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Disclaimer

This report has been prepared on behalf of and for the exclusive use of Australia
Pacific LNG, and is subject to and issued in accordance with the agreement
between Australia Pacific LNG and WorleyParsons Services Pty Ltd.
WorleyParsons Services Pty Ltd accepts no liability or responsibility whatsoever
for it in respect of any use of or reliance upon this report by any third party.

Copying this report without the permission of Australia Pacific LNG or
WorleyParsons is not permitted.
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Executive summary

A land assessment was undertaken to identify existing values and characteristics of soils, topography,
geomorphology and geology within the area proposed for the Australia Pacific Liquefied Natural Gas
(LNG) facility. The area being examined as part of this assessment is located approximately 1km
south of Laird Point on Curtis Island, Gladstone.

The purpose of this assessment is to identify potential impacts of the LNG facility development to land-
based environmental values. Where appropriate, mitigation measures that would ameliorate potential
impacts were identified.

The assessment was completed by using a desktop study that was supplemented by field
investigations within the study area bounded by the Australia Pacific LNG property boundary, but also
includes the portion of land between the northern study area boundary and Graham Creek to the north
at Laird Point. The field assessment involved terrain observations and intrusive soil sampling and
subsequent laboratory analysis on the soil samples.

Topography, geology and geomorphology

The topographic assessment indicated that the study area is comprised of level to undulating terrain
with tidal mud flats and salt pans on the coast rising to steeply graded (>30% slope) low round hills.
The study area is also transected by a local creek system comprising three ephemeral tributaries
which drain into Port Curtis.

The geological review indicated that the study area is underlain by Palaeozoic-age Wandilla Formation
of the Curtis Island group. Holocene (Quaternary) miscellaneous sediments include ‘mudflats, salt
pans or swamp deposits’ that overlie the Wandilla Formation bedrock in the flat central western area
of the LNG plant site and northern areas of the shared gas pipeline corridor.

The Holocene sediments are predominantly soft, low strength and can be easily excavated, but may
require suitable support during excavation and may be unsuitable as a foundation base. Holocene
sediments below an elevation of five metres AHD are also commonly associated with acid sulfate soils
(ASS). Disturbing these sediments may lead to the formation of sulphuric acid, releasing iron,
aluminium, and other heavy metals. Rainwater or groundwater can transport these contaminants,
which may lead to degradation of the receiving environment.

Where excavations in the low strength Holocene-age miscellaneous sediments or non-compact
colluvial deposits are proposed, suitable geotechnical investigations should be performed to assess
potential impacts. This information should be used to assist in determining the appropriate designs
and techniques to be used during construction. Furthermore, an ASS investigation should be
performed in accordance with State Planning Policy 2/02, Planning and Managing Development
involving ASS.

The Wandilla formation is expected to present a moderate to high excavation constraint. As a result,
rock breaking and/or blasting may be required for rock removal. These works should be carried out in
accordance with relevant DERM guidelines and AS2885.1 to AS2885.5: Gas and Liquid Petroleum
Guidelines, but further geotechnical investigations should be undertaken to quantify the environmental
impact (such as increased dust, noise and vibration). It can be expected that the environmental impact
would proportionally increase with excavation difficulty. Rock spoil, where encountered, should be
reused on the construction site, used for erosion control rip-rap or disposed of at an alternative
approved location (either on or off-site).
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A review of extractive resources in the region indicated that most existing quarries have a low
production output (<80,000tpa). Although this assessment did not identify the material reserves
associated with existing quarries, expansion of these quarries and new quarries (both operated by
others) may be required to meet the demands of this and other CSG projects. To meet the demands
of the Australia Pacific LNG Project, any new quarry would be required to undergo an impact
assessment as part of gaining a separate development approval prior to commencing the activity

Although Curtis Island has a Earthquake Hazard Risk classification of 0.05 — 0.10 and a low
liquefaction potential, the presence of fault and past recorded earthquakes indicates a site-specific
probabilistic seismic hazard analysis (including a ground motion and liquefaction study) should be
undertaken to assess the risk and guide the design of the LNG plant.

Soils

The soils assessment indicated the study area is predominantly comprised of Hydrosols, Sodosols
and Rudosols. The Hydrosols occur within the intertidal (soil group 1) and supratidal (soil group 2) flats
which comprise 24% (108ha) of the study area. A preliminary assessment of these soils has indicated
they contain actual acid sulfate soils (AASS) and potential acid sulfate soils (PASS). Further detailed
investigations are planned to assess the full extent of the ASS hazard, and an ASS Management Plan
should be developed as part of the overall Project Environmental Management Plan in accordance
with Queensland Acid Sulfate Soil Technical Manual — Soil Management Guidelines.

The texture contrast soils (mainly Sodosols occurring within soil groups 3 and 4) occur on level to
undulating terrain and the low round hills on the western side of the study area. The soils comprise
31% (140ha) of the study area. The remaining soils, Rudosols (soil group 5) also occur on undulating
terrain and low round hills. These soils comprise 45% (205ha) of the study area.

Soil groups 3, 4 and 5 ranged from non-sodic to strongly-sodic and have a moderate to high erosion
rating. Soil groups 1 and 2 have a low erosion rating due to salinity and in some instances, organic
content. A sediment and erosion control plan should be developed to remediate the risks associated
with the LNG facility construction, particularly for soil groups 3, 4 and 5 and where steeper slopes
occur.

This study has defined areas of erosion risk within the study area. Appropriate erosion control
measures (e.g. water diversion, slope management and drainage line management) should be
implemented in areas identified as having a moderate to high erosion risk (ratings 2 to 3). Specific
controls should be specified within the sediment and erosion control plan. The erosion control plan
should also address on-going maintenance and monitoring of erosion levels and the effectiveness of
erosion control measures.

Topsoil segregation and handling procedures should aid in successful rehabilitation and minimisation
of off-site impacts such as sedimentation of Port Curtis. This should include the addition of nutrients
(specifically nitrogen and phosphorus) to supplement rehabilitation of the low to moderate fertility
topsoils, which are variable in depth, but on average are 0.2m thick.

Although there is no topsoil associated with soil group 1 and 2, the extreme salinity rating requires
diligent soil handling. As noted above, soils identified as AASS or PASS should be managed in
accordance with an ASS Management Plan.
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Good Quality Agricultural Land

Soils within the study area have been classified as Agricultural Land Class C3 (soil groups 3, 4 and 5)
and D (soil groups 1 and 2). The LNG facility development will not result in the loss of good quality
agricultural land (GQAL) as the study area is not considered to be GQAL.

Dust

Dust has been identified as an issue in the study area given the shallow soil types (Rudosols) and the
presence of bulldust along vehicle tracks. Dust management measures should be included in the
Environmental Management Plan and may include the construction of gravel/rock access tracks and
controls for vehicle speeds, as well as dust suppression with water trucks unsealed access tracks and
existing bulldust areas.

Summary

In summary, the most significant potential adverse impacts associated with the LNG facility
development will be unmitigated terrain modification, soil erosion, and ASS disturbance. Erosion has
the potential to result in scarring of the landscape, deepening or diversion of local drainage and
adverse water quality impacts to Port Curtis. ASSs have the potential to release acidic run-off and
mobilise heavy metals when disturbed. The areas within the study area likely to experience the
greatest impact will be the areas of shallow gravely soils (Rudosols) and texture contrast soils with
sodic and dispersive subsoils (i.e. Sodosols), particularly on steep slopes. The development,
implementation and on-going monitoring of sediment and erosion control plans will be a critical factor
in ensuring that these impacts are minimised.
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1. Introduction

An assessment was undertaken to identify the existing environmental values of soils, geology and
topography and geomorphology within the proposed study area located approximately 1km south of
Laird Point on Curtis Island, Gladstone (refer Figure 1.1). The study area, located within the Curtis
Island Industry Precinct of the Gladstone State Development Area, is bounded by the Australia Pacific
LNG property boundary, but also includes the portion of land between the northern Australia Pacific
LNG property boundary and Graham Creek to the north at Laird Point. This land is the location of the
proposed shared gas pipeline corridor which all proposed LNG project proponents will use.

The purpose of this assessment is to identify potential impacts of the LNG facility development (refer
to Figure 1.1) to land-based environmental values by investigating existing site conditions through the
collection and evaluation of local soil and terrain data.

This assessment provides a basis for determining management strategies necessary to mitigate
potential impacts such as soil erosion while considering potential construction constraints.

1.1 Legislative framework

The following describes the main pieces of legislation applicable to the planning, approval,
construction and operation of the pipeline in relation to landform, soils and soil management.

1.1.1 Environmental Protection Act 1994

The primary objectives of the EP Act is to protect environmental values and human health whilst
allowing developments that improve the total quality of life both now and in the future in a way that
maintains ecological processes. The requirements of the EP Act are administered by the Department
of Environment and Resource Management (DERM); formerly the Environmental Protection Agency
(EPA).

1.1.2 Petroleum and Gas (Production and Safety) Act 2004

The purpose of this Act is to facilitate and regulate the carrying out of responsible petroleum activities
and the development of a safe, efficient and viable petroleum and fuel gas industry. It also has
provisions to carry out activities on land within and outside the area of authority in order to allow
access. This includes access to conduct environmental investigations such as soil sampling.

1.1.3 Environmental Protection (Water) Policy 2009

The Environmental Protection (Water) Policy 2009 aims to support the Environmental Protection Act
1994 with a range of water management guidelines. This policy develops a framework for identifying
environmental values, developing water quality objectives, managing the intent for waters and
developing management plans.

1.1.4 State Planning Policy 1/92

State Planning Policy 1/92 states that Good Quality Agricultural Land (GQAL) has a special
importance and should not be built on unless there is an overriding need for the development in terms
of public benefit and no other site is suitable for the particular purpose (DPI/DHLGP 1992). As defined
by Planning Guidelines: the Identification of Good Quality Agricultural Land (DPI, 1993). GQAL is:
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“...land which is capable of sustainable use for agriculture, with a reasonable level of inputs,
and without causing degradation of land or other natural resources”.

DPI/DHLGP also define agricultural land “...as land used for crop or animal production, but excluding
intensive animal uses such as feedlots, piggeries, poultry farms and plant nurseries based on either
hydroponics or imported growth media”. GQAL classes for the study area are described in Section 0.

1.1.5 State Planning Policy 2/02

In Queensland, the State Planning Policy (SPP) 2/02 sets out the State’s interest concerning
development involving acid sulfate soils (ASS) in low-lying coastal areas. The SPP 2/02 has effect
under the Sustainable Planning Act 2009 (SPA) and applies to all land, soil and sediment at or below
5mAHD where the natural ground level is less than 20mAHD (Queensland Government 2002). Within
this area, the SPP2/02 applies to all development involving excavating or removing 100m?® or more of
soil or sediment, or filling of land involving 500m?® or more of material with an average depth of 0.5m or
greater.

DERM (previously known as NR&M) has published comprehensive guidelines for ASS management,
sampling and analysis. These guidelines also provide technical and procedural advice to avoid
environmental harm and achieve best practice environmental management. They include:

¢ Guidelines for Sampling and Analysis of Lowland Acid Sulfate Soils (ASS) in Queensland 1998,
version 4.0 (Ahern et al. 1998)

¢ Queensland Acid Sulfate Soil Technical Manual — Soil Management Guidelines, 2002, version
3.8 (Dear et al. 2002).

Methodology for this assessment is guided by the above policies and is presented in Section 2 below.
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2. Methodology

2.1 Geology

The geology of the study area was assessed using 1:100,000 scale mapping sourced from the
Queensland Department of Mines and Energy’s (DME) Geoscience and Resources Database; Mineral
and Energy Resources Location and Information Network (MERLIN). This data-set has been used to
describe the geology of the study area in order to assess potential construction difficulties which may
be encountered. Further geologic information has been sourced from the desktop study completed by
Fugro Consultants Inc for ConocoPhillips Company in February 2009 (report number 0410-09-0010).
Geological mapping has also been used in combination with topographic data presented in Section
3.3.2 to produce a geological cross-section of the study area. This is illustrated as Figure 3.2.
Geologic hazards (including tectonics, faults and earthquakes) have been assessed using mapping
sourced from the Geologic Survey of Queensland and Graphical Services Unit, 1997. This is
illustrated as Figure 3.3 Historical earthquakes since 1958 and tectonic boundariesFigure 3.3.

2.2 Topography and geomorphology

The terrain characteristics of the proposed study area have been assessed in terms of topography
(surface form and slope) and geomorphology (landform).

The assessment was undertaken in two parts, as follows:

a) Desktop review of major topographic features within study area using the 25m Digital Elevation
Model (DEM) supplied by NRW, 2007 to assess slope class. Five metre contours were
generated from this data which was used in combination with aerial photography to identify
investigation areas for Acid Sulfate Soils (ASS). Land System maps and technical manuals
(generally prepared by DERM and previous State government agencies) have not been
developed for Curtis Island.

b) A field assessment across the study area using a stratified sampling pattern to evaluate slope,
vegetation and land use in the context of potential instability and engineering constraints (refer
Section 4.2).

2.3 Soil
The soils assessment was undertaken in two parts, as follows:

a) Desktop review of existing information pertaining to the study area such as soils, Regional
Ecosystems (REs) and topographic mapping.

b) A field assessment including soil sampling, classification and erosion categorisation.

2.3.1 Desktop review
The following data sources were used to identify soil types within the study area:

e The major soil types within the study area were identified using data from the Bureau of Rural
Sciences (BRS) Digital Atlas of Australian Soils. This mapping is at a scale of 1:2,000,000. Due
to inaccuracies and scale limitations of this map, it has not been presented for the purposes of
identifying soil boundaries within the study area.
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¢ RE mapping also provides a broad overview of the potential soils within the study area. These
broad soil types are based upon simplified geology/substrate-landform classification for
Queensland and are mapped at a finer scale than the above Commonwealth Scientific and
Industrial Research Organisation (CSIRO) mapping.

e Topographic contours and aerial photography were both used to identify areas which may
potentially contain ASS. This included the supratidal flats (commonly known as salt pans)
which were above the 5m AHD contour.

2.3.2 Field investigation

The field investigation of the study area was undertaken from 14 to19 July 2009 and consisted of
sampling and testing soils for agronomic, physical and ASS parameters at 27 borehole locations (refer
Figure 1.1). All borehole locations were initially inspected by cultural heritage monitors in order
identify potentially significant artefacts and relocate borehole locations, if necessary.

Borehole locations tested for physical and agronomic parameters were selected using a 25ha grid
across the study area, while borehole locations tested for both agronomic and ASS parameters were
selected using a 5ha grid. Borehole locations were adjusted in the field to avoid sampling near creeks
and/or drainage lines, accessibility constraints and identified cultural heritage artefacts. This sampling
plan provides an adequate assessment of the soils within the study area.

Due to the limited vehicular access, all but five borehole locations were hand augered to a depth
between 0.1 to 1.0m Below Ground Level (BGL), depending on hardness of subsurface material and
presence of coarse fragments. The remaining five were drilled to a depth ranging from 3.0 to 4.0m
BGL using solid stem augers rear mounted on a four wheel drive vehicle. This depth was considered
acceptance given that no excavation depth was provided at the time of the field assessment. However
this area will not be subject to excavation, but rather filling activities, so the depth of sampling is
considered to be adequate. This sampling intensity was considered adequate for the field
investigation.

Eighteen hand augered borehole locations were sampled for physical and agronomic parameters,
while the remaining eight borehole locations (five drilled, three hand augered) were sampled for ASS,
physical and agronomic parameters. Samples were also collected for heavy metals, pesticides and
total petroleum hydrocarbons. These are reported within the Preliminary Site Investigation Report. Soil
characteristics were described at all borehole locations and photographed to show the soil profile and
the surrounding adjacent landscape setting (refer to Section 3.3.2).

2.3.3 Soil descriptions

Soils at each borehole location were described in accordance with the Australian Soil and Land
Survey Field Handbook (McDonald et al, 1990) and Australian Soil Classification (Isbell, 1996). This
includes soil horizon and landscape information provided in Table 2.1. A summary of field data is
provided in Appendix B.
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Table 2.1 Soil horizon and landscape information

Soil horizon descriptions

Landscape information

Subgroup classification

Terrain (slope class)

Horizon name

Predominant slope

Depth

Slope position

Colour (matched to the Munsell Colour Chart paint
chip)

Existing erosion

Texture

Drainage

Structure

Aspect

Consistence

Approximate water table depth

Coarse fragments

Universal Transverse Mercator (UTM) coordinates of
Zone 55.

Mottles

Vegetation (canopy/understorey)

Presence of carbonates and/or salts

Land use

Rooting description

2.3.4 Soil sample methods

Field sampling procedures conformed to WorleyParsons’ Quality Assurance/Quality Control (QA/QC)
protocols to minimise the potential for cross contamination and preserve the sample integrity. The
following sections provide a brief description of the testing methods used, while Table 2.2 provides a

summary of the soil sampling activities.

Table 2.2 Soil sampling methods

Activity

Details

Borehole locations

Borehole locations were recorded using a Garmin 76 hand held Global Positioning System

(GPS) unit with an accuracy of +/-4m.

Manual borehole coring was undertaken by WorleyParsons’ staff members using an 82mm

diameter hand auger. Mechanical drilling was undertaken by APOD Soil Testing using a

Soil coring 4WD mounted mechanical drill rig with 100mm diameter solid stem augers. Hand augered
boreholes were extended to a maximum depth of 1m BGL, while drilled boreholes were
extended to a maximum depth of 4m BGL.

Boreholes were backfilled to the existing natural ground level using soil retrieved during soil

Abandonment )
coring.

Soil logging Soil profiles were logged based upon the subsoil brought to the surface.

Soil samples were obtained directly from the auger or borehole using new disposable nitrile
. ) gloves. Samples to be tested for agronomic parameters were then placed into resealable
Soil sampling

plastic bags and stored in eskies for dispatch to laboratory. Samples to be tested for ASS

were stored on dry ice for dispatch to laboratory.
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Activity Details

Sample containers were labelled with the date, the abbreviated Project title (APLNG) and
the location/depth. For instance a sample collected at BH18 at a depth of 0.9 to 1.0m BGL

was labelled as follows:
Labelling
APLNG

18/07/09
BH18/0.9-1.0

ASS samples were stored on dry ice and air-freighted overnight under dangerous goods and
chain of custody documentation to Brisbane for analysis at Australian Laboratory Services
(ALS).

Dispatch
Agronomic samples were stored in chilled containers and transported by road under chain of
custody documentation to Brisbane for analysis at Australian GeoMechanical Laboratory

and ALS.

2.3.5 ASS field screening tests

Screening tests were carried out on a total of 72 samples at 0.25m intervals in each borehole
designated for ASS testing (AO1 to A08) to provide preliminary assessment of the presence of ASS.
The pH of a 1:5 soil/water extract (pHg) and the pH of an extract after the addition of 30% hydrogen
peroxide (pHrox) Wwere measured using a spear point double reference lonode 1J44 pH electrode,
connected to a Lutron PH-207HA meter. The meter was calibrated to two points of reference (two-
point calibration: pH 4 and pH 7) prior to, and randomly throughout sampling.

In addition to recording pHr and pHg,, the initial reactions between the soil and the 30% hydrogen
peroxide mixture were recorded. Results of field screening tests are provided in Table 3, Appendix B.

2.3.6 Soil sampling and laboratory analysis

Soil samples to be analysed for physical and agronomic parameters were dispatched to Australian
Geomechanical Laboratories (AGL) for Emerson Dispersion testing and to ALS for analysis of pH;
Electrical Conductivity (EC); available nutrients [Total Kjeldahl Nitrogen (TKN) and Phosphorus (P)];
Cation Exchange Capacity (CEC) and exchangeable cations. ASS samples were also submitted to
ALS for Chromium Suite analysis. AGL and ALS are National Association of Testing Authorities
(NATA) accredited for the analyses undertaken. The laboratory analysis plan is presented in
Appendix C, while laboratory reports are provided in Appendix D.

Agronomic and physical testing

Sampling for agronomic and physical parameters generally included the collection of discrete soil
samples within the topsoil (typically surface to 0.2m) and subsoil horizons (typically 0.2m to 4.0m). A
total of 18 topsoil and 53 subsoil samples were collected with 10 subsoil samples analysed by
laboratory. All 18 topsoil samples were analysed.

ASS testing

A total of 39 discrete soil samples were collected for potential laboratory testing from eight locations.
Discrete grab samples were collected approximately every half metre within a uniform horizon or
adjusted to take into account specific horizons that were not intercepted within the half metre interval.
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3. Existing geology

3.1 Study area geology

The available geological data and associated mapping indicated three geologic units occur within the
south-western portion of Curtis Island. These are the Palaeozoic-age Wandilla Formation (DCcw) of
the Curtis Island group; Quaternary alluvium (Qa) and Holocene miscellaneous unconsolidated
sediments (Qhe/m) [refer Figure 3.1 and Figure 3.2].

Within the study area, the Holocene miscellaneous sediments (‘mudflats, salt pans or swamp
deposits’) overlie the Wandilla Formation bedrock in the flat central western area of the LNG plant site
and northern areas of the LNG pipeline corridor. The Wandilla Formation has been subjected to
regional metamorphism and deformation (thrust faulting) and is comprised of mudstone, quartz
greywacke, pale grey chert and lithic sandstone (locally containing silicified oolites), siltstone, jasper,
chert and slate and local schist. According to information presented within the Fugro Consultants Inc,
report (referenced in Section 2.1), the faulting and associated metamorphism account for the north
west trending and ridges and lineaments evident in the areas of outcrop.

The Quaternary floodplain alluvium, located to the east and south of the study area is typically
comprised of clay, silt, sand or gravel.

Australia Pacific LNG Project EIS Page 8 March 2010
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Volume 5: Attachments

3.2 Surface rock

Rocky outcrops were identified within the study area (refer Plate 3.1 and Plate 3.2). Although only two
significant exposures were noted, surface and near-surface rock is likely to occur throughout the low
round hills comprised of the weathered surface layer of the Wandilla Formation within the study area.

Plate 3.2 Rock outcrop 02

Surface and sub-surface stones were also noted at several soil sampling locations as follows:
e Surface stone - BH02, BH03, BH05, BH06-BH09, BH11, BH12, BH14 and BH15.
e Sub-surface stone - BH01-BH08, BH09B and BH10-BH14.

Site observations confirm the geological and soils mapping data (refer Section 3.3.2) which indicate
the lowland components of the study area is comprised of mixed alluvial material. In the upland areas,
both the surface and sub-surface stones are mainly associated with weathering of the underlying
geology (Wandilla Formation).
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3.3 Geologic Hazards

3.3.1 Seismic activity

The location of faults and earthquakes in the vicinity of the study area has been illustrated on Figure
3.3. This data indicates a number of faults (including concealed faults) north, east and adjacent to the
study area.

This data also indicates a few minor (Richter magnitude >3) earthquakes in the region. This is
confirmed by the University of Queensland Australia — Earth Systems Science Computational Centre
(ESSCC) which indicates Gladstone lies on the northern edge of an area of recorded seismic activity
(ESSCC, 2009). The largest earthquake in Queensland was recorded as a Richter magnitude
estimate of ML=6.3 135 km off the Gladstone coast (ESSCC). Data obtained from Geoscience
Australia Public Domain Database, Geodata Topo 2.5M, 2003 and presented in the desktop study
completed by Fugro Consultants Inc in February 2009 indicates that Curtis Island occurs within a
Earthquake Hazard Risk of 0.05 — 0.10. A value of 0.05 indicates that in any 50-year period, there is a
90% chance that the peak ground acceleration will not exceed 0.05.

3.3.2 Tsunami Hazard

A literature review of the tsunami hazard along the northeast coast of Australia completed by William
Lettis and Associates, Inc indicated the study area is located within a low level of tsunami hazard
(WLA, 2009). This however is based on a qualitative assessment of relative tsunami hazard only and
further seismic potential analysis may need to be conducted as recommended by WLA, 2009.
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3.4 Extractive resources

The construction of Australia Pacific LNG facility may require extractive materials such as rock, sand
and gravel for use as bedding, creation of hardstand areas, access tracks, fill, sediment and erosion
control and rehabilitation for example rock armouring for waterways. Furthermore, a source of cement
for concrete and bentonite for grouting may also be required from the mainland.

The quantities of extractive materials that would be required for the development of the Australia
Pacific LNG facility and other concurrent LNG projects on Curtis Island have not been fully calculated,
nor has the quality and type of materials required or the location where they will be sourced and
required determined. These calculations and factors are determined during Front-End Engineering
and Design (FEED) phases of a project and involve conceptualisation and feasibility of design.

