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Abbreviations

ARI Average recurrence interval

ASRIS Australian Soil Resource Information System
ASS Acid Sulfate Soil

BoM Bureau of Meteorology
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CsG Coal Seam Gas

DERM Department of Environment and Resource Management
dS/m deci-Siemens per meter

EC Electrical Conductivity
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ESC Erosion and Sediment Control

ESCP Erosion and Sediment Control Plan

GLNG Gladstone Liguefied Natural Gas

GTP Gas Transmission Pipeline

HDD Horizontal Directional Drilling

HDPE High Density Polyethylene

KP Kilometre Point

LNG Liguefied Natural Gas

LRMP Landscape Rehabilitation Management Plan
km Kilometer

QGP Queensland Gas Pipeline

~ Approximately

m Metres

Mm Millimeters

Row Right of Way
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1. INTRODUCTION

1.1 Overview

Erosion and sediment control is a key factor for consideration prior to, and execution during,
the construction of the GTP.

1.2 Purpose and Objective of this Document

This Erosion and Sediment Control Plan (ESCP) is part of the Development Approval
documentation required for the project to assist the regulator to assess the key issues. It
may assist the contractor to prepare the site-specific ESCP that is required under the
contract with GLNG Operations Pty Ltd.

The report outlines the minimum standards that will be utilised to minimise erosion through
the life of the pipeline project. This involves consideration of the environments through which
the pipeline will be constructed, operated, and decommissioned, including topography,
climate, soils, and receiving waters.

It is intended that this document will highlight areas and circumstances of elevated erosion
risk and provide mitigation options for designers, constructors, estimators, and decision-
makers to consider.

The information used to develop this document is based on a desktop review of previous
studies, in particular the Environmental Impact Statement (EIS) (URS, 2009), and other soils
databases. It also considers relevant guidelines for erosion and sediment control in
Queensland and Australia.

1.3 Relevant Guidelines
Guidelines relevant to soil management for this Project are:

* AS 4970-2009 Protection of Trees on Development Sites

* APIA, 2009. Code of Environmental Practice — Onshore Guidelines. The Australian
Pipeline Industry Association Pty Ltd. March 2009

» |ECA, 2008. Best Practice Erosion and Sediment Control. International Erosion Control
Association (Australasia) (IECA)

» Landcom, 2004. Managing Urban Stormwater: Soils and Construction. NSW Government

» DECC, 2008a. Managing Urban Stormwater: Soils and Construction. Volume 2A.
Installation of Services. Department of Environment and Climate Change (DECC) NSW

» DECC, 2008b. Managing Urban Stormwater: Soils and Construction. Volume 2C.
Unsealed Roads. Department of Environment and Climate Change (DECC) NSW

* DMR 2002. Road Drainage Design Manual. Department of Main Roads (DMR) QLD

1.4 Relevant Legislation

A person or persons conducting land-disturbing development must conduct such
development in accordance with the requirements of relevant legislation.

The State Planning Policy (SPP) for Healthy Waters provides the planning to ensure new
development delivers its requirements of the EPP (Water). The SPP refers to a companion
document that outlines design objectives for:

a) Erosion and sediment control
b) Stormwater quality
c) Waterway stability

Santos | PETRONAS | Q TOoTAL | KOGAS Page 5 of 36



d) Frequent flows

1.4.1 Environmental Protection Act 1994

All persons have a legal duty under the Environmental Protection Act 1994 (s319) to take all
reasonable and practicable measures to minimise or prevent environmental harm.

Under s443 of the Environmental Protection Act 1994 a person must not cause or allow a
contaminant to be placed in a position where it could reasonably be expected to cause
serious or material environmental harm or environmental nuisance (e.g. placing a stockpile
adjacent to a waterway).

In addition, people who are concerned with management in a corporation have an additional
duty under the Environmental Protection Act 1994 to ensure their corporation complies with
the Act. This means supervisors need to take reasonable and practicable steps to ensure
that the people under their control do not breach environmental laws.

People who become aware of environmental harm in association with their work (e.g. loss of
sediment from their site into a watercourse) have a legal duty under the Environmental
Protection Act 1994 to notify their employer. The employer must then rectify the problem,
and if significant, to notify the Department of Environment and Resource Management
(DERM).

1.4.2 Environmental Protection (Water) Policy 2009

This policy sits under the Environmental Protection Act 1994. The Environmental Protection
(Water) Policy 2009 provides environmental values and water quality objectives for
Queensland waters. These are utilised when determining environmental harm and to inform
other statutory and non-statutory decisions. The water quality objectives assist in identifying
whether the environmental values are protected. These values and objectives should be
utilised when determining risk of environmental harm from water releases or run off, and the
appropriate erosion and sediment controls to be implemented.
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2. PROJECT DESCRIPTION

The gas transmission pipeline (GTP) has been divided into three sections based on major
geographic boundaries. There are:

* Mainland GTP EM Plan: Fairview Gas Fields to the west of the Kangaroo Island Wetlands
(KPO to KP406)

» Marine Crossing GTP EM Plan: West of Kangaroo Island Wetlands to Curtis Island
(KP406 to KP414.5)

» Curtis Island GTP EM Plan: Curtis Island to gate of LNG Facility

Separate environmental management plans have been prepared for each section described
above; however, this erosion and sediment control plan addresses concerns for the entire
length of the alignment.

2.1 Route

The Mainland GTP will extend from the gas fields at Fairview to Point A on Port Curtis, and
span a distance of approximately 406km. Figure 2.1 illustrates the route alignment and
shows the extent of the three GTP EM Plans.

The proposed Mainland GTP corridor is closely aligned with the existing Queensland Gas
Pipeline (QGP) for much of its length with the exception of the section north of Injune where
the corridor will run up the western side of the Arcadia Valley. The Mainland GTP wiill
approach Gladstone from the southwest and will pass through the Gladstone State
Development Area (GSDA) before crossing Port Curtis to Curtis Island.

By locating the Mainland GTP adjacent to the existing QGP RoW for approximately 300 km
of the corridor from south of Rolleston to Gladstone, the area of land disturbed and the
impact on existing land use and infrastructure will be reduced. However there are sections
along the Mainland GTP corridor where due to land use, environmental or topographical
constraints the proposed Mainland GTP will by necessity deviate from the QGP RoW.

From the gas fields at Fairview, the Mainland GTP will traverse mostly rural land and
numerous ranges. The route departs Fairview in a northerly direction continuing north
through the Arcadia Valley. It then turns easterly and crosses the Expedition Range, the
Dawson Range, and then a wide section of the Dawson River. The pipeline continues
easterly, crossing the Callide and Calliope Ranges. After crossing the Calliope Range, the
pipeline crosses the Bruce Highway and terminates at the Queensland Energy Resources
(QER) land-bridge at Point A on Port Curtis, where from here the Marine Crossing section of
the GTP commences (referred to as the Marine Crossing GTP; see Figure 2.2). From this
point, the Marine Crossing GTP crosses the Kangaroo Island Wetlands (south of Kangaroo
Island) to Friend Point at which point it crosses the Narrows waterway and lands on Curtis
Island at Laird Point. From Laird Point, the Marine GTP tracks inland to Point H. From here
the Curtis Island GTP commences, continuing in an easterly direction, before turning south
and finishing at the GLNG LNG Facility gate.

2.2 Pipeline Details

The GTP will be a buried, high-pressure steel pipeline. It will be designed in accordance with
the requirements of Australian Standard 2885 (AS 2885) Pipelines - Gas and Liquid
Petroleum and constructed in accordance with the Australian Pipeline Industry Association’s
Code of Environmental Practice (APIA, 2009).

In accordance with AS 2885 the design considerations include:
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» Risk assessment — route selection, land use conflict, future development, land stability,
and flooding

» Pipeline design — material selection, wall thickness, coating requirements, corrosion
protection, burial depth, and remote monitoring
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3. CONSTRUCTION METHODOLOGY

Construction methodologies to be utilised during the construction of the GTP consist of open
trenching and Horizontal Directional Drilling (HDD). Construction of all terrestrial GTP
sections, including the entire Mainland GTP and the Curtis Island GTP will be by open
trenching. HDD will be utilised in the Marine Crossing GTP in the area of the Kangaroo
Island Wetlands and the Narrows from Points C to G (see Figure 2.2). Construction activities
relevant to erosion and sediment control are described below.

