e Truck queuing, unnecessary idling of trucks and unnecessary trips will be reduced through
logistical planning of materials delivery and work practices.

e All vehicles travelling within the worksites will be limited to a speed appropriate for the
conditions and safety.

e Any soiling of sealed public roads will be cleaned as soon as practicable.

e Trucks carrying dusty or erodible materials will be covered.
4.7.3 Land Disturbance Activities

Dust emissions from clearing and grading activities will be minimised as follows:

e Cleared areas will be minimised as far as practicable and existing vegetation will be retained
where possible.

e Areas will be stripped progressively and only where it is necessary for works to occur.

¢ Root stock will be retained in the ground where practicable to reduce erosion and to facilitate
rapid rehabilitation (eg trees will be trimmed and retained rather than removed where
practicable).
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¢ Stabilisation methods will be employed, such as matting, grassing or muich.

e Clean up and restoration will proceed as soon as is practicable after works are completed to
minimise the duration of exposure of disturbed areas.

Table 25 Summary of Environmental Values, Emission Sources, Potential Impacts and
Mitigation Measures

Environmental Values Potential Impacts Possible Causes Mitigation and Management Residual
Measures Risk Level
The qualities of the air Community dust Dust from construction Avoid land disturbance wherever Low
environment that are nuisance activities (for example practicable
conducive to: Impacts on tCrISr?cr:hin and excag\’/z?:r; Minimise area and duration of
e Protecting the health agricultural and bacgk;‘illing clean up disturbance
and biodiversity of  production and restoration) No vegetation will be burnt on
ecosystems . .
Terrestrial flora Dust from trucks and site
' rvglrlT)ae?n health and and fauna impacts other vehicles travelling Implementation of dust
9 on unpaved access suppression measures including
* Protecting the roads the use of water trucks/sprays
:ﬁ\s/}roerfﬁse nt of the Wind-borne dust from and covers
stockpiles and cleared Manage vehicle movement to
» Protecting agricultural areas minimise dust generation and
use of the exhaust emissions
environment Reduce speed limits on unpaved
roads and tracks adjacent to
dwellings to reduce dust
Rehabilitate areas as soon as
practicable to minimise exposed
areas
Implement construction
procedures to ensure that all
works are conducted to achieve
an ongoing minimisation of dust
emissions
Heath impacts Exhaust emissions from  All vehicles and machinery will Low
vehicles and machinery be maintained in accordance
with the manufacturer's
specifications to minimise
exhaust emissions
Truck queuing, unnecessary
idling of trucks and unnecessary
trips will be reduced through
logistical planning of materials
delivery and work practices
Community odour Emissions of odour from  Minimise through treatment with Low
nuisance acid sulphate soils lime. (nearest
residence
230 m)

4.8 Monitoring

It is recommended that an air quality monitoring program be implemented throughout the construction
works to assess the effectiveness of the control measures being used. This monitoring program
should include the following:
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Dust deposition monitoring at three to four locations around the construction site, sited between
the key dust sources and the nearest sensitive receptors. Equipment and methods should
comply with Australian and New Zealand Standard AS 3580.10.1-2003 Determination of
particulate matter— Deposited Matter — gravimetric method and the gauges should be sited in
accordance with Australian and New Zealand Standard AS/NZS 3580.1.1:2007 Methods for
sampling and analysis of ambient air - Guide to siting air monitoring equipment. As dust
deposition samples are collected over a one month period, monitoring should begin as soon as
possible so that some baseline data can be collected prior to the construction works starting.

Written procedures should be included in the CEMP for routine inspections of dust emissions
from the construction works. The CEMP should include forms for logging the observations,
including details of the weather conditions at the time of the inspection.

Written procedures should be included in the CEMP for routine inspections of odour emissions
from the ASS/PASS treatment areas. The CEMP should include forms for logging the
observations, including details of the weather conditions at the time of the inspection and the
distance downwind at which odours are detectable.