As part of this assessment, a search of existing operating quarries around and within the study area
was conducted and the results provided in Table 3.1. This search indicated that most existing quarries
currently have a low production rate (<80,000 tpa) and generally provide extractive materials
exclusively to the local councils and communities for road maintenance and upgrades and building
construction. Although this assessment did not identify the material reserves associated with existing
quarries, expansion of existing operations as well as the establishment of new quarries to meet the
demands of this Project and other CSG projects may be required.
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4. Existing topography and geomorphology

4.1 Desktop topography review
The proposed layout of the study area and the general site topography are shown in Figure 1.1.

The topography of Curtis Island is comprised of level to undulating terrain with intertidal mud flats and
supratidal salt pans on the coast rising to steeply graded (>30% slope) low round hills. The study area
(453ha), located in a small embayment on the south-western portion of Curtis Island just south of Laird
Point, is surrounded by steeply sloping (>20%) low round hills to the north, south and east, but is
predominantly comprised of gently undulating flats (<2%). The western foreshore flats within the study
area extend approximately 200 to 400m from the shore. Several small drainage lines traverse these
lowlands.

The maximum elevation within the study area is 62m Australian Height Datum (AHD), in the southeast
corner of the study area. The lowest elevation can be found at the intertidal flats (located between low
and high tide levels) on the central to western portion of the study area. Here the intertidal flats merge
into supratidal flats (located between high and spring tide level).

A digital slope analysis was undertaken to classify slopes across the study area based on the 25m
DEM. This slope analysis indicates the majority of the study area is comprised of slopes less than 2%.
However, the low round hills surrounding the study area have moderate to steep slopes upward of
20%. The digital slope analysis and resulting slope classes are illustrated in Figure 4.1. This figure
also indicates one major drainage line within the study area which starts from the south-east and
drains to the centre of the study area then to Port Curtis. However, as described in Chapter 11 of the
EIS — Surface Water and Watercourses, the study area is traversed by a local creek system,
comprising three ephemeral tributaries which drain into Port Curtis.
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Attachment 7: Geology, Topography, Geomorphology and Soils Assessment -
LNG Facility

4.2

Field topography assessment

This section describes topography and landform according to observations made during the fieldwork
assessment undertaken from 14 to19 July 2009. Terrain assessments were made at 18 locations
observed within the study area. At each location, topography was classified in relation to terrain and
slope. Terrain was broadly classified using the following descriptions:

Low: The terrain is flat to gently undulating with slopes generally less than 10%. This unit
generally has broadly spaced, mostly shallow, incised drainage channels or gullies.

Medium: The terrain is dissected land with local relief up to about 50m between crests and
adjacent valleys, with surface slopes typically in the range of 10-32%.

High: The terrain is dissected and/or hilly lands. The local relief is in the range 50-150m
between ridge and spur crests and adjacent valley or gully floors, with steep valley side slopes
up to 32% or greater.

Predominant slopes were classified as follows:

Flat: <2 %

Gentle: 2-5%

Low slope: 5-10%
Moderate slope: 10-25%
Steep slope: 25-50%
Very steep: >50%

Table 4.1 describes the terrain and predominant slope classifications as noted during fieldwork at
each borehole location (refer Figure 4.1)

Table 4.1 Field terrain and slope analysis

Location Terrain Predominant slope
BHO1 to BH03, BH05, BH06, BHO9B, BH10, BH14, BH16, BH17, A01, Low Flat
A02, A03, A04, A05, A06, A07, A08
BH13 Low Gentle
BHO09, BHO9B Medium Low
BHO04, BHO7, BH08, BH11, BH12, BH15, BH18 High Moderate
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5. Existing soils

5.1 Soil desktop assessment

This section provides background information about the soils within the study area.

5.1.1 Soil types and occurrence

Digital Atlas of Australian Soils

The Digital Atlas of Australian Soils mapping (Bureau of Rural Sciences, 1992) indicates the study

area is comprised of two main soil types, each covering approximately half of the study area. The

northern portion is mapped as tidal mangrove mud flats and salt pans, while the southern portion is
mapped as low round hills on metasediments and granites.

As this mapping only provides a very coarse representation of soil types within the study area, the field
investigation was required to refine soil mapping and provide background data for soil constraints
(refer Section 5.2.1). A description of mapped soil types according to the Digital Atlas of Australian
Soils is provided in Table 5.1.

Table 5.1 Study area soil types

General Soil

D .
location unit escription

Tidal mangrove mud flats and salt pans flanking tidal inlets and local creeks:

North

J5 Chief soils are shallow saline non-cracking clays over strongly gleyed loam soils.
Portion Associated soils are massive earths and duplex soils and similar duplex soils in marginal
areas.
Low round hills on metasediments and granites with slopes of not more than six degrees:
South Chief soils are hard acidic yellow-mottled duplex soils on the slopes with shallow loam
Portion Tb97 soils on some crests. Associated are yellow duplex soils on granitic slopes with sandy

soils on sandy accumulations in some lower slope positions. Small areas of massive
structured earth soils are found on basic rocks.

Source: Bureau of Rural Sciences, 1992

Land zones

REs are a combination of bioregions (13 in Queensland), land zones and vegetation communities. Of
the nine RE’s identified within the study area (refer Chapter 8 of EIS — Terrestrial Ecology), only three
land zones occur. Land zone designation provides an indication of soil types that are likely to occur in
the study area. These are described in Table 5.2 below.

Australia Pacific LNG Project EIS Page 21 March 2010



Volume 5: Attachments
Attachment 7: Geology, Topography, Geomorphology and Soils Assessment -
LNG Facility

Table 5.2 Mapped land zones

Land

Description
zone

Quaternary estuarine and marine deposits subject to periodic inundation by saline or brackish marine
1 waters. Includes mangroves, saltpans, off-shore tidal flats and tidal beaches. Soils are predominantly
Hydrosols (saline muds, clays and sands) or beach sand.

Quaternary alluvial systems, including floodplains, alluvial plains, alluvial fans, terraces, levees,
swamps, channels, closed depressions and fine textured palaeo-estuarine deposits. Also includes

3 estuarine plains currently under fresh water influence, inland lakes and associated dune systems
(lunettes). Excludes talus slopes, colluvial deposits and pediments. Includes a diverse range of soils,
predominantly Vertosols and Sodosols, also with Hydrosols in higher rainfall areas.

Primarily lower Permian and older sedimentary formations which are generally moderately to strongly
deformed. Includes low to high-grade and contact metamorphics such as phyllites, slates, gneisses of

11 indeterminate origin and serpentinite and interbedded volcanics. Soils are mainly shallow, gravely
Rudosols and Tenosols, with Sodosols and Chromosols at lower slopes and gently undulating areas.
Soils are typically of low to moderate fertility.

5.1.2 Acid sulfate soils (ASS)

ASS is a term that is generally used to describe both Actual Acid Sulfate Soils (AASS) and Potential
Acid Sulfate Soils (PASS). The soils occur naturally across low-lying coastal areas, such as tidal mud
flats and estuary marine deposits (refer Table 5.1 and Table 5.2), predominantly below SmAHD. In
southeast Queensland, the upper limit of ASS occurrence is 2.5m AHD, however it has been noted to
occur one to three metres higher in northern Australia (Ross, 2002). PASS are typically waterlogged
soils, rich in pyrite, which have not been oxidised (Ahern et al., 2004). Exposure of PASS to air
causing oxidation can lead to the creation of AASS - extremely acidic soil layers with field pH values of
<4 (Ahern et al., 2004). Actual and potential ASS can occur together in the same profile. Typically
however, AASS overlie PASS, but may still have reserves of unoxidised sulfides (Ahern et al., 2004).

The geologic formations most likely to contain ASS relate primarily to deposition that occurred in the
Holocene Epoch and in some circumstances deposits from the penultimate interglacial high sea level
period in the late Pleistocene period (Golder Associates, 2009). At Curtis Island, Holocene-age
deposition is characterised mainly by silt/clay sediments associated with mangrove and other intertidal
vegetation areas which currently occupy the embayment within the study area (refer Section 3). This
area is easily identifiable from aerial photography (refer Figure 1.1) and has been indicated on Figure
3.1 as unit Qhe/m. This area is also subject to alluvial deposition from local drainage lines which carry
sediment from the Wandilla Formation in upland areas.

DERM has completed mapping of ASS for many coastal areas of Queensland. This mapping does not
delineate all ASS within the State, but does provide an indication of areas which may contain ASS. A
site-specific investigation is usually necessary to provide confirmation of occurrence and distribution of
ASS, regardless of mapping. In this case, DERM mapping does not extend to the study area and a
site specific investigation was required.

Previous ASS assessments undertaken by Ross (2002), located AASS and PASS within supratidal
and intertidal flats at Friend Point, Kangaroo Island which is located to the west of Curtis Island and
adjacent to the mainland and also further south at Fisherman’s Landing and the Calliope River. Ross
(2002) rated these soils as having a high potential for acid generation with the highest concentrations
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of potential acidity occurring within 2m of the ground surface. As these landforms are common within
and adjacent to the study area, similar levels of acid generation and likely depth of occurrence are
expected.

5.2 Soils field assessment

5.2.1 Soil types and occurrence

Soil horizon and landscape information was described at 27 locations within the study Area, the
majority of which generally correlated to the broad soil groups described in Section 5.1.1 (refer Table
1, Appendix B). Soil at BH02 and BHO3 could not be correlated to mapped soil types as the borehole
could not be extended to examine the subsoil due to refusal near the surface. Soil at BHO6 and BH09
also could not be correlated as these boreholes were located within local drainage lines where the
original soil structure has been lost. Discrete soil samples were collected at all 27 locations.

Based on soil descriptions made in the field, soils were classified using the Australian Soil
Classification system (ASC) [Isbell, 1996] (refer Table 1, Appendix B). Using a combination of the
ASC; photographs taken in the field (refer Appendix E); land zone mapping and 5m topographic
contours generated from the 25m DTM (refer Section 4.1); five soil groups were generated i.e. 1, 2, 3,
4, 5. These are described in Table 5.3 and illustrated in Figure 5.1.

These classifications indicate the majority of soils within the study area are texture contrast soils (KU,
SO, CH) and Rudosols, with the exception of soil types 1 and 2. These soils are Hydrosols and likely
to be ASS. As indicated within geologic mapping, upslope areas of soil group 2 contain Quaternary
alluvium, originating from the Wandilla Formation. This material is not ASS and was confirmed in the
field during hand augering and drilling at A05, A0O7 and A08, where both brown and grey clays and
surface colluvium were identified.

Some boreholes designated for ASS sampling were limited to hand augering due to the soft clays
which restricted drill rig access. These boreholes included A03, AO5 and A06. Soil at A03 in
particular was extremely soft and saturated (refer Plate 5.1) and resulted in borehole termination due
to collapse.

Plate 5.1 Soil at A03
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5.2.2 Topsoil thickness

Within this report, topsoil refers to the surface layer of soil which generally contains organic material
and classified as the A1 horizon within Table 1, Appendix B. Topsoil thickness varied throughout the
study area ranging from 0.05m BGL to 0.4m BGL. The average topsoil depth was calculated as 0.2m
BGL. Topsoil was not noted at boreholes A01 to A03 and AO5 to AOS.

5.2.3 Sodic soils and dispersion

Sodicity

Sodicity is a measure of exchangeable sodium (Na) in relation to other exchangeable cations.
Elevated levels of sodicity lead to clay dispersion in the soil (Hazelton and Murphy, 2007). Sodic soil
can cause severe surface crusting, low infiltration and low hydraulic conductivity. It can set very hard
and is highly susceptible to gully and tunnel erosion (Hazelton and Murphy, 2007). Sodicity can be
rated by calculating the proportion of exchangeable Na cations to the sum of all exchangeable cations,
which is referred to Cation Exchange Capacity (CEC). This proportion is known as the Exchangeable
Sodium Percentage (ESP):

ESP = Exchangeable Na / CEC

Table 5.4 provides sodicity ratings proposed by Hazelton and Murphy, which have been applied to the
soil results presented in Table 2, Appendix B.

Table 5.4 Sodicity and ESP ratings

Sodicity rating ESPs proposed for Australian soils (%)
Non-sodic 0-6
Marginally sodic to sodic 6-14
Strongly sodic >14

Source: Hazelton and Murphy, 2007

ESP ranges were calculated for samples collected within soil groups 3, 4 and 5. Levels ranged from
1% (BH08/0.0-0.1 and BH11/0.1-0.2) to 45.3% (A04/1.0-1.1). This indicates that soils ranged from
non-sodic to strongly sodic, with the majority of results indicating soils are sodic to strongly sodic.
These results correlate with erosion potential results discussed in Section 5.2.4.

ESP ranges were calculated for samples collected within soil groups 1 and 2. Levels ranged from
65.5% (A07/0.5-0.6) to 77.9% (A01/1.0-1.1). This indicates that soils are strongly sodic. These
results correlate with field observations where surface crusting and visible salt was noted and likely
result from tidal inundation.

The sodic to strongly sodic soils will require careful management and should be kept separate from
non-sodic soils if excavated.

Sodium Adsorption Ratio

Sodium Adsorption Ration (SAR) describes the activity of the Na ion relative to that of Calcium (Ca)
and Magnesium (Mg) [Hazelton and Murphy, 2007]. It is an indirect measurement of sodicity and is
calculated as follows:
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SAR =Na’ 1
(Ca2++Mg2+ 2

SAR ranges of 0.04 (BH08/0.0-0.1) to 4.42meq/100g (A04/1.0-1.1) were calculated for samples
collected within soil groups 3, 4 and 5 (refer Table 2, Appendix B). This range is considered low and
with most SAR values reported below 1meq/100g, indicates the majority of samples have low sodium
ion activity which, when compared with ESP and salinity concentrations, provides inconclusive
dispersion results. ESP and salinity concentrations (combined with Emerson Dispersion tests
described later) will provide a better indication of dispersion.

Of the range reported above, only four samples recorded SAR values considered high (>1 meq/100g):
BH18/0.4-0.5 (1.74 meq/100g), BH18/0.9-1.0 (2.46 meqg/100g), A04/0.5-0.6 (1.6 meq/100g) and
A04/1.0-1.1 (4.42 meq/100g). All four samples are strongly sodic (refer: Sodicity), however at BH18
this is due to the higher proportion of exchangeable Mg, while at A04 this is due to the lower
concentrations of Ca and Mg in comparison with Na. Soil at BH18 is dispersive, while soil at A04, due
to the higher concentrations of salts (refer Section 5.2.7), is not.

SAR ranges of 8.87 (A07/0.5-0.6) to 24.06 (A03/0.5-0.6) were calculated for samples collected within
soil groups 1 and 2 (refer Table 2, Appendix B). This range is considered very high and is attributed to
the deficiencies in Ca and Mg and extremely high concentration of Na. These soils were all reported
as strongly sodic, however dispersion will be limited in these soils due to the binding properties of
extreme salinity (refer Section 5.2.7) and in some cases, organic content.

Based upon the ESP ranges reported above, soils in groups 3, 4 and 5 will be susceptible to
dispersion, despite the results at A04.

Emerson Dispersion results reported for samples collected and analysed within the study area range
from slightly-dispersible (3) to very dispersible (1) with the majority of results reported as very-
dispersible despite noting negligible erosion (1) during field work. With the exception of non-sodic
samples BH03/0.4-0.5, BH04/0.2-0.3, BH14/0.5-0.6 and BH15/0.9-1.0, Emerson Dispersion Class
results correlate well with ESP data.

Emerson dispersion tests were not conducted for samples located at AO1 to AO8, however all samples
analysed from these locations, reported strongly sodic soils. The extremely high concentrations of
sodium within these soils would normally indicate strong dispersive properties, however the extreme
salinity and in some cases, organic content and acidic properties of these soils limits dispersion.

5.2.4 Soil erosion potential

Erosion potential is a measure of the susceptibility of a soil to erode. It is a function of the soils’
structural stability and its capacity to absorb rainfall and minimise run-off.

Soils within the study area were assessed in the field according to the classification system described
in Table 5.4.
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Based upon the classification system above, field observations and Emerson Dispersion Class test,
results have been used to generate the erosion potential classifications provided in Table 5.6 and
illustrated in Figure 5.2. Where vegetative cover has been removed (i.e. for development), soils with
an erosion classification of 2 (medium) or 3 (high) should be managed appropriately as they are
susceptible to subsurface erosion. The colours in Table 5.6 correlate to soil group classifications on
Figure 5.1.

Table 5.6 Soil erosion parameters

Soil unit  Sample Sample IField Emerson Current ECe (EC1:5x Erosion potential  Erosion potential if
Location Slope Value landuse conversion (based on field area disturbed (i.e
Class factor) observations) vegetation removed)
1a A06 A06/0.1-0.2 1 - Natural 45600 1 1
2a A01 A01/1.0-1.1 1 - Natural 91390 1 1
2a A02 A02/0.5-0.6 1 - Natural 57475 1 1
2a A02 A02/1.0-1.1 1 - Natural 57285 1 1
2a A03 A03/0.5-0.6 1 - Natural 117800 1 1
2a A05 A05/1.0-1.1 1 - Natural 45315 1 1
2a AQ7 A07/0.5-0.6 1 - Natural 27075 1 1
2a A08 A08/1.0-1.1 1 - Natural 28880 1 1
A04 A04/0.5-0.6 1 - Natural 5435 1 2
AO4 A04/1.0-1.1 1 - Natural 13932 1 2
BHO8 BH08/0.6-0.8 2 1 Natural 112 1 3
BH12 BH12/0.9-1.0 2 1 Natural 574 1 3
BH14 BH14/0.5-0.6 1 2 Natural 162 1 2
BH15 BH15/0.9-1.0 2 2 Natural 390 1 2
BHO06 BH06/0.9-1.0 1 3 Natural 285 1 2
BH17 BH17/0.9-1.0 1 1 Natural 276 1 2
BHO1 BH01/0.3-0.4 1 1 Natural 2584 1 3
BHO1 BH01/0.9-1.0 1 2 Natural 5031 1 3
BHO3 BH03/0.4-0.5 1 2 Natural 580 1 2
BHO04 BH04/0.2-0.3 3 2 Natural 580 1 2
BH16 BH16/0.4-0.5 1 2 Natural 2648 1 3
BH18 BH18/0.4-0.5 3 1 Natural 3345 1 3
BH18 BH18/0.9-1.0 3 2 Natural 4418 1 3

Note: Sample BH03/0.3-0.4 was collected within the A2 horizon.

5.2.5 Study area erosion potential

The erosion potential classification provided in the last column of Table 5.6 has been used to

determine erosion ratings for each soil group (refer Section 5.2.1). These are provided in Table 5.7.
Figure 5.2 indicates the overall erosion potential for the study area, taking into account soil erodibility
factors and slope (the greater the slope, the greater the erosion potential).

This figure indicates the majority of the study area is of moderate erosion risk. The location of the LNG
plant rated from low to moderate. The proposed LNG plant does, however, encroach into high erosion
risk areas of steep slope, located on the low round hills.
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Table 5.7 Soil group erosion ratings

Soil group Description Erosion potential
1 HY 1
2 HY 1
3 Soils on slopes (mainly SO) 3
3 Soils on flats (mainly SO) 2
4 SO 2
5 Soils on slopes (mainly RU) 3
5 Soils on flats (mainly RU) 2

Based on the erosion ratings, soils which have the highest susceptibility to erosion are groups 3, 4 and
5. These soils comprise the majority of the study area.
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5.2.6 Soil pH

Soil pH can be used as an indicator of the chemical processes that occur in a sail (i.e. indicate certain
nutrient deficiencies and toxic effects) [Hazelton and Murphy, 2007]. Table 5.8 presents pH
classification ratings used to assess results, while a summary of all results is presented in Table 2,
Appendix B.

Table 5.8 pH classification (Hazelton and Murphy, 2007)

pH Rating

>9.0 Very strongly alkaline

9.0 -8.5  Strongly alkaline

8.4—-7.9 Moderately alkaline

7.8-7.4  Mildly alkaline

7.3-6.6 Neutral

6.5-6.1 Slightly acid

6.0—-5.6  Moderately acid

5.5-5.1 Strongly acid

5.0-4.5 Very strongly acid

The pH ranges reported for samples collected within the study area, ranged from 3.9 (A03/0.5-0.6) to
7.9 (A07/0.5-0.6). This indicates that soils are very strongly acid to moderately alkaline. The central
tendency of pH data ranged from 5.3 to 6.3. This indicates that most soils’ pH was within the range
considered acceptable to plant growth (5 to 7).

Strongly acidic soils located within soil groups 1 and 2 may be the result of the sulfidic materials (refer
Section 5.3). Mildly alkaline soils within soil group 2 are likely the result of alluvial and colluvial
material transported from the surrounding Wandilla Formation (refer Section 5.1.2). Strongly acidic
and alkaline soil located within soil group 3, 4 and 5 reflects the influence of the Wandilla Formation
parent material. Soils classified as strongly acid and very strongly alkaline should be kept separate
from other soils and require focused management measures.

5.2.7 Salinity

Salinity is the presence of soluble salts in or on soils [particularly Na, but also K, Ca, Mg, Sulfate (SO4)
and Chloride (Cl)]. High salinity levels in soils may result in reduced plant productivity including the
elimination of native vegetation which may increase erosion (Hazelton and Murphy, 2007). Table 5.9
presents salinity ratings for soil used to classify results once laboratory EC (1:5) values were
converted to ECe, which is the electrical conductivity of the extract obtained from a saturated soil
paste. This is the standard soil salinity measure used to assess plant salt tolerance. A summary of
results is presented in Table 2, Appendix B.
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Table 5.9 Salinity ratings for soil based on ECe (Hazelton and Murphy, 2007)

Rating Electrical Conductivity (ECe) ( S/cm)
Non-saline <2,000
Slightly saline 2,000-4,000
Moderately saline 4,000-8,000
Highly saline 8,000-16,000
Extremely saline >16,000

Salinity reported for samples collected within the study area ranged from 111.8 uS/cm (BH08/0.6-0.8)
[non-saline] to 117,800 uS/cm (A03/0.5-0.6) [extremely saline] with the central tendency of salinity
ranging from non-saline to slightly saline. Extremely saline samples were collected (as was expected)
within soil groups 1 and 2 (tidal flats), while the remaining samples, which are predominantly non-
saline, were collected within non-tidal influenced soil groups 3, 4 and 5.

High concentrations of salinity help limit dispersion, however prohibit the growth of plants. Soil at
groups 3, 4 and 5 are mainly non-saline to slightly saline and are also predominantly dispersive (refer
Section 5.2.3: sodicity). Soil at groups 1 and 2 are extremely saline, however are non-dispersive.

5.2.8 Fertility
Soil fertility is a function of:

e The soil's capacity to attract and release exchangeable ions, which is influenced by the amount
and type of organic matter and clay.

e The presence of nutrients which are available for plant growth, or can be available in the future.

In this assessment, Cation Exchange Capacity CEC), exchangeable ions and Total Kjeldahl Nitrogen
(TKN) and Phosphorus (P) were measured as indicators of soil fertility.

Cation Exchange Capacity (CEC)

Cation Exchange Capacity (CEC) is a measure of a soil to hold and exchange cations (Hazelton and
Murphy, 2007). A soil which has a high CEC has the ability to buffer the effects of changes in pH,
available nutrients and structure. High CEC can also indicate a soil’s fertility. Table 5.9and Table 5.11
present the classification of CEC and exchangeable cations which are used to assess soils within the
study area. Table 5.12 presents the ranges of cations within samples. A summary of all results is
presented in Table 2, Appendix B.

Table 5.10 CEC ratings (Hazelton and Murphy, 2007)

CEC (meq/100g9) Rating
< 6 (soils low in fertility) Very low
6-12 Low
12-25 Moderate
25-40 High
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CEC (meq/100g9) Rating
>40 Very high

Table 5.11 Exchangeable cations classification (Hazelton and Murphy, 2007)

Cations Very low Low Moderate High Very high
Units (meqg/100g)
Na 0-0.1 0.1-0.3 0.3-07 0.7-2.0 >2
K 0-0.2 02-03 0.3-07 0.7-2.0 >2
Ca 0-2 2-5 5-10 10-20 >20
Mg 0-0.3 0.3-1.0 1-3 3-8 >8

Ranges of exchangeable cations reported for samples collected within the study area are presented in
Table 5.12:

Table 5.12 Exchangeable cation ranges

CEC Na K Ca Mg

il Anal
Soil group nalyte  meq/100g) (meq/100g) (meq/100g) (meq/100g) (meq/100g)

Value 28.1-130 18.4-78.9 1.1-2.8 0.7-1.9 5.8-19.6
. high—very . high—very high to very
Rating i very high i very low .
high high high
1a and 2a
Central i .
high—very . i high to very
Tendency of ) very high high very low .
high high
Data
Value 1.2-30.1 0.1-10.6 0.1-1.3 <0.1-13.7 0.7-21.4
Very low— Very low— Very low- Low — ver
Rating Very low-high ryh. h hi :/ hi Z high Y
very hi i i i
3a, 4a and 5a RALN d d g
Central
. low - Very low— Moderate-
Tendency of  Very low—low Low-high .
moderate low high

Data

High to very high CEC ratings reported for soils within soil groups 1 and 2 are indicative of the silty
clays encountered. Although CEC can be used as an indication of a soil’s fertility, the extreme saline
content in these soils precludes this correlation. In this case, the high to very high CEC ratings are
attributed to the very high sodium concentrations.