3.1 Terrestrial GTP construction (Mainland and Curtis Island GTP)
3.1.1 Clear and grade

Clear and grade will be carried out along the GTP alignment to allow for the development of
a construction Right-Of-Way (RoW) for plant, equipment and vehicular movement. The RowW
for the terrestrial GTP section will generally be 40 m wide, and narrowed to 30 m wide for
areas defined as an Environmental Sensitive Area (ESA). A typical 30 m and 40 m RoW
layout is presented in Figures 3.1 and 3.2.

Clearing of the RoW shall include the removal as required of trees, brush, stumps and other
obstacles, and the grubbing, or removal otherwise, of stumps in the way of the trench line
and in trafficked areas. All cut timber and other vegetation shall be stockpiled along the right-
hand edge of the RoW.

The seed bank — typically the top 50mm — will be stripped from both sides of the proposed
trench line, and stockpiled along the edge of the RoW. Then the topsoil will be stripped to a
depth not more than 200 mm, and stockpiled as windrows along the edge of the RoW.

Openings in trench spoil banks will be provided to allow normal drainage of the area and to
prevent surface water from ponding.

Subsoil from the levelling of the RoW will be stockpiled separately from vegetation and
topsoil. It will be placed to assist with restoring original contours. In rock areas surplus
excavated rock material and surface boulders within the RoW will be stockpiled separately
for re-use.

3.1.2 Stringing and bending

Pipe stringing involves laying the pipe out in lengths in preparation for welding. Pipe will be
transported to the Mainland GTP RoW to temporary pipe storages areas adjacent to the
RoW on trucks.

The pipes will be placed on wooden skids in order to elevate the pipe from the ground
surface, standing water and mud.

3.1.3 Trenching

Trenching will be undertaken either prior to, during or after pipe stringing, and will depend
upon the project schedules, terrain and other logistical factors. Plant and equipment used to
undertake trenching is listed below.

The trench will typically be 2.0 m deep and 1.5 m wide and may vary dependent on soil and
topography. It is proposed that the Mainland GTP trench be opened in sections to minimise
the risk of surface water entering the trench.

Trench spoil will be windrowed beside the trench allowing gaps at regular intervals for
access tracks and for surface drainage.
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3.1.4 Lowering and backfilling
Typically, the pipe shall be placed directly on the trench bottom without bedding beneath it.
The pipe will be lowered into the trench using side-booms with roli-cradles.

The trench backfilling shall be compacted by rubber-tyred wheel rollers. Backfill soils will be
compacted to a level consistent with surrounding soils, with the aim of preventing trench
subsidence and water ponding.

Any subsidence that occurs, including any subsidence occurring during the contract
maintenance period, shall be rectified. Surplus excavated material will be spread across the
RoW subiject to its suitability for this purpose.

3.1.5 Hydrostatic testing

During hydrostatic testing (hydro-testing) the pipe will be filled with clean water sourced from
nearby dams or town. The location and source of water supplied for testing will be
determined prior to commencing construction, but will be of potable water quality standard.
The pipeline once capped and filled is then pressurised. A 24-hour leak test then follows.
The water will be re-used along the length of the pipe and then discharged to land in a non-
erosive manner.

3.1.6 Blasting

Blasting may be required to form the trench in areas of rock which is not excavated by
mechanical methods (such as an excavator with rock hammer).

Details of the blast parameters and design required are not available at this stage, however
it is assumed drill and blast techniques incorporating confined blasting (ie blasting of
hole/trench on open ground) will be employed.

3.1.7 Crossings
Road crossings

Road crossing construction methods will be selected based on the road formation type.
Crossing design and construction methods will vary according to road function, road design
and the size and quantity of vehicles that use the road. The types of road crossing methods
to be considered are summarised below, along with the relevant road types:

» Open cut: unformed and formed tracks, gravel roads and some bitumen roads
» Bored (cased or uncased): some major highways and some bitumen roads
» Directional drill (cased or uncased): some major highways

Bored rail crossings

Bored rail crossings shall be installed and constructed in accordance with the alignment
sheets and construction drawings, responsible authority, requirements of the asset owners
and approval conditions.

Bored road crossings

Bored road crossings shall be installed and constructed in accordance with the alignment
sheets and construction drawings, responsible authority, requirements of the asset owners
and approval conditions.
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Watercourse crossings

The crossing of approximately 13 rivers or creeks, and 90 minor watercourses are required
for the Mainland GTP. These will be constructed in accordance with the alignment sheets
and construction drawings, responsible authority, requirements of the asset owners, and
approval conditions.

Three alternative methods may be used for watercourse crossings. These are:

» Open trench. The majority of watercourse crossings are expected to be constructed using
standard open trenching construction. This technique is most suited to the dry or low flow
conditions which will be preferred for the construction phase

» Open trench with flow diversion. Flow diversion is a modification to the standard open
trench method employed where higher water volumes and flows are present (typically up
to 1,000 L/s). In this way the risk of erosion and interference with construction activities is
reduced

» HDD is generally used to cross major watercourses where standard open cut methods
are not feasible or to avoid environmentally sensitive features. The feasibility of using
HDD is limited by site conditions such as soil stability, slope, access, available workspace
and the nature of subsurface strata

It is anticipated that the majority of the watercourse crossings will be constructed using
standard open trench methods, and where possible, construction activities will be scheduled
for dry or low flow periods to enable open trench methods to be used.

Clear and grade operations at waterways will be restricted to the minimum necessary for
construction purposes and shall be performed in a manner which will minimise the
reinstatement requirements.

On completion of works the beds of the stream and watercourse will be restored, and
obstructions resulting from construction of the pipeline will be removed and disposed. The
banks of each watercourse crossing shall be restored by grading to the natural contours, or
to the natural angle of repose of the stream bank material, whichever is less steep.

3.1.8 Rehabilitation after GTP construction

On completion of Mainland GTP construction, the RoW will where required be re-contoured
to match the surrounding ground and existing landform. During this process, erosion and
sediment controls will be installed when required to ensure the long-term stability of the
previously disturbed areas and to minimise secondary impacts upon areas outside of the
project boundaries.

Rehabilitation of the RoW will be undertaken in accordance with the Landscape
Rehabilitation Management Plan (LRMP).

3.2 Marine Crossing GTP Construction Methodology

The Marine Crossing section will utilise all of the techniques outlined in the Mainland GTP
construction section, and the additional measures described in this section.

The terrestrial pipe construction activities within the marine crossing section extend between
Point A (KP 406) and C (KP 409) on the Mainland and between Point G (KP 413.5) and H
(KP 414.5) on Curtis Island (see Figure 2.2). In particular:

Terrestrial Section: Point A to Point B (0.6 km) (KP 406) to (KP 406.5)
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From the exit of the Queensland Energy Resources (QER) land-bridge, the route runs
southeast within the boundaries of the Northern Infrastructure Corridor (NIC). For this portion
of the route, the GTP Marine Crossing will run parallel to the other LNG Pipelines as it does
for the remainder of the NIC. This section of pipeline will be installed using conventional
onshore trenching construction techniques.

Terrestrial Section: Point B to Point C (1.8 km) (KP 406.5) to (KP 409))

The route then runs on the eastern side of the QER oil shale mining lease area and above
the high water mark (HWM) to the southernmost edge of the intertidal mudflats. This section
of pipeline will be installed using conventional onshore construction techniques.

Terrestrial Section: Point G to Point H (1.235 km) (KP 413.5) to (KP 414.5)

The route runs from the winch site to a point where the GTP Marine Crossing alignment re-
joins the Curtis Island GTP Marine Crossing section.

3.3 HDD construction within the marine crossing
3.3.1 Location

The Marine Crossing GTP will be constructed using HDD beneath the Kangaroo Island
Wetlands and The Narrows crossing (see Figure 2.2).

3.3.2 Description of the overall HDD construction process

HDD will be undertaken in four stages. HDD pads at Points F and G will occur outside of the
GBR Coast MP but within the 200m buffer zone. The following describes the sequence of
construction activities that will be implemented to HDD from Point G to Point C.

1. A drill pad will be established at Point G. Drill from location Point G to Point F. Pull 1st
pipe string 900 m from Point F to Point G. Tie-in 2nd string 900 m from end pull 2nd
string from Point F to Point G. Pipe storage and stringing will extend in a south eastern
direction from Point F to Point D.

2. The drill pad will be moved from Point G to Point F. Drill from Point F to Point E. Pull
450 m string from Point E to Point F. The pipe stringing will be constructed on the
working area between Points E and D and pulled eastward into the excavated hole at
Point E and tied in to the pipe once in position at Point F.

3. Move the drill pad from Point F to Point D and drill from Point D to Point E. Pull 450 m
string from Point E to Point D. The pipe storage and stringing will extend from Point E in
a north eastern direction. The pipe stringing will be constructed on the working area
between Points E and F and pulled through the drilled hole from Point E to Point D.

