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DPI

EC
EOH
GEV
HAT
HRT
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L/s
LAT
LiDAR
LNG
LRT

m

m bgl
m btc
mag/L
mins
mm
mS/cm
na

N/A
NTU
oD
PMF
PMP
PVC
sec
SPT
TDS
TSS

%
pS/cm

Description

Australian Height Datum
Approximately

Average Recurrence Interval
Below ground level

Digital Elevation Map
Domestic Gas

Department of Water
Department for Planning and Infrastructure
Electrical Conductivity

End of hole

Generalised Extreme Value
Highest Astronomical Tide
Highest Recorded Tide
Inside diameter

Litres per second

Lowest Astronomical Tide
Light Detection and Ranging
Liguefied Natural Gas
Lowest Recorded Tide
Metres

Metres below ground level
Metres below top of casing
Milligrams per litre

Time in minutes
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Not available

Not applicable
Nephelometric Turbidity Units
Outside diameter

Probable Maximum Flood
Probable Maximum Precipitation
Polyvinyl chloride

Time in seconds

Standard penetration test
Total Dissolved Solids

Total Suspended Solids
Percent or percentage
MicroSeimens per centimetre
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Executive Summary

Chevron Australia Pty Ltd propose to construct and operate a multi-train Liquefied Natural Gas (LNG)
plant and a domestic gas (Domgas) plant 12 km southwest of Onslow on the Pilbara Coast. The
proposed plant site is located just behind the coastal dunes on the flood plain of the Ashburton River
Delta, partly within the tidal zone. Land cover and land form in the project area are strongly controlled
by tidal influences.

Due to the potential of flooding and tidal surges, the plant will be located on a constructed pad (Plant
Pad) with an approximate finished elevation of 7.5 m AHD. Construction of the pad would be
engineered using borrow material. Within the pad, there may be a dredge material placement area.
Clearing and earthworks will be required throughout Ashburton North during construction and
installation of infrastructure. The earthworks are expected to include cut to fill excavations and
importation of fill material together with compaction activities. Cut to fill excavations and large volumes
of fill material being brought into Ashburton North would alter the local landforms. Elevation platforms
for the Plant Pad, Shared Infrastructure Corridor and Accommodation Village and excavation of
borrow pits within the Hooley Creek tidal embayment would alter the local catchments and intersect
natural drainage lines.

The Wheatstone Project has been referred to the State Environmental Protection Authority (EPA) and
the Commonwealth Department of Environment, Water, Heritage and the Arts (DEWHA). The
investigations outlined in this report have been conducted to support the environmental impact
assessment process.

The main objectives of this study are to assess the surface water hydrology of the existing
environment, and predict any potential impact of the proposed Wheatstone Project on the
environment. This report aims to characterise the existing environment of Ashburton North to establish
a baseline for the aspects of the surface water environment most likely to be impacted by the
development of the Wheatstone Project.

Regional Hydrology

Ashburton North is located in the Ashburton River Catchment. The Ashburton River is has a
catchment area of approximately 78,777 km? and ephemeral flows, typically flowing only in response
to significant rainfall. River flows are gauged at Nanutarra Bridge (Department of Water, Gauging
Station No. 706003), approximately 100 km inland from the river mouth. Recorded flows widely vary
between nil and 12,600 m%s, with annual flow volumes from 3 to 4,500 GL (2007 and 1997). Major
flows occur every one to three years in response to cyclonic rainfall. River flows are typically short-
lived. Runoff is channelled in the upper reaches of the catchment. When in flow, the Ashburton River
is typically fresh, with salinity of about 130 mg/L TDS, and turbid. The turbidity for river flow ranges
from less than 10 NTU at low flows of 30 m*/sec, to 3,300 NTU at a flow rate of around 250 m%sec.
The flow weighted turbidity for the Ashburton River is 1,705 NTU (about 2,550 mg/L TSS).

Local Baseline Hydrology

Ashburton North is located within the Ashburton River Delta. The Ashburton River Delta comprises the
Hooley Creek, Southwest, Ashburton River Mouth and Northeast Catchments and is recognised as an
important, high conservation value and regionally significant ecosystem. Ashburton North is located on
the catchment divide between the Southwest and Hooley Creek Catchments.

URS
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Executive Summary

The mean annual rainfall at Onslow (Station No. 005017) is about 320 mm. Rainfall events
predominantly occur during October through to April, linked to cyclonic activity, but are sporadic and
typically limited to about 16 days each year. Stream flow only occurs in response to significant rainfall
events, and typically is short-lived. Cyclonic and other high intensity rainfall events cause shallow
catchment boundaries to be submerged. Typically this occurs about every two years. Accordingly, the
terrestrial setting is inherently dry. Local watercourses Hooley Creek West, Hooley Creek East,
Eastern Creek and 4 Mile Creek are dry, except for tidal reaches.

Water quality in the tidal Ashburton River Delta, including tidal reaches of the Southwest and Hooley
Creek Catchments, is widely varied due to storm runoff, tidal and storm influences. The baseline
evidence suggests that the local surface waters are widely variable in turbidity and salinity. Wide
variations occur in response to stream flow, residence time in storage within clay pans and the
broader catchment, depth to the water table with possible groundwater interactions and, proximity to
marine influences. Sampled baseline salinity concentrations may be linked to fresh stream flow,
dissolution and mobilisation of salt in storage within clay pans and/or shallow soil profile, mixing with
groundwater discharge, concentration effects due to evaporation and mixing with seawater.

Measurements of turbidity at Ashburton North show a range from <10 to 6,000 NTU over a six week
period from 5 March 2009 to 17 April 2009 after earlier significant rainfall events. Typically, it is
expected that turbidity would be less than 20 NTU except during and after flood events. Measured
salinities range from fresh to hypersaline.

Conceptual Hydrological Model

The conceptual hydrological model interprets that the Ashburton River Delta and local catchments are
dynamic, with natural changes to landforms and watercourses actively occurring through erosion and
deposition driven by both fluvial and marine processes. The Ashburton River typically breaks its banks
every second year, leading to flood waters flowing from the river onto low-lying areas of the Ashburton
River Delta and Ashburton North becoming part of a regional coastal flood plain. As such, the
catchments of the Ashburton River Delta are discreet only during low intensity rainfall events. When
flow occurs, sediment is mobilised and may be transported to floodplain and marine environments at
comparatively high concentrations.

The local surface water environment is influenced by several factors including:

» Local and regional cyclonic rainfall occurrence and intensity within the Ashburton River Catchment.
* Flooding of the Ashburton River.
» Tidal and storm surge forces.

Surface water receptors include the habitats of the Ashburton River Delta, inclusive of the tidal
reaches of Hooley Creek.

Potential Surface Water Impacts

The Project is unlikely to influence the regional surface water environments. The potential impacts to
the surface water environment linked to Ashburton North are local effects that do not propagate
beyond the catchments of the Ashburton River Delta. The potential impacts relate to:

o Altered hydrology.
« Changes to water quality.

X 42907466/WHSTSTU-STU-WA-RPT-0091/0
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Executive Summary

Altered Hydrology

The altered landforms may change catchment responses to rainfall and channel flow, surface water
flow directions, flow velocities and potentials for diversion of flood flows to adjoining catchments. The
elevated platforms for the Project infrastructure would:

» Intercept the watercourse of the Hooley Creek West, locally restricting surface water flows and
constraining the flow path to the ocean and ingress of tidal waters.

e Intersect 16 major drainage lines of the Hooley Creek Catchment along the alignment of the
Shared Infrastructure Corridor and Accommodation Village. The drainage infrastructure design for
the Shared Infrastructure Corridor accommodates a 1:25-year ARI event. For less frequent events,
there is potential for retardation and temporary storage of surface water flows.

e Isolate about 390 ha of the northern Southwest Catchment associated with dredge material
emplacement, thus reducing the flood water storage capacity of this catchment.

The excavation of the proposed borrow pits would tend to removed natural constrictions to the flow of
flood waters and tides. The assumed bottom of borrow pit elevations are 1.0 to 1.2 m AHD.

The methodology for the assessment of potential impacts due to altered hydrology focuses on
predicted differences between interpreted characteristics of the baseline and altered surface water
flow and floods linked the development of the Wheatstone Project. The altered landforms may change
catchment responses to rainfall and channel flow, surface water flow directions, flow velocities and
potentials for diversion of flood flows to adjoining catchments. The MIKE 21 model developed to
simulate the baseline surface water environments has been adapted to predict the potential impacts of
the altered hydrology based on:

e Changes to flood depths and elevations.

» Variations of flow velocities.

e Potential inundation of portions of the Shared Infrastructure Corridor. In order to minimize the
potential impacts on the baseline, drainage infrastructure (culverts) have been incorporated into the
MIKE 21 model at all 16 drainage crossings.

¢ Diversion of flood flows to adjoining catchments.

e Changes to areas inundated by tides.

* Water shed from the dredge material placement area.

The simulations of the altered hydrology have been completed for a range of storms including 5, 10,
25 and 100-year ARI events. These events have also been simulated in combination with mean sea
level, Highest Recorded Tide and 1:100-year storm surge conditions. Typically, the simulated
differences between the baseline and developed cases for events more frequent than 1:25-year ARI
are small, within the range of the vertical resolution of the model.

The findings of the simulations include:

¢ Lowering of flood depths and elevations by up to 0.5 m for a 1:100-year ARI event. The predicted
changes are interpreted to potentially impose short-term and temporary changes to the local
surface water environments. It is expected that actual changes may not be measurable.

e Increases of flow velocities linked to encroachment of infrastructure on Hooley Creek West and
flow retardation along the Shared Infrastructure Corridor. It is expected that actual changes would
be minimal and may not be measurable.

URS
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Executive Summary

For a 1:100-year ARI event, the roadway overtops several drainage line crossings between the
Accommodation Village and the connection to Onslow Road. At the crossings near the
Accommodation Village, the conceptual design elevation of the roadway restricts the size and
capacity of the culverts. Locally, the predicted flood elevations are marginally higher than the
proposed 6 m AHD elevation of the raised platform. A minimum local Shared Infrastructure Corridor
elevation of 7.0 m AHD would be required to achieve 1:100-year ARI operational criteria and limit
the potential for overtopping of the Shared Infrastructure Corridor.

The presence of the Project infrastructure causes a small delay in the diverting flood flows to
adjoining catchments but does not cause a significant change the baseline characteristics of flow.
The impact of the borrow pit excavations is to remove local obstructions to tidal forces and storm
surge. The impacts include small-scale changes in water elevations in the areas extending up to
about 5 km inland. The area south of the Onslow Salt crystallisation ponds is expected to have
increased exposure to storm surge, with summated inundation up to 0.5 m depth. The 1:100-year
storm surge is expected to cause inundation beyond the proposed Shared Infrastructure Corridor.
The proposed onshore placement of dredge material may impose impacts linked to seepage of
seawater expressing as surface water flows within the Southwest and Ashburton River Mouth
Catchments. The predictive simulations show total seepage from the dredge material placement
area peaks at a rate of about 2,200 kL/day. The predicted seepage rates rise progressively
throughout the campaign of dredge material disposal onshore, peaking as the campaign ceases.
Thereafter the seepage rates decay over a period of five to ten years to about 200 to 400 kL/day.
The simulated seepage rates are sufficiently low that they may be predominantly intercepted by
evaporation and low-lying storage areas of the Southwest Catchment and consequently not
express as significant surface water flows on the ground surface.

Changes to Water Quality

The potential impacts on surface water quality predominantly stem from:

Likely increases in local sediment and salt due to an increase in disturbed soils and the large
volumes of fill materials to be brought to Ashburton North. The potential turbidity impacts may be
mitigated through appropriate design and engineering initiatives to intercept sediment. Conceptual
designs for the Plant Pad provide for sedimentation traps on local watercourses and silt fences on
the perimeters of the construction area. Construction of the perimeter embankments would
preferably occur during the predominantly dry winter months.

Seepage of seawater from the dredge material placement area and accumulation of salt due to the
retention and storage of flood waters upstream of the proposed Shared Infrastructure Corridor.
Both of these potential impacts have been mitigated through conceptual designs of the dredge
material placement area and Shared Infrastructure Corridor that respectively limit seepage and the
retardation of surface water flows.

Spills and leaks of contaminants. The interception of leaks and spills is addressed in the spill
containment design for the Plant Pad.

Xii
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Executive Summary

The runoff to Hooley Creek and within the Southwest Catchment is likely to require the management
of Total Suspended Solids concentrations and sediment loads for compatibility with the baseline
environments and conservation of habitats of the Ashburton River Delta. As such, the ANZECC
Guidelines, together with baseline data, have been used to develop indicative or guideline trigger
values for turbidity and salinity. These indicative or guideline trigger values include turbidity of 20 to
80 NTU (dry-season to wet season) and salinity 33,000 mg/L TDS. The trigger values appear to be
conservatively low based on the available data. The available baseline data are limited and
consequently the indicative or guideline trigger values are intended to be adjusted, to reflect measured
baseline values, once additional relevant data are recorded.

The implementation of the trigger values for the dry-season and wet-season needs to be supported by
definitions of these periods given they would change from year to year and may be dependent on the
ARI of storm events that seasonally influence surface water qualities. Invariably, a network of surface
water control sites in receiving environments within the Hooley Creek, Southwest and Ashburton River
Mouth Catchments would define the transitions from dry to wet to dry seasons and associated trigger
values. The control sites would provide measures of baseline turbidity and salinity in domains that are
not influenced by the proposed Ashburton North developments.

42907466/WHSTSTU-STU-WA-RPT-0091/0 xiii
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Introduction

1.1 Project Description

Chevron Australia Pty Ltd propose to construct and operate a multi-train Liquefied Natural Gas (LNG)
plant and a domestic gas (Domgas) plant 12 km southwest of Onslow on the Pilbara Coast (Figure 1-
1). The LNG and Domgas plants will initially process gas from fields located approximately 200 km
offshore from Onslow in the West Carnarvon Basin and future yet-to-be determined gas fields. The
project is referred to as the Wheatstone Project and "Ashburton North" is the proposed site for the
LNG and Domgas plants. The Project will require the installation of gas gathering, processing and
export facilities in Commonwealth and State Waters and on land. The LNG plant will have a maximum
capacity of 25 Million tonnes per annum (Mtpa) of LNG. The proposed plant site is located behind the
beach dunes on the coastal flood plain of the Ashburton River Delta, partly within the tidal zone. Land
cover and land form in the Project area are controlled by tidal influences. The construction of the
proposed plant will require building up an elevated area of land (Plant Pad) sufficient to accommodate
the development of onshore and marine facilities and flood protection. The construction of a navigable
channel will involve a large scale dredging program. The Wheatstone Project has been referred to the
State Environmental Protection Authority (EPA) and the Commonwealth Department of Environment,
Water, Heritage and the Arts (DEWHA). The investigations outlined in this report have been
conducted to support the environmental impact assessment process.

1.2 Wheatstone Project Construction and Operation Period

The proposed construction and operation periods for the Wheatstone Project are:

e Plant construction is from 2011 — 2016.
e Operation period is thirty (30) years.

1.3 Wheatstone Development

Ashburton North (Figure 1-2) is located on the coastal floodplain, straddling the local-scale catchment
divide between the Hooley Creek Catchment, Southwest Catchment (southwest of the proposed Plant
Pad) and the Ashburton River, each of which form part of the coastal delta area of the Ashburton
River, termed the Ashburton River Delta. Ashburton North is exposed to tidal variation, intense rainfall
and storm surges associated with tropical cyclones.

The Wheatstone Project comprises the construction of a Plant Pad, Shared Infrastructure Corridor and
Accommodation Village. The Plant Pad will form an elevated platform constructed to approximately
7.5 m AHD. Within the footprint of the Plant Pad may be a dredge material placement area and runoff
interception system. Both the Shared Infrastructure Corridor and Accommodation Village would be
constructed on elevated platforms. Construction of the elevated platforms would be engineered using
borrow material. Figure 1-2 shows the proposed Ashburton North Project Area. Borrow material for
construction of the elevated platforms is proposed to be sourced from selected islands within and
foreshore areas of the Hooley Creek Catchment. The selected islands and foreshore areas occur
within tidal flats, mud flats and salt flats at Ashburton North.

1.3.1 Pad Construction

The proposed Plant Pad is located on the catchment boundary between the Southwest and Hooley
Creek Catchments and has a finished elevation of approximately 7.5 m AHD. All Plant Pad permanent
structures would be set above the 1:100-Year Average Return Interval (ARI) flood elevation.

URS
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Onshore Dredge Material Placement

The Wheatstone Project may include the onshore emplacement of dredge material. Under this option,
dredge material would be transported hydraulically through a pipeline and placed into a dedicated
placement Area forming the western portion of the Plant Pad. Alternative to the onshore emplacement
would be disposal of all dredge material into offshore domains.

The dredge material handling and placement is described as follows:

« During an 18" month near-shore cutter suction dredging programme seawater slurry would drain
into a discrete placement area where dredge material solids settle. A decant would intercept and
divert the return supernatant seawater and suspended fines into a sump, with subsequent disposal.

» Dredge productivity is likely to be approximately 200,000 m*week of dredge material transported in
1,000,000 m*week of seawater. The ratio of dredge material solids to seawater is approximately
1:5.

« The capacity of the dredge material placement area is estimated to be approximately 12 Mm°.

« The total volume of dredge material solids to be placed is estimated to be approximately 10 Mm?®.

o Perimeter embankments for the placement area would be constructed along the northern, southern
and western boundaries to a crest elevation of approximately 6.5 m AHD, with 1 in 5 slopes and
20% compaction.

o During the dredge program decanted seawater would be disposed to a marine outfall in front of the
Plant Pad.

Plant Pad Runoff Interception

The construction of storm water collection drains, sedimentation ponds and outfall structures would
occur during the site clearing to ensure that they are in-place as soon as practicable during earthworks
activities. The sedimentation pond designs would use a 1:10-year ARI, 6-hour rainfall event, which has
an average rainfall of 18 mm/hour. The storm drainage criterion is based on a 1:25-year ARI with one-
hour rainfall intensity of 80 mm. Surface area and displacement volume are determined by the
expected flow and the settling velocity of the particle size to be captured. The volume will consist of a
settling zone and a storage zone. The sedimentation ponds would collect and hold runoff to allow
suspended sediment to settle out. The ponds would be designed with a principal pipe spillway to
handle peak flow and an emergency spillway to convey large floods safely past sediment basins.
After completion of construction, the sedimentation ponds may be filled and graded to natural
contours, leaving only the drainage path.

No wastewater streams would be routed to sedimentation ponds.

1.3.2 Shared Infrastructure Corridor

The proposed finished elevation for the Shared Infrastructure Corridor from the existing Onslow Road,
via the Accommodation Village to the Plant Pad is minimum 4.5 m AHD, with culverts designed to limit
the retardation of surface water flows. The Shared Infrastructure Corridor may be temporarily
submerged during rainfall runoff events that are less frequent than a 1:100-year ARI.

The proposed alignment of the Shared Infrastructure Corridor intersects several watercourses in the
Hooley Creek Catchment. These watercourses shed local runoff from the Hooley Creek Catchment
and periodically flood waters from the Ashburton River after significant rainfall events.
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Design elements for the Shared Infrastructure Corridor include:

« Elevation of road at drainage line crossings is minimum 4.5 m AHD.

e Elevations of the road are intended to not overtop in a 1:100-year ARI event.

¢ Road cover above culvert structures is approximately 0.5 m. The minimum elevation of the top of
the culverts is therefore 4.0 m AHD.

e Culvert structures designed for a 1:25-year ARI rainfall event.

e Culvert width would be determined by the width of the drainage channel at the location of the
crossing, maximising flow-through rather than being limited by the design discharge associated
with a 1:25-year ARI rainfall event.

1.3.3 Accommodation Village

The Accommodation Village is approximately 9 km inland. The proposed finished elevation of the
village is approximately 6 m AHD, predominantly above the 1:100-year ARI flood elevation.

14 Objectives of the Study

The objectives of this study include:

* Assess the surface water hydrology of the existing environment.

« Develop a hydrological model that simulates the baseline surface water environment.

» Identify potential impacts of the proposed Wheatstone Project on the surface water environment.
The impact assessments are predominantly inclusive of the option of onshore emplacement of
dredge material. This option provides the largest onshore footprint and consequently presents the
worst case for surface water impacts assessments.
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2.1 Physiography

Ashburton North is located on the Onslow coast, near the mouth of Hooley Creek and approximately
8 km east of the mouth of the Ashburton River. An alluvial and aeolian depositional landscape
comprises unconsolidated, undulating sand plains, clay pans and incised watercourses together with
occasional north to south trending dunes. Locally, the topography is characterised by a series of low
dunes and between the dunes are tidal and supratidal flats. The vegetation is predominantly open to
dense shrub land and spinifex grassland. Occasional trees, including large Eucalypts, occur along
local reaches of the nearby Ashburton River. Land use is mainly pastoral with the exception of the
Onslow Salt Project, which is located approximately 4 km east of the Wheatstone Project.

2.2 Climate

The Pilbara coast climate is arid-tropical, with influences of both tropical maritime air from the Indian
Ocean and continental air from the interior. The climate can be generalised into summer (October
through April) and winter (May through September) patterns. Table 2-1 and Chart 2-1 provide a
summary of rainfall, evaporation and temperature data from Onslow Airport. These data are sourced
from the Bureau of Meteorology (BoM). Summer patterns are characterised by hot daytime
temperatures, often between November and February exceeding 40°C, and widely variable rainfall.
Winter patterns are characterised by low rainfall and moderate temperatures (average daytime 25°C).
Coastal temperatures in both seasons tend to be moderated by the influence of onshore sea breezes.

Table 2-1 Average Monthly Climate Statistics (BoM, 2009)

Statistics Jan| Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |Annual

Onslow Airport (Station No. 005017; 1940 to 2008)

Mean Rainfall (mm) 345| 603 | 77.8 | 13.0 | 549 | 455 | 203 9.9 1.3 0.9 3.1 3.0 321.9

Mean Number of Rain Days 0 2.6 2.3 1 2.6 2.3 1.6 1 0.3 0.1 0.3 0.3 16.4

Mean Monthly Pan Evaporation
(mm) 351.7| 292.3 | 295.3 | 232.5 | 172.1 | 134.4 | 145.3 | 180.7 | 247.5 | 319.3 | 341.3 | 369.9 | 3,082.3

. . 314 318 317 30.0 25.2 22.8 224 24.0 26.5 28.0 29.1 30.9
Decile 1 Maximum Temperature (°C)

. . 423 | 416 40.6 37.8 32.9 29.0 28.0 30.2 33.8 37.6 39.8 41.3
Decile 9 Maximum Temperature (°C)

. - 21.2| 221 21.1 18.0 135 10.2 9.0 10.1 12.4 14.9 17.2 19.2
Decile 1 Minimum Temperature (°C)

. - 27.0| 274 27.0 24.3 21.0 18.2 17.0 16.7 18.0 20.6 229 25.2
Decile 9 Minimum Temperature (°C)

Port Hedland Airport (Station No. 004032; 1967 to 2008)

Mean Monthly Pan Evaporation
(mm) 325.5| 268.8 | 288.3 | 261 | 229.4 | 195 | 204.6 | 2325 | 267 | 328.6 | 342 353.4 3,296.1

The average annual rainfall ranges from 230 to 350 mm and mainly occurs during January through
April, linked to cyclonic activity. Rainfall patterns vary widely due to the influence of tropical cyclones.

URS
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Rainfall may also be irregular and localised due to thunderstorm activity. Typically, rainfall intensity is
highest near the coast and decreases inland.

mmmm Mean rainfall over recorded period (1940-2008)
C— Mean Monthly Pan Evaporation (mm) (1966-1975)
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Chart 2-1 Rainfall, Number of Rain Days and Evaporation at Onslow Airport (BoM, 2009)

Evaporation rates average about 3100 mm/year, measured at Onslow Airport over a nine-year
evaporation record from 1966 to 1975. The closest station with long-term (41 years) recorded
evaporation rates is at Port Hedland, about 400 km northeast along the coast. Data from Port Hedland
have been added to Table 2-1 to provide a comparison to the record for Onslow. Evaporation rates
are strongly seasonal with average long-term mean monthly pan evaporation rates of 370 mm in
December and 135 mm in June.

221 Tropical Cyclones

Onslow is located on a cyclone-prone part of the Australia coast (BoM 2009). The tracks of cyclones
which have historically affected Onslow are displayed on Figure 2-1. Since 1910 a cyclone with wind
gusts over 90 km/hr has on average impacted Onslow about once every two years (BoM 2009). The
most severe tropical cyclones impacting upon Onslow include Trixie, in 1975, and Vance, in 1999
(Figures 2-1 and 2-2).

Originally, Onslow (now referred to as Old Onslow) was established near the mouth of the Ashburton
River. The settlement was relocated east to the banks of Beadon Creek in 1925 because of changes
in the channel of the Ashburton River, predominantly attributed to flooding during tropical cyclones
(BoM 2008).