The very low to high CEC rating results reported for soils within soil groups 3, 4 and 5 are indicative of
the silts, gravely silts and clay textured soils that were encountered. The majority of soils encountered
in these groups were silty textured soils. These reported very low to low CEC values, while clayey
textured soils reported moderate to high CEC values. These results indicate that silty textured soils
are less fertile than clayey textured soils and hence would be less likely to respond to changes in pH,
nutrients and soil structure resulting from soil additives.
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Sodium (Na) values were rated as very high within soil located at soil groups 1 and 2. This is an
expected result as these soils are periodically inundated with seawater. Furthermore, these results
correlate well with salinity rating for these soils.

The Na values ranged from low to high within soils located at soil groups 3, 4 and 5. These values
reflect the data reported for ESP and SAR (refer: Section 5.2.3).

Potassium (K) values were rated as high within soil located at soil groups 1 and 2, while for soils at 3,
4 and 5, K was rated in the low to moderate range.

Calcium (Ca) values were rated as very low for soil located at soil group 1 and 2. This is expected as
soil samples were collected from below 0.5m BGL and Ca concentrations usually decline with depth in
the profile. Ca values ranged very low to low for soil located at soil groups 3, 4 and 5. These data
correlate well with pH data which indicate exchangeable Ca should be high as it generally becomes
available to plants at pH levels greater than 5.

Magnesium (Mg) values were rated as high to very high for soil located at soil group 1 and 2. This is
expected as soil samples were collected from below 0.5m BGL and Mg concentrations usually
increase with depth in the profile. Mg values for soil at soil groups 3, 4 and 5 were rated as moderate
to high. These data correlate well with pH data which indicates exchangeable Mg should be high as it
generally becomes available to plants at pH levels greater than 5.

Nutrients

Table 5.13 presents TKN and P ratings which are used to assess nutrient levels, while a summary of
all results is presented in Table 2, Appendix B.

Table 5.13 Soil nutrient level ratings

Analyte Very low Low Moderate High Very high

Nitrogen (total) 0.05 0.05-0.15 0.15-0.25 0.25-0.5 >0.5
(N) (% weight)

Phosphorus (P) 5 5-10 10-17 17-25 >25
(mg/kg)

Only topsoil samples were analysed for nutrients TKN and P. These concentrations were as follows:

e TKN ranged from 0.043% (BH05/0.0-0.1) [very low] to 0.53% (BH11/0.0-0.02) [very high], while
the central tendency of data ranged from 0.07% (low) to 0.2% (moderate).

¢ Concentrations of P ranged from 0.1mg/kg (BH16/0.0-0.1) [very low] to 301mg/kg (BH07/0.0-
0.05) [very high], while the central tendency of data ranged from 0.1mg/kg (very low) to
0.6mg/kg (very low). The very high concentration which occurred at BHO7 is considered
unusually high as similar soils reported very low P concentrations. However after photographic
review it appears there was significant organic matter on the ground surface which, if collected
with the soil sample, may have contributed to this high concentration. Otherwise this result may
be spurious.

These results correlate well with exchangeable cation data described above and indicate topsoils
within the study area are low to moderately fertile.
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5.2.9 Dust

Bulldust is a term sometimes used to describe very fine dust generated from soils with high silt and
fine sand content as well as those with high calcium carbonate content. Bulldust can be an issue with
intensive construction activity and for certain soil types (i.e. soil group 5). It can generate windblown
dust and cause dry bogging of vehicles and equipment. Once formed, bulldust is very difficult to
manage, although grading and moisture conditioning, then returning it to the track has had some
success. Following the generation of bulldust, final rehabilitation and revegetation of the site may be
difficult because the soil structure has been destroyed.

Bulldust was observed within the study area along vehicle access tracks (refer Plate 5.2 and Plate
5.3), which have been heavily used over recent months due to the increase development activity
associated with LNG projects on Curtis Island. Bulldust development is likely to be associated with the
poorly structured A horizon within soil group 5. Since this soil group comprises 45% (205ha) of the
study area, where topsoil is not removed, bulldust development will increase with further traffic and
has the potential to contribute to dust generation and degradation of soils during construction (refer
Section 7.3.6).

Plate 5.2 Bulldust 001

Plate 5.3 Bulldust 001 — Close-up
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5.2.10 Agricultural land capability

Agricultural land capability has been assessed based upon the identification of Good Quality
Agricultural Land (GQAL). This is necessary to understand the existing status of the land resource
likely to be affected by the Project and provide the standard to which rehabilitation should be
undertaken.

Agricultural land has been classified into four groups as described in Table 5.14.

Table 5.14 Agricultural land classes (Source: DHLGP, 1993)

Class Description

A Crop land

Land that is suitable for current and potential crops with limitations to production, which range from
none to moderate levels. There are two sub-classes of crop land:

A1 — Crop land suitable for rain-fed cropping
A2 — Crop land suitable for horticulture

All crop land is considered to be GQAL.

B Limited crop land

Land that is marginal for current and potential crops due to severe limitations and suitable for
pastures. Engineering and/or agronomic improvements may be required before the land is
considered suitable for cropping.

Land marginal for particular crops of local significance is considered to be GQAL.

C Pasture land

Land that is suitable only for improved or native pastures due to limitations which preclude
continuous cultivation for crop production; but some areas may tolerate a short period of ground
disturbance for pasture establishment.

In areas where pastoral industries are the major primary industry, land suitable for improved or high
quality native pastures may be considered to be GQAL. There are three sub-classes of pasture
land:

C1 - Land suitable for sown pastures with moderate limitations.
C2 — Land suitable for sown pastures with severe limitations.
C3 - Land suitable for light grazing for native pastures in inaccessible areas.

For the purposes of this assessment, C1 is considered to be GQAL.

D Non-agricultural land

Land not suitable for agricultural uses due to extreme limitations. This may be undisturbed land with
significant habitat, conservation and/or catchment values or land that may be unsuitable because of
very steep slopes, shallow soils, rock outcrop or poor drainage. These limitations preclude any
interference with land or biological resources for the production of agricultural goods.

GQAL classes within the study area are illustrated within Figure 5.3. The current agricultural land use
within the study area on Curtis Island is limited to cattle grazing on native pastures. This land is
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classified as Agricultural Land Class C3 in accordance with the descriptions provided in Table 5.14.
This is confirmed through field data and soil groupings (refer Error! Reference source not found.)
obtained during this assessment.

The majority of the soils within the study area are Dystrophic (low fertility) and are shallow and stony
(soil groups 3, 4, 5) and unsuitable for cropping or important pasture development. These soils
occupy approximately 76% (345ha) of the study area (453ha). The remaining soil groups 1 and 2 are
comprised of sulfidic intertidal and argillaceous supratidal Hydrosols. Together these soils occupy
approximately 24% (108ha) of the study area. Based on salinity, pH, poor drainage and access, these
soils are unsuitable for most agricultural uses and are rated as Agricultural Land Class D, i.e. lands
with extreme limitations.
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5.3 Acid sulfate soils

Based upon desktop information (geologic mapping, topographic contours, aerial photography and
previous investigations) it was identified that the Holocene Miscellaneous sediments had the potential
to be ASS. As aresult, a limited investigation was undertaken to assess the presence of ASS within
soil groups 1 and 2. This investigation was limited to a maximum depth of 4.0mBGL (refer Section
5.1.2) and eight boreholes (refer Figure 5.1), five of which were drilled and three hand augered. All
ASS boreholes, with the exception of AO4, were located within soil groups 1 and 2, both of which
occur in Holocene miscellaneous unconsolidated sediments (refer Error! Reference source not
found.). This section outlines the ASS criteria and discusses the results of ASS analysis undertaken.

5.3.1 ASS assessment criteria

The Queensland Acid Sulfate Soil Technical Manual — Soil Management Guidelines, provides action
criteria for when ASS is disturbed at a site and should be managed (refer Table 5.15). To account for
a soil’s natural ability to resist pH change (buffering capacity), generally influenced by clay content, the
action criteria have been grouped into the following three broad soil texture categories - coarse,
medium and fine.

Table 5.15 Soil management guidelines action criteria

Type of material Action criteria if 1 to 1000 Action criteria if more than
tonnes of material is 1000 tonnes of material is
disturbed disturbed

Existing + Potential Acidity Existing + Potential Acidity

Texture range

Equivalent Equivalent
(McDonald et al Approx. clay Equivalent sulfur <?|u-|va en Equivalent sulfur L:|u.|va en
: content (%) acidity (mol acidity (mol
1990) (%S) (oven-dry (%S) (oven-dry
H+/tonne) (oven- H+/tonne) (oven-
basis) basis)
dry basis) dry basis)
Coarse texture -
Sands to loamy <5 0.03 18 0.03 18
sands
Medium texture
- Sandy loams 5-40 0.06 36 0.03 18
to light clays
Fine texture -
Medium to
>40 0.1 62 0.03 18

heavy clays and
silty clays

(Dear et al., 2002)

Action criteria for disturbances greater than 1,000 tonnes have been selected as the appropriate
criteria based on the earthworks that are likely to occur in areas at or below 5SmAHD.

In addition to the action criteria above, changes in pH (both pHf to pHrox and pHgg to pHox) greater
than 1 pH unit can be indicative of AASS and PASS. A change greater than 1 pH unit in pHg to pHrox
can also assist in sample selection for laboratory analysis.
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5.3.2 Preliminary field screening

Field screening tests were carried out on 72 discrete soil samples, the results of which are provided in
Table 3, Appendix B. This test is used to compare the measured differences between pHg to pHg,y to
assess the presence of actual and potential acidity.

pHg values for eight samples from A01 and A02 indicated the presence of actual acidity with values
less than 4.5. All remaining samples (63) across all ASS investigation locations indicated an absence
of actual acidity and ranged from pHr 4.65 to 7.37.

pHrox values for 14 samples collected at AO1, A02 and AO3 indicated the presence of PASS returning
values less than 4 and as low as 1.98. All remaining samples (57) across all ASS investigation
locations indicated an absence of potential acidity and ranged from pHrox 4.28 to 8.20.

5.3.3 Laboratory analysis

The 22 discrete soil samples from six ASS borehole locations were submitted for Chromium Reducible
Sulfur (Scr) laboratory analysis, the results of which are provided in Table 3, Appendix B.

Actual acidity

Actual acidity is assessed by the measurement of net acidity (i.e. the total sum of potential, actual and
retained acidity). The determination of pHg. is @ means of estimating the actual soil acidity which is
used to calculate Titratable Actual Acidity (TAA) [refer: Table 3, Appendix B]. The following results
were reported:

e pHg ranged between 4.7 and 8.7 in samples submitted for analysis. This indicates that most
soil samples have little or no actual and retained acidity. For samples which returned pHgg
results greater than 6.5, Acid Neutralising Capacity (ANC) was determined. These samples
include A02/1.5-1.6, A03/0.0-0.1, A06/0.0-0.1 and A08/1.0-1.1.

¢ No soil samples tested returned pHy results below 4.0. As a result, samples were not tested
for retained acidity.

o TAA results greater than the QASSIT guideline of 18 moles/tonne were only reported for two
samples collected at AO1, both within the top 1m of the surface i.e. A01/0.5-0.6 and A01/1.0-
1.1. Lower concentrations of TAA were detected at A02, A03, AO7 and AO8, however these
were below the QASSIT guideline.

¢ Results for AO1 provide a positive correlation with preliminary field screening tests, indicating
the presence of actual acidity, however lower TAA concentrations detected at A02, A03, A07
and AO8 were not conclusive.

Potential acidity

Potential acidity (oxidisable sulfur) is assessed through the measurement of Scg. The following results
were reported:

¢ Results reported for samples submitted for laboratory analysis indicated Scr values greater than
the QASSIT guideline of 0.03%S in samples at A01, A02, A03 and A06, with the highest
percent sulphur value of 1.52%S reported for sample A01/0.5-0.6. Results for samples
collected at A01, A02 and A03 correlate with preliminary field screening test values of pHeox,
however the %S value at AO6 does not. The higher pHrox value is likely the result of the
positive ANC reported.
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o These results indicate %S values similar to those reported by Ross (2002) for supratidal flats at
Friend Point and supratidal flats along the mainland south of Fisherman’s Landing. Similarly,
with results reported in previous investigations, these results indicate potential acidity decreases
with depth.

5.3.4 Summary

Laboratory results indicate the top 1m of soil at AO1 has both actual and potential acidity, meaning
both unoxidised (PASS) and oxidised (AASS) material exists at this location. However the lower soll
horizons of A01 only contain unoxidised material (PASS) which decreases with depth. Laboratory
results also indicate PASS exists at A02, A03 and A06.

Adopting best environmental management practice, the ‘worst case’ scenario must be used for ASS
management of the study area. The environmental risk table in Queensland Acid Sulfate Soil
Technical — Soil Management Guidelines, 2002, provides requirements for treatment of disturbed soil
in locations where ASS have been identified.

The purpose of this ASS investigation was to assess the presence of ASS within the study area and
as a result was limited to eight borehole locations and a maximum depth of 4m BGL. This limited
investigation did identify both AASS and PASS within soils types 1 and 2. A detailed investigation for
both ASS and geotechnical limitations should be conducted prior to construction. This investigation
should provide an improved understanding of the extent and risks associated with ASS in the study
area and management measures necessary to mitigate any significant risks. An ASS Management
Plan (ASSMP) should be prepared as a part of the overall Project Environmental Management Plan.
Section 7.3.5 provides general management measures.
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6. Potential impacts

Potential impacts to land resources will largely result from the construction phase of the LNG facility
development, which will involve both onshore and offshore activities. The onshore construction will
mainly include construction of access roads, erosion control, vegetation clearing, earthworks and
terrain levelling of the construction site, foundation excavations for main equipment and buildings,
construction of the materials off-loading facility (MOF), installation of foundations, installation of plant
equipment, pile driving, fencing construction, commissioning and start-up activities.

The offshore construction will mainly include MOF construction, loading platform, mooring/breast
dolphins and catwalk, rock dock construction, ferry embarkation point, jetty and trestle construction.
Dredging activities will be undertaken by Gladstone Ports Corporation.

Using the information provided in the above existing land resource assessment, this section discusses
the associated impacts of the LNG facility development to land; specifically existing geology,
topography and geomorphology and soil resources.

6.1 Geology

6.1.1 Excavation

An assessment has been undertaken based upon the geological and terrain models for the study area
to establish the potential constraints and associated impacts relating to the excavation of the materials
that approximately occur within the upper 2.0m depth below natural ground surface level. The criteria
for the basis of the excavation rating assessment are outlined as follows:

¢ Rating 1 (low): Deep soil profile; some low strength extremely weathered to highly weathered
soft rock with soil-like properties may occur at low levels. Few excavation problems are
envisaged.

¢ Rating 2 (moderate): Shallow to medium-depth soil profile or gravely soils, underlain by
medium strength, highly weathered to moderately weathered rock, including closer jointed
closely fractured/jointed high strength rock. Rocky soils including cobbles and small to medium
size boulders may occur. Material present consists of more difficult excavation conditions.
Larger-sized excavators may be necessary to expedite excavation works.

¢ Rating 3 (high): Rock outcrops or skeletal to shallow depth soil profile underlain by high
strength moderately weathered to fresh rock, including wider jointed medium strength rock.
High strength rock-breaking capability or rock drilling and blasting may be necessary for rock
removal.

Based upon the excavation ratings criteria outlined above and reference to the geological (refer Error!
Reference source not found.) and terrain models (refer

Figure 4.1), an indicative assessment of the excavation conditions likely to be encountered within the
upper 2.0m depth below natural ground surface level are described in Table 6.1.
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Table 6.1 Geology description and construction classification

Geology Geological description Construction
excavation
DCcw — Wandilla Formation Mudstone, quartz greywacke, pale grey chert and Moderate to high

lithic sandstone (locally containing silicified oolites),
siltstone, jasper, chert and slate; local schist

Qhe/m — Holocene Mud, sandy mud, muddy sand and minor gravel Moderate
miscellaneous unconsolidated

sediments

Qa — Quaternary Alluvium Clay, silt, sand and gravel Low

Based on the geological information, Holocene-age miscellaneous sediments (comprising intertidal
and supratidal flats and coastal grasslands) are soft, low strength and can be easily excavated using
conventional plant. However due to the high water content of these sediments, it is expected that
excavations in these materials may be unstable unless suitably retained. These sediments may also
be considered unsuitable as a foundation layer beneath some structures (culverts, bridges,
embankments, etc) [refer to Section 7.1.1].

As these sediments are commonly associated with ASS where ground elevations are below 5mAHD in
the study area (refer Section 5.3), disturbing (excavation or filling) these sediments may lead to the
formation of sulfuric acid, releasing iron, aluminium, and other heavy metals. Rainwater or
groundwater can transport these contaminants, which may lead to degradation of the receiving
environment.

Where excavations in the low strength Holocene-age miscellaneous sediments or non-compact
colluvial deposits are proposed, suitable geotechnical investigations should be performed to assess
potential impacts. This information should be used to assist in determining the appropriate designs
and techniques to be used during construction (refer to Section 7.1.1). Furthermore, an ASS
investigation should be performed in accordance with Guidelines for Sampling and Analysis of
Lowland Acid Sulfate Soils (ASS) in Queensland 1998, version 4.0 (Ahern et al., 1998) [refer to
Section 7.3.5].

Although not mapped, colluvial material was encountered at the more than half the soil sampling
locations within the soil profile (refer to Section 5.2.1). Colluvial material is expected to present low
resistance to excavation as it exists in a non-compact state due to its deposition (i.e. scree [transport
down slope by gravity], landslide, creep or sheet flow). Stability of excavations in both alluvial and
colluvial profiles may present issues due to the presence of lower strength soils and relatively shallow
watertable. As such it is likely that temporary retaining structures such as sheet piles and/or shoring
boxes may be necessary, especially below groundwater level (refer Section 7.1.1).

The Wandilla Formation is expected to present a moderate to high excavation constraint due to the
predominance of rock at depth. As a result, rock breaking and/or blasting may be required for rock
removal. This type of excavation may have more significant (moderate to high) impact upon noise,
dust, vibration and the proximity of co-located infrastructure facilities than conventional methods (refer
Section 7.1.1).
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6.1.2 Seismic activity

A couple of minor (Richter magnitude 3) earthquakes have occurred in the Gladstone region. This is
confirmed by the Earthquake Hazard Risk classification of 0.05 — 0.10 given to Curtis Island. A
number of faults also occur adjacent to the study area. Given the known seismic activity surrounding
the study area, there is a risk of liquefaction which will be dependent upon near surface soil types and
density (Fugro Consultants Inc., 2009). Liquefaction will be a non-issue in areas with competent dense
residual soils or rock. Estuarine deposits, however, may be liquefiable (Fugro Consultants Inc., 2009).
The study area has a low liquefaction potential, however the design of structures should need to
consider the risk of earthquakes (Fugro Consultants Inc., 2009).

Should an earthquake occur during the life-cycle of LNG facility development, damage may occur. An
indication of potential levels of public nuisance and damage to infrastructure for the approximate range
of earthquake magnitude recorded in Queensland is presented in Table 6.2.

Table 6.2 Indicative levels of damage from earthquakes

Modified Mercalli scale Level of damage Richter
Scale
1-4 Instrumental to moderate No damage </=4.3
5 Rather strong Damage negligible. Small, unstable objects displaced or 4.3 -4.8

upset; windows rattle, felt by some people.

6 Strong Damage slight; windows, dishes, glassware broken,, 49-54
door swing, felt by everyone

7 Very strong Damage slight to buildings with plaster cracking and 55-6.1
brick falling
8 Destructive Cause much building damage and houses move on 6.2->8

foundations. Bridges twist, wall fracture, masonry
building collapse. Most buildings collapse from 7.4 to
7.9. When greater than 8, total damage with waves
seen on the ground surface and object thrown in the air

Source: http://www.ga.gov.au/urban/factsheets/20010919_15.jsp

The table suggests that structural damage could occur during earthquakes of Richter 4.9 or higher. In
such instances, damage to the LNG facility could result. A ‘worst case scenario’ would be that an
earthquake was of significant magnitude or duration to cause severe damage to the structures
associated with the LNG facility. Whilst such an occurrence may be statistically remote, the potential
seismic risk should be appropriately addressed during design.

6.1.3 Extractive Resources

The construction of the LNG Project and associated infrastructure will require the supply of
construction material such as cement, bentonite, lime, sand and rock aggregate. At this stage, detailed
quantities required are unavailable, as is the required quality and type of materials or where these will
be used.

Material requirements will be determined during front-end engineering and design (FEED) phases of
the Project. However, an assessment of likely material sources (i.e. quarries) has been undertaken.
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The quarry assessment identified numerous existing quarries on the mainland, the details of which are
provided in Section 3.4. Most quarries currently supply materials to local councils and communities for
road construction, maintenance and building purposes.

This assessment did not identify the material reserves associated with existing quarries. Australia
Pacific LNG does not plan to directly develop new quarries as part of the Project. However, new
quarries and expansions to existing quarries (operated by others) may be required with development
of the proposed LNG Project and changes to land and road use would potentially occur as a result. To
meet the demand of the Australia Pacific LNG Project, any new quarry would be required to undergo
an impact assessment as part of gaining a separate development approval prior to commencing the
activity.

6.1.4 Sterilisation of resources

No extractive industry or mineral resources are likely to be present within the LNG facility study area.
This topic, however, is discussed within EIS Volume 5, Attachments 6 and 7.

6.2 Topography and geomorphology

The proposed LNG plant is to be constructed in stages and will extend over an area of approximately
156ha and oriented in such a way as to minimise earthworks. This will result in significant study area
landform modification through stormwater diversion, vegetation clearing and earthworks (such as the
filling of the intertidal and supratidal flats to RL 6mAHD). This will lead to increased risk of slope
instability.

Development of the LNG facility will result in a number of changes in local drainage during
construction where stormwater will be diverted to a sedimentation pond located on the eastern side of
the study area prior to discharge. During operation, on-site stormwater will be diverted along the
northern and southern boundaries of the study area to a basin for reuse or discharged into Port Curtis
when basin overflow occurs.

The diversion drains proposed are trapezoidal channels with sloped sides (refer to EIS Chapter 11,
Surface Water and Watercourses). Where these drains are not lined (i.e. rock armouring and/or
vegetation), there is potential for soil destabilisation.

Landscape stability (i.e. landslip risk) can be an issue where a combination of certain soil and subsoil
profiles occurs on slopes greater than 20% or where there is an increase in water infiltration and
vegetation removal (such as during construction). There is no evidence of the landscape being prone
to landslip, but the assessment of erosion susceptibility (in relation to slope and vegetation removal)
and likely Project impacts, is presented in Section 5.2.4 and 6.3.2 respectively. In addition, large
volumes of excavated spoil produced during construction may not be suitable for reuse as backfill
material (i.e. ASS [refer Section 5.3]) due to settlement. Land clearing, altered landform and changes
to land use will also impact visual amenity (refer to EIS Chapter 7, Landscape and Visual Amenity).

The potential for overall impact to terrain is medium.

6.3 Soils

This section discusses potential impacts to soil resources within the study area from the construction
of the LNG facility based upon the soil assessment detailed above.
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6.3.1 Topsoil

Topsoil protects dispersive subsoils, is critical for erosion prevention and is important for revegetation
and weed management. Construction of the LNG plant may impact topsoils if it is not stripped and
stockpiled separately to subsoils and topsoil. Should soil inversion (replacement of topsoils with
subsoils) occur, and left exposed for extended periods, erosion would be likely. The risk for
operational impact would primarily result from poor rehabilitation or drainage management, potentially
leading to topsoil and subsoil erosion.

Based upon soil observations, topsoil varied in thickness at soil groups 3, 4 and 5, however the
average thickness was calculated as 0.2m. No topsoil was encountered at soil groups 1 and 2. As
topsoil is generally stripped down to the subsoil, site specific assessments should be undertaken at
the pre-disturbance stage to determine the appropriate removal depth and handling and stockpiling
requirements. Additional topsoil may therefore need to be removed from areas with substantial topsoil
depths to overcome this possible shortfall. A site-specific topsoil assessment should take this into
account.

