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1.

Introduction

Norwest Energy NL (Norwest) proposes to undertake a 3D seismic survey in the locality of Arrowsmith,
located approximately 250 km north of Perth between Eneabba and Dongara in the mid-west region of
Western Australia (the Proposal). The location is presented in Figure 1–1.
The purpose of this survey is to characterise the prospectivity of shale gas resources associated with the
existing shale gas exploration well at Arrowsmith-2, and located within Exploration Permit 413 (EP413).
The survey will also attempt to define the western extent of the viable resource area as bounded by the
Beagle Fault.
2

EP413 occupies an area of approximately 50 830 ha (508 km ). A defined survey boundary has been
2
adopted within EP314 to evaluate an area of approximately 10 600 ha (106 km ), or approximately 11 km
long by 10 km wide. This survey boundary represents the extent of the Development Envelope and it is
entirely contained within the boundaries of EP413. While a portion of the Development Envelope
encroaches on Beekeepers Nature Reserve, no further exploration or drilling activity is proposed in
Beekeepers Nature Reserve. The seismic survey is being undertaken to define the western extent of the
Beagle Fault and, once defined, there will be no requirement to conduct any further activities within the
Nature Reserve.
2

The Proposal requires disturbance (by mulching) of up to 200 ha (approximately 2 km ) (Disturbance
footprint) of native vegetation within the Development Envelope.
The survey is scheduled for late-2014, depending on equipment availability, with an expected survey
duration of approximately twelve weeks, not including the post-completion monitoring of rehabilitation
success. The proposed survey is part of a commitment to developing petroleum resources in the Perth
Basin as part of the five-year work program proposed for EP413.

1.1

State approval process

1.1.1

Applicable legislation

Key legislation applying to environmental management of the Proposal includes, but is not limited to:
• Environmental Protection Act 1986 (EP Act) (WA)
•

Conservation and Land Management Act 1984 (CALM Act) (WA)

•

Wildlife Conservation Act 1950 (WC Act) (WA)

•

Petroleum and Geothermal Energy Resources Act 1967 (WA) (PGER Act)

•

Aboriginal Heritage Act 1972 (AH Act) (WA)

•

Rights in Water and Irrigation Act 1914 (RIWI Act) (WA)

•

Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) (Australian
Government).

1.1.2

Environmental Protection Act 1986

The EP Act establishes an Environmental Impact Assessment process to assess anticipated impacts on
significant environmental features by a project or development prior to approval.
The Proposal was referred to the Environmental Protection Authority (EPA) for assessment in October
2013. The level of assessment assigned in December 2013 was ‘Assessment on Proponent Information’.
Preliminary key environmental factors were identified as:
•

flora and vegetation

•

terrestrial fauna

•

rehabilitation and closure
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•

offsets.

EPA requested the following information to inform its assessment of the Proposal:
•

clarification and finalisation of the Proposal consistent with Environmental Assessment
Guideline 1 Defining the Key Characteristics of a Proposal and demonstration that the Proposal
has been developed having regard to mitigation measures to avoid, minimise, rectify and reduce
impacts

•

clarification of the activities that will occur and how disturbance will be rehabilitated

•

identification of potential significant residual environmental impacts and offsets.

Consistency with environmental principles
In 2003, the EP Act was amended to include a core set of principles that are applied by the EPA in
assessing proposals. Environmental protection principles listed in s 4A of the EP Act are:
• precautionary principle
•

principle of intergenerational equity

•

principle of the conservation of biological diversity and ecological integrity

•

principle relating to improved valuation, pricing and incentive mechanisms

•

principle of waste minimisation.

Norwest has considered these principles in its design and will continue to do so during implementation of
the Proposal (Table 1-1).
Table 1-1: Principles of environmental protection
Principle

Consideration

Relevant section

1. Precautionary principle

Biological and technical studies have been
undertaken to ensure that the potential effects of the
Proposal have been appropriately identified and
assessed. The results of these studies have been
used in design and planning to ensure that
appropriate management measures will be adopted
to avoid, where practicable, and/or minimise
potential effects.

Section 5.

Where there are threats of serious or
irreversible damage, lack of full scientific
certainty should not be used as a reason
for postponing measures to prevent
environmental degradation.
In the application of the precautionary
principle, decisions should be guided by:
- Careful evaluation to avoid, where
practicable, serious or irreversible
damage to the environment
- An assessment of the risk-weighted
consequences of various options.

The current understanding of potential impacts and
proposed management has been outlined in this
document.
Precautionary principles have been applied to
environmental impacts related to the Proposal with
the intention of identifying issues early in the process
to enable planning to avoid, prevent or manage
effects.
The Proposal has been designed to minimise
potential effects to flora, vegetation, fauna and
surface water.

2. Intergenerational equity
The present generation should ensure
that the health, diversity and productivity
of the environment is maintained or
enhanced for the benefit of future
generations.

The Proposal has been designed to minimise
potential effects to flora, vegetation, fauna and
surface water and will ensure that the health,
diversity and productivity of the environment is
maintained and/or enhanced for the benefit of future
generations.
Survey lines will be closed on completion of seismic
survey activities.
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Principle

Consideration

Relevant section

3. Conservation of biological diversity
and ecological integrity

Conservation of biological diversity and ecological
integrity is the Norwest approach to environmental
management and is a major environmental
consideration for the Proposal.

Section 5

Conservation of biological diversity and
ecological integrity should be a
fundamental consideration.

Biological investigations have been undertaken to
identify values of environmental conservation
significance required to be protected from
disturbance.
The Proposal has been designed to minimise
potential impacts to the key environmental values of
the surrounding environment. Vegetation
disturbance will be kept to a minimum through use of
previously cleared areas and the use of existing
infrastructure.
Norwest is committed to restoring disturbed
environments.

4. Improved valuation, pricing and
incentives mechanisms
Environmental factors should be included
in the valuation of assets and services.

Norwest acknowledges the need for valuation,
pricing and incentive mechanisms and endeavours
to pursue these principles when and wherever
possible.

Section 5.

Waste management will be consistent with the
hierarchy of waste minimisation, that is:
• avoid and reduce at source
• reuse and recycle
• treat and/or dispose.

Section 5

The polluter pays principle – those who
generate pollution and waste should bear
the cost of containment, avoidance or
abatement.
The users of goods and services should
pay prices based on the full life cycle
costs of providing goods and services,
including the use of natural resources and
assets and the ultimate disposal of any
wastes.
Environmental goals, having been
established, should be pursued in the
most cost effective way, by establishing
incentives structures, including market
mechanisms, which enable those best
placed to maximise benefits and/or
minimise costs to develop their own
solutions and responses to environmental
problems.
5. Waste minimisation
All reasonable and practicable measures
should be taken to minimise the
generation of waste and its discharge into
the environment.

1.1.3

Petroleum and Geothermal Energy Resources Act 1967

Onshore petroleum exploration and development activity is subject to the PGER Act, administered by the
WA Government through the Department of Mines and Petroleum (DMP). Vacant acreage is periodically
released by the DMP for applications to implement a five-year work program undertaking a full assessment
of the petroleum energy potential of the area, with the requirement to commit to carrying out Years One
and Two of the program. The 3D seismic acquisition survey is a Year One requirement of the renewal of
EP413 by DMP.
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1.2

Australian Government environmental impact assessment process

The EPBC Act requires an assessment as to whether a Proposal (Proposed Action) is likely to have a
significant effect on a Matter of National Environmental Significance (MNES). Of most relevance to the
Proposal is the protection of threatened species and ecological communities. The EPBC Act lists flora and
fauna species that are either extinct, extinct in the wild, critically endangered, endangered, vulnerable, or
conservation dependent. Ecological communities are listed that are critically endangered, endangered or
vulnerable. An assessment requires determining the presence (either confirmed or likely) of listed
threatened species and communities that may be impacted by the Proposal and the likelihood of significant
impacts that may be posed by the Proposal.
The Proposal was referred to the Department of the Environment (DotE) under the EPBC Act on the basis
of potential impact to listed threatened species and communities. DotE determined that the Proposal may
potentially have a significant impact because it:
•

will require clearing of up to 200 ha of native vegetation over the Development Envelope
(approximately 10 600 ha), which is considered foraging habitat for Carnaby’s Cockatoo

•

has the potential to affect upon a number of listed threatened flora species.

DotE determined the Proposal to be a ‘controlled action – assessment on preliminary documentation’ on
14 January 2014 (2013/7088). DotE requested additional information in relation to the following:
1.

Results of the Level 2 flora survey and mitigation measures to be implemented to minimise potential
impacts to listed threatened flora species, if identified.

2.

Details of timing of the assessment of the Proposal under Part IV of the EP Act.

3.

An outline of the proposed offsets for the clearing of black cockatoo foraging habitat to compensate
for residual impact of the proposal.

4.

Detail on how the proposed offset package aligns with the principles of the EPBC Act Environmental
Offsets Policy.
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2.

Existing environment

2.1

Climate

The climate of this region is dry Mediterranean, characterised by hot, dry summers and mild, wet winters.
Climate records for the closest Bureau of Meteorology station to the Development Envelope (Green Grove
– #8057) indicates a mean annual rainfall of 499.2 mm, 83% of which falls from April through to September
(BOM 2012). Average rainfall is highest in the winter months of June, July and August, coinciding with the
lowest maximum and minimum temperatures.
The area is subject to high summer day temperatures and low winter night temperatures. Summer days
o
are warm/hot with average maximum temperature reaching above 30 C for between December and
o
February while winter temperatures average a cooler 20 C during June through August.

2.2

Landforms

Landforms across the Development Envelope can be described as flat to gently undulating sand plains,
sand ridges, with occasional limestone ridges. Elevation across the Development Envelope ranges from
approximately 30 m to 75 m above sea level. Arrowsmith Hill (75 m) occurs towards the centre of the
Development Envelope (O2 Ecology 2012).
The Arrowsmith River is a prominent riparian feature in the Development Envelope and provides the only
other marked change in the land surface profile (O2 Ecology 2012).

2.3

Geology and soils

2.3.1

Geology

Surface geology is comprised of coastal dune and floodplain deposits, described as Yarragadee formation
of fine-grained to coarse-grained sandstone with thin shale interbeds (DMP 2012).
Geology mapping covering the EP413 area (Dongara – Hill River 1:250,000 sheets) indicates that three
broad surface geologies occur across the area as follows:
1.

Qa – channel and flood plain alluvium: gravel, sand, silt, clay. May be locally calcreted.

2.

Qd – dunes, sandplain with dunes and swales: may include numerous interdunal claypans. May be
locally gypsiferous.

3.

Qdct – unconsolidated to strongly lithified calcarenite with calcrete/kankar soils; Aeolian. Locally
quartzose, feldspathic, or heavy-mineral bearing.

These overlie the Perth Basin, which is a deep trough of sedimentary layers containing substantial
groundwater reserves (O2 Ecology 2012).

2.3.2

Soils

Soils in the Development Envelope reflect the long geological history of the region. The soil landscapes
are mostly derived from sedimentary rocks of the Perth Basin and have been subjected to weathering over
a long period of time. The result is soils with deeply weathered profiles that are inherently low in nutrients
and have an accumulation of salt deep in the profile. Major soil types occurring in the Development
Envelope are based on North Coastal Plain Land Resources Survey soils mapping, described in Table 2-1.
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Table 2-1: Soil units across the Development Envelope (O2 Ecology 2012)
Vegetation
association

Soil unit

Description

Soil type

Correy 1 subsystem

Alluvial plain on Quaternary and
recent alluvium and colluvium in the
nor-north-west of Eneabba

Pale deep sands
dominate with yellow
deep sands and shallow
and deep sandy
duplexes

Banksia low open
woodland

Correy 2 system

Active alluvial plain including lower
end of main channel on Quaternary
and recent alluvium in the west end
of Arrowsmith River

Yellow, brown and pale
deep sands and sandy
earths

Acacia scrub with
occasional York
gum woodland

Correy 3 subsystem

Rarely inundated flats and
depressions on recent alluvium at the
end of the surface expression of the
Arrowsmith River

Cracking and noncracking clays and pale
sandy earths

York and river
gums, some
melaleuca

Indoon 2 subsystem

Plain associated with lake, lower
lying areas seasonally inundated
seasonally inundated, small lakes too
small to map

Cracking and noncracking clays; water;
pale deep sands on
lunettes

-

Indoon 3 subsystem

Narrow, poorly drained clayey plain
adjacent to the coastal limestone

Grey sandy and loamy
duplex soils, and grey
clays

York gum

Tamala south 4
subsystems

Low hills and rises with relic dunes
and some limestone outcrop on
lithified Pleistocene calcareous dune
deposits in the south of Dongara to
Kalbarri

Yellow shallow sand
with limestone outcrops
and yellow deep sand

Heath

2.4

Hydrology

2.4.1

Groundwater

Groundwater is contained within superficial formations on the coastal plain and the Yarragadee Formation.
Groundwater quality in superficial aquifers is increasingly saline towards the coast and near the Irwin and
Arrowsmith Rivers due to saltwater intrusion and infiltration of saline runoff (Shire of Irwin ND).
The Yarragadee Formation comprises sand, shale and siltstone and extends 1000 m deep. The water
table may lie 130 metres below ground level (mbgl), with only the uppermost 100 m considered fresh.
Salinity increases with depth towards the coast and is associated with saltwater intrusion. Groundwater
underlying the Yarragadee Formation is saline (Shire of Irwin ND).
The target zone for shale gas is located approximately 1700 m below the deepest occurrence of the
Yarragadee aquifer.

2.4.2

Surface water

The Development Envelope is located within the Arrowsmith River and the Indoon Logue Catchments
(O2 Ecology 2012). The Arrowsmith River flows from east to west through the Development Envelope.
This river is ephemeral and does not reach the ocean, rather terminating in freshwater lakes along the
edge of the coastal limestone belt (Shire of Irwin ND).
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2.5

Fire regime

The Development Envelope has been subject to bushfires most recently in 2000, 2002, 2010 and 2012.
Whilst fire scars are evident throughout affected areas, vegetation appears to have recovered successfully.
The Proposal is subject to provisions of the Bushfires Act 1954, and fire management measures are
documented in the Environmental Management Plan (EMP) developed for management of the Proposal
(Appendix 5).
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3.

Proposal

Seismic surveying assists with the planning of oil and gas exploration drilling by generating imagery and
data of subsurface geology. 3D seismic surveying requires mulching of vegetation to form vehicle access
lanes up to 3.6 m wide at intervals of approximately 350–450 m in both a north-south orientation and an
east-west orientation. Vegetation will be cut as close to the ground surface as possible, and greenstock
then mulched. Mulch will be immediately replaced along the lanes to stabilise soil and minimise erosion.
Lanes will deviate around significant environmental features including rare flora, waterways, rock outcrops,
slow-recovering species and fauna habitat. The Development Envelope includes several existing tracks
and an area of pasture, both of which will reduce the amount of clearing required.
No drilling is proposed as part of the Proposal. There is no intention to undertake any future drilling within
the portion of the survey area that overlays Beekeepers Nature Reserve.

3.1

Proposal rationale

Existing 2D data is not of sufficient quality to define the extent of the resource and a 3D seismic acquisition
survey is proposed to provide the required data. 3D seismic acquisition surveys are carried out to assist
with planning subsurface petroleum exploration activities. The primary objective of this survey is to assist
with designing future drilling programs and assessing the development potential of the resource within
EP413.
The targeted 3D seismic survey has been designed with the following primary objectives:
•

image the structural extent of the target formations

•

image the Beagle fault

•

improve imaging of deep targets

•

improve reservoir and fracture characterisation

•

improve resource booking

•

correlate seismic attributes to shale gas attributes

•

map depths and thicknesses

•

understand the local stress regime in the target formations.

Secondary targets of the Proposal include assisting with:
•

geomechanical modelling

•

identifying shale ‘sweet spots’

•

landing horizontal well in subsequent development

•

frac design for future wells.

3.2

Proponent details

The Proponent for the Proposal is Norwest Energy NL, an Australian-based, ASX listed exploration and
production company with assets in Australia and overseas, with a head office in Perth. In Western
Australia, the Company is focussing operations on the northern Perth Basin where it has operating and
non-operating stakes in a number of northern Perth Basin permits, both onshore and offshore. Norwest
operates EP413 as a joint venture with AWE Limited (via subsidiaries) and Bharat Petro Resources
Limited.
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The Proponent for this Proposal is:
Norwest Energy NL
288 Stirling St
PERTH WA 6000

3.3

The key contact for this Proposal is:
Shelley Robertson
Asset Manager
Norwest Energy NL
288 Stirling St
PERTH WA 6000
Ph: (08) 9227 3240
Email: shelley.robertson@norwestenergy.com.au

Proposal location

The Development Envelope is located approximately 30 km northwest of Eneabba within the Shire of Irwin.
It is located approximately 250 km north of Perth, 40 km south of Dongara and 100 km south of Geraldton.
The locality is presented in Figure 1–1.
The Development Envelope is located within the Interim Biogeographic Regionalisation for Australia
bioregion of Geraldton Sandplains, and includes part of Beekeepers Nature Reserve. It is traversed by the
ephemeral Arrowsmith River.
The Development Envelope contains the Arrowsmith-2 well, which is currently under development testing;
and the decommissioned Arrowsmith-1 well (spudded 1965). An area of hardstand associated with
Arrowsmith-1 remains unrehabilitated, and will be used as an equipment laydown area.
The Development Envelope has also been subject to historical seismic surveys (2D and 3D) for petroleum
exploration dating between approximately 1965–1995, and is traversed by access tracks and an out-ofservice rail line. The Brand Highway bounds the north-eastern extent of the Development Envelope, which
hosts bushfire management infrastructure managed by Department of Parks and Wildlife (DPaW) and
contains some fenced, private freehold land. The northwest part of the Development Envelope is cleared
pasture, linked to adjoining farmland.
Proposed survey boundaries are summarised in Table 3-1, displayed in Figure 3–1.
Table 3-1: Development Envelope boundaries
Corner

Northing

North-west

6725856.0596

Easting

Latitude

312591.6714

-29.5830

Longitude
115.0651

North-east (N)

6725851.2975

320594.4325

-29.5842

115.1477

North-east (S)

6724809.0438

322403.8981

-29.5939

115.1662

South-east

6715023.7857

322422.7806

-29.6822

115.1648

South-west

6715040.1982

312575.2588

-29.6806

115.0631
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3.3.1

Proposal tenure

Petroleum and Geothermal Energy Resources Act 1967 tenure
Norwest has access to the Development Envelope by virtue of exploration permit EP413 R3 granted under
the PGER Act. This exploration permit is in its fourth iteration (third renewal by DMP in August 2013) since
it was first issued in 1998. The approval is valid until 2018, and is issued to the following parties:
•

AWE Limited (via subsidiaries)

•

Bharat PetroResources Ltd

•

Norwest Energy NL.