Should elevated dust deposition levels be recorded by the monitoring program, or significant levels of
dust be observed during the routine inspections, or complaints about dust impacts be received from
nearby sensitive receptors, then additional dust suppression measures should be considered. These
include:

Increased watering rates.
The use of chemical dust suppressant agents on unsealed haul roads and disturbed areas.
Further controls on vehicle speeds and drop heights for loading/unloading of materials.

The use of truck wheel washes or other dust removal procedures to minimise transport of dust
offsite.

The construction of wind breaks and/or the installation of water sprays at the stockpiles.

In the event that odours are detected beyond distances of around 150 m of the ASS/PASS treatment

areas,

or complaints about odour nuisance be received from nearby sensitive receptors, then

additional odour suppression measures should be considered. These include:

Ensuring that lime is added to the soils as soon as possible after placement on the pads.
Reducing the areas of the treatment pads.
The use of odour masking/neutralising agents.

Moving the treatment areas further away from residences.
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5 LIGHTING

The effect of light spill from outdoor lighting impacting on residents, transport users, transport
signalling systems and astronomical observations is governed by the Australian Standard: AS 4282-
1997 Control of the Obtrusive Effect of Outdoor Lighting.

The obtrusive effects of light spill are due both to an increase in general illuminance that can lead to
sleep depravation, and from the direct view of the light source that can cause glare issues.

The adverse effects of light spill from outdoor lighting are influenced by a number of factors:

e The topology of the area. Light spill is more likely to be perceived as obtrusive if the lighting
installation is located higher up than the observer. Lighting installations are usually directed
towards the ground and an observer would hence have a direct view of the luminaire.

e The surrounding area. Hills, trees, buildings, fences and general vegetation have a positive
effect by shielding the observer from the light installation.

e Pre-existing lighting in the area. Light from a particular light source is seen as less obtrusive if it
is located in an area where the lighting levels are already high, eg in cities. The same lighting
installation would be seen as far more bothersome in a dark residential area.

e The zoning of the area. A residential area is seen as more sensitive compared to commercial
areas where high lighting levels are seen as more acceptable.

Typical illuminance levels for a variety of circumstances are given in Table 26 for comparison.

Table 26 Typical llluminance Levels for Various Scenarios

Lighting Scenario Horizontal llluminance (lux)
Moonless overcast night 0.0001

Quarter Moon 0.01

Full Moon 0.1

Twilight 10

Indoor office 300

Overcast day 1,000

Indirect sunlight clear day 10,000-20,000

Direct sunlight 100,000-130,000

5.1 Time of Operation

The applicable limits for adverse spill light depend on the time of operation for the lighting installation.
Operation taking place during pre-curfew hours, between 6.00 am and 11.00 pm, is less likely to give
cause to complaints from adjacent residential properties, while a more restrictive limit is applicable to
curfew hours.

The construction work is assumed to mainly be carried out during normal working hours. Some work
will however take place during night and the construction lighting is therefore assumed to operate 24-
hours per day, at least in some locations. The limits for curfew hours will therefore apply to the
operation.

5.2 Requirements

The maximum recommended values of light technical parameters for the control of obtrusive lights are
given in Table 27.
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The vertical illuminance limits for curfew hours apply in the plane of the windows of habitable room or
dwelling on nearby residential properties. The vertical illuminance criteria for pre-curfew hours apply
at the boundary of nearby residential properties in a vertical plane parallel to the boundary. Values
given are for the direct component of illuminance (ie no reflected light is taken into account).

Limits for luminous intensity for curfew hours apply in directions where views of bright surfaces of
luminaires are likely to be troublesome to residents, from positions where such views are likely to be
maintained.

Limits for luminous intensity for pre-curfew hours apply to each luminaire in the principal plane, for all
angles at and above the control direction.