4. Turn the drill pad at Point D and drill from Point D to Point C. Pull 930 m string from
Point C to Point D. The pipe storage and stringing area will extend in a south western
direction from Point C for a distance of 1,800 m. A pipe stringing area will be
constructed on the terrestrial side of Point B1 as indicated in Figure 2.2.

The HDD pads will contain a HDD rig; drilling pipe storage; tanks for fuels, oils and drilling
muds (typically bentonitic clay). The HDD process involves a small diameter pilot hole being
drilled along the designed directional path. Next, this pilot hole is progressively enlarged to a
diameter that will accommodate the pipeline (a process referred to as reaming) (see Figure
3.3).

The material generated during drilling (pilot holes and reaming) will be removed from the site
and disposed of at the Western Basin reclamation facility operated and managed by the
Gladstone Ports Corporation (GPC) or an approved dump site.
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Once the hole is completed, the pipe string will be pulled through the hole in the direction of
the rig.

The pipe stringing will be prepared on working areas. The working areas will be delineated
using bog mats or a similar product. These are typically high density polyethylene mats
which interlock to provide an even weight distribution for vehicles, or construction activities
on surfaces such as mudflats. The bog mats do not require additional material (such as road
base) to be placed on them, however base material will be utilised under the mats. Once
pipeline construction is completed, the bog mats will be removed and reused or recycled.

HDD pads will be removed once all pipeline construction is completed during the restoration
phase.

Page 13 of 36
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3.3.3 Access and pad construction for HDD

Access between HDD pad sites on intertidal or wetland areas will be via Dura Base matting
or equivalent material. Matting will be utilised to facilitate vehicular access to the HDD drill
pads over soft soils, mud and environmentally sensitive areas. Each mat weighs
approximately 477 kg and is made out of recycled plastic, measuring approximately 2.5 m x
4 m and approximately 100 mm thick. Mats will be pegged to the ground to ensure the mats
do not float away during extreme high tide or storm surge events. Mats will be removed once
the HDD process is complete and managed in accordance with the Waste MP.

There will be approximately 10,000 m* of HDD fluid (mud) requiring disposal. The HDD mud
will be disposed of within the Western Basin reclamation area which is operated and
managed by GPC or another approved disposal site.

HDD mud will be tested for ASS and will be managed in accordance with the ASSMP. It is
expected that HDD mud will only contain ASS in the upper section of the HDD hole (first 3 —
5 m AHD).

HDD mud that contains ASS will be transported to a treatment pad located adjacent to the
RoW trenching area between Point B and Point B1 (Figure 1.2). Once this material has been
treated it will then be transported to the Western Basin Reclamation Area and disposed of.

HDD mud not containing ASS will be transported directly to the Western Basin Reclamation
Area for disposal.

3.3.4 Rehabilitation after HDD construction

Once the HDD process is completed, the associated infrastructure will be relocated to the
next pad, the HDD pads will be removed, and the HDD contractor will reinstate and
rehabilitate areas disturbed by HDD works in accordance with the LRMP.

3.4 Ancillary Project Infrastructure
3.4.1 Construction camps
General

Construction camps are required to house and accommodate the construction personnel for
the Mainland GTP. These construction camps will be sized to accommodate approximately
450 persons at main camps and 200 persons at behind and advanced camps. An area of
approximately 8 ha will be required for each camp.

Construction camp locations

Construction camp sites have been positioned to minimise travel distance for work crews
and have been located near a water source.

Four camp sites have been defined and have been located to minimise the travel distance to
the work sites. The construction camps will be located at the following locations:

e Camp 1 - Bundaleer — KP 75
e Camp 2 — Bauhinia — KP 180
e Camp 3 - Banana — KP 275
e Camp 4 — Calliope KP — 355
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Construction camp installation

The mobilisation schedule of construction camps is based on the logistic and construction
priorities as required for the project implementation.

In preparation of camp installation, the proposed site will be filled, compacted, and graded to
an adequate elevation above the existing ground level to allow for the proper slope for
drainage.

3.4.2 Transportation and storage of pipe

The pipe for the Project will be shipped from overseas in 12 m lengths. It will be received by
the Contractor at the Port of Gladstone and Port Alma, from December 2011 to September
2012.

The pipes western and eastern sections of the Mainland GTP will be transported via road to
one of eleven temporary pipe storage sites. The size of each temporary pipe storage site will
typically be 8 ha (200 m X 400 m) and will be able to accommodate a maximum of 60,000
pipes, and will be located adjacent to the RoW.

Construction of the temporary pipe storage sites will typically be on land which is flat and
stable and provided with drainage features/sediment controls. An access road will be
constructed around and in-between stacks to facilitate loading/offloading activities.

These sites will be reinstated in accordance with the LRMP once the entire pipe has been
delivered to the RoW for stringing and there is no longer a need to retain the temporary pipe
storage site.

3.4.3 Transport along the Mainland GTP RoW and access tracks

Access tracks will be prepared in a similar fashion to the RoW. Topsoil will be stripped and
stockpiled for reinstatement.

Access tracks will be maintained during construction and rehabilitated to the pre-existing
state following completion of construction activities (where on-going operational access is
not required) and in accordance with landholder requirements.

It is estimated that up to 700 vehicles will move along the RoW per day with consequent
impacts upon soil structure including soil breakdown, compaction, and wind erosion.

3.4.4 Plant wash-down facilities

All access to and from the RoW, which will include the access tracks and hauls roads, will be
via dedicated wash down facilities. These have been located throughout the project area.
These dedicated wash down facilities are primarily to control pest and weeds, however will
also minimise tracking of dirt onto public roads.
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4. EROSION CONSIDERATIONS

4.1 Soil Characteristics

Soil Groups occurring along the length of the GTP have been identified in the relevant Land
Management chapters of each of the three EM Plans (ie Mainland, Marine Crossing and
Curtis Island). The EIS assessment undertaken by URS (2009) indicated soils across the
length of the GTP RoW can be separated into nine broad groups.

Group 1: Skeletal, rocky or gravelly soils (>60% coarse fragments) with sandy, silty, loamy
or clayey soil matrix

Group 2: Sand soils, includes stratified alluvial soils, residual sand soils, earthy sands
Group 3: Coarse to medium-textured soils

Group 4: Medium-textured sandy, sandy loam or silt to clay

Group 5: Sand, loamy sand, sandy loam or loamy surface duplex soils

Group 6: Fine sandy, silty or clay loamy surface duplex soils

Group 7:Shallow uniform often gravelly fine-textured soils

Group 8: Shallow to medium to deep uniform fine-textured (cracking) clay soils

Group 9: Deep to very deep, very soft, uniform gradational or weak duplex soil

Detail of the properties of these soils and their typical constraints are provided in chapter 7 of
the relevant EM Plans.

Characteristics which will influence the erosion and sedimentation are described below.
4.1.1 Soil Erodibility

Soil erodibility for water erosion reflects the susceptibility to detachment and transport by
water. It is influenced by soil texture and the stability of soil aggregates i.e. the strength of
bonds between soil particles. Soils with low infiltration rates have higher run off rates and are
therefore more erodible. Soil with weak bonding between soil particles will be very
susceptible to erosion i.e. loamy soils and dispersive sodic soils. (Hazelton and Murphy,
2007).

Highly erodible soils are those with weak bonds between soil particles and an abundance of
soil particles that are easily disturbed by water. If these soil properties are combined with low
infiltration then soil erodibility is very high. Typical qualities of erodible soils include:

» Dispersible clay soils (usually sodic)

» Soils high in silt and fine sand that have low organic matter levels (loams to silty clay
loams)

» Clay soils with shrink-swell properties

These include Soil Groups 4 to 8 as described in the EM Plans.

4.1.2 Dispersible Clay Soils

A solil is considered sodic when sodium reaches a concentration where it starts to affect soil
structure, which in Australian soils is commonly at exchangeable sodium percentage (ESP)
of > 6 % (Isbell, et al 1983). When sodic soils are wetted the sodium weakens the bonds
between soil particles resulting in clay swelling causing slaking or dispersion. (Rengasamy
and Walters, 1994). Such dispersion may occur in sodic soils without any disturbance at all.
The dispersed clay particles can be easily moved by water or wind and can migrate through
the soil clogging soil pores thereby reducing infiltration and drainage and causing higher run-
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off. Dispersed clay particles may also be entrained in water and can contribute to water
pollution. This may lead to a range of problems for construction sites including high water
run-off and erosion rates, water pollution, tunnel formation, reduced workability, difficulty with
vegetation establishment, and reduced vegetation growth due to low water holding capacity
and root penetration (Raine and Loch, 2003).