Norwest operates EP413 as a joint venture with AWE Limited (via subsidiaries) and Bharat
PetroResources Ltd.

Zoning and land use
The Development Envelope is zoned ‘general farming’ under Town Planning Scheme No. 5 gazetted in
May 2008. The Development Envelope overlays land subject to crown reserve (Victoria Location),
unallocated crown land, crown land, road and rail reserve and private freehold tenure. The Development
Envelope encompasses some pasture, part of Beekeepers Nature Reserve and some remnant native
vegetation. A number of other Nature Reserves are located within the vicinity of the Development
Envelope.
Beekeepers Nature Reserve is a ‘C’ class reserve for use by apiarists in 1956, and is now designated as
‘unclassified’. Nature Reserves in Western Australia are vested with the Conservation Commission and
are administered and managed by DPaW. Consultation with DPaW has been carried out to facilitate
access to the Nature Reserve and to identify specific management aspects required for the Proposal to
proceed.
Beekeepers Nature Reserve is part of the Beekeepers-Lesueur-Coomallo Area and Nambung National
Park which covers an area of approximately 135 000 ha. The northern portion of Beekeepers Nature
Reserve comprises 28.4% of the Development Envelope. The Development Envelope occupies 4.5% of
the northern portion of Beekeepers Nature Reserve (Western Botanical 2014).
No water catchment areas (Country Areas Water Supply Act 1947) are present within or near the
Proposal. The Development Envelope is located within the Arrowsmith Groundwater Area, proclaimed
under the RIWI Act, which provides that construction of any wells or taking of groundwater for other than
stock and domestic purposes is subject to licensing.
There is some pastoral land located in the north-west corner of the Development Envelope, and some
cleared land in the southeast corner hosting a fire water tank under the management of the regional
branch of DPaW. There is a freecamp along Brand Highway located approximately 500 m north of the
northern boundary of the Development Envelope, and the nearest residential building is located
approximately 3.8 km north of the northern boundary of the Development Envelope.
Cadastral parcels within the Development Envelope are summarised in Table 3-2.
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Table 3-2: Lot details
Name

Lot

Plan/ Deposited Plan

Reserve

-

Lot 12455

221092

Unallocated crown land

-

Lot 1360

251672

Freehold – private owner

-

Lot 12564

221092

R39745

-

Lot 3568

134881

Freehold – private owner

-

Lot 1457

251675

Crown land

-

Lot 2523

110260

Freehold – private owner

-

Lot 2441

105058

Freehold – private owner

-

Lot 2442

105056

Freehold – private owner

-

Lot 11294

214269

Freehold – private owner

-

Lot 12176

39607

R24496

-

Lot 12799

39607

R24496

-

Lot 12453

221090

Unallocated crown land

-

Lot 10217

206712

Unallocated crown land

-

Lot 1475

251671

Unallocated crown land

-

Lot 11863

134868

R12269

-

Lot 12465

221092

R39745

Lot 381

58774

Unallocated crown land

Brand Highway road
reserve

Lot 12460

215238

Road reserve

Beekeepers Nature
Reserve

-

-

R24496

Victoria Location 11864

-

-

R19219

Rail reserve

3.3.2

Railway Line 94, Irwin

Landscape and social environment in proximity to the Development Envelope

Land use in the mid-west of Western Australia has centred around farming (cropping, pastoral and animal
husbandry) since the 1860s. Other primary industries in the area include rock lobster fishing, mineral
sands mining, aquaculture, olive farming and olive oil production. Onshore exploration for oil and gas
production prospects is increasing in prominence in the region.
The Development Envelope is located within the Shire of Irwin, a sparsely-populated region with minimal
settlement, transport and communications infrastructure. The township of Eneabba, approximately 30 km
to the south, is the largest population centre in the vicinity of the Development Envelope. Land use within
the surrounding area is pastoral, primarily wheat, sheep and cattle farming. Various tracts of bushland
within the region support honey production (on a seasonal basis) and commercial wildflower harvesting.

Cultural heritage
A search of the Aboriginal Heritage Inquiry System was conducted in September 2013. No registered
heritage sites were identified within the boundaries of EP413.
A heritage survey of the Development Envelope was also conducted in November 2013 and did not
identify any registered heritage places (refer to Appendix 3). One ‘other heritage place’, the Arrowsmith
River, was identified by the indigenous custodians of the area, the Amangu people.
The Proposal does not involve ground disturbance, thus no other potential artefacts will be affected by the
Proposal. Management of any items of cultural significance encountered during enactment of the Proposal
will be appropriately managed in accordance with the AH Act, as documented in the EMP (Appendix 5).
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3.3.3

Proposal characteristics

Table 3-3 summarises the Proposal, while Table 3-4 and Table 3-5 detail the key characteristics of the
Proposal.
Table 3-3: Summary of the Proposal
Item

Description

Proposal title

EP413 3D seismic acquisition survey

Proponent name

Norwest Energy NL

Short description

The Proposal is to undertake a 3D seismic acquisition survey across a 10 600 ha area under
the tenure of EP413. The Proposal will be carried out to obtain subsurface imaging to define
the extent of the Beagle fault and the Caryginia Formation.
The Proposal comprises the following components:
• preparation of north-south and east-west vehicle access lanes by cutting vegetation above
ground level and mulching greenstock, with immediate replacement of mulch in-situ (also
known as ‘raised blade roller mulching’)
• laying source and receiver lines along lanes and insertion of geophones to a depth of
100 mm
• undertaking seismic analysis (generation of an acoustic signal) using vibroseis trucks
• demobilising, rehabilitating and closing vehicular access to seismic lines, and monitoring.

Table 3-4: Physical elements of the Proposal
Element

Location

Proposed extent authorised

Vehicle access lanes

Figure 3–1

Disturbance footprint of no more
than 200 ha of native vegetation
within a 10 600 ha Development
Envelope.

Table 3-5: Operational elements of the Proposal
Operational Elements

Description

Timing and maximum
duration of survey

12 weeks, including clearing, mobilisation and demobilisation.

Operating hours

Vehicle movement during daylight only, 7 days/week. No activity will take place after dark.

3.3.4

Timeframe

The survey is proposed to commence in November 2014. The life of the Proposal is expected to be
approximately twelve weeks, including demobilisation and rehabilitation (excluding ongoing rehabilitation
monitoring).

3.3.5

Design status

Survey lines will deviate to avoid conservation significant features such as priority flora, conservation
significant fauna habitat, slow-growing species such as Macrozamia and Xanthorrhoea sp., waterways,
and rock outcrops. The deviations are based on the results of the Level 1 flora survey and fauna habitat
assessment (Appendix 1, the Level 2 botanical survey (Appendix 2), heritage management requirements
(Appendix 3), soil hygiene requirements (Appendix 4), and weed management requirements (Appendix 2).
Where deviation will be insufficient to avoid such features, the survey program will involve more frequent
vibration events in adjacent less sensitive areas within the Development Envelope, to provide the required
data.
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3.3.6

Design philosophy

The boundaries of the Development Envelope are confined by the following features:
•

northern boundary constrained by extent of EP413

•

eastern boundary constrained by extent of EP413

•

north-eastern boundary constrained by Brand Highway

•

southern boundary defines expected extent of resource

•

western boundary defined to incorporate westernmost extent of Beagle Fault, whilst being placed
as far east as possible to reduce impact to Beekeepers Nature Reserve.

The Development Envelope is approximately 11 km long by 10 km wide, and is contained within the
boundaries of EP413. The grid-size of 350–450 m (average 400 m) intervals between seismic survey lines
has been developed to minimise clearing impacts while preserving a sufficient level of data accuracy
(Figure 3–1) to avoid the need for further surveys. This incorporates an assumption that lines may deviate
either side of the proposed alignment to prevent impacts to avoidance areas. Larger grids were originally
considered in an attempt to reduce environmental impact; however, this configuration would generate
insufficient data accuracy for the purpose of the survey.
Definition of the Beagle Fault is required in order to ensure future potential drilling programs do not
intersect this feature. Fault zones have potential to act as hydraulic conduits and would disperse any
pressurisation away from target resource.
Physical elements of the Development Envelope are summarised in Table 3-6.
Table 3-6: Details of Disturbance footprint within the Development Envelope
Physical
Elements

Description

Type of survey

3D seismic acquisition

Approximate
total
Development
Envelope

Total area

10 542 ha

Total area of cleared land (pasture and rail line [4 m])

126 ha (1.2% of Development
Envelope)

Total area of Nature Reserve

3006 ha (28.5%)

Total area of remnant vegetation outside Nature Reserve

7407 ha (70.3%)

Total length

550 km

Total over cleared land (pasture and rail line)

7 km (1.2%)

Total over Nature Reserve

158 km (28.7%)

Total over other remnant vegetation outside Nature Reserve

384 km (70%)

Source lines

3.6 m

Receiver lines

Half at 2.5 m

Approximate
total length of
seismic lines

Average width
of line
preparation

Half at 3.6 m
Approximate
total area of
seismic lines

Accessed for seismic acquisition

Up to 200 ha

Total over cleared land (pasture and rail line)

2 ha (1%)

Total over Nature Reserve

53 ha (28.6%)
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Physical
Elements

Description
Total over other remnant vegetation outside of Nature Reserve

128 ha (69.1%)

NB. Pasture as mapped by O2 Ecology (2012); Area of rail line assumes a 4 m-wide corridor.

3.3.7

Seismic line preparation (vehicle access lanes)

Line preparation will be conducted prior to the seismic survey to facilitate vehicle access across the
Development Envelope. Survey lines are prepared by a line preparation crew using swath maps detailing
sensitive areas to be avoided. Global positioning systems (GPS) will be employed by clearing machinery
operators to follow the planned line path and orientation.
Vehicle access lanes for 3D seismic acquisition surveys are set out on the following basis:
• lines follow natural contours and do not require earthworks
•

lines use existing tracks and cleared areas where alignment allows

•

vegetation removal is minimised by reducing line widths to that required for safe vehicle access
(to a width range of 2.5 m for light vehicles and 3.6 m for heavy vehicles)

•

vegetation removal is minimised by reducing line frequency to that required for adequate data
acquisition (to a grid density ranging from 350–450 m)

•

soil disturbance is minimised by removing vegetation above the surface, leaving topsoil and
rootstock intact

•

use of windrows is avoided to prevent impact to natural drainage patterns

•

lines deviate around Priority 1 conservation significant flora species

•

specific management measures are implemented within avoidance areas (line deviation or handclearing) to mitigate impact to fauna habitat, waterways, slow-growing species and rock outcrops
(documented in EMP - Appendix 5)

•

rehabilitation success is enhanced through retention of rootstock and seedstock and by
discouraging third party use of lines on survey completion

•

water flow is maintained at creek crossings by using naturally clear areas

•

visual corridor effects are avoided (particularly in dense vegetation and at creek or track
crossings) by hand-cutting rather than clearing mature vegetation (Terrex Contracting 2010).

Greenstock will be mulched and immediately respread over seismic lines.
Historical survey lines and cleared areas will be used in preference to clearing undisturbed native
vegetation. Cleared pasture and railway line constitutes approximately 1% of the Development Envelope
(unmapped tracks and firebreaks have not been included in this estimate). Seismic surveying within these
areas will not require any removal of native vegetation as the rail maintenance corridor and cleared
pasture will be sufficient for deployment of cables and vehicle traverse.
Remnant vegetation and the Beekeepers Nature Reserve constitute the remaining 99% of the
Development Envelope. In these areas, line preparation will be carried out as described below.
Mulching of vegetation has been adopted in preference to broadscale clearing to retain topsoil containing
seed stock and rootstock, both of which improve recovery and success of regeneration of native
vegetation. This method results in temporary disturbance, and vegetation is able to regenerate more
quickly than would be the case with clearing (Terrex Seismic 2012).
Line preparation will entail the removal (cutting) of vegetation as close to the ground surface as possible
(approximately 10 cm from ground surface) in swathes of between 2.5–3.6 m width to allow passage by
vehicles carrying vibroseis equipment, and light vehicles for distribution of cables. Greenstock will then be
mulched, and the mulch immediately replaced in-situ to retain seedstock and topsoil. Mulching equipment
can accommodate branches up to 100 mm thickness. Where branches or trunks greater than this
diameter are encountered, lines will be deviated to avoid disturbance.
NEE13184_01 R003 Rev 1.docx
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Source lines are aligned in a north-south orientation and are used for traverse of seismic vibroseis
vehicles. Trucks will stop periodically to generate signals that reflect off subsurface rock interfaces and are
received by the geophones set out along the cleared receiver lines.
Receiver lines are aligned in an east-west orientation and are used for the traverse of light vehicles for
distribution of cables and geophones.
Environmentally sensitive features within the Development Envelope have been designated as ‘avoidance
areas’ and spatial data provided to the contractor. In order to prevent impact to avoidance areas, seismic
survey lines will either be deviated, or cables will be carried by hand (where data acquisition will be
compromised by increasing line width).

3.3.8

Seismic data acquisition

Seismic data acquisition entails the use of low-energy acoustic sources in the form of truck-mounted
vibrator units. Several crews are used concurrently to carry out a survey. Geophones are deployed along
receiver lines, approximately 100 mm into the ground, and connected to cables. These are collected for
removal and translocation once the seismic survey vehicles have passed. The survey may require a
combination of active truck-mounted seismic vibrator units, four personnel carriers, and 4WD utility
vehicles.

3.3.9

Services and infrastructure

The Proposal will be largely self-supporting, with no requirement for water, electricity or gas supply to the
site. The survey will utilise existing approved facilities associated with the Arrowsmith-2 well.
A mobile mechanical servicing unit may be utilised for small-scale, field equipment repair or maintenance;
however, larger scale mechanical work will be undertaken offsite at Dongara or Eneabba. Major refuelling
will take place offsite; however, a small quantity of diesel, engine oil and grease will be stored at the
laydown area for field refuelling.
Personnel will be accommodated nearby in Eneabba.

3.3.10

Rehabilitation and closure

Complete regeneration of vegetation along vehicle access lanes following completion of the Proposal is
important to retain the integrity of the Beekeepers Nature Reserve and adjacent remnant native vegetation,
and to preserve isolation of the area by discouraging third party access.
Mulching has been selected as the method of removal of vegetation to facilitate vehicle access with the
greatest opportunity of regeneration, through limiting impact to topsoil, seed stock and rootstock. Mulch
will be placed in-situ to enhance vegetation recovery and preserve topsoil. Survey lines will be concealed
from track entrances through orientation out of sight-lines, with natural barriers used where possible to
deter third party access. Rehabilitation monitoring will be carried out on an annual basis for a period of
three years following completion of seismic activities. Details of rehabilitation management measures are
outlined in the EMP (Appendix 5).
The laydown area will also be subject to inspection for any evidence of hydrocarbon or other chemical
spills or leaks prior to demobilisation. Further details of hydrocarbon management measures are outlined
in the EMP (Appendix 5).

3.4

Alternative survey methodologies considered

In order to minimise the potential environmental impacts of the Proposal, a range of alternative means of
achieving the aims of the Proposal were considered, as discussed in the following sections. Seismic
survey data provides the only viable means of characterising the prospectivity of shale gas resources
associated with the existing shale gas exploration well at Arrowsmith-2, and defining the location of the
Beagle Fault.
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Seismic surveying is the only non-intrusive method of obtaining key geological data without drilling. It is
used to define drilling targets to maximise the efficiency of exploration drilling, and reduce environmental
impacts. The seismic acquisition program is designed to image target formations between 2000–3000 m
depth.
The vibroseis technique is a low impact form of seismic technology involving short bursts of low
intensity-low frequency vibrations. The intensity of the vibrations is generally less than the extent of
natural seismicity experienced in the region of the Development Envelope. Humans cannot feel the signal
from a vibroseis unit beyond several tens of metres from the vibration source. The output of a vibroseis
unit has been estimated to be between 1–10% of the signal generated by the trains that used to use the
railway line through the Development Envelope. This has been directly measured by Terrex Seismic Pty
Ltd (Terrex; the proposed contractor) shooting seismic data adjacent to the Trans-Australian Railway
(Terrex, pers. comm. July 2014). Several overseas studies of the effects of vibroseis operations in urban
environments have demonstrated results of a similar order (Oriard 1994, Teasdale et al. undated).
Several alternative means of obtaining the required seismic data were considered, and are discussed in
the following sections. The alternatives to use of truck-mounted vibroseis technology considered were:
•

interpretation of existing seismic data in the locality

•

survey using a helicopter-mounted seismic vibration unit.