Fertility of topsoils within the study area was low to moderate. As a result, additional nutrients
(specifically N and P) may be required during rehabilitation to improve topsoils, stabilise subsoils, and
support vegetation regrowth.

6.3.2 Erosion

The area of greatest potential impact to soils associated with the LNG facility development will be the
potential for significant soil erosion to occur. The construction of the LNG plant will require vegetation
clearing, which will lead to destabilisation of soils and leave these soils exposed to erosion. Follow-on
effects include undermining of structures, pipeline exposure, stream bank erosion (incision of a stream
into its banks), sedimentation of Port Curtis, decline in fertility through loss of soil structure and
increased dust generation.

Based on the erosion ratings (refer Section 5.2.4), soils which have the highest susceptibility to
erosion are groups 3, 4 and 5. These soils comprise the majority of the study area. Soil groups 1 and
2 have been rated with a low erosion potential due to salinity and landscape positions and in some
instances organic content, which helps bind soil particles and limit dispersion.

Where concentrated flow is proposed (including diversion of stormwater around construction areas),
the greatest potential for erosion impact will occur in unprotected (un-vegetated) coarse textured soils
and dispersive fine textured soils (refer Figure 5.2). This channelled run-off flow can lead to gully
development and increased sedimentation.

There may be follow on effects where waterway / drainage lines are not reinstated to their original
profile. Where this occurs, the bed substrate may erode sufficiently to cause indirect effects such as
bank collapse.

With the development and implementation of a comprehensive sediment and erosion control plan, soil
erosion impacts can be kept within acceptable levels during the construction phase. Given suitable
controls and ongoing monitoring, soil erosion impacts during the operational and decommission
phases are likely to be minor.

6.3.3 Salinity

With the exception of soil at AO4, subsoils located at groups 3, 4 and 5 were found to be either non-
saline or slightly saline. Soils located at groups 1 and 2 however were extremely saline and may be
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corrosive to civil structures unless additional precautions are incorporated. Such precautions include
undertaking geotechnical investigation of these soils to assess suitable corrosion protection
requirements.

Vegetation has a varying tolerance to salinity with only several species tolerating moderate to high
salinity (electricity conductivity > 8000uS/cm). Suitable handling (refer Section 7.3.1) will minimise
potential blending between non-saline and highly saline soils and maintain soil fertility.

6.3.4 Soil acidification

The pH of soils within the study area ranged between strongly acid to slightly acid with the most acidic
soils located in soil groups 1 and 2. The low pH measured in these soil groups are attributed to actual
acidity from ASS. If these soils are disturbed (that is, subjected to excavation or filling), they are likely
to become more acidic through oxidation of sulphides, which may potentially impact the environment
and affect civil structures through the mobilisation of acidic runoff and/or groundwater. The low
strength of these soils could also result in excessive settlement under the load of structures, services
and fill embankments and platforms if these soils were used as foundation material (refer Section
6.1.1).

A detailed ASS investigation should be undertaken and an Acid Sulfate Soil Management Plan
(ASSMP) developed to mitigate any potential adverse impacts related to disturbance of ASS (refer
Section 7.3.5).

6.3.5 Land capability

This assessment indicates 76% and 24% of the study area has been classified as Agricultural Land
Class C3 and D respectively. These soils are not considered GQAL. As the study area has a limited
use for agriculture, the LNG plant development is not considered to be impacting the current or future
agricultural use of these soils.

6.3.6 Dust

Once vegetative cover is removed, soils are exposed. When subjected to vehicular traffic, the soil
structure diminishes and the soils are more prone to generate dust. This is particularly notable in soils
with poorly structured A or B horizons, notably in soil group 5 where bulldust was noted (refer Section
5.2.9). Dust generation has the potential to cause ongoing problems as a result of increased traffic
during construction. Similarly on existing road, once there has been too much traffic and sub-grade
failure occurs, it is difficult to reconstruct roads by backfilling potholes because there will be poor sub-
grade drainage into potholes and reworking of the structure of the soils in the sub-grade.
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7. Mitigation measures

7.1 Geology

7.1.1 Excavation

The Holocene-age miscellaneous sediments are soft, low strength and can be easily excavated,
however must be suitably retained. Adequate foundation support (i.e. foundation piles, stone columns)
may also be required beneath LNG facility infrastructure. The stability of these sediments and
environmental impacts associated with the preferred construction method should be assessed through
geotechnical investigations prior to construction.

Where excavations in low strength Holocene-age miscellaneous sediments or unconsolidated colluvial
deposits are proposed, suitable geotechnical-investigations should be conducted to assess design
and construction techniques (and include ASS management techniques described in Section 7.3.5).

The Wandilla Formation is expected to present a moderate to high excavation constraint. As a result,
rock breaking and/or blasting may be required for rock removal. Blasting should be carried out in
accordance with relevant DERM guidelines and AS2885.1 to AS2885.5: Gas and Liquid Petroleum
Guidelines. Detailed geotechnical investigation should be undertaken to quantify the environmental
impact (such as increased dust, noise and vibration) in relation to excavation within the Wandilla
Formation, however it can be expected that the environmental impact would proportionally increase
with excavation difficulty. Further detail is provided in EIS chapters 13 and 15 — air quality and noise
and vibration respectively. Additionally, where this sort of excavation is carried out on slopes, a
geotechnical assessment of slope stability should be undertaken.

Rock spoil, where encountered, should be reused on the construction site, used for erosion control rip-
rap or disposed of at an alternative approved location (either on or off-site). Should there be a
deficiency of trench backfill material, then suitable material (certified weed and disease free), should
be imported. Excess material should be used for rehabilitation purposes or removed to an approved
disposal area.

In summary, site-specific geotechnical investigations should be undertaken to establish soil conditions,
including depths of near surface soils and environmental risk of acid generation, depths to rock, and
groundwater conditions to properly design foundations for the planned structures.

Appropriate construction practices that incorporate soil management, sediment and erosion control,
slope management, drainage line management and revegetation (refer Section 7.3), should be
implemented.

7.1.2 Seismic activity

A site-specific probabilistic seismic hazard analysis (including a ground motion and liquefaction study)
should be conducted to assess the risk and guide the design of the LNG plant. Guidance for the
design of structures is provided in Australian Standard/New Zealand Standard AS/NZS 1170.0:2002
Structural design actions — Earthquake actions in Australia. These standards are used in conjunction
with AS1170.4:2007, which sets-out data and procedures for determining minimum earthquake loads
on structures and related components. This Standard provides the minimum criteria for the protection
of life through minimising the likelihood of structures collapsing. Structures excluded from this
Standard should be designed in accordance with the appropriate standard relating to that structure.
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This Standard does not consider the effect on a structure of related-earthquake phenomena such as
settlement, slides, subsidence, liquefaction or faulting. During detailed design, geotechnical and
structural engineers should therefore specifically consider the risk of settlements, slides, subsidence,
liquefaction or faulting on people and property.

7.1.3 Extractive Resources

Extractive industry operations that supply material to the proposed Australia Pacific LNG Project would
be expected to implement mitigation measures to ensure compliance with their operating licence
conditions and undertake rehabilitation of extraction areas when extraction is completed. The
operation and management of these operations is outside the direct control of Australia Pacific LNG.
Australia Pacific LNG intends to work with industry to align with its sustainability principals (refer EIS
volume 1, Chapter 3 - Sustainability) The use of borrow material within the study area will necessitate
remediation and rehabilitation of treatments where practicable and required. This may include the re-
establishment of stable landforms.

To minimise the impacts associated with the extractive resources, the following mitigation measures
are proposed:

o FEED phases of the Project should quantify and qualify the need for extractive materials prior to
construction, as well as identifying the quality and type of materials required and the location at
which it will be required.

o The Australia Pacific LNG has not planned to directly develop new quarries as part of the
Project. Businesses which choose to meet the demand for extractive materials for the Project
and other developments within the region would be required to follow an approvals process in
accordance with applicable legislation.

¢ Existing quarries should be utilised where possible. However, these should be sufficiently
assessed during Project FEED phases to determine the size and local demand for the
resources to make an informed assessment on whether there are adequate resources to
service the communities and requirements of the Project, taking into consideration estimated
future demands of other CSG projects.

e Mobile crushers should be considered for use on the Project so excess rock excavated can be
utilised to minimise the need to quarry materials.

¢ Material used during construction will be reused where feasible to reduce the need for quarried
materials.

Environmental issues associated with the extraction of resources within Australia Pacific LNG
operating areas if controlled by Australia Pacific LNG should be mitigated through environmental
management and operation plans (refer EIS, Volume 4, Chapter 24, Environment Management Plan).

7.2 Topography and geomorphology

Unmitigated clearing and earthworks may have the greatest impact to existing landform through the
alteration of drainage paths and soil destabilisation. As a result, landform mitigation measures will be
subject to input from flood studies (refer to EIS Chapter 11, Surface Water and Watercourses) and soll
characteristics (refer Section 3.3.2).

The general mitigation measures listed below should be addressed throughout the Project to minimise
potential impact to water quality of Port Curtis due to erosion and maximise the stabilisation of soils to
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prevent potential erosion and sediment run-off, which will assist in minimising landscape impact.
Further practices for water diversion, sediment and erosion control are provided in Section 7.3. These
sections provide detailed mitigation measures which are also addressed in the Environmental
Management Plan (EM Plan) (Chapter 24 of this EIS).

Mitigation measures may include, but not be limited to:

o Redirect/divert surface water run-off from disturbed areas (that is, cleared sites and stockpiles)
and manage it to minimise concentrated flows, uncontrolled channelling or impedance of flow
(also refer to Chapter 11 of EIS, Surface Water and Watercourses).

¢ Implementation of sediment and erosion control measures, such as installation of sediment
dams, traps and fences to dissipate the velocity of stormwater which runs across the site (refer
Section 7.3.2 and the EM Plan within Chapter 24 of the EIS). Disturbed areas and stockpiles
which require rehabilitation or stabilisation should be covered with material such as geotextiles
or mulch in accordance with the EM Plan.

o Installation of bunding around possible contaminant areas including and wash down areas.

¢ A sediment and erosion control plan should be developed and implemented during construction
and operation (refer EM Plan within Chapter 24 of this EIS).

e Steep or very steep slopes (generally >25%) should be assessed by a geotechnical engineer for
overall slope stability as well as a site-specific water diversion, erosion, sediment and
revegetation plan.

e Measures given in Section 7.3.4 should be assessed for watercourse crossings.

7.3 Soil

Mitigation measures with respect to soil resources will be largely applicable during construction and
rehabilitation of the study area. Although the footprint of the LNG facility will be cleared, levelled and
remain occupied by infrastructure, some areas, such as temporary lay down, accommodation areas
and access tracks should be restored following cessation of use. General mitigation measures for
these areas are addressed below.

7.3.1 Topsoil and subsoil management

The following section outlines topsoil and subsoil management strategies to be implemented during
and following the construction of various LNG facility components for all land areas to be disturbed.
Management of these soils during operations should largely incorporate monitoring of erosion control
measures and rehabilitation. Measures will be outlined within the construction EM Plan. LNG facility
decommissioning and rehabilitation will involve the decommissioning and removal of facilities (refer
Section 7.3.8) and may incorporate the mitigation measures described below.

Topsoil stripping

Prior to the commencement of topsaoil stripping, areas should be cleared of vegetation. Vegetation
clearance should be minimised where practicable to reduce the potential for soil erosion and exposure
of dispersive soils. Vegetation which is removed should be stockpiled separately. There should be a
distinct break of at least 1m between the vegetation and soil stockpiles, and additional stockpile
storage areas accounted for any subsoil displaced.
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Following clearing, topsoil should be stripped. Any excess displaced spoil must be prevented from
mixing with topsoil. Further information regarding vegetation management is contained within
Terrestrial Ecology technical report or Chapter 8, within Volume 4 of the EIS. Selected vegetation
which is cleared and chipped may be used to provide a thin surface mulch to improve the topsoil
productivity and mitigate erosion.

Soil stripping should be undertaken in consultation with information provided in this report and
subsequent detailed soil assessments, including designation of recommended topsoil stripping depths.
In areas where both the topsoil and subsoil are to be removed, this material should be stripped and
stockpiled separately and be located as to minimise loss of material from water and wind erosion.

This is necessary to prevent blending of different stockpiled material (i.e. during rain events) as this
may impact the success of rehabilitation. The separation of soil groups 1 and 2 from soil groups 3, 4
and 5 at soil type boundaries should also be undertaken.

Earthmoving plant operators should be trained and/or supervised to ensure that stripping operations
are conducted in accordance with stripping plans and in-situ soil conditions. This will ensure that
suitable topsoil material resources are salvaged. Care should be taken during stripping, stockpiling
and/or respreading to prevent structural degradation of the soil and excessive compaction.

Stockpiling

Where practicable, topsoil material should be respread directly from stripped areas onto areas being
rehabilitated. Where this is not possible, topsoil shall be stored in stockpiles. Where excavation at soil
groups 1 and 2 is required, any stockpiles generated should be kept separate from soil groups 3, 4
and 5. Stockpiles should be located in areas that are outside the site disturbance area and at least
50m away from main drainage lines or significant overland flow paths. Drainage from higher areas
should be diverted around stockpiles to prevent erosion, while sediment controls should be installed
downstream of the stockpiles to collect any washed sediment.

Stockpiles should not exceed 5m in height and be positioned to allow for drainage and permit access.
Stockpiles exposed for extended periods should be deep ripped and sown with seed stock compatible
with local conditions in order to keep the soil healthy, maintain biological activity and minimise erosion.
Surface stabilisers may be used on soils which have been classified as erosive or dispersive and
exposed for prolonged periods. Topsoil stockpiles should be clearly sign-posted for easy identification
and to avoid any inadvertent losses. Establishment of weeds on the stockpiles should also be
monitored and controlled. Rocky surface materials should be removed and stockpiled separately from
other material. Information regarding management of weeds is included within the Terrestrial Ecology
technical report or Chapter 8 of Volume 4 of the EIS.

Respreading

Areas which require topsoil respreading are considered minor compared to other aspects of the
Project, however upon completion of construction, wastes should be removed, temporary access
tracks should be closed and soils should be replaced in the order in which excavation occurred. If
subsoil cannot be reused, then suitable backfill certified material should be imported. Excess soils
should be disposed of appropriately e.g. stockpiled for use in future rehabilitation or respread. During
the removal of soil from stockpiles, upper and lower sections of the stockpiles should be mixed to
spread seed stock and microfauna.

Topsoil application should only take place following initial reinstatement of the subsoil, compaction and
the addition of erosion control measures associated with an environmental management plan.
Topsoils should be respread over watered and scarified/ripped subsoils in even layers at a thickness
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appropriate for the intended land use of the area to be rehabilitated, however should be tapered on
slopes to account for downward movement.

Topsoil should be compacted firmly but left slightly rough to provide a suitable seed bed and
revegetation to be undertaken as soon as possible after topsoil respreading. Cross ripping of topsoils
may be undertaken to encourage rainfall infiltration and minimise run-off. On steeper slopes
hydroseeding and hydromulching may be used. General access should be restricted to permit
vegetation re-establishment.

Rehabilitation of disturbed areas should generally comprise establishment of a stable final landform
with revegetation as described in the Terrestrial Ecology technical report or Chapter 8 of the EIS,
volume 4. Drainage measures and remediation of soil fertility and structure may also be required.

As mentioned above, maintenance will be described within the EM Plan. It will outline watering,
fertilising, weed control, erosion monitoring.

7.3.2 Water diversion, sediment and erosion control

All soils which are to be disturbed should have sediment and erosion control measures adopted
throughout construction and rehabilitation.

The following measures are recommended:

¢ Divert water around the construction site. Within the site, divert water around excavations and
stockpiles.

e Construct sediment fences on the downhill side of the excavation areas
e Construction sediment fences around stockpile areas

o Where tracks go down slopes, contour banks should be used at appropriate intervals to produce
sheet flow rather than concentrated flow and directed to discharge at multiple locations at low
velocities and volumes

¢ Sediment and erosion control measures should be inspected on a regular basis, replaced where
damaged and emptied following rainfall events, if required.

¢ Clear vegetation progressively, so as to maximise the area of soil protection and minimise
disturbance.

o Create stable slopes and revegetate soon after disturbance.
o Topsoil stockpiles should be seeded or mulched (refer Section 7.3.1).

¢ Diversion sediment and erosion control devices can be put in place before construction
commences and should remain in place at rehabilitated areas until the area has stabilised.

e There should be a sediment basin constructed on the downhill side of the site on the uphill side
of drainage lines (refer to Chapter 11 of EIS, Surface Water and Watercourses).

¢ Routine water quality monitoring of pH, electrical conductivity, dissolved oxygen, redox,
temperature and turbidity should also be considered to ensure that water quality is maintained.

A comprehensive soil sediment and erosion control and monitoring plan (detailing the measures
described above) will be provided in the EM Plan (refer Chapter 24 of EIS volume 4).
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7.3.3 Slope management

Due to the slope steepness in parts of the study area, slope management control may be required.
This includes shaping where required to maintain slope stability and installing and maintaining
temporary sediment and erosion control (contour banks, diversion drains and silt fences). Where
clearing slopes adjacent to drainage lines is required (in particular at the southeast and southwest
corners of the study area), sediment and erosion control should be incorporated on the down-gradient
side prior to clearing, where practical. Clearing in this area should be delayed until construction at the
drainage line is imminent.

7.3.4 Drainage line management

A number of local drainage lines are located throughout the study area (refer Section 4.1) and
currently dissect the existing access tracks. As dispersive soils are located in the study area,
appropriate management of these soils around existing drainage lines and slopes is required in order
to minimise sediment laden run-off and impact to adjacent Port Curtis.

Temporary earth banks/contour banks or diversion channels may be installed along the slope on
approaches to watercourses, at the boundary between soil groups 1 and 2 and soil groups 3, 4, 5 and
adjacent to Port Curtis immediately following vegetation clearing. Where this is not appropriate, run-off
should be directed into silt fences installed at the perimeter of the drainage line down slope from
disturbed areas to prevent sediment from entering the drainage line. A buffer of vegetation adjacent to
the drainage line should also be retained until construction is imminent. If necessary, armouring can
be incorporated to minimise soil erosion.

Flow continuity along drainage lines where traversed by access tracks should be maintained through
the use of temporary culverts or pipes.

Routine and event-based (e.g. following rainfall) inspections of soils adjacent to drainage lines and
Port Curtis should be conducted. These inspections should aim to visually monitor erosion
immediately adjacent to the drainage lines and Port Curtis and evidence of sediment run-off. Routine
water quality monitoring of pH, electrical conductivity, dissolved oxygen and turbidity may also be
conducted upstream and downstream of the crossing to identify trends and water quality degradation.
A detailed water quality monitoring plan will be provided in the EM Plan.

7.3.5 Acid sulfate soil management

During excavation and/or filling at soil groups 1 and 2, the oxidation of PASS could occur. This could
result in the migration of acidic fines into receiving waters. As discussed in Section 5.3, further
assessment is required prior to the LNG facility development to assess the full extent of the ASS
hazard, determine treatment techniques (generally liming) for disturbed ASS and geotechnical
parameters. This investigation would be used to prepare a detailed ASSMP which should outline
techniques to be used for ASS management; neutralisation where alkaline materials (lime) are
physically incorporated into the soil and geotechnical recommendations regarding soil stability. This
section provides minimum mitigation requirements for ASS management at the study area, based
upon the limited assessment undertaken and recommended strategies within Queensland ASS
guidelines.

¢ Soil treatment, when employed should compensate for both actual and potential acidity. Note
that this material can be difficult to work, treat and dry and may contain variable levels of sulfide.

o Post-neutralisation, the target soil pH should be 5.5 or greater. Maintaining a pH greater than
5.5 can control leaching of iron and aluminium (Dear et al., 2002).
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Excess neutralising agent should remain within the soil until all acid generation reactions are
completed and the soil has no further capacity to generate acidity. Verification samples of the
treated soil should be collected and analysed to demonstrate compliance with the performance
criteria. If the performance criteria are not met, then the soil must be retreated.

The type of neutralising agent should be such that insoluble coatings of gypsum, iron and
aluminium are minimised. These insoluble coatings which inhibit neutralisation. Neutralising
agents should also be slightly alkaline, with a low solubility and have a pH ranging from 7 to 9
(Dear et al., 2002). These products will not flush-out with the first heavy rain event and have
minimal potential to contaminate surrounding waterways and groundwater (Dear et al., 2002).
The preferred product is fine aglime, CaCOs.

Treatment of ASS should be conducted on a dedicated treatment or liming pad, the exact
design requirements of which should be assessed during preconstruction geotechnical and ASS
investigations. DERM management guidelines provide an example of a liming pad which should
incorporate a guard layer of neutralising agent and a compacted non-ASS clayey material (0.3—
0.5 m thick) below the guard layer (refer Figure 7.1). Alternatively a physical barrier may be
used as an alternative to a guard layer of neutralising agent as a means of protecting
groundwater quality and preventing infiltration of acidic water; e.g. a bunded concrete slab,
paved area or layer of bitumen may be placed under a temporary treatment pad.

Stormwater run-off should be managed to prevent stormwater run-on into the treatment pad, or
from the pad into natural watercourses.

Sufficient space should be provided for the number of treatment pads required to allow
adequate drying and treatment of the ASS. Expected rates of drying, mixing, compaction and
treatment times must be identified. The earthworks strategy should also ensure that adequate
time is available to obtain the results of verification testing before treatment of the next layer
begins.

Accurate spatial tracking of ASS volumes should allow initial soil testing to be correlated with
prescribed treatment and any required verification testing.

Neutralising agents can be applied to artificial drainage lines in the treatment areas. This will
assist in neutralising acidic stormwater run-off. Silt fences should be used across the drainage
lines to capture and remove sediment. The neutralising agent should not be added to natural
drainage lines of waterways as these environments may be pH sensitive.

Treatment of acidic water maybe required, however should be assessed through the
development of an ASSMP. DERM recommendations for acid water treatment involve treating
with hydrated lime pre-mixed into slurry before adding. The slurry can be prepared in a concrete
truck, cement mixer or large vat with an agitator. Treatment effectiveness should be assessed
during and after treatment by in-situ pH (should be between 6.5 and 8.5), in-situ iron testing and
other laboratory analysis at a NATA accredited laboratory. Applying the slurry can include the
following:

— Spraying the slurry over the water with a dispersion pump.

— Pumping the slurry into the water body with air sparging (compressed air delivered through
pipes) to improve mixing once added to water.
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Figure 7.1 Schematic cross-section of a treatment Pad, including a compacted clay layer,
guard layer, leachate collection system and containment with bunding (Dear et al., 2002).

7.3.6 Revegetation, revegetation species and weed control

Revegetation issues are addressed within the Terrestrial Ecology technical report and Chapter 8 of
Volume 4 of the EIS.

7.3.7 Access tracks and dust mitigation

Dust mitigation measures should be implemented during the construction program. New access tracks
should be covered with a thickness of crushed rock appropriate for the sub-grade and for the traffic
proposed. Where access tracks are to be temporary and remain unsealed, the construction methods
should aim to reduce the exposure periods for non-vegetated areas and undertake revegetation as
soon as practical after construction. Vegetation removal should be limited to the immediate
construction area to minimise soil resource degradation (assist in retention of soil moisture and
nutrients).

Material being transported should be covered as required and speed limitation should be adopted to
minimise dust creation. Water can be sprayed from trucks onto exposed soils as required to prevent
dust generation. Water supplies should be of an appropriate water quality.

Where dust is of concern for established traffic routes (being maintained throughout the construction
period), some watering may be required in extremely dry periods, and in problem areas it may be
appropriate to remove additional soil layers down to the harder sub-soils.

Dust generated from soil stockpiles should be minimised by ensuring exposure time is minimised,
seeding with local stock or by adding mulch, applying water, covering stockpiles with protective
materials on stockpiles or exposed slope batters.

Where it is necessary to retain an access track where bulldust occurs (refer Section 5.2.9),
consideration to the laying of crushed rock and diversion of traffic should be given. This area should
be rehabilitated if disturbed by the LNG facility development.

7.3.8 LNG facility decommissioning

LNG facility decommissioning activities should comply with regulatory requirements that are in force at
the time of decommissioning. This involves the generation of a closure plan to be documented within
the EM Plan.

Individual items of equipment and the LNG facility should be decommissioned when its operation is no
longer economically viable. Reuse and recycling alternatives should be considered where practicable
which may include reuse somewhere else in the operation, sale or scrap. In areas where infrastructure
(i.e. roads) cannot be reused, the land should be rehabilitated to a condition that is consistent with the
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surrounding environment and local community and Government expectations at the time. This
includes the remediation of contamination identified from post-decommissioning land assessments.