2.2.2 Climate Change

Rainfall

BoM rainfall records for Onslow have been analysed to determine long-term rainfall trends. Chart 2-2
displays annual rainfall, mean rainfall and 10-year and 30-year moving-average rainfall. The 10-year
and 30-year moving averages have an upward trend, indicating a gradual increase in annual rainfall.
This trend may indicate potential increases in annual rainfall in the future.
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Chart 2-2 Annual and Mean Rainfall at Onslow (BoM Station 005017; 1886 to 2008)

Notwithstanding the annual rainfall trends at Onslow, Climate Change in Australia (2007) estimate the
Pilbara will experience a decrease in annual rainfall of between 2 and 5% by 2030. Climate Change in
Australia (2007) also estimate that changes in rainfall patterns will result in an increase in both rainfall
intensity (rain per rain-day) and number of dry days in the future. As such, Ashburton North may
experience longer dry spells interspersed by heavier rainfall events.

Cyclones

There is evidence from interpreted data and predictive models that cyclonic activity is changing as a
result of global warming (BoM 2008). Analyses of cyclone data (Qi et al. 2008) suggest cyclone
frequency over Western Australia has increased from 1905 to 2004 (Chart 2-3). Although data before
the 1970's may be of lower reliability than that recently available from satellites, these analyses
indicate that the frequency of cyclones may increase in the future.

Contrary to the findings by Qi et al (2008), a number of studies focussed on regional changes in
cyclonic patterns suggest a future reduction in the occurrence of cyclones in Western Australia. An
increase in the severity of cyclones is predicted, however, with the number of severe category
systems escalating (Climate Change in Australia, 2007).
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Chart 2-3 Annual Number of Cyclones in WA, Trend Line and 5-Year Moving Average
(1905 to 2004, Qi et al, 2008)

Evaporation

CSIRO have estimated that temperatures in Australia are likely to increase by up to 1°C by 2030 and
between 2°C to 5°C by 2070 (compared to 1980 to 1991 temperature records). It is anticipated that
evaporation rates would increase as a result, although the likely effect is difficult to quantify. Increases
in evaporation rates may be offset by increases in rainfall intensity.

2.3 Geology

Ashburton North is located on the Peedamullah Shelf within the Northern Carnarvon Basin. Major
structural elements of the Peedamullah Shelf appear to control the thickness of sediments. Superficial
successions of unconsolidated Quaternary alluvial and colluvial sediments of the Ashburton River
Delta dominate the landscape. Superimposed on the superficial successions are intertidal flats and
mangrove swamps, beaches, supratidal mudflats, coastal dunes and residual sand plains. The coastal
dunes attain heights of 3 to 9 m and are typically underlain by coastal limestone that has irregular
outcrop expression both on the local beach at Ashburton North and above the inter-tidal zone.

The local superficial formations stratigraphic profile is about 30 m in thickness and predominantly
comprises silty and clayey alluvium. Underlying the superficial formations is Tertiary limestone and
sandstone (Trealla Limestone); with thickness variable up to about 60 m. Beneath Trealla Limestone
is a thick Cretaceous succession of the Gearle Siltstone.
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2.4 Geomorphology

Semeniuk (1993) characterised the Pilbara coast as “a riverine coastal plain in a tropical arid setting”.
Locally, Onslow coast is situated on the western end of the Pilbara coast and is part of the Northern
Carnarvon Basin The hinterland of the Onslow coast, is low-lying with substantial domains of high tidal
mud flats and supra-tidal salt flats. The Onslow Coast is a highly dynamic coastline that is
characterised by an exposed, sandy shore with both constructional and erosional processes ongoing.

At a regional scale Ashburton North is located in a primary coastal geomorphology compartment (the
Ashburton Compartment) extending from Tubridgi Point to Cape Preston (Damara 2009). It is a single
sediment cell extending over 70 km. The net sediment movement within the Ashburton Compartment
is easterly. The major transport path in the cell is along the shore at the beach face, with much of the
material being supplied as littoral drift along spits fed from the Ashburton River. Sediment sinks
include chenier spits, coastal dunes, inshore shoals and mudflats by tidal creeks (Damara 2009).
Major sources of sediment in the Ashburton Compartment include:

e Erosion of salt flats and mudflats by fluvial run-off and tidal creeks after flooding and tidal
inundation.

« Alluvial sediments discharged by the Ashburton River.

» Erosion of dunes and rocky shores by near-shore processes.

e Bio-production and reworking of material from the inner continental shelf.

At a finer scale, tidal creeks play a role in exchanging sediment between the terrestrial and marine
environments. Inundation of the tidal creeks by runoff during floods reinforces ebb currents and may
contribute to erosional scour of these watercourses as water levels fall after peak flows. In places
where the flood-tide flows are dominant, the tidal creeks may deposit silty sands and mud on the
mudflats.

Within the Ashburton Compartment, there are numerous landforms, including:

e Sandy beaches.

» Sand bars and shoals at the mouth of tidal creeks.

¢ Rocky shores.

e Mangroves.

e Lagoon flats and a large high tidal mudflat unit (i.e. mudflat areas located further landward of the
mangrove fringed tidal creeks) which host bioturbated mudflats with samphire communities, algal mats
and supratidal salt flats.

The frequency of tidal inundation across the intertidal zone is an important factor that influences the
distribution of landforms.

In the vicinity of Ashburton North, a geomorphic classification of coastal habitats published by
Semeniuk (1986) has been used to define three coastal geomorphic units:

¢ Onslow Coastal Tract.
e Ashburton River Delta.
e Hooley Creek — Four Mile Creek Tidal Embayment.
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Structure and distribution of intertidal habitats are predominantly controlled by the pre-existing
geomorphology and underlying geology. Locally, the topography is characterised by a series of low
dunes and between the dunes are tidal and supratidal flats. The aeolian and alluvial depositional
landscape comprises north to south trending dunes, unconsolidated and undulating sand plains, clay
pans and incised watercourses. The simplified coastal geomorphology is shown on Figure 2-3.

The Onslow Coastal Tract occurs between Tubridgi Point and Coolgra Point, forming an extensive
system of sandy beaches backed by coastal dune systems, limestone barriers and tidal flats. Sandy
beach and dune systems are interrupted only by the Ashburton River Delta and tidal entrances for the
Hooley, Eastern and Four Mile Creeks (Figure 1-2). The tidal creeks breach gaps in the dune barrier
systems and form networks of narrow drainage channels that enable tidal flows to (and from)
expansive tidal flat embayments extending several kilometres landward of the beach. Localised areas
of sand bars and shoals are formed at the mouths of tidal creeks and the Ashburton River, where fine
to medium grained sands have been deposited and re-worked into delta-shaped formations. For the
most part, the sandy beaches are backed by steep, vegetated fore-dunes forming the beach/dune
geomorphic unit that characterises the Onslow coast. Throughout the Onslow coast, modern
mangrove and tidal flat deposits are superimposed upon a Holocene and/or Late Pleistocene, semi-
consolidated shell bed pavement.

The Ashburton River Delta is an accretionary sedimentary feature occupying about 9 km of the
coastline from the mouth of the Ashburton River. The delta is characterised by a complex system of
spits, cheniers, tidal flats, channels and coastal dune barriers. Eastward littoral transport has focussed
depositional activity on the eastern delta, immediately adjacent to Ashburton North. A series of parallel
sand deposits are separated by elongate lagoons which host subtidal, intertidal mangrove and mudflat
deposits. The Ashburton River Delta supports 526 ha of mangroves and a diversity of mangrove
assemblages. Landward of the mangrove zone, large areas of mudflats typically extend to the
hinterland margin or merge with the supratidal salt flats. These mudflat areas occur in the upper
sections of the intertidal zone and hence are not regularly inundated by tides. Two habitat types are
recognised within the mudflats, these being bioturbated mudflats with samphire communities and algal
mats.

The Hooley Creek — Four Mile Creek Tidal Embayment is broad tidal flat to the east of Ashburton
North that includes narrow tidal creeks, with fringing mangroves, and extensive mudflats. It is drained
to the sea by the west and east branches of Hooley Creek, Eastern Creek and Four Mile Creek. The
distribution of habitats within the tidal embayment is a succession from tidal creek — mangroves —
samphire and bioturbated high tidal mud flat — algal mat covered high tidal flat — salt flat — hinterland
margin at the toe of the dunes. Mangroves occur at the river mouth and along the reaches of tidal
creeks, forming a nearly continuous ribbon of fringing vegetation. At Hooley Creek, Eastern Creek and
Four Mile Creek, mangroves are confined to a 10 to 20 m fringe adjacent to the creek channel.
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2.5 Catchments

Ashburton North is located in the Ashburton River Catchment (Figure 2-4). The Ashburton River is one
of the major rivers of the Pilbara and is ephemeral, flowing in response to significant local and regional
rainfall events. Higher runoff potentials occur in the upper reaches of the catchment due to greater
topographic relief. Downstream on the coastal plain, the Ashburton River fans out into a deltaic
system, made up of wide and braided flow paths, before discharging into the Indian Ocean. The delta
contains tidal creeks and pools, which are frequently inundated by the sea in the lower reaches. Major
flows occur in the Ashburton River every one to three years. River flows predominantly occur during
the cyclone season.

At a local scale (Figure 2-5), Ashburton North is located within the Ashburton River Delta, the near-
coastal expression of the Ashburton River Catchment (Figures 2-4 and 2-5). The catchment area of
the Ashburton River Delta comprises the Ashburton River Mouth, Southwest, Hooley Creek and
Northeast Catchments. The proposed Plant Pad at Ashburton North is located on the catchment divide
between the Southwest and Hooley Creek Catchments. Infrastructure associated with the Project
would impose on both of these catchments. The Shared Infrastructure Corridor and the
Accommodation Village are located in the Hooley Creek Catchment inland of the tidal zone, but the
alignment of the Shared Infrastructure Corridor crosses a number of drainage lines within the
catchment.

Three main components influence the hydrological characteristics of the Ashburton River Delta:

¢ Flooding of the Ashburton River.
e Localised rainfall events.
e Tidal inundation by seawater.

Catchment divides, between the Ashburton River Mouth, Southwest Catchment and Hooley Creek
Catchment are of low topographical relief (Figure 2-6). During larger flood events (typically less
frequent than 2-year ARI), stream flow from the Ashburton River spills from the main channels in the
Ashburton River Mouth Catchment into the adjoining Southwest and Hooley Creek Catchments,
forming a broad flood plain. As such, the Ashburton River affects flood levels and stream flows in both
the Southwest and Hooley Creek Catchments.

At ARIs of less than two years, the local catchments function independently, with surface water flow
directions linked with topography (Figure 2-6). A snap-shot of the effects of local flooding is provided
by the rainfall events of early-2009; in particular the 1:2-year ARI event of 28 January. The flood
impacts of this event are shown (Figure 2-7) to be widespread across both the Southwest and Hooley
Creek Catchments, but not propagating across the local catchment divides.
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2.6 Tides

2.6.1 Tidal Influence

Onslow is one of the national standard port tidal references (Station 62470), with a tide gauge located
on Beadon Creek and, maintained by the WA Department of Transport. Along the Onslow coast, a
mesotidal setting is characterised by mixed, mainly semi-diurnal tides, with a spring tide range of
1.9 m. Tidal variations have been recorded between 1.68 m AHD (Highest Recorded Tide, HRT) and -
1.99 m AHD (Lowest Recorded Tide, LRT), with a mean sea level of 0.06 m AHD (DPI, 2004). Highest
Astronomical Tide (HAT) is 1.55 m AHD and Lowest Astronomical Tide (LAT) is -1.42 m AHD. The
tidal record associated with the Highest Recorded Tide on 8" of March 2000 was sourced from the
Department of Transport Spatial Information Branch of the Operations Division. Table 2-2 summarises
the local tidal ranges from Australian ‘National Tide Tables’ 2009.

Table 2-2 Summary of Tidal Planes

Tidal Plane Elevation (m AHD)
Highest Astronomic Tide +1.5 m AHD
Mean High Water Springs +1.0 m AHD
Mean High Water Neaps +0.3 m AHD

Mean Sea Level 0.0 m AHD
Mean Low Water Neaps -0.3 m AHD
Mean Low Water Springs -0.9 m AHD
Lowest Astronomic Tide -1.5 m AHD

Processes affecting the coast near Onslow include tides, cyclonic surges and seasonal ranging and
inter-annual mean sea level variations (National Tidal Facility 2004). The tidal forcing contains a range
of cycles, including the semi-diurnal ranging, the monthly spring-neap cycle, a bi-annual cycle due to
movement of the solar equator and a 4.4 year cycle developed from lunar elliptic motion (Damara
2009).

The seasonal variations of tides, surges and mean sea level are generally not in phase, namely:

» Tidal peaks occur near the equinoxes in March and September.

e Surge peaks mainly occur in January to March due to tropical cyclones, and from June to August
due to mid-latitude systems.

* The seasonal mean sea level peaks during April.
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This seasonal variation provides opportunity for comparatively high seawater level events (>1.0 m
AHD) over the majority of the year. The relative timing of the tidal and sea level peaks provides
increased potential for high seawater level events to occur as a result of late-season tropical cyclones,
in March or April (Damara 2009).

Landforms at Ashburton North are influenced by tidal forces. Tidal fluctuations affect expressions of
inundation in the lower reaches of the Ashburton River Mouth, Southwest and Hooley Creek
Catchments. Downstream reaches of the Ashburton River and Hooley Creek are daily and temporally
inundated by seawater. Figure 2-8 shows areas inundated by mean sea level. Figure 2-9 illustrates
the influence of Highest Recorded Tide on the local landforms.

2.6.2 Storm Surge

Storm surge is a complex function of cyclone intensity and motion, extent of maximum winds,
bathymetry and coastline shape. The worst-case storm surge occurs when a severe cyclone passes
near the coast concurrent with a high tide. The associated seawater level, called the storm tide, is a
combination of the storm surge and tidal variation. The storm tide may rise above the HAT; a 1:25-
year ARI storm tide exceeds the inundation caused by the HAT.

The Onslow coast has been periodically inundated in the past by storm surge, particularly during the
cyclones of 1934, 1958, 1961 and in 1999 (BoM 2009b). Cyclone Vance caused one of the largest
recorded storm surges (+3.7 m AHD) on the Onslow coast (Global Environmental Modelling Systems
[GEMS] 2000), which was in the order of a 1:45 to 1:50-year ARI event. This storm surge inundated
much of the coast and caused widespread erosion (BoM 2009).

A study for the Shire of Ashburton at Onslow (GEMS, 2000) quantified storm surge risk. The 1:100-
year ARI storm surge was estimated to be 4.7 m AHD in the vicinity of the Ashburton River mouth.

2.7 Water Table Settings

Water table settings from site investigations are shallow at Ashburton North. Beneath the coastal
dunes and residual sand plains terrain, the depths to the water table typically range from 1 to 5 m.
Elsewhere, beneath supratidal mudflats, intertidal flats, mangrove swamps and beaches, the water
table occurs at depths typically less than 1 m. In depressions within the Southwest Catchment, the
water table may be expressed on the ground surface for extended periods of time, reflecting localised
groundwater discharge zones.

The water table elevations beneath the dunal terrain reflect the land surface topography, with
discharge into the local Southwest and Hooley Creek Catchments and along the coast. Within the
alluvial successions, groundwater discharges into the supratidal mudflats, intertidal flats, mangrove
habitats and to the ocean.
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Data from site investigations at Ashburton North indicate the shallow groundwater in the coastal dunes
and alluvial successions is typically brackish to hypersaline, with Electrical Conductivity (EC) in the
range 8.5 to 187.6 mS/cm @ 25 °C and Total Dissolved Solids (TDS) from about 5,800 to 188,000
mg/L. These data indicate the saturated profile is vertically salinity stratified, with lower salinity in the
shallow water table zone beneath the dunal terrain linked to local rainfall infiltration.

Further information on the groundwater at Ashburton North is contained in the Groundwater Studies
report, (URS 2010).

2.8 Receptors

Potential surface water receptors at Ashburton North include river ecosystems and mangrove habitats.

The salinities in mangrove and mud flats areas are linked closely to the relative influence of tidal
inundation (as determined by tidal elevation, groundwater discharge and episodic rainfall and runoff).
A natural gradient of salinities occurs across the tidal flat in response to differences in tidal inundation
patterns (Semeniuk 1983). Salinity data on the Pilbara coast show that a gradient of increasing
salinities exists from the seaward or tidal creek fringing mangrove zone through to the more landward
mangrove zones and then out across high tidal mud flats and samphire zones. Salinity gradients are
altered during flood events when the coastal areas are inundated with fresh runoff. Typically, the
runoff carries sediment and nutrients.

Botanical surveys (Biota 2010 a, b and ¢ and Bamford 2009) at Ashburton North have not identified
ecosystems that are predominantly dependent on surface water flows.
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Site Investigation

A site investigation was conducted from 20" April to 5" May 2009 to ratify topographic concepts and
assumptions used in the Ashburton River and Ashburton North hydrological assessments. Several
photographs were taken during the site investigation to provide a general impression of the surface
water characteristics of Ashburton North. The sites of selected photographs are shown on Figure 3-1
together with the direction of the view. Selected photographs (Plates 1 to 10) are shown on Figures 3-
2 to 3-5, inclusive.

3.1 Drainage and Surface Water Flows

During the site investigation the inland propagation of a spring tide was observed. It was found that
the Hooley Creek Catchment was extensively inundated by the spring tide (Plate 1, Figure 3-2). The
Southwest Catchment was not inundated by the spring tide, but (Plate 2, Figure 3-2) contained
remnant pools from earlier rainfall events. As such, the Southwest Catchment may become flooded in
response to rainfall but may not be inundated by normal tides.

Hooley Creek (West Branch) was examined both on an ebbing tide (Plates 3 and 5, Figure 3-3) at
1:30 pm on April the 22™ 2009 and a flooding spring tide (Plates 4 and 6, Figure 3-3) occurring at
11:25 am on the 25" of April 2009. Portions of the low-lying areas of Hooley Creek West were
observed to be inundated by the spring tide. On downstream reaches, Hooley Creek West has a
deeper main channel easily visible during an ebbing or low tides (Plates 3 and 5, Figure 3-3). This
channel, together with three other tidal creeks (Hooley Creek East, Eastern Creek and Four Mile
Creek), are the main outlets for the Hooley Creek Catchment. The floodplain of the Hooley Creek
Catchment is wide and flat and extends approximately 5 km upstream from the ocean, forming a large
tidal pool which is open to inundation from the sea.

The Ashburton River has a wide flat profile, with steep, high banks on its lower reaches (Plate 7,
Figure 3-4). The river becomes wider and shallower closer to the mouth (Plate 8, Figure 3-4).

The existing roads and tracks to Ashburton North are unsealed and cross several tributaries of the
Ashburton River, upstream of the Hooley Creek Catchment. Large culverts are located at several of
these crossings. At the time of the site investigation, several locations along the road were damaged
by flood waters from recent (January 2009) rainfall events during which the road was evidently
overtopped by stream flows (Plate 9, Figure 3-5). At one crossing, the culvert had been dislodged
(Plate 10, Figure 3-5), presumably during the recent flow events. Local roads and tracks were closed
(Shire of Ashburton 2009) for almost two months from the 27" January to 20" March 2009 due to local
rainfall. Communication with the Ashburton Shire indicates road closures occur regularly after
significant local rainfall events.

3.2 Surface Water Quality

Surface water samples were taken on an opportunistic basis to develop a basic understanding of
baseline surface water quality at selected locations (Table 3-1 and Figure 3-6). Water quality
information from a separate study on clay pan fauna (Biota 2009) has also been used as a
supplement to further develop this understanding of surface water quality.
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3 Site Investigation

Table 3-1 Opportunistic Surface Water Quality Sample Locations
Date Site Description Coordinates Water Quality
Easting Northing Parameters
(mE) (mN)
13/6/09 | Salt pan on side of main highway 295022 7600697 EC, TDS, pH, major ions
14/6/09 | West of main track 295289 7600440 EC, TDS, pH, major ions
21/6/09 | Hooley Creek tidal zone 292864 7599255 EC, TDS, pH, major ions
18/2/10 | Hooley Creek, western branch, 294612 7599672 EC, TDS, pH, major ions,
tidal zone temperature, dissolved oxygen,
turbidity
20/2/10 | Ashburton Delta Mangrove 290500 7599491 EC, TDS, pH, major ions,
temperature, dissolved oxygen,
turbidity
21/2/10 | Upper Hooley Creek Catchment, 300899 7590582 EC, TDS, pH, major ions,
SE end of Shared Infrastructure temperature, dissolved oxygen,
Corridor turbidity
14/2/09 | Clay pan - CWPO01 304505 7587310 EC, TDS, pH, temperature,
10/3/09 dissolved oxygen, turbidity
6/4/09
14/2/09 | Clay pan - CWP02 303667 7587774 EC, TDS, pH, temperature,
10/3/09 dissolved oxygen, turbidity
6/4/09
10/3/09 | Clay pan - CWP07 304348 7587203 EC, TDS, pH, temperature,
dissolved oxygen, turbidity
10/3/09 | Clay pan - CWPO08 304220 7587164 EC, TDS, pH, temperature,
dissolved oxygen, turbidity
10/3/09 | Clay pan - CWP11 297891 7590302 EC, TDS, pH, temperature,
dissolved oxygen, turbidity
10/3/09 | Clay pan - CWP12 297819 7590294 EC, TDS, pH, temperature,
dissolved oxygen, turbidity
10/3/09 | Clay pan - CWP13 290500 7599014 EC, TDS, pH, temperature,
dissolved oxygen, turbidity
10/3/09 | Clay pan - CWP14 290420 7598961 EC, TDS, pH, temperature,
6/4/09 dissolved oxygen, turbidity
10/3/09 | Clay pan - CWP16 291006 7595257 EC, TDS, pH, temperature,
dissolved oxygen, turbidity
6/4/09 | Clay pan - CWP21 298678 7590905 EC, TDS, pH, temperature,
dissolved oxygen, turbidity
16 42907466/WHSTSTU-STU-WA-RPT-0091/0
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Baseline Surface Water Assessment

4.1 Hydrology and Drainage

411 Ashburton River Catchment

The Ashburton River Catchment is characterised by:

e Alarge area.

« Ephemeral flows (recorded discharge varies between nil and greater than 11,000 m%s; Department
of Water (DoW), Nanutarra Bridge).

« Climatic conditions which are characterized by long dry periods and high intensity rainfall events,
which generate significant stream flows.

e The magnitude of stream flow is predominantly determined by the ARI and distribution (widespread
and limited) of the rainfall events.

The Ashburton River Catchment is approximately 78,777 km? in area (Figure 2-3) with many smaller
sub-catchments. Overland flow is channelled in the upstream reaches of the catchment, due to
greater topographic relief. At the coast, the river discharges through a network of tributaries within the
Ashburton River Delta. Rainfall distribution, occurrence and intensity are known to widely vary across
the Ashburton River Catchment, due both to the size of the catchment and nature of the cyclonic
rainfall events. There is a trend observed from rainfall records of decreasing rainfall intensity further
from the coast; reducing from hundreds of millimetres at the coast to tens of millimetres further inland.

Historical Flows and Flood Events

Flow in the lower reaches of the Ashburton River (Chart 4-1) has been monitored since 1972 at
Nanutarra Bridge, approximately 100 km inland from the river mouth. The annual flow volumes in the
Ashburton River are widely variable, being known to range from 3 GL in 2007 to 4,500 GL in 1997.

The largest flood event on record occurred in January 1997, produced when a rainfall total of 477 mm
was recorded in 24 hours, with 415 mm being recorded within 5 hours in the Onslow area (Leighton &
Mitchell 1997).

In mid-February 2009, Cyclone Dominic crossed the Pilbara coast about 12 km east of Onslow (BoM
2009). The cyclone deposited 276 mm of rainfall in 24 hours at Onslow; Onslow Airport recorded the
wettest February day on record (BoM 2009). This rainfall event resulted in flows of the Ashburton
River and localised flooding of roads. The cyclone quickly weakened after crossing the coast and
intense rainfall was not observed at inland rainfall gauges, such as Paraburdoo.

The maximum flow rates on the Ashburton River (Chart 4-2) were obtained for every year using the
annual maximum stream flow values

The flow event in February 2009, due to Cyclone Dominic, recorded a peak flow at the Nanutarra
Bridge of 411 m?/s. This flow event has an AR of less than 2 years.
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4 Baseline Surface Water Assessment

Historical Annual Flows
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Chart 4-1

Ashburton River Annual Flow Volumes (Nanutarra Bridge, 1973 to 2008)
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Chart 4-2

Ashburton River Annual Maximum Flow Rates (Nanutarra Bridge, 1973 to 2008)
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4 Baseline Surface Water Assessment

4.1.2 Ashburton River Delta Catchment

The Ashburton River Delta is characterised by:

¢ A small catchment area relative to the overall Ashburton River Catchment.

e Ephemeral runoff is not measured but estimated to vary dependent on local and regional rainfall.

e Four sub-catchments, identified as Ashburton River Mouth, Southwest, Hooley Creek and
Northeast Catchments (Figure 2-5).