3.4.1

Interpretation of existing seismic data

Norwest operates an existing exploration well within the Development Envelope, Arrowsmith-2.
Arrowsmith-2 was located using existing 2D seismic data recorded during between 1980–2000. Existing
2D seismic data is of insufficient quality to reuse for the purpose of this survey for the following reasons:
•

2D migration is not sufficient to resolve complex subsurface structures associated with poor signal
to noise ratios

•

near-surface limestone results in data distortion

•

reprocessing of older data resulted in minor improvements in data quality, remaining insufficient
for use

•

line spacings used in previous surveys were too large for interpretation for the purpose of this
survey.

3.4.2

Helicopter-based survey

A helicopter-based survey methodology is understood to have benefits for some locations, dependent on
site conditions and presence of environmentally sensitive areas. The use of a helicopter transported rig to
conduct the seismic acquisition survey was considered in the early planning phase of the proposal
following initial discussions with DPaW on minimising impacts to Beekeepers Nature Reserve.
While a helicopter-based survey would result in lower environmental impact, the costs would be about four
times the cost of the vibroseis truck methodology. The expected cost of the acquisition portion of the
survey using the proposed vibroseis truck methodology is expected to be in the order of $2.7 million. Use
of helicopter survey methodology to obtain similar data is expected to increase the cost to around
$10-11 million.
Helicopter survey costs can only be economically justified where there are major site constraints (access,
high reserve conservation status, difficult topography, presence of dieback, or presence of conservation
significant flora and vegetation) associated with the survey area
The survey site vegetation type broadly comprises Kwongan heath, which is expected to regenerate within
a short period (refer to Section 5.3, Table 5-6). The survey area includes Beekeepers Nature Reserve,
which is an Environmentally Sensitive Area and C Class Reserve; however, there are no Threatened flora
species, Threatened Ecological Community’s (TEC) or Priority Ecological Community’s (PEC) present.
There is no identified presence of dieback within the Development Envelope.
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The Empire Oil survey (Wannamal survey area) is understood to have used a helicopter-based survey
methodology as part of a larger project, with long-term supply of the resource in the area. The Norwest
survey proposal is to define the potential resource available, none of which underlies the Beekeepers
Nature Reserve. There were substantially more environmentally sensitive areas within the Wannamal
survey area requiring consideration in survey design, including the presence of multiple Conservation
Category Wetlands, Threatened species, occurrences of a PEC and mapped dieback infestations. The
landform included the Gingin Scarp and vegetation types, which are dominated by tree species and would
have introduced challenges for access via an on-ground survey without significant clearing of trees.
While the direct environmental impacts of the helicopter-based survey methodology are less than that of
the truck-mounted system, the effects of the latter are temporary, and distributed at a low density over the
survey area. As mulching occurs during implementation of the on-ground survey, there is no immediate
additional cost for re-instatement works. Annual monitoring of rehabilitation success is proposed with
reporting against established triggers and implementation of contingency measures established within the
EMP.
In summary, the proposed survey methodology for the Proposal is considered 'fit for purpose' and the
substantial additional costs associated with the helicopter-based methodology are not considered justified
in terms of the limited nature of the potential impacts expected from the proposed on-ground survey
technique.

3.4.3

On-ground survey

Norwest proposes to undertake the 3D seismic acquisition survey using on-ground vibroseis technology
with the use of administrative, engineering and management controls to minimise environmental impact.
Mitigation strategies integrated into survey design are summarised in Table 3-7, in accordance with the
EPA mitigation hierarchy (Environmental Offsets Position Statement No. 9 [EPA 2006a]). The
Development Envelope has also been reduced through further refinements of access line widths and by
removing an area north of the Brand Highway in the northeast corner (reduction of survey area from
≈11 000 ha to ≈10 600 ha).
The seismic survey will be carried out by Terrex Seismic Pty Ltd (Terrex) on behalf of Norwest. Terrex has
conducted other onshore seismic surveys in the region including the Denison 3D survey across the same
area in 2004.
Table 3-7: Mitigation options to manage adverse environmental impacts
Mitigation options
Avoidance
1

Avoidance of survey:
Existing 2D seismic data is of insufficient quality to reuse for the purpose of this survey for the following reasons:
• 2D migration is not sufficient to resolve complex subsurface structures associated with poor signal to noise
ratios
• near-surface limestone results in data distortion
• reprocessing of older data resulted in minor improvements in data quality, remaining insufficient for use
• line spacings used were too large for interpretation for the purpose of this survey.

2

Avoidance of survey:
The Development Envelope has been located to utilise existing seismic data where possible, rather than resampling areas that have been subjected to previous surveys.

3

Avoidance of vegetation disturbance impacts:
Heli-portable surveying was considered; however, was determined to be cost-prohibitive (refer to Section 3.4.2).

4

Avoidance of vegetation disturbance impacts:
Existing tracks will be used wherever possible but this can only be decided once on the ground, taking
avoidance areas into consideration.
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Mitigation options
5

Avoidance of impacts to Beekeepers Nature Reserve:
Data collected from the fringes of a seismic survey is of poorer quality than data collected from the centre of a
survey area. As such, the Development Envelope integrates a buffer to ensure data acquired is of sufficient
quality to define the extent of the fault. The Development Envelope would ideally have been extended several
kilometres further west, further into Beekeepers Nature Reserve. However, it has been restricted to the extent
provided as an absolute minimum encroachment on the Reserve.

6

Avoidance of subsurface impacts:
No drilling is proposed in association with seismic surveying, avoiding impacts to unmapped subsurface features.

Minimisation (limit magnitude)
1

Minimisation of vegetation disturbance impacts:
Given the limited capability of equipment to mulch mature trees and large shrubs, disturbance to these will be
avoided. Norwest will also implement a policy to avoid any areas of environmental significance (habitat,
protected flora)—source and receiver lines will be placed where they do not impact these features.

2

Minimisation of vegetation disturbance impacts:
Other surveys in the region (Denison 3D seismic acquisition survey 2004) have used a much greater line
frequency (240 x 480 m) instead of the proposed 350–450 m frequency (average 400 x 400 m used for
prediction of impact) – Norwest has broadened the line frequency to minimise environmental impacts as much as
possible while still achieving data quality objectives (Figure 3–1). This will apply across the Development
Envelope as a whole to ensure consistency.

3

Seismic line widths:
• maximum seismic line widths have been reduced from 5 m to 3.6 m to minimise the amount of vegetation
disturbance required
• impact area conservatively estimated at 200 ha (based on seismic line widths of 2.5–3.6 m) within a total
survey area of approximately 10 600 ha.
Actual maximum impact area is expected to be 184.13 ha, based on:
• 3.6 m source line widths to accommodate the seismic vibroseis vehicles
• half the receiver line widths of 2.5 m (to accommodate light vehicles only)
• other half of 3.6 m (for vibroseis vehicles to traverse the site).
NB. Impact area calculations are likely to be lower still, as this total does not take into account sections of lines
that will not require vegetation disturbance through the use of existing tracks.
The quantification of impact area estimated are deliberately conservative.

4

Minimisation of compaction:
Vehicle passes will be kept to a minimum to mitigate soil compaction.

Rectification (restore, repair)
1

Creating conditions appropriate for rehabilitation:
Topsoil will be left undisturbed, providing ideal conditions for regeneration of native vegetation.

2

Survey line rehabilitation:
• vegetation will be cut as near to the ground surface as possible leaving rootstock intact, greenstock will be
mulched, and mulch replaced immediately on seismic lines, returning seed stock and biomass to the soil and
providing a cover to minimise soil erosion
• where seismic lines intersect existing access tracks, entrances will be concealed by orientation and the use of
vegetative cover to prevent ongoing vehicle access that may introduce weed seeds or dieback-infected soil and
inhibit regeneration of native vegetation
• lines will be woven (zig-zagged) to diminish sight-lines visible from access tracks, to minimise unauthorised
public access.

Reduction (over time)
1

Temporary duration of survey:
No further exploration is proposed at this time.

2

Limiting public access:
Public access to seismic lines will be minimised through orientation and concealment of line entrances where
they intersect with access tracks.

3

Limiting public access:
Fence lines will be left intact, leaving the current number of access points unchanged.
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3.5

Alternative clearing methods

Lane formation by mulching vegetation was selected as the most appropriate option to facilitate vehicle
access in this highly biodiverse area. Other methods to facilitate vehicle access include rolling vegetation,
or broadscale clearing.
Mulching will entail cutting off vegetation along designated lanes approximately 10 cm from ground
surface, mulching greenstock (less than 100 mm diameter) and immediately placing that mulch at its point
of origin. By contrast with rolling or broadscale clearing, this method ensures the following:
•

rootstock remains undisturbed, maximising regeneration potential

•

topsoil remains undisturbed, maximising regeneration potential

•

seedstock is immediately returned to the soil at its point of origin through placement of mulch

•

seed integrity is preserved as mulch is not stockpiled prior to replacement

•

capacity of a site to resist weed invasion is maximised, and site is more likely to regenerate
naturally

•

erosion is minimised through surface coverage by mulch (Griffin and Hopkins 1981.

Other indirect benefits of applying native mulch in rehabilitation includes facilitation of recolonisation by
microfauna (particularly burrowing invertebrates) and an increase in nutrient cycling within the topsoil. The
use of mulch is an integral component of mine site rehabilitation, as an example, mulching as been
accepted as the most successful rehabilitation technique at Eneabba since the early 1980s.
This technique was presented and accepted as a best practice methodology by Warrego Energy regarding
its West Errugulla survey (Coffey 2013), and is the same as proposed by Norwest.
Rolling or slashing vegetation works on the same principles as mulching, whereby root and seed stock is
retained in-situ. The slashing technique is understood to be utilised by DPaW in its reserves for the
purpose of firebreaks, which require regular maintenance due to regeneration of vegetation. Norwest
believes that mulching presents an additional benefit in accelerating the biological breakdown of the
cleared vegetation. Rolling vegetation will produce lines of damaged and partly shredded vegetation,
which may affect recovery. Rolling can also result in many uprooted plants especially in loose sandy soils
typical of the North Perth Basin. In comparison, the cutting and mulching method results in a clean and
stable site.
Broadscale clearing would be expected to have the following adverse effects, when compared to mulching
as proposed:
•

potential to affect adversely rootstock and topsoil

•

loss of seedstock integrity if cleared vegetation is stored for a period of time before return to site

•

extended erosion potential of cleared site, particularly along lanes aligned parallel to the
prevailing winds.
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4.

Stakeholder consultation

A consultation program was initiated in 2013 that allowed the Proponent to inform stakeholders of the
Proposal and to enable comments to be considered in preliminary survey design. This provided the
opportunity to modify the Proposal in response to the issues raised and to consider these issues in the EIA
process. Stakeholders have been engaged throughout development of this environmental review and an
ongoing dialogue will be maintained with stakeholders during implementation and decommissioning of the
Proposal.
The primary stakeholder engagement objectives for the Proposal include:
•

identifying key stakeholders

•

identifying and verifying areas of stakeholder concern for social and environmental values

•

establish a robust consultation approach to demonstrate that appropriate and effective
consultation has been undertaken

•

assessing stakeholder issues and areas of concerns so that proposed impacts are minimised to
as low as reasonably practicable

•

establishing collaborative relationships with stakeholders to assist with managing Proposal related
expectations.

Norwest has undertaken a consultation program with key stakeholders in relation to its exploration
activities in the local area. The primary stakeholder groups identified include:
• regulatory agencies
•

commercial entities

•

Native Title claimant groups

•

land owners

•

non-government organisations and other community stakeholders.

The consultation program included the following key activities:
•

correspondence to potentially impacted parties to advise them regarding the Proposal and offer
detailed briefings (email correspondence and telephone contact)

•

workshop meetings with representatives of decision making authorities to brief them on the nature
and extent of the Proposal and obtain feedback on issues and concerns (site visits, face-to-face
meetings and teleconferences)

•

one-on-one briefings and feedback sessions with specific stakeholders and stakeholder groups as
requested (site visits, face-to-face meetings and teleconferences).

Norwest also uses an industry-based approach to community liaison through representative bodies
including:
•

Australian Petroleum Production & Exploration Association (APPEA)

•

Onshore Gas Working Group.

The following subsections identify the stakeholders consulted to date. A summary of the consultation
program for the Proposal is presented in Table 4-1. Norwest will continue to consult with relevant
stakeholders as required throughout the assessment and implementation of the Proposal.
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Table 4-1: Consultation register
Consulted

Date/Form of consultation

Issues raised

Response

Approvals strategy developed.

Currently being implemented.

Approvals strategy developed.

Environment Plan submitted to DMP 26 November 2013.

No specific issues raised – DMP updated with regards to
progress along environmental approval pathway.

Noted.

DPaW requested consideration of heli-portable survey
methodology.

Alternative survey design was considered in light of mitigation of impacts to
vegetation and required approvals vs. cost. Heli-portable surveying proved costprohibitive (see Section 3.4).

DPaW recommended environmental management
considerations including dieback and weed management be
included.

Noted.

DPaW also noted the requirement for the approval of the
Environment Minister (as the custodian of Beekeepers Nature
Reserve) under slab of the PGER Act prior to accessing the
Nature Reserve for the purposes of petroleum exploration.

Noted.

29 April 2014.

DPaW requested to be provided with copies of the following:

Norwest is complying with DPaW requests, and has noted comments.

Presentation of updated survey
scope and meeting to discuss
management measures as
documented in draft EMP.

• draft EMP

Regulatory agencies
DMP –
Environmental
Division

20 September 2012.

DMP –
Petroleum
Division

July 2013.

Discussion of 3D seismic proposal
approval pathway.
Discussion of 3D seismic proposal
approval pathway.
29 April 2014.
Meeting to discuss Proposal in a
general sense.

DPaW

8 August 2013.
Meeting to discuss impact on
Development Envelope with focus
on Beekeepers Nature Reserve.

Dieback survey undertaken in 2013 and results used to inform hygiene
management measures (see Table 5-6 and Appendix 4).
EP has been submitted to DMP in accordance with requirements of PGER Act for
referral to the Environment Minister. Submitted EP will be subject to revision to
ensure consistency with this Environmental Review document and associated
EMP (Appendix 5).

• flora and veg report
• dieback report
• weed report.
DPaW noted the need to clarify proposed use of offset funding –
DPaW would provide advice through assessment process
Suggested that the completion criteria for rehabilitation of the
Denison proposal would apply.
Advised that Norwest should allow 6-8 week after issue of
Statement for PGER Act s 15A process.

10 July 2014 (with OEPA
assessment officer)

Justification for on-ground survey methodology rather than
helicopter-based survey.
Justification for mulching methodology.
Management of terrestrial predator (fox) access
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Section 3.4 provides a detailed assessment of alternative survey methodologies.
Section 3.5 provides a justification for the proposed methodology as being best
practice.
Support for enhanced fox baiting program included as a management measure
(see Section 5.3).

EP413 3D seismic acquisition survey

Consulted
OEPA

Date/Form of consultation

Issues raised

Response

5 August 2013.

The Proposal should be referred on the basis of the
Development Envelope including part of Beekeepers Nature
Reserve.

s 38 referral prepared and submitted to OEPA in October 2013.

Level of assessment determined to be Assessment on
Proponent Information (API) in December 2013.

This Environmental Review document prepared to address assessment at level of
API.

‘Clarification and finalisation of the Proposal consistent with
EAG1’.

Tables detailing a Summary of the Proposal (Table 3-3) and Key Proposal
characteristics (Table 3-4 and Table 3-5) have been prepared to address the
requirements of EAG1.

Meeting.
10 December 2013.
Correspondence.
18 March 2014.
Meeting.

Refer to Section 3.3.3.
‘Demonstration that the Proposal has been developed having
regard to mitigation measures to avoid, minimise, rectify and
reduce impacts’.

A Table has been prepared summarising consideration of mitigation measures to
avoid, minimise, rectify and reduce impacts (Table 3-7).

‘Clarification of activities that will occur and how disturbance will
be rehabilitated; and identification of potential significant residual
environmental impacts and offsets’.

The Proposal entails the formation of north-south and east-west vehicle access
lanes of between 2.5–3.6 m wide at distances of 350–450 m apart across a
survey area of approximately 10 600 ha. Vegetation along these lanes will be cut
as near to the ground surface as possible, the resulting greenstock mulched, and
then mulch immediately relayed to point of origin. Once lanes have been formed,
seismic survey activities will commence, entailing the traverse of heavy vibroseis
vehicles and light vehicles across the Development Envelope.

Refer to Section 3.4

Refer to Section 3.3.3.
Rehabilitation will comprise of preventing public access to cleared lanes on
completion of the Survey to allow mulched vegetation to regenerate.
Refer to Section 3.3.10.
Potential significant residual environment impacts have been identified as
temporary reduction in availability of foraging habitat for Carnaby’s Cockatoos,
expected to last a period of three years from completion of the survey.
Refer to Section 3.3.10.
Department of
the
Environment
(DotE)

15 October 2013.
Briefing on the Proposal
14 January 2014.
Correspondence.

Discussion on relevant Matters of National Environmental
Significance.

Referral prepared and submitted to DotE 11 December 2013.

It appears that the Proposal is likely to have a significant impact
on the following matters protected by the EPBC Act:

Impacts are limited to a temporary change in habitat area and temporary loss of
on-ground habitat through removal of foraging species, increasing boundary
effects and fragmentation of potential habitat for Carnaby’s Black-Cockatoo,
Malleefowl, Rainbow Bee-eater and potentially (though unsubstantiated) Western
Ground Parrot (direct impact) (see Table 5-6)

Listed threatened species and communities (s 18 & s 8A).

The Proposal will need to be assessed through preliminary
documentation.

Additional information will be presented to DotE to assist with their assessment,
prepared in conjunction with this Environmental Review document and the revised
EP (see Section 1.2).