However, it is important to note that not all sodic soils are dispersive and not all dispersive
soils are sodic. Other factors such as salinity, texture, clay mineralogy, and organic matter
can all influence the dispersibility of a soil. Dispersive soils are problematic for construction
and maintenance activities and should be identified so that their constraints can be
addressed in project planning.

A review of the Australian Soil Resource Information System (ASRIS) in conjunction with
data gathered from the EM Plan preparation, indicates that Sodic duplex soils(Sodosols),
mapped as Soil Groups 5 and 6 occur along the pipeline route including areas between
Gladstone to Mount Alma, Biloela, Bauhina, Arcadia Valley, Biloela and Injune. Sodosols are
characterised as being texture contrast soils (i.e. the topsoil is of a lighter texture than the
subsaoil) in which the subsaoil is sodic and not strongly acidic.

Sodic soils are not limited to Sodosols. Soils with sodic properties were identified along the
majority of the pipeline route, with the exception being the soils of the Calliope Range,
Callide Range, and Dawson Range. Of the sodic soils, topsoils tend to be marginally sodic to
sodic with ESP’s mostly between 5 % and 15 % with a few occurrences of strongly sodic soil
(ESP’s 15 % to 25 %). In the subsoils, sodicity is much greater tending to be strongly sodic
with vast areas of soils with ESP’s that exceed 25 %.

Key management practices to reduce the impacts of sodic soils include: the management of
surface water flows and minimisation of the potential for localised ponding, the use of
compaction within the soil profile to reduce infiltration and minimise changes in the soil
electrolytes which lead to spontaneous dispersion and tunnelling, and the use of
amendments (e.g. gypsum, organic matter, polyacrylamides) to modify either the ESP or
directly influence aggregate stability (Rained and Loch, 2003).

4.1.3 Soils High in Silt and Fine Sand

Soil texture is an important property contributing to soil’s erodibility. Soils with a high content
of silt, very fine sand (0.05 to 0.10 mm in diameter), or expanding clay minerals tend to have
high erodibility. Erodibility is low for clay soils with a low shrink-swell capacity because these
clay particles mass together into larger aggregates that resist detachment and transport.
Sandy soils with large amounts of fine, medium, or coarse sand particles (0.10 to 2.0 mm in
diameter) also have low erodibility. Sand particles lack the ability to aggregate together, but
because most sandy soils are highly permeable, water runoff is low, hence erosion is often
slight. In addition, the large grain size of sandy soils means that it takes more energy to
transport its particles than those of finer-textured soils. Medium-textured soils (loamy soils)
tend to be most erodible because they have high amounts of silt and very fine sands. These
soils tend to have moderate to low permeability and low resistance to particle detachment. If
disaggregated, small particles (silts and clays) are easily transported. Rock fragments can
also prevent erosion by protecting the soil from raindrop impact (O’'Geen, 2006).

Soils that are considered to be highly erosive include the following textures (Landcom,
2004):

* Loam and Fine sandy loam, (~25 % clay)

» Silty loam (~25 % clay and > 25 % silt)

» Sandy Clay loam (20 % to 30 % clay)

» Silty clay loam (30 % to 35 % clay and > 25 % silt)
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A review of the ASRIS and soils information gathered in the EM Plan indicates loam, silty
loam, or sandy clay loam are uncommon along the alignment , however relatively small
areas have been noted in the topsoils in the vicinity of the following locations:

e East of Dungree

« Dawson Range

» Sections along Arcadia Valley Road
» Surrounding Biloela

4.1.4 Clay Soils with Shrink-Swell Properties

Soils with expanding clay minerals tend to have high erodibility. Vertosols (described within
Soil Group 8 in the EM Plan) are clay soils with shrink-swell properties that exhibit strong
cracking when dry and at depth (Isbell, 1996), and often exhibit gilgai micro-relief. These can
be structurally unstable to raindrop impact and rapid wetting and frequently produce readily
detachable and transportable soil particles resulting in high soil erodibility.

Soil Group 8 was identified west of the Calliope Range at a number of locations (Biloela and
Bauhinia in particular) and are indicated as having highly sodic subsoils. These Vertosols
are commonly adjoined with highly erosive Sodosols.

4.1.5 Salinity

Soils with elevated electrical conductivities (EC) were identified as occurring in a number of
areas. Soil EC is used as a measure of soil salinity and is commonly used because it is
simple to measure. The relationship between EC and the salinity effect to plant growth is
also strongly influenced by soil texture, in particular clay content. The greater the clay
content then the higher EC will need to be before it has saline impacts on plant growth i.e.
the EC concentrations that severely inhibit vegetation growth in sandy soils may cause little
adverse growth effects on in heavy clay soils.

A brief review of the ASRIS identified that soils with elevated EC’s (0.95 dS/m) in the subsoil
were present along the alignment between Biloela and Bauhinia, which is rated as having a
very high salinity rating for soils of these light to medium clay textures.

4.1.6 Acidity and Alkalinity

The optimal pHw1:5 range in soil is 5.5 to 8.5. Outside of these ranges plant growth tends to
be retarded mostly due to changes in the soil chemistry resulting in nutrients becoming
either unavailable or toxic to plants. Areas of extreme acidity (pH < 4.5) and alkalinity (pH >
9.0) were not identified in the alignment. The majority of the soils range between moderately
acidic to moderately alkaline with the exception of strongly acidic soils (both topsoil and
subsoil) with pH 4.8 to 5.5 being identified in the vicinity of Calliope and Expedition Ranges,
as well as areas around Beilba and Injune.

4.1.7 Soil Characteristics Summary
The following key points relate to the erodibility of soils along the alignment.

» The majority of the soils along the alignment are considered to have high erodabilities

» Sodic soils are indicated along the majority of the pipeline route with the exception being
the soils of the Calliope Range, Callide Range, and Dawson Range. The topsoil tends to
be marginal to sodic, whilst the subsoils are considered highly sodic

» Erodible swelling clay soils (Vertosols) with highly sodic subsoils are present at various
locations west of the Calliope Range and are prominent from Biloela and Bauhinia
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» Surface soils with high erosion potentials are indicated to be present east of Dungree;
Dawson Range; along sections of Arcadia valley Rd; and surrounding Biloela

» ltis highly likely that subsoils with very high salinity potential to be present between
Biloela and Bauhinia. Acidic soils are indicated to present in the vicinity of Calliope and
Expedition Ranges, as well as areas around Beilba and Injune

Inversion of these soils during reinstatement may result in on-going reinstatement
maintenance issues and costs. Bringing sodic subsoils to the surface could result in highly
erodible surfaces with surface crusting and hard setting issues effecting vegetation
establishment and growth. Reinstatement of acidic or saline soils is also likely to be
problematic to vegetation establishment and surface stabilisation.

4.1.8 Soil Testing

Further information will be obtained to characterise the soils along the route and the
remediation required to treat aggressive soils that are prevalent along the alignment. The
Coordinator Generals’ Conditions (Schedule E) states:

4. establish baseline soils information for areas to be disturbed including soil depth,
pH, electrical conductivity (EC), chloride, cations (calcium, magnesium and
sodium), exchangeable sodium percentage (ESP), particle size, and soil fertility
(including nitrogen, phosphorous, potassium, sulphur and micronutrients)

The field programme will also make observations of similar works along the alignment and
the success or otherwise in remediating those areas.

The sampling programme will identify high-risk soils. Potential for remediation includes the
addition of gypsum or lime, or limiting macro-nutrients; or deep burial of soils with highly
adverse properties. This work will be undertaken prior to construction, so that detailed
information regarding application rates of ameliorants can be obtained prior to site works.

4.2 Topography

The erosion risk is of concern whenever water concentrates, and where there is a
combination of long and steep slopes. Consequently, the erosion risk due to these factors is
generally low across the site, but will be high through the ranges and possibly near the
watercourses.

The Environmental Impact Statement (EIS) completed by URS for GLNG (2009) identifies
two key basins in the project area, the Fitzroy basin, and Calliope basin.

The Fitzroy Basin is characterised by large variations in river flows. Most of the region’s
rainfall occurs during October to April, and the prolonged dry periods in winter mean that
many of the waterways are ephemeral.

URS (2009) indicates that there are large seasonal variations in flow with notable high flows
between October and April. The watercourses with the highest flows were Dawson River and
Calliope River with little flow occurring in Bell Creek. This is consistent with their respective
upstream catchment sizes.