Table 27 Recommended Maximum Values of Light Technical Parameters (AS4282)

Light Time of Commercial Residential Areas
'IF')echnlctaI Operation Areas Light Dark
arameter Surrounds Surrounds
llluminance in  Pre-curfew hours 251x 10 Ix 10 Ix
vertical plane (&) Curfew hours 4 Ix 2 Ix 11x
Luminous Intensity Pre-curfew hours 7,500 cd 100,000 cd 100,000 cd
Ieml_tteq | by (for a medium to (for a large area (for a large area
uminaires (1) large area with with Level 1 with Level 1
Level 1 control) control) control)
Curfew hours 2,500 cd 1,000 cd 500 cd
Threshold Limits apply at all 20% based on 20% based on 20% based on
Increment (TI) time where users adaption adaption adaption

of transport
systems are
subjected to a

reduction in the
ability to see
essential
information

luminance (L) of
10 cd/m?

luminance (L) of 10
cd/m?

luminance (L) of 10
cd/m?

The residential properties closest to the work sites for the pipeline construction are located in a dark
residential area and the spill light from the construction lighting will therefore be compared to the

maximum vertical illuminance criterion of 1 Ix.
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5.3 Light Modelling

Figure 25 Local Terrain Showing Work Areas

Figure 25 shows the site layout overlaid on an aerial view of the local area. There are low laying hills
<68m in height shown just south east of Chernih Rd (circled in red). This provides significant shielding
to residences located behind it

The quantitative assessment has been carried out in AGI32 version 2.0. A 3D model of the
surrounding area including the residential properties located closest to the sites and assumed lighting
installations, was created and calculations carried out. The topography of the area was ignored for
simplicity. It is however noted that all residential properties are located either higher or at the same
level as the work sites so the calculated case can be considered conservative. Surrounding trees and
shrubs were also omitted and the calculation will thus serve as a worst case scenario.

5.3.1 Lighting Specifications

No information in regard to the construction lighting was available at this stage of the project.
Construction sites are however often illuminated by lighting towers, so called “Daymakers”. Lighting
towers are powered by generators and fitted with 3 to 5 floodlights, located on a mast as shown in
Figure 26. Different configurations of lighting towers exist but the most commonly used are either
4000 W (4x1000 W floodlights) or 6000 W (4x1500 W floodlights). A 6000 W lighting tower with a 9 m
mast has been assumed for the impact assessment.
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Figure 26 Coates’ Hydraulic Lighting Tower

The model of floodlight used in the lighting towers depends on the make. AtlasCopco uses Sylvania
Lighting 1500 W Briteline series’ floodlights for its lighting towers which are considered to be a
representative choice of luminaires. The SLA 1500 W floodlight with both wide beam and the narrow
beam, as summarised in Table 28, have been used in this impact assessment. For full floodlight
specifications refer Appendix I.

Table 28 Site Lighting

Manufacturer Description Type Picture
Sylvania BLP Elite 1500W T7 1500 W Metal Halide

Lighting CWA 240V (Wide beam)

Australasia

(SLA)

Sylvania BLS Elite 1500W T7 1500 W Metal Halide

Lighting CWA 240V (Narrow beam)

Australasia

(SLA)

Light output from all luminaires decrease with time due to a number of factors (eg lamp depreciation
and dust build-up on both lamp and reflective surfaces). When taking the light depreciation into
account, a luminaire maintenance factor is normally included, depending on the type of luminaire, age
of the installation and maintenance intervals.

The luminaires used in the modeling are assumed to be completely new with maximum light output

which will serve as a worst case scenario for the light spill simulations.
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5.3.2 Modelling Results
Work Areas
Works areas for the project that will potentially operate 24-hours are shown in Figure 27.

Figure 27 Temporary Construction Site Locations

ASS Treatment Area

The Acid Sulphate Soil treatment areas are located east of the end of Chernih Rd as shown in
Figure 27 and are approximately 680 m from the nearest residence.

The construction lighting for the ASS treatment areas has been located along all boundaries in the
model, as a worst case scenario.

Welding and Stringing Work Area

The welding and stringing area is located east of the end of Chernih Rd north of the stockpile and ASS
treatment locations shown in Figure 27 and is 230 m from the nearest residence.
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The construction lighting for this area has been located along all boundaries in the model, as a worst
case scenario.

Stockpile Location

The proposed stockpile location is located east of the end of Chernih Rd next to the ASS treatment
area as shown in Figure 27.