In the event the Level 2 flora survey identified listed threatened
flora species as occurring within the Proposal site, please outline
the mitigation measures to be implemented to minimise potential
impacts to the species.

Mitigation measures to minimise potential impacts to the species are described in
Table 5-6 and detailed further in the EMP (Appendix 5).
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Consulted

Date/Form of consultation

5 March 2014.
Discussion of impact of temporary
nature of offsets on nature of
offsets provided.

Shire of Irwin

Shire of Irwin
councillors
and staff

Issues raised

Response

Provide an outline of the proposed offsets.

The proposed offsets strategy comprises the provision of funding to DPaW for
application to land acquisition, or land management, taking into consideration the
temporary nature of impact to fauna habitat (see Section 7 and Appendix 6).

Detail on how the proposed offset package aligns with the
principles of the Department’s EPBC Act Environmental Offsets
Policy.

Alignment with the principles of EPBC Act Environmental Offsets Policy is
provided in Table 7-2 (see also Appendix 6).

DotE recognise the temporary nature of impacts should be taken
into account, and that the traditional calculations do not provide
for these circumstances to be reflected.

Integrated into development of offsets strategy (Appendix 6).

Likely approach to focus on on-site rehabilitation of disturbed
areas, with additional measures to offset residual impacts
(during period of vegetation recovery to point of providing same
level of Carnaby’s Cockatoo habitat).

Integrated into development of offsets strategy (Appendix 6).

15 April 2014.

No issues or concerns raised.

Noted.

Presentation and Q&A session in
personal meeting.

Noted that issues potentially raised by councillors in meeting
scheduled 17 April 2014 do not necessarily represent the
opinions of the Shire.

Noted.

17 April 2014.

Queried relationship of project to the Yarragadee Formation
aquifers.

Yarragadee is a relatively shallow formation in the Development Envelope
(< 800 m deep); whereas the shale gas target zone is 2700 m deep (see
Section 2.4.1).

Queried when the seismic exploration information becomes
public.

Information is transferred to ‘open file’ by DMP after two years.

Expressed concern with potential impacts on Aboriginal cultural
heritage sites and interests, given there has been some
historical use of the area.

Heritage survey has found no sites to be located within the Development
Envelope. There will not be any ground disturbance such that other artefacts,
etc., will not be affected by the Proposal. Any artefacts encountered by the work
in progress will be appropriately managed in accordance with the legislation (see
Section 3.3.2).

Raised the issue of a need for a spring survey to ensure
identification of various flora species.

Surveys have been carried out in spring 2013, expressly for this purpose (see
Section 5.2).

Noted that areas cleared for previous surveys in the area have
regenerated rapidly.

Noted.

Queried extent to which workforce might be accommodated by
local service providers.

Crews will be accommodated at existing facilities in Eneabba. Subsequent work
will utilise local commercial suppliers where possible.

Expressed a desire for the project to maximise potential
community benefits, particularly in terms of local provision of
support services.

Noted.

Presentation and Q&A session at
group meeting.
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Consulted

Date/Form of consultation

Issues raised

Response

Department of
Fire and
Emergency
Services

17 April 2014.

Raised concerns with potential for staking of tyres as a result of
mulching technique.

Mulching will involve cutting vegetation off approximately 10 cm above ground
surface, such that staking potential is limited (see Section 3.3.7).

Raised issue of some limited potential for a total fire ban to be
applied in November if antecedent conditions result in high fire
potential, and advised of need for Norwest to apply for an
exemption as November is within the restricted fire ban period in
any event.

Issue noted. Fire management plan will apply (Appendix 5), and the Proposal will
be subject to provisions of the Bushfires Act 1954 (see Section 2.5).

Offered to provide fire training to seismic survey crew, if
required.

Noted.

Potential requirement for s 91(5) clearance to access crown land
under Land Administration Act 1997 (subject to consultation with
native title claimants and representatives, relevant Shires, and
Westrail and Landgate as responsible agencies).

The Petroleum Geothermal permit holder has all the necessary authority to enter
on to the Reserve land or Unallocated Crown Land under the permit they hold,
given proposed actions are within the defined permit area.

Department of
Lands

Presentation and Q&A session in
personal meeting.

6 February – 12 March 2014.
Email correspondence.

DMP will refer the Proposal to the Department of Lands pursuant to section 15A
of the Petroleum and Geothermal Energy Resources Act 1967 (see Section 1.1.3)
There is no need or requirement in such instances for any tenure subject to the
Land Administration Act 1997.

Commercial entities
Brookfield
Rail

5 May 2014.

Rail corridor is out of service.

Noted.

There are no registered Aboriginal heritage sites within or in
close proximity to the proposed programme.

Noted (see Section 3.3.2).

The Arrowsmith River is listed in the Register of Aboriginal Sites
within the proposed works area. The Listing constitutes the river
itself up to its banks. The Amangu elders are satisfied that if the
seismic work terminates at one bank and recommences at the
opposite bank, then the Arrowsmith River Aboriginal listing will
not be impacted by that work.

The integrity of the cultural value of the Arrowsmith River is to be preserved
through management of vehicle access lanes. Only existing crossing points and
designated crossing points approved by an Amangu representative will be utilised

Aboriginal heritage considerations should not be deemed an
impediment to the proposed 3D seismic programme proceeding
as planned, providing that no ground disturbance occurs within
the Arrowsmith River.

No ground disturbance is proposed (see Section 3.3.2).

The Amangu elders have requested that they should be
engaged by Norwest Energy NL to monitor works in the vicinity
of the Arrowsmith River Aboriginal site.

The presence of Amangu representatives has been proposed where the Proposal
intersects the Arrowsmith River (refer to Appendix 5).

September 2013.

Land access granted for botanical survey.

Noted (see Section 3.3.1).

Onsite meeting.

Discussion regarding the use of local staff and fire-fighting units
on standby during mulching activities – local fire-fighting
equipment is available for hire. Mr Summers will elicit interest of
local members of fire support service.

Noted (refer to Appendix 5).

Correspondence.

Key stakeholders
Amangu
Native Title
claimants

Landholder

November 2013.
Meeting and onsite
reconnaissance.
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(refer to Appendix 5).
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Consulted

Date/Form of consultation

Issues raised

Response

Landholder

7 March 2014.

Land access granted for botanical survey.

Noted (see Section 3.3.1).

Questioned capability of imaging to characterise the shallow
formations and shallow aquifers, including potential cave areas.

Imaging system has poor resolution at shallow depths. Target depths are below
2000 m to where high quality imaging will result (see Section 3.4.2).

Questioned the extent to which the fault was an issue on
defining the resource.

The Beagle Fault defines the western boundary of the resource within the
exploration area, and there is a need to avoid drilling though the fault, or into the
associated fissure zones proximate to the fault (see Section 3.3.6).

Questioned need to avoid drilling through the Beagle Fault.

Fault zones have potential to act as hydraulic conduits and would disperse any
pressurisation away from target resource (refer Section 3.3.6).

Expressed desire for survey to avoid surface exposures of
limestone because of potential underlying caves.

Imaging process will avoid such areas as vehicles are unable to traverse them,
and this affects the ability to conduct imaging (refer to Appendix 5).

Sought clearer explanation of the vibroseis methodology, and
likelihood of vibrations affecting underlying caves.

Methodology uses very low intensity vibrations, in short bursts. The area is
subject to natural seismicity that would exceed the vibroseis levels (see
Section 3.4.2).

Queried dieback management arrangements as area is
understood to be dieback free.

Dieback management procedures, including hygiene stations will be utilised for
clean-on-entry to vegetated areas known to be dieback free, in accordance with
DPaW requirements (see Table 5-6 and refer to Appendix 5).

Queried the rehabilitation monitoring period.

Rehabilitation will be required to meet regulator-approved completion criteria, with
annual monitoring of progress (see Section 3.3.10).

Queried extent to which mulch might be lost from stockpiles
though wind funnelling along cleared lines.

Mulch is proposed to be replaced onto tracks immediately, rather than being
stockpiled (see Section 1). Previous experience in more exposed areas indicates
that mulch stockpiles are not subject to wind erosion in the short term.

Questioned when exploration would be undertaken.

The Proposal is currently planned for last quarter of 2014 (see Section 1).

Onsite meeting.
Non-government organisations
Western
Australian
Speleological
Group
(WASG)

1 April 2014.
Presentation and Q&A session at
group meeting.

Letter dated 16 April 2014.

Group expressed desire to be included in future consultation.

Copy of API document will be provided when document becomes public.

Group would like to be informed of any mapping of surface
expressions of limestone.

Proponent and group agreed to exchange such information, as it is useful to both
parties.

Group requested GIS polygon of proposed exploration area.

Information provided by subsequent email.

“WASG has no objections to the proposed seismic survey.
However, we would like to restate the following points we raised
at the presentation for your information:

Survey vehicles will avoid areas of exposed limestone outcrop (see Section 1).

We understand that the seismic survey process being
undertaken will not impact on ‘karst pavement’ (areas of
exposed limestone on the surface). Karst pavement can be an
indicator of the presence of caves even if no surface openings
are visible. It is important to avoid these areas for safety reasons
as well as for cave protection.”
“As discussed, can you please provide us with a digital shapefile
of the seismic survey area to assist us in confirming that we are
not aware of any karst features located within it.”
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Consulted

Wildflower
Society

Date/Form of consultation

Issues raised

Response

“WASG would also like to be involved in any further rounds of
consultation relating to the project and is happy to be consulted
should you have any cave- or karst-related queries.”

Further consultation will be carried out in accordance with each stage of
exploration and development (see Section 4).

“Should preliminary surveys uncover any cave features, WASG
would be more than happy to investigate and map these so they
can be avoided in future work.”

Any indications of cave features identified by seismic survey within the
Development Envelope will be communicated to WASG.

8 April 2013.

Queried the height of vegetation left intact above ground level.

Comments received during phone
call.

Mulching will involve cutting vegetation approximately 10 cm above ground
surface (see Section 3.3.7).

Queried avoidance of very old specimens of vegetation.

Mulching equipment is able to mulch branches up to a width of 100 mm. Survey
lines will therefore deviate around vegetation containing branches wider than this
(see Section 3.3.7).

Queried cumulative impact from previous surveys.

Existing roads and old survey lines will be utilised where possible to prevent
further clearing of previously uncleared native vegetation (see Section 6).

Noted that the Wildflower Society had a long history of interest
and concern with impacts on Beekeepers Nature Reserve.

Noted.

Queried the height of vegetation left intact above ground level.

Mulching will involve cutting vegetation approximately 10 cm above ground
surface (see Section 3.3.7).

Queried timing of survey and commented that timing would be
following flowering, but before seed has developed in local flora.

Noted.

Expressed concerns over need for high level of weed and
dieback hygiene to prevent spread throughout survey area.
Weed hygiene when moving from agricultural or pastoral land to
vegetated areas is a particular concern.

Vehicles and plant will all be cleaned down prior to entry to site, which is dieback
free. Weed and dieback management plans will be applied (refer to Appendix 5).

Expressed concerns over any potential to increase public access
to the nature reserve.

Public access will be discouraged by a range of means, including Z shaped
entries to seismic lines, and installation of vehicle obstructions (see
Section 3.3.10).

22 April 2014.
Presentation and Q&A sessions at
personal meeting.

Western Flora
Caravan Park

10 April 2014.
Email correspondence.

Queried location of exploration accommodation camp.

Crews will be accommodated at existing facilities in Eneabba (see Section 3.3.9).

“The proposed vegetation clearing is very extensive in a part of
the state that is well known for high levels of short-range
endemism in plants.”

The high level of biodiversity of the area has contributed to EPA assessment of
the proposed survey (see Section 1.1.1).

“Unless the vegetation surveys are done very thoroughly there is
strong chance that rare and uncommon plants will be destroyed
in the clearing process. In that area it is also quite possible that
currently unknown species with very localised distributions will
be present – there are many examples of these, Leucopogon sp.
ciliate Eneabba is a good recent case. Can we trust that a
consultancy will do a good enough job over such a wide area?”.

An initial L1 flora and fauna habitat assessment was conducted in spring 2012.

“The numerous tracks will fragment the bush and act as
corridors through which feral predators (foxes and cats) will gain
access to many areas that they wouldn’t normally get to. This will
inevitably impact on local fauna.”

Survey lines will be rehabilitated on completion of the survey through regeneration
of native vegetation. Public access will be deterred through concealment of track
entrances to enhance regeneration. Vegetation is expected to recover to presurvey conditions within three wet seasons (see Section 3.3.10).
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A follow-up multi-season L2 flora and vegetation survey has been carried out over
spring-summer 2013-14 to identify areas within the Development Envelope with a
greater likelihood of hosting priority and threatened species. Mapping of the
Development Envelope will assist with risk assessment to manage line deviation
around such areas (see Section 5.3 and Table 5-6).
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Consulted

Western
Australian
Beekeepers
Association
(WABA)

WABA

Date/Form of consultation

12 April 2014.

3 April 2014.
Phone contact, follow-up email
correspondence.

Issues raised

Response

“In the same way there is a much heightened risk of weed
incursions through these corridors.”

Weed management is proposed through avoidance of weed infested areas where
possible, and vehicle hygiene management after traversing infested areas (see
Section 5.3 and Table 5-6).

“I've had bad experiences with exploration and mining/extraction
companies in the past. As I've lost access to vegetation that I
pay the government (DEC now DPAW) to use near that area of
activity and elsewhere. What does this mean to me as a
beekeeper?”

No access restriction is anticipated to existing beekeeping activities as a result of
the survey.

“What impacts are expected on/to the environment (eg. clearing
tracks, fraking...) and access to the vegetation of surrounding
area/s. As I put hives there from mid Autumn to late Spring.”

The survey entails mulching of vegetation in lanes up to 3.6 wide at intervals of
350-450 m to facilitate vehicle access for a period of twelve weeks, anticipated to
occur in November 2014 (see Section 1).

“What are you surveying for if possible?”

This 3D seismic acquisition survey is being undertaken to map the Beagle Fault
and target formations (see Section 1).

WABA knows of only 2-3 beekeepers that operate in the region
of the Development Envelope. Beekeepers are likely to endorse
additional tracks as they facilitate access for apiarists.

DPaW was contacted to try and obtain the details of apiary licence holders within
the Development Envelope, but Strategen was not able to elicit a response from
the appropriate officer.

Information forwarded to members to allow them to make
contact if interested.
Conservation
Council of WA
(CCWA)

10 April 2014.

“This is not best practice – far from it!

Comments received by email
correspondence.

There is equipment for doing seismic which does not require
gridlines to be bladed and mulched – using large rubber tire
vehicles that have a far lower environmental impact.”

Alternatives for conducting the survey were considered at the Proposal outset
(see Section 3.4).
For on ground surveys proposed using equipment currently available in Australia,
mulching is considered to be the most conducive to vegetation recovery (see
Section 3.5).

“There is also extensive limestone karst caves through the
country you are proposing to tear up which have never been
properly surveyed.”

No ground disturbance is proposed as part of the survey, and the seismic
vibration intensity is of a very low magnitude. No impact to subsurface geological
features is anticipated (see Section 3.4).
Refer to comments received from WASG.

WA Apiarist’s
Society
(WAAS)

21 March 2014.

WAAS consist of hobbyists that operate in and around the Perth
metropolitan area – unlikely that members would be interested in
further information.

Noted – no further consultation conducted with WAAS.

The Western
Australian
Farmers
Federation
(Inc.) (WA
Farmers)

25 March 2014.

Referred to DPaW to identify individual apiarists operating within
the Development Envelope.

DPaW was contacted to try and obtain the details of apiary licence holders within
the Development Envelope, but Strategen was not able to elicit a response from
the appropriate officer.

Phone contact.

Parties contacted for consultation – no responses received
Shire of Irwin
Progress
Association

Contact attempted – no response
received.
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Consulted

Date/Form of consultation

Issues raised

Response

The following issues relate to future drilling exploration and gas field development work, or the hydraulic fracturing industry generally, which are unrelated to the proposed seismic exploration program.
Where they were raised during a meeting, these were discussed and answers provided where available. Where the consulted party did not indicate their interest in participating in a meeting and comments
were raised by email, they were informed that their comments would be noted and addressed in the API. Issues will be formally addressed in detail at appropriate future stages of development of the
Proposal.
Western
Australian
Speleological
Group

1 April 2014.

Questioned whether pressures at depth will be isolated within the casings to ensure they are not propagated to surface formations, or above ground.

Presentation and Q&A session at
group meeting.

Questioned potential timing of development of next stages.
Questioned need for more gas to be supplied.
Discussion of problems experienced overseas with fraccing.
Discussion on Proposal casing life, abandonment methodology and possibility and consequences of corrosion failure at end of life.
Questions regarding surface footprint of the developed gas field, how many wells, etc.
Discussion on water requirements for test drilling and development of production gas field, water sources, waste water disposal and water recycling to
minimise demand.

CCWA

3 April 2014.

CCWA have raised a number of issues with EPA and other parts of Government.

Indicated attendance at meeting
would require cost recovery.

Industry receives sufficient assistance with government subsidies and exemptions from government regulations.

Comments received by email
correspondence.

Wilderness
Society

3 April 2014.

Wished to be represented by CCWA.

Declined meeting.
Comments received by email
correspondence.