* Four main watercourses (Hooley Creek West, Hooley Creek East, Eastern Creek and Four Mile
Creek) discharging into the ocean.

The Ashburton River Delta Catchment is 190 km?in area within near-coastal settings of the Ashburton
River (Figure 2-4). The predominant watercourse that influences the hydrology of the Ashburton River
Delta is the Ashburton River. There are also numerous local small-scale watercourses that influence
the hydrological characteristics of the Ashburton River Delta during flood events.

Under seasonal-dry conditions the sub-catchments of the Ashburton River Delta are discrete and
surface water environments are independent. During and after significant cyclonic rainfall events,
stream flows swell above the low-relief catchment divides and connect the individual catchments to
form a coastal flood plain. Under such conditions the stream flow from the Ashburton River extends
throughout the entire delta, contributing to flows within the Southwest, Hooley Creek and Northwest
Catchments. At these times, flood heights in the local catchments rise significantly above those
generated by the local catchment runoff.

The Ashburton River Delta Catchment is dynamic, with historical evidence indicating changes to the
location of the main flow path of the Ashburton River through the delta and the river mouth. The most
recent change occurred in 1921 when the main flow path shifted about seven kilometres west of its
previous position (Damara, 2009). Such changes are caused by significant flood events that cause the
deposition of large quantities of sediment. Deposition of sediment in the low-relief delta, consequent
increase in flow path elevation and subsequent shallowing of channel slope causes stream flows to
find an alternative path to the ocean.

Ashburton River Mouth Catchment

The Ashburton River Mouth Catchment is the area immediately surrounding the mouth of the
Ashburton River (Figure 2-5). The Ashburton River flows in close proximity to both the Southwest and
Hooley Creek Catchment boundaries. When the Ashburton River is in flood it breaks its banks, with
flow spilling over both banks. Flood waters spilling over the east bank flows into the Southwest and
Hooley Creek Catchments.

Southwest Catchment

The Southwest Catchment has several drainage lines that when in flood, flow into the adjacent
Ashburton River Mouth and Hooley Creek Catchments.
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4 Baseline Surface Water Assessment

Hooley Creek Catchment

The Hooley Creek Catchment consists of four main drainage lines, Hooley Creek West, Hooley Creek
East, Eastern Creek and Four Mile Creek. Although Hooley Creek is identified as a discrete
catchment, it has low relief and during flood events it is hydraulically connected to the Ashburton River
and adjoining sub-catchments.

Northeast Catchment

The Northeast Catchment is located east of the Hooley Creek Catchment and drains directly into the
ocean. The area is not strongly hydraulically connected to the Ashburton River and therefore receives
flood waters from sub-catchments to the south during 25-year ARI or less frequent events. Runoff is
also generated by local rainfall and water levels are influenced by tidal variation in the lower parts of
the catchment.

4.2 Hydrological Models

Two methods were used to characterise the hydrology of the regional and local catchments of the
Ashburton River: runoff routing and flood frequency analysis on the observed flows at Nanutarra
Gauging Station (Nanutarra Bridge).

Runoff Routing

The hydrology of the Ashburton River Catchment and Ashburton River Delta was characterised in
xprafts models to obtain hydrographs representing runoff contributing to stream flow. These
hydrographs were used to generate flood maps for the Ashburton River Delta and Ashburton North for
different potential rainfall ARIs and storm scenarios. The xprafts software is a runoff routing model,
used extensively through Australia and the Asia Pacific Region. The model uses the Laurenson non-
linear procedure to develop a sub-catchment hydrograph for either an actual event or design storm.
The Muskingum-Cunge procedure is subsequently used to route hydrographs through channels or
river reaches in order to provide realistic lagging of hydrographs.

Flood Frequency Analysis

A flood frequency analysis was undertaken to determine the frequency of flood flows recorded on the
Ashburton River at Nanutarra Bridge. Such an analysis uses statistical methods to determine the
likely recurrence interval of river flow events.

There are several flood frequency analysis techniques that could be used for this analysis. The flood
frequency analysis method adopted is based on the recommendations from the proposed revision to
Book 4 of Australian Rainfall and Runoff (ARR 2001). Therefore, the Generalised Extreme Value
(GEV) theoretical probability distribution has been applied.

The analysis was also conducted using the Log Person llI distribution. This was previously highlighted
as the correct procedure to use in ARR for flood frequency analysis but recent research suggests that
the GEV procedure has improved robustness. The GEV methodology is expected to become the
Australian standard.
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4 Baseline Surface Water Assessment

4.2.2 Ashburton River Catchment

Flows on the Ashburton River were characterised using an xprafts model of the Ashburton River
Catchment. The sub-division of the catchment (Figure 2-3) used by the DoW was adopted for this
assessment. Characteristics of the individual sub-catchments were used to generate single output
hydrographs upstream of the Ashburton River Delta. To define the hydrological characteristics of the
catchment, significant rainfall events with a widespread distribution over the Ashburton River
Catchment were used. Widespread rainfall would be recorded at both Onslow and Paraburdoo rain
stations (BoM 2009), with corresponding flows recorded at Nanutarra Bridge (DoW 2009). .Two
significant widespread rainfall events 22" March 1999 and 3™ March 2004 recorded at both Onslow
and Paraburdoo BoM rain stations, with corresponding flows recorded at Nanutarra Bridge, were used
to define hydrological characteristics. The March 2004 event had an ARI of approximately 1:10 years.
Several other significant rainfall events were neglected for calibration purposes because they did not
occur widespread throughout the Ashburton River Catchment.

The modelling applied rainfall records from each event and compared the simulated hydrograph with
that recorded at the Nanutarra Bridge. Adjustments to initial and continuing loss factors were made
during the modelling to enable calibration. A comparison between the simulated and the gauged
(March 2004) hydrograph is shown in Chart 4-3.

March 2004 Flow event recorded at Nanutarra gauge Vs modelled hydrograph for the same event

2500
- / /
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Chart 4-3 Comparison of Simulated and Gauged Flows, March 2004 at Nanutarra Bridge
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4 Baseline Surface Water Assessment

Flood Frequency

The Nanutarra Bridge has 37 years (1972 to 2009) of flow record and gauges the majority of the
Ashburton River Catchment. A complete annual maxima flow data set has been used in the flood
frequency analysis. The flow record for 1972 was removed from the analysis as only 3 months of data
was recorded during the dry season. An outlier analysis was conducted on the Nanutarra Bridge
maxima data, with the highest flow recorded in 1997 being identified has a high outlier. This flow
event has been included in the analysis as it is documented as caused by a slow-moving low pressure
system that produced rainfall in excess of 400 mm within the Ashburton River Catchment. The DoW
(2009) also highlights the Nanutarra Bridge flow record as being of a very good quality although
assessment of the rating curve has not been undertaken. The result of GEV distribution with the 90
percent probability limits are shown in Chart 4-4.

FFA for the Ashburton River, Nautarra Gauge
10,000,000
1,000,000
| [ s
| o
|
s
100,000 = —
|
|
/,,_n/|
@ 10,000 —
E /JI/|
2 | =
]
2 1,000 = =
100
L
10
1
1 10 100 1000 10000
ARI (1in Y Years)
[—=—cEV 90% probability Limits |

Chart 4-4 Ashburton River Flood Frequency Analysis, Nanutarra Bridge

The flows for various ARI events at Nanutarra Bridge, derived using the GEV distribution methodology
are shown in Table 4-1.
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Table 4-1 Estimated Peak Discharges for Varying ARI

ARI Flows (m3/s)
2 868
5 2,168
10 3,730
20 6,134
50 11,469
100 18,187
200 28,679
500 52,118
1,000 81,721

Probable Maximum Flood

To understand the characteristics of a worst-case flood event, the Probable Maximum Flood (PMF)
has been estimated for the Ashburton River Catchment and the Ashburton River Delta. PMF
characteristics have been based on the BoM Generalised Tropical Storm Method (GTSMR) which
estimates Probable Maximum Precipitation (PMP). The PMP has been defined by the World
Meteorological Organisation as: “the greatest depth of rainfall for a given duration, meteorologically
possible for a given size storm area at a particular location at a particular time of year, with no
allowance for climatic trends”. This definition is also referenced in the GSTMR.

The peak flow of the PMF on the Ashburton River at the Nanutarra Bridge is estimated to be
280,000 m?/s.

4.2.3 Nanutarra Bridge to Ashburton River Delta

Flows generated in reaches of the Ashburton River between the Nanutarra Bridge and Ashburton
River Delta Catchment have been accounted for in the Ashburton River Catchment hydrological
model. Analysis of the general topography, satellite imagery and the Halpern Glick Maunsell (1997)
report on the February 1997 flood event, suggest that during a significant storm, flows breakout of the
main channel of the Ashburton River. Breakouts occur to the northwest and the northeast
approximately 40 km downstream of the Nanutarra Bridge (Figure 4-1). Significant breakout flows to
the northwest are likely to be predominantly temporarily stored in small interconnected depressions
and further north within inter-dune swales. Flood waters not lost to infiltration or evaporation are likely
to be discharged through drainage systems to the west of the main channel of the Ashburton River.
Breakout flows to the northeast are also likely to be stored in depressions and interconnected inter-
dune swales. An aerial survey of the February 1997 events (Halpern Glick Maunsell 1997), however,
suggested a large proportion of the flood waters flowed east and discharged into the Hooley Creek.

The main breakout areas are located outside the hydrological model boundary (Figure 4-2). Further,
relevant data are not available to estimate the potential temporary storage in the breakout areas and
subsequent flow volumes into Hooley Creek. An assumption is made that significant portions of the
flow volumes are lost on the flood plain. To account for loss of flows, particularly those that breakout
to the northwest, it has been assumed that peak flows would be considerably less at Ashburton North
than those estimated at Nanutarra Bridge by the flood frequency analysis.

URS
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Selection and Distribution of Flows

A key factor in realistically representing the hydrology of the Hooley Creek Catchment is understating
the volumes and distributions of flood flows that breakout of the main channel of the Ashburton River.
An aerial hydrological survey of the 1997 flood event (Halpern Glick Maunsell 1997), mapped flood
flows including breakouts of the main channel of the Ashburton River. From this hydrological survey it
has been estimated that breakouts to the northeast and northwest nominally accounted for one
quarter and one third of the flood flow. The remainder of the flood flows was contained within the main
channel of the Ashburton River.

Figure 4-3 shows the conceptual distribution of flood flows from a 1:100-year ARI event based on the
1997 hydrographic survey findings. Conceptually a peak breakout flow of 4,300 m3/s would discharge
through the eastern portion of the Hooley Creek Catchment. This is a conservatively high discharge
rate because the assessment does not take into account the low relief and potential storage of the
floodplain.

4.2.4 Ashburton River Delta Catchment

The Ashburton River Delta Catchment is not gauged. Therefore, a hydrologic model (using xprafts
software) was developed to estimate flows generated locally within the delta. This model has not
been calibrated due to the absence of gauged records. Parameterisation of the Ashburton River Delta
Catchment xprafts model is comparable with that of the calibration model for the Ashburton River
Catchment. This approach enables a reasonable representation of loss values and generated flow in
the Ashburton River Delta Catchment.

The loss values applied to the Ashburton River Delta model were derived from the calibrated
Ashburton River Catchment model. This is considered a reasonable assumption given loss values
commonly do not greatly differ within a catchment with similar geology, land-use and vegetation.
Antecedent soils conditions were assumed for those catchments which are considered likely to be
saturated during a rainfall event due to shallow water table, tidal ingress and low elevation.
Characteristics such as topographical data, flow paths, roughness coefficients and channel
dimensions identified in the site investigation were also applied to the model. Table 4-2 shows the
parameter values for the model sub-catchments.
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Table 4-2 Input Parameters for the Ashburton River Delta Hydrological Model

A§hburton Area Catchment Initial Continuing

River Delta (kmz) Slope Loss Loss

Catchment (%)
LAA10 12 0.0010 30 13.8
LAA1l 29 0.0010 30 13.8
LAA12 23 0.0018 30 13.8
FCEO1 226 0.0010 30 13.8
FCB01 42 0.0010 30 13.8
LCBO02 6 0.0012 30 13.8
FCAO1 12 0.0010 30 13.8
LCAO02 18 0.0010 30 13.8
LCAO03 42 0.0013 0* 0*
FCCO01 14 0.0010 30 13.8
FCDO0O1 27 0.0017 30 13.8
FCFO01 35 0.0019 0* 0*
LCFO02 23 0.0011 30 13.8

4.2.5 Tidal Variation

Data for the tide gauge at Beadon Creek were obtained from the WA Department of Transport. These
were applied to the coastal boundary of the hydraulic model. Data used for the standard tide
simulations are shown in Chart 4-5. Subsequently the varying extent to which the tide inundates the
Ashburton River Delta Catchment was assessed using several days of tidal records in the hydrological
models. These input data are associated with a period of high tides (maximum tide elevation 1.24 m

AHD) recorded during January 2009.
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Chart 4-5 Standard Tide Sequence
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4.2.6 Storm Surge

The storm surge study by GEMS (2000), estimates the 1:25-year and a 1:100-year ARI storm surge
for the Onslow coast. The peak sea elevation for the 1:25-year and 1:100-year ARI events are
estimated at 3.5 and 4.8 m AHD. The typical tidal record has been modified to represent both the
1:25-year and 1:100-year peaks for use in the hydrological models. The sea level sequences used to

model the storm surge are shown below in Charts 4-6 and 4-7.

The storm surge analysis was simulated to coincide with the rainfall runoff event with a similar ARI.
Although this is a highly unlikely sequence of events, it represents an extreme condition and provides
an indication of the range of anticipated water levels at Ashburton North.
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1:100-Year ARI Storm Surge Sequence
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4.3 Hydraulic Model

In order to evaluate the hydraulic characteristics of Ashburton North it is necessary to separate the
effects of flooding from the Ashburton River, tidal inundation and runoff generated by local rainfall. A
two-dimensional hydraulic model of the Ashburton River Delta Catchment was developed, using MIKE
21 software, in order to assess these effects. This model was used for two sets of baseline
simulations:

¢ Tidal inundation.
e Baseline flood profiles - existing environments.

Hydraulic Model Development

MIKE 21 simulates unsteady two-dimensional flow in marine, coastal and floodplain environments.
The topographic grid represents the mean elevation from Digital Elevation Model (DEM) topographic
data obtained from LIiDAR and FUGRO LiDAR. The LIDAR data contains topographic data on a 1 m
grid, with a vertical resolution of 0.3 m. The MIKE 21 model boundaries of the Ashburton River Delta
model are the same as the LIDAR grid. Due to the relatively large domain and the computational
limitations of the software, the model is based on a 40 m grid. The domain of the hydraulic model
excludes the breakout areas from the main channel of the Ashburton River. The MIKE 21 model
domain is shown on Figure 4-4.

Landsat 7 imagery was used to determine the hydrologic parameters and set catchment roughness
values (1/Mannings N). The resolution provided by the images is considered sufficient for this
assessment. The roughness map is shown on Figure 4-5.

The embankments of the Onslow Salt crystallisation ponds are not well represented in the LiDAR
topographic grid. Therefore, artificial walls of infinite height were incorporated in the model grid
around the crystallisation ponds. This approach isolates the Onslow Salt Project and is intended to
deliver worst case predicted flood heights at Ashburton North.

Hydrographs simulated for both the Ashburton River Catchment and the Ashburton River Delta
Catchment were used as input into the MIKE 21 model. Breakouts from the main channel of the
Ashburton River that influence the Hooley Creek and Southwest Catchments are accommodated in
the MIKE 21 model based on the interpreted distribution of the flows during the 1997 flood event
(Halpern, Glick Maunsell 1997; Figure 4.2 and 4.3).

Tidal records (Department of Transport) were used to simulate the HRT. In order to isolate the effects
of flooding of the Ashburton River from tidal inundation, several simulations were conducted using a
fixed sea level boundary equivalent to mean sea level.

In the absence of historical flood height data for Ashburton North, the MIKE 21 model is not calibrated.
This limits the ability of the model to predict absolute water levels for different flood events.
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4.4 Assu

Table 4-3 Model

4 Baseline Surface Water Assessment

mptions and Limitations

Table 4-3 outlines several assumptions made and limitations of the models.

Assumptions and Limitations

Component Description
Assumptions

Hydrology No losses or storage of flood waters between the Nanutarra Bridge and Ashburton
North.

Catchments downstream of Nanutarra Bridge and at Ashburton North have similar
characteristics to those of the upstream Ashburton River Catchment.

Near saturated antecedent soil conditions prevail in low-lying catchments areas,
due to shallow water table settings.

Hydraulic Flows are distributed evenly across seven southern boundary locations of the
model to represent flood breakouts from the Ashburton River.

Tidal boundaries represent the tidal fluctuations and reasonably simulate extents of
landward inundation from seawater. Sensitivity analyses of the locations of the tidal
boundaries have been conducted to confirm the locations do not significantly affect
the extents and depths of tidal inundation.
No geomorphologic changes to channels or flood plains during large flow events.
Closed eastern boundary based on watershed. The eastern boundary coincides
with the catchment boundary and the extent of the available topographical survey.
Limitations

Hydrology There are no gauging stations between Nanutarra Bridge and Ashburton North
The distribution of flood flows from breakouts between the Nanutarra Bridge and
Ashburton North has not been quantified for various ARI events.

The xprafts model has been calibrated to one recorded event.

Hydraulic Simulated water levels have a vertical accuracy of 0.3 m averaged over 1600 m?
(40 x 40 m grid). The vertical accuracy of the model is primarily determined by the
accuracy of LIDAR data. This accuracy limits the confidence of flood heights
obtained from MIKE 21 simulations.

The MIKE 21 model is not calibrated at Ashburton North due to a lack of data on
historic flood elevations.

The LiDAR data does not extend far enough upstream on the Ashburton River, thus
it limits the investigation and resolution of breakout zones and their distribution.
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The grid size used allows a sufficient area to be modelled with sufficient resolution to simulate the
connected hydraulics of the Southwest Catchment, Hooley Creek Catchment and Ashburton River.
Further, as the MIKE 21 model is not calibrated it presents limitations in resolution of absolute flood
elevations.

4.5 Simulated Baseline Environments

Design rainfall events (5, 10, 20 and 100-year ARI) were simulated in the baseline Ashburton River
Catchment and Ashburton River Delta Catchment.

451 Flood Characteristics

Flood characteristics were simulated in the MIKE 21 model by using hydrographs for the Ashburton
River, local runoff from the Ashburton River Delta Catchment and mean sea level. The simulated
baseline flood depths and flood elevations are displayed on Figures 4-6 and 4-7.

The MIKE 21 model indicates that the Ashburton River breaks its banks in all four design rainfall event
simulations. These breakouts occur along the Ashburton River downstream of Nanutarra Bridge,
augmenting flows into low-lying areas of the Southwest and Hooley Creek Catchments. The areas and
depths of inundation following a 1:100-year ARI rainfall event are extensive, with a large portion of the
Ashburton River Delta Catchment being inundated. The baseline simulations indicate that flows from
the Ashburton River may cause flooding at Ashburton North at recurrence intervals of less than two
years. The simulated baseline depths of inundation following a 1:100-year ARI rainfall event with a
range of low — frequency tidal and storm surge conditions are shown on Figures 4-8 and 4-9. The
results of the model simulations show minor changes to the flood extent from baseline mean sea level
conditions, with marginally greater depths of inundation.

4.6 Storm Surge

The flood hydrology of the Ashburton River Delta Catchment is affected by storm surges associated
with cyclonic events. Typically, the low atmospheric pressure associated with cyclone causes a
temporary surge in seawater elevations on the coast line.

After the cyclone has moved inland the sea level will subside to normal tidal fluctuations. With the
cyclone moving inland, there typically may be a time delay between the peak of the storm surge and
the peak flood flow generated by rainfall on the Ashburton River Catchment. It is therefore unlikely that
the storm surge coincides with the flood peak. In a worst-case scenario, however, when a 1:100-year
ARI storm surge (with a sea level estimated at 4.8 m AHD as in GEMS (2000), combined with a 1:100-
year ARI flood event, the simulated depths of inundation at Ashburton North are predominantly
dictated by the storm surge. The storm surge is expected to retard flood waters, causing inland
backing-up of stream flow and consequent wider areas of inundation.
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4.7 Tidal Influences

Tidal factors influence the drainage of surface water from the catchment. The extent of simulated tidal
inundation is displayed on Figure 4-10. The simulations confirm the spring tide and normal tide
inundation extent observed during the site investigation of April/May 2009. The simulations show
relatively small changes to the flood extent as compared to the baseline 1:100-year ARI flood with
mean sea level, but flood depths are greater. Figure 4-11 shows the simulated differences in flood
depths linked to selected low-frequency tidal conditions and rainfall event ARI.

Ashburton River Delta Catchment

During a typical high tide, seawater propagates about 7 km upstream of the coast. At the HRT (1.73 m
AHD) the simulated tidal influence reaches about 10 km upstream. During a 1:100-year storm surge
(4.8 m AHD) a significant part of the delta is inundated and the simulated tidal influence reaches
15 km upstream.

Hooley Creek Catchment

During a typical high tide and HRT, the simulated tidal influences propagate about 2 and 4 km
upstream of the coast. During a 1:100-year ARI storm surge, the simulated tidal influence reaches
about 10 km upstream and inundates a significant part of the catchment.

Southwest Catchment

The Southwest Catchment is not subject to regular tidal inundation. Only exceptional tides propagate
into the catchment. The simulated HRT inundates a small low-lying portion of the catchment. During a
1:100-year ARI storm surge, nearly the entire catchment area is inundated.

4.8 Climate Change

The baseline hydrology and drainage characteristics of Ashburton North may potentially change as a
result of climate change. Climate change may gradually increase the frequency of cyclonic events and
cause a rise in sea level.

Increased Frequency of Cyclones

The baseline hydrology is dominated by cyclonic events. A gradual increase in cyclone frequency
may not significantly change the baseline hydrology characteristics, but may increase the frequency of
significant rainfall and flood events.

Sea Level Rise

It is generally expected that the global mean sea level will rise throughout the 21% century (Indian
Ocean Climate Initiative, 2005), due mainly to the continuing warming of the oceans and the resulting
thermal expansion. The predicted increase is up to 0.3 m by 2040 and about 0.9 m by 2100. The
impacts of sea level rise would include:

o Inundation of low-lying coastal regions.
» Decreased beach stability.
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The potential inundation of Ashburton North has been simulated for the year 2100. The change in
baseline inundation and flood elevations for the standard tide, 1:100-year ARI storm surge and the
1:100-year ARI flood under storm surge conditions are shown on Figure 4-7 (a to f). Under standard
tidal forces (Figure 4-7, a and d), the rise in sea level causes a significant portion of Ashburton North
to be added to the tidal zone, inundated daily. Under a 1:100-year ARI storm surge (Figure 4-7, b and
e), the rise in sea level causes a significant increase in area of inundation, with almost all of Ashburton
North under water. The 1:100-year ARI storm surge combined with a 1:100-year ARI flood event
(Figure 4-7, ¢ and f), causes additional rises in water levels at Ashburton North. Inundation and flood
water elevations in the areas with an elevation greater than 6 m AHD are not affected by the forecast
rises in sea level. These areas are predominantly located south of the proposed Shared Infrastructure
Corridor.

For sandy beaches it is generally accepted (Indian Ocean Climate Initiative 2005) that a 0.01 m rise in
mean sea level would be accompanied by a loss of about 1 m of beach. Based on the predicted sea
level rise of 0.9 m, this would result in beach recession of about 90 m by 2100.

4.9 Surface Water Quality

Generally, stream salinities in the Pilbara regions are low. Most of the major rivers have annual-flow-
weighted salinities between 50 and 200 mg/L (Ruprecht & Ivanescu 2000). Typically, stream salinity is
higher with low flows and lower with high flows. The turbidity in the Pilbara rivers is typically
comparatively low (50 to 100 NTU in Ashburton River Catchment) for average flow events. During
flood events, however, high turbidity (3,200 NTU in Ashburton River Catchment) has been observed.

Surface water quality at Ashburton North is a mixture of tidal seawater, and runoff from local and
regional catchments, including the Ashburton River Catchment. The surface water quality in proximity
to the Shared Infrastructure Corridor and Accommodation Village is a mixture of runoff from local
catchments during low rainfall events and regional flood waters from high rainfall events. The
predominant surface water quality indicators include salinity from the tidal influence and turbidity (a
proxy for suspended sediment) from stream flow. Surface water quality data for Ashburton North are
sparse and incidental; the terrestrial domain is inherently dry and rainfall events are sporadic.

The DoW monitors surface water quality in the Ashburton River at Nanutarra Bridge These data are
supported by opportunistic surface water samples collected at Ashburton North by URS (Table 3-1
and Figure 3-6) and Biota (2010b). Results of the Ashburton North surface water quality analyses are
compared to quality of the Ashburton River and seawater in Tables 4-4 and 4-5.