As this is a large site, construction lighting was placed along all boundaries pointing in and in the
middle of the site pointing out as a worst case scenario.

The closest building is 1 Chernih Rd which is 140 m away
Access Roads

The existing Chernih Road is proposed to be upgraded to be used for access. An extension from
Chernih Road will be built as an access road along the pipeline to minimise clearing.

Headlights from construction traffic accessing the area are capable of causing glare. No property is
located in close proximity to the Chernih Road-Targinnie Road intersection, where potential glare
could be an issue. Vehicles coming into the site could cause glare on the residence at 1 Chernih as
the access road is aligned with it roughly halfway along. This may be mitigated by vegetation and the
difference in elevation between the road and the residence but to ensure no glare the access road
could be redesigned so that it does not align with the residence at any point.

Winch Area

The winch area is located a large distance from the nearest residential properties and the potential for
any light spill from the construction lighting is therefore considered negligible.

Residences

The locations of local residences which could be affected by light spill from the construction sites are
shown in Figure 28.
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Figure 28 Residence Locations

Table 29 Maximum Illuminance Level on Residence Facades

Residence Maximum llluminance on facades (Ix)
820 Targinnie Rd 0.1
270 Forest Rd 0.1
908 Targinnie Rd 0.1
1023 Targinnie Rd 0.0
Targinnie Rural Fire Brigade 0.0
Targinnie Rd (Lot 3 MPH14076) 0.0
1 Chernih Rd 0.6
63 Flinders Rd 0.0
101 Flinders Rd 0.0

From Table 29 it can be seen that the maximum allowable illuminance level of 1 Ix is not exceeded at
any of the nearby residence locations. As this is a worst case scenario it should be expected that the
actual illuminance levels will be lower than those shown above.
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5.4 General mitigation

AS4282-1997 Control of the Obtrusive Effect of Outdoor Lighting sets out general principles that
should be applied when designing outdoor light to minimise any adverse effect of the light installation.

e Switch off lights when not required.
¢ Direct lights downward as much as possible.

e Use luminaires that are aimed to minimise light spill (eg full cut off luminaire where no light is
emitted above the horizontal plane). Less spill light mean that more of the light output can be
used to illuminate the area and a lower power output can be used. The energy consumption for
the fitting can thus be reduced without decreasing the illuminance of the area. Refer Figure 29.

Figure 29 Minimise Light Spill

e Do not waste energy and increase light pollution by over-lighting.

e Keep glare to a minimum by keeping the main beam angle less than 70°. Refer Figure 30.

Figure 30 Minimise Glare

o Use floodlights with asymmetric beam where possible.
¢ Direct the site lighting away from sensitive locations such as residential properties.

e Position site lighting as far away from site boundaries as possible.
5.5 Effects of light on local wildlife

It is noted that there are a humber of shorebird roost sites and a turtle nest site in the vicinity of the
construction which are shown in Figure 31 and Figure 32 below. The turtle and shorebird sites on
Curtis Island are too far from the construction sites for light spill to be an issue. The shorebird site on
the mainland may be affected by night works on the mudflats. Night-time light spill is known to
adversely affect the behaviour of birds by disrupting waking and sleeping times. However the exact
effects in this case are unclear as there are a lot of unknowns including, exact location of birds relative
to the work site, types of birds and the exact light types and how the lights will be set up on the mud
flats work locations. However effects can be minimised by following the recommendations given in
Section 5.4.
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Figure 31 Wildlife Sites - Curtis Island

I Turtle Nesting Site I

I Major Shorebird Roosting Sites

Figure 32 Wildlife Sites - Mainland
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6 RECOMMENDATIONS FOR MITIGATION AND CONCLUSIONS

6.1 Noise and Vibration

Mitigation measures for noise and vibration are provided in Section 3.11, and include administrative,
work practice and source noise control measures. The primary concerns for terrestrial noise are noise
impacts at the residence at 1 Chernih Road, and road traffic noise along construction routes.

Mitigation measures for underwater noise also include administrative, work practice and source noise
control measures. The primary concerns regarding underwater noise impacts from piling and
dredging are hearing damage to marine creatures, and impacts between marine creatures and
vessels.