Western Flora
Caravan Park

4 April 2014.
Comments received by email
correspondence.
10 April 2014.
Comments received by email
correspondence.

“If you and the Company you work for are supporting Fracking in Western Australia ,you have no interest or understanding of an activity that will
destroy what is left of the World’s Richest Heath lands.”
“An increasingly important consideration is the overlying one of climate change. For SW Australia it is already clear what this means – higher average
temperatures throughout the year, but especially in the summer months, and lower rainfall, especially winter rainfall. This combination is putting extra
stress on the flora which means reduced regenerative capacity, with the increasing likelihood that many species will struggle to re-establish after
disturbance events.”
“There is also the general point about what are the most appropriate energy options that we should be following in order to put us on a more
sustainable footing. While gas is touted as the saviour with less than half of the emissions of coal, it is still a very substantial emitter of CO2 in its own
right.
There are legitimate concerns that we are getting carried away by the money that is to be made out of these unconventional gas reserves and this is
coming at the expense of the necessary focus on renewable technology. This is especially the case when the extraction of these reserves threatens
the integrity of our dwindling areas of bush (not to mention prime farmland). And of course when these go or become badly degraded it feeds into this
interconnected, downward environmental cycle, which is now evident across Australia and beyond. I don’t know if this last issue is a good fit for an
open community meetings, but its relevance shouldn’t be overlooked.”
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Consulted

Date/Form of consultation

Issues raised

Response

Shire of Irwin
councillors
and staff.

17 April 2014

Queried timing for subsequent Proposal work (drilling) to commence in the area.

Member of
public,
unidentified
affiliation

10 April 2014.

Wildflower
Society

22 April 2014.

Presentation and Q&A session at
group meeting.
Non-specific comment.

Comments receive by email
correspondence.

Presentation and Q&A sessions at
personal meeting.

Noted that the Wildflower Society had a long history of interest and concern with impacts on Beekeepers Nature Reserve and expressed concern that
drilling exploration and production activities would have a significant impact on the area, both on the surface (new tracks for access, clearing of pads,
etc.), and subsurface (with fracking technology.
Advised of significant concern with fracking by local communities.
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5.

Environmental impacts and management

5.1

Environmental impacts and management

This chapter provides a summary of the environmental factors potentially relevant to assessment of
impacts of the Proposal, and their mitigation and management. The factors and issues listed have been
based on the EPA notice of assessment issued for the Proposal on 10 December 2013.
The environmental factors include:
1.

2.

Key factors: Those environmental factors of elevated significance, which require the most attention in
the EIA process. The key factors are as follows:
•

flora and vegetation

•

terrestrial fauna

•

rehabilitation and closure

•

integrating factor: offsets.

Other potential impacts or activities recognised as potentially requiring management include:
•

weeds and soil pathogens

•

waste and hazardous materials

•

heritage

•

air quality

•

fire.

The following sections describe and discuss the key factors. The other factors are addressed in the
Environmental Management Plan (see Appendix 5).

5.2

Studies planned and undertaken

Studies and investigations carried out for the purpose of this assessment include:
•

Level 1 flora and fauna habitat assessment (O2 Ecology 2012) (Appendix 1)

•

Level 2 botanical and weed survey (Western Botanical 2014) (Appendix 2)

•

Aboriginal heritage survey (O’Connor 2013) (Appendix 3)

•

dieback survey (Glevan Consulting 2013) (Appendix 4).

The above studies are summarised in Table 5-1.

5.2.1

Studies timeline

Table 5-2 summarises when studies to support the Proposal EIA were undertaken and completed.

5.2.2

Compliance of studies with EPA guidance

EPA Guidance Statements, Environmental Assessment Guidelines and/or Policies applicable to the
Proposal included:
•

Environmental Assessment Guideline No. 1 – Defining the Key Characteristics of a Proposal
(EPA 2012)

•

Environmental Assessment Guideline No. 6 – Timelines for Environmental Impact Assessment of
Proposal (EPA 2010)

•

EPA Position Statement No. 2 – Environmental Protection of Native Vegetation in Western
Australia (EPA 2000)
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•

EPA Position Statement No. 3 – Terrestrial Biological Surveys as an element of Environmental
Protection (EPA 2002)

•

EPA Guidance Statement No. 6 – Rehabilitation of Terrestrial Ecosystems (EPA 2006b)

•

EPA Guidance Statement No. 19 – Environmental Offsets (EPA 2008a)

•

EPA Guidance Statement No. 51 – Terrestrial Flora and Vegetation Surveys for Environmental
Impact Assessment in Western Australia. (EPA 2004)

•

EPA Guidance Statement No. 55 – Implementing best practice in proposals submitted to the
environmental impact assessment process (EPA 2003)

•

DMP & EPA – Guidelines for Preparing Mine Closure Plans (DMP & EPA 2011)

•

Environmental Protection Bulletin No. 1 – Environmental Offsets – Biodiversity (EPA 2008b)

•

Checklist for document submitted for EIA on marine and terrestrial biodiversity.

Table 5-3 lists the EPA Guidance Statements, Environmental Assessment Guidelines and/or Policies
applicable to the Proposal, and how these have been addressed.

5.2.3

Key findings of studies and investigations

Key findings have been identified for the following key environmental factors as a result of the studies and
investigations that were carried out:
•

flora and vegetation

•

terrestrial fauna.

Table 5-4 provides a brief summary of the key findings for the above factors. Table 5-5 presents the
details of conservation significant flora species identified in Level 1 and Level 2 botanical surveys
conducted during 2012–14.
Rehabilitation and closure and offsets are treated as integrating factors, and were not subject to specific
studies.
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Table 5-1: Planned and completed studies for the EP413 3D seismic acquisition survey
Factor

Consultant

Study effort

Study location

Planned /
complete

Report

Appendix

Key environmental factors
Flora and
vegetation;
terrestrial
fauna

O2 Ecology

Level 1 botanical
survey, fauna
habitat assessment

11 000 ha Development Envelope
(Development Envelope slightly
larger than current Development
Envelope)

Complete

Arrowsmith Level 1 Botanical Survey and Threatened Fauna Assessment
Report – November 2012

Appendix 1

Flora and
vegetation

Western
Botanical

Level 2 botanical
survey, weed
survey

10 600 ha Development Envelope

Complete

Norwest Arrowsmith Seismic Survey Level 2 Flora and Vegetation Survey –
April 2014

Appendix 2

Flora and
vegetation

Glevan

Phytophthora
dieback occurrence
assessment

10 600 ha Development Envelope

Complete

Norwest Energy: Midwest project EP413 Phytophthora dieback occurrence
assessment

Appendix 4

R&E
O’Connor
Pty Ltd

Aboriginal heritage
survey

10 600 ha Development Envelope

Complete

Aboriginal heritage survey: proposed Arrowsmith 3D seismic programme

Appendix 3

Other factors
Heritage

Table 5-2: Supporting studies timeline
Study / date
(month/year)

09/12

10/12

11/12

12/12

01/13

02/13

03/13

04/13

05/13

Key environmental factors
Flora and vegetation
Flora and vegetation
(dieback)
Terrestrial fauna
Other factors
Aboriginal heritage

Key:

Field surveys/investigations:

Desktop/laboratory/consultation:
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06/13

07/13

08/13

09/13

10/13

11/13

12/13

01/14

02/14

03/14

4/14
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Table 5-3: Compliance of studies with EPA Guidance and Position Statements
Relevant position and guidance statements

How addressed

Environmental Assessment Guideline No. 1 – Defining the Key
Characteristics of a Proposal (EPA 2012)

The Proposal description is provided in Section 3.3.3 in accordance with EAG 1.

Environmental Assessment Guideline No. 6 - Timelines for
Environmental Impact Assessment of Proposal (EPA 2010)

Timing of assessment under the EP Act has been taken into consideration in planning supporting surveys and preparation of
environmental review documentation for provision to OEPA in accordance with EAG 6.

Environmental Assessment Guideline No. 8 – Environmental factors
and objectives (EPA 2013)

Key environmental factors and objectives have been identified in accordance with EAG 8.

EPA Position Statement No. 2 – Environmental Protection of Native
Vegetation in Western Australia (EPA 2000)

Survey design has integrated mitigating factors to reduce impacts to native vegetation (summarised in Table 5-4) in accordance
with PS 2.

EPA Position Statement No. 3 – Terrestrial Biological Surveys as an
element of Environmental Protection (EPA 2002)

Vertebrate fauna surveys, short-range endemic fauna surveys and flora and vegetation surveys adhered to the requirements of
PS 3.

EPA Guidance Statement No. 6 – Rehabilitation of Terrestrial
Ecosystems (EPA 2006b)

A key objective of rehabilitation and closure planning will be to ensure the return of rehabilitated areas to self-sustaining and
functional ecosystems comprised of local provenance species, in accordance with GS 6.

DMP/EPA Guidelines for Preparing Mine Closure Plans (DMP & EPA
2011)

Rehabilitation measures will be incorporated into the survey, consisting of replacement of mulch in-situ. On completion of the
survey, source and receiver lines will be barricaded where they meet existing tracks to prevent ongoing access. Monitoring will
occur on an annual basis to track the recovery of vegetation and monitor weed and dieback occurrence.

EPA Guidance Statement No. 19 – Environmental Offsets (GS 19)

GS 19 and EPB 1 define offsets and the criteria and guiding principles for proponents to consider and follow when developing an
offsets package. These are addressed in Section 7. The key principle of ‘avoiding and minimising’ impact first is addressed in
the summary provided in Section 3.4 regarding alternatives considered.

Environmental Protection Bulletin No. 1 – Environmental Offsets –
Biodiversity (EPA 2008b)
EPA Guidance Statement No. 51 – Terrestrial Flora and Vegetation
Surveys for Environmental Impact Assessment in Western Australia
(EPA 2004)

Level 1 and 2 surveys were undertaken in accordance with GS 51.

EPA Guidance Statement No. 55 – Implementing best practice in
proposals submitted to the environmental impact assessment process
(EPA 2003)

Best practice has been integrated into the survey design in accordance with GS 55.

EPA Checklist for document submitted for EIA on marine and terrestrial
biodiversity

Completed checklist provided in Appendix 7.
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Table 5-4: Summary of key findings
Factor

Topic

Flora and
vegetation

Flora and vegetation

Key findings
1. 137 taxa (29 families and 75 genera) were recorded in the Level 1 spring survey conducted in mid–late October 2012 (O2 Ecology 2012).
2. 463 taxa (74 families and 220 genera) were recorded in the Level 2 spring and summer surveys conducted in late September–early October 2013
and late January–early February 2014, with a targeted search for high priority species carried out in mid–late March 2014 (Western Botanical 2013-14).
3. Four vegetation associations based on vegetation mapping of pre-European extent (Shepherd et al 2002 & Beard 1976) were mapped and described
(O2 Ecology 2012) within the Development Envelope as follows:
• 433 – Mosaic: Shrublands: Acacia rostellifera & Melaleuca cardiophylla thicket/ Sparse low woodland; illyarrie
• 377 – Mosaic: Shrublands: scrub-heath on limestone in northern Swan region/ Sparse low woodland; illyarrie
• 352 – Medium woodland: York gum
• 378 – Shrublands; scrub-heath with scattered Banksia spp., Eucalyptus todtiana & Xylomelum angustifolium on deep sandy flats in the Geraldton
Sandplains region:
* Acacia mixed open shrubland
* Banksia mixed open shrubland
* Calytrix mixed heath.
4.
•
•
•
•
•
•
•
•
•
•
•
•
•
•

14 vegetation units were identified by O2 Ecology (2012) within the Development Envelope as follows (Figure 5–1):
Acacia blakelyi open shrubland
Acacia spathulifolia shrubland
Acacia tall closed shrubland
Banksia spp. low open shrubland
Banksia spp. low open shrubland with emergents
Eucalyptus camaldulensis woodland
Eucalyptus erythrocorys mallee woodland
Eucalyptus erythrocorys open mallee woodland
Eucalyptus erythrocorys open woodland
Melaleuca tall closed to tall shrubland
Open shrubland
Tall shrubland
Ephemeral lake
Pasture.
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Factor

Topic

Key findings
5. 22 vegetation units were defined by Western Botanical (2013-14) within the Development Envelope as follows (Figure 5–2):
1.01-1.06 woodlands
• 1.01 Eucalyptus erythrocorys woodland over Acacia spathulifolia shrubland
• 1.02 Eucalyptus erythrocorys woodland over Acacia blakelyi, Macrozamia fraseri, A. rostellifera shrubland
• 1.03 Eucalyptus loxophleba subsp. loxophleba mallee woodland
• 1.04 Eucalyptus camaldulensis subsp. obtusa woodland
• 1.05 Eucalyptus camaldulensis subsp. obtusa woodland (degraded)
• 1.06 Casuarina obesa forest
2.01-2.14 shrublands or heathlands (or heathland mosaics)
• 2.01 Acacia spathulifolia, Melaleuca systena, Scholtzia umbellifera shrubland
• 2.02 Acacia spathulifolia, Melaleuca systena, A. xanthina shrubland
• 2.03 Acacia spathulifolia, Melaleuca systena, Jacksonia hakeoides heathland
• 2.04 Banksia leptophylla, Melaleuca systena, Hibbertia hypericoides heathland
• 2.05 Banksia leptophylla, Acacia spathulifolia, Melaleuca systena, Xanthorrhoea drummondii heathland mosaic
• 2.06 Banksia leptophylla, Hakea polyanthema, Acacia blakelyi heathland
• 2.07 Melaleuca systena, Conospermum triplinervium heathland mosaic
• 2.08 Jacksonia hakeoides, Macarthuria australis, Melaleuca systena heathland
• 2.09 Acacia blakelyi, Hibbertia hypericoides, Macrozamia fraseri shrubland
• 2.10 Acacia saligna subsp. lindleyi, A. blakelyi, Macrozamia fraseri shrubland
• 2.11 Acacia saligna subsp. lindleyi, A. blakelyi, Macrozamia fraseri shrubland (special)
•
•
•
•
•
•

IBRA bioregion

2. Acacia saligna subsp. lindleyi, A. blakelyi, Macrozamia fraseri shrubland (degraded)
2.13 Acacia rostellifera shrubland
2.14 Acacia rostellifera shrubland (degraded)
3.01-3.02 thickets
Eucalyptus camaldulensis subsp. obtusa woodland over Acacia saligna subsp. lindleyi thicket
Melaleuca concreta / Scholtzia laxiflora thicket

1. IBRA is the basic tool for identifying reservation targets and setting priorities to meet them, and classified Australia’s landscapes in 89 distinct regions
based on commonalities in climate, geology, landform patterns and plant and animal communities. IBRA is endorsed by all levels of government as
a key tool for identifying land for conservation under Australia’s Strategy for the National Reserve System 2009-2030.
2. The Proposal is located within Geraldton Sandplains 2 (GES02) bioregion, defined within the IBRA v7.1 (Western Botanical 2014) (Figure 5–3).
3. The Lesueur Sandplain geology comprises coastal Aeolian and limestones with the siltstones and sandstones of the Perth Basin, and alluvial soils
associated with drainage. The south-eastern section has extensive yellow sandplains, especially in parts where it adjoins the western edge of the
Pilbara craton. The subregional area is 1,358,915 ha.
4. The Geraldton Sandplains bioregion is provided with protection under clause 4 of Environmental Protection (Clearing of Native Vegetation)
Regulations 2004.
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Factor

Topic

Key findings

Conservation areas
(defined in Schedule 5 to
the EP Act)

1. The Proposal includes part of Beekeepers Nature Reserve, a conservation area as defined in Schedule 5 to the EP Act. Beekeepers Nature
Reserve was vested with the Conservation Commission of Western Australia in 1992 as a ‘C’ class Nature Reserve for the Protection of Flora, and is
deemed a nature reserve under the Conservation and Land Management Act 1984. This reserve is a component of the Beekeepers-LesueurCoomallo Area and Nambung National Park which together cover an area of 115,000 ha (Figure 5–4).
2. Whilst the seismic survey will encroach on Beekeepers Nature Reserve, no further exploration or drilling activity is proposed in Beekeepers Nature
Reserve. The seismic survey is being undertaken to define the western extent of the Beagle Fault and, once defined, there will be no requirement to
conduct any further activities within the Nature Reserve.

Vegetation mapping

1. Vegetation on the sandplains of Western Australia is known as kwongan, or sandplain heathland.
2. Vegetation in the Lesueur Sandplain subregion is broadly described as proteaceous and myrtaceous heaths rich in endemics, occurring in a mosaic
of mesas, sandplains, coastal sands and limestones. Heath also occurs on laterised sandplains on the north-eastern margin of the subregion
(Desmond and Chant 2001 in Western Botanical 2014).
3. As described by Beard (1976 in Western Botanical 2014), the Development Envelope is comprised of both the Ilyarrie System and the Eridoon
System.
4. Western parts of the Development Envelope are situated in the Ilyarrie System, associated with coastal limestone occurring on undulating hilly
country of lithified calcarenite overlain by a variable depth of yellow siliceous sand (Beared 1976 in Western Botanical 2014). Eucalyptus
erythrocorys is the most characteristic species within this landform and occurs in isolated groves. The woodlands of Eucalyptus erythrocorys grow
up to 10 m over an open shrub understorey containing Acacia blakelyi, A. pulchella, A. spathulata, Dryandra sessilis, Hakea costata, Hibbertia
hypericoides, Alyogyne huegelii, Hybanthus calycinus, Scholtzia sp. and Restionaceae species (Beard 1976 in Western Botanical 2014).
5. Eastern parts of the study area are situated in the Eridoon System, associated with the flat coastal plain between the coastal limestone deposits and
the Pleistocene shoreline (Beared 1976 in Western Botanical 2014). The system has numerous small lakes and swamps in depression and some
limited alluvial flats. The vegetation structure is predominantly scattered small trees over tall shrubs and a closed layer of small heath-like shrubs.
The mature sandplain community consists of scattered small trees up to 5 m tall, an open layer of tall shrubs of 1–3 m and a closed layer of small
heath-like shrubs <1 m (Beard 1976 in Western Botanical 2014). Due to frequent fires, mature stands are uncommon, and replaced with scattered
Eucalyptus todtiana and low shrubs especially Conospermum (smoke bush). In low-lying, winter-wet areas the heath is approximately 30 cm tall with
scattered Xanthorrhoea species, with Calytrix strigosa, Eremaea pauciflora, Grevillia eriostachya, Melaleuca scabra, Petrophile media and
Restionaceae species. Melaleuca thyoides, M. lanceolata and M. rhaphiophylla are present in wetter areas.