4.3 Climate
4.3.1 Overview

The climate across the pipeline route passes is subtropical, and characterised as having
moderately dry winters. Rainfall is highest near the coast ranging from 750 mm to 800 mm
per year and decreases west of the Calliope Range from 650 mm to 700 mm per year.
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Further west, total rainfall decrease slightly with comparable total rainfalls at Rolleston and
Injune of 600 mm to 650 mm per year.

Monthly rainfall is similar along the route and is characterised by having summer dominant
rainfall. In the cooler months from April to September rainfalls are approximately 20 mm per
month. Highest rainfalls occur in late spring and summer from November through to
February. From Gladstone to Biloela summer rainfall tends to be between 80 and 100 mm
per month, whilst in the western region (Rolleston to Injune) rainfall rarely exceeds 70 mm to
80 mm per month (shown in Figures 4.1 to Figures 4.6).
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Figure 4.3 Injune: monthly median rainfall
Figure 4.1 Gladstone: monthly median rainfall Figure 4.2 Biloela: monthly median

rainfall

The number of rain days per month can be used as an indicator of how often the potential for
erosion may occur. The Bureau of Meteorology (BOM) has readily available climate
information, including monthly rainfall data of depths that occur greater than (>) 1 mm, and
greater or equal to (=) 10 mm and 25 mm days per month. Storms less than 10 mm are
considered to have little potential to cause substantial erosion, however the data provides an
indication as to how rainfall is distributed throughout the month.

Rainfall between Gladstone and the Calliope Range is common throughout the summer
months (6 to 9 days per month), however the majority of these are showers of less than 10
mm. For two to three days per month rainfall of 10 mm to 25 occurs, with half of these being
=25 mm.

West of Calliope Range, rainfall occurs slightly less often over summer months, with the
main variation being the incidence rainfalls = 25 mm, which decreases to once or less per
month. In the cooler months between May and September, winter months rainfall is relatively
consistent across the route from Gladstone to Injune with most rainfalls being < 10 mm (2 to
3 times per month), with daily rainfalls between 10 mm and 25 mm occurring on average 1
day per month of which approximately one third exceed 25 mm per day.
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Figure 4.6 Injune: number of
days with rain 210 mm and >
25 mm per month.

Figure 4.4 Gladstone: number of days with rain 210 mm Figure 4.5 Biloela: number of
and > 25 mm per month. days with rain 210 mm and 2
25 mm per month.

Note that this data is presented as averages, and the weather is relatively inconsistent
across the project area. In some years there is little rainfall while in others it may rain in
particular locations. In recent years, rainfall in parts of the project area has been relative dry
for the whole year.

The Gladstone area is subject to cyclones, which bring severe flooding to low laying areas
and cause rivers to run. Cyclonic disruptions and the associated effects can laste up to one
month. The frequency for Gladstone has an average of 0.2 cyclones per year, or one
cyclone every five years.

4.3.2 Rainfall Erosivity

Rainfall erosivity is a measure of the ability of rainfall to cause erosion. It is a product of the
total energy and the maximum intensity for each storm. When other factors are constant, the
potential for soil disturbance from rainfall are directly proportional to the product of the total
kinetic energy of the storm, times its maximum 30-minute intensity. Rainfall erosivity is an
indication of the two most important characteristics of a storm determining its erosivity being
the amount of rainfall; and peak intensity sustained over an extended period.

Climatic erosion risk ratings based on monthly rainfall erosivity intensities are published in
IECA, 2008. The closest locations to the pipeline route included in the publication are for
Rockhampton, Emerald, and Roma.

The erosion potential from rainfall is dependant upon ground conditions, and if already wet
then there will be an accumulative effect. Generally 10 mm of rain in one event will start to
cause erosion. There are on average 20 days per year that experience rainfall = 10 mm and
6 to 9 days with = 25 mm.
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Table 4.1

Climatic erosion risk ratings based on monthly rainfall

Rockhampton

Roma

Medium
Mar High Medium Medium
Apr Medium Low Low
May Medium Low Low
Jun Low Low Low
Jul Low Very Low Low
Aug Low Very Low Very Low
Sep Very Low Very Low Very Low
Oct Medium Low Medium
Nov Medium Medium Medium
Dec Medium

4.4 Erosion Risk Ratings

Vegetation clearing and earthworks along the GTP easement will expose the land to varying
levels of erosion due to the combined effects of surface slope and form, soil type, surface
run-on/run-off potential and wind erosion over time. A qualitative assessment of erosion
potential was conducted based on published land resource information as part of the EIS
(URS, 2009). This classified the erosion potential of units of land where disturbance and
construction will occur as low (L), medium (M) or high (H). A summary of the cumulative
distances of land erosion potential as cited in the EIS (URS, 2009) is included in Table 4.2.

Table 4.2. Cumulative distances of land erosion potential

Erosion Potential Rating Percentage of gas Description
transmission
pipeline
Low (L) or low to moderate (L-M) 6 % Low level of potential environmental impact.

Intersected over a total distance of 25 km (6 %)
of the total pipeline corridor

Moderate (M) 52 % Moderate level of potential environmental
impact. Intersected over a total distance of 220

km (52 %) of the total pipeline corridor

Moderate to high (M-H) or high (H) 42 % High level of potential environmental impact.
Intersected over a total distance of 181 km (42

%) of the total pipeline corridor

The erosion potential due to construction activities in the project area as a result of clearing
and/or surface disturbance is as follows:

* Low (L) — The combination of surface slope, run-on/run-off and soil erodability is such that
no appreciable erosion damage is anticipated.

* Moderate (M) — Significant short-term erosion is likely to occur due to the combination of
slope, soil erodibility factors and extent of run-on/run-off. Erosion control can be achieved
using structural works, topsoiling and re-vegetation techniques and other site-specific
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intensive soil conservation works. Some slightly dispersive soil layers may be present in
the profile

» High (H) — High to very high erosion/sediment losses are likely, due to the steepness of
slopes, surface condition, soil texture, erodibility factors and surface runoff conditions.
Intensive soil conservation works will be required to minimise the effects of erosion.
Moderately high to highly dispersive soil layers are usually present within the soil profile

N.B. These erosion potential ratings which were developed as part of the EIS (URS, 2009)
are based on available desktop information and tend to steer towards the conservative side.
It is possible that the areas rated with moderate or moderate to high ratings are much
smaller than indicated in the table. Field investigations are required to confirm these desktop
findings. Noteworthy locations that have existing erosion problems include:

» Dawson River escarpment (Kp 37.5 in Alignment Rev A or approx. 2531'55” S
148%53'22"E)

» Dawson River (Kp 38 in Alignment Rev A or approx. 2531'41” S 14853'35"E)

» Clematis Creek (Kp 117 in Alignment Rev A or approx. 2451'2" S 14847'43"E)

Site-specific erosion plans will be required to ensure that the soil characteristics, handling
methods, and construction issues are understood prior to any works being undertaken. This
is essential to minimise erosion during the construction process, and to ensure the success
of the rehabilitation strategy to minimise erosion in the long-term.

4.5 Summary

Detailed background information on climate, topography, and soil relevant to the project is
summarised in Table 4.3.

Table 4.3 Summaries of Climate, Topography and Soil Information

Climate * The project area experiences subtropical climate that is characterised by having
predominantly wet summers with moderately dry winters

« High-energy rainfall intensities with high erosivities occur in the summer months; but are
more prevalent east of the Calliope Range. In the winter months rainfall is infrequent and
is considered to have low to very low erosivity ratings

¢ Rainfall is highest near the coast, and commences to continually decline to the west of
Calliope Range. Rainfall is lowest between Rolleston and Injune

« There are on average 20 days per year that experience rainfall 210 mm and 6 to 9 days
with = 25 mm. As a general guide, rainfall events of less than 10 mm have a low potential
to cause erosion. The erosion potential from rainfall is dependant upon ground conditions
and if already wet then there will be an accumulative effect

Topography ¢ The GLNG pipeline extends from Fairview in the Carnarvon Range near Injune to a LNG
plant on Curtis Island. Key topographic features associated with the overall route are
crossing of five mountain ranges, 13 rivers or creeks, 90 minor watercourses and one
marine area. A combination of long and steep slopes has the highest potential for
erosion
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Topic Background Data

Soil « The majority of the soils along the alignment are considered to have moderate -high
erosion potentials. It is generally the subsoils that have higher erosion potential than the
topsoil horizons. Refer to Appendix A.