Implementation of the proposed mitigation measures is expected to result in acceptable levels of noise
from the project on residents and fauna.

6.2 Air Quality

A summary of the environmental values, emission sources, potential impacts and mitigation measures
in relation to air quality associated with the pipeline construction project has been presented.

A risk assessment has been undertaken to identify potential risks, causes and consequences from air
emissions associated with the construction of the pipelines. Mitigation measures to reduce the risks
have been nominated in Section 4.7.

Implementation of the proposed mitigation measures and monitoring program will ensure the air
emissions associated with the construction phase of the gas pipelines will not result in a degradation
of the ambient air quality at sensitive receptors, such that there is any risk of potential nuisance
impacts, adverse health effects or impacts on terrestrial flora and fauna.

6.3 Lighting

A combination of topography, local vegetation and the relatively large distances from working areas to
residents will all contribute to minimise the risk for excessive light spill from the construction lighting.

Computer simulations were carried out to determine the potential for obtrusive light spill from the
construction lighting. No further information on type and location of the construction lighting was
available at this stage and a generic lighting towers fitted with four 1500 W SLA floodlights was
assumed for the assessment. No topography, trees and other shading was taken into account so the
simulation results can be considered conservative.

The risks of light spill can be minimised by following the mitigation recommendations given in
Section 5.4, primarily by directing all construction lighting away from the nearest residents.

In conclusion, the results of the light impact assessment show that the potential for obtrusive light spill
from the construction lighting is minimal, assuming that the lighting installations are positioned and
aimed according to the mitigation recommendations given within this report.
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7 CLOSURE

This report has been prepared by Heggies Pty Ltd with all reasonable skill, care and diligence, and
taking account of the manpower and resources devoted to it by agreement with the client. Information
reported herein is based on the interpretation of data collected and has been accepted in good faith as
being accurate and valid.

This report is for the exclusive use of APLNG, GLNG and QCLNG; no warranties or guarantees are
expressed or should be inferred by any third parties. This report may not be relied upon by other
parties without written consent from Heggies.

Heggies disclaims any responsibility to the client and others in respect of any matters outside the
agreed scope of the work.
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TERMINOLOGY

Sound Level or Noise Level

The terms “sound” and “noise” are almost interchangeable, except that in common usage “noise” is
often used to refer to unwanted sound.

Sound (or noise) consists of minute fluctuations in atmospheric pressure capable of evoking the sense
of hearing. The human ear responds to changes in sound pressure over a very wide range. The
loudest sound pressure to which the human ear responds is ten million times greater than the softest.
The decibel (abbreviated as dB) scale reduces this ratio to a more manageable size by the use of
logarithms.

The symbols SPL, L or LP are commonly used to represent Sound Pressure Level. The symbol LA
represents A-weighted Sound Pressure Level. The standard reference unit for Sound Pressure Levels
expressed in decibels is 2E-5 Pa.

“A” Weighted Sound Pressure Level

The overall level of a sound is usually expressed in terms of dBA, which is measured using a sound
level meter with an “A-weighting” filter. This is an electronic filter having a frequency response
corresponding approximately to that of human hearing.

People’s hearing is most sensitive to sounds at mid frequencies (500 Hz to 4000 Hz), and less
sensitive at lower and higher frequencies. Thus, the level of a sound in dBA is a good measure of the
loudness of that sound. Different sources having the same dBA level generally sound about equally
loud.

A change of 1 dBA or 2 dBA in the level of a sound is difficult for most people to detect, whilst a 3 dBA
to 5 dBA change corresponds to a small but noticeable change in loudness. A 10 dBA change
corresponds to an approximate doubling or halving in loudness. The table below lists examples of
typical noise levels

Sound Pressure Level (dBA)  Typical Source Subjective Evaluation
130 Threshold of pain Intolerable
120 Heavy rock concert Extremely noisy
110 Grinding on steel
100 Loud car horn at 3 m Very noisy
90 Construction site with

pneumatic hammering
80 Kerbside of busy street Loud
70 Loud radio or television
60 Department store Moderate to quiet
50 General Office
40 Inside private office Quiet to very quiet
30 Inside bedroom
20 Unoccupied recording studio  Almost silent

Other weightings (eg B, C and D) are less commonly used than A-weighting. Sound Levels measured without
any weighting are referred to as “linear”, and the units are expressed as dB(lin) or dB.