42907466/WHSTSTU-STU-WA-RPT-0091/0 31

Chevron Australia Pty Ltd | 51



Wheatstone Project Appendix G1- Wheatstone Project Surface Water Studies

4 Baseline Surface Water Assessment

Table 4-4 Opportunistic Surface Water Quality Comparison to Ashburton River and Seawater

Catchments
Description Unit
Hool Hool Ashburt
Southwest Corgeeky C[igeiy groezll?)i Q\?Qrb:/lgg?h SRivl:zrrjon Seawater”
Date 14/06/09 21/06/09 18/02/10 21/02/10 20/02/10
pH Value pH 7.71 7.86 8.27 6.71 7.78 6.7-8.8 8.1-84
Electrical
Conductivity @ puS/cm 25,100 57,200 57,900 183,000 74,300
25°C
Total Dissolved
Solids mg/L 16,700 48,700 43,400 347,000 64,600 106 - 678 34,378
Hydroxide
Alkalinity as Caco; | M9t <1 <1 <1 <1 <1
Carbonate
Alkalinity as caco, | M9- <t <1 <1 <t <1 <2
Bicarbonate
Alkalinity as CaCOs mg/L 46 134 118 202 169 70-117 142
Total Alkalinity as
CaCo, mg/L 46 134 118 202 169 40 - 196
Sulphate as SO, mg/L 2,720 6,000 3,520 3,190 4,560 8-29 2,560
Sulphur as S mg/L 908 2,000 1,170 1,060 1,520 1-35
Cl mg/L 9,160 20,100 21,900 181,000 29,000 7-285 18,980
Ca mg/L 905 765 494 2,850 705 12-40 400
Mg mg/L 518 1,990 1,690 29,600 2,130 5-42 1,272
Na mg/L 4,500 15,000 12,100 62,800 16,700 7-149 10,560
K mg/L 227 802 625 9900 854 4-7 380
Total Suspended
Solids mg/L na na 142 553 na
Turbidity NTU na na 7 78 na 2 -3,200 1-20
Total Anions mg/L 316 694 693 5190 916
Total Cations mg/L 289 876 706 5560 958
lonic Balance Percent 4.4 11.6 0.9 35 2.2
Notes
1. At Nanutarra Bridge
2.Typical Seawater composition
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Table 4-5 Surface Water Quality in Clay Pans (Biota, 2010b) Compared to Ashburton River and

Seawater
Site Location Description Date EIectrlc;a_I Salinity Turbidity
pH Conductivity (mg/L) (NTU)
(uS/cm) 9
Southwest | Clear marine
CWP13 Catchment habitat 10.3.09 9.56 61,300 41,820 0
Southwest | Clear marine
CWP14 Catchment habitat 10.3.09 9.77 47,600 31,400 8.4
Southwest Clear marine
CWP14 Catchment habitat 6.4.09 8.54 10,000 NA 348
cwpie | Southwest | Turbidclay | 15549 | gog 429 200 5,999
Catchment pan
Shared
CWPOL | Infrastructur | TESTWAtEr | 44000 | 6.49 60 30 306
. habitat
e Corridor
Shared Freshwater
CWPO1 | Infrastructur ] 10.3.09 6.82 219 110 165
- habitat
e Corridor
Shared Freshwater
CWPO1 Infrastructur - 6.4.09 8.48 385 190 162
: habitat
e Corridor
Shared Turbid
CWPO02 | Infrastructur 14.2.09 7.84 166 NA >5,999
: clay pan
e Corridor
Shared Turbid
CWPO02 | Infrastructur 10.3.09 7.89 169 80 >5,999
: clay pan
e Corridor
Shared Turbid
CWP02 Infrastructur 6.4.09 9.04 488 230 >5,999
: clay pan
e Corridor
Shared Turbid
CWPO07 | Infrastructur 10.3.09 8.55 126 60 >5,999
: clay pan
e Corridor
Shared Turbid
CWP08 Infrastructur 10.3.09 8.54 92 50 >5,999
: clay pan
e Corridor
Shared Turbid
CWP21 Infrastructur 6.4.09 8.77 531 260 >5,999
: clay pan
e Corridor
Accommodat Turbid
CwP11 ion Village clay pan 10.3.09 8.74 196 100 >5,999
cwpip | Accommodat | Turbid | 45549 | g3 164 50 1,504
ion Village clay pan
Ashburton
River 6.7-8.8 106-678 | 2-3,200
(Nanutarra
Bridge)
Seawater 8.1-84 34,378 1-20
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4.9.1 Salinity

Ashburton River

The Ashburton River is generally fresh, with salinity about 130 mg/L TDS (Ruprecht & Ivanescu 2000).
Salinity in the Ashburton River generally decreases with increasing flow, becoming more saline during
times of low flow.

Salinity in others rivers in the Pilbara is similar, typically in the range 50 to 1,000 mg/L.

Ashburton River Delta

The Ashburton River Delta is predominantly subject to marine tidal and evaporation influence hence
surface water is of similar or higher salinity than seawater. During river flow, salinity in the Ashburton
River Delta decreases. At these times, seawater ingress is reduced and the delta becomes
temporarily fresh. A surface water sample (20 February 2010, Table 4-4) from the upper reaches of
the eastern side of the delta, close to northeast to southwest trending dune sands, showed a salinity
almost twice that of seawater. The elevated salinity suggests either:

» Evaporation concentrating salts from remnant seawater isolated from tidal flushing.
o Discharge of hypersaline groundwater.

Southwest Catchment

A small portion of the Southwest Catchment is inundated by seawater during exceptional high tides. In
the remainder of this catchment, surface water is from local runoff which has low salinity. The
catchment is characterised by low-lying depressions and clay pans. Surface water runoff collects in
these depressions or in clay pans and evaporates over time. As such, salinity of the surface water in
the surface depressions and clay pans would accumulate over time. During flood events, the
Ashburton River spills comparatively low salinity water into this catchment, which mobilises and
temporarily dilutes the accumulated salinity.

Salinity measured as TDS in a clay pan after a recent rainfall event was approximately half that of
seawater, indicating that salt present at the surface had been mixed with recent runoff. Major ions
show a typical marine distribution. Salinity measurements in clay pans subject to tidal influences
(CWP13, CWP14 on Figure 3.6) in March and April 2009 (Biota 2010b) are close to or above
seawater, whilst further to the south (CWP16) and away from tidal influences, salinity in clay pans is
low, indicating fresh water inundation (Table 4-5).

Hooley Creek Tidal Flats

Hooley Creek tidal flats receive water either from sporadic rainfall events, spring tides and storm
surges. The propagation of tides in the Hooley Creek Catchment does not extend beyond the 2 m
AHD contour. Above this elevation the catchment comprises undifferentiated mud flats and salt flats
(Figure 2-3) that are subject to local rainfall and runoff events. Salinity measured in opportunistic
surface water samples taken from the salt flats (June 2009 and February 2010, Table 4-4) were 1.2 to
1.4 times that of seawater, indicating loss of water from high evaporation rates and concentration of
seawater salts. Major ions show an increase in sodium relative to chloride, suggesting that the salt
flats preferentially bind sodium in the fine clay muds deposited during flood events.
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Shared Infrastructure Corridor

Salinity measured in surface water samples taken from clay pans (CWP01, CWP02, CWP07, CWP08,
CWP21 on Figure 3.6) in February, March and April 2009 along the Shared Infrastructure Corridor is
low (Table 4-5). These data indicate the samples were fresh local runoff from recent rain events.
Salinity in a small creek near the southeast of the Shared Infrastructure Corridor, however, is about
ten times seawater, suggesting evaporation of seepage from high salinity groundwater.

Accommodation Village Area

Salinity measured in surface water samples taken from clay pans (CWP11, CWP12) in the vicinity of
the Accommodation Village (March 2009) is low, indicating that the sample was predominantly
influenced by fresh runoff from recent rain events (Table 4-5).

4.9.2 Turbidity (Suspended Sediments)

When in flow, the Ashburton River mobilises sediment and the amount of sediment in suspension or
sediment load is measured as Total Suspended Solids (TSS). A proxy for suspended sediment is
turbidity, which is a simpler measurement to undertake and can be related directly to suspended
sediment. The total annual average sediment load of the Ashburton River has been interpreted to be
in the order of 1.3 million tonnes (URS, 2009). This load is widely variable from year to year,
dependent on river flow. The interpreted total annual sediment load between 1973 and 2008 ranged
from 450 tonnes (in 2007 during a time of low rainfall and low flow) to 13.8 million tonnes (in 1997
during a major flood event).

The turbidity for the Ashburton River ranges from less than 10 NTU (about 15 mg/L TSS) at low flows
of 30 m¥sec, to 3 300 NTU (about 5 000 mg/L TSS) at a flow rate of around 250 m*/sec (URS, 2009).
The flow weighted turbidity for Ashburton River is 1,705 NTU, which is higher than other Pilbara rivers,
which range from 10 to 587 NTU (Ruprecht & Ivanescu, 2000). Typically, there is a positive
relationship between TSS and turbidity. In general, both TSS and turbidity increase with increased
flows. For average flow rates, the turbidity in the Ashburton River is comparatively low (50 to 100
NTU). In flood events, however, high turbidity (up to 3,200 NTU) has been observed.

An estimated flow of 500 m®/sec is required for the Ashburton River to break is banks and for flood
water to spill into the Hooley Creek Catchment. At this and higher flow rates, TSS concentrations of
5,000 mg/L would be expected.

Turbidity measured (February 2010) in surface waters in Hooley Creek was low at 7 NTU, however,
TSS was comparatively high at 142 mg/L TSS suggesting high colloidal material contents (Table 4-4).
Turbidity measured in a creek near the southeast extent of the Shared Infrastructure Corridor was 78
NTU (552 mg/L TSS) consistent with concentration effects of evaporation, with clay suspension
promoted by strong southwest winds. Turbidity measured in surface waters of clay pans at Ashburton
North (Biota, 2010b; Table 4-5) between February and April 2009 ranged from 0 to above 5,999 NTU
(about 9,000 mg/L TSS). Notably, turbidity in clay pans subject to tidal influences (CWP13, CWP14) in
the Southwest Catchment was comparatively low between 0 to 348 NTU (about 0 to 520 mg/L TSS).
Conversely, the fresh water clay pans (CWP16) in the south of the Southwest Catchment, Shared
Infrastructure Corridor (CWP01, CWP02, CWPQ07, CWP08, CWP21) and Accommodation Village
(CWP11, CWP12), were typically highly turbid, greater than 5,999 NTU (about 9,000 mg/L TSS).

Turbidity in the receiving waters can be expected to vary diurnally and seasonally due to marine, tidal

and storm stressors.
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5.1 Potential Surface Water Impacts

At Ashburton North, the terrestrial environment is predominantly dry but situated on a dynamic
floodplain of the Ashburton River that is undergoing frequent change due to fluvial and marine
deposition and erosion processes. Local and regional baseline environments are characterised by
typically low and sporadic rainfall, with rainfall events usually limited to about 16 days each year.
Variations in rainfall locations, amounts and intensity across the local and regional catchments
manifest in widely varied surface water flows. Stream flow is irregular and widely varied dependent on
local and regional sources of rainfall and rainfall intensity. In many instances, the periods of flow would
be less than a few days to one week each year. Local stream flow is commonly (about every second
year) supplemented by flood flows in the Ashburton River and from adjoining sub-catchments on the
coastal plain. As such, individual steam flow events are unique, with likely unique rainfall sources and
flow paths.

The predominant potential surface water impacts at Ashburton North relate to changes to the local
baseline hydrology and consequently to stream flow and quality of surface water discharge to
receiving environments. The potential local surface water impacts at Ashburton North are linked to:

o Altered hydrology.
e Changes to water quality.

There are no identified surface water dependent ecosystems. As such, there are no forecast impacts
on the Ashburton North terrestrial ecology linked to changes in the surface water environment.
Further, footprints of proposed Ashburton North infrastructure occur on a local scale and hence the
potential impacts on the surface water environments are expected to only occur locally.

The potential impacts of the development of the Wheatstone Project on the existing surface water
environment are identified and assessed according to the proposed infrastructure components (Plant
Pad, Shared Infrastructure Corridor, Accommodation Village and excavated borrow pits) of the
Project. For the impact assessments, the proposed infrastructure includes the option of onshore
dredge material emplacement as this presents a potential worst—case. In the absence of onshore
dredge material emplacement the Project footprint would be reduced, with commensurate reduction of
potential surface water impacts.

To limit potential risks to the habitats of the Ashburton River Delta, conceptual design of the proposed
Ashburton North infrastructure have considered approaches that tend to maintain the baseline
characteristics of stream flow frequency and sediment loads.

5.2 Predictive Model Assessment of the Altered Hydrology

Clearing and earthworks will be required throughout Ashburton North during construction and
installation of infrastructure. The earthworks are expected to include cut to fill excavations and
importation of fill material together with compaction activities. Cut to fill excavations and large volumes
of fill material being brought into Ashburton North would alter the local landforms. Elevation platforms
for the Plant Pad, Shared Infrastructure Corridor and Accommodation Village and excavation of local
borrow pits within the Hooley Creek tidal embayment would alter the local catchments and intersect
natural drainage lines. The altered landforms may change catchment responses to rainfall and
channel flow, surface water flow directions, flow velocities and potentials for diversion of flood flows to
adjoining catchments.

URS
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The elevations platforms for the Project infrastructure would:

o Intercept the watercourse of the Hooley Creek West, locally restricting surface water flows and
constraining the flow path to the ocean and ingress of tidal waters. As a consequence, the Hooley
Creek Catchment would be altered, with potential for changes to stream flow through the tidal
reaches of East Hooley Creek, Eastern Creek and Four Mile Creek.

o Intersect 16 major drainage lines of the Hooley Creek Catchment along the alignment of the
Shared Infrastructure Corridor and Accommodation Village. The drainage infrastructure design for
the Shared Infrastructure Corridor accommodates a 1:25-year ARI event. For less frequent events,
there is potential for retardation and temporary storage of surface water flows.

» Isolate about 390 ha of the northern Southwest Catchment, thus reducing the flood water storage
capacity of this catchment.

The excavation of the proposed borrow pits (Figure 1-2) would tend to removed natural constrictions
to the flow of flood waters and tides.

The methodology for the assessment of potential impacts due to altered hydrology focuses on
predicted differences between interpreted characteristics of the baseline and altered surface water
flow and floods linked the development of the Wheatstone Project. The MIKE 21 model developed to
simulate the baseline surface water environments has been adapted to incorporate the proposed
footprints of the Plant Pad (including the dredge material placement area), Shared Infrastructure
Corridor, Accommodation Village and excavated borrow pits with appropriate design concepts applied.

The modelling predictions and assessments of potential altered hydrology impacts are based on:

» Changes to flood depths and elevations.

» Variations of flow velocities.

» Potential inundation of portions of the Shared Infrastructure Corridor. In order to minimize the
potential impacts on the baseline, drainage infrastructure (culverts) have been incorporated into the
MIKE 21 model at all 16 drainage crossings.

« Diversion of flood flows to adjoining catchments.

e Changes to areas inundated by tides.

* Water shed from the dredge material placement area.

5.2.1 Changes to Flood Depths and Elevations

The potential impacts of the altered hydrology on flood depths and elevations have been predicted for
a range of storms including 5, 10, 25 and 100-year ARI events. These events have also been
simulated in combination with mean sea level, HRT and 1:100-year storm surge conditions.
Differences between the baseline and altered hydrology are assessed for each ARI event. The
predicted impacts of altered hydrology are shown on Figure 5-1 (water depths) and Figure 5-2 (flood
elevations) for the 10, 25 and 100-year ARI rainfall events.
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The predicted differences between the baseline and altered hydrology include:

e For a 1:10-year ARI event (Figure 5-2, a and d), the constraints in Hooley Creek West are
predicted to marginally increase flood elevations and locally increase flow velocities. Reduced
storage in the Southwest Catchment is predicted to cause runoff to be transmitted into the
Ashburton River Mouth Catchment sooner than under baseline conditions. This change is
insignificant in terms of potential impacts. Changes to flood elevations within both the Hooley Creek
and Southwest Catchments are predicted to be within the vertical resolution of the model. No
significant impacts have been identified.

e For a 1:25-year ARI event (Figure 5.2, b and e), the developments in Hooley Creek West cause a
decrease in flood depth and flood elevations in the tidal embayment of the Hooley Creek
Catchment. Within the Southwest Catchment there is a further shortening of the residence time and
consequent shortened response time for overflow into the Ashburton River Mouth Catchment. This
change remains insignificant in terms of potential impacts. Along the Shared Infrastructure
Corridor, flood flows are reaching the proposed design capacity of the drainage infrastructure. The
simulations show comparatively small increased to upstream water elevations, indicating minor
flow retardation. For the 1:25-year ARI event, the predicted impact is comparatively small.
Typically, the predictive model indicates that changes in flood elevations are within the vertical
resolution of the model. No significant impacts have been identified.

e For a 1:100-year ARI event (Figure 5-2, c and f), the larger flow rates accentuate changes in flood
elevations. The developments in Hooley Creek tidal embayment are predicted to cause a
decrease in flood elevations by up to 0.5 m. Along the Shared Infrastructure Corridor the design
discharge capacity of the drainage infrastructure is exceeded. The simulations indicate retardation
of the flow of flood waters, causing an increase in flood elevations upstream (south) of the Shared
Infrastructure Corridor. The retardation of flows and associated flood levels, increase the potential
for inundation of the roadway and village area and promote the diversion of flood flows into
adjoining catchments.

The predicted changes to the flood depths, flood elevations, stream flow periods and peak flows would
occur as long as the Project infrastructure remains in place. Given the Project area is situated within a
naturally dynamic flood plain, the predicted changes are interpreted to potentially impose short-term
and temporary changes to the local surface water environments. It is expected that actual changes
may not be measurable.

5.2.2 Variations of Flow Velocities

The potential impacts of the altered hydrology on flow velocities have been predicted for 5, 10, 25 and

100-year ARI storm events. An increase in flow velocities is likely to represent an increase in scour

and erosion of sediments whilst a decrease in flow velocity is likely to promote deposition of sediment.

The predicted differences between the baseline and altered hydrology stream flow velocities are

shown on Figures 5-3 and 5-4 and include:

e For a 1:10-year ARI event, the differences in simulated current velocities are within the resolution
of the model. No significant impacts are predicted.

e For a 1:25-year ARI event, increases in flow velocities are predicted at several locations to the east
of the Plant Pad in the Hooley Creek Catchment. The increased flow velocities are linked to
encroachment of the Plant Pad embankment onto Hooley Creek.

URS
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» For a 1:100-year ARI event, the simulated flow velocities are accentuated and increasingly linked
to flow retardation imposed by the Shared Infrastructure Corridor. Downstream of the Shared
Infrastructure Corridor, flow velocities in the predominant watercourses increase due to constricted
flows through the culverts beneath the roadway.

The predicted changes in flow velocities are relatively minor and localised. Changes to the flow
velocities would occur as long as the Project infrastructure remains in place. In most instances, if not
all, the differences are likely to occur over short periods coincident with times of peak discharges. As
such, the changes are interpreted to potentially impose short-term and temporary changes to the local
surface water environments. It is expected that actual changes would be minimal and may not be
measurable.

5.2.3 Potential Inundation of Portions of the Shared Infrastructure Corridor

The potential for inundation of the Shared Infrastructure Corridor was assessed for 10, 25 and 100-
year ARI storm events, with the tidal forces fixed at mean sea level. The flood water elevations along
the alignment of the Shared Infrastructure Corridor and Accommodation Village for each of the
drainage line crossings are outlined in Table 5-1 and shown on Figure 5-5.

Table 5-1 Predicted Maximum Culvert Discharges and Flood Water Elevations along the Shared
Infrastructure Corridor

Culvert MaximumsDischarge Maximum Flood Water Elevation
Structure (m’/s) (m AHD)
1:10-year 1:25-year 1:100-year 1:10-year 1:25-year 1:100-year
ARI ARI ARI ARI ARI ARI
S1 290 535 1857 23 2.6 4.0
S2 0 0 47 3.6 3.6 5.0
S3 6 30 340 3.8 4.2 5.2
S4 3 57 250 34 4.0 5.0
S5 178 250 628 3.6 4.0 5.1
S6 119 206 532 3.6 4.0 5.1
S7 0 1 60 35 3.9 5.1
S8 0 3 125 34 3.6 4.8
S9 1 1 141 3.1 3.5 4.8
S10 10 27 196 3.7 3.9 4.9
S11 49 73 131 5.2 5.3 5.7
Slla 10 33 102 5.4 55 5.7
S12 30 57 88 5.6 5.8 6.2
S13 47 86 225 55 5.7 6.5
S14 71 122 407 4.5 4.8 5.8
S15 6 26 122 3.8 4.2 5.3
S16 117 283 985 3.9 4.2 5.4
Sl6a 380 447 658 3.9 4.3 5.5

The predicted potentials for inundation of the Shared Infrastructure Corridor and Accommodation
Village include:
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e For a 1:10-year ARI event, there is minimal change in flow patterns on project area scale. At
individual drainage line crossings there may be minor changes which are smaller than the vertical
resolution of the model. With the Shared Infrastructure Corridor at 6 m AHD, the roadway is not
overtopped by flood waters. At drainage crossings S12 and S13 (Figure 5-6) near the
Accommodation Village the culverts are fully submerged and are running at their full capacity. At
both crossings the roadway elevation restricts the size and capacity of the culverts.

o For a 1:25-year ARI event, there is minimal change in flow patterns on project area scale, but minor
changes at individual drainage line crossings which remain smaller than the vertical resolution of
the model. The roadway is not overtopped by flood waters. At drainage crossings S12 and S13
(Figure 5-6) the culverts reach critical capacity. At these crossings a minimum road elevation of 7
m AHD should be considered to prevent the roadway being overtopped.

e For a 1:100-year ARI event, the roadway overtops at drainage line crossings S1la, S12 and S13
between the Accommodation Village and the connection to Onslow Road. At these locations, the 6
m AHD roadway elevation is insufficient to prevent overtopping due to the occurrence of flood flows
in excess of the culvert capacity. At the crossings near the Accommodation Village, the conceptual
design elevation of the roadway restricts the size and capacity of the culverts. Locally, the
predicted flood elevations are marginally higher than the proposed 6 m AHD elevation of the raised
platform.

A minimum local Shared Infrastructure Corridor elevation of 7.0 m AHD would be required to achieve
1:100-year ARI operational criteria and limit the potential for overtopping of the Shared Infrastructure
Corridor. This higher elevation for the Shared Infrastructure Corridor would also partially mitigate
restrictions on the size and capacity of the culverts at these crossings.

5.2.4 Diversion of Flood Flows to Adjoining Catchments

The impacts of the altered hydrology diverting flood flows to adjoining catchments were assessed for
1:25 and 1:100-year ARI storm events. The locations of the simulated main drainage lines are shown
on Figure 6.6 and the discharge hydrographs for these locations for the simulated 1:25 and 1:100-year
ARI events are shown on Figure 5-7.

The predicted potentials for diverting flood flows to adjoining catchments include:

e For a 1:25-year ARI event, the discharge hydrographs for the baseline and altered hydrology
settings are similar in both shape and peak discharges. The presence of the Project infrastructure
causes a small delay in the discharges but does not significantly change the baseline
characteristics of the flow. The hydrographs for location XS5 indicate the drainage of flood water
into the Northeast Catchment to the east of Ashburton North. The small difference between the
baseline and developed case indicates that there is natural discharge into the Northeast Catchment
for 1:25-year ARI storm events.

e For a 1:100-year ARI event, the discharge hydrographs for the baseline and altered hydrology
settings are similar in both shape and peak discharges. The presence of the Project infrastructure
only causes a small delay in the discharges but does not cause a significant change the baseline
characteristics of flow, although more so than for the 1:25-year ARI event.

5.25 Changes in Tidal Inundation

The potential changes to areas of the Hooley Creek Catchment inundated by tides due to excavation
of borrow pits has been assessed for standard tidal forces and 1:25 and 1:100-year ARI storm events.

URS
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For these assessments it has been assumed that the borrow pit bottom excavations (Figure 1-2) are
to similar elevations as the surrounding floodplains. The assumed bottom of borrow pit elevations are:

o Island 1 (immediately east of Plant Pad): 1.0 m AHD.

* Island 2 (immediately south-east of Plant Pad): 1.0 m AHD.

¢ Island 3 (horseshoe-shaped island adjacent to Onslow Salt crystallisation ponds): 1.2 m AHD.
* Area 4 (peninsula south of horseshoe-shaped island): 1.2 m AHD.

The impact of the borrow pit excavations is to remove local obstructions to tidal forces. The impact is
a predicted rise in tide elevations and increase in the area of tidal inundation. The predicted impacts of
the excavation of the borrow pits include:

* For the standard tides (Figure 5-12, a and c), there is a comparatively small increase in tide
elevation and the area exposed to regular tidal inundation.

o For a 1:25-year ARI storm surge (Figure 5-12, b and e), there is expected to be a be comparatively
small decrease in water elevations in the areas extending up to about 5 km inland. The removal of
flow obstructions causes tidal flows to reach further inland. The area upstream southeast of Island
3 is expected to have increased exposure to storm surge, with simulated inundation up to 0.2 m
depth.