Conservation significant
Flora and vegetation –
potentially present

1. Rare (threatened) flora species are provided with protection under Environmental Protection (Clearing of Native Vegetation) Regulations 2004 under
the definition of an Environmentally Sensitive Area in Environmental Protection (Environmentally Sensitive Areas) Notice 2005.
2. Based on the results of database searches, conservation significant flora species potentially present within the Development Envelope include:
• O2 Ecology (2012) identified 26 conservation significant flora species listed under the WC Act with the potential to be present in the Development
Envelope, including one threatened species (Leucopogon obtectus).
• Western Botanical (2013-14) identified 33 conservation significant flora species listed under the WC Act with the potential to be present in the
Development Envelope, including two threatened species (Leucopogon obtectus, Paracaleana dixonii).
O2 Ecology found eight conservation significant species, summarised in Table 5-5.
Western Botanical found 13 conservation significant species and one species of interest, summarised in Table 5-5.
1. Conservation significant flora species positively identified during surveys within the Development Envelope include:
• Eight of the 26 conservation significant flora species identified by O2 Ecology were recorded by O2 Ecology (2012) (Figure 5–5)
• Ten of the 33 conservation significant flora species identified by Western Botanical were recorded by Western Botanical (2014) (Figure 5–5).
2. Six of the species identified by both O2 Ecology and Western Botanical as being potentially present within the Development Envelope were found in
both 2012 and 2013-14 survey periods, listed below:

Conservation significant
Flora and vegetation –
found

• Hopkinsia anoectocolea (P2)
• Guichenotia quasicalva (P3)
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Factor

Topic

Key findings
• Persoonia rudis (P3)
• Banksia elegans (P4)
• Grevillea erinacea (P4)
• Stawellia dimorphantha (Arrowsmith stilt-lily - P4).
3. Six of the species identified by either O2 Ecology and Western Botanical as being potentially present within the Development Envelope were
identified in either one year or the other, listed below:
• Acacia latipes subsp. licina (P3) (found 2013-14)
• Beyeria gardneri (P3) (found 2013-14)
• Desmocladus biformis (P3) (found 2013-14)
• Schoenus graffiana (P3) (found 2012)
• Verticordia fragrans (P3) (found 2012)
• Calytrix chrysantha (P4) (found 2013-14).
4. Three further species not identified as being potentially present within the Development Envelope by either O2 Ecology or Western Botanical were
found in the 2013-14 survey, listed below:
• Scholtzia sp. Dongara (R. Hart 8401) (P1)
• Grevillea biformis subsp. cymbiformis.(P3)
•
5.
•
6.

Hemiandra aff. Sp. Kalbarri (D. Bellairs 1505) (P3).
One species of interest was identified:
Leucopogon sp. ASQ26-22.
In total, both flora surveys found 15 conservation significant flora species, and one species of interest within the Development Envelope.

Conservation significant
Flora and vegetation – not
found

1. Potentially present conservation significant flora species not found:
• no evidence of the threatened species Leucopogon obtectus or Paracaleana dixonii nor any other threatened species were observed during either
Level 1 (2012) or Level 2 (2013-14) surveys
• in total, of the 35 conservation significant flora species identified by both flora surveys as being potentially present, 23 were not found in either survey.

Threatened Ecological
Communities

2. No threatened ecological communities (TEC) were identified in database searches or recorded within the Development Envelope.

Priority Ecological
Communities

1. No priority ecological communities (PEC) were identified in database searches or recorded within the Development Envelope.
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Factor

Topic

Key findings

Vegetation condition

1. The majority of native vegetation across the Development Envelope is considered to be of good to excellent condition.
2. Vegetation condition within the Development Envelope recorded by O2 Ecology (2012) ranges from ‘completely degraded’ to ‘excellent’ (O2 Ecology
2012) (Figure 5–6). The proportions calculated across a slightly larger survey footprint are as follows:
• Excellent (92.6%)
• Good (5.5%)
• Fair (0.6%)
• Completely degraded (1.3%).
3. Vegetation condition within the Development Envelope recorded by Western Botanical (2013-14) also uses the Keighery scale (1994 in Western
Botanical 2014), ranging from ‘completely degraded’ to ‘very good to excellent’ (Figure 5–7):
• Very good to excellent (72.0%)
• Good to excellent (19.7%)
• Degraded to very good (5.3%)
• Degraded (2.8%)
• Completely degraded (0.2%).

Weeds

1.
2.
3.
•
•
•

50 introduced species were positively identified within the Development Envelope.
None of these weeds are Weeds of National Significance or Declared Weeds under the Agricultural and Related Resources Act 1976.
Weeds identified included the following:
No ranking - Echium plantagineum, Petrorhagia dubia, Melilotus indicus, Aira cupaniana, Lysimachia arvensis, Dischisma capitatum
High –Brassica tournefortii, Lupinus cosentinii, Moraea flaccida, Romulea rosea var. australis, Eragrostis curvula
Moderate – Arctotheca calendula, Centaurea melitensis, Hypochaeris glabra, Sonchus asper, Sonchus oleraceus, Urospermum picroides, Ursinia
anthemoides subsp. anthemoides, Wahlenbergia capensis, Trifolium arvense subsp. arvense, Trifolium campestre var. campestre, Trifolium
glomeratum, Trifolium subterraneum, Erodium aureum, Gladiolus caryophyllaceus, Parentucellia latifolia, Orobanche minor, Avena barbata, Briza
maxima, Briza minor, Ehrharta brevifolia, Ehrharta longiflora, Hordeum leporinum, Pentameris airoides subsp. airoides, Vulpia bromoides, Vulpia
fasciculate, Vulpia myuros forma myuros, Galium murale, Solanum nigrum
• Low – Bromus hordeaceus, Cotula bipinnata, Polycarpon tetraphyllum, Silene gallica var. gallica, Spergula arvensis, Plantago coronopus subsp.
commutate, Lolium perenne, Vulpia muralis
• Mild –Hedypnois rhagadioloides subsp. cretica, Pennisetum setaceum, Sherardia arvensis.

Dieback - Phytophthora
cinnamomi

1. A strategic Phytophthora dieback survey was conducted across the Development Envelope in November 2013. All potential infestation vectors were
investigated to ascertain whether affected areas were present.
2. Glevan (2013) interpreted 83 km of tracks in a strategic survey of likely vectors that could have introduced the disease to the survey area previously,
and none was found.
3. No. A summary of the Phytophthora dieback occurrence categories identified within the survey area is provided below:
• 72.8% uninterpretable i.e. areas where indicator plants are absent or too few to determine the presence or absence of Phytophthora Dieback
• 1.3% unmappable i.e. areas that are sufficiently disturbed so that Phytophthora Dieback occurrence mapping is not possible at the time of inspection
• 25.9% - uninfested i.e. areas free of plant disease symptoms that indicate the presence of Phytophthora Dieback.
4. The nearest dieback infestation occurs 30 km to southeast at Eneabba Creek.
5. It was considered that the vegetation within the survey area is protectable, and hygiene principles should be applied.
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Factor
Terrestrial fauna

Topic

Key findings

Conservation significant
fauna (state)

1. Conservation significant terrestrial fauna species listed under the WC Act that may occur within the Development Envelope as identified in desktop
searches include those listed below:
• Calyptorhynchus latirostris (Carnaby’s Black-Cockatoo – threatened)
• Leipoa ocellata (Malleefowl – threatened)
• Falco peregrines (Peregrine falcon – specially protected)
• Ardeotis australis (Australian bustard – priority)
• Macropus Irma (Western brush wallaby – priority)
• Apus pacificus (Fork-tailed swift – international agreement)
• Merops ornatus (Rainbow Bee-eater – international agreement).
2. Opportunistic observations of the species below were made during spring 2012 (Figure 5–10):
• Carnaby’s Black-Cockatoo – observed in woodland within Development Envelope
• Malleefowl – disused nesting site observed within Development Envelope

Fauna habitat

• Rainbow Bee-eater – several sightings within Development Envelope.
1. O2 Ecology (2012) identified ten key fauna habitats at the site during the spring 2012 field survey:
• Banksia low open shrubland with emergents
• Casuarina woodland
• closed heathland
• Eucalyptus woodland
• Melaleuca closed tall shrubland
• mallee woodland
• open heathland
• open woodland on limestone ridge
• pasture

Carnaby’s Cockatoo

• permanent creek with riparian vegetation.
1. Potential Carnaby’s Cockatoo habitat within the Development Envelope was identified by comparing flora observed (O2 Ecology 2012) against flora
species used by Carnaby’s Cockatoo provided in the Plants for Carnaby’s Search Tool (DEC 2012a).
2. A significant portion of the Development Envelope (96.3%) contains suitable species to comprise feeding habitat for Carnaby’s Cockatoo. Nineteen
flora species were observed that are considered to be utilised by Carnaby’s Cockatoos. O2 Ecology (2012) noted several habitat types as providing
plentiful nesting materials and locations, including the following:
• Banksia low open shrubland with emergents
• closed heathland
• Eucalyptus woodland
• Melaleuca closed tall shrubland
• mallee woodland
• open woodland on limestone ridge
• permanent creek with riparian vegetation.
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Factor

Topic

Key findings

Malleefowl

1. O2 Ecology (2012) noted the habitat type ‘mallee woodland’ was likely to support the vulnerable Malleefowl, as it provided good cover for fauna and
supported a range of birds, mammals and reptiles.
2. An abandoned Malleefowl mound was observed within the vegetation type Eucalyptus erythrocorys mallee woodland (O2 Ecology 2012).
3. Mallee woodland vegetation types cover an area of 2922 ha, or 26.3% of the total Development Envelope. Other habitat types that may comprise
appropriate habitat for Malleefowl include the following:
• Banksia low open shrubland with emergents
• closed heathland
• Eucalyptus woodland
• Melaleuca closed tall shrubland
• open woodland on limestone ridge.

Rainbow Bee-eater

1. Potential Rainbow Bee-eater habitat comprises a large proportion of the Development Envelope; however, critical nesting habitat is unlikely to be
present.

Western Ground Parrot

1. While a Protected Matters search did not identify Western Ground Parrot and no records exist for the region, anecdotal evidence indicates that this
species may also be found in the area.
2. The survey undertaken in the Development Envelope did not record any individuals of the Western Ground Parrot; either visually or aurally.
3. The Western Ground Parrot is a cryptic species with a current distribution range restricted to the south coast near Albany and Esperance. One
sighting was recorded from the nearby Mt Adams Road in 1992, but there have been no confirmed sightings since.
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Table 5-5: Conservation significant flora species identified in Level 1 and Level 2 botanical surveys conducted 2012–14
Conservation significant
species potentially
present within survey
area

Party identifying
potential for
occurrence

Conservation
status

Previously found
within the study area1

Identified in 2012
survey

Identified in 2013-14
survey

Possible explanation for absence if not recorded

O2 Ecology/ Western
Botanical

P3

Western Botanical

P2

Banksia elegans

O2 Ecology/ Western
Botanical

P4

Y

Beyeria gardneri

O2 Ecology/ Western
Botanical

P3

Y

Calytrix chrysantha

O2 Ecology/ Western
Botanical

P4

Calytrix ecalycata
subsp. ecalycata

O2 Ecology/ Western
Botanical

P3

O2 Ecology (2012) deemed that this species may
occur; not previously found within study area.

O2 Ecology/ Western
Botanical

P4

Calytrix eneabbensis

O2 Ecology (2012) deemed this species likely to
occur; flowering period noted to be July–October; not
previously found within study area.

Calytrix superba

O2 Ecology/ Western
Botanical

P4

O2 Ecology (2012) deemed that this species may
occur; not previously found within study area.

Dampiera tephrea

O2 Ecology/ Western
Botanical

P2

O2 Ecology (2012) deemed that this species was likely
to occur; flowering period unknown.

Acacia latipes subsp.
licina
Acacia vittata

Y
O2 Ecology (2012) deemed this species may occur;
flowering period unknown.
Y

Y
Y
Y

Western Botanical

P3

Western Botanical

P1

Flowering period noted in November; unknown
likelihood of occurrence; not previously found within
study area (O2 Ecology 2012).

Western Botanical

P3

Flowering period unknown; not previously found within
study area (O2 Ecology 2012).

Grevillea erinacea

O2 Ecology/ Western
Botanical

P3

Guichenotia quasicalva

O2 Ecology/ Western
Botanical

P2

Western Botanical

P3

O2 Ecology/ Western
Botanical

P3

Desmocladus biformis

Y

Diuris eburnea
Eryngium pinnatifidum
subsp. palustre

Y

Y

Y

Y

O2 Ecology (2012) deemed this species likely to
occur; previously found within study area.

NEE13184_01 R003 Rev 1.docx
23-Jul-14

Y

O2 Ecology (2012) deemed that this species; may
occur; flowering period noted in October; not
previously found within study area.

Haloragis foliosa
Hemiandra sp. Eneabba
(H. Demarz 3687)

Y
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EP413 3D seismic acquisition survey

Conservation significant
species potentially
present within survey
area
Homalocalyx chapmanii
Hopkinsia anoectocolea
Hypocalymma
tetrapterum

Party identifying
potential for
occurrence

Conservation
status

Previously found
within the study area1

Identified in 2012
survey

Identified in 2013-14
survey

Western Botanical

P2

Flowering period unknown; not previously found within
study area (O2 Ecology 2012).

O2 Ecology/ Western
Botanical

P3

O2 Ecology

P3

O2 Ecology (2012) deemed that this species may
occur; not previously found within study area.

O2 Ecology/ Western
Botanical

T

O2 Ecology (2012) deemed this species likely to
occur; flowering period unknown; however, did not
record any positive identifications; not previously found
within study area.

Y

Y

Western Botanical (2014) noted that potential habitat
for L. obtectus was closely searched during the
Targeted Survey phase, but given the fact that this
area had been burnt recently it is possible that this
species occurs but has not recovered sufficiently from
the fire to be visible. Further, within its range
L. obtectus is sparsely distributed with just one or two
plants here and there (M. Hislop, WAHERB, pers.
comm. 9 May 2014) and could have remained
undetected during this survey.

Leucopogon obtectus

Western Botanical

T

O2 Ecology (2012) deemed this species unlikely to
occur; flowering period noted to be OctoberNovember; not previously found within study area.
Western Botanical (2014) noted that P. dixonii was
opportunistically searched for in potential suitable
habitat during the initial phase of the survey when
quadrats were established and vegetation mapping
was undertaken but was not found. This species can
be difficult to observe even when flowering. While its
presence in the burnt eastern side of the Development
Envelope cannot be discounted, it is the opinion of WB
that it is unlikely to occur in the Development
Envelope.

Paracaleana dixonii

Persoonia rudis

O2 Ecology/ Western
Botanical

P3

Y

Y

Schoenus griffinianus

O2 Ecology/ Western
Botanical

P3

Y

Y

Stawellia dimorphantha

O2 Ecology/ Western
Botanical

P4

Y

NEE13184_01 R003 Rev 1.docx
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Possible explanation for absence if not recorded
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Y

Y

EP413 3D seismic acquisition survey

Conservation significant
species potentially
present within survey
area

Party identifying
potential for
occurrence

Conservation
status

Previously found
within the study area1

Identified in 2012
survey

Identified in 2013-14
survey

Possible explanation for absence if not recorded

O2 Ecology/ Western
Botanical

P3

Y

O2 Ecology (2012) deemed this species may occur.

O2 Ecology

P2

Y

O2 Ecology (2012) deemed this species may occur.

Western Botanical

P3

O2 Ecology (2012) deemed this species may occur;
flowering period during October; not previously found
within study area.

O2 Ecology/ Western
Botanical

P1

Synaphea oulopha

O2 Ecology (2012) deemed this species unlikely to
occur; flowering period June–August; not previously
found within study area.

Triglochin protuberans

O2 Ecology/ Western
Botanical

P3

O2 Ecology/ Western
Botanical

P2

Stylidium longitubum
Stylidium
pseudocaespitosum
Stylidium torticarpum

Y

O2 Ecology (2012) deemed this species may occur;
flowering period August–October.
O2 Ecology (2012) deemed this species likely to
occur; not previously found within study area.
Only one plant of Verticordia fragrans (P3) was
reported by O2 Ecology, which WB did not attempt to
find and verify due to difficulties in finding a single
plant in conjunction with GPS unit accuracy.

Verticordia argentea

O2 Ecology/ Western
Botanical

P1

O2 Ecology/ Western
Botanical

P3

O2 Ecology/ Western
Botanical

P3

O2 Ecology (2012) deemed this species may occur;
flowering period November–December; not previously
found within study area.

O2 Ecology/ Western
Botanical

P1

O2 Ecology (2012) deemed this species likely to
occur; flowering period December–January; not
previously found within study area.

Western Botanical

P4

Flowering period unknown; not previously found within
study area (O2 Ecology 2012).