Sound Power Level
The Sound Power of a source is the rate at which it emits acoustic energy. As with Sound Pressure

Levels, Sound Power Levels are expressed in decibel units (dB or dBA), but may be identified by the
symbols SWL or LW, or by the reference unit 1E-12 W.
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The relationship between Sound Power and Sound Pressure may be likened to an electric radiator,
which is characterised by a power rating, but has an effect on the surrounding environment that can
be measured in terms of a different parameter, temperature.

Statistical Noise Levels

Sounds that vary in level over time, such as road traffic noise and most community noise, are
commonly described in terms of the statistical exceedance levels LAN, where LAN is the A-weighted
sound pressure level exceeded for N% of a given measurement period. For example, the LA1 is the
noise level exceeded for 1% of the time, LA10 the noise exceeded for 10% of the time, and so on.

The following figure presents a hypothetical 15 minute noise survey, illustrating various common
statistical indices of interest.
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Of particular relevance, are:
LAl The noise level exceeded for 1% of the 15 minute interval.

LAaio  The noise level exceed for 10% of the 15 minute interval. This is commonly referred to as the
average maximum noise level.

LAago  The noise level exceeded for 90% of the sample period. This noise level is described as the
average minimum background sound level (in the absence of the source under consideration), or
simply the background level.

Laeq  The A-weighted equivalent noise level (basically the average noise level). It is defined as the
steady sound level that contains the same amount of acoustical energy as the corresponding time-
varying sound.

When dealing with numerous days of statistical noise data, it is sometimes necessary to define the
typical noise levels at a given monitoring location for a particular time of day. A standardised method
is available for determining these representative levels.

This method produces a level representing the “repeatable minimum” LA90 noise level over the
daytime and night-time measurement periods, as required by the EPA. In addition the method
produces mean or “average” levels representative of the other descriptors (LAeq, LA10, etc).

Tonality

Tonal noise contains one or more prominent tones (ie distinct frequency components), and is normally
regarded as more offensive than “broad band” noise.
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Impulsiveness

An impulsive noise is characterised by one or more short sharp peaks in the time domain, such as
occurs during hammering.

Frequency Analysis

Frequency analysis is the process used to examine the tones (or frequency components) which make
up the overall noise or vibration signal. This analysis was traditionally carried out using analogue
electronic filters, but is now normally carried out using Fast Fourier Transform (FFT) analysers.

The units for frequency are Hertz (Hz), which represent the number of cycles per second.

Frequency analysis can be in:

Octave bands (where the centre frequency and width of each band is double the previous
band).

1/3 octave bands (3 bands in each octave band).

Narrow band (where the spectrum is divided into 400 or more bands of equal width).

The following figure shows a 1/3 octave band frequency analysis where the noise is dominated by the
200 Hz band. Note that the indicated level of each individual band is less than the overall level, which
is the logarithmic sum of the bands.

90

®
o

Sound Pressure Level (dBA)
(2]
o

1/3 Octave Band Centre Frequency (Hz)

Vibration

Vibration may be defined as cyclic or transient motion. This motion can be measured in terms of its
displacement, velocity or acceleration. Most assessments of human response to vibration or the risk
of damage to buildings use measurements of vibration velocity. These may be expressed in terms of
“peak” velocity or “rms” velocity.

The former is the maximum instantaneous velocity, without any averaging, and is sometimes referred
to as “peak particle velocity”, or PPV. The latter incorporates “root mean squared” averaging over
some defined time period.

Vibration measurements may be carried out in a single axis or alternatively as triaxial measurements.
Where triaxial measurements are used, the axes are commonly designated vertical, longitudinal
(aligned toward the source) and transverse.