» For a 1:100-year ARI storm surge (Figure 5-12, c and f), there is expected to be an unmeasurable
decrease in water elevations in the areas extending up to about 5 km inland. The area south of the
Onslow Salt crystallisation ponds is expected to have increased exposure to storm surge, with
summated inundation up to 0.5 m depth. The 1:100-year storm surge is expected to cause
inundation beyond the proposed Shared Infrastructure Corridor.

5.2.6 Water Shed from the Dredge Material Placement Area

The dredge material placement area would be contained by perimeter embankments. Internally it
would incorporate a sediment trap and sump (Figure 5-8). The perimeter embankments of the
proposed facility are designed with sufficient height and freeboard to prevent uncontrolled release of
decanted seawater or runoff. Seawater and runoff decanted from the emplaced dredge material
would be disposed to a marine outfall north of the Plant Pad during the dredging program and
consequently would not pose an impact on the local surface water environments. Once dredging has
ceased, runoff captured within the dredge material placement area would initially be diverted to the
sediment trap and sump within the facility and subsequently discharged into the Southwest
Catchment.

Potential surface water impacts related to the proposed onshore placement of dredge material include:

» Seepage of seawater expressing as surface water flows within the Southwest and Ashburton River
Mouth Catchments.

* Runoff from the final landform.

e Changes to areas inundated by tides.

Seepage of Seawater

Predictive simulations of the dredge material placement area (URS 2010) show the occurrence of
seawater seepage from the emplaced dredge material. Seepage initially occurs as vertical infiltration,
with saturation of the available storage beneath the dredge material, and subsequently as lateral flow
through and beneath the facility embankments.
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The predictive simulations show total seepage from the dredge material placement area peaks at a
rate of about 2,200 kL/day. Contributions to the total seepage (Table 5-2) include a peak of about 200
kL/day through the facility embankments (Figure 5-9) and up to about 1,900 kL/day that propagates
through the base of the facility and manifests as seepage on the embankment perimeters (Figure 5-
10). The predicted seepage rates rise progressively throughout the campaign of dredge material
disposal onshore, peaking as the campaign ceases. Thereafter the seepage rates decay over a period
of five to ten years to about 200 to 400 kL/day. Predicted seepage rates above 1,000 kL/day occur for
about one year.

Table 5-2 Predicted Distribution of Seawater Seepage

Simulated Seawater Seepage
(kL/day)
Time Outside Perimeter of

Embankments Embankments Totals

30 15 288 303

60 22 326 348

101 36 500 536

209 26 503 529

301 a7 768 815
398 123 1,395 1,518
485 163 1,696 1,895
666 83 1,028 1,111

786 68 904 972

1,031 36 629 665

5 years 11 382 393

10 years 4 276 280

50 years 2 203 205

The seepage through the base of the facility predominantly manifests as surface expressions of the
water table within the Southwest Catchment. Substantially smaller scale seepage discharges occur
on the perimeter of the other embankments. Figure 5-11 shows the predicted maximum seepage
footprint. These seepage zones are all characterised by shallow water table settings that host limited
storage potentials and form groundwater discharge zones. Deposition and accumulation of salt is
expected at locations where the seepage expresses on the ground surface.

Within the Ashburton River Mouth Catchment (on the northwest perimeter toe of the dune sands that
form a natural embankment for the dredge material placement area) the predicted seepage footprint
(Figure 5-11) and seepage rates are comparatively small. Low rates of seepage discharge may,
however, occur for up to ten years. Changes to the water and salt budgets of the Ashburton River
Delta are anticipated to be insignificant.

URS
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The simulated seepage rates are sufficiently low that they may be predominantly intercepted by
evaporation and low-lying storage areas of the Southwest Catchment and consequently not express
as significant surface water flows on the ground surface.

Runoff

Runoff from the dredge material placement area would be diverted into sediment trap and sump within
the facility (Figure 5-8) before overflow into Southwest Catchment. After completion of the dredge
material placement, the runoff capture zone for the Southwest Catchment would approximate that of
the baseline environment. Consequently, the volumes of runoff from the catchment would be similar to
the baseline.

Impacts of Tidal Inundation on Southwest Catchment

The simulated impact of the dredge material placement area on the tidal flood water elevations is
shown in Figure 5-12. For the standard tides and 1:25 and 1:100-year ARI storm surge, the potential
changes from baseline settings are expected to be negligible.

5.3 Changes to Water Quality

The potential impacts on surface water quality predominantly stem from likely increases in local
sediment and salt concentrations and loads due to an increase in disturbed soils and the large
volumes of fill materials, including dredged materials, to be brought to Ashburton North to create
elevated platforms. Runoff generated during rainfall events may cause exposed sediments to be
mobilised and transported within surface water flows. Seepage from the dredge material placement
area would contain salt. Further, the retention and storage of flood waters upstream of the proposed
infrastructure may tend to accumulate salt due to concentration effects from evaporation. Other
potential impacts on surface water quality during the construction and operational phases come from
spills or leaks of contaminants. These contaminants may be transported into the natural surface water
environment during rainfall events when sufficient runoff is generated. Receiving environments include
Hooley Creek, Southwest and Ashburton River Mouth Catchments.

The baseline evidence suggests that the local terrestrial and tidal marine habitats are characterised by
wide variations in turbidity and salinity. The variations in baseline turbidity and salinity are linked to the
temporary and seasonal occurrence of stream flow and also to both tidal and storm stressors.

At times after significant flow events the surface water environments may remain turbid for extended
periods. Measurements of turbidity at Ashburton North show a range from <10 to 6,000 NTU over a six
week period from 5 March 2009 to 17 April 2009 (Table 4-5). Accordingly it may be assumed that:

e The baseline surface water turbidity varies widely dependent on the occurrence and frequency of
significant stream flow events. At times during and in the short-term after flow events, the surface
water is turbid. Conversely, in the periods between flow events, the surface water environment is
comparatively quiescent and characterised by low turbidity waters.

* The local habitats have robustness in exposures to and potential impacts from sediment in stream
flow and tidal reaches of the local watercourse.
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Notwithstanding these aspects, sustained exposure to increased sediment concentrations and
sediment loads to receiving environments of the West Hooley Creek and Ashburton River Delta may
impact on local habitats. As such, the runoff to Hooley Creek and within the Southwest Catchment is
likely to require the management of total suspended sediment concentrations and sediment loads for
compatibility with the baseline environments.

The baseline evidence suggests that the local surface waters are widely variable in salinity, from fresh
to hypersaline. The wide variation occurs in response to stream flow characteristics, residence time in
storage within clay pans and the broader catchment, depth to the water table with possible
groundwater interactions and, proximity to marine influences. Sampled baseline salinity
concentrations may be linked to fresh stream flow, dissolution and mobilisation of salt in storage within
clay pans and/or shallow soil profile, mixing with groundwater discharge, concentration effects due to
evaporation and mixing with seawater.

Potential impacts on surface water quality have been assessed based on baseline quality data and
application of the ANZECC & ARMCANZ Guidelines for Fresh and Marine Water Quality (ANZECC,
2000). The ANZECC Guidelines default trigger values for salinity and turbidity in slightly disturbed
ecosystems in tropical Australia, including northwest Western Australia, are shown in Table 5-3.

Further, the potential impacts to the surface water environment have been assessed cognisant that:

e The local environment typically hosts saline and hypersaline groundwater.

¢ The local environments form groundwater discharge zones, with the exception of the dune sands.

e The receiving environments occur predominantly at marine interfaces, where groundwater is
discharging.

e The Ashburton River Delta is a regionally significant arid zone mangrove area (EPA, 2001).

e The Ashburton River Delta is assigned a 'Maximum' Level of Ecological Protection in "Pilbara
Coast Water Quality Consultation Outcomes: Environmental Values and Environmental Quality
Objectives; Department of Environment Marine Report Series, Report No 1. March, 2006".

URS (2010a and b) provide a baseline assessment of the intertidal habitats and impact assessments
linked to the potential dredge material placement area at Ashburton North.

Table 5-3 ANZECC Guidelines for Salinity and Turbidity in Tropical Australia

Salinity
. Equivalent Turbidity
Ecosystem Type Elec"“.:a.l Estimated
Conductivity (NTU)
y TDS
e (mg/L)
Upland and lowland rivers 20 — 250 10 - 150 2-15
Lakes, reservoirs and wetlands 90 — 900 50 - 550 2-200
Estuarine and marine 52,000 33,000 1-20
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The ANZECC Guidelines, together with baseline data, have been used to develop site specific
indicative or guideline trigger values for salinity and turbidity which should not be exceeded, in order to
protect the local surface water environments and associated ecosystems. These indicative or
guideline trigger values are provided in Table 5-4. The wet-season turbidity trigger values are based
on limited data at times of stream flow, being predominantly derived from measurement of 78 NTU
within the Hooley Creek Catchment during February 2010 (Table 4-4). The trigger value appears to be
conservatively low based on the available data. The available baseline data are limited and
consequently the indicative or guideline trigger values are intended to be adjusted, to reflect measured
baseline values, once additional relevant data are recorded.

The implementation of the trigger values for the dry-season and wet-season needs to be supported by
definitions of these periods given they would change from year to year and may be dependent on the
ARI of storm events that seasonally influence surface water qualities. Invariably, a network of surface
water control sites in receiving environments within the Hooley Creek, Southwest and Ashburton River
Mouth Catchments would define the transitions from dry to wet to dry seasons and associated trigger
values. The control sites would provide measures of baseline turbidity and salinity in domains that are
not influenced by the proposed Ashburton North developments.

Table 5-4 Baseline Surface Water Trigger Values

Trigger Values Based on Baseline Concentrations and ANZECC
Guidelines
Ecosystem type o Equ_ivalent Dry-Sga_son Wet-St_aa_son
Salinity Estimated Turbidity Turbidity
(uSfcm) TDS (NTU) (NTU)
(mg/L)
Upstream reaches of Ashburton 20 80
North, including Southwest and
Hooley Creek Catchments that 20y LY
discharge to tidal areas
Near-shore Marine 52,000 33,000 20 80

Turbidity

The potential turbidity impacts to surface water due to clearing and disturbing of surface soils during
earthworks can be mitigated through the implementation of appropriate design aspects and
management initiatives that will include the use of engineering controls to manage erosion and
sediment concentrations. Conceptual designs for the Plant Pad provide for sedimentation traps on
local watercourses and silt fences on the perimeters of the construction area. Construction of the
perimeter embankments would preferably occur during the predominantly dry winter months.

Salinity
Potential salinity impacts may occur due to:
o Seepage from the dredge material placement area expressing as surface water flows. Typically,

the seepage salinity would tend to reflect seawater, with possible changes over time due to
potential concentration effects from evaporation.
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* Retardation of flows behind altered landforms and infrastructure, such as the Shared Infrastructure
Corridor and Plant Pad.

Both of these potential impacts have been mitigated through conceptual designs of the dredge

material placement area and Shared Infrastructure Corridor that limit seepage and the retardation of

surface water flows.

Spills and Leaks

There is potential for leaks and spills of hydrocarbons, wastes and other hazardous materials. Leaks
and spills may occur in association with pipeline or equipment failure, storage and handling of product,
fuels and chemicals, waste storage and disposal. There is also potential for spills and leaks of
hydrocarbons, wastes and other hazardous materials during transport and transfer of products. Leaks
and spills may enter the surface water environment, with transport to and fate within local
watercourses of the Hooley Creek, Southwest and Ashburton River Mouth Catchments. The
interception of leaks and spills is addressed in the spill containment design for the Plant Pad.
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Conclusions

The conclusions from the surface water studies in this report with regard to the baseline
characteristics of Ashburton North and the potential impact of the development of the Project on the
surface water environment are outlined below.

Baseline Hydrology and Drainage Characteristics

The mean annual rainfall at Onslow (Station No. 005017) is about 320 mm. Rainfall events
predominantly occur during October through to April, linked to cyclonic activity, but are sporadic and
typically limited to about 16 days each year. Stream flow only occurs in response to significant rainfall
events, and typically is short-lived.

Ashburton North is located within the Ashburton River Delta Catchment of the Ashburton River
Catchment. Processes affecting the coast and near-shore area at Ashburton North include tides and
storm surges.

The Ashburton River has a catchment area of approximately 78,777 km® and ephemeral flows. River
flows are gauged at Nanutarra Bridge (Department of Water, Gauging Station No. 706003),
approximately 100 km inland from the river mouth. Recorded flows widely vary between nil and 12,600
m?®/s, with annual flow volumes from 3 to 4,500 GL (2007 and 1997). Major flows occur every one to
three years in response to cyclonic rainfall. River flows are typically short-lived. Runoff is
predominantly channelled in the upper reaches of the catchment. On the coastal plain, however, the
river discharges through a network of tributaries and flood plain watercourse within the Ashburton
River Delta. When in flow, the Ashburton River is typically fresh, with salinity of about 130 mg/L TDS,
and turbid. The turbidity for the river flow ranges from less than 10 NTU at low flows of 30 m*¥/sec, to
3,300 NTU at a flow rate of around 250 m*/sec. The flow weighted turbidity for the Ashburton River is
1,705 NTU.

The Ashburton River Delta has a catchment area of approximately 190 km? and ephemeral flows
which are not gauged. The broader catchment area comprises the Hooley Creek, Southwest,
Ashburton River Mouth and Northeast Catchments. Ashburton North is located on the catchment
divide between the Southwest and Hooley Creek Catchments. Catchment divides between the
Ashburton River Mouth, Southwest Catchment and Hooley Creek Catchment are of low topographical
relief. Cyclonic and other high intensity rainfall events cause shallow catchment boundaries to be
submerged. Typically this occurs about every two years. As such, the catchments of the Ashburton
River Delta are discreet between and during low intensity rainfall events. At these times, the terrestrial
setting is inherently dry; local watercourses Hooley Creek West, Hooley Creek East, Eastern Creek
and 4 Mile Creek are dry, except for tidal reaches. Water quality in the tidal Ashburton River Delta,
including tidal reaches of the Southwest and Hooley Creek Catchments, is widely varied due to storm
runoff, tidal and storm influences. The baseline evidence suggests that the local surface waters are
widely variable in turbidity and salinity. Measurements of turbidity at Ashburton North show a range
from <10 to 6,000 NTU over a six week period from 5 March to 17 April 2009 after earlier significant
rainfall events. Typically, it is expected that turbidity would be less than 20 NTU except during and
after flood events. Measured salinities range from fresh to hypersaline. Wide variations occur in
response to stream flow, residence time in storage within clay pans and the broader catchment, depth
to the water table with possible groundwater interactions and, proximity to marine influences.

URS
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Conceptual Hydrological Model

The conceptual hydrological model interprets that the Ashburton River Delta and local catchments are
dynamic, with natural changes to landforms and watercourses actively occurring through erosion and
deposition driven by both fluvial and marine processes. The Ashburton River typically breaks its banks
every second year, leading to flood waters flowing from the river onto low-lying areas of the Ashburton
River Delta and Ashburton North becoming part of a regional coastal flood plain. Significantly,
individual steam flow events are unique, with likely unique rainfall sources and flow paths. Two main
components influence the hydrological characteristics of the Ashburton River Delta:

* Flooding of the Ashburton River. At ARIs of less than two years, the local catchments function
independently, with surface water flow directions linked with topography. During larger flood events
(typically less frequent than 2-year ARI), stream flow from the Ashburton River spills into the
Southwest and Hooley Creek Catchments, forming a broad flood plain. As such, the Ashburton
River affects flood levels and stream flows in both the Southwest and Hooley Creek Catchments.

¢ Inundation by seawater due to tidal forces and storm surges. Tidal variations have been recorded
between 1.68 m AHD (HRT) and -1.99 m AHD (LRT), with a mean sea level of 0.06 m AHD (DPI
2004). Storm surge is a complex function of cyclone intensity and motion, extent of maximum
winds, bathymetry and coastline shape. The Onslow coast has been periodically inundated in the
past by storm surge, particularly during the cyclones of 1934, 1958, 1961 and in 1999. GEMS
(2000) estimates the 1:25-year and a 1:100-year ARI storm surge for the Onslow coast at 3.5 and
4.8 m AHD.

Under seasonal-dry conditions the sub-catchments of the Ashburton River Delta are discrete and
surface water environments are independent. During and after significant cyclonic rainfall events,
stream flows swell above the low-relief catchment divides and connect the individual catchments to
form a coastal flood plain. Under such conditions the stream flow from the Ashburton River extends
throughout the entire delta, contributing to flows within the Southwest, Hooley Creek and Northwest
Catchments. At these times, flood heights in the local catchments rise significantly above those
generated by the local catchment runoff.

A key factor in realistically representing the hydrology of the Hooley Creek Catchment is understating
the volumes and distributions of flood flows that breakout of the main channel of the Ashburton River.
Analysis of the available data suggests that during a significant storm, flows breakout of the main
channel of the Ashburton River. Breakouts occur to the northwest and the northeast approximately 40
km downstream of the Nanutarra Bridge. An aerial survey of a 1997 flood event mapped flood flows
including breakouts of the main channel of the Ashburton River. From this survey it has been
estimated that breakouts to the northeast and northwest nominally accounted for one quarter and one
third of the flood flow. The remainder of the flood flows was contained within the main channel of the
Ashburton River. The aerial survey suggests a large proportion of the flood waters flowed east and
discharged into the Hooley Creek.

Surface water receptors include the habitats of the Ashburton River Delta, inclusive of the tidal
reaches of Hooley Creek. Potential surface water receptors at Ashburton North include river
ecosystems and habitats of the Ashburton River Delta. Botanical surveys at Ashburton North have not
identified ecosystems that are predominantly dependent on surface water flows. Habitats of the
Ashburton River Delta are recognised as an important, high conservation value and regionally
significant ecosystem.
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When flow occurs, sediment is mobilised and may be transported to floodplain and marine
environments of the Ashburton River Delta at comparatively high concentrations.

Potential Surface Water Impacts

The predominant potential surface water impacts at Ashburton North relate to changes to the local
baseline hydrology and consequently to stream flow and quality of surface water discharge to
receiving environments. Clearing and earthworks will be required throughout Ashburton North during
construction and installation of infrastructure. The earthworks are expected to include cut to fill
excavations and importation of fill material that would alter the local landforms. Elevation platforms for
the Plant Pad, Shared Infrastructure Corridor and Accommodation Village and excavation of borrow
pits within the Hooley Creek tidal embayment would alter the local catchments and intersect natural
drainage lines. For the impact assessments, the proposed infrastructure includes the option of
onshore dredge material emplacement as this presents a potential worst—case. In the absence of
onshore dredge material emplacement the Project footprint would be reduced, with commensurate
reduction of potential surface water impacts. There are no identified surface water dependent
ecosystems. As such, there are no forecast impacts on the Ashburton North terrestrial ecology linked
to changes in the surface water environment. Further, footprints of proposed Ashburton North
infrastructure occur on a local scale and hence the potential impacts on the surface water
environments are expected to only occur locally. The potential local surface water impacts at
Ashburton North are linked to:

« Altered hydrology. The altered hydrology is linked to changes landforms that would:

— Intercept the watercourse of the Hooley Creek West, restricting surface water flows in the
vicinity of the Plant Pad and constraining the flow path to the ocean and ingress of tidal waters.

— Intersect 16 major drainage lines of the Hooley Creek Catchment along the alignment of the
Shared Infrastructure Corridor and Accommodation Village.

— Isolate about 390 ha of the northern Southwest Catchment with embankments for the dredge
material placement area, thus reducing the flood water storage capacity of this catchment.

— Removal of natural constrictions to the flow of flood waters and tides by excavation of the
proposed borrow pits. The assumed bottom of borrow pit elevations vary from 1.0 to 1.2 m
AHD, corresponding to the elevations of the adjacent tidal flats.

e Changes to water quality. The potential impacts on surface water quality predominantly stem from:

— Likely increases in local sediment and salt due to an increase in disturbed soils and the large
volumes of fill materials to be brought to Ashburton North.

— Seepage of seawater from the dredge material placement area and accumulation of salt due to
the retention and storage of flood waters upstream of the proposed Shared Infrastructure
Corridor.

— Spills and leaks of contaminants.
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6 Conclusions

The methodology for the assessment of potential impacts due to altered hydrology focuses on
predicted differences between interpreted characteristics of the baseline and altered surface water
flow and floods linked the development of the Wheatstone Project. The MIKE 21 model developed to
simulate the baseline surface water environments has been adapted to incorporate the proposed
footprints of the Project infrastructure. The simulations of the altered hydrology have been completed
for a range of storms including 5, 10, 25 and 100-year ARI events. These events have also been
simulated in combination with mean sea level, HRT and 1:100-year storm surge conditions.

The modelling predictions and assessments of potential altered hydrology impacts are based on:
« Changes to flood depths and elevations.

» Variations of flow velocities.

» Potential inundation of portions of the Shared Infrastructure Corridor.

« Diversion of flood flows to adjoining catchments.

* Changes to areas inundated by tides.

» Water shed from the dredge material placement area.

Typically, the simulated differences between the baseline and developed cases for events more
frequent than 1:25-year ARI are small, within the range of the vertical resolution of the model.

The findings of the simulations of the altered hydrology include:

« Lowering of flood depths and elevations by up to 0.5 m for a 1:100-year ARI event. The predicted
changes are interpreted to potentially impose short-term and temporary changes to the local
surface water environments. It is expected that actual changes may not be measurable.

¢ Increases of flow velocities linked to encroachment of infrastructure on Hooley Creek West and
flow retardation along the Shared Infrastructure Corridor. It is expected that actual changes would
be minimal and may not be measurable.

e For a 1:100-year ARI event, the roadway overtops at drainage line crossings S11a, S12 and S13
between the Accommodation Village and the connection to Onslow Road. At the crossings near the
Accommodation Village, the conceptual design elevation of the roadway restricts the size and
capacity of the culverts. Locally, the predicted flood elevations are marginally higher than the
proposed 6 m AHD elevation of the raised platform. A minimum local Shared Infrastructure Corridor
elevation of 7.0 m AHD would be required to achieve 1:100-year ARI operational criteria and limit
the potential for overtopping of the Shared Infrastructure Corridor.

 The presence of the Project infrastructure causes a small delay in the diverting flood flows to
adjoining catchments but does not cause a significant change the baseline characteristics of flow.

» The impact of the borrow pit excavations is to remove local obstructions to tidal forces and storm
surge. The impacts include small-scale changes in water elevations in the areas extending up to
about 5 km inland. The area south of the Onslow Salt crystallisation ponds is expected to have
increased exposure to storm surge, with summated inundation up to 0.5 m depth. The 1:100-year
Storm Surge is expected to cause inundation beyond the proposed Shared Infrastructure Corridor.
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6 Conclusions

e The proposed onshore placement of dredge material may impose impacts linked to seepage of
seawater expressing as surface water flows within the Southwest and Ashburton River Mouth
Catchments. The predictive simulations show total seepage from the dredge material placement
area peaks at a rate of about 2,200 kL/day. The predicted seepage rates rise progressively
throughout the campaign of dredge material disposal onshore, peaking as the campaign ceases.
Thereafter the seepage rates decay over a period of five to ten years to about 200 to 400 kL/day.
The simulated seepage rates are sufficiently low that they may be predominantly intercepted by
evaporation and low-lying storage areas of the Southwest Catchment and consequently not
express as significant surface water flows on the ground surface.

The potential impacts on surface water quality may be mitigated through appropriate design and
engineering initiatives to intercept sediment. Conceptual designs for the Plant Pad provide for
sedimentation traps on local watercourses and silt fences on the perimeters of the construction area.
Construction of the perimeter embankments would preferably occur during the predominantly dry
winter months. Conceptual designs of the dredge material placement area and Shared Infrastructure
Corridor limit seepage and the retardation of surface water flows, respectively. The interception of
leaks and spills is addressed in the spill containment design for the Plant Pad.

Notwithstanding the mitigation of surface water quality impacts through engineered designs, the runoff
to Hooley Creek and within the Southwest Catchment is likely to require the management of total
suspended sediment concentrations and sediment loads. The management objectives would be to
maintain compatibility with the baseline environments, for conservation of habitats of the Ashburton
River Delta. ANZECC Guidelines, together with baseline data, have been used to develop indicative or
guideline trigger values for turbidity and salinity. These indicative or guideline trigger values include
turbidity of 20 to 80 NTU (dry-season to wet season) and salinity 33,000 mg/L TDS. The trigger values
appear to be conservatively low based on the available data. The available baseline data are limited
and consequently the indicative or guideline trigger values are intended to be adjusted, to reflect
measured baseline values, once additional relevant data are recorded.