The causeway for the MOF and the beginning of the LNG jetty itself will be left in place. This is
because the local benthic habitat and the associated flora and fauna will have adapted to its presence
over the 30-year operational life of the Project and its removal would result in a greater environmental
disturbance than retaining the structure insitu. Sub-sea piles will be cut off at the mud-line and the
debris removed for disposal on land. The dredged access channel will not be refilled as the resulting
environmental impact would be greater than leaving the channel to reach a natural equilibrium.
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8. Summary of environmental values, sustainability
principles, potential impacts and mitigation measures

A summary of the environmental values, sustainability principles, potential impacts and mitigation
measures in relation to waste management is presented below in Table 8.1.

In addition, Table 8.1 includes the residual risk levels for land management. A risk assessment has
been undertaken to identify the potential risks, causes and consequences to land from the LNG plant
development. Mitigation measures to reduce the risk have been nominated and the residual risk has
been calculated. Further details on the risk assessment methodology are provided in Volume 1
Chapter 4.
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9. Limitations

This assessment of soil conditions within the study area was based upon government supplied
information and a limited field assessment. It does not constitute a detailed investigation that can be
used for engineering purposes. The information provided in this assessment is directly relevant only
to the points in the ground where the samples were obtained at the time of the assessment,
considered indicative of field conditions and appropriate to the scale of the study area.
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Appendix A  Abbreviations and Glossary

Abbreviations

AASS Actual acid sulfate soil

ASS Acid sulfate soll

Ca Calcium

CEC Cation exchange capacity

Cl Chloride

DERM Department of Environment and Resource Management
DNR Queensland Department of Natural Resources
DNR&W Queensland Department of Natural Resources and Water
DNRM Queensland Department of Natural Resources and Mines
DPI Queensland Department of Primary Industries
EC Electrical conductivity

EHS Extremely high strength

EPA Environmental Protection Agency

ESP Exchangeable sodium percentage

Fe Iron

FEED Front end engineering and design

GQAL Good quality agricultural land

HW Highly weathered

K Potassium

LS Low strength

Mg Magnesium

MS Medium strength

MW Moderately weathered

Na Sodium

P Phosphorus

PASS Potential acid sulfate soils

PAWC Plant available water capacity

SAR Sodium adsorption ratio

S04 Sulfate

SW Slightly weathered
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TAA Titratable actual acidity

TKN Total Kjeldahl Nitrogen

UT™M Universal Transverse Mercator

VHS Very high strength

XW Extremely weathered

Glossary

A horizon The original top layer of mineral soil divided into A (typically from 5 to 30 cm thick;
generally referred to as topsoil with a high content of organic matter, dark colour and
maximum biological activity) and Az horizons (usually 5 — 70 cm thick; similar texture to A4
but paler in colour, poorer in structure and less fertile).

acid soil Any soil with a pH of less than 6.5.

aggregate (soil)

A unit of soil structure consisting of primary soil particles held together by cohesive forces
or by secondary soil materials such as iron oxides, silica or organic matter. Aggregates
may be natural, such as peds.

alkaline soil,
alkalinity

Alkaline soils have laboratory measured pH values >8.5. Alkalinity may inhibit the growth
of plants.

alluvial terrace

Former floodplain which either no longer floods or rarely floods due to deepening or
enlargement of the stream channel.

alluvium Sediment deposited from the transport by channelled stream flow or over-bank stream
flow.

andesite Fine-grained volcanic rock composed of andesine (plagioclase) with one or more mafic
constituents.

apedal In the moderately moist to moist state, none of the soil material occurs in the form of peds;
it is massive or single-grained and when disturbed, separates into fragments or primary
particles.

ASC Australian Soil Classification—It is a multi-category scheme with classes defined on the

basis of diagnostic horizons or materials and their arrangement in vertical sequence as
seen in an exposed soil profile.

available soil water

That part of the water in the soil that can be absorbed by plant roots that can be held
between field capacity and the moisture content at which plant growth ceases.

available water
holding capacity

The ability to hold that part of the water in the soil that can be absorbed by plant roots.
Available water is the difference between field capacity and permanent wilting point.

B horizon The layer of soil below the A horizons, usually of finer texture (i.e., more clayey), denser
and stronger in colour. Thickness ranges from 10 cm to 2 m thick and is divided into B+
and B, horizons.

bolus A small handful of soil which has been moistened and kneaded into a soil ball which just

fails to stick to the fingers.
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boundaries (soil)

The boundary between soil horizons defines the nature of the change from one horizon to
that below. It is specified by two terms—one a measure of the width of the transition zone
between the two horizons, the other a description of its shape.

C horizon Layers below the B horizon which may be weathered, consolidated or unconsolidated
parent material little affected by biological soil-forming processes.

Cainozoic Geological period 65 million years ago to present.

Chromosol ASC Soil Order classification—Soils with a clear or abrupt textural B horizon where the
major half of the Bzhorizon is not strongly acid (i.e. >pH5.5) and non-sodic (can be sodic
at depth).

clastic Rocks built up from fragments of pre-existing rocks generated by weathering and erosion
and transported to a point of deposition.

colluvium Unconsolidated soil and rock material transported largely by gravity (i.e., mass movement:
landslide, mudflow, creep or sheetflow), deposited on a lower slope and/or at the base of
a slope. Does not have bedding structure such as alluvium and is has more variable grain
size.

Cretaceous Period of geological time, 144 — 65 million years before present.

deltaic Sediments deposited at the mouth of a river where it enters a lake or the sea.

Dermosol ASC Soil Order classification—Other soils with Bzhorizons that have structure more
developed than weak throughout the major part of the horizon, generally non-sodic
subsoil, generally gradational textured soils (gradual boundaries).

Devonian Geological period 395 — 345 million years ago.

Ferrosol ASC Soil Order classification—Soils with B, horizons in which the major part has a free
iron oxide content greater than 5% Fe in the fine earth fraction (<2 mm). Soils with a
Bohorizon in which at least 0.3 m has vertic properties are excluded.

fluvial Material deposited by rivers and streams.

fore-arc A forearc is a depression in the sea floor located between a subduction zone and an

associated volcanic arc.

fossiliferous

Fossil containing rock formations.

gilgai

Microrelief associated with soils containing shrink-swell clays.

granite

A granular igneous rock composed chiefly of felspar (orthoclase) and quartz, usually with
one or more other minerals, as mica, hornblende, etc.

granodiorite

Plutonic rock consisting of potassium felspar, quartz, plagioclase, biotite and hornblende.
Granodiorite is an intermediate between quartz, monzonite and quartz diorite.

gravel The amount (visual abundance estimate) of gravel-sized (>2 mm) materials that occur on
the surface and in the A horizon and include hard (when moist), coarse fragments and
segregations of pedogenic origin.

gravely Over 60% of surface cover consists of gravel (2 - 60 mm).

GSG Great Soil Groups of Australia (as defined by Stace et al 1968), described in terms of
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morphology, genesis and land use.

Holocene Present geological epoch which commenced 10 000 years ago.

Horizon A layer within the soil profile with morphological characteristics and properties different
from layers below and/or above it.

Jurassic Geological period 295 - 135 million years ago.

Kandosol ASC Soil Order classification—Other soils that are lacking a strong texture contrast and (i)
have well-developed B, horizons in which the major part is massive or has only a weak
grade of structure, and (ii) have a maximum clay content in some part of the B, horizon
which exceeds 15%.

Kurosol ASC Soil Order classification—Soils with a clear or abrupt textural B horizon and in which

the major part of the upper 0.2 m of the B, horizon (or the major part of the entire B,
horizon if less than 0.2 m thick) is strongly acid (i.e. pH<5.5).

lacustrine sediment

Sediment mass deposited from transport by waves and from sediment solution and
suspension in still water in a closed depression on land.

Lithosol GSG classification—A shallow soil showing minimal profile development and dominated
by the presence of weathering rock and rock fragments. Lacking horizons other than an A,
(one layer only).

loam A medium, textured soil of approximate composition 10 - 25% clay, 25 - 50% silt and
<50% sand.

melonhole Irregularly distributed large depressions within soil surface, usually greater than 3m in

diameter.

mottled horizon

A horizon in which mottle abundance is greater than 10% (visual abundance estimate)
and contrast between colours is distinct and prominent.

mottling The presence of more than one soil colour in the same soil horizon, not including different
nodule or cutan colours.

oolitic Sedimentary rock consisting of ooids

Palaeocene Period of geological time, 65 — 54.8 million years before present.

paludal Sediments that accumulated in a march environment.

paralic Sedimentary basins developed in marginal marine environments, i.e. lagoons, littoral
basins.

ped An individual, natural soil aggregate.

Permian Period of geological time, 290 — 248 million years before present.

Pleistocene First epoch of the Quaternary period, from 2 million years ago to 10 000 years ago.

Quaternary Period of geological time covering the Holocene plus the Pleistocene. Up to 2.6 million
years ago.

red earths GSG classification—Massive, reddish sandy profiles with a gradual increase in clay
content with depth over a diffuse to gradual boundary.

Rudosol ASC Soil Order classification—Soils with negligible pedologic organisation. They are
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usually young soils in the sense that the soil forming factors have had little time to
pedologically modify parent rocks or sediments. The component soils can vary widely in
terms of texture and depth.

sheet erosion

The removal of the upper layers of soil by raindrop splash and/or runoff.

silt

Fine soil particles in the size range 0.02 - 0.002 mm.

skeletal soils

Thin soils.

Sodosol

ASC Soil Order classification—Soils with strong texture contrast between A horizons and
sodic B horizons which are not strongly acid.

solum

The upper part of a soil profile above the parent material in which current processes of soil
formation are active. This is where the living roots and other plant and animal life
characteristics are exhibited.

structure (soil)

Is concerned with the arrangement of all soil particles and refers to the distinctness, size,
shape and condition of the peds.

Tertiary Period of geological time, 2 — 65 million years before present.

texture A measure of the behaviour of a small handful of soil when moistened and kneaded into a
ball (bolus) and then pressed out between the thumb and forefinger.

topsaoill A part of the soil profile, typically the A4 horizon, containing material which is usually
darker, more fertile and better structured than the underlying layers.

Triassic Period of geological time, 180 — 230 million years before present.

Vertosol ASC Soil Order classification—Clay soils with shrink-swell properties that exhibit strong

cracking when dry and at depth have slickensides and/or lenticular structural aggregates.
Although many soils exhibit gilgai microrelief, this feature is not used in their definition.
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Appendix B Summary of field data and results

Australia Pacific LNG Project EIS Page 72 March 2010



“S¥001 3152q U0 PUNO, e
51105 s painionas snssew jo
uoisosa
Sasseib Lous asieds ‘Ejexs punoio fews “suonisod adols somo]
wo wapina sdosIN0 WO -
wot-G Aroisiopun . ) SUOReININOOE APUES U0 ueq aBeuesp Jo
Uoisaso AN aARoY - () tosopny 51001 93 Auew ‘SyuawBe) 05100
SOUCHS QORJINS JEPUNGY - woz Adoue z z (HH) onsep “(F1) onosouy € A UBPUNTE O [ ) - 51105 Apues yym sadojs oniueIB uo 9z £0-00 8| Bumno - suy sbeuiesp 60HE
s aoepns uepunqy 110) oo YoqUG g paney (HH) 2158 ‘(PH) d10s0u S-3AUEPUNGE ‘0710 OZ (/5 MAS™L) S X0[dnp MOJIOK B.2 paje0sSY 16901 UM UONE90']
SUUgep 3964NS uEPUNGY -
-mouRu Wb pajjods pajuess-Uowi]
feinien -
MOlI2yS Ym Sadors au) uo sos
¥o[dnp oRIow MoJoA JIPIE pieH
5001 01529 U punoy
18 5[105 Ypea painoNS anssEL!
“suoisod od
S R— Or9900 1o o s suonsod odos B
Sauols a0Bpns uEpUNGY - wot-G Aioisiopun ke ) At ) Aonesd (9546) 50 ® 51001 Ao spiowbey o5120n haes a0 4105 foues 2 500
Sugap B0BpNS JUEpUNQY - oz Adoue z z o1 () wnipaw :(08) L . o sedofs oued uo siios xeidny - 80H8
o - 10y Uado YIoGUOY wo P 1050808 () potl {92) 54 Auew ‘01 'Q 92 (1€ ¥AOL) 1s o idnp. 20 S0-c01g|
“wnf pejjods pojuess-uowe] neuans ‘(ga) W as1200 0 Auew ‘010 20 (91 HAS)
i sadols auj o sijos xrdnp
Pomtow MoljaA aipioe pieH
couots vo SR £0 ® ‘01 2152 U0 PuNO} 2l
sessi s exeds s unaio L0Hg U sonue 1001 -4 e ‘suowBoy
SaUOlS 99pS uEpUNaY - (obs Homepin i 251000 §-4A Juepunge 29 £0-500 2]
feimen - oz Adoueo € € omod g umoniun - ' - '01'0:29 (119 ¥AOH 500 @ 197 500-00 1] LoHa
Js@10 uado yiequos pei panea]
-mosseu ‘wnb pepods pejueos-uowe {30 osoany SWwowBe 51800 04/ JuepuNGe
1010192 (2/€ WAL ¥o[dnp poiow MojoA JIpIE pieH
‘$¥001 958 U0 PUNO} 3%
51105 s painionis snssew jo
59SELD o asieds Ereas puneso seae [lews “suoisod adojs Jamo|
soucr soeyms wepunay - O o oot Eemstso® ouos u suonenuIo2® fpues uo 2 bove i -
feinieN - 15010 Buibusy v 4 () tosopn (43) oeng ' 51001 4 M} ‘SyuawGeY ) 108 fpuce i sadors nesd vo 20 ¥0-20 &V U uoneao 90Hg —
(symenny eonejerepy) yeqiaded 051200 W47 M9} ‘071D Z (815 ¥AS 2) 97 20-00 1| [
snoinpuad ‘winf anjq puersuaend =
Xe|dnp pajiow moljak JpIoe pieH o
o.
3
‘401 0152 U0 PUNO} a1 =3
51105 YD PRINIONS ONSSEUI 10
Sassel6 Lous asieds ‘ejens punoio L0HE U sonuejws SoUOIS U0 [esnya) £0 ® seale |lews “suoysod adojs Jamo|
Souors 596 uEpUNaY - woy-g Aoisiopun U0 paseq uondysseD ) SuoneInWIN9oE ApUES U
s soeyns wepunay - woz Adoued \ V ‘uozuioy g umouyun . V - s1001 S10s Apues yum sadols oNUe5 U 20 £0-00 v/pdors Wby uo uoneso] soHa
1emeN 158404 uado yuequol pes penee] A UoWWoo ‘SuswBel) 951800 s xeidnp Mojiok a1 pajeIoossY
-mossew ‘wnb payods pajusos-uowa] A3 tosounyt §4108PUNGE "3 °Q (1/S YAOL) j0s wreo]
Molles U Sadols U U0 S10S
¥o[dnp paiow MojoA JIpIE pieH
[esnjai ) anp umouyun ‘001 2152 U0 PUNO} ase
e 0 o U 105 ea poronss snsssus jo
5955216 i0us 8s12ds EIeilS PUNOIO B - N jews “suopsod adols Jomo]
pristiin § seuols uo [esnyel €0 D s1001 9 U108 Ul SUOEINWINDOE APUES U o 5010 8
einien - woz Adouen e B ot () s () K V 1004 0 A ‘Suoues ssieop 3 AU SIWOUBE 951000 S 4 S10s Apues yum sadols anueid uo oo g voHE
Jsauoj uedo Yioquoi poi poreo) 1) Alonest Aian ‘(g) wipaw S-3AWepUNGE ‘07 °T Z0 (1 tiAg'Z) WEPUNIE 010 OZ (WEUAS L)
-Mossew ‘wnb payods pejueos-uowa]
() losowioD ‘(wv) pai
[ (3v) oudonsfp ‘(ng) owes
S6U0IS U0 [ESNy) 50 ©
SasseI6 Lous asIeds ‘ejens punoiS L0HE U sonuejs
wot-g Asojsiepun U0 paseq uoneoyssED (€7 8AOL €0 D
SR SRS Y wog Adoued L L Uozuoy g umouun . L - 'SUUES OAISSEL 818 PAEIN0SSY 2 50-€0 2v) coHg
feimeN 15610 uado yiequay pes pene] 10019 51105 weo| pakalb AjBuons Jeno Z €0-00 Iv|
-Mossew ‘wnb payods pejueos-uowa] 03 rosouny -4 1UBpUNGe ‘SiuaWBeY 951200 Ko BUORI9-UOU BUIIES MOIRYS
S-4 AuBw Y18 Q12 (112 ¥AOL)
Sasseib Lous eiess punoig L0HE U sanue S9UOIS O [esnye) 20 © sease feubiew ui s10s xeidnp
asieds wg Aiojsiapun 4o paseq uonedSSeID JelLIS pue S10S Xeidnp pue
soues oyne opunay - st fdouety \ V ‘uozuioy g umouyun . v - s1001 SULES SISSEW 912 PaIEOSSY 79 z0-00 V| 20Hg
feameN 158104 uBdo yiequOI pes perea) W UoWILI0D ‘SjuswIBey 51200 5108 Weo| pafalB AlBuoxs Jon0
-moueu ‘wnb payods pajusos-uows] «(nyl) 1osouny §-0 Auew ‘0710 129 (1L ¥AOL) ‘shefo Bupfoeso-UoU BUIIES MOJleYS
(@5 ¥A0N 01 @
sasselb ous asieds ‘ejeis punos () oresepow § ‘sease jeulbiew
vous asieds s purcio (0) hokeo (1) Aol T (128r01) 500 ® st etcn e poe 20 vi-oL eg
e - O e ‘() Alene Aiesapow 20 (oMOW §/8 MADL M Z/8 HASD) 20 ® 1001 P EpUGE S108 ¥a|dnp pue ‘sLpuea anssew 20 01-L0 Z8 1som oty
eimeN " 10¢ Adoued v ' “(g) wnipaw () fosounyt ' oA P a2 paenossy ‘siios weo) 02 L0-€0 18 o iou) auroun s 10H8
@ém& e poe by (&) uwosa ‘(80) oisaubew si001 A Moy swewbey SOOI . N u\w pokol AlBuoxs Joro shefo 29 €0°500 2v)
-mosieu ‘wnb pajods pajueas-uowa] "(@H) 9108 POMION 951800 44 M3} 19 TN 190 16 Jourw 1UEPUNE ‘070 ZO (@5 BAOH BuocI>-uouoUIEs MONEUS 29 500-00 1Y)
Ui OZ (BMIOW 8/ BAS'Z M £/ AOL)
re€2Z L €21 (966L112a51) €zt 110sgns f10sdo (1ogu| sejoN uopeso]
sdojs  ssepp neaiyisse|y [EEJE] Buncox ¢suonduasag paid 0} nduosag j1og nd. uopesoq
2 jJueujwopaid  uresa) 110§ uelensny abeuiesq  Bunsixg 9sie0d ‘90Ua}SISU0D ‘aINjONs ‘ainjxe}) uondudsaq 110§ 0 ydag  uonejejouio) adA [ j1og adA 10§ paddepy  |eauag pue uozuoH uopeso eidwes |esousn
UopeuLiou] odesspuET| Kiewuing [10S UopeuLIOU] [E1oUBD