Heggies Pty Ltd
A member of SLR Group



Appendix A

Report Number620.02637-R2
Page 4 of 5

TERMINOLOGY

The common units for velocity are millimetres per second (mm/s). As with noise, decibel units can
also be used, in which case the reference level should always be stated. A vibration level V,
expressed in mm/s can be converted to decibels by the formula 20 log (V/Vo), where Vo is the
reference level (1E-6 mm/s). Care is required in this regard, as other reference levels are used by
some organizations.

Lighting Terminology (Consistent with AS4282)

Obtrusive light Spill light which, because of quantitative, directional or spectral attributes in
a given context, gives rise to annoyance, discomfort, distraction or a
reduction in the ability to see essential information, eg traffic lights.

Spill light Light emitted by a lighting installation which falls outside the boundaries of
the property on which the installation is sited.

Residential property Land upon which a dwelling exist or may be developed, eg land zoned for
residential development.

Dwelling A building in which people normally reside, especially during the hours of
darkness, eg house, hotel, motel, hospital.

llluminance The luminous flux arriving at a surface divided by the area of the illuminated
surface. Unit: lux(Ix); 1 Ix = 1 Im/m?

Luminous intensity The concentration of luminous flux emitted in a specific direction. Unit:
candela (cd).

Luminous flux The measure of the quantity of light. For a lamp or luminaire it normally
refers to the total light emitted irrespective of the directions in which it is
distributed. Unit: lumen (Im).

Luminaire Apparatus which distributes, filters or transforms the light transmitted from
one or more lamps and which includes, except for the lamps themselves, all
the parts necessary for fixing and protecting the lamps and, where
necessary circuit auxiliaries together with the means for connecting them to
the electrical supply.

Glare Condition of vision in which there is a discomfort or a reduction in the ability
to see, or both, caused by an unsuitable distribution or range of luminance,
or to extreme contrast in the field of vision

€) Disability Glare — Glare that impairs the visibility of objects
without necessarily causing discomfort.

(b) Discomfort Glare — Glare that causes discomfort without
necessarily impairing the visibility of objects.
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Air Quality Glossary and Terms

AHD Australian Height Datum

ASS Acid Sulphate Soils

BoM Bureau of Meterology

(60) Carbon monoxide

CO2 Carbon dioxide

CO2-e Carbon dioxide equivalent

DERM Qld Department of Environment and Resource Management
DECCW NSW Department of the Environment Climate Change and Water
EPP Air Environmental Protection (Air) Policy 2008

g/m2/month Grams per square metre per month

HVAS High Volume Air Sampler

Hg Microgram (g x 10-6)

pg/m3 Microgram per cubic metre of air

m3 Cubic metre

MGA Map Grid of Australia

NOX Total oxides of nitrogen

NPl EETM National Pollutant Inventory Emission Estimation Technique Manual
PM10 Particulate matter less than 10 microns in aerodynamic diameter
PM2.5 Particulate matter less than 2.5 microns in aerodynamic diameter
SO2 Sulphur dioxide

TSP Total Suspended Particulate

USEPA United States Environmental Protection Agency

UTM Universal Transverse Mercator co-ordinate system

VOC Volatile organic compound
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Ambient Noise Levels
Targinnie - Friday 1 October 2010
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Pipe Welding and Stringing and DLB

Excavator 45-65t

Side boom 572L

Excavator 45t with attachments
Challenger tow tractor

Automatic welder

End prep machine

Front End Buffing Rig Pipe Facing machine
42"

Challenger tack rig complete with
compressor, generator, welding machines
& internal line up clamp 40 - 42"
Moorooka sand Blast and joint coating rigs
Diesel welding set on a trailer for repairs

Site Yard

100 KVA Generator
Site Workshop

100 KVA Generator
AS400 Diesel Welder
40 Te bogies

20 Te conveyor rollers

Daytime Noise Modelling Scenario
Co-located Pipelines

o O

Marshland Sheet Piling
and Installation

Grader 16G

3x Excavator 30t

ADT 40t

3x 15t padfoot rollers

2x Excavator / Crane with
pile driver

120t Crawler crane

25t mobile crane

2x truck and trailer
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PIPELINE WORKS NOISE MODELLING SCENARIOS