The implementation of the trigger values for the dry-season and wet-season would need to be
supported by definitions of these periods given they would change from year to year and may be
dependent on the ARI of storm events that seasonally influence surface water qualities. Invariably, a
network of surface water control sites in receiving environments within the Hooley Creek, Southwest
and Ashburton River Mouth Catchments would define the transitions from dry to wet to dry seasons
and associated trigger values. The control sites would provide measures of baseline turbidity and
salinity in domains that are not influenced by the proposed Ashburton North developments.
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Limitations

URS Australia Pty Ltd (URS) has prepared this report in accordance with the usual care and
thoroughness of the consulting profession for the use of Chevron Australia Pty Ltd and only those third
parties who have been authorised in writing by URS to rely on the report. It is based on generally
accepted practices and standards at the time it was prepared. No other warranty, expressed or
implied, is made as to the professional advice included in this report. It is prepared in accordance with
the scope of work and for the purpose outlined in the Proposal dated November 2008.

The methodology adopted and sources of information used by URS are outlined in this report. URS
has made no independent verification of this information beyond the agreed scope of works and URS
assumes no responsibility for any inaccuracies or omissions. No indications were found during our
investigations that information contained in this report as provided to URS was false.

This report was prepared between November 2009 and May 2010 and is based on the conditions
encountered and information reviewed at the time of preparation. URS disclaims responsibility for any
changes that may have occurred after this time.

This report should be read in full. No responsibility is accepted for use of any part of this report in any
other context or for any other purpose or by third parties. This report does not purport to give legal
advice. Legal advice can only be given by qualified legal practitioners.
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Note: Schematic, not to scale.
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BSQ and Landform Assessment

Executive Summary

URS Australia Pty Ltd (URS) was commissioned by Chevron Australia Pty Ltd to undertake a
baseline soil quality and landforms assessment for the proposed Wheatstone Project which
includes Ashburton North and surrounds, the Shared Infrastructure Corridor, Domgas
Pipeline, Accommodation Village and the Construction Area (collectively known as the
Terrestrial Assessment area).

The following report details the works completed for Ashburton North and surrounds, the
Shared Infrastructure Corridor (SIC study area) the Domgas Pipeline (Domgas study area),
Accommodation Village (Camp study area) and the Construction Area (Construction study
area, which includes Horseshoe Island and the borrow pit to the south east). This
assessment was completed, in part, as a desktop study comprising a review of land systems
and landforms at a regional scale, followed by a site specific assessment of landforms and
baseline soil quality (including potential acid sulfate soils [PASS]), completed between March
and October 2009.

A series of seven land systems were defined within the Terrestrial Assessment area and
include the Littoral, Dune, Onslow, Giralia, Stuart and Uaroo land systems. Ashburton North
and surrounds and the Construction study area is generally comprised of the Littoral land
system which is dominated by landforms including intertidal creeks, mangrove swamps and
supratidal salt flats on the north eastern boundary and samphire flats and claypans along the
north western boundary.

Alluvial/colluvial plains and clayey plains, generally dominate the remainder of the Terrestrial
Assessment area. The alluvial/colluvial plains are characterised by low swales and slopes
with soils comprising dark reddish brown sands and sandy loams along the northern
boundary of the SIC study area and the Construction study area.

Linear inland dunes, comprising of parallel dunes, trending north-south, are intermittently
encountered along the northern boundary of the SIC study area and Domgas study area and
throughout the Construction study area.

As part of the Ashburton North and surrounds investigation, a total of 18 soil bore and nine
hand auger locations were investigated to a depth ranging between 0.3 and 4.6 mbgl.
Analytical testing for a suite of heavy metals, and for the soil's potential acid generating
capacity, was completed on 38 and 44 primary samples, respectively, to a maximum depth of
3.0 mbgl, on representative soil profiles identified across Ashburton North and surrounds. In
addition, a further 107 geotechnical borehole cores were inspected, and the results used to
refine the PASS areas identified through laboratory testing.

Ten hand auger locations ranging in depths from 1.5 to 1.6 mbgl were completed along the
SIC study area. In total, 37 primary samples were collected during the intrusive investigation
of which 12 were submitted for analysis.

As this investigations primary objective is to identify baseline soil quality, and because there
has been no land disturbance or industrial activity of the Terrestrial Assessment area,
assessment of soil data against threshold levels is not required. However, as a means of
comparison and to also provide an assessment of whether naturally occurring compounds
(metals) may pose a risk to human health, a comparison against relevant Western Australian
(WA) guidelines has been made.

URS
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BSQ and Landform Assessment

Executive Summary

Analytical results reported elevated metal concentrations against adopted assessment
criteria for Ecological Investigation Levels (EIL) (Department of Environment and
Conservation [DEC], 2003) for arsenic, chromium, manganese and nickel, in the north
western to north eastern section of Ashburton North and surrounds. Reported analytical
results were all below the adopted Health Investigation Levels (HIL).

Comparison of the these results against an assessment of heavy metals completed by
Oceanica (2005) and URS (2008) along the Pilbara coastline of similar deltaic systems, also
reported elevated concentrations of arsenic, chromium and nickel. The elevated metals
encountered are comparable suggesting that the high background levels are likely a result of
the weathering of terrestrial origin.

The results of the field and analytical investigations and geotechnical bore review indicate
that PASS is present at shallow depths ranging between 0.5 mbgl and 4.5 mbgl with a
thickness ranging between 0.2 and 3.5 m predominantly along the north eastern extent of
Ashburton North and surrounds. Corresponding soil profiles were typically characterised as
low to high plasticity CLAY to clayey SAND/SAND, low to high plasticity, brown to dark grey;
fine to medium grained, mottling may range from yellow and orange, firm to very soft.

These soils are considered to be of marine/organic origin and are generally located within
landform units associated with the intertidal flats, tidal creek and mangrove swamp of the
Littoral land system. PASS was also identified in landforms associated with samphire flats,
alluvial/colluvial plains and fringing and coastal dunes.

The acid neutralising capacity (ANC) of the Terrestrial Assessment area is generally high,
however is typically absent in soil profiles identified as PASS. Soils with the highest ANC
throughout Ashburton North and surrounds generally comprised of sands and sand clays
with shell, limestone and/or sandstone interbedded throughout. ANC of the SIC study area
was significantly lower with highest buffering capacity detected in the red clayey sands.

A PASS map was produced identifying areas of low, moderate and high risk for PASS for the
Terrestrial Assessment area. Based on the results of the PASS assessment, high risk for
intercepting PASS is located in the north eastern extent of Ashburton North and surrounds
and is typically associated with marine/mangrove deposits. Although PASS is typically not
associated with landform units associated with the fringing and coastal dunes, it is believed
that shallow marine/organic deposits underlying these landform units may be associated with
the bordering Ashburton River delta and the Hooley Creek catchment. Therefore where
PASS has been identified below these landforms, the PASS Map has identified them as high
risk.

There is a moderate risk of intercepting PASS (assuming incidental excavation for these
areas) for landform units associated with the samphire flats where PASS typically comprised
of dark brown to dark grey SAND/clayey SAND/CLAY at shallow depths. The supratidal salt
flats, which are located adjacent to the intertidal flats, tidal creek and mangrove swamp are
considered moderate risk for intercepting PASS, particularly where algal mats and MBO
have been identified. Moderate risk of PASS is also correlated with proximity to mangroves
and tidal creeks, which provide a source of marine/ organic material.

.The minor islands located along the north western boundary of the Construction study area,
which are bound by the supratidal salt flats, the area immediately south of islands, and the

URS
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BSQ and Landform Assessment

Executive Summary

clayey plains south of Ashburton North have been conservatively classified as moderate risk
for PASS given that only a desktop study has been undertaken. However, given that the
landforms identified at the above locations are typically not associated with PASS, it is
unlikely that PASS would be intercepted

WHST-STU-ET-RPT-0068// 0
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BSQ and Landform Assessment

Introduction

Chevron Australia Pty Ltd (Chevron) proposes to construct and operate a multi-train liquefied
natural gas (LNG) plant and a domestic gas (Domgas) plant 12 km south west of Onslow on
the Pilbara Coast. The LNG and Domgas plants will initially process gas from fields located
approximately 200 km offshore from Onslow in the West Carnarvon Basin and future yet-to-
be determined gas fields. The project is referred to as the Wheatstone Project and Ashburton
North and is the proposed site for the LNG and Domgas plants. The Project will require the
installation of gas gathering, export and processing facilities in Commonwealth and State
Waters and on land. The LNG plant will have a maximum capacity of 25 Million Tonnes Per
Annum (MTPA) of LNG.

The Wheatstone Project has been referred to the State Environmental Protection Authority
(EPA) and the Commonwealth Department of Environment, Water, Heritage and the Arts
(DEWHA). The investigations outlined in this report have been conducted to support the
environmental impact assessment process.

URS Australia Pty Ltd (URS) was commissioned by Chevron Australia Pty Ltd to undertake a
baseline soil quality and landforms assessment for the proposed Wheatstone Project which
includes Ashburton North and surrounds, the Shared Infrastructure Corridor, Domgas
Pipeline, Accommodation Village and the Construction Area (collectively known as the
Terrestrial Assessment area).

This report presents results from the desktop and intrusive works completed for Ashburton
North and surrounds, the SIC and the Domgas study areas, and a desktop review of
landforms and soils for the Camp and Construction study area.

1.1 Objectives

The objective of the programme was to provide sufficient information for an Environmental
Review and Management Programme (ERMP) level of assessment, in accordance with the
Guidelines for Preparing a Public Environmental Review/ Environmental Review and
Management Programme (Environmental Protection Authority [EPA, 2009]) as requested for
the Wheatstone Project, by the Western Australian (WA) EPA.

Specifically, the objectives of the desk top reviews and field works were to:

e« Complete a regional review and a site specific assessment of the soils and landforms
identified for Ashburton North and surrounds, the SIC and Domgas study area.

o Complete a regional review and desktop assessment of the soils and landforms of the
Camp and Construction study area.

¢ ldentify baseline metal concentrations of the surface and subsurface profile within
Ashburton North and surrounds and the SIC study area.

¢ Identify generalised limitations of soils encountered for use in rehabilitation.

¢ Assess the general extent of PASS and the associated risks upon encountering such soils
in general accordance with the definitions set out by Ahern et al (1998) and DEC Acid
Sulfate Soils (ASS) Guidelines Series (updated May 2009).

The objectives outlined above, and works completed to date, are in accordance with the,
Environmental Scoping Document.

URS
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BSQ and Landform Assessment

1 Introduction

1.2 Scope of Works
To meet the above objectives, the following scopes of works were completed:

« A desktop review of published and available data including geotechnical logs in areas of
interest, topographic maps, PASS maps, geological and environmental maps and
completed surveys of the Terrestrial Assessment area as they become available.

e An assessment of aerial photography (for coarse landform assessment) and available
soils investigations and associated geochemical data covering the Terrestrial
Assessment area and the surrounding Onslow region.

e A sampling and analysis programme (Appendix A), detailing the field methodologies,
procedures and laboratory analyses completed for the assessment of landforms and
BSQ of the Terrestrial Assessment area.

o In situ field tests to assess PASS and soil stability including field pH (pHy), field peroxide
pH (pH:x), @ calcareous reaction test (effervescence or fizz test) and field dispersion
testing of the surface and subsurface profile at sample locations.

¢ Analytical testing of existing and potential acidity of the soil using Chromium method in
accordance with the Department of Environment and Conservation (DEC) Identification
and Investigation of Acid Sulfate Soils (2009a) and the Guidelines for Sampling and
Analysis of Lowland Acid Sulfate Soils in Queensland 1998 (Ahern et al. 1998).

e Analytical testing for a suite of metals including aluminium (Al), arsenic (As), barium
(Ba), beryllium (Be), cadmium (Cd), chromium (Cr), cobalt (Co), copper (Cu), iron (Fe),
lead (Pb), mercury (Hg), manganese (Mn), nickel (Ni), vanadium (V) and zinc (Zn).

e Laboratory testing of selected soil samples at a National Association of Testing
Authorities (NATA) accredited laboratory Analytical Laboratory Services of Perth (ALS).

e Production of this interpretative report which presents the soils and landforms identified
within the Terrestrial Assessment area, including baseline soil quality and
characterisation of the potential risks associated with ASS, to meet the requirements of
the ‘ASS Guidelines Series’ (2004) as adopted by the DEC (updated May 2009).

WHST-STU-ET-RPT-0068/ / 0 2
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BSQ and Landform Assessment

Environmental Setting

2.1 Location

The Wheatstone Project is located within the Pilbara Region of Western Australia
approximately 1400 km north of Perth, and 12 km south west of Onslow. The Wheatstone
Project components include Ashburton North and surrounds, the Shared Infrastructure
Corridor, the Accommodation Village, the Domgas Pipeline and the Construction Area.

Ashburton North and surrounds is located along the coastal boundary of the Wheatstone
Project and is bound by the Indian Ocean to the north, the Ashburton River to the west, and
Hooley Creek to the east (Figure 1).

The Shared Infrastructure Corridor commences along the south eastern boundary of
Ashburton North and generally proceeds in a south easterly direction where it meets Onslow
Road approximately 12 km from Ashburton North. The Accommodation Village is located
approximately mid point along the Shared Infrastructure Corridor over an area of
approximately 460 ha. The Domgas Pipeline follows the route of the Shared Infrastructure
Corridor before running parallel to Onslow Road for a further 53 km in a south east direction.

The Construction Area is located over an area of approximately 838 ha and incorporates
land that may be disturbed for construction roads and borrow pits.

2.2 Topography

The topography of the Wheatstone Project consists of undulating dunal systems (including
longitudinal, coastal and fringing dunes), alluvial/colluvial plains, and low lying coastal
systems (including supratidal flats, samphire/salt flats, claypans, tidal creeks, intertidal flats
and mangroves).

The greatest ‘spot’ heights of the Terrestrial Assessment area range between approximately
5 and 21 mAHD (Landgate, 2007) and are associated with the longitudinal coastal and
fringing dunes. Similarly, areas of low relief are associated with the supratidal flats, claypans,
tidal creeks, intertidal flats and mangroves which are generally below 5 mAHD.

2.3 Geology and Stratigraphy

A geological mapping programme undertaken by the Geological Survey of Western Australia
(1975) produced a 1:250,000-scale map series and geological descriptions in Bulletin 133.
These geological data and interpretations were substantially updated by publications by
lasky and Mory (1999) and lasky et.al (2003). The following interpretation was adapted from
the URS (2009) desktop assessment of this information.

The Palaeozoic-Recent Northern Carnarvon Basin is a large, mainly offshore basin on the
northwest shelf of Australia developed during four successive periods of extension and
thermal subsidence. The Wheatstone Project is located on the Peedamullah Shelf within the
Northern Carnarvon Basin.

The main deposition centres of the Northern Carnarvon Basin host up to 12 km of
sedimentary infill. Triassic to Early Cretaceous deposition is dominantly siliclastic deltaic to
marine, whereas slope and shelfal marls and carbonates dominate the Mid-Cretaceous to

Cainozoic section.
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BSQ and Landform Assessment

2 Environmental Setting

The carbonate-rich sediments were deposited as a series of northwest propagating wedges
as the region continued to cool and subside resulting in the deep burial of the underlying
Mesozoic source.

The geology and stratigraphy beneath the Wheatstone Project is presented in Table 2-1
below, as interpreted from the Jade 1 petroleum exploration well for the Department of
Industry and Resources, Western Australia (Information Request for Jade 1, 1993). The Jade
1 petroleum exploration well was located within the Terrestrial Assessment area and is
considered representative of the geology of the region. The geological core log is attached
as Appendix B.

Table 2-1 Interpreted Stratigraphy
Formation Age Lithology
Superficial Formations Recent/Quaternar Gravelly sand, calcareous sandstone and sand
Dune Sands y variably lithified and consolidated.
Superficial Formations
Ashburton River Delta Recent/Quaternary Poorly consolidated claystones and minor limestone.
Alluvium
—————————— Unconformity----------
Trealla Limestone Tertiary Interbedded limestones and claystones with

siltstone, sand and limestone at the base.

Gearle Siltstone

Early-Cretaceous

Argillaceous siltstone, grading to a silty claystone;
commonly pyritic, glauconitic and micaceous.

Windalia
Radiolarite

Early-Cretaceous

Radiolariean siltstone.

Muderong Shale

Early-Cretaceous

Argillaceous siltstone with thin lenses of siltstone
and fine sandstone.

Winning Group

Mardie Greensand

Early-Cretaceous

Glauconite-rich sandstones and minor interbedded

Member claystone, silica cemented.

Birdrong Glauconitic sandstone with minor interbedded
Early-Cretaceous

Sandstone claystone.

Mungaroo Formation Triassic Quartzose sandstones, siltstones and shale.

The superficial sediments of quaternary age are generally 4.5 to 25.0 m in thickness and are
dominated by unconsolidated sediments comprising intertidal flats and mangrove swamps
(calcareous clay, silt and sand) beaches and coastal dunes (reddish-brown to yellow quartz
sand) and residual sand plains and alluvium associates within the Ashburton River System
(Geological Survey of Western Australia (GSWA), 1982) (Figure 2).

URS
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2 Environmental Setting

2.4 Hydrogeology

Within the Northern Carnarvon Basin, unconfined aquifers are known to be formed by alluvial
palaeochannel successions associated with ancient watercourses beneath reaches of most
of the major rivers (URS, 2009). Unconfined aquifers are also known to form as alluvial
successions beneath the wide coastal river valleys and deltas associated with the drainage
basins formed by the Yannarie, Ashburton, Cane, Robe and Fortescue Rivers. Local minor
aquifers may potentially be present below dune beach sands.

Groundwater is also hosted in confined aquifers in the deeper Carnarvon Basin successions.
Confined aquifers underlying the Wheatstone Project are known to be formed by the Trealla
Limestone (semi-confined by the superficial formations), and Birdrong Sandstone (confined
by the Gearle Siltstone and Muderong Shale) (Wills and Dogramaci, 2000).

The Birdrong Sandstone is the most significant regional confined aquifer in the Carnarvon
Basin and is intersected by both artesian and sub-artesian water supply bores. Historically, it
has been used to supply predominantly brackish (1,000 to 12,000 mg/L TDS) groundwater to
pastoral and salt industries.

2.5 Hydrology

The Ashburton River is considered to be one of the major rivers of the Pilbara Region with a
catchment area of approximately 78 777 km?. Stream flow is typically ephemeral, occurring in
response to significant local and regional rainfall events.

Runoff is generated in the upper reaches of the catchment due to greater topographic relief
of the low rugged ranges (URS, 2009). Downstream on the coastal plain, the Ashburton
River fans out into a deltaic system made up of wide and braided flow paths before
discharging into the Indian Ocean. The delta contains tidal creeks and pools, which are
frequently inundated by the sea in the lower reaches. Major flows occur in the Ashburton
River every one to three years. River flows predominantly occur during the cyclone seasonal
and are typically short-lived.

The Wheatstone Project is on a local-scale catchment divide between the Hooley Creek
Catchment, Southwest Catchment (southwest of the proposed Wheatstone LNG plant) and
the Ashburton River, each of which are hosted by the coastal delta area of the Ashburton
River, termed the Ashburton River Delta. The Wheatstone Project is located in the tidal zone
and is exposed to rainfall and storm surge associated with cyclones.

2.6 Landforms

At a regional scale, the Wheatstone Project is part of the Western Region soil-landscape
covering about half of the total area of Western Australia. The boundaries of the Western
Region extend from the Indian Ocean to the edge of the Sandy Desert and Central Southern
Regions and comprise of landforms including undulating plateaux, plains, hills and ranges
and coastal plains

The Western Region has been divided into 10 soil-landscape provinces. The majority of the
Wheatstone Project is located within the Exmouth soil-landscape Province, while the south
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eastern boundary of the Wheatstone Project, along the Domgas study area, is located within
the Ashburton Province. These boundaries are based on Jennings and Mabbutt (1977).

The Exmouth Province occupies about 25,100 km? with landforms generally comprising of
alluvial plains or sand plains with coastal flats and dunes (and some ranges and stony plains)
on sedimentary rocks. The Ashburton Province is located to the south east of the Exmouth
Province and occupies about 188,375 km? The Ashburton Province is comprised of a
mosaic of hilly terrain and stony plains, with rugged ranges, hills, ridges and plateaux are
found on the sedimentary rocks.

2.7 Soils

Soils are varied over the Western Region as a result of a wide range of parent materials and
climatic conditions encountered. Major soils encountered within the Western Region have
been defined by the Soils Group of Western Australia (Schoknecht, 2002). As reported by
Tille (2006) and as defined by Schoknecht (2002), soils of the Exmouth Province generally
comprise of Red deep sands and Red deep sandy duplexes and Red sandy earths
dominating the broad, sandy surfaced plains and dune landscape.

Component zones associated with Exmouth Province include the Yannery Plains and
Onslow Plains. Sandplains and alluvial plains (and some floodplains) of the Yannery Plains
comprise red deep sands with red/brown non-cracking clays and red deep sandy duplexes
with some hard cracking clays. These soils have been identified in the north-west coast
between the Ashburton and Lyndon rivers.

Coastal mudflats (with some sandplains and coastal dunes) of the Onslow Plains comprise
tidal soils with Calcareous deeps sands and some red deep sands, red/brown non-cracking
clays and salt lake soils. These soils are located in the north-west coast between Cape
Preston and the Exmouth Gulf.

Soils of the Ashburton Province generally comprise of Stony soils dominating the hilly terrain,
and Red shallow loams, Red brown non-cracking clays, Red loamy earths and Red deep
sandy duplexes of the stony plains.

2.8 Acid Sulfate Soils

Acid sulfate soils are naturally occurring soils, sediments and peats that contain iron sulfides,
predominantly in the form of pyrite materials. These soils are most commonly found in low-
lying land bordering the coast, estuarine and saline wetlands in soils comprising of Holocene
marine muds and sands in protected low-energy environments.

Acid sulfate soils are formed when seawater or sulfate-rich water mixes with land sediments
containing iron oxides and organic matter in a waterlogged situation, in the absence of
oxygen.

In an undisturbed anoxic state, these materials remain benign, and do not pose a significant
risk to human health or the environment and are referred to as PASS. However, the
disturbance of PASS, and its exposure to oxygen, leads to the production of acidic conditions
which have the potential to cause significant environmental and economic impacts including
fish kills and loss of biodiversity in waterways; contamination of groundwater by acid,
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leaching of arsenic and heavy metals and corrosion of concrete and steel infrastructure by
acidic water.

The probability of encountering acid-generating material in the region ranges from “extremely
low” to “high”, according to acid sulfate soils risk mapping completed by the DEC (2009). The
high probability areas are generally located in low lying areas of 0 to 3 m above Australian
Height Datum (AHD) including Holocene intertidal flats, supratidal salt flats and mangrove
swamps. Low probability areas are generally associated with deposits of coastal dune,
beaches and longitudinal dunes (Figure 3). Probable layers of organic and marine deposits
are located at shallow depths, and low probability areas and associated with the coastal
dunes and Red earths.

2.9 Contaminated Soils

Based upon the information derived from the publicly accessed DEC Contaminated Sites
Database (accessed May 2009), which references the underdeveloped nature of the area;
and the fact there are no known historical contaminating land use practices within the
footprint of the Terrestrial Assessment area , it is considered unlikely.

A review of recent aerial photography indicates that land use to the east of the Terrestrial
Assessment area is used for solar salt manufacturing. Onslow Salt Pty Ltd (Onslow Salt) is
licenced under the Environmental Protection Act 1986-Licence. The premises are classified
as solar salt manufacturing (category 14) and bulk material loading and unloading (category
58) under the Environmental Protection Regulations 1987. While there are likely to be
sections of the Onslow Salt operations that have the potential to contaminate (such as
petroleum hydrocarbon storage and use, plant/machinery workshops, waste disposal etc)
these areas of the Onslow Salt operations are located to the north east of the salt ponds.
Therefore due to the distance from the Terrestrial Assessment area these operations are
considered unlikely to have an adverse impact on the Terrestrial Assessment area.

A search of the DEC Contaminated Sites Databases indicates there is no known
contamination history reported for these operations.

2.10 Vegetation

The majority of the Wheatstone Project lies within the Cape Yannarie Coastal Plain of the
Cape Range subregion of the Carnarvon Botanical District (Beard, 1975) and to a lesser
extent, the Onslow Coastal Plain of the Roebourne subregion of the Fortescue Botanical
District (Beard, 1975) located along the Domgas study area.

The Cape Yannarie Coastal Plain generally comprise mangrove dominant vegetation along
the coastal parts of the Wheatstone Project, including Avicennia marina as the principal
species and some Rhizophora stylosa ( Biota, 2009 and Outback Ecology Services [OES],
2010). Behind the tidal creeks and mangrove swamps are bare saline mud flats or intertidal
flats, which sometimes floods with spring tides. This zone is generally devoid of any
vegetation, although some samphire communities occur locally (Tecticornia species).

Inland of the tidal mud flats area (supratidal salt flats) is a zone mapped as shrub steppe on
sandhills with numerous small claypans. The shrub steppe is typically dominated by Triodia
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species (T. epactia/pungens) with Acacia bivenosa, A. synchronicia, A. tetragonophylla and
A. xiphophylla the most common shrub species present.