¢ Sodic soils are indicated along the majority of the pipeline route with the main exceptions
being the soils of the Calliope, Callide and Dawson Ranges. Of these sodic soils the
subsoils are considered highly sodic, whilst the topsoil tends to be marginal to sodic

« Erodible swelling clay soils (Vertosols) with highly sodic subsoils are present at various
locations west of the Calliope Range and are prominent from Biloela and Bauhinia

« Surface soils with high erosion potential are indicated to be present east of Dungree,
Dawson Range, along sections of Arcadia Valley Rd, and surrounding Beilba

¢ Itis highly likely that subsoils with very high salinity potentials are present between
Biloela and Bauhinia. Acidic soils are indicated to be present in the vicinity of Calliope
and Expedition Ranges, as well as areas around Beilba and Injune

« Acid Sulfate Soils are present within the upper levels of the estuarine sediments along
the pipeline corridor. These estuarine sediments occur along the coastal fringe of The
Narrows, both on the mainland coast south of Friend Point and along the western
coastline of Curtis Island between Graham Creek and Laird Point
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5. MANAGEMENT AND MITIGATION MEASURES

5.1 General Measures for Sediment and Erosion Control
5.1.1 Erosion Control

Erosion is the detachment and movement of soil or rock by water, wind, or other factors such
as ice and gravitational creep (SSSA, 1984). Whilst erosion is a natural process, man-made
disturbances can result in accelerated erosion and cause rapid detrimental effects to the
receiving environment. Land clearing, earthworks, and alterations to hydrology can cause
gross loss of soil resulting in sediment accumulation in undesirable places (e.g. drainage
lines, waterways, other land), and water pollution. It can also threaten the integrity of the
pipeline.

Water erosion of landforms is dependant upon a number of factors including:

» Climate, in particular rainfall frequency, intensity, and duration

» Topography, including slope and hydrological conditions of the land form (run-on and run-
off)

» Soil erodability and cover

The primary aim is the protection of the soil surface against raindrop impact.

The main techniques utilised for erosion control are minimising the period of exposure - i.e.
only clearing that which needs to be cleared and rehabilitating such areas as quickly as
possible. Other techniques include providing temporary cover in the form of mulch, or
applying specific chemicals as soil stabilisers. These may include products that effectively
glue the soil surface, or cause the fines to coagulate, effectively increasing their size and
making them less erodible and quicker to settle.

5.1.2 Sediment Control

This includes techniques that are applied to settle the mobilised soil particles. These
primarily slow the water and allow the influence of gravity to settle the particles. Some soils,
particularly dispersive soils, require chemicals to accelerate, or effect flocculation.

5.1.3 Drainage Control

This is the transfer of water so as not to cause erosion. Predominantly this requires keeping
velocities below that of the drain lining, and diverting the water regularly so as to keep
catchments to manageable levels.

Appropriate planning and installation of erosion and sediment control measures is required
to ensure that significant detrimental impacts on the surrounding environment do not occur
as a result of the land disturbances associated with the gas transmission corridor, ancillary
pipeline facilities, access tracks, and construction sites. Erosion along the GTP project
generally cannot be eliminated completely, however implementation measures will minimise
erosion and reduce sediment loss from disturbed areas to levels commensurate with the
qualities of the receiving environment.

5.1.4 Pipeline Construction

Pipeline construction processes are well developed, and generally minimise the erosion
issues through the speed of construction. Pipe-laying rates of approximately 1.5km/day are
expected on this project.

Santos | PETRONAS / |Q ToTAaL | KOGAS

Page 26 of 36



However concerns are usually associated with poor practices that unnecessarily disturb new
ground and fail to promptly rehabilitate the alignment. On this project there are particular
concerns with regard to aggressive soil properties including sodicity, acidity, and salinity.
These will need to be considered and management strategies developed by the contractor
prior to disturbing such areas.

Erosion control procedures outlined below will be implemented where necessary to minimise
the potential effects of erosion during construction. Technical notes and expected standard
requirements for typical erosion and sediment controls are found in IECA 2008, and APIA,
2009.

Erosion control activities must be considered for the following stages of the construction
process.

* Clear and Grade

» Access Tracks

» Trenching

» Longer-term disturbed areas such as construction camps and lay-down areas
* Reinstatement

* Rehabilitation

5.2 Clear and Grade
5.2.1 Staging of Works

The most effective means to minimise erosion, and the one over which the contractor has
the most control is ground cover. Hence the most effective erosion mitigation strategy is to
reduce the time between clearing and the re-establishment of a stable surface cover. Thus,
areas should not be disturbed until necessary for the following works.

Construction activities need to consider climatic erosion risk ratings and soil erosion potential
when scheduling works and considering appropriate erosion controls. Areas with high—
moderate soil erosion potentials will need a more elevated level of planning control than
those with low erosion potentials. In a similar manner, seasonality and periods of moderate
high-moderate climate erosion risk ratings will also need a greater degree of controls than
those with low climatic risk ratings.

It is recommended that when construction timeframes are being developed the maximum
exposure periods be determined with consideration to the soil erosion potential and climatic
erosion risk ratings. In this regard the following periods are proposed in Table 5.1 that indicate
maximum periods between clearing vegetation from the soil surface, and seeding for primary
revegetation.

Table 5.1 Suggested bare soil exposure periods
Soil Erosion Potential Climatic Erosion Risk Rating

High Medium Low — Very low
High i 3 months 4 months
Moderate 3 months 4 months 5 months
Low 4 months 5 months 6 months

This table reflects and confirms the preference for works to take place during the dry season
where climatic erosion risk rating is low to very low. It is noted that key areas requiring close
attention to loss of soil include the Expedition and Callide ranges, and Arcadia Valley.
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Progressive rehabilitation should be prioritised in areas of moderate to high erosion risk. In
particular, any required chemical treatment of sodic or acidic soils should preferably be
undertaken during the earthworks phase to maximise the incorporation of these materials
into the soil profile and to minimise the secondary impacts associated with erosion of these
soils.

5.2.2 Minimise the area of disturbance

Whilst the pipeline construction processes are well developed, and the footprint is generally
minimised, there needs to be a general awareness that there are costs associated with both
erosion control and rehabilitation for all disturbed areas. Consequently, excessive
disturbance should be avoided. i.e. the gap between grading the surface cover and
rehabilitation should be minimised.

Temporary stabilisation effectively minimises the unstable areas. The most useful controls
on this project are likely to be soil stabilising chemicals.

Sealing or gravelling sections of high-usage roads may reduce soil loss through dust and
decrease maintenance costs. Chemical stabilisation is also likely to be cost-effective.

5.2.3 Retain vegetation

Cleared vegetation should be mulched and/or retained for uses such as erosion control and
rehabilitation. Trees and shrubs mulched in situ may be retained as a soil blanket to protect
from erosion until grading and topsoil stripping occurs.

In creek crossings and drainage lines, vegetation clearing should be delayed until
immediately before trenching (as far as practical) so as to reduce the potential for stream
bank destabilisation from rainfall events in the catchment. Potential rainfall events must be
monitored to ensure any works within creek crossings and drainage lines are complete prior
to the event.

In areas where sodic subsoils are present the merits of not grading topsoil the full width of
the RoW either side of the trench should be considered as this will substantially reduce the
risk to erosion where dispersive and sodic subsoils are present.

In areas of remnant native bushland, topsoil stockpiles should be no greater than 2 m deep
to maintain microbial and seed viability.

5.2.4 Topsoil and vegetation storage

Selected trees, timber, and vegetation will be stockpiled on the working side of the RoW for
re-use during rehabilitation to optimise re-growth and RoW reinstatement.

Existing water flows across the RoW will be maintained during clearing and grading, where
necessary by the use of temporary drainage structures

Subsoil from the levelling of the RoW will be stockpiled separately from vegetation and
topsoil.

In rock areas, surplus excavated rock material and surface boulders will be stockpiled
separately within the Row.