Creek Section HDD

Mud pumps

Mixing unit
Recycling installation
Cranes

Workshops
Excavators

Curtis Island DLB

Excavator 45-65t

Side boom 572L

Excavator 45t with attachments
Challenger tow tractor

Automatic welder

End prep machine

Front End Buffing Rig Pipe Facing
machine 42"

Challenger tack rig complete with
compressor, generator, welding
machines & internal line up clamp
40 - 42"

Moorooka Fill / Cap pass rigs
Hi-ab truck with two diesel powered
welding sets for tie-ins & external
clamp

Moorooka sand Blast and joint
coating rigs

Diesel welding set on a trailer for
repairs

FEL CAT 950 x2

Vacuum trucks

PASS/ASS Treatment

Grader
Truck and trailer

High pressure mud
pump - Herrenknecht
6070

Drill fluid mix plant -

Herrenknecht 2000
Self prime pit pump -
Selwood 150C

Boost pump - Selwood
150SH

Hydraulic submersible
pump - Sykes HD150
BICO Mud Motor -
Transco

500 KVA Generator
100 KVA Generator
60 KVA Generator
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PIPELINE WORKS NOISE MODELLING SCENARIOS

Site Yard

100 KVA Generator
Site Workshop

100 KVA Generator
AS400 Diesel Welder
40 Te bogies

20 Te conveyor rollers

Marshland Sheet Piling

2x Excavator / Crane with
pile driver

120t Crawler crane

25t mobile crane

Night-time Noise Modelling Scenario
Co-located Pipelines

2x truck and trailer

Creek Section HDD

Mud pumps

Mixing unit

Recycling installation
Cranes

Workshops
Excavators

Vacuum trucks

High pressure mud
pump - Herrenknecht
6070

Drill fluid mix plant -
Herrenknecht 2000
Self prime pit pump -
Selwood 150C

Boost pump - Selwood
150SH

Hydraulic submersible
pump - Sykes HD150
BICO Mud Motor -
Transco

500 KVA Generator
100 KVA Generator
60 KVA Generator

Dredging

BHD
Spoil Barge
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PIPELINE WORKS NOISE MODELLING SCENARIOS

Site Yard

100 KVA Generator
Site Workshop

100 KVA Generator
AS400 Diesel Welder
40 Te bogies

20 Te conveyor rollers

Night-time Noise Modelling Scenario
GLNG Single Pipeline

Marshland Sheet Piling

2x Excavator / Crane with
pile driver

120t Crawler crane

25t mobile crane

2x truck and trailer

Dredging

BHD
Spoil Barge
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OCTAVE BAND SOUND POWER LEVELS FOR PLANT

Equipment 1/1 Octave Band Centre Frequency (Hz) Sound Power Level (dB)
315 63 125 250 500 1000 2000 4000 8000

Excavator 112 115 116 114 114 109 107 99 94
Side boom 104 105 116 110 108 104 101 93 87
Tow tractor 95 95 106 102 102 102 98 92 85
Welder 75 89 95 94 101 103 103 96 90
Compressor welder 106 102 98 93 90 86 86 79 73
Air compressor 99 99 106 103 97 91 90 85 81
Grader 112 122 118 117 108 111 107 103 93
ADT 105 111 112 107 109 106 110 100 91
Pad foot roller 99 104 109 112 107 105 102 96 90
Vibratory pile driving 101 92 95 92 20 87 81 85 92
Crane truck 109 109 105 104 100 101 98 91 83
Crane 108 108 107 103 103 100 96 87 79
Truck and trailer 106 115 102 109 104 102 99 100 92
FEL 103 99 115 110 107 106 106 97 95
Generic pumps 96 103 106 96 97 100 96 95 88
HDD Site 107 129 125 115 112 111 108 101 94
Generator 93 96 97 95 95 90 88 80 75
BHD 107 107 109 103 103 103 100 92 86
Spoil barge 108 112 111 108 110 103 101 99 93
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