ejeq piald

LajgeL v xipuaddy

A812usd g S821N0S3L

suosJaedAslaOoN %



(€12A9)80@
. sease jeulbiew
So55E18 1oy asieds Eiels punoio (N s1e10poN (N) &S (N) (@5 ¥AS2) 90D (05 xorin sers poe z 01-80 28
w Aioissopun “(H) Alones6 Ajaresopo si001 1y S0 Xoldnp puE ‘SyIEe oAISEL 0z 0-90 g sdotspiu o
esnieN - woz Adoued 06611 1SI3  6BL'SY E2S - w ¢ ' ‘UL () o503 ‘(@) a i 51001 0u (£/8 AS) §'0 ® A Aue ‘SiuawBey 951600 -4 500 saA b potoosey ios weor 07 5050 28 fonec i consren aiHg
Jsa10} uado yiequai pas panea] umosg ‘(ga) aisaubeny Uowwo ‘0710 129 (1 ¥AOK) y 97 §0-500 ig|
-Mosseu ‘winb pajods pejueos-uouwe “(8H) 1pos pomiol s1001 pofelB fiBuoss ono skel> B
payods pal 7 (8H) 1pos pomion . o Bupposio-uou sulIes MolIeUS 29 500-00 1]
47 Mo} ‘SiuBWIBRY 351200 47 M3} ‘LS “Td
‘140 10Z (9MOW 9/ MAOL M E/% HAOL)
umouyun
5955216 L0uS 9sJeds ‘Ejeis punoio uozpoy g jo widep . sease
wg Aoisiopun (viodr0 00D JeuBiew Uy 10 Xeidnp Jejus .
— woz Adoued . N 51001 04 Auew ‘syuewBey oo - Pue 105 XaIdnp pue ‘suee Z UL 8 e
[BimeN Jsouoy bupuy  HEELISKE BeLSEes 4 4 4 A “(N) A “(H) Aloneit ! v 281200 -4 UOWIND 43 ' Z (D UAOD fuouy syuowbes asions 00 A SnISSew ase palenossy 'SIIos Z £0-900 2v| e ojjuencly L8
(sieny eonejeiop) yeqioded A@1e10popy '(v) UL 0S) o " weo| pakelB AlBuoas jano Z 500-00 1Y)
‘snojnpued ‘win anjq puelsueent |0s0pos ‘(gy) Umoig “(da) 4 '07°a:Z (€ yAo ‘Skep BUDDEIO-UOU BUIES MOJIEYS
[oweuosai ‘(1v) oudosisia
Iesnjou o onp umouyun
sasse5 Yoy BSUGP -EleAs PUNoIS somodae e seose [eulbiew
prgr i © $1001 U0 [esnjol 50 ® oo 05 xoydnp sepus pue
wog Adoue: 418 - Kakep ‘(N) Ais ‘(H) Aienesb -4 UoWW ‘sjuswibey 8sIN0o e, xoidnp pu ‘suuee onsseul 9 go-£0 g oD opieA
0€ Adoued - \ZZLLIGI3  ELOGH EZS 4 ' ' d ' S1001 4 Mo} ‘SuowBey osinoo |y Swowbey W €0 A a2 pale0sSY SI1os wieo] Z £0-00 v| poleasun oy usoelpy 9HE
Jsau0 uado yiequos pes ponea Aleresopous (g) wnipow 704 4 10} S0 -3 UOWIOD 44 T Z (2/5 AL
P b -3 UoWWod 'dA "SN 14 ‘T O (pfy MAOL) PpakalB AiBuons sano skep
-Mossew ‘wnb payods pejueos-uowa] N3 1osoany ‘(gv) 5
) upjoe1o-Uou aulles Moljeys
umosg '(ga) orsoubeny
(8H) 91PoS pomon
9001 01529 U punoy
18 5[105 Gpea paInoNS BnSsEL!
. (90U 115 YAOL M 9IE ¥ASZ) 80 © 1o Gout s -suoieod sdos
ses5216 ioys esieds :ejeus punoig () deep (0) (We¥A) 10D 19MO| aU0S Ul SuoEpWINOR .
\ 9z 0'1-50 2
sou01s 096y wepUNGY - woy-g Aioisiopun oferp (1) hweol(3) foneid swawbey s o ot foues o oz gbs0
Buea onoaps - woz Adoued b2z L IGIA  2U9SHEZS m n z z A (@) wnpow (30 a i 051200 4 AUBW 107 (98 YASD) 60 ® si001 Vo soA sodo omuaesd o s oD % goreo siva
[eInIEN - Jsai0j uado yiequail pai panea] fosounyj () umosg '(3v) 947 Auew ‘sawbey 851200 1 ook 16 peterossy -syeets e
-Mossew ‘wnb payods pejueos-uowa'] oudonsiq ‘(ng) oused SwowBe) 951800 -1 UOWWOD ‘01T IZ (L/Z ¥AOL)
i~ UowWwoo ‘I3 “1d ‘LS ‘0 :0Z (v/ ¥AS) e e ol
wed i sadols auy uo
pamow moljok
Sasselb Lous asieds ‘Ejens punoio () oresepows -
woy- Aossiopun (N) s () Auseoy . 51001 -4/ 1WEpUNGE ‘SpUsWBEY
Sugep oINS JuEpUNaY - §1001 94/ 1UEPUNGE ‘SjUSWIBEY 951800 - 5
V00 Sanns DUy - W0z AdoUBD 616011613 8LV 6ZS " 4 ' V (9) Afonesb (g) wnipaw | v A vaapunas O G 162 (s a1 851200 §-24A JuEpUNGR zo0 son SUED SNSSEW 912 PaIEOSSY T Ta e ol oreaetpe voneoon viHg QO
Jsa10y uado yiequos pai panea] (H) [osowoy? ‘(8Y) ‘010197 (817 ¥AS'L) 51105 Weo| pakelB AfBuons jono 3
-moueu ‘wnb peyods pajusos-uowe umoig ‘(4v) olydoniska ‘shep Bupeso-uou sulies mojleys o
sesse ous ssuep s puncio esnjor 01 0np umouun S9UOIS O [esnye) £0 ® oo e s Koy =2
ot uozuoy g pue v Jo wdap, Jells pue s10s xo(dnp pue soon =1
wog Adoued 99011 1GL3  BLEWY TS ENN w z ' | v - 51001 94 uowWD €0 soA SULES OAISSEL 012 POIeOSSY 992 £0-00 Y] qu0n p o1 aoeipy g
158104 uado yiequas pai panea SiuewBeY 851109 §- UOWILIOD 51105 Weo) paKkalf AjBuOAS Joo
i +(HD) losowoiy) e
-MoLeu ‘wnb payods pajusos-uows 'dN ‘SN '¥d ‘0 :09Z (9/£8AS 2) ‘shefo BupoesO-UOU BUIfES MOJ[eYS
5955216 10US 9sJeds ‘ejeis punoI9 () doop () s ) A . sease jeubiew
SauOls 0pns uepunaY - wg Aoisiopun (o Aranaid (o) o5 H08) $1001 47 uEpUNGE ‘SuawBe) 51001 -4 WepUNGE Jepis pue sjios xajdnp pue 2 or-vo 8
Buieal oNI92I9S - woz Adoued  €29°0L 1513 £L8'VHEZS M w z z looomes (o) oo () | V 051000 §-4A JUBPUNGE 42 “PoaIEaM “SuwBey 951200 §-4A vo soA SULED SNSSEL D12 PaEIOSSY AN ZiHg
feanieN - Js010} U8do aBqUOL PBI PonEs] p °0:0Z (Mo 8/2 ASZ M 9/E ¥AG'Z)  JUBPUNGE 0710 129 (/€ HAS) 'S1105 weo| pafalb AjBuons seno
° oueuqns (8q) sssubeny
-Mosseu “wnb poyods pojueos-uowa] Shepo BUNORIO-UOU BUIES MORYS
Sasself Lous asieds ‘Ejens punoio ZLHg Wi soney Sou0IS U0 [esnyes 0 ® Sease jeuiBiew ul siios xoidnp
Souols oS JuEpuNaY - woy- Ascrsiopun U0 paseq uonedyssED Jequis pue sijos xoidnp pue 26 £0-200 1]
bupesp anales - woz Adoued  GegOL1S1a  LL0°GY TS m 2 € L woziioy g umowyun . M L - 1001 -4/ WepUnGe €0 BN LB ONISSEU 316 Paje0ssY HEANA Likg
Jesnie - 15840} uado yequol pai paneal ‘SjuewBel) 981800 S-AA 108 weo| pakalb A|Buons Jero dl 200-00 0]
-MoLieu ‘wnf papods pajusos-uows] «(0s) 1osopos UBpUNGE 01 'd Z9 (212 ¥AOH) ‘sAefo BUPDEIO-UOU BUIIES MOJ[EYS
“Sy001 2152q U0 pUN0, e
5055846 Hoys esieds ‘ejens punoio LOHE UM senuenwis S8U0IS UO [BSMYEI £°0 B
woy Aoisiepun U0 paseq uoneayssED
Sugap 2oepns uepungy - .
oo woz Adoued  zypLLISLE  bELSYELS - F ' ' wozuou g uwowyun . I L - s1001 47 0 e 25 £0-00 V] oiHe
Jse10j uado yiequau pas ponea| Uowwos ‘SuawBe 251200 S-4
-mosieu ‘wnb pojods pejuess-uowe] A1) tosoany 1WEPUNGE "1 ‘0 20 (115 BAOL)
Molleys UM Sad0IS ) U0 SII0S
Xa(dnp PaNiow MoJoA JIPIE pieH
5001 01524 U0 punoy
. 1e 5[105 Ypea painonS anssEL!
Seuols uo [esnyo: €0 © Jo sease ffews “suoysod adols
Sasself Lous asieds ‘Ejens punoio dA) 0s paddew uo peseq
woi-g :Arcisiopun Juoneoysssero ‘esnjes oy anp (915 ¥AOL) 20 ® e w0 A A
SUqap eoepNS JuRPUNQY - " o A ipues uo s|os Apues 29 £0-20 2v|
oo - woz Adoved  GL9'LL1GL3  £09'SK EZS MN n ' V UmMOUYUN BiNIX8) 105ANS. | V z0 son L sodors ot a0 oos RSO It a60HE
Jsal0j uado yiequon pai panee] 51001 -4
> . xajdnp moljoAase pajeossy nds uo uoneso]
-mosseu ‘wnb pajods pajusos-uows] Liosounyy Juepunge ‘SuawBe 251200 S-4
WUEPUNGE ‘01 °A Z9 (¥/€ YAOL) SIS0I0 Sos w0 Slos weal
b molleys Um s3dols oy uo SIS
¥o[dnp aIow MOJaA JIPIE pieH
an
bupseg Bunynog MISNWNOS ve€cit €2} (9g6Loas) _ dA d IMA MY €2 4 Inosqng Josdoy (198w S8joN uopeso]
Uonisod 3dojls  ssep neolyisse| Uoisoig Buncox llosdo} ¢ suonduosag plaid 03 nduosag |10g . uopesao
) 110D SO jadsy  odojs jueujuopaid uleusy| l10g uelEnsny oBeujeiq  BupsIx3 9SIE0D ‘90UBISISUOD ‘BINJONLS ‘DINjXe}) uoRdIIISaq 110§ jouideq  uopele|oLio adAL 10§ adA] log paddepy  [esauaD pue uozuoH uoneso oidwes  |essusn
Uopewiioju] odeaspue] Kiewnung [105] UoNeuiIo)u] [e10UsD

ejeg piald e} ajqel v xipuaddy

A812usd g S821N0S3L

suosJaedAslaOoN %



PajeuIwa) 8j0y210q 0'¢ D
SwawBey ssie0d
doop fion 04 M9} “1dS 1SS ‘14 °Q (MOlA) 22 ® sease [euBiew ui 5105 xoldNp
“okeo “Refero'u (AH) JERIS puB §(03 XBKInp puz 97 0e-£0 zg) siey
feanien - - 200111613 ¥80'Gy €28 - - 4 3 L P e d L LS (jow ebueso m usaiB/keio) 1L B - - soA ‘SUyIEB GNSSEW 218 PajeIossY s0v
0s03pAH (1) 1paeicns e Ay 97 £0-00 18|  prw UM uoneooy
(o) snoaor (10w 016 m MOIRA) £0 D SAep BuORIO-UOU BUIIES MORYS
SluawBe 251200 -4 AUBW ‘| SA
“1dA ‘I3 'TOW :(S) 8wos) OZ (abuelo yieq)
pajeuILwa) sjoyaioq 0y ©
‘$¥001 9ISEq U0 PUNOy Bse
(1ow pou m he19) ¢ @ $110S Yo poinoNAS oASSEU Jo
- oo e e suosod acor owe)
X “Kokefo ‘Roeo'u) (AH) Glow ouum m A WE 02 guquipey asseon 5-4 uepunge ©LIOS W SUONEINUINDIE puEs Lo o7 0%-10 18 Sjey pw
feanien - - ovILisla  Lrsyess - - Fl L v ; d v en g T - oN e 109
10501pAH ‘(3) [epesdns 1415 4n ‘G 0z (tow 1SN "84 1O 529 (K16 yieq) $79 1'0-00 2v| 01191 U voneao
() snoeo UMoI/oBUEI0 M UBBIBEIB B 0} ®
SiuwbBey) 951800 4 M5 Td "LSA
13 10N 207 (10w umoIg/eBUeI0 M A21D)
Aoneib Kian ‘wnipaw JelLIS pue S10S Xeidnp pue e
jeanien - - \2r0L 1813 2e0SK EZS - - 1 ' L “(AH) 1050IPAH ‘(MO) 4 v \ - - soA SR GNISSEW B1E PAIER0SSY 075 §20-00 19 90v
PN UM uoneso]
fepIul (N3) PUINS 51105 Weo) paKkalB AlBUOAS Jono
SAep BuNORIO-UOU BUIIES MORYS
sauois U0 fesnjal 0°) ®
M(pou) 60D
. sease jeuibiew ul
aiesopou ‘wieof
oue: IS PUe S/ Xoidnp pue
emen- : weiisa  swewss 6o . s ' P e a ' cemolso® - - - ‘pas s 3 poserey o0 01-20 28 o
fosoipAH (3) iepnedng SwwowBe; 5,000 §- Auew “1d 'LS 4 51105 Weo| parkalB AfBuons a0 07 20700 18| Pnuw Ul uoreoo]
(V) snoeo ‘OIS 20789 (10w aib m umosg) 70 © Shepo BuoRO-UOU BUIES MOIRUS
d'1S
‘44 ‘0 (9 pue § ewos m) 07 (£eib yieq)
—
o
3
suojspues o pajeuLB) BjoysIo §'E © o
7d LS 'S95U8] %001 poIoUIEaM HLS T
Sasse16 LoUS asIeds ‘ejens punoiS 0028 (jous umoigrebueio m £a10) £°¢ © Sease jeubiew ui sjos xaidnp o
wg Aojsiopun (0) 10s0pos ‘(av) . JBILIS PUE S0 Xe[dnp pue ozs ge-ce zg eose Apmis. S
” p 1001 4 M8} 1 'L D P
feanjen - wog Adoued  Z6G'0L 1513 208'v¥ €25 - - Fl b ' umoig “(40) onewssdAy d ' - - sep 'SyLIES BAISSEW B PajeIossy 07 £€-90 za| uyuming easy 1aloig YOV —_
Jsau0 uado yiequos pes panea] ‘(ov) oydonosepy I S1105 Weo) pakalb AfBuoas om0 97 90-00 18] 2pIsino uoneso]
-mossew ‘wnb payods pajueos-uowa] IdS LS ‘HLS ‘OWTS (S pue 9 ewos) Shefo BuoRO-UOU LIS MOIRUS
97 (10w umoigjaBueio/pa: m A219) 90 ©
sjo0s 4 Auew 1d ‘LS ¥
‘(9 pue s 99ei M) 07 (UM0IG/ABUEIO)
sdelio0 9l0ye10q £'0 ®
Sease jeulfiew i S110S Xednp
doap ian hakep “Kakep 1001 37 AUBW IS “LSA WA JElLIS pUE S10S Xaidnp pue
. ) ) p | _ _ } 0z £0-20 zg| stey
eanien €ZIL1S1A 6Ly EsS 1o Fl ' L U (AH) 1050pAH (M3) d L M 07 (1ow umoiq iep m Ae1) 20 © soA SUES BNSSEW 318 PajeIDOsSY o 70-00 cal pnw um oneson ov
epnesdns ‘(n3) opuing 51105 Weo) paKkalf AjBUOAS Jon0
1001 SAepo BuoRIO-UOU BUIIES MOIRYS
47 AUBw 1S "LSA ¥4 10N 07 (umosg)
Swowsey
951200 3 JUEPUNGE “1dS 1SS ¥4
'Q:029 (ow A816 M umo1q/eBUBIO) 0°Z B
ISLLD
oWIs 9L ®
doap kion kakep ok . .
eimeN - - SYELLIGa  OvO'SrETS €0 - Fl ' ' 14 (AH) 10501PAH “(13) d v ausouef - - oA 'SUIED GNSSEW 01 PaI0SSY 929 o0 Tl oo v uononcs 20v
epnesdns ‘(13) olpying + (1ow 8BuBI0fuMOIq M ABIB/ENIE) 'L D) S1105 Weo) parkalf AfBuoas Jon0
Shefo BUNORIO-UOU BUIES MORUS
susoser 50 ®
ME0D
1SN "IdA
147 IO 07 (10w payumoiq m Aeubjanig)
paleuILIe) 81040100 0'E ©
(10w umoiq m pex) Z'Z @
doop uowsey sease feubiew ui s10s xaidnp
fuan ‘weo) Aokep ‘Kakep 051200 <A JUPUNGE ‘1A ‘M 2097 ~ ~ g s pue sifos xeydnp pue 09z 0€-b'L z8 sey
femeN - - WZLLISIE  rho'Syezs vo - 4 + 4 141 “(AH) 10504PAH “(M3) d ' (10w K216 2P M UMOI/BBUEIO) ') D e e oy poreiosey SO vzl 28l powuyum uopeoon Lov
51105 Weo| PakalB AIBUOAS Jo0 9z Z1-00 18
epnesdns ‘(13) olpying
Shep BUNDRIO-UOU BUIIES MORYS
sj001
4°7dS ‘1S I0W 1§D (26 WE1) 71 ©
¥4 1S 1d "0 :0Z (4216 ueq)
an
bupseg Bunynog MISNWNOS ve€cit €2} (9g6Loas) _ dA d IMA MY €2 4 Inosqng Josdoy (198w S8joN uopeso]
Uonisod 3dojls  ssep neolyisse| Uoisoig Buncox llosdo} ¢ suonduosag plaid 03 yidep) uonduosaq |10g| . uopesao
) 110D SO jadsy  odojs jueujuopaid uleusy| l10g uelEnsny oBeujeiq  BupsIx3 9SIE0D ‘90UBISISUOD ‘BINJONLS ‘DINjXe}) uoRdIIISaq 110§ jouideq  uopele|oLio adAL 10§ adA] log paddepy  [esauaD pue uozuoH uoneso oidwes  |essusn
UopeuLiou] odesspuET| Kiewwing (108 UopeuLIOU] [E1oUBD

A812usd g S821N0S3L

suosJaedAslaOoN %

ejeg piald e} ajqel v xipuaddy



jore1
uosssaideq
adols Jomo
adojs a|ppIN
adois Joddn
1010
uopysod adojs

0o5=8%08

S3LON - BJed PIdld :q| dlqeL

UBIH 4
sjesapopy €
Mo z
veld |
800/ JueUILIOpaId
UbIH € aiones €
wnipoly z aje1opoy z
Mo L JouIn L
ssejo uieLa] uoisoig
v xipuaddy

881000
wnipapy

z>uoskuso

2

pautesp Aood 1o
pauiesp Aiood

pautesp Aoapiadul
paulesp fjom Ajalesepopy
pUIIp [l

pautelp Apidey

s1apinoq abue
sispinog
sauols
019900
joneIB 95100
jones6 wripapy
jonei6 ouly
weuwog
Juepunqy

>uos<ousoBoma

ejenfen M Keid
181D 808YNS. ) seinuess
Bunies pieH H Buous o} ajesopoy
BulyoINUIes w ajesapow o} Yeap
BuppeIO o Buons
SON IOW jeispopy
Islow uBls 10N 1S Heam
Kia a
opseld AlBA  TdA
onseld
onsed ApyBlS  1dS
ise|d-UuoN TdN
Kyons AiBp ISA
Apns is
Axons Apubls 1ss
Apons-UoN  ISN
pibry ™ 1ead duql4
Buons Alsp  MISA )
Buons 1S s
wiyAiep 1A Aeid
iy 134 weo
yeam/oigeus  ud pues os1e00
Neom Aion /oiqeuy KIoA  MAA pues auiy
eso01 01 pues
oousJsistio)

A812ua g sadinosal

suosiedAsajaopn E

OW

Im
ainjonis.



o1pog A|Buons SsS aulles Ajgjesapoly SN a|qeulwIa}apu| [SEIgRIIN] pu
004+ 030/(,;eN)  dS3 oIpog s sulles Alpwenx3  s3 aulles Aublis ss 0s paddew o} uostedwoo IR KOS o v
[z/( ‘Nms: +( &mov_ A &mzv uvs 2IpOg UON SN aulles AlybiH SH auljes-uoN SN 1o} ybnous desp pa}oa)|0d aq jou pjnod ajdwes [10S x> sen|eA paje|noje) "
S31ON
9011 110 v'0Z € 85 | 58z Ss 9L s3 08882 0v0¢g [ 4 6002/L0/E} L'1-0'L/80Y 80V
188 610 vl L [ vl 182 SS ) s3 5L0.2 0582 6L z 6002/0/%} 9'0-G'0/20V 10V
zl'zh 020 953 61 98 Il 9'6¢ SS 769 s3 0095 008/ 97 | 6002/.0/v} Z°0-1°0/90V 90V
SLEL 010 8'6C €l L 10 8vE SS Ly s3 Glesy 0LLYy L'l z 6002/20/71 1°1-0°L/S0V S0V
vy vZ0 90} €l €6 [43 vz SS £Gh SH 2E6E 1 029} 8'9 € 6002/L0/E} 1'1-0'L/vOv Y0V
09} 2€0 ST S0 It zl gL SS 1z¢ SN SEYS 2€9 172 € 6002/L0/E} 9'0-G'0/v0V Y0V
9072 010 68L 8C 96l 61 €01 SS 99, s3 00811 0021 6¢ z 6002/20/% 1 9'0-5°0/£0V €0V
16761 600 €ee vl 8 L0 SEy SS 99/ s3 G82.5 0£09 €g z 6002/L0/E} 1'1-0'L/20v 20V
€291 800 1'9¢ ol z6 10 9Lt Ss §'G. s3 SIvlS 0509 Y 4 6002/0/E} 9'0-G'0/20V 20V
S9'1C 710 5’85 z 8l 8l 1°GL SS 6. s3 06£16 0296 (A2 2 6002/20/E} 1'L-0°L/LOY 10V
T 100 18 €0 [a53 €0 1'0¢ Ss 692 S 8liy SO S z S 6002/0/8} 0'1-6°0/8LHg 8LHg
vLL 100 Lg 7’0 [A%3 €0 9.2 SS 102 Ss Sree 68¢ 8y | S 6002/L0/8} S'0-'0/8LHg 8LHg
19'0 500 60 S0 1Y Z0 IS SS 851 110 0602 SN Zve o 6G 9 S 6002/20/81 50'0-0°0/81Hg 8LHg
190 500 60 S0 Ly 20 95 SS 19l SN 9.2 62 z9 [ [ 6002/L0/81 0'1-6'0/LHg L1Hg
910 85L z0 70 z 61 L€ SN [ 161°0 096 SN vzl €l 66 LT v 6002/0/81 S0'0-0°0/2LHg JIE]
a 100 g€ 10 zl 10> 991 Ss 622 Ss 892 €6¢ S z S 6002/0/% 1 S'0-7'0/91Hg 9lHg
¥50 920 [ 80 v's vl 98 S oLl 6110 [ SN 9sz) orl €G 90} S 6002/L0/% 1 1'0-0°0/91Hg 91Hg
££°0 500 S0 €0 vy z0 v's SN €6 SN 06¢ 2 1'g [ z6 € 6002/L0/81 0'1-6'0/5LHg GLHE
€20 850 S0 90 z9 9¢ 1 SN Sv 610 0561 SN 8y St €g Z0l € 6002/0/81 1'0-0°0/S1Hg GLHg
SN 291 L1 9'9 [ 1) € 6002/L0/61 9'0-G'0/7LHE (Gl
600 26T z0 80 ST €L L0} SN 61 €410 099} SN Iy Iy g9 8y € 6002/0/6} 1°0-0°0/7LHg [E]
1€°0 5oL S0 Z0 z €€ 19 S Z8 050 088 SN 226 16 €9 L € 6002/.0/%} 1°0-0°0/€LHg €LHg
S20 800 €0 10 9C Z0 €€ S 1’6 SN (253 2 LS | € 6002/L0/61 0'1-6'0/2LHg [E]
100 95} Z0 S0 89 90} 18l SN 1l 80"} 0581 SN 26¢ 8z g9 zzl € 6002/0/6} 1'0-0°0/2LHg ZIHg
500 26T 1°0 70 (3 L 86 SN 01 €L°G 0912 SN [ €5 €9 8 B 6002/.0/61 20-1'0/LLHg L 1Hg
al €Ly 10> Z0 gl Z9 8 al al 1'vC 0.2 SN 0T 092 9 9L € 6002/L0/61 20°0-0°0/} L HE L LHg
Se0 Sz0 €0 10 [ €0 gl Ss L9l 710 [ SN zLL 0z 9 L) S 6002/0/6} 1°0-0°0/0LHg 0LHg
a 080 10> v'0 ) 80 X3 al al 8LE0 0181 SN 05¢ ST 8s [ S 6002/0/6} 1'0-0'0/960Hg g60Hg
010 610 10 70 9l €0 [x3 SN [ 00}°0> 066 SN ¥9€ 9z 66 9T S 6002/L0/61 1'0-0°0/60Hg 60HS
220 100 Z0 10> Sl 10 61 S S0l SN zhL €l 79 | € 6002/L0/6} §'0-9°0/80Hg 80HE
700 e 10 €0 6¢C L €01 SN 0l 2980 0.6¢ SN 05 o¢ 6G 7’9 B 6002/.0/6} 1'0-0°0/80Hg 80Hg
€20 vyl 80 60 56 L€l 612 SN ze 10€ 8'G S 6002/20/61 50°0-0°0/20Hg L0HE
€20 00} 7’0 7’0 6C 6C 99 S 1’9 SN 58z 3 €9 € v 6002/L0/6} 0'1-6'0/90Hg 90Hg
020 260 €0 S0 (23 [43 [ SN 9G 810 005 SN z8l €l €9 59 v 6002/.0/6} €0-2'0/90Hg 90Hg
820 €70 20 10> L0 €0 zl SS 191 1€1°0 (32 SN Slz [ 1’9 S8 S 6002/20/61 1°0-0'0/S0HE SoHE
90°0 96'0 1'0 Z0 9z ST Sg SN gl SN 085 19 z9 z S 6002/L0/6} €0-2'0/y0Hg ¥0HE
500 891 1'0 v'0 8T L'y 3 SN €l 9z€'0 092 SN .S [ €9 6G S 6002/0/6} 1°0-0°0/¥0Hg yOHE
SN 085 19 86 z S 6002/20/6} G'0-'0/E0HE €0HE
Sv'0 €20 v'0 z0 €l €0 1z SS 06l vEL0 05¥ SN g8y 1S 9 88 S 6002/L0/6} 1'0-0°0/€0Hg €0Hg
1€°0 610 €0 v'0 ol €0 9C S Sl 810 025 SN 99 [ v'9 9L S 6002/L0/L} 1°0-0°0/20Hg 20Hg
100 L S0 86 10> [ SS zZoy SN 1£05 685 S z S 6002/20/6} 0'1-6'0/L0HE L OHE
100 € 7’0 €0} 10> L€l SS 612 SS 85T [253 S | S 6002/L0/6} ¥'0-€°0/L0HE E]
vyl €0 S0 o €T L'y S v'9 98v'0 0251 SN 08¢ of 9g ze S 6002/.0/61 50'0-0°0/L0HE L0Hg
- - 100 100 100 100 100 - L Z 0z - - g L0 - - - [0A87 uoloeleq Aiojeioge] Aigpuooeg
- - L0 L0 L0 L0 L0 - - S0 0c - - } (XY - } - |one7 uoposleq AiojeioqeT Kiewnd
- - - - - - - - - - - - - - - auifeping
S3 SH Jequinu
boou/bew Bogi/bew Booi/bew  Booy/baw  Booy/bew  Booi/bew Booi/bew  SS 'S'SN % bwbw  bybw ‘S 'SS ‘SN wo/s h wo/s1 - syun Hd ssejn % o spun
Bt 0,00
eN Yl B ey «(ds3) d NML Uo|SI9AU0D © paup)
onel JuU32Idad WnIposg X sse| jJuauoH
VS B/eo suopeg ajqeabueyoxgy 232 Ipos 19 yoxg SjuBLINN 3|qe|ieny 6:103) 203 o3 Hd  uosiewg anjsioly dnoug j1og uoyeso
ejeq |ednjAjeuy| ajeq ajdweg 9|dweg