Scholtzia sp. Dongara
(R. Hart 8401)

N

P1

Hemiandra aff. sp.
Kalbarri (D. Bellairs
1505)

N

P2

Grevillea biformis
subsp. cymbiformis (

N

P3

Verticordia dasystylis
subsp. oestopoia
Verticordia fragrans
Verticordia luteola var.
luteola
Verticordia luteola var.
rosea
Verticordia penicillaris

O2 Ecology (2012) deemed this species unlikely to
occur; flowering period October–November; not
previously found within study area.
Y
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EP413 3D seismic acquisition survey

Conservation significant
species potentially
present within survey
area

Party identifying
potential for
occurrence

Leucopogon sp.
ASQ26-22 (species of
interest)
35 conservation
significant species

N

Conservation
status

Previously found
within the study area1

Identified in 2012
survey

Identified in 2013-14
survey

9 listed species

8 listed species

13 listed species &
1 species of
interest

Possible explanation for absence if not recorded

Species of
interest

Total

NB. Western Botanical (2014) notes that limitations to species identification may be associated with survey timing, climatic factors, GPS unit accuracy (cloud cover), access, personnel, complexity of flora,
vegetation intergradations, repeated burns, and equipment (camera) failure.
1

DEC Threatened and Protected Flora and WA Herbarium specimen databases – O2 Ecology 2012

Highlighted species were found in one or both field surveys.
Source: O2 Ecology (2012; Table 12 – TP List Search Results [DEC Threatened and Priority Flora List]); Western Botanical (2014).
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Figure 5-5 Conservation significant species
identified within the Development Envelope as mapped by both O2 Ecology (2012) and Western Botanical (2014)
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Figure 5-6 Vegetation condition mapped by O2 Ecology (2012)
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Figure 5-7 Vegetation condition mapped by Western Botanical (2014)
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Figure 5-8 Dieback management areas as mapped by Glevan Consulting (2013)
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Figure 5-9 Fire impact 2000-2012
Scale 1:100,000 at A4
0

0.5

1

1.5

2

km

Coordinate System: GDA 1994 MGA Zone 50

¹

Legend

Note that positional errors may occur in some areas

Development Envelope Fire-affected areas and year of burn*
2012
Major road
2010

Railway

2002

Date: 22/05/2014
Author: JCrute

Source: Fire-affected areas: "Fire Watch" website DFESA March 2014.

2000
*Only displaying fire-affected areas within survey boundary.

Path: Q:\Consult\2013\NEE\NEE13184\ArcMap_documents\R003\Rev0\NEE13184_01_R003_Rev0_F005_9.mxd

info@strategen.com.au
www.strategen.com.au

6710000

6710000

6715000

6720000

6725000

dH
i gh

6725000

Br
an

315000

320000

dH
i gh

wa
y
6725000

6725000

Br
an

(
!
(
!

(
!
(
!

(
!
(
!

(
!

6720000

6720000

(
!

(
!
(
!
(
!

(
!!
(

6715000

6715000

(
!

315000

320000

Figure 5-10 Opportunistic fauna observations mapped by O2 Ecology (2012)
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5.3

Key environmental impacts and management

Key environmental impacts and management have been identified for the following key environmental
factors:
•

flora and vegetation

•

terrestrial fauna

•

rehabilitation and closure

•

offsets.

Table 5-6 provides an assessment of the impact of the Proposal on key environmental factors, with a
summary of aspects and potential impacts, proposed management and mitigation measures to address
the identified impacts and conclusion of predicted outcome against the EPA objective(s) for that factor.
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Table 5-6: Key environmental impacts and management
EPA objective

Existing environment

Aspect & potential impact

Impact assessment

Environmental management

Predicted environmental outcome

The Development Envelope consists of
10 600 ha of remnant native vegetation, road
and rail reserve and pasture within the
Geraldton Sandplains Bioregion.
Development Envelope hosts four vegetation
associations, made up of 14 vegetation types
(O2 Ecology 2012).

Disturbance to
vegetation including
conservation-significant
species for vehicle access
lanes (direct impact).

The Proposal will result in the temporary clearing of
up to 200 ha of vegetation. . Approximately 63 ha of
the area to be disturbed occurs within Beekeepers
Nature Reserve, a ‘C’ class reserve vested with the
Conservation Commission of Western Australia.

Measures proposed to manage impacts to conservation-significant flora
and vegetation include:
1. Use of existing tracks where aligned with proposed seismic survey
lines.
2. Demarcate and map areas of identified populations of conservationsignificant flora. Lines will be deviated around recorded and
mapped populations of conservation significant flora. A 50 m buffer
will be applied to P1 flora, and P2 flora will be directly avoided by
deviation.
3. .Induction of seismic contractor personnel to identify avoidance
areas.
4. Use of GPS to control alignment of vehicle access lanes.
5. Replacement of mulch on lanes to retain topsoil and seedstock and
reduce incidence of erosion and errant dust.
6. Concealment of entrances to seismic survey lines to diminish reuse
by public.
7. Retention of riparian vegetation through use of existing creek
crossings where possible and implementation of an ‘avoidance area’
buffer either side of the creekline.
8. Designation of a limited number of additional creek crossing points
to reduce impact to riparian vegetation (where existing creek
crossings are insufficient to adequately facilitate vehicle access).
9. Manual transfer of equipment across creek where vehicle use would
result in unsatisfactory impact to riparian vegetation.

After application of management and mitigation
measures, the Proposal is expected to result in
the following outcomes in relation to flora and
vegetation:
• temporary disturbance of up to 200 ha of
native vegetation, 63 ha of which occurs
within Beekeepers Nature Reserve
• no significant reduction in the extent of any
vegetation communities present within the
Development Envelope
• no TECs, PECs or Threatened Flora will be
impacted by the Proposal
• vegetation communities will not be reduced
• known locations of Priority 1 and 2 flora will
be avoided and the Proposal is not expected
to alter the conservation status or viability of
these species
• impacts to Priority 3 and 4 flora will be
minimised through measures identified in
the EMP (Appendix 5)
• all seismic access lines will be rehabilitated
to completion criteria specified in the EMP
(Appendix 5)
• measures will be undertaken to manage
flora and vegetation recovery following line
closure and the achievement of
rehabilitation and closure criteria (refer to
Rehabilitation and Closure)
• significant residual impacts on flora and
vegetation from this Proposal, although
considered temporary in nature, will be
addressed in accordance with EPA
requirements, as discussed in Section 7.

Flora and vegetation
To maintain
representation,
diversity, viability and
ecological function at
the species, population
and community levels.

The Development Envelope is potential habitat
for 33 conservation flora species listed under
WC Act (Western Botanical 2014). Eight
priority species (of the 26 potentially present
identified in 2012) were found onsite during
spring 2012 (O2 Ecology 2012). Thirteen
priority species (ten of the 33 potentially
present identified in 2013-14 and three
additional listed species) were found onsite in
2013-14 (Western Botanical 2014).

The Proposal occurs within the Geraldton
Sandplains 2 bioregion. Impacts to this bioregion
are calculated to affect 0.006% of the bioregion
area, with significant impact expected to last a
duration of three years. Impacts to vegetation
associations as mapped by Beard resulting from the
Proposal are less than 1.15%.
The Proposal will not affect any TECs, PECs or
Threatened flora species. 15 conservation
significant flora species, and one species of interest
have been recorded within the Development
Envelope.
Known populations of Priority 1 species Scholtzia
sp. Dongara will be re-surveyed prior to clearing by a
botanist to characterise the populations in terms of
size and spread, and to delineate alternative seismic
survey lines around each population. This strategy
is in line with management practices used to avoid
potential impacts to Threatened flora.
Known populations of Priority 2 species (Hemiandra
aff. sp. Kalbarri and Guichenotia quasicalva) will be
designated ‘avoidance areas’, where the survey
design will consider alternative methods of
conducting the survey within these areas to prevent
or minimise potential impact to these species. As
Guichenotia quasicalva is primarily associated with
riparian vegetation of the Arrowsmith River, impacts
to this species will also be minimised through
avoiding disturbance to riparian vegetation.
The remaining Priority 3 and 4 species are relatively
numerous and particularly widespread in the southeastern quarter of the survey area. Many of these
species are associated with the limestone ridges
within the Development Envelope, and will
consequently be avoided during the seismic survey,
as the mulching equipment is unable to traverse the
ridges.
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The Proposal, including proposed offset
measures, is consequently expected to meet
the EPA objectives for flora and vegetation with
respect to vegetation disturbance.
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EPA objective

Existing environment

Aspect & potential impact

Impact assessment

Environmental management

Predicted environmental outcome

No infestations of Phytophthora dieback were
identified during the survey by Glevan. 72.8%
of the survey area was uninterpretable; 1.3%
unmappable and 25.9% - uninfested.

Introduction and spread
of weeds and dieback
during clearing, mulching,
vehicle access and
rehabilitation (direct
impact).

Vegetation communities within the Development
Envelope have varying levels of interpretability for
the disease caused by Phytophthora Dieback. A
strategic survey of the area was implemented
through an assessment of possible vectors of
Phytophthora Dieback introduction during the
desktop assessment followed by a field assessment.

Measures prepared to manage impact to flora and vegetation from
potential introduction or spread of weeds and dieback include:
1. Level 2 botanical survey conducted to identify, demarcate and map
areas of identified populations of weed species.
2. Dieback survey conducted to identify, demarcate and map areas of
identified dieback-affected areas (Appendix 4).
3. Weed and dieback hygiene management measures outlined in EMP
(Appendix 5).
4. Induction of seismic contractor personnel to identify avoidance
areas (dieback) and implement hygiene measures.
5. Use of GPS to control alignment of vehicle access lanes.
6. Site access from existing gravel track from Brand Highway in
northwest of Development Envelope.
7. Alternative site access via rail line maintenance corridor.
8. Vehicles certified as clean upon entry to site.
9. No introduction of soil and plant material to site.
10. No transport of soil or plant material from infested or ‘unmappable’
sections of Development Envelope.
11. No transport of soil or plant material across category boundaries.
12. Clean down measures not required from uninfested areas to
‘unmappable’ areas.
13. Restrict access to dry conditions, or carry clean-down equipment if
access required during or immediately after rainfall.
14. Establish designated hygiene points if access required during or
immediately after rainfall.
15. Hygiene points to be located east of the rail line for vehicles
traversing the rail line from west to east.
16. Hygiene measures appropriate to the dieback occurrence category
of the Development Envelope have been included in the EMP.
17. Specific direction given in relation to clean down of all vehicles,
machinery and handheld tools when moving between the western
part of the site (Area 2, including Beekeepers Nature Reserve) and
the eastern part of the site (Area 1).

There will be no weeds introduced into the
Development Envelope through hygiene
measures to be applied on entry. The potential
risk of spread of weeds within the Development
Envelope will be eliminated by appropriate
avoidance of the mapped areas, or hygiene
measures applied at the boundaries.

Measures prepared to manage impacts to flora and vegetation from
increased frequency or intensity of fire include:
1. Fire management measures outlined in EMP (Appendix 5).
2. Induction of seismic contractor personnel to identify avoidance
areas.

The risk of fire incidents within the survey area
will be maintained at a low level through the
timing of the survey, coupled with fire
prevention and management procedures
outlined in the EMP (Appendix 5).

The nearest dieback infestation occurs 30 km
to the southeast at Eneabba Creek.
Ten introduced flora species have been
recorded in the survey area (O2 Ecology
2012). None of these weeds are Weeds of
National Significance or Declared Weeds
under the Agricultural and Related Resources
Act 1976.

There is a potential for introduction and/or spread of
dieback through the Development Envelope if not
adequately managed, particularly as almost 75% of
the area was uninterpretable or unmappable with
respect to dieback occurrence. This risk can be
minimised with appropriate hygiene procedures
applied on entry to the survey area, and specifically
at the entry points to Beekeepers NR, coupled with
limiting movements through the area to the drier
months of the year,

The vegetation within the survey area is
considered protectable, and hygiene principles
should be applied.

Weed occurrences have been mapped and the
spread of weeds from those areas can be managed
with appropriate hygiene procedures at the
boundaries of those areas to prevent spread of
weeds. The potential introduction of weeds can be
eliminated with hygiene measures applied at entry to
the survey area.

Increased frequency or
intensity of fire from onsite ignition sources may
favour the establishment
of weeds and prevent the
regeneration of native
vegetation (indirect
impact).

Very low risk of fire ignition as the Proposal is
scheduled to occur during spring when on-site
conditions are least likely to lead to spontaneous
ignition. Fire prevention measures can be applied to
further reduce this risk.

Degradation of habitat
value through
contamination of surface
soil from release of
hydrocarbons to surface
soil (indirect impact)

The use of hydrocarbons and other chemicals is
limited to relatively small volumes during
implementation of the Proposal. Standard spill
prevention and response measures will effectively
eliminate the risk of any significant environmental
impact.

No dieback or other soil pathogens will be
spread with in the Development Envelope to
areas certified as uninfested.
Hygiene measures to be applied are consistent
with best practice measures applied to an
extensive range of other projects across WA.
The Proposal is consequently expected to meet
the EPA objectives for flora and vegetation with
respect to introduction and spread of weeds
and dieback.

The Proposal is consequently expected to meet
the EPA objectives for flora and vegetation with
respect to increased frequency of or intensity of
fire occurrences.

Very low risk of release of hydrocarbons to surface
soil and subsequent impact to vegetation health.
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No dieback or other soil pathogens will be
introduced into the Development Envelope
through hygiene measures to be applied on
entry.
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Measures prepared to manage impact to flora and vegetation from
degradation of habitat value include:
1. Primary vehicle servicing and maintenance will occur offsite.
Refuelling onsite will occur on a designated, cleared, hardstand
area or carried out subject to documented refuelling procedures.
2. Hydrocarbon management measures outlined in EMP (Appendix 5).

Value of soil quality for providing habitat will be
maintained within the Development Envelope.
The Proposal is consequently expected to meet
the EPA objectives for flora and vegetation with
respect to degradation through hydrocarbon
contamination.
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EPA objective

Existing environment

Aspect & potential impact

Impact assessment

Environmental management

Predicted environmental outcome

The Development Envelope is potential habitat
for conservation significant terrestrial fauna
species listed under the WC Act, including
Carnaby’s Cockatoo, Malleefowl, Rainbow
Bee-eater and Western Ground Parrot.

Temporary change in
habitat area and
temporary loss of onground habitat through
removal of foraging
species, increasing
boundary effects and
fragmentation of potential
habitat (direct impact).

The clearing of vegetation along the survey lines and
access lanes will temporarily reduce the habitat for
several conservation significant terrestrial fauna
species. However, the narrow clearing widths and
widely distributed nature of the survey lines and
access lanes will limit the potential impact on those
species.

Measures prepared to manage impact to fauna from temporary change
in habitat area and temporary loss of on-ground habitat include:
1. Use of existing tracks where aligned with proposed seismic survey
lines.
2. Use of GPS to control alignment of vehicle access lanes.
3. Construction of vehicle access lanes and seismic surveying during
daylight hours only.
4. Deviation of lines around large trees with potential to provide
roosting or breeding habitat.
5. Induction of seismic contractor personnel to identify vegetation
species providing foraging habitat for Carnaby’s Cockatoo,
Malleefowl mounds and potential habitat for Western Ground Parrot
for avoidance where possible.
6. Replacement of mulch on lanes to retain topsoil and seedstock and
reduce incidence of erosion and errant dust.
7. Concealment of entrances to seismic survey lines to diminish reuse
by public.
8. Retention of riparian habitat through use of existing creek crossings
and implementation of ‘avoidance area’ buffer either side of
creekline.
9. Designation of a limited number of additional creek crossing points
to reduce impact to riparian habitat (where existing creek crossings
are insufficient to adequately facilitate vehicle access).
10. Rehabilitation monitoring carried out at designated intervals to
gauge success of vegetation recovery along seismic survey lines.

The reduction in habitat will be low in overall
percentage of the available habitat, will be
temporary, and will be distributed over the
Development Envelope, such that there will be
no significant impact on any fauna habitats.

Terrestrial fauna
To maintain
representation,
diversity, viability and
ecological function at
the species, population
and assemblage level.

Three listed species were positively identified
onsite during spring 2012 (Carnaby’s BlackCockatoo, Malleefowl & Rainbow Bee-eater).
While no records exist for Western Ground
Parrot in the region, anecdotal evidence
indicates that this species may also be found
in the area.

The low percentage of area cleared (% change of
habitat area) will ensure the effects are insignificant.
Trees with diameters in excess of 100 mm will be
avoided by deviation of the survey lines, eliminating
the potential impact on Carnaby’s Black-Cockatoo
nesting habitat and minimising impacts on mature
trees that may provide foraging habitat.

Ten key fauna habitat types were identified
within the Development Envelope.

Malleefowl mounds are easily identifiable and can be
avoided by appropriate deviation of the survey lines.
Rehabilitation is expected to effectively eliminate the
significant residual impacts to the affected habitat
after about three years.

Restricted public access to seismic survey lines
from existing tracks will facilitate swift recovery
of native vegetation to reclaim mulched lanes.
Native vegetation recovery along seismic
survey lines is expected to be sufficient to
render lines indiscernible within three wet
seasons of the survey being carried out.
The Proposal is consequently expected to meet
the EPA objectives for terrestrial fauna with
respect to changes in habitat area and loss of
on-ground habitat.

Loss of breeding habitat
for Black-Cockatoos
through removal of trees
from construction of lanes
for vehicle access (indirect
impact).

Trees with diameters in excess of 100 mm will be
avoided by deviation of the survey lines, eliminating
the potential impact on Carnaby’s Black-Cockatoo
breeding habitat.

Measures prepared to manage impact to fauna from loss of breeding
habitat for Black Cockatoos include:
1. Use of existing tracks where aligned with proposed seismic survey
lines.
2. Use of GPS to control alignment of vehicle access lanes.
3. Seismic survey lines deviated around large trees.
4. Induction of seismic contractor personnel to identify large trees with
potential as breeding or roosting habitat.

Breeding habitat suitable for Carnaby’s BlackCockatoo within Development Envelope will be
retained.

Loss of fauna
individuals through
vehicle movement across
areas of potential habitat
(direct impact).