Vegetation of the Onslow Coastal Plain is dominated by Acacia victoriae, A. xiphophylla in
shrubland and Acacia pyrifolia in open shrubland with Triodia pungens, T. basedowii in open
hummaock grassland and mixed grassland.

2.11 Conservation Reserves

The Cane River Conservation Park (C-Class Reserve) is located approximately 100 km
south of Onslow and 4.5 km to the east of the eastern end of the Domgas study area. The
National Reserves System Co-operative Program, however, is proposing to include
extensions to the Cane River Conservation Park to include the Mt Minnie Pastoral Lease,
Ashburton (110 921ha), and part of the Nanutarra Pastoral Lease, Ashburton (70 030 ha).
This may occur in 2015, and once implemented, the eastern 44 km section of the Domgas
study area will be located within the Park.

Some of the conservation values of the Cane River Conservation Park include (DEC 2009c):

¢ Landforms and vegetation types of particular interest not found in other conservation
reserves in the Pilbara.

« Contrasting granite outcrops and sandstone ranges including the Parry Range and Mt
Minnie.

According to the DEC (2009c), “conservation parks are managed for their scenic, cultural

and biological values, to conserve wildlife and the landscape, for scientific study and to

preserve features of archaeological, historical or scientific interest”. It has been identified by

the DEC that conservation parks require ongoing management to protect biodiversity values,

control weeds and feral animals, manage fire and to provide for visitor access and facilities.
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Land systems mapping for the Terrestrial Assessment area, have been adapted from Payne
et al. (1988) and van Vreeswyk et al. (2004). Land systems are comprised of repeating
patterns of topography, soils, and vegetation (Christian and Stewart 1953)

A series of seven land systems have been identified within the boundaries of the Terrestrial
Assessment area and include the Onslow, Littoral, Dune, Minderoo, Giralia, Stuart and
Uaroo land systems (Figure 4).

The land systems are described as follows:

e The Onslow land system comprises sandplains, dunes and clay plans supporting soft
spinifex grasslands and minor tussock grasslands.

e The Littoral land system comprises coastal mudflats with mangroves on seaward fringes,
samphire flats, sandy islands, coastal dunes and beaches.

e The Dune land system comprises dune fields supporting soft spinifex grasslands and
depositional surfaces such as sand dunes and swales.

e The Minderoo land system comprises alluvial plains supporting tall shrublands and
tussock grasslands and sandy plains supporting hummock grasslands.

e The Giralia land system comprises linear (parallel) dunes up to 30 m in height, sandy,
broad non-saline and calcrete plains supporting hard spinifex pastures.

e The Stuart land system comprises gently undulating plains, minor hills and broad lower
plains supporting hard and soft spinifex and stony chenopod.

e The Uaroo land system comprises low hills, low stony rises and pebbly, sandy and
calcrete plains supporting hummock grasslands of soft and hard Spinifex.

These land systems and associated geomorphologic characteristics within the Terrestrial
Assessment area are presented in Table 3.1 as adapted from Payne et al (1988).
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The following landform units and soil profiles were derived from the completion of the
desktop assessment of Ashburton North and surrounds and of the field programme
undertaken between March to June 2009.

Landforms typically encountered within the boundary of Ashburton North and surrounds are
shown in Figure 5-1 and include:

o Tidal Creeks, Intertidal Flats and Mangrove Swamp.
e Supratidal Salt Flat.

e Samphire Flats.

e Claypans and Clay Plains

e Alluvial/Colluvial Plains.

¢ Fringing and Coastal Dunes.

e Longitudinal Dunes and Interdunal Swales.

e Mainland Remnant Dunes.

Landforms and soils typically encountered within the Ashburton North and surrounds study
area is presented below:

4.1 Tidal Creeks, Intertidal Flats and Mangrove Swamp

The landform units identified as the tidal creeks, intertidal flats and mangrove swamp (Plates
4-1 to 4-4) form a major bio-physical system along the north western boundary of Ashburton
North and surrounds as part of the Ashburton River delta, and to a lesser extent, near Hooley
Creek. These landform units are generally associated with the Littoral land system.

Together, these landform units are characterised by sinuous tidal creeks and intertidal
mud/sand flats characterised by surficial salt scalding and significant surface and shallow
subsurface shell deposition. Relatively high tidal ranges lead to regular flooding of the
shallow sloping shores.

A number of palaeochannels have been identified within Ashburton North and surrounds,
with the most significant for this landform unit being adjacent to Hooley Creek, migrating
inland along the western boundary of the longitudinal dunal network (Damara, 2009). The
creeks associated with this landform unit, typically form a wide mouth which narrows and
becomes shallow upstream via a sinuous channel, becoming dendritic toward the supratidal
salt flats. Damara (2009) reported that water flow through the tidal creeks provides the major
exchange of sediment between the nearshore marine and terrestrial areas.

Shallow soils of the low lying intertidal flats, tidal creek and mangrove swamp consists mainly
of neutral and alkaline (saline) red brown surface soils grading dark brown to light brown,
grey sandy clays, clays and fine to coarse grained silty sands. Carbonate concentrations are
moderate (reflecting shelly material in the sediments) and the concentration of organic
material is variable, but generally high.

At shallow depths, the accumulation of sediment beneath the mangrove swamp (due to
trapping and baffling by vegetation) has resulted in strongly reducing conditions, poorly- to
moderately-sorted silts and clays, with generally high concentrations of organic material.
These clayey subsurface soils have the potential to generate acidity, with a thickness

reported up to 0.85 m.
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Vegetation varies between densely vegetated mangrove swamp along the creek banks, to
sparse spinifex grasses and algal mats in areas completely devoid of vegetation. Mangroves
form a fringe along the tidal creeks, reducing in density with distance from the edge of the
creeks.

Intertidal flat and mangrove swamp deposits generally consist of the following:

e SAND: fine to medium grained, red brown with some clay, trace of gravel, trace shell
fragments.

e Sandy CLAY: medium plasticity, brown, some occasional black mottling with depth, sand
is fine grained.

e CLAY: high plasticity, dark brown, occasional black mottling.

¢ Silty SAND/SAND: silty, fine to coarse grained, brown, moderately sorted, quartz sand,
minor feldspar.

Figure 6 illustrates a generalised cross-section (B-BY) of the soils intercepted at shallow
depths (3 mbgl) extending across from the fringing dune network to the west along the
intertidal flats to the east. PASS was detected as a shallow lens of marine/organic deposits
up to 0.95m thick.

Plate 4-1 Hooley Creek-Tidal Creek Plate 4-2 Salt Scalding of Intertidal Mud Flat
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Plate 4-3 Tidal Creek with Mangroves Plate 4-4 Intertidal Flats

4.2 Supratidal Salt Flat

The supratidal salt flats are typically encountered in the Littoral land system, and are located
up gradient of Hooley Creek to the north west, and are characterised by surficial salt
crusting, the result of intense evaporation due to a dry evaporative environment that
undergoes infrequent inundation.

The supratidal flats are dominated by low gradient, and mostly featureless, bare open
mud/algal flats (Plate 4-5) that generally occur above the spring high water mark and hence
are rarely inundated by marine waters, except in the event of cyclonic storm surge. A thin
veneer of decomposing black organic gel-like matter, indicative of iron monosulfides, was
observed beneath the ground surface where algal mats had colonised along the edges, as a
result of recent flooding associated with heavy rainfall.

These iron monosulfides, or as they are typically described, mono-sulfidic black ooze (MBO)
can occur in the protected upper reaches of tributaries of PASS environments (e.g. intertidal
flats) where organic matter (e.g. algal mats) contribute large amounts of decaying organic
debris.

MBO materials are subaqueous or waterlogged mineral or organic materials that contain
mainly oxidisable monosulfides rather than pyritic sulfides. They usually have a field pH of 4
or more but may become acid (pH <4) when disturbed due to hydrolysis of ferrous iron.
When disturbed and mixed with water, the iron monosulfide can react within minutes to
completely consume dissolved oxygen causing the degradation of water quality.

In the natural environment of Ashburton North and surrounds, it is anticipated that the
presence of carbonates of calcium, magnesium and sodium in soils where MBO materials
are present, will neutralise the acidity as it forms, through the sequence of natural processes.

Shallow soils/sediments comprise of alkaline (saline) red brown clayey sand, grading to
slightly acidic light brown sandy clay of variable plasticity with depth. Surface carbonate
concentrations are generally high, and concentrations of organic matter are generally low.

Soils associated with the supratidal salt flats generally consist of the following:
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¢ Clayey SAND: fine to medium grained, red brown, some black mottling.
¢ Clayey SAND: fine to medium grained, light brown, clay is low plasticity.
e Sandy CLAY: low to medium plasticity, light brown/cream, sand is fine grained.

4.3 Samphire Flats

The samphire flats are also predominantly encountered within the Littoral land system and
are generally located along the west and north (Plate 4-6) of the Terrestrial Assessment
area.

The surface of the samphire flats are generally salt encrusted with a thin lens of variably
decomposed black organic matter beneath the soil surface. This high nutrient environment,
together with the activity of algae and micro-organisms, generates reducing conditions, which
results in the formation of black MBO. MBO is discussed in greater detail above in Section
4.2.

The samphire flats are typically characterised by salt tolerant vegetation which ranges
between very scattered to moderately dense salt tolerant Samphire species, and low
shrublands.

Shallow soils generally consist of neutral to acidic red-brown sandy clay and plastic clays
grading brown to grey as shallow groundwater is intercepted.

Soils associated with the samphire flat generally consist of the following:
e Sandy CLAY/CLAY: variable plasticity, red/brown with grey mottling. Sand is fine to

medium sands with shell fragments clay.
e CLAY: Moderate to high plasticity, brown /grey/yellow mottled.

Plate 4-5 Salt Encrusted Supratidal Flat Plate 4-6 Samphire Flat with Samphire

4.4 Claypans and Clay Plains

There are numerous localised areas of claypan dominated terrain (Plates 4-7 and 4-8),
ranging in size from 100-200 m? to 1 500 m? within Ashburton North and surrounds. These
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isolated claypans form a discontinuous network within the boundaries of the alluvial/colluvial
landform units adjacent the longitudinal dune network.

Sinuous bare claypans, flanked by samphire flats, were identified south east of the north
western extent of the Terrestrial Assessment area and fringing the islands associated with
the mainland remnant dunes along the eastern boundary (Figure 5-1). Claypan dominated
terrain typically consists of neutral plastic clays overlying variably cemented calcareous
material.

The claypans are generally defined as bare (devoid of vegetation), regularly inundated or
irregularly inundated (both of which support soft spinifiex sp. and salt tolerant plants) (Biota,
20009).

Claypan dominated terrain typically consists of neutral to alkaline plastic clays with variably
cemented carbonate material.

Soils associated with claypan generally comprise of:

e CLAY: high plasticity, red brown

¢ Silty sandy CLAY/silty CLAY: low plasticity, very fine to medium grained sand, red brown.
e Sandy CLAY: medium plasticity, sand is fine to medium grained, red/brown.

« Silty SAND: red brown grading with limestone fragments and bands.

Plate 4-7 Discontinuous Claypan Pocket Plate 4-8 Sinuous Bare Claypan

45 Alluvial/Colluvial Plains

Alluvial sediments of the low lying alluvial/colluvial plains (Plate 4-9 and 4-10) are closely
associated with the lateral migration of clay-pan and dune deposits. Subtle changes in
surface material and depositional characteristics are highlighted by the highly variable
surface soils. The alluvial/colluvial plains of Ashburton North and surrounds are typically
encountered adjacent to the longitudinal dunes and claypans of the Dune land system, and
on the southern boundary of the fringing and coastal dunes of the Onslow land system.

Vegetation typically encountered included hummock grasslands such as soft Spinifex
species and some hard Spinifex species with sparse low shrubs such as Acacia.
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Shallow soils are highly variable grading between poorly sorted alkaline red earth silt, and
sand and gravel with both cracking and non cracking clay soils, overlying the shallow
sandstone bedrock formation.

Recent marine deposits, characterised as moderate to high plasticity brown to grey clay,
were intercepted at shallow depth (~2.0 mbgl), where the plains fringed the intertidal flats of
the mangrove/tidal creek landform unit along the north eastern extent of Ashburton North and
surrounds.

Soils associated with the alluvial/colluvial plains generally consist of the following:

o CLAY: moderate plasticity, brown to grey with yellow mottles.

» Clayey SAND: fine to medium grained, red brown, some black mottling at surface.

o Gravelly SAND: sub angular to angular gravel to 20mm, fine to medium grained,
red/brown.

¢ Silty SAND: grading fine to medium grained, red brown.

¢ Silty CLAY: high plasticity, mottled, minor quartz present, red/brown.

e Sandy clayey GRAVEL.: fine to coarse grained gravels, brown to red brown and grey
black.

e Gravelly sandy CLAY: medium plasticity, angular sandstone, gravels 5 to 10mm,
red/brown.

e SAND: grading fine to coarse grained, brown to red brown.

« Sandy CLAY/sandy silty CLAY: firm, sand very fine grained, red/brown and light brown.

¢ SANDSTONE: moderately to very well cemented, fine to coarse grained sands, pale
brown, high shell content and fossils.

Plate 4-9 Colluvial/Alluvial Plain Plate 4-10  Colluvial/Alluvial Plain with Spinifex

4.6 Fringing and Coastal Dunes

The fringing dune landform unit (Plate 4-11 and 4-12), which comprise of beach and low
dune ridges of variable stability, generally commence from the northern boundary (ocean)
and extend in a southerly direction for approximately 200 m. The low dune ridges are
typically formed from the deposition of wind blown sands and through sand supplied by storm
surges, and are generally located above the high water mark.
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Coastal dunes (Plate 4-13 and 4-14), in the order of 6 to 7 m in height were identified in the
field, and with slopes of 20 to 35 degrees, were identified along the northern and western
part of Ashburton North and surrounds, adjacent to the fringing dunes.

Soils along the coastal fringe mainly consist of neutral to alkaline sands and shell fragments
overlying carbonate sandstone. Along the northern extent of Ashburton North and surrounds,
the interception of marine deposits comprising of low plasticity grey clay, at shallow depths of
around 0.8 mbgl of up to 0.95 m thick and identified as PASS, suggest the presence of an
underlying chenier (a continuous ridge of beach material built upon marine deposits) and
hence the potential for the presence of potentially acid generating material at shallow depths.

This is further supported by Damara (2009) who reported that a more recently formed
pavement of marine origin commonly sits above the Red deep sand and is exposed at the
Ashburton River Delta and fringing beaches. The pavement has a variety of lithified
geomorphic features associated with fluvio deltaic and nearshore marine processes and
includes the landforms of mid delta environments: channel gorges, topographic rises and
basins.

Vegetation of the low dune ridges of the fringing dune landform unit, typically support
hummock grasses with isolated to scattered shrubs while the beaches are generally devoid
of vegetation. The coastal dunes also support hummock grasses, and are moderately
vegetated with shrubs of 1 to 2 m in height.

Soils associated with the fringing and coastal dunes generally comprise the following:

e SAND/silty SAND: fine to medium grained, poor to well sorted, red brown, with shell
fragments.

e Sandy CLAY/gravelly CLAY: low to moderate plasticity, red brown, fine to medium
grained.

e CLAY: Medium to high plasticity, cream/brown to grey, yellow mottles.

e Calcareous SANDSTONE: moderately to well cemented, fine to medium grained quartz,
some small shell fragments, cream/white.

Figure 6 illustrates a generalised cross-section (C-C') of the soils intercepted at shallow
depths (3 mbgl) extending across the alluvial/colluvial plains and coastal dunes located
adjacent the Ashburton River delta along the western boundary of the Terrestrial
Assessment area. No PASS was identified along this cross section.
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Plate 4-11  Fringing Dunes-Beach Plate 4-12 Fringing Dune-Low Ridges

Plate 4-13  Coastal Dune Plate 4-14  Coastal Dune with Spinifex

4.7 Longitudinal Dunes and Interdunal Swales

Longitudinal dunes and interdunal swales (Plate 4-15 to 4-18) were typically encountered
within the central part of Ashburton North and surrounds, orientated generally in a north-
south direction. The dunes, which range in height from 5 to 21 mAHD, display network
patterns with a high level of variability along the length of the dune. These landforms are
generally associated with the Dune land system.

The majority of the contemporary surface of the longitudinal dunes is a function of
degradation and sand mobilisation over time. The longitudinal dunes have generally formed
from residual sand, alluvial, colluvial and claypan deposits that were eroded and redeposited
as dunes. The interdunal areas of the longitudinal dune network are generally either stable or
vegetated, or form deflation zones and claypans which have probably been reworked
historically by colluvial and aeolian processes. Longitudinal dunes and interdunal swales
typically support hummock grasslands with low to mid-height shrubs of up to 1 m in height.

Soils associated with the longitudinal dunes and interdunal swales generally comprise the
following:

e SAND: fine to medium grained, poorly sorted, light brown to red brown.
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e Silty sandy GRAVEL: weathered limestone, angular gravels of 20-30 mm, some shell
partially cemented.

¢ Silty SAND: fine to medium grained, moderately sorted, red brown, some shell.

e Sand/Calcareous SANDSTONE: fine to medium grained quartz, variable lithified, some
shell fragments brown grey to pale brown.

Figure 6 illustrates a generalised cross-section (A-A') of soils intercepted at shallow depths
(3 mbgl) along the longitudinal dune and interdunal swale landform unit located centrally of
Ashburton North and surrounds.

— —

Plate 4-15  Longitudinal Dunes in Distance Plate 4-16  Interdunal Swales

Plate 4-17  Inland Dune Plate 4-18  Interdunal Swale

4.8 Mainland Remnant Dunefield

Mainland remnant dunes of the Dune land system were identified along the eastern
boundary of Ashburton North and surrounds on islands isolated by the supratidal salt flats
and fringing claypan dominated terrain.

These features are remnants of an ancient dunefield landscape and now remain isolated by
the supratidal salt flats following a small marine transgression/regression. Hence, the
majority of the remnants contain a physical framework typical of the ancient dunefield
landscape, in particular, longitudinal dunes and interdunal swales and claypans.
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These soils are of similar composition as the soils of the longitudinal dunes and interdunal
swales based on the typical framework associated with these landform units.
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A desktop review was completed of soils and landforms along the SIC, Camp, Construction
and the Domgas study area. The desktop review, was predominantly based on works
completed by Biota Environmental Sciences (Biota), (undertaken in April 2009) and of OES,
(undertaken in May 2010). Use of aerial photography and land system mapping (as adapted
from Payne et al. [1988] and van Vreeswyk et al. [2004]) were also used to aid in the
identification of typical landforms of the area in question. Methodology used in the desktop
review of available literature is presented in Appendix A.

A landforms assessment of the SIC and Domgas study area was completed between 19 and
23 October 2009. Heritage surveys had not been completed for the Camp study area at the
time of writing, and therefore a desktop review of this area has only been completed to date.

The following section summarises these initial findings.

5.1 Landform Units of the Shared Infrastructure Corridor Study Area

Land systems identified within the boundaries of the SIC study area include the Onslow,
Littoral and Dune land systems with the dominant system being the Onslow land system. The
Littoral land system is represented along the north east boundary of the SIC study area and
the Dune land system at the southern end, adjacent Onslow Road.

Landforms typically encountered within the boundary of the SIC study area are shown in
Figure 5-2 and include the following:

e Alluvial/Colluvial Plains.

e Supratidal Salt Flats.

e Saline Flats.

¢ Longitudinal Dunes and Interdunal Swales.
e Claypans and Clay Plains

e Samphire Flats.

The dominant landform unit of the SIC study area comprise of broad scoping alluvial/colluvial
plains (Plate 5-1) interspersed with continuous and discontinuous pockets of claypan
depressions and clay plain. The alluvial/colluvial surfaces generally comprise of undulating
sand plains up to 3km in extent with micro-relief of up to 2 m in height and support hummock
grasslands.

As with the alluvial/colluvial plains of Ashburton North and surrounds, subtle changes in
surface material and depositional characteristics (drainage lines and sheet apparent).are
highlighted by the highly variable surface soils.

Soils of the alluvial/colluvial plains of the SIC study area typically comprise of the following:

¢ Clayey SAND/Clayey SAND: fine to medium grained, low plasticity, red brown, surface
soils are loose, minor gravels are cemented (calcrete).
o Silty SAND: very fine grained, light brown, surface soils are loose.

Samphire flats (Plate 5-2) were commonly encountered adjacent the low lying claypan areas.
Unlike the more coastal samphire flats of Ashburton North and surrounds, these areas are
not subject to as frequent flooding other than during heavy rainfall events. Groundwater was
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only intercepted at one soil bore location at 2.29mbgl and there was no evidence of PASS or
MBO, unlike the more reactive soils reported for Ashburton North and surrounds. It should be
noted, however, that there is still a potential for the interception of PASS material at depths
below where groundwater is intercepted, based on an assessment of samphire flats across
the Terrestrial Assessment area.

Soils of the samphire flats along the SIC study area typically comprise of the following:

¢ Clayey SAND/sandy CLAY: fine grained sands, low to medium plasticity clays, red brown,
moderately tight.

e CLAY/clayey SAND: Sub rounded sandstone gravels (3 mm - 10 mm diameter) fine
grained, brown, low plasticity.

e Limestone: (at 26 mbgl) Calsilutite creamy white, clay to claystone infill variable, fresh,
few fractures, hard, few vugs, grades into more days and conglomeritic, sandy patches
and fractures frequent.

Plate 5-1 Alluvial/ Colluvial with adjacent Plate 5-2 Samphire Flats
Longitudinal dunes

Plate 5-3 Supratidal Salt Flat Plate 5-4 Saline Flat

The supratidal salt flats (Plate 5-3) were typically encountered along the northern boundary
of the SIC study area and are part of the supratidal unit adjacent to Hooley Creek, along the
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north eastern extent of Ashburton North and surrounds. This landform unit is typically similar
in composition to that described for Ashburton North and surrounds.

The shallow soils encountered along this area include:

e Sandy CLAY: medium plasticity, fine to medium grained, red brown, alkaline
e Sandy CLAY: moderate plasticity, fine to medium grained, organic matter, grey with some
yellow mottling, reactive. These soils are considered PASS.

Small dentric tributaries, associated with the supratidal salt flats of Ashburton North and
surrounds, called saline flats, were identified along the north eastern boundary of the SIC
study area and again adjacent to Onslow Road. These tributaries are typically devoid of
vegetation and are rarely inundated by marine waters unless in the event of cyclonic
conditions which may result in storm surge and heavy rainfall. The saline flats are typically
dominated by low gradient, and mostly featureless, bare open mud flats (Plate 5-4) with a
salt encrusted surface.

Soils of the saline flat runoff areas encountered along the SIC study area will be of similar
composition as those reported closer to the coast, although with less marine/organic
deposits. It is considered that PASS will be encountered where groundwater is intercepted
(~2-3 m bgl) although these are very minor in extent.

The claypans (and clayey plains as described by Biota [2009]), range in shape from circular,
oval to irregularly shaped and in degree of connectivity with tidal areas. The claypans are
typically bare to sparsely vegetated sealed (hardened crust) surfaces with steep marginal
slopes of up to 3 m in height adjacent to alluvial/colluvial plains (Plates 5-5 and 5-6).

Soils encountered within the claypans typically comprise of the following:

o Silty SAND: fine to medium grained, red brown, minor gravels, sub angular
e Sandy CLAY/Clayey SAND: fine to medium grained sands, low to moderate plasticity
clays, tight, red brown.

Plate 5-5 Sparsely Vegetated Claypan Plate 5-6 Bare Claypan
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A network of relatively low longitudinal dunes and interdunal swales were encountered
throughout the boundary of the SIC study area ranging in height from 5 m to 10 m. Typically,
these dunes were orientated in a north south direction and are of similar composition to the
network identified within Ashburton North and surrounds. This landform unit typically
supports hummock grasslands and small shrubs while the interdunal swales typically support
tall shrubs.

Surface soils encountered within the longitudinal dunes of the SIC study area include:

¢ SAND: fine to medium grained, poorly sorted, light brown to red brown.
o Silty SAND: fine to medium grained, moderately sorted, red brown, some shell.

5.2 Landform Units of the Camp Study Area

Land systems identified within the boundaries of the Camp study area and surrounds include
the Onslow, Dune and Minderoo land systems. The dominant land system is the Onslow land
system while the Dune and Minderoo land systems are mainly present along the southern
most boundary of the Camp study area.

It is anticipated that landform units located within the boundaries of the Camp study area,
which are shown in Figure 5-2, include the following:

e Alluvial/Colluvial Plains.

¢ Claypans and Clay Plains

¢ Longitudinal Dunes and Interdunal Swales.
e Samphire Flats.

The dominant landform unit comprises alluvial/colluvial plains and are typically similar in
formation as those encountered along the SIC study area. Soils typically comprise dark
reddish brown sands and sandy loams while a nominal number of bare and vegetated
claypans were identified along the south western boundary of the Camp study area.
Samphire flats and longitudinal dunes and interdunal swales were identified in the south
western boundary of the Camp study area.