ejeq |eonfjeuy jo Alewwing :Z a|qe] Y xipuaddy

A819ud 78 s23IN0S3I

suosiedAajaopn




1> 0l> 200> T | T 1 I T _ 1 I [ o> 200> | 200> S 3G 0 Zr9 _ 1e9 6002/20/EL 110 L/L0V
. | | | ._ 0 09  z¥9 6002/20/€L G8°0-G2'0/0V
| 0 99 G629 6002/20/1 9'0-6'0/20Y
i 0 Zr9__ Gv'9 6002/20/E1 GZ'0-1°0/20V
i 1> 01> 200> gl o i i o 820 9Ll 88°0 62 S0°0 200> z> 8'9 0 0.6 229 6002/20/E1 1°0-0"0/90V
. | € 67, Gl 6002/20/7L 0°1-6'0/50Y
| | ] € 00, /59 6002/20/7L G8'0-G2"0/S0V
| | € 2T, 869 6002/20/71 9°0-6'0/S0Y
i e i H i i € 6L, €L 6002/20/7L G2'0-1°0/S0V
i } 6£G G609 6002/20/€L 9'€-6'€/70V
[ | [ 02G &8¢ 6002/20/€1L GE'€-GZ E/YOV
[ | 0 ¥6G G966 6002/20/€1L 1'€-0°E/v0V
[ 0 ¥6G 019 6002/20/€1L 68'2-GLZ/YOV
. 0 0 0 e 0 0 0 0 29 609 6002/20/€1 92-6'2/70V
. | - i i 0 G8G 686 6002/20/€1 GE'2-GZ 2/YOV
. | | ] 0 6,5 109 6002/20/€1 1'2-02/h0v
| 0 819 129 6002/20/E1 G8'L-GL LIYOV
. _ . . _ . - e e 0 /86 1€9 6002/20/E1 916 L/F0Y
. 0 ) 6002/20/E1 GE'L-GZ L/YOV
. 0 109 1€9 6002/20/E1 1'1-0°L/vOV
i | 3 9% 866 6002/20/1 G8'0-GL 0/v0V
. 0 9v'G___ 1ES 6002/20/E1 906 0/70V
0 99Z 26 6002/20/€1 68'0-G.'0/S0V
85 042 €Tl gl Y9/ A 200> S 6'G 0 8Zy _ I1G 6002/20/E1 9°0-6'0/£0Y
1> 01> 200> Gl 29'L 010} 90'S 01> 200> 200> z> L8 0 69 0CZ 6002/20/E1L 1°0-0°0/E0V
1> 0> 20°0> Sl 0> 200> 200> € 6'S 0 296 8§ 6002/20/E1 1'€-0°€/20V
0 i o i i 0 2lS 296 6002/20/€1L 68'2-GL'2/20V
1> 01> 20°0> ¢, ¢ - = = - . = | 01> 200> | 200> z 1’9 ) €S 667 6002/20/€1 9262120
| ._I 0 0SS 91§ 6002/20/€1 GE'2-GZ'2/20V
z ¥4 €00 gl | | 61 €00 200> z> €9 ) 109 8§ 6002/20/E1 1'2-02/20v
| ”_ i 0 /29 ¥€9 6002/20/E1 G8'L-GL'L/Z0V
1> 01> 200> Sl €0 98l €60 61 €00 200> z> 8’9 | /L9 G¥9 6002/20/E1 916 L/20Y
) ¥SY _ or'v 6002/20/E1 GE'L-GZ 1120V
[} ¥SL G20 Sl Sl €20 200> 6 v'S z €9z 9/¢ 6002/20/1 1'1-0'L/20V
| z 29¢ I8¢ 6002/20/1 G8'0-G2°0/20V
0¢ 90% 590 Gl i | 06€ 290 €00 9l 67 [4 vz 2l¢ 6002/20/€1 9'06'0/20V
. - - . i Bl € A 6002/20/E1 GE'0-GZ 0/20V
6 0zl 610 T | o o o e | 610 | 200> [z 8'G ] 96V G9'G 6002/20/1 1°€-0°€/L0V
+ | | | [ 19¢ 22§ 6002/L0/EL G82-G1Z/L0V
8 201 910 s | | | zol 910 |_I 200> z> Z9 z 69¢  €€§ 6002/20/€1 92:G2/L0V
He L | ! oy 28 6002/20/€1 S82-522ILOV
3 of 90°0 Gl | 6¢ 900 | 200> z> ) z 08¢  Ge§ 6002/20/€1 1'202/L0V
€ /0€ _ 0LS 6002/20/€1 G8'1-GL'L/LOV
8 10} 910 Gl 66 910 200> z 9 z IR 6002/20/1 916 L/L0V
3 yI'E 9 6002/20/1 GE'L-GZ'L/LOV
95 2 zl T | | ez L1t | €00 [ 67 € 861 007 6002/20/) 1'1-0°L/L0V.
| 3 ] } 98¢ 0S¢ 6002/L0/E} G8'0-GL°0/L0V
€L 2.6 9G'} gl 816 TSL %00 €2 L'y € GEC  G9Vv 6002/L0/EL 9°0-G°0/L0V
L 0} 200 S0 200 200 200 [ 200 100 [ 100 [ 200 200 Z L0 L L0 L0 Jwr] uopoejeq Kiojeioqe
1/€008D By 1/ +H 8jowl S% 3 S% S % S ojhd %1/ +H ejowl S %|S e1Ad %1/ +H 8jow €008 %| 1/ +H sjow S %| S ewhd % 1/+H sjow jun HA - Jun Hd jun HA| spun
{PaqIASIp Seuto]
000} <) BLI9}LID UOHIY - 8661 PUBISUBANY
ul (SSV) SII0S 3e4nS pIoY pueimo]
- 8L £0°0 b - o o o 9 o o i o €00 - 8L - - - -| 4o sisAieuy pue bujjdwes Joj sauljaping
CVET-ST (ZV6L-E)

(roz (roz Ayoedey Ayoedes  (zvel) (azz (de2

(spun (syun (eg0z)  (99€2) -s)inyns -e)unying  (aroz) 6u 6u Ayoedeg| -e) unyng -s) Auproy

Aypioe)  unyns)  uoped| unyng 9| Inyngd|  dqnjog  dIqnjog  inyng|isliesnaN IsliennaN Bul alqionpay (gzz) inyng lenjoy

Awpy  Aypioy ssousuliqejoenx3 qepoenx3 POV ISN POV ION  djqnjos pY pIoY IsijenaN| wnjwoiyd  2|qIdnpay|  alqeleslL lenoy  (vee) a)ey  (xod)
ajey Bujw BN BN ONV 19H IOM - olpyins - Ayipioe  piov 1aN| - alpyins - Ayipioe proy] - Aype wnjwouyg| - olpyins  ajqejenil [9M Hd| uonoeay Hd  (d) Hd

Bupunoddy aseg pIdY ‘3-¢€0v3| Rp1dY pauielay ‘a-¢€0va uisSilenaN pIoY :9-¢€0v3| KpdY [enusjod Aup1oy enjoy| sisAjeuy bujuasidg ajeq adweg

A813ua g s32IN0S3l

eje( |10S 9jeyng pIdY jo Alewwng :¢ d|qe] Vv xipuaddy SUO0SA “m >0—_.-°;




“J9jowesed Jejnorued e 1oy pajsa) Jou sem yoiym ajdwes e sajeolpul |N
“euajuo/aulepinb paiidde anoge siajeweled sajeolpul Bunybijybiy moje A

Jajoweled jey) 1o} eSO ou sajous( -

S31ON
- 1> 01> 20°0> gl 0 629  2¢9 6002/20/€1 1'€-0°€/80Y
i 0 €9 119 6002/20/€1 68'2-G/'Z/30V
i 0 /19 29 6002/20/1 9'2-6'2/80V
| 0 €€9  G1'9 6002/20/€1 GE'2-GZ'2/30V
1> 01> 20°0> T | - I n n n 1 o> 200> 200> z> v'9 0 8L 10L 6002/20/1 1'2-0°2/80Y
i | 0 19, 8Tl 6002/20/€1 G8'L-G/'1/30V
. 0 0L, 1€l 6002/20/1 9'1-G'1L/80V
0 68, €69 6002/20/E1 GE'L-GZ'1/30V
1> 01> 200> | €20 Syl €0 | 01> 200> 200> z> 19 | o €69 699 6002/L0/€L 1'1-0°1/80V
[ 0 ¥S9 29 6002/20/1 G8'0-G2°0/30V
. ] 0 059 059 6002/20/€1 9°0-6'0/80V
0 €9 v¥9 6002/L0/E} G£°0-GZ 0/80V
1> 01> 20°0> T | | o> 20°0> 200> € 6'G 0 619 08 6002/L0/€} L -0 ¥/L0V
I T - I I - - 0 €99  9€9 6002/20/1 G8'€-GL'E/L0V
. 0 ¥29 609 6002/20/1 9'€-G'€/.0V
0 259  G6§ 6002/20/1 GZ'€-1L'€/L0Y
1> 01> 20°0> S | 01> 200> 200> 3 6'G 0 €69 /66 6002/20/€1 1'€-0°€/0V
[ | 0 ¥.9 166 6002/20/<1 G8'2GLT/L0V
. 0 899 629 6002/L0/€} 92-G2/L0V
L] 0 G669 009 6002/L0/€L G2'2-1'2/L0V
1> 01> 200> Gl L ] 0 6L,  G¥9 6002/L0/€L 1'2-02/L0Y
[ | b ] 0 ¥8,  8€9 6002/L0/€L G8'1-GLL/L0Y
I L ] 0 18, %99 6002/L0/€L 9'1-G'L/L0V
0 0z8 919 6002/L0/EL SZ 1L LILOV
L 0L 200 G0 200 200 200 [ 200 100 [ 100 0 200 200 Z L0 L L0 L0 Jwr7 uopoejeq Kiojeioge
1/€008D By 1/ +H 8jowl S% 3 S% S % S ojhd %1/ +H ejowl S %|S e1Ad %1/ +H 8jow €008 %| 1/ +H sjow S %| S ewhd % 1/+H sjow jun HA - wun Hd ypun Hd spun
PaqINISIp SouUo}
0004 <) LIB}1ID UONIY - 8661 PUB[SUBIND
ul (SSV) SII0S 3e4nS pIoY pueimo]
- 8L £0°0 b - o o o 9 o o i o €00 - 8L - - - -| 4o sisAieuy pue bujjdwes Joj sauljaping
CVET-ST (ZV6L-E)

(roz (roz Ayoedey Ayoedes  (zvel) (azz (de2

(spun (syun (eg0z)  (99€2) -s)inyns -e)unying  (aroz) 6u 6u Ayoedeg| -e) unyng -s) Auproy

Aypioe)  unyns)  uoped| unyng 9| Inyngd|  dqnjog  dIqnjog  inyng|isliesnaN IsliennaN Bul alqionpay (gzz) inyng lenjoy

Awpy  Aypioy ssousuliqejoenx3 qepoenx3 POV ISN POV ION  djqnjos pY pIoY IsijenaN| wnjwoiyd  2|qIdnpay|  alqeleslL lenoy  (vee) a)ey  (xod)
ajey Bujw BN BN ONV 19H IOM - olpyins - Ayipioe  piov 1aN| - alpyins - Ayipioe proy] - Aype wnjwouyg| - olpyins  ajqejenil [9M Hd| uonoeay Hd  (d) Hd

Bupunoddy aseg pIdY ‘3-¢€0v3| Rp1dY pauielay ‘a-¢€0va uisSilenaN pIoY :9-¢€0v3| KpdY [enusjod Aup1oy enjoy| sisAjeuy bujuasidg ajeq adweg

ejeq [10S 9jeyInS PIdY Jo Alewwing ¢ ajgel v xipuaddy

suosiedAajaop

A813ua g s32IN0S3l




Volume 5: Attachments
Attachment 7: Geology, Topography, Geomorphology and Soils Assessment -
LNG Facility
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W Worley Parsons Appendix B Laboratory

Analysis Plan

resources & energy

Sample Emerson pH/EC TKN/P CEC and SCR (ASS) HOLD
Class exchangeable
Cations

BH01/0.0-0.05

BHO01/0.3-0.4

X
BH01/0.9-1.0 X

BH02/0.0-0.1

X |IX X X |X

BH03/0.0-0.1

BHO03/0.4-0.5 X

BH04/0.0-0.1

BH04/0.2-0.3 X

BH05/0.0-0.1

BH06/0.2-0.3

BH06/0.9-1.0 X

BH07/0.0-0.05

BH08/0.0-0.1

BH08/0.6-0.8 X

BH09/0.0-0.1

BH09B/0.0-0.1

BH10/0.0-0.1

BH11/0.0-0.02

BH11/0.1-0.2

X X |IX|X|X|X

BH12/0.0-0.1

BH12/0.9-1.0 X

BH13/0.0-0.1

X

XXX X IX XXX |X|IX][X[|X]|X]|X]|X]|X]|X

BH14/0.0-0.1

BH14/0.5-0.6 X

BH15/0.0-0.1

BH15/0.9-1.0 X

BH16/0.0-0.1

BH16/0.4-0.5 X

BH17/0.0-0.05

BH17/0.9-1.0 X

BH18/0.0-0.05

BH18/0.4-0.5 X

XX X X XXX XXX IXPXPIX XXX PX XXX X PX X XXX XXX |X|X]|X][|X

x
XX X XXX |X|X]|X

BH18/0.9-1.0 X

A01/0.5-0.6

A01/1.0-1.1 X X

A01/1.5-1.6

A01/2.0-2.1

A01/2.5-2.6

A01/3.0-3.1

A02/0.5-0.6

A02/1.0-1.1

XX |IX X |IX|X|X|X]|X

A02/1.5-1.6




N\

WorleyParsons

resources & energy

Appendix B

Laboratory
Analysis Plan

A02/2.0-2.1

A02/2.5-2.6

A02/3.0-3.1

A03/0.0-0.1

A03/0.5-0.6

X X X |X|X

A04/0.5-0.6

A04/1.0-1.1

A04/1.5-1.6

A04/2.0-2.1

A04/2.5-2.6

A04/3.0-3.1

A04/3.5-3.6

A05/0.0-0.1

A05/0.5-0.6

A05/1.0-1.1

XXX |IX|X[X|X]|X]|X]|X

A06/0.0-0.1

A07/0.5-0.6

A07/1.0-1.1

A07/1.5-1.6

A07/2.0-2.1

A07/2.5-2.6

A07/3.0-3.1

A07/3.5-3.6

A07/4.0-4.1

A08/0.5-0.6

A08/1.0-1.1

A08/1.5-1.6

A08/2.0-2.1

A08/2.5-2.6

A08/3.0-3.1
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Australian

A Geomechanical s 0ol I & n 0C k
.( ; . Laboratories P/L -
A3 068 30 300 Testing

Postal: PO Box 3317 Newmarket Qld 4051 (Phone) 07 3357 5535
Address: 10/104 Newmarket Rd Windsor Qld 4030 (Fax) 07 3357 5531

windsor@aglabs.com.au

EMERSON CLASS NUMBER TEST REPORT

Test Method: AS1289 3.8.1

Client: Worley Parsons Pty Ltd Report No. 9070854-em
Project: 301001-00752 Test Date: 23,24/07/09
Laird Point Report Date: 24/07/09
Sample No. 9070854 9070855 9070856 9070857 9070858
Client ID: BHO1 BHO1 BHO3 BHO04 BHO06
Depth (m): 0.3-0.4 0.9-1.0 0.4-0.5 0.2-0.3 0.9-1.0
Description: Clay Clay Sandy Clay
red/brown pale brown | pale brown | Sandy Clay | Sandy Clay
Orange red/brown brown
Emerson Class No.: 1 2 2 2 3
Sample No. 9070859 9070860 9070861 9070862 9070863
Client ID: BHO8 BH12 BH14 BH15 BH16
Depth (m): 0.6-0.8 0.9-1.0 0.5-0.6 0.9-1.0 0.4-0.5
Description:
Sandy Clay | Sandy Clay | Sandy Clay | Sandy Clay Clay
pale brown red/brown brown red/brown brown
Emerson Class No.: 1 1 2 2 2

Remarks: Tested with distilled water at 240C

Sample/s supplied by the client | Page: 1 of 1
A This Document is issued in accordance with NATA’s Authorised Signatory
accreditation requirements. : Z 9{
NATA Accredited for compliance with ISO/IEC 17025 o
v The results of the tests, calibrations, and/or - M
ety measurements included in this document are traceable J. Russell
coMPETIHCE to Australian/National standards
N ATA Accredited Laboratory Number 9926 Manager

Form Number: GT007-5




Australian
Geomechanical
Laboratories P/L

ABN: 25 065 630 506

A.G.
LABS

Postal: PO Box 3317 Newmarket Qld 4051

Address: 10/104 Newmarket Rd Windsor Qld 4030

Soil &8 Rock
Testing

(Phone) 07 3357 5535
(Fax) 07 3357 5531
windsor@aglabs.com.au

EMERSON CLASS NUMBER TEST REPORT

Test Method: AS1289 3.8.1

Client: Worley Parsons Pty Ltd Report No. 9070864-em
Project: 301001-00752 Test Date: 23,24/07/09
Laird Point Report Date: 24/07/09
Sample No. 9070864 9070865 9070866
Client ID: BH17 BH18 BH18
Depth (m): 0.9-1.0 0.4-0.5 0.9-1.0
Description: Sandy Clay | Sandy Clay Clay
pale brown brown pale brown

Emerson Class No.: 1 1 2

Remarks: Tested with distilled water at 240C

Sample/s supplied by the client

| Page: 1 of 1

A This Document is issued in accordance with NATA’s
accreditation requirements.

NATA Accredited for compliance with ISO/IEC 17025

v The results of the tests, calibrations, and/or

measurements included in this document are traceable
to Australian/National standards

N ATA Accredited Laboratory Number 9926

Form Number: GT007-5

TECHNICAL
COMPETENCE

Authorised Signatory

Manager
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ALS Laboratory Group

AMALYTICAL CHEMISTRY & TEETING SERVICES

Environmental Division

SAMPLE RECEIPT NOTIFICATION (SRN)

Comprehensive Report

Work Order : EB0911579

Client : WORLEY PARSONS -
INFRASTRUCTURE MWE

Contact : MR ALEX KOCHNIEFF

Address : 106 WICKHAM STREET
FORTITUDE VALLEY QLD, AUSTRALIA
4006

E-mail . alex.kochnieff@worleyparsons.com

Telephone . +61 07 32449600

Facsimile T ———-

Project - 301001-00752

Order number D

C-O-C number D

Site : Laind Pt

Sampler : Alex Kochnieff

Dates

Date Samples Received : 22-JUL-2009

Client Requested Due Date - 29-JUL-2009

Delivery Details

Mode of Delivery : Carrier

No. of coolers/boxes : 3 MEDIUM

Sercurity Seal . Intact.

General Comments

This report contains the following information:
- Sample Container(s)/Preservation Non-Compliances
- Summary of Sample(s) and Requested Analysis
- Requested Deliverables

Laboratory

Contact
Address

E-mail
Telephone
Facsimile

Page

Quote number

QC Level

Issue Date

: Environmental Division Brisbane

. Tim Kilmister
: 32 Shand Street Stafford QLD Australia

4053

: Services.Brisbane@alsenviro.com
. +61-7-3243 7222
. +61-7-3243 7218

:1of4

- ES2009WORPARO0223 (EN/034/09)

:NEPM 1999 Schedule B(3) and ALS

QCS3 requirement

: 24-JUL-2009 16:06

Scheduled Reporting Date :29-JUL-2009

Temperature
No. of samples received
No. of samples analysed

:20.0,20.4,18.8C
- 39
: 35

Sample containers do not comply to pretreatment / preservation standards (AS, APHA, USEPA).
Please refer to the Sample Container(s)/Preservation Non-Compliance Log at the end of this

report for details.

Sample(s) have been received within recommended holding times.
Sample(s) requiring volatile organic compound analysis received in airtight containers (ZHE).
Please be advised that both Maroon vials for sample TBO1 were broken in transit.

Please direct any turn around / technical queries to the laboratory contact designated above.
Please direct any queries related to sample condition / numbering / breakages to Maggie Kahi.

Analytical work for this work order will be conducted at ALS Brisbane.

Sample Disposal - Aqueous (14 days), Solid (90 days) from date of completion of work order.

Enuironmental Division Brisbane

Mutp'tte AL%S Laborabory Growp

32 Shand Street Stafford QLD Australia 4053
Tel. +61-7-3243 7222 Fax. +61-7-3243 7218 www.alsglobal.com



Issue Date - 24-JUL-2009 16:06

Page 1 20f4
Work Order - EB0911579
Client : WORLEY PARSONS - INFRASTRUCTURE MWE

Sample Container(s)/Preservation Non-Compliances

All comparisons are made against pretreatment/preservation AS, APHA, USEPA standards.

Method
Client sample ID

BH01/0.0-0.05

EP068 : Pesticides by GCMS

Sample Container Received

- Snap Lock Bag

Preferred Sample Container for Analysis

- Soil Glass Jar - Unpreserved

BH07/0.0-0.05

- Snap Lock Bag

- Soil Glass Jar - Unpreserved

Summary of Sample(s) and Requested Analysis

Some items described below may be part of a laboratory
process neccessary for the execution of client requested °
tasks. Packages may contain additional analyses, such as g & 2
the determination of moisture content and preparation _ é g a8
tasks, that are included in the package. 8 by - @
When date(s) and/or time(s) are shown bracketed, 8 ) § f o
have been assumed by the laboratory for processing - ""i E S ’%‘ g 'g § 5
purposes. If the sampling time is displayed as 0:00 the *% ﬁ 2l o % ;c_; g § 3 é
information was not provided by client. - 20 52t S 0oz gos a
o 2 Z = ~ C - = = - —
Matrix: SOIL 8 > g g bé g S S 8 8% 85 b ~ 2
s | T3-22° 09 |x2<gx |o=
) %_: u o w g guw e w3 m%ngst
Laboratory sample Client sampling Client sample ID Tg |4 |4 § o8 25 |23 84 "é 2.8
; IS o o o6 |o 038 20 o5 =
D date /time ¢ |37 133832 |38 |35&3883%
EB0911579-001 19-JUL-2009 15:00  BHO01/0.0-0.05 v v v v v v
EB0911579-002 19-JUL-2009 15:00 BH01/0.3-0.4 v
EB0911579-003 19-JUL-2009 15:00 BH01/0.9-1.0 v
EB0911579-004 17-JUL-2009 15:00 BHO2/0.0-0.1 v v v v v v
EB0911579-005 19-JUL-2009 15:00 BH03/0.0-0.1 v v v v v v
EB0911579-006 19-JUL-2009 15:00 BH03/0.4-0.5 v
EB0911579-007 19-JUL-2009 15:00 BH04/0.0-0.1 v v v v v v
EB0911579-008 19-JUL-2009 15:00 BH04/0.2-0.3 v
EB0911579-009 19-JUL-2009 15:00 BH05/0.0-0.1 v v v v v v
EB0911579-010 19-JUL-2009 15:00 BH06/0.2-0.3 v v v v v v
EB0911579-011 19-JUL-2009 15:00 BH06/0.9-1.0 v
EB0911579-012 19-JUL-2009 15:00 BH07/0.0-0.05 v v v v v v
EB0911579-013 19-JUL-2009 15:00 BH07/0.2-0.3 4
EB0911579-014 19-JUL-2009 15:00 BH08/0.0-0.1 v v v v v v
EB0911579-015 19-JUL-2009 15:00 BH08/0.6-0.8 4
EB0911579-016 19-JUL-2009 15:00 BH09/0.0-0.1 v v v v v v
EB0911579-017 19-JUL-2009 15:00 BHO09B/0.0-0.1 v v 4 v v v
EB0911579-018 19-JUL-2009 15:00 BH09B/0.2-0.3 v
EB0911579-019 19-JUL-2009 15:00 BH10/0.0-0.1 v v v v v v
EB0911579-020 19-JUL-2009 15:00 BH11/0.0-0.02 v v v v v v
EB0911579-021 19-JUL-2009 15:00 BH11/0.1-0.2 4 v v v v v
EB0911579-022 19-JUL-2009 15:00 BH12/0.0-0.1 v v v v v v
EB0911579-023 19-JUL-2009 15:00 BH12/0.9-1.0 v
EB0911579-024 14-JUL-2009 15:00 BH13/0.0-0.1 v v v v v v
EB0911579-025 19-JUL-2009 15:00 BH14/0.0-0.1 v v v v v v
EB0911579-026 19-JUL-2009 15:00 BH14/0.5-0.6 4
EB0911579-027 18-JUL-2009 15:00 BH15/0.0-0.1 v v v v v v
EB0911579-028 18-JUL-2009 15:00 BH15/0.9-1.0 v
EB0911579-029 14-JUL-2009 15:00 BH16/0.0-0.1 v v v v v v
EB0911579-030 14-JUL-2009 15:00 BH16/0.4-0.5 v
EB0911579-031 18-JUL-2009 15:00 BH17/0.0-0.05 v v v v v v
EB0911579-032 18-JUL-2009 15:00 BH17/0.9-1.0 v
EB0911579-033 18-JUL-2009 15:00 BH17/0.0-0.05 v v v v v v

A Camvpiar) Heoleses | ivslwd Corgany




Issue Date
Page
Work Order
Client

: 24-JUL-2009 16:06

: 30of4
- EB0911579

- WORLEY PARSONS - INFRASTRUCTURE MWE

2
5| 2| ;
— ) & a
g s | E| &
8 o) S LG o
w = T —~ ® ) =
3 %z © 185 |8 a S
7 el = < o2 |32 8
3 5 8o 2 N L .36 3
2 ® 0 352 ¢ 9] =~ £ ¢~ £ 2
4 g gz e |2 |0Z20%7 o
345 |8 2685 [B& EFc L |3
2¢ |8 |532S88 |85 €348z 8<
2z = g 7
S > |~ |WEQW e Wy Wegell?gonoe
S ® ) 3L 5 P = gl 2 e ®
s a = 43T 8 aB 2O 435 5292400
Sc |or 069occ ow |05 20 3 &o=
Oz o5 douoa=s 60 |lordldr 26«
EB0911579-034 18-JUL-2009 15:00 BH18/0.4-0.5 v
EB0911579-035 18-JUL-2009 15:00 BH18/0.9-1.0 v
EB0911579-040 19-JUL-2009 15:00 DUP02 v v v v v v
(%]
(0]
B
2
Matrix: SOIL [ ‘g:';
@8
Laboratory sample Client sampling Client sample ID e
i o O
ID date / time 28
EB0911579-001 19-JUL-2009 15:00 BH01/0.0-0.05 v
EB0911579-012 19-JUL-2009 15:00 BH07/0.0-0.05 v
i)
°
=
»
]
= _ |E®
3T |82
Matrix: WATER = é = §
] N
) x 2 X
Laboratory sample Client sampling Client sample ID E g E %
ID date / time Z 5 =B
EB0911579-036 18-JUL-2009 15:00 LP GW v
EB0911579-037 18-JUL-2009 15:00 RB02 v
EB0911579-038 19-JUL-2009 15:00 RB03 v

A Cavpited Beoleses Liviled Compay




Issue Date - 24-JUL-2009 16:06

Page 1 40f4
Work Order - EB0911579
Client : WORLEY PARSONS - INFRASTRUCTURE MWE

Requested Deliverables
MR ALEX KOCHNIEFF

*AU Certificate of Analysis - NATA ( COA )

*AU Interpretive QC Report - DEFAULT (Anon QCI Rep) ( QCl )
*AU QC Report - DEFAULT (Anon QC Rep) - NATA (QC)

A4 - AU Sample Receipt Notification - Environmental ( SRN )
A4 - AU Tax Invoice ( INV)

Default - Chain of Custody ( COC )

EDI Format - ENMRG ( ENMRG )

EDI Format - XTab ( XTAB )

Email
Email
Email
Email
Email
Email
Email
Email

alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
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Maggle Kahl

From: Bryn Stephens

Sent: Tuesday, 15 September 2009 2:52 PM
To: Maggie Kahi

Cc: Matthew Goodwin; Cecilia Taylor
Subject: EB0911579 Rebatch & Ammendment

Hi Maggie,
Can you rebaich these samples from EB0911579 as per Alex’s request below please?