Very low risk as clearing plant and mulching
equipment are slow-moving while clearing, and light
vehicles are slow-moving whilst laying wires.

Measures prepared to manage impact to fauna from loss of fauna
individuals include:
1. Speed limits for vehicle traffic imposed across Development
Envelope.
2. Fauna interaction management measures outlined in EMP
(Appendix 5).
3. Construction of vehicle access lanes and seismic surveying during
daylight hours only.
4. Induction of seismic contractor personnel to identify avoidance
areas.

Maintenance or improvement of native fauna
populations within the Development Envelope.

Increased threat from
feral fauna (including
pigs, goats, cats, rabbits &
foxes) through increasing
exposed areas from
construction of lanes for
vehicle access and
introduction of litter or
foodstuff that may attract
feral species (direct
impact).

Risk of attracting feral fauna through presence of
waste is minimal as there is no on-site camping
proposed, and no on-site waste storage.

Measures prepared to manage impact to fauna from increased threats
posed by feral fauna include:
1. Seismic contractor personnel to camp offsite using existing facilities
in Eneabba.
2. Waste management measures outlined in EMP (Appendix 5).
3. Induction of seismic contractor personnel to identify waste
management measures
4. Feral fauna management measures outlined in EMP (Appendix 5),
including supplementation of the DPaW fox bating program in the
survey area.

There is considered to be limited potential for
increase in feral predatory fauna other than
foxes within the cleared survey lanes. Increase
predation from opening up of habitat through
seismic lines can be mitigated by
supplementing the DPaW fox baiting program
in the area.

Survey lanes will open up habitat and improve
access for larger mammalian carnivores (such as
foxes) until reasonable level of rehabilitation
achieved.
Foxes are understood to be the primary predatory
feral fauna whose occurrence may increase as a
result of the program (N. Woolfrey, DPaW pers.
comm. 10 July 2014).
DPaW fox baiting program may be insufficient to
eliminate the risk of this species increasing its
presence in the Development Envelope.
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Malleefowl mounds and potential Carnaby’s
Black-Cockatoo breeding trees will be avoided.
Mature trees species (with diameters in excess
of 100 mm) that may provide foraging habitat,
will also be avoided.
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The Proposal is consequently expected to meet
the EPA objectives for terrestrial fauna with
respect to retention of black-cockatoo habitat.

The Proposal is consequently expected to meet
the EPA objectives for terrestrial fauna with
respect to loss of fauna through vehicle strike.

The Proposal is consequently expected to meet
the EPA objectives for terrestrial fauna
including increased threat from feral fauna.
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EPA objective

Existing environment

Aspect & potential impact

Impact assessment

Environmental management

Predicted environmental outcome

Degradation of habitat
value through
contamination of surface
soil from use of plant and
vehicles or spread of
dieback or weed species
(indirect impact).

Very low risk of release of hydrocarbons to surface
soil and subsequent impact to vegetation health (see
Flora and vegetation assessment above).

Measures prepared to manage impact to fauna from degradation of
habitat value include:
1. Dieback survey conducted to identify, demarcate and map areas of
identified dieback-affected areas.
2. Vehicle servicing and maintenance will occur offsite. Refuelling will
occur in designated areas, or in accordance with documented
procedures.
3. Hydrocarbon, weed and dieback management measures outlined in
EMP (Appendix 5).
4. Induction of seismic contractor personnel to identify avoidance
areas (dieback) and hygiene measures.

Value of soil quality for providing habitat will be
maintained within the Development Envelope.

Risk of increased intrusion of weed species and
spread of dieback if unmanaged (see Flora and
vegetation assessment above).

There will be no weeds introduced into the
Development Envelope through hygiene
measures to be applied on entry. The potential
risk of spread of weeds within the Development
Envelope will be eliminated by appropriate
avoidance of the mapped areas, or hygiene
measures applied at the boundaries.
No dieback or other soil pathogens will be
introduced into the Development Envelope
through hygiene measures to be on entry.
No dieback or other soil pathogens will be
spread with in the Development Envelope to
areas certified as uninfested through hygiene
measures to be applied at boundaries.
The Proposal is consequently expected to meet
the EPA objectives for terrestrial fauna habitat
with respect to introduction and spread of
weeds and dieback.

Rehabilitation and closure
To ensure that premises
are closed,
decommissioned and
rehabilitated in an
ecologically sustainable
manner, consistent with
agreed outcomes and
land uses, and without
inacceptable liability to
the State.

Part of the Development Envelope impacts the
Beekeepers Nature Reserve.
Recovery of native vegetation across the
Development Envelope is considered
important to maintain habitat connectivity and
diminish boundary effects from fragmentation
across the Development Envelope by
preventing ongoing third party access with the
potential to further diminish vegetation
recovery along survey lines.

Loss of isolation of
vegetation within Nature
Reserve and unallocated
crown land through
unauthorised public
access along survey lines.

Survey lines provide a potential means of public
access to Beekeepers NR, particularly where they
intersect existing cleared tracks. The isolated
location of the Development Envelope will result in
this risk being low, albeit present, particularly prior to
rehabilitation being substantially progressed.
Management measures that reduce the visibility of
the cleared lines from external locations, together
with physical impediments to vehicular entry will
reduce this risk while rehabilitation is in progress.

Measures prepared to manage flora and vegetation recovery following
line closure and potential impacts on the achievement of rehabilitation
and closure criteria include:
1. Rehabilitation management measures outlined in EMP (Appendix
5).
2. Induction of seismic contractor personnel to identify and implement
rehabilitation management measures.
3. Selection of mulching techniques to prevent disturbance of rootstock
and topsoil.
4. Replacement of mulch on lanes to retain topsoil and seedstock and
reduce incidence of erosion and errant dust.
5. Alignment of survey lines to conceal line entrances from existing
tracks.
6. Use of windrowed vegetation (where available) to conceal line
entrances from existing tracks.
7. Rehabilitation completion criteria established with which to gauge
the success of rehabilitation at designated intervals on completion of
survey.
8. Monitoring conducted at designated intervals following completion of
survey.
9. Monitoring results reported to agencies in accordance with
legislative or regulatory requirements.

Complete regeneration of vegetation along
vehicle access lanes following completion of
the Proposal is important to retain the integrity
of the Beekeepers Nature Reserve and
adjacent remnant native vegetation, and to
preserve isolation of the area by discouraging
third party access.
Mulching has been selected as the method of
removal of vegetation to facilitate vehicle
access with the greatest opportunity of
regeneration, through limiting impact to topsoil,
seed stock and rootstock. Mulch will be placed
in-situ to enhance vegetation recovery and
preserve topsoil. Survey lines will be
concealed from track entrances through
orientation out of sight-lines, with natural
barriers used where possible to deter third
party access. Rehabilitation monitoring will be
carried out on an annual basis for a period of
three years following completion of seismic
activities. Details of rehabilitation management
measures are outlined in the EMP.
Native vegetation along survey lines is
expected to recover sufficiently to be
undiscernible from undisturbed vegetation.
The EMP contains monitoring of rehabilitation
success and implementation of contingency
measures should rehabilitation criteria not be
achieved.
The Proposal is consequently expected to meet
the EPA objectives for rehabilitation with
respect to potential public access impacts.

Increase in extent and
type of weed species or
spread of dieback
through unauthorised
public access along
survey lines.

Management measures to limit public access as
described above will serve to limit introduction of
weed species and soil pathogens to an acceptably
insignificant level.
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Public access will be limited such that the risk
of introduction of weeds or pathogens into the
Development Area will be insignificant.
The Proposal is consequently expected to meet
the EPA objectives for rehabilitation with
respect to potential increases in occurrence of
week species or soil pathogens.
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EPA objective

Existing environment

Aspect & potential impact

Impact assessment

Environmental management

Ongoing clearing of
vegetation including
conservation-significant
species by unauthorised
public access along
survey lines.

Management measures to limit public access as
described above will serve to limit potential future
clearing of vegetation to an acceptably insignificant
level.

Change in habitat area
and loss of on-ground
habitat through removal of
foraging species,
increasing boundary
effects and fragmentation
of potential habitat for
Carnaby’s BlackCockatoo, Malleefowl,
Rainbow Bee-eater and
potentially (though
unsubstantiated) Western
Ground Parrot (direct
impact).

The significant residual impacts of implementation of
the Proposal are considered to be low, in view of the
temporary nature of the disturbance, coupled with its
limited relative areal extent (200 ha (approximately
2% of the Development Envelope).

Predicted environmental outcome
Public access will be limited such that the risk
of further clearing within the Development Area
will be insignificant.
The Proposal is consequently expected to meet
the EPA objectives for rehabilitation with
respect to potential future vegetation clearing.

Offsets
To counterbalance any
significant residual
environmental impacts
or uncertainty through
the application of
offsets.

An assessment of residual impacts of the
Proposal identified a temporary reduction in
foraging habitat for Carnaby’s Cockatoos
within the Development Envelope.

The offset proposed is for $200 000 to be provided
to DPaW for use in either land acquisition or for
management within Beekeepers Nature Reserve.
The basis of this offset is described in the Offsets
Strategy (Appendix 6), and is summarised in
Section 7.
The funding provided to DPaW would be used for
one of the following options:
1. Acquisition of land for inclusion into the
conservation estate.
2. Active management, rehabilitation or research
within Beekeepers Nature Reserve (including
weed control, fire protection, dieback mapping
and control, feral animal control, access
management).
3. A combination of land acquisition and active
management/rehabilitation.
4. Land acquisition would be undertaken following
an assessment of potential sites against the
offset criteria and negotiation with the relevant
landholders. No specific site is proposed at this
stage.
The proposed offset funding is expected to result in
the protection of additional lands or the
enhancement and management of current lands
within the conservation estate. The proposed offset
is expected to fulfil the principle of 'no net loss',
consistent with the WA Environmental Offsets Policy
(Government of Western Australia 2011) and the
Australian Government Environmental Offsets Policy
(DSEWPaC 2012). Protection of habitat is also
consistent with the principles of the Carnaby's Black
Cockatoo Recovery Plan (DEC 2012b).
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Measures prepared to manage the achievement of offsets objectives
include:
1. Implementation of Offsets Strategy (Appendix 6).
2. Use of existing tracks where aligned with proposed seismic survey
lines.
3. Use of GPS to control alignment of vehicle access lanes.
4. Construction of lanes and seismic surveying during daylight hours
only.
5. Dense areas of foraging habitat avoided by deviating lines where
possible.
6. Induction of seismic contractor personnel to identify vegetation
species providing foraging habitat, mallee fowl mounds and
potential habitat for Western Ground Parrot.
7. Replacement of mulch on lanes to retain topsoil and seedstock and
reduce incidence of erosion and errant dust.
8. Concealment of entrances to seismic survey lines to diminish reuse
by public.
9. Rehabilitation monitoring carried out at designated intervals to
gauge success of vegetation recovery along seismic survey lines.

The proposed offset is expected to result in the
protection of additional lands or the
enhancement and management of current
lands within the conservation estate, and will
be sufficient to offset the significant residual
environmental impact of the proposal.
The proposed offset is also expected to fulfil
the principle of 'no net loss', consistent with the
WA Environmental Offsets Policy (Government
of Western Australia 2011) and the Australian
Government Environmental Offsets Policy
(DSEWPaC 2012). Protection of habitat is also
consistent with the principles of the Carnaby's
Black-Cockatoo Recovery Plan (DEC 2012b).
The Proposal is consequently expected to meet
the EPA objectives for offsets.
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6.

Cumulative impacts

This section addresses how the Proposal may contribute to cumulative impacts on Flora and vegetation
and terrestrial fauna (see Table 6-1).
Table 6-1: Cumulative impact assessment
Factor

Cumulative impacts

Flora and
vegetation

Cumulative impacts to Flora and vegetation consist of temporary impact to mapped vegetation
communities within the wider Development Envelope and the bioregion.
Approximately 200 ha of impact to native vegetation within the total area of 3142149.4 ha of the
Geraldton Sandplains 2 bioregion constitutes 0.006% impact, with impact expected to last a duration of
three years only.
Approximately 200 ha of impact to native vegetation within the total area of 1171834.9 ha of the
Lesueur Sandplains bioregion also constitutes 0.02% impact, with impact expected to last a duration of
three years only.
Proposed survey lines (184 ha) constitute the following impact to the total area of the Illyarrie and the
Eridoon systems as mapped by Beard, with impact expected to last a duration of three years only:
• Illyarrie – 130.7 ha of 103724.1 ha (0.13%)
• Eridoon – 52.8 ha of 100470.6 ha (0.05%).
Proposed survey lines (184 ha) constitute the following impact to the total area of vegetation
associations as mapped by Beard, with impact expected to last a duration of three years only:
• 352 – 10.2 ha of 884.6 ha (1.15%)
• 377 – 115.6 ha of 65944.2 ha (0.18%)
• 378 –52.8 ha of 97865.6 ha (0.05%)
• 433 – 4.8 ha of 33228.1 ha (0.01%).
The greatest cumulative impact of disturbance to vegetation associations as mapped by Beard
resulting from the Proposal is 1.15%. Remaining cumulative impacts are less than 1% of the three
other vegetation associations located within the Development Envelope.

Terrestrial
fauna

No concurrent surveys are proposed during the Proposal, thus no cumulative impacts to fauna are
associated with the Proposal.
Cumulative impacts to fauna habitat based on temporary reduction in vegetation associations as
mapped by Beard consist of impact to 1.15% of vegetation association 352, and less than 1% impact
to vegetation associations 377, 378 and 433.
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7.

Offsets

7.1

Regulatory guidance and policy

7.1.1

WA Government Environmental Offsets Guidelines (draft)

The WA Government has recently released a draft WA Government Environmental Offsets Guideline
(Offset Guidelines) that is intended to complement the Offsets Policy by clarifying the determination and
application of environmental offsets in Western Australia (Government of Western Australia 2014). The
Offset Guidelines outline the methodology for determining an appropriate offset by identifying the key
elements that should be considered to ensure that decisions made on environmental offsets are consistent
and accountable under the EP Act.
The Offset Guidelines outline the framework for consideration of offsets required under the environmental
approvals process, including demonstrated application of the mitigation hierarchy and assessment of the
residual impacts in relation to relevant EPA environmental factors (Government of Western Australia
2014).
The mitigation hierarchy as documented within the Offset Guidelines is presented in Figure 7–1, in which
the following four scenarios are presented, in decreasing order of environmental impact:
A)
B)
C)
D)

No mitigation measures taken
Mitigation measures employed, but significant residual impact remains
Residual impacts remain significant - Offsets are required
Impacts have been reduced to an acceptable level - Offsets are not required

Figure 7–1: Mitigation hierarchy (EPA Draft Environmental Offsets Guidelines 2012)
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7.1.2

Australian Government policy

The Environmental Offsets Policy (EPBC Act Policy) (DSEWPaC 2012b) defines two types of offsets
•

direct offsets: measures that have on-ground, tangible benefits that improve the viability of the
protected matter

•

other compensatory measures: any other measure that contributes to the overall conservation
outcome of the protected matter.

Principles guiding the EPBC Act Policy are that offsets:
1.

Deliver an overall conservation outcome.

2.

Be efficient, effective, transparent, proportionate, scientifically robust and reasonable.

3.

Be built around direct offsets but may include indirect (i.e. compensatory) offsets.

4.

Be of a size and scale proportionate to the impacts being offset.

5.

Be in proportion to the level of statutory protection that applies to the affected species or community.

6.

Effectively manage the risks of the offset not succeeding.

7.

Be able to be readily measured, monitored, audited and enforced.

7.2

Proposed offset

The key residual environmental impacts of the Proposal after application of the mitigation hierarchy
include:
•

temporary disturbance to up to 200 ha of potential medium-value habitat for Carnaby’s Cockatoo
(63 ha of which is located in Beekeepers Nature Reserve)

•

temporary loss of potential Malleefowl habitat

•

temporary disturbance of 63 ha of vegetation within Beekeepers Nature Reserve.

While the above residual impacts have been identified, these impacts must also be placed in the following
context:
•

no permanent impacts are anticipated as a result of the Survey and disturbed areas are expected
to fully recover within three years

•

broad-scale disturbance is not proposed

•

only less-mature specimens and understorey species (with stem diameters of <100 mm) will be
disturbed, hence the identified 200 ha of disturbance to potential foraging habitat is expected to
be an over-estimation of actual impact

•

mulching, root and seed stock will remain, significantly improving the likely success of
rehabilitation with vegetation expected to fully recover within three wet seasons

•

duration of the project will be short (six weeks within a twelve week window).

The level of residual impact as described above has been used to determine an appropriate level of offsets
for the Survey using relevant State and Australian Government policy and guidance. \While there might be
a view that the significance of the residual impacts are not sufficiently high enough to warrant the provision
of offsets under the State requirements, the Proponent understands that there will be a requirement for
offsets associated with the EPBC Act approval. Appendix 6 presents the Offsets strategy based on
mitigating any significant residual environmental impacts, in accordance with current policy on
environmental offsets. The proposed Offset strategy is intended to achieve the requirements of both State
and Australian Government requirements.
The offset proposed is for $200 000 to be provided to DPaW for use in either land acquisition or for
management within Beekeepers Nature Reserve. This offset is based on an offset ratio of 2:1, where up
to 400 ha could be acquired for conservation at the regional land value of $500/ha. The ratio of 2:1 is
comparable to that generally applied by the EPA for proposals resulting in temporary (albeit over longer
timeframes) impacts. The effect of implementation of the proposed offsets is displayed in Figure 7–2. The
offset assessment is presented in Appendix 6.
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Figure 7–2: Reduction of significant residual environmental impact to acceptable levels using offsets
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Offsets

The $200 000 of funding provided to DPaW would