5.3 Access Roads and Tracks

The construction and usage of unformed access roads will be required to construct and
maintain the pipeline with the potential for substantial erosion. The pipeline route largely
governs the location of access roads, and there is likely to be little opportunity to avoid areas
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that would be typically problematic to unformed roads. However, from an erosion and
sediment control perspective, the following principles should be considered in the
construction of new unformed roads (DECC, 2008c):

» The catchment area above the road or track may be reduced by locating the road along a
ridge or as high as possible on side slopes

» Unformed roads and tracks should have at least a slight cross-sectional grade to allow
free surface drainage and to avoid excessive ponding in wheel tracks

» The longitudinal grade of an unformed road or track should ideally be less than 10
degrees (18 %). However, short lengths of steeper grade may be needed subject to
topography and geotechnical survey

* Where grades of unformed roads are between 3% and 20% then easily trafficable
diversion banks should be used to prevent scouring. Where higher grades occur then
gravelling and more sophisticated road drainage will be required (eg turn outs)

* Where table drains need to be established, they will be constructed to a broad dish
shape, seeded and fertilised or lined appropriately, to prevent erosion. Table-drains will
be slashed periodically to ensure vegetation growth is not restricting drainage flow

» Approaches on service tracks to gully and creek crossings should be as flat as
practicable. The track should be sloped to direct runoff to a table-drain. In some
vulnerable areas, it may be necessary to spread and compact coarse aggregate
appropriately around / along the approaches to the crossing to provide stable access and
to reduce erosion

» Cut and fill batters associated with service tracks will be formed to a safe slope and
stabilised by groundcover vegetation, mulch, stone and rock armouring, or by the use of
geo-fabric where appropriate

* Minimise the number of watercourse and drainage line crossings

» Avoid areas of riparian vegetation where possible, and maintain buffer strips between the
road and any watercourse

» Where provision of access in gullies or creeks causes disturbance of vegetation, re-
vegetation and stabilisation work should be undertaken

» All temporary construction tracks and associated disturbed areas will be stabilised / or
revegetated when construction is completed

» Minimise disturbance to soil and vegetation

5.4 Camp Sites and Lay-down Area

Collectively these areas require a significant disturbance of land, and for an extended period.
For this reason, erosion and sediment controls will be required for these sites in particular. A
combination of soil stabilisers, temporary drainage structures, and sediment basins may be
warranted at these locations.

Rehabilitation will require particular attention to de-compaction and topsoil re-spreading.

The requirement for disturbance of the subsoils for drainage and other utilities means that
areas with underlying dispersive soils should be avoided. Where this cannot occur, the
advice from a suitably qualified soil scientist should be sought as to appropriate
methodologies.

5.5 Trenching
5.5.1 Trenching Across Grade

Where the trench runs parallel with the surrounding contours, excavated soil should be
placed and compacted on the uphill side of the trench to form a diversion bank. The intention
is to divert run-on water away from disturbed areas of the site and channel water such that it

Santos | perronas A7 | P Toral | KoGas page 29 of 36



is discharged in a controlled manner. The diversion banks should be placed and formed so
that they do not trap pools of water at their bases, nor cause erosion at their outlets.

5.5.2 Trenching Down Grade

Trenches that run perpendicular to the surrounding contours (up or down grade) should have
adequate measures to ensure that sediment-laden waters do not leave the site. Excavated
soil stockpiled beside the trench will require controls to mitigate erosion and may include
diversion banks, drains, and sediment fences. At the base of the slope, sediment-trapping
devices such as sediment fencing or sediment basins may be required. If the potential for
erosion from the trench appears high, check dams may be required in the trenches.

Where the trench runs perpendicular to the surrounding contours (up or down grade),
adequate measures should be taken to prevent scouring of trenches and sediment-laden
waters entering waterways. Plugs, collars, or trench stops may be required where gradients
are considered steep enough to warrant them (eg < 3%), or where soils are dispersive and
moderately to highly erodible.

On sloping ground, and in particular on slopes to drainage lines where surface runoff or sub-
surface drainage along the pipeline trench may erode the backfill material, trench-breakers
(vertical barriers to flow) should be installed at regular intervals to reduce flow along the
trench and promote seepage to the groundwater. This is important where sodic and/or
dispersive soils occur. The locations of the trench-breakers must be identified and submitted
to GLNG Operationsprior to backfilling of the trench.

5.5.3 Trenching Obliquely Across Grade

Where the trench runs obliquely across the grade, excavated soil should be heaped on the
uphill side of the trench to form a diversion bank. Depending on the grade and potential soll
loss the aforementioned measures for trenches running across the grade and down the
grade may also be required.

5.5.4 Stream or Water Crossings

Where the pipeline crosses watercourses there is significant potential for environmental
degradation:

* Where the pipeline crosses waterways measures may need to be undertaken to divert
water, maintain flow and avoid upstream flooding while the pipeline is being installed.
(Note an approval may be required for altering the flow of a waterway)

* Where water crossings are necessary bridge crossings or under-boring should be
considered

» If a bridge crossing is required to allow construction access or for maintenance
requirements, then the structure should be designed so that it does not become a
channel constriction that may cause backup of flow or washouts during periods of high
stream flow or cause any under cutting of structure, bed or bank of creek

*  Where appropriate excavation and trenching through the streambed with water in it may
be acceptable as the process can be quick, often completed within a day, resulting in
waterway disturbance occurring as a pulse

» Works in and around all streams and waterways should meet all statutory and other
requirements of regulatory authorities for works in waterways. Procedures developed for
works in waterways should describe methods to minimise erosion, water quality impacts
and other impacts

A risk assessment will be undertaken for each watercourse and drainage line crossing to
identify the risk of flows occurring during construction, taking into account time of year, tidal
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characteristics and catchment characteristics. For streams where there are permanent flows
or a risk of flows during construction, a dedicated crossing method shall be applied that:

Minimises the area of disturbance

Minimises the overall length of time for disturbance, and in particular, the length of time
that trenches will remain open in the bed and banks

Provides for preservation of the sediment/soil profile

Provides for prompt stabilisation of the bed and banks following pipe placement

Provides for special reinstatement techniques to restore aquatic ecosystems and prevent
scouring and/or pipeline exposure and damage by subsequent flows

A diversion strategy will be developed and implemented that addresses flow management
and fish passage. For tidal watercourses, this shall address flows and fish passage in
both directions

Clear and grade operations at waterways will be restricted to the minimum necessary for
construction purposes and shall be performed in a manner which will minimise the
reinstatement requirements. Where trees and vegetation cannot be preserved aboveground,
stabilising root material shall be undisturbed wherever possible.

The width of cut in the RoW in the vicinity of the waterway crossings will be minimised and
topsoil removed from the banks and approaches to the crossing will be conserved.

After vegetation and topsoil removal, the bed and bank material will be separately stockpiled
in a location that will not obstruct the watercourse or reasonable flood plain. Banks will be
backfilled with bank material compacted and stabilised.

On completion of works the beds of the stream and watercourse will be restored and
obstructions resulting from construction of the pipeline will be removed and disposed of. The
banks of all watercourse crossings will be restored by grading to the natural contours, or to
the natural angle of repose of the stream bank material, whichever is less steep.

5.5.5 Soil and Stockpile Management

Measures to minimise erosion and sediment release should be implemented before stripping
or stockpiling of any material. Stockpiles should be:

Constructed at least 2 m (preferably 5 m) from hazard areas and likely areas of
concentrated water flows, e.g. waterways, roads, slopes steeper than 10 %, etc. Where
rainfall events within the catchment are likely to cause the waterway to swell then this
distance may need to be increased up to 50 m

No greater than 2 m high if the stockpile material is topsoil. This is to avoid excessive
heat being generated and composting conditions that will degrade soil health

Protected from run-on water by installing water diversion structures upslope

Formed with sediment fences placed immediately downslope to protect other lands and
waterways from pollution

Stabilised if they are expected to be in-situ for extended periods and receive extended
periods of potentially erosive rain they should be stabilised (eg sprayed with a chemical
stabiliser; covered, grassed, etc)

Soil/spoil materials with appreciable fines contents that are windrowed or stockpiled
beside near sensitive receptors (eg waterways, water bodies, wetlands, etc) and pose a
pollution risk following a rainfall event should be stabilised

If excavated materials potentially contain acid sulfate or other contamination, these should
be treated in accordance with the ASS Management Plan.
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The HDD operations associated with the marine crossings will produce considerable
quantities of spoil that will initially be stockpiled on the pads for removal by truck. Controls
suitable to prevent the release of sediment to the nearby marine areas will be required. It is
likely that this will be addressed through the controls required for the expected ASS from this
operation.

5.6 Reinstatement

Backfilling and reinstatement should be conducted to return the land to as close as, or better
than, prior to disturbance. The following principles are required to mitigate erosion:

» Treatment of aggressive soils

» Drainage controls such as diversion banks to channel water off disturbed areas into
stable areas or sediment control structures. All temporary drainage structures will be
removed when no longer required

* An appropriate allowance for settling of uncompacted backfill material needs to occur

» Scarify the ground surface along the line of the contour to break any compacted and/or
smooth materials. Scarifying the ground helps bind topsoil and substrate layers reducing
the possibility of sheet erosion and/or creep or slump of topsoil; and enhances water
infiltration to the upper subsoil layers, increasing moisture storage within the root zone

» Topsoil should be replaced to match surrounding ground levels and revegetated as soon
as possible. Any excess or unsuitable spoil from the site should be removed or managed
to avoid erosion

* Respread mulched vegetative material to provide soil stability on bare areas and
particularly those areas where landscape tree planting or bushland is to be established
after works are complete

« On completion of the respreading process, leave disturbed lands with a scarified surface
to inhibit soil erosion, encourage water infiltration and help with keying topsoil later.
Leaving surfaces in a glazed condition with hard, smooth surfaces is not acceptable, as
seed strike and infiltration will be reduced

On steeper slopes permanent drainage control may be required to divert water from the
alignment. In such cases push banks are generally preferred..