Cecilia — Can you please amend sample 33 of EB0911579, currently labelled as BH17/0.0-0.05 but it shouid be BH18/0.0-
0.05.

Thanks,
Environmental Division

Bryn Stephens Brisbane
Customer Service Officer Work Order

ALS Laboratory Group

Environmental Division EB09 14592
Brisbane, Australia

Phone +61 7 3243 7222

Fax +617 32437181

www.alsglobal.com Telephone : +61-7-3243 7222

From: Kochnieff, Alex (Brisbane) [ mailto: Alex.Kochnieff@WorleyParsons.com]
Sent: Tuesday, 15 September 2009 1:38 PM

To: Bryn Stephens

Cc: Jodie Hancock

Subject: EB0211579

Hi Byrn,
Hope your well.
Just wondering if you could get a few samples analysed for me and fix up a typo for the above work order?

I need to get all the samples listed below analysed for pH and EC. I'm aware that the holding times have probably expired.
This is ok. .

BH01/0.3-}
04 |
BHO'UO 9- Q

BH0310.4—
0.5 %
BHO4;’O 2- i[

BHOG/O 9-

105
BH08/06 L
BH‘12/0 9-

7
BH14."0.5— 2
0.6
BH15/0.9-
09

BH16/0.4-
0.5 0

BH17/0.9-

1.0 /

BH18/0.4-
15/09/20‘6%
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0.5
BH18/0.9-
1.0 ¢

Also there is a typo on ALS sample ID 33. It is currently labelled as BH17/0.0-0.05 but it should be BH18/0.0-0.05.
Could you please action and advise the turnaround times for the analysis above.

Cheers.

PS. We have move for the final time and are located at the address below.

Alex Kochnieff
Environmental Engineer
WorleyParsons

Telephone: +61 7 3319 3982
Direct: +81 7 3319 3940
Facsimile: +61 7 3319 7791
E-Mail:_alex.kochnieff@worleyparsons.com
WorleyParsons Services Pty Ltd
ABN 61 001 279 812

Level 3, 60 Ann Street

Brishane, QLD 4000
www.worleyparsons.com

R R L L S M T IRUN RV A

This email has been scanned through the CBL Domain
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ALS Laboratory Group

AMALYTICAL CHEMISTRY & TEETING SERVICES

Environmental Division
SAMPLE RECEIPT NOTIFICATION (SRN)

Comprehensive Report

Work Order : EB0914789

Amendment |

Client : WORLEY PARSONS - Laboratory : Environmental Division Brisbane
INFRASTRUCTURE MWE

Contact : MR ALEX KOCHNIEFF Contact : Tim Kilmister

Address - LEVEL 3, 60 ALBERT STREET Address : 32 Shand Street Stafford QLD Australia
PO BOX 15081 4053
CITY EAST
BRISBANE QLD, AUSTRALIA 4000

E-mail . alex.kochnieff@worleyparsons.com E-mail : Services.Brisbane@alsenviro.com

Telephone - +61 07 3319 3940 Telephone . +61-7-3243 7222

Facsimile . +61 07 3319 7791 Facsimile . +61-7-3243 7218

Project : 301001 - 00752 Page ©10f2

Order number T -

C-O-C number D e—- Quote number - ES2009WORPAR0223 (EN/034/09)

Site : Laind Pt

Sampler : Alex Kichnieff QC Level :NEPM 1999 Schedule B(3) and ALS

QCS3 requirement

Dates

Date Samples Received - 15-SEP-2009 Issue Date - 25-SEP-2009 13:12

Client Requested Due Date : 29-SEP-2009 Scheduled Reporting Date : 29-SEP-2009

Delivery Details

Mode of Delivery : Samples on hand Temperature - AMBEINT

No. of coolers/boxes - REBATCH No. of samples received - 10

Sercurity Seal - Intact. No. of samples analysed - 10

General Comments

® This report contains the following information:
- Sample Container(s)/Preservation Non-Compliances
- Summary of Sample(s) and Requested Analysis
- Requested Deliverables

Samples received in appropriately pretreated and preserved containers.
Breaches in recommended extraction / analysis holding times may occur.
We do not have sample ID's of A05/0.9-1.0 and A06/0.1-0.2 as listed on Rebatch email received.
We do however have sample
ID's of A05/1.0-1.1 and A06/0.0-0.1 as per listing on previous COC. We have assigned these
samples with analysis
as per email. Please advise if this is incorrect.
® 25/09/09 - This Work order has been amended to add pH, EC and CEC analysis to hold samples
"A04_0.5-0.6" and "A04_1.0-1.1" per Alex Kochnieff's request.
® The recommended extraction time for pH and EC on soil samples is 7 days from the date of
sampling.
Please direct any turn around / technical queries to the laboratory contact designated above.
Please direct any queries related to sample condition / numbering / breakages to Maggie Kahi.
Analytical work for this work order will be conducted at ALS Brisbane.
Sample Disposal - Aqueous (14 days), Solid (90 days) from date of completion of work order.

Enuironmental Division Brisbane
Mutp'tte AL%S Laborabory Growp

32 Shand Street Stafford QLD Australia 4053
Tel. +61-7-3243 7222 Fax. +61-7-3243 7218 www.alsglobal.com

Y YT —



Issue Date - 25-SEP-2009 13:12

Page 1 20f2

Work Order - EB0914789 Amendment 1

Client : WORLEY PARSONS - INFRASTRUCTURE MWE

Sample Container(s)/Preservation Non-Compliances

All comparisons are made against pretreatment/preservation AS, APHA, USEPA standards.

® No sample container / preservation non-compliance exist.

Summary of Sample(s) and Requested Analysis

Some items described below may be part of a laboratory

process neccessary for the execution of client requested
tasks. Packages may contain additional analyses, such as ’rg
the determination of moisture content and preparation _ é
tasks, that are included in the package. § b
When date(s) and/or time(s) are shown bracketed, these 8 © §
have been assumed by the laboratory for processing i E S
purposes. If the sampling time is displayed as 0:00 the ﬁ E 2
. . . . O —~ © @©
information was not provided by client. &9 3 I3
i 8 23558
Matrix: SOIL 8 S z3 28 s
< <3 -lag
) u o w g gwg
Laboratory sample Client sampling Client sample 1D 4T 28525
ID date / time 8 T 8 3 i 8 o)
EB0914789-001 13-JUL-2009 15:00 A01/1.0-1.1 v v v
EB0914789-002 13-JUL-2009 15:00 A02/0.5-0.6 v v 4
EB0914789-003 13-JUL-2009 15:00 A02/1.0-1.1 v v v
EB0914789-004 14-JUL-2009 15:00 A03/0.5-0.6 v 4 4
EB0914789-005 14-JUL-2009 15:00 A05/1.0-1.1 v v v
EB0914789-006 14-JUL-2009 15:00 A06/0.0-0.1 v v 4
EB0914789-007 14-JUL-2009 15:00 A07/0.5-0.6 v v v
EB0914789-008 13-JUL-2009 15:00 A08/1.0-1.1 v 4 v
EB0914789-009 13-JUL-2009 15:00 AO4_0.5-0.6 v v v
EB0914789-010 13-JUL-2009 15:00 AO4_1.0-1.1 4 v v

Requested Deliverables

MR ALEX KOCHNIEFF

- *AU Certificate of Analysis - NATA (COA )

*AU Interpretive QC Report - DEFAULT (Anon QCI Rep) ( QCI )
- *AU QC Report - DEFAULT (Anon QC Rep) - NATA (QC)

- A4 - AU Sample Receipt Notification - Environmental ( SRN )

- A4 - AU Tax Invoice ( INV)

Default - Chain of Custody ( COC )

EDI Format - ENMRG ( ENMRG )

- EDI Format - XTab ( XTAB )

Email
Email
Email
Email
Email
Email
Email
Email

alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
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Page 1 of 3

Maggie Kahi

From: Bryn Stephens

Sent:  Tuesday, 15 September 2009 6:15 PM
To: Maggie Kahi

Cc: Matthew Goodwin; Cecilia Taylor
Subject: EB(0911356 Rebatch

Hi Maggie,

Can you please perform this additional rebatch as per Alex’s instruction below? You may need to look in bulk storage for
the original A.S.S bags.

Cecilia — Can you please amend the ID for EB0911356 sample 6, current label is A02/3.0-3.1. It should be A01/3.0-3.1.

Thanks,

Environmental Division
Bryn Stephens Brisbane
Customer Service Officer Work Order
ALS Laboratory Group mﬂ/
Environmental Division _ B 09 14789
Brisbane, Australia
Phone +61 7 3243 7222
Direct +61 7 3243 7125
Fax +617 32437181
www.alsglobal.com : Telephone @ +61-7-3243 7222

From: Kochnieff, Alex (Brisbane) [mailto:Alex.Kochnieff@WorleyParsons.com]
Sent: Tuesday, 15 September 2009 6:04 PM

To: Bryn Stephens

Subject: RE: EB0911579

As discussed,

I would like additional samples (see below) analysed for EC, pH, CEC and exchangeable cations from a separate batch
{EB0911356) which were originally sampled for ASS.

/ A01/1.0-1.1

& AD2/0.5-0.6

'3 A02/1.0-1.1

4; A03/0.5-0.6

g’AO5IO.9-1 0

{» A06/0.1-0.2

7A07/O 5-0.6

.5A08/1 0-1.1

Note there is a typo on the ALS sample ID 6. The current label is A02/3.0-3.1. It should be A01/3.0-3.1.
Could you also let me know the turn around times for the analysis?

Cheers for your help mate.

Alex Kochnieff

Environmentai Engineer
WorleyParsons

Telephone:; +61 7 3319 3982
Direct: +61 7 3319 3940
Facsimile: +61 7 3319 7791
E-Mail:_alex.kochnieff@worleyparsons.com
WorleyParsons Services Pty Ltd
ABN 61 001 279 812

Level 3, 60 Ann Street

Brisbane, QLD 4000

WWW. worleygarsons com

16/09/2009
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Maggie Kahi

From: Maithew Goodwin

Sent: Wednesday, 23 September 2009 12:14 PM
To: Maggie Kahi

Subject: FW: Further analysis request - EB0314789

Environmental Division
Brishane

Matthew Goodwin Work Order

Production Coordinator E B 09 14 78 9

ALS Laboratory Group

Environmental Division
Brisbane, Australia
Phone: +61 7 3243 7104

www.alsglobal.com

Telephone : +61-7-3243 7222

From: Tim Kilmister ,

Sent: Monday, 21 September 2009 11:04 AM

To: Matthew Goodwin

Cc: Kochnieff, Alex (Brisbane)

Subject: FW: Further analysis request - EB0914789

Matt q ;? fO
Could you take care of the request below to add analyses for samples A04_0.5:0.6 and AO4_1.0-1.1 to work order
EB0914789 (note itis a rebatch of EB0911356 which contains the required samples as hold).

Please reset the due date and resend the SRN.
| will take care of the second query.

thanks

Tim Kilmister
Laboratory Manager
ALS Laboratory Group
Brisbane, Australia
Phone: + 61 7 3243 7222
Fax: + 617 3243 7259
www.alsglobal.com

From: Kochnieff, Alex (Brisbane) [mailto:Alex.Kochnieff@WorleyParsons.com]
Sent: Monday, September 21, 2009 8:44 AM

To: Tim Kilmister

Subject: FW: Further analysis request - EB0914789

Morning Tim,
| received Carsten’s out of Office reply. Hope you can help.
See below.

Alex Kochnieff

Environmental Engineer
WorleyParsons

Telephone: +61 7 3319 3982

Direct: +61 7 3319 3940

Facsimile: +61 7 3319 7791
E-Mail:_alex.kochnieff@worleyparsons.com

23/09/2009
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WorleyParsons Services Pty Ltd
ABN 61 001 279 812

Level 3, 60 Albert Street

Brisbane, QLD 4000
www.worleyparsons.com

From: Kochnieff, Alex (Brishane)

Sent: Sunday, 20 September 2009 5:48 PM
To: Carsten Emrich

Subject: Further analysis request - EB0914789

Carsten,

| have a further request for one of the work orders you have been sorting out for me.

EB0914789
m Please analyse samples A04/0.5-0.6 and A04/1.0-1.1 for pH, EC, exchangeable cations and CEC

» Please check the pH result for A03/0.5-0.67 In the original analysis request for ASS chromium suite the pH was 5.9.
The latest results report it as 3.977

Thanks for your help with this annoying and'confusing job.

Alex Kochnieff

Environmental Engineer
WorleyParsons

Telephone; +61 7 3319 3982

Direct: +61 7 3319 3840

Facsimile: +61 7 3319 7791

E-Mail: alex.kochnieff@worleyparsons.com
WorleyParsons Services Pty Ltd

ABN 61 001 279 812

Level 3, 60 Albert Street

Brisbane, QLD 4000
www.worlevparsons.com

Ak kkhkhkhkhhdhkhhhkhbhkhhbhhhhhkhdhhkhhhhdkdbdhbhbdbhhhbbhd bk hhkbhhkhhkhkkhhkdkhkhddkhddx

This email has been scanned through the CBL Domain
hkkkhhhkkhhkdhhhhkhhhbhhddbhkhddhhbhhhdohhrhkhhkhdhbhbhbhdhhdhhdhddkhkkdhhkddhkdhx
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ALS Laboratory Group

AMALYTICAL CHEMISTRY & TEETING SERVICES

Environmental Division

SAMPLE RECEIPT NOTIFICATION (SRN)

Comprehensive Report

Work Order : EB0911356

Client : WORLEY PARSONS -
INFRASTRUCTURE MWE

Contact : MR ALEX KOCHNIEFF

Address : 106 WICKHAM STREET
FORTITUDE VALLEY QLD, AUSTRALIA
4006

E-mail . alex.kochnieff@worleyparsons.com

Telephone . +61 07 32449600

Facsimile T ———-

Project - 301001-00752

Order number D

C-O-C number —

Site : Laind Pt

Sampler : Alex Kochnieff

Dates

Date Samples Received - 17-JUL-2009

Client Requested Due Date : 24-JUL-2009

Delivery Details

Mode of Delivery : Carrier

No. of coolers/boxes : 4 MEDIUM

Sercurity Seal . Intact.

General Comments

® This report contains the following information:
- Sample Container(s)/Preservation Non-Compliances

- Summary of Sample(s) and Requested Analysis

- Requested Deliverables

Laboratory : Environmental Division Brisbane

Contact : Tim Kilmister

Address : 32 Shand Street Stafford QLD Australia
4053

E-mail : Services.Brisbane@alsenviro.com

Telephone . +61-7-3243 7222

Facsimile . +61-7-3243 7218

Page 10f3

Quote number : ES2009WORPAR0223 (EN/034/09)

QC Level NEPM 1999 Schedule B(3) and ALS
QCS3 requirement

Issue Date - 20-JUL-2009 13:28

Scheduled Reporting Date : 24-JUL-2009

Temperature :-31C- -16 C - Ice present
No. of samples received - 39
No. of samples analysed - 22

Samples received in appropriately pretreated and preserved containers.

Sample(s) have been received within recommended holding times.

Please direct any turn around / technical queries to the laboratory contact designated above.
Please direct any queries related to sample condition / numbering / breakages to Maggie Kahi.
Analytical work for this work order will be conducted at ALS Brisbane.

Sample Disposal - Aqueous (14 days), Solid (90 days) from date of completion of work order.

Enuironmental Division Brisbane

Mutp'tte AL%S Laborabory Growp

32 Shand Street Stafford QLD Australia 4053
Tel. +61-7-3243 7222 Fax. +61-7-3243 7218 www.alsglobal.com



Issue Date - 20-JUL-2009 13:28

Page :20f3
Work Order - EB0911356
Client : WORLEY PARSONS - INFRASTRUCTURE MWE

Sample Container(s)/Preservation Non-Compliances

All comparisons are made against pretreatment/preservation AS, APHA, USEPA standards.
® No sample container / preservation non-compliance exist.

Summary of Sample(s) and Requested Analysis

Some items described below may be part of a laboratory
process neccessary for the execution of client requested "
tasks. Packages may contain additional analyses, such as ?,
the determination of moisture content and preparation %
tasks, that are included in the package. et
When date(s) and/or time(s) are shown bracketed, these @
have been assumed by the laboratory for processing - 3
. . . . [0} <
purposes. If the sampling time is displayed as 0:00 the g 5
information was not provided by client. o o
. o9 ® 5
Matrix: SOIL » 0 I n
s2 |§5
Laboratory sample Client sampling Client sample ID 2 % 4 5
ID date / time s§e 185
EB0911356-001 13-JUL-2009 15:00 A01/0.5-0.6 v
EB0911356-002 13-JUL-2009 15:00 A01/1.0-1.1 v
EB0911356-003 13-JUL-2009 15:00 A01/1.5-1.6 v
EB0911356-004 13-JUL-2009 15:00 A01/2.0-2.1 v
EB0911356-005 13-JUL-2009 15:00 A01/2.5-2.6 v
EB0911356-006 13-JUL-2009 15:00 A02/3.0-3.1 v
EB0911356-007 13-JUL-2009 15:00 A02/0.5-0.6 v
EB0911356-008 13-JUL-2009 15:00 A02/1.0-1.1 v
EB0911356-009 13-JUL-2009 15:00 A02/1.5-1.6 v
EB0911356-010 13-JUL-2009 15:00 A02/2.0-2.1 4
EB0911356-011 13-JUL-2009 15:00 A02/2.5-2.6 v
EB0911356-012 13-JUL-2009 15:00 A02/3.0-3.1 v
EB0911356-013 13-JUL-2009 15:00 A03/0.0-0.1 v
EB0911356-014 13-JUL-2009 15:00 A03/0.5-0.6 v
EB0911356-015 13-JUL-2009 15:00 A04/0.5-0.6 v
EB0911356-016 13-JUL-2009 15:00 A04/1.0-1.1 v
EB0911356-017 13-JUL-2009 15:00 A04/1.5-.16 v
EB0911356-018 13-JUL-2009 15:00 A04/2.0-2.1 v
EB0911356-019 13-JUL-2009 15:00 A04/2.5-2.6 v
EB0911356-020 13-JUL-2009 15:00 A04/3.0-3.1 v
EB0911356-021 13-JUL-2009 15:00 A04/3.5-3.6 v
EB0911356-022 13-JUL-2009 15:00 A05/0.0-0.1 v
EB0911356-023 13-JUL-2009 15:00 A05/0.5-0.6 v
EB0911356-024 13-JUL-2009 15:00 A05/1.0-1.1 v
EB0911356-025 13-JUL-2009 15:00 A06/0.0-0.1 v
EB0911356-026 13-JUL-2009 15:00 A07/0.5-0.6 4
EB0911356-027 13-JUL-2009 15:00 A07/1.0-1.1 v
EB0911356-028 13-JUL-2009 15:00 A07/1.5-1.6 v
EB0911356-029 13-JUL-2009 15:00 A07/2.0-2.1 v
EB0911356-030 13-JUL-2009 15:00 A07/2.5-2.6 v
EB0911356-031 13-JUL-2009 15:00 A07/3.0-3.1 v
EB0911356-032 13-JUL-2009 15:00 A07/3.5-3.6 v
EB0911356-033 13-JUL-2009 15:00 A07/4.0-4.1 v
EB0911356-034 13-JUL-2009 15:00 A08/0.5-0.6 v
EB0911356-035 13-JUL-2009 15:00 A08/1.0-1.1 v




Issue Date - 20-JUL-2009 13:28

Page :30f3
Work Order - EB0911356
Client : WORLEY PARSONS - INFRASTRUCTURE MWE

EB0911356-036 13-JUL-2009 15:00  A08/1.5-1.6
EB0911356-037 13-JUL-2009 15:00  A08/2.0-2.1
EB0911356-038 13-JUL-2009 15:00  A08/2.5-2.6
EB0911356-039 13-JUL-2009 15:00  A08/3.0-3.1

Requested Deliverables
MR ALEX KOCHNIEFF

*AU Certificate of Analysis - NATA ( COA)

*AU Interpretive QC Report - DEFAULT (Anon QCI Rep) ( QCl )
*AU QC Report - DEFAULT (Anon QC Rep) - NATA (QC)

A4 - AU Sample Receipt Notification - Environmental ( SRN )
A4 - AU Tax Invoice ( INV)

Default - Chain of Custody ( COC )

EDI Format - ENMRG ( ENMRG )

EDI Format - XTab ( XTAB )

(On Hold) SOIL
< No analysis requested

AN

SOIL - EA033

Email
Email
Email
Email
Email
Email
Email
Email

Chromium Suite for Acid Sulphate Soils

A

alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
alex.kochnieff@worleyparsons.com
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Volume 5: Attachments
Attachment 7: Geology, Topography, Geomorphology and Soils Assessment -
LNG Facility

Appendix E  Photographs of soils

Australia Pacific LNG Project EIS Page 75 March 2010
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Photo 3: BH03 /0.2 — 0.5m

¥ 4 I
Photo 4: BH04 /0.1 — 0.3m




Photo 5: BH05/0.0 — 0.3m
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Photo 6: BH06 / 0.7 — 1.0m




Photo 8: BH08 /0.0 — 0.8m




Photo 9: BH09 /0.0 — 0.7m

Photo 10: BH0O9B / 0.0 — 0.3m




Photo 12: BH11/0.0 — 0.3m




Photo 12: BH13 /0.0 — 0.3m







Photo 15: BH16 /0.0 — 0.5m
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Photo 16: BH17 /0.6 — 0.7m




5 ut e s LK

etk il

KRN

Photo 16: BH18 / 0.05 — 0.5m
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Photo 18: BH18 /0.8 — 1.0m
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Photo 20: A02 /0.0 — 1.5m




Photo 22: A04/ 0.0 — 1.0m




Photo 23: A05/0.0—1.0m

Photo 22: A06 / 0.0 — 1.0m