Based on the DEC (2009) Ass Risk Map and a desktop assessment, the area has been
mapped as moderate to no known risk for PASS. The moderate to low areas generally
coinciding with areas associated with samphire flats.

5.3 Landform Units of the Construction Study Area

Land systems identified within the boundaries of the Construction study area are dominated
by the Littoral and Onslow landsystems and to a lesser extent the Dune, Minderoo and Girala
land systems.

Landforms typically encountered within the boundary of the Construction study area are
shown in Figure 5-1 and Figure 5-2 and include the following:

e Supratidal Salt Flats.

e Mainland Remnants

¢ Claypans and Clay Plains
e Alluvial/Colluvial Plains.
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¢ Longitudinal Dunes and Interdunal Swales.
e Samphire Flats.
¢ Saline Flats (Drainage Line).

The northern part of the Construction study area is bound by Horseshoe Island to the east
and Ashburton North and surrounds to the west by typically bare to sparsely vegetated
(Tecticornia spp.) supratidal salt flats. The supratidal salt flats dominate the north eastern
boundary of the terrestrial study area typically comprising low gradient, and mostly
featureless, bare open mud/algal flats.

It is anticipated that the features identified on Horseshoe Island, which is located along the
north eastern boundary of the Construction study area, are remnants of an ancient dunefield
landscape, as identified for the minor islands located within Ashburton North and surrounds,
and now remain isolated by the supratidal salt flats following a small marine
transgression/regression. Hence, the majority of the remnants contain a physical framework
typical of the ancient dunefield landscape, in particular, longitudinal dunes and interdunal
swales and claypans.

Where the Construction study area extends south towards the SIC study area, the landscape
is typically dominated by alluvial/colluvial plains and claypans (bare and partially vegetated)
scattered throughout the Construction study area ranging in size, and with degree of
connectivity with tidal areas (connected and seasonally inundated or isolated).

Similarly, broad clayey plains were present throughout the Construction study area ranging in
size and connectivity as heavy clay plains in low-lying areas, adjacent to the SIC study area,
to broad ranging plains of up to 2-3km in length as identified south of Ashburton North and
surrounds. Permeability of the clayey soil types, which ranged between red brown, high
plasticity clay to red brown, low plasticity, very fine to medium grained silty sandy clay, will
potentially impact the degree of water holding potential (lending some to hold water for
several weeks, while others of similar sized were dry).

The degree of vegetative cover on the claypans was varied, but most were fringed by a
narrow band of ephemeral grasses, sedges and herbs. It is considered that the claypans will
become ‘less saline’ with proximity from the coastline (the northern boundary of the
Terrestrial Study area) (OES, 2010). The clayey plains typically support tussock grasses, tall
shrublands and various Spinifex species (hard and soft)

The alluvial/colluvial plains dominate the southern boundaries of the Construction study area
and are comprised of flat to gently undulating sandy inland plains which were broadly
dominated by soft Spinifex and hummock grasses (OES, 2010). This is typical of
alluvial/colluvial plains identified throughout the Terrestrial Study area as discussed in detail
in Section 4.5.

Inland longitudinal dunes and swales were encountered throughout the southern component
of the Construction study area, where it runs adjacent with the SIC and Camp study area,
and to a lesser extent south of Horseshoe Island and to the south of Ashburton North and
surrounds. Unlike the dune systems located within Ashburton north and surrounds, these
linear dune systems are typically of lower relief ( of approximate heights of 5 m to 10 m)
trending north south and range in length to up to approximately 100m in length.
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The soils associated with the longitudinal dunes and interdunal swales include light brown to
red brown, fine to medium grained sand, to a red brown, fine to medium grained silty sand.
OES (2010) reported that dominant vegetation species of the consolidated red sand dunes
included hummock grasses and Triodia spp. The narrow swales typically featured scattered
tall shrubs of the dominant species from the dunes along with higher density of Acacia.

Samphire flats are present intermittently across the Construction study area, although are
most dominant along the construction road located to the west of Ashburton North and
surrounds and along the western boundary of the Construction study area located south of
Ashburton North and surrounds. The samphire flats are typically characterised by salt
tolerant vegetation which ranges between very scattered to moderately dense salt tolerant
Samphire species, and low shrublands. Typically, shallow soils encountered within the
samphire flats comprise of neutral to acidic red-brown sandy clay and plastic clays grading
brown to grey as shallow groundwater is intercepted.

Small dentric tributaries called saline flats which are associated with the supratidal salt flats
of Ashburton North and surrounds extend south across the Construction study area north
and south of the SIC study area. The saline flats are typically devoid of vegetation and are
rarely inundated by marine waters unless in the event of cyclonic conditions which may result
in storm surge and heavy rainfall. The saline flats are typically dominated by low gradient,
and mostly featureless, bare open mud flats with a salt encrusted surface in areas.

Based on the DEC (2009) ASS Risk Map (Figure 3) and the landform assessment, the
Construction study area is considered moderate risk typically along the northern boundary
where the supratidal salt flats and samphire flats are encountered and low to no risk for
PASS along the southern boundaries.

5.4 Landform Units of the Domgas Study Area

The dominant land system identified within the boundary of the Domgas study area is the
Uaroo land system. The Onslow and Giralia land systems are generally located towards the
northern boundary while the Stuart land system is present at the southern most boundaries.

Landforms typically encountered within the boundary of the Domgas study area are shown in
Figure 5-3 to 5-5 and include the following:

e Alluvial/Colluvial Plains.

¢ Claypans and Clay Plains

¢ Longitudinal Dunes and Interdunal Swales
o Drainage Areas.

e Stony Hills.

Alluvial/colluvial plains (Plate 5-7) dominate the landscape along the Domgas study area,
commencing along the northern boundary of the Domgas study area, adjacent to Onslow
Road extending the length of the Domgas study area. The alluvial/colluvial plains along the
northern boundary are characterised by low swales and slopes with soils comprising dark
reddish brown sands and sandy loams.

Toward the central and eastern boundaries of the Domgas study area, the alluvial/colluvial
plains become broad and flat (Plate 5-8) with gradients of 1 in 1000, with micro-relief. They
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are generally moderately vegetated with Spinifex and low to high shrubs ranging in height
between 1 and 2m.

Claypans are intermittently encountered along the northern boundary of the Domgas study
area and are typically flat, rounded, depressed surfaces up to 300 m wide; the soils
associated with the claypans are reddish brown clay soils with occasional seasonal cracking.

=~

Plate 5-7 Undulating Alluvial/Colluvial Plain Plate 5-8 Broad Flat Alluvial/Colluvial Plain

Linear inland dunes were identified along the northern to central extent of the Domgas study
area comprising of parallel dunes, trending north-south, with the most significant
approximately 3km in length and 60 to 80 m wide. Soils are loose dark red sandy soils.

A number of unchannelled drainage areas (Plate 5-8) are located centrally of the Domgas
study area and west of the Stuart land system. These drainage areas (or floodways) range
from flat to a gentle east to west inclination. These areas may receive sheet flow during high
rainfall events and range from sparsely to moderately vegetated small to tall shrub (up to 2m
in height). Soils of the unchannelled drainage areas comprise of dark reddish brown soils,
with loamy surface horizons becoming more clayey with depth.

S

Plate 5-9 Drainage Areas Plate 5-10  Stony Hills
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A number of low stony hills (Plate 5-9), up to 100 to 200 m in width, and rock outcrops are
present along the eastern boundary of the Domgas study area, where the Stuart land system
commences. The stony hills are characterised by isolated hill tracts and convex slopes.
Rock outcrops (intrusion of quartz) were observed with a maximum height of 10m. The stony
surfaced outcrops and hills are generally support hummock grasses and occasional tall
shrubs.

Adjacent to the stony hills and for the remainder of the Domgas study area, the landscape
comprise of broad clayey plains with a stony soil surface. These areas are generally
moderately vegetated with hummock grasses. The soils of these are generally red gravelly
surface sands sand grading to clay with depth.

Based on the DEC (2009) ASS Risk Map and the landform assessment, the Domgas study
area is considered low to no risk for PASS.

5.5 Landform Significance of the Terrestrial Assessment Area

In summary, eleven major landform units have been described within the Terrestrial
Assessment area. An assessment of landform significance for the Terrestrial Assessment
area was undertaken and was based on the identification of landforms comprising of
conservation values significant for the Pilbara Region as discussed in Section 2.11. Based
on these conservation values, no current landforms of significance were identified within the
Terrestrial Assessment area.

Table 5-1 outlines the area of each identified landform that is present in the Terrestrial
Assessment area.
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Table 5-1

Landform Unit Significance and Component Occurring in the Terrestrial Assessment Area

Landform Unit

Landforms of
Significance

Approximate Area of
Landform within
Terrestrial
Assessment Area
(ha)

Components of the
Terrestrial Assessment Area
(Occurring In This
Landform)

Tidal Creeks, Intertidal Flats
and Mangrove Swamp

None

326

Ashburton North and surrounds

Supratidal Salt Flat

None

300

Ashburton North and surrounds
and Construction study area up
gradient of Hooley Creek to the
north west, extending as far south
to the SIC study area

Saline Flat

None

South eastern boundary of SIC
adjoining the supratidal salt flats
and Construction study area

Samphire Flats

None

439

The west and north of Ashburton
North and surrounds and the SIC,
Camp and Construction study
areas

Claypans and Plains

None

320

Ashburton North and surrounds
and within the SIC, Camp and
Construction study area. Areas.
Claypans are intermittently
encountered along the northern
boundary of the Domgas study
area and as plains where the
Stuart landsystem is encountered.

Alluvial/Colluvial Plains

None

798

Throughout the Terrestrial
Assessment area, although
particularly dominant as broad,
flat to gradually undulating
throughout the Domgas and
Construction study areas

Fringing and Coastal Dunes

None

100

Ashburton North and surrounds

Longitudinal Dunes and
Interdunal Swales

None

387

Longitudinal dunes and interdunal
swales were typically
encountered within the central
part of Ashburton North and
surrounds and to a lesser extent
along the SIC, Construction and
Domgas study areas,

Mainland Remnant Dunes

None

141

Ashburton North and surrounds
and Construction study area

Stony Hills

None

Domgas study area

Drainage Areas

None

13

Domgas study area
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5.6 Soils of the Terrestrial Assessment Area

In summary, there are three major identifiable soil groups/types encountered of the shallow
soil profile for the Terrestrial Assessment area, and have been summarised below. It should
be noted that at the time of writing, intrusive works had not been completed for the Domgas
study area and therefore the following summary does not include soil units associated with
the stony hills and the drainage areas of the Domgas study area.

Further, while intrusive works were not undertaken for the Construction study area, it is
considered that landforms encountered within this study area were typical of landforms
encountered within Ashburton North and surrounds and the SIC study area and hence the
soil groups/types discussed below are therefore considered generally representative of soils
encountered within the Construction study area.

¢ Red earths: Otherwise known as ‘Ashburton Red Beds’ (Coffey, 2009).

— These soils include fine to coarse grained, red to red brown SAND/silty SAND with
minor clay content, quartz and minor feldspar. These soils are typically encountered
within landform units associated with longitudinal dunes and interdunal swales,
alluvial/colluvial plains and the fringing and coastal dunes

— These soils include low to medium plasticity, fine to medium grained, red to red brown
clayey SAND/sandy CLAY, with variable shell content. These soils are typically
encountered within the landform units associated with the supratidal salt flat, samphire
flats, claypans, alluvial/colluvial plains

e Marine/organic deposits: These soils were typically characterised as low to high plasticity
CLAY to clayey SAND/SAND, low to high plasticity, brown to dark grey; fine to medium
grained, mottling may range from yellow and orange, firm to very soft. These soils are
considered to be of marine/organic origin and are generally located within landform units
associated with the intertidal flats, tidal creek and mangrove swamp and the samphire
flats and supratidal salt flats.

e Calcareous sands/rock: These soils/rock were typically characterised as moderately to
very well cemented, fine to coarse grained sands to well cemented rock, pale brown to
cream/white, high shell content calcareous SAND/SANDSTONE. This soils/rock were
typically located at shallow depths underlying landform units associated with the
alluvial/colluvial plains, fringing and coastal dunes and the longitudinal dunes and
interdunal swales.
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6.1 Introduction and Rationale

The following section summarises the field and analytical methodologies completed as part
of the BSQ and PASS investigation for Ashburton North and surrounds and the SIC study
area. The complete sampling and analysis plan (SAP) and field methodology used in the
investigation is attached as Appendix A.

Relevant regulatory guidelines require a PASS investigation to complete two samples per
hectare to meet relevant guidelines (DEC, 2009b). Given the size of Ashburton North and
surrounds and the SIC study area, soil sampling locations were selected based on
geological/geomorphological units identified in the desktop assessment of the area. The
sampling locations and density was thereby reduced to a total of 37 locations within
Ashburton North and surrounds and the SIC study area and is considered representative of
these units.

As no construction details were available prior to the completion of these works and based
on the proviso that PASS of high to moderate risk is typically encountered within three
metres of the natural soil surface (DEC, 2009), the field intrusive works were aimed at
investigating to this depth. . Where suspect material was identified at depth, and where
sample retention was adequate, the investigation depth was increased accordingly.

The DEC (2009b) required sample collection rate of 0.25 m vertical intervals was reduced to
0.5 m vertical intervals (or less if changes in soil units were reported). The laboratory
schedule was further reduced to approximately two samples per location. The rationale for
the diverting from the DEC guidelines was based on the input of significant data
characterising the various geological/geomorphological units identified within Ashburton
North and surrounds and the results of field pH tests (which is further discussed in this
Section).

Based on a desktop assessment of the SIC study area, and known information derived from
the works completed for Ashburton North and surrounds, the testing frequency was reduced
to one sample per borehole for the SIC study area.

A soil erosion assessment was undertaken of soils and landforms encountered within the
Terrestrial Assessment area for soil erodibility and dispersion. The criteria used to determine
soil erodibility included soil types and landform units encountered. Water and wind erosion
hazards were identified as the primary erosion hazards and an assessment of these criteria
was completed for the identified erosion hazards.

Field dispersion tests were undertaken in the field on recovered samples for the classification
of soils based on behaviour of soil aggregates, when immersed in distilled water, and their
coherence in water (Emerson Class Test). Testing was generally undertaken on soils with
suitable soil aggregates where a percentage of clay was present. Although sands and
gravels are usually unsuitable for the test, slaking was noted for these soils where tested.
The field methodology used for field dispersion testing is presented in Appendix A.

Soil field tests for pH;, pHwx and effervescence ‘fizz’ test, and field dispersion tests, were
completed on recovered soil samples with the objective of obtaining a preliminary
understanding of the soils existing and potential chemical composition. Soil field tests for pH;,
pHwx and an effervescence ‘fizz’ test, were undertaken on the recovered soil cores for each
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of soil bores completed as part of the investigation at 0.25 m intervals. The results of field
tests are presented in Appendix D.

6.1.1 Ashburton North and Surrounds

A total of 18 environmental soil bores were drilled at a variety of locations for Ashburton
North and surrounds to a maximum depth of 4.6 mbgl using diamond core rotary method
between the 27 March and 29 April 2009 (Figure 7) (Table 6.1). Soil bore logs are presented
in Appendix C.

A further nine hand auger locations were completed at shallow depths ranging between 0.4
and 1.2 mbgl, between 27 March and 29 April 2009, and 7 July and 9 July 2009. The depth
of the hand auger investigation was controlled by depth to groundwater (interception of
groundwater resulted in core loss) or the interception of cemented carbonate material
resulting in refusal.

Six of the hand auger locations (E034, E038, E040, E041, E042 and E045) were identified as
potential areas for PASS during the desktop phase of the investigation. The identified
locations, or areas identified as ‘high risk’ PASS locations based on desktop investigation,
were selected based on typical PASS geomorphology profiles using aerial photography (e.g.
low lying [below 5 mAHD]) and/or generally waterlogged and the presence of salt tolerant
plant species). The remaining three hand auger locations were selected as access to these
sites had been restricted for drill rigs due to rainfall events (E036, E037 and E039).

Two of the hand auger locations (E040 and E042) were augered, sampled and analysed
during the hand augering programme completed between 27 March and 29 April 2009, and
were re-sampled during the hand augering programme completed between 7 July and 9 July
2009. The objective of the duplicate sampling was to illustrate that results could be
reproduced, and hence were representative of the Ashburton North and surrounds, at both a
field and laboratory level of investigation.

In total, 148 primary samples were collected during the intrusive investigation of which 30
were submitted to ALS laboratory on 15 May 2009 and eight were submitted on 28 July 2009
for analysis of heavy metals including aluminium (Al), arsenic (As), barium (Ba), beryllium
(Be), cadmium (Cd), chromium (Cr), cobalt (Co), Copper (Cu), iron (Fe), lead (Pb), mercury
(Hg), manganese (Mn), nickel (Ni), vanadium (Va) and zinc (Zn) as part of the BSQ
assessment. This suite of 13 heavy metals is considered the standard contaminant
assessment suite as recognised by the DEC, with the additional inclusion of iron.

A total of 35 samples were also submitted for the assessment of PASS and ANC using the
Chromium suite method on the 15 May 2009 and nine samples were submitted on 28 July
2009.

The total number of samples selected for PASS and ANC testing generally reflects an
analytical regime of one sample per shallow borehole. The selection of samples was
primarily based on field test results and the soil profiles intercepted, although representation
of landform units, typical of the Ashburton North and surrounds, was also considered.
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6.1.2 Shared Infrastructure Corridor Study Area

Ten hand auger locations (E046, E047, E048 and E052 and SS01, SS03-SS07) were
undertaken between the 19 and 21 October 2009 (Figure 6) as presented in Table 6.1 and
illustrated on Figure 7. Soil bore logs are presented in Appendix C. The hand auger
investigation was driven by depth to groundwater (interception of groundwater resulted in
coreloss) or the interception of cemented carbonate material (refusal) and ranged in depths
from 1.5 to 1.6 mbgl.

In total, 37 primary samples were collected during the intrusive investigation of which 12
were submitted to ALS laboratory on the 24 November 2009.

The total number of samples selected for PASS and ANC testing generally reflects an
analytical regime of one sample per shallow borehole. The selection of samples was
primarily based on field test results and the soil profiles intercepted, although representation
of landform units, typical of the SIC study area, was also considered.

Table 6-1 Summary of Environmental Bore Completion
Soil Bore il - Start Completion TOte.ll DL Static Water
L1 Sample Coordinates Environmental 3
Location Date Date Bl Level
ID Investigation
Northing Easting mbgl mbgl
Ashburton North and Surrounds-Environmental Soil Bores
E002 MB2B 291156 7595091 30/03/2009 30/03/2009 3.0 3.79
E003 MB3A 291105 7595517 30/03/2009 30/03/2009 3.0 4.38
E004 MB4A 291243 7595540 27/03/2009 27/03/2009 3.0 5.93
E005 MB5A 291482 7596954 2/04/2009 2/04/2009 3.2 3.08
E006 MB6A 292538 7598296 5/04/2009 5/04/2009 3.5 1.10
E007 MB7A 292711 7598613 5/04/2009 5/04/2009 3.2 2.12
E008 MB8A 293243 7599460 5/04/2009 5/04/2009 3.0 5.02
E009 MB9A 243256 7599398 5/04/2009 5/04/2009 3.0 4.66
EO010 MB10A 293462 7599684 14/04/2009 14/04/2009 3.0 2.29
EO011 MB11A 294113 7600691 12/04/2009 12/04/2009 3.1 0.66
E012 MB12A 294958 7600445 21/04/2009 21/04/2009 3.0 0.79
E013 MB13A 295014 7600692 10/04/2009 10/04/2009 3.7 1.0
E015 MB15A 290894 7596347 8/04/2009 8/04/2009 3.0 3.84
E016 MB16A 290313 7596335 4/04/2009 4/04/2009 3.0 3.63
E017 MB17A 290022 7596324 2/04/2009 2/04/2009 4.6 1.07
E018 MB18A 293920 7600287 15/04/2009 15/04/2009 3.0 2.69
E019 MB19A 293685 7600754 29/04/2009 29/04/2009 3.0 2.12
E021 MB21 293984 7600707 21/04/2009 21/04/2009 3.0 1.00
Ashburton North and Surrounds-Environmental Hand Auger Locations

E034 | EB034 | 294515 | 7600206 | 25/04/2009 [ 25/04/2009 1.1 0.47

' URS prefix MB was superseded by Chevron's global use of the prefix EO00 for environmental bores at the conclusion of the
BSQ and ASS investigation, and therefore laboratory certificates refer to soil samples with the prefixes MB (for monitoring bore).
2 Refer to URS (2009) Appendix C of Report Baseline Soil Quality and Landforms Assessment (Draft) 28 September 2009
WHST-STU-ET-RPT-0068_Rev D.

3 Refers to Summary of Groundwater and Environmental Monitoring Bore Installation Sheet (URS, 2009a) Hydrogeological
Impact Assessment of Wheatstone Plant Area, Infrastructure Corridor and Accommodation Site (Draft) 42907100 , work in
progress (last amended date 15 September 2009) Attached as Appendix A of this report. Hand Auger depths were based on
field logs of URS (2009) Appendix C of Report Baseline Soil Quality and Landforms Assessment (Draft) 28 September 2009

WHST-STU-ET-RPT-0068_Rev D
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Soil Bore =il - Start Completion Tote_1| D @ Static Water
Location® Sample Coordinates Date Date EnV|ro_nme_nta2I Level®
ID Investigation
E036 E036 294083 7598997 09/07/2009 09/07/2009 0.4 Not intercepted
E037 E037 294330 7598059 09/07/2009 09/07/2009 0.4 Not intercepted
E038 E038 294922 7597474 09/07/2009 | 09/07/2009 1.0 0.2
E039 E039 294095 7596917 09/07/2009 09/07/2009 0.4 Not intercepted
25/04/2009
Egé?lgxd EB040 292978 7599709 & 284?353889& 1.1 0.35and 0.45
07/07/2009
E041 E041 291958 7598163 08/07/2009 08/08/2009 1.0 0.45
26/04/2009
E(éééiza:d EB042 290855 7599136 & 234%‘53889& l12and 1.1 0.5 and 0.45
07/07/2009
E045 E045 290687 7597631 07/07/2009 07/07/2009 1.0 Not intercepted
Shared Infrastructure Corridor-Environmental Hand Auger Locations
E046 E046 293200 7593710 21/10/2009 21/10/2009 1.4 Not intercepted
E047 E047 294209 7592312 20/10/2009 20/10/2009 1.6 2.39*
E048 E048 296277 7591591 20/10/2009 | 20/10/2009 1.6 Not intercepted
E052 E052 300284 7590246 19/10/2009 19/10/2009 1.5 Not intercepted
SS01 SS01 297786 7591155 19/10/2009 19/10/2009 1.25 Not intercepted
SS03 SS03 295408 7591961 20/10/2009 20/10/2009 1.5 Not intercepted
SS04 SS04 293688 7592610 21/10/2009 21/10/2009 1.6 Not intercepted
SS05 SS05 293353 7592933 21/10/2009 | 21/10/2009 1.6 Not intercepted
SS06 SS06 293078 7594338 21/10/2009 21/10/2009 1.6 0.7
SS07 SS07 293117 7595500 21/10/2009 21/10/2009 1.6 0.7
6.1.3 Geotechnical and Hydrogeological Bore Review for PASS

A review of geotechnical bore logs (completed by Coffey Geotechnics [Coffey] as part of the
geotechnical investigation for Ashburton North and surrounds and the SIC study area was
also undertaken. The objective of the review was to further delineate the vertical and
horizontal extent of PASS through interpretation of the geological profile. Based on this
assessment, the PASS Map (discussed in Section 8), was amended to account for these
findings.

At the time of writing, a review of an additional 107 geotechnical and hydrogeological bores
logs and/or core photos been completed. Depths of logs ranged between 10 and 60 m bgl.

Information for 34 of the geotechnical bores of Ashburton North and surrounds are yet to be
made available.

6.2 Test Methodology

The following section discusses the tests undertaken during the field and/or based on field
test results.

* As reported in the corresponding Phase 2 geotechnical logs (attached as Appendix F).
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6.2.1 Erodibility Assessment

An erodibility assessment was undertaken for landform units of the Terrestrial Assessment
area based on soil types and landform units encountered during the field investigation. The
assessment was undertaken in general accordance with van Gool et al (2005) which provide
standard methods for attributing and evaluating conventional land capabilities. Water and
wind erosion hazards were identified as the primary erosion hazards associated with the
Terrestrial Assessment area.

Wind erosion refers to the inherent susceptibility of the land to the loss of soil as a result of
wind movement. The susceptibility of a soil to wind erosion has been assessed from a simple
matrix of surface texture and surface condition. The five categories of wind erosion hazard
relate to the level of disturbance needed to bring soils to a loss and consequently erodible
condition. Category V includes soils that are highly susceptible because they