5.7 Rehabilitation

Rehabilitation of the site should be considered throughout the project. Rehabilitation is to be
conducted progressively and in two stages; those being Primary Rehabilitation and
Secondary Rehabilitation.

5.7.1 Primary Rehabilitation

The function of Primary Rehabilitation is to stabilise the soil surface. Stabilisation can be
achieved with vegetation, mulching, armouring, or any other way that will reduce soil
exposure. The better practices are those that reduce both the soil exposure to raindrop
impact and the erosive effects of run-off. In general a soil surface cover of greater than 70%
is required to provide a stable soil surface.

Primary revegetation with vegetation includes the use of groundcover species, in particular
pasture grasses with a cover crop. The cover crop is a quick germinating and fast growing
annual (eg Japanese millet or annual rye) intended to provide some initial soil protection as
fast as possible whilst the groundcovers are establishing. Preferences in groundcover
species should be to perennial grasses that are stoloniferous or rhizomatous in habit as
these will provide a greater level of soil protection and surface cover than tussocky grasses.

The following principles are required to mitigate erosion:
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» Soil surfaces should be stabilised as soon as possible after reinstatement occurs. The
timeframes for stabilising soils are dependant upon the Erosion Potential Rating and
Climatic Erosion Hazard as detailed in Table 3

» Soil surfaces that are to be vegetated should be stabilised with a suitable cover to
achieve a minimum of 70 % ground cover, over 95 % of disturbed areas

» Select plant species that are consistent with the altered soil conditions at the site with
preference for stoloniferous and rhizomiferous species that provide better soil cover and
erosion protection. Plant selection may also be subject to landowner
preferences/requirements

» Temporary erosion and sedimentation control works need to be retained until areas of
revegetation have been established or the site has stabilised. Once stabilised the
temporary measures should be removed

» In areas of low rainfall, placing a time period of achieving vegetative cover is generally
unfeasible. However, the intention is to stabilise the soil surface as soon as is practicable

5.7.2 Secondary Rehabilitation

The function of Secondary Rehabilitation is to promote the land to its post construction land
use. This includes any native tree plantings, landscaping works, or vegetation associated
with landowner agreements.

It is recommended that Secondary Rehabilitation occurs once pipeline construction and
hydro testing is complete (basically when everyone is out of the way) and after the primary
rehabilitation is well established and the erosion potential has been reduced. This time lag
will also allow any areas where aggressive soils are occurring to be identified and
ameliorated prior to investing in tree plantings etc.

During Secondary Rehabilitation, any defunct erosion controls (e.g. sediment fences) that
were left during Primary Rehabilitation can be removed. Also any areas where erosion
controls are insufficient may be addressed.
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6. MONITORING

Maintain a regular monitoring and maintenance program to ensure that the erosion control
measures implemented are effective. This program must refer to the provided standard
erosion and sediment control requirements

A monitoring programme needs to be put in place that includes both short and long-term
inspections during the construction phase. The former should be undertaken following
significant rain events so that erosion problems can be addressed whilst equipment is
nearby and can be quickly and cost-effectively mobilised for repairs. Consideration may also
need to be given to the option of undertaking such work when the site has dried sufficiently
to minimise the impacts of accessing the site whilst the soils are wet and prone to
disturbance and/or compaction.

The inspection should take particular notice of the high-risk soils for erosion (sodic soils) and
revegetation success (acidic and saline) soils.

Remediation must be undertaken in a timely manner, particularly where loss of topsoil is an
issue, and for dispersive soils.
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Gas Transmission Pipeline (GTP): Santos, Jan 2011.
Cadastre: Department of Management and Resource
Management, Feb 2011.

GLNG Terrain Units: Supplementary EIS, URS, 20009.

Soil Constraints:
Problem Soils
Appendix A (Page 10 of 15)

Al scale: 1:50,000
GLNG No: 3381-40-0410 Date: 11/04/2011 Version: b

Coordinate system: GCS_GDA_1994

0 1,000 2,000 3,000 4,000 5,000m




Q 0
Q’y AKP290

(R3)
(R3)

0 b
(So/D)instreambanks

(R3)

Neyville Creek

Santos EMP\ML_017.mxd 11/04/2011 11:49

P:\GIS\Projects\214208

Map by: RB

; ol
: «
k Overview

\/37

(So/D) (R3'D)

2
So/D )
(So/D) o

3 (R3'So/D)

(R3'So/D)

(R1)

(Qa2/6:74
(So/D,R1)

eF
(R3'So/D)

(R1) eEL

T

(R1)Y’ (So/D,R1)

<
)
%
%
2
2

%//
Z:
2
o)
)

()
%
?,
>

CallideXCreek (old ‘Channel)

= (SS/D;R1)

(R3'So/D)
KP300

: (So/D,R1)
al

/)
Qa0/2-7,

<(R1) (So/D,R1)

(R2-So/D)

(R3'D)

L\
Callide

iTs4/5.74 (So

(So/D) KP310

gl

(So/D)instreambanks

(So/D)

(So/D)

(R3'D)

(So/D)instreambanks

(R3'D)

TS4/6:8
(R2-So/D)

Cal:l:izd‘e~=C-rze:e-k

¢ %% 2.9
| AN

252

Al scale: 1:50,000

GLNG No: 3381-40-0410

(8

R

=

o

0 1,000 2,000 3,000 4,000 5,000m

Coordinate system: GCS_GDA_1994

Mainland
GTP EM Plan

Gas Transmission Pipeline (GTP)

mmmmm  \ainland GTP EM Plan
mmmmm  Marine Crossing GTP EM Plan

mmmmm  Curtis Island GTP EM Plan
Kilometre Post Distance Marker

© 10km
@ 5km
Cadastre

——— Rall

—— Watercourse
Problem Soils

High

Moderate - High

Moderate

Low - Moderate

Low

Description:

R

Soil Reactivity

L - Nil or low soil

R1 - Moderately reactive soils

R2 - Shallow or medium deep, highly reactive (cracking) clay soils
R3 - Deep, highly reactive (cracking) clay soils

Sa

Soil Salinity

L - Nil to Low Salinity

M - Medium Salinity

H - High to Very High Salinity

So

Sodicity (ESP)

N - Very low or non Sodic, ESP <6%
Rating 1 - Sodic, ESP 6-14%

Rating 2 - Strongly Sodic, ESP >14-25%
Rating 3 - Very strongly Sodic, ESP >25%

D

Dispersion Class

N - Non-dispersive

Sl - Slightly Dispersive

M - Moderately Dispersive
H - Strongly Dispersive

ASS
Acid Sulfate Soils

Note: All figures should be reviewed in conjunction with Table 7.1 "Generic
Key to the identification of Terrain Units”, URS 2009.

Source:

Gas Transmission Pipeline (GTP): Santos, Jan 2011.
Cadastre: Department of Management and Resource
Management, Feb 2011.

GLNG Terrain Units: Supplementary EIS, URS, 20009.
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Description:

R

Soil Reactivity

L - Nil or low soil

R1 - Moderately reactive soils

R2 - Shallow or medium deep, highly reactive (cracking) clay soils
R3 - Deep, highly reactive (cracking) clay soils

Sa

Soil Salinity

L - Nil to Low Salinity

M - Medium Salinity

H - High to Very High Salinity

So

Sodicity (ESP)

N - Very low or non Sodic, ESP <6%
Rating 1 - Sodic, ESP 6-14%

Rating 2 - Strongly Sodic, ESP >14-25%
Rating 3 - Very strongly Sodic, ESP >25%

D

Dispersion Class

N - Non-dispersive

Sl - Slightly Dispersive

M - Moderately Dispersive
H - Strongly Dispersive

ASS
Acid Sulfate Soils

Note: All figures should be reviewed in conjunction with Table 7.1 "Generic
Key to the identification of Terrain Units”, URS 2009.

Source:

Gas Transmission Pipeline (GTP): Santos, Jan 2011.
Cadastre: Department of Management and Resource
Management, Feb 2011.

GLNG Terrain Units: Supplementary EIS, URS, 20009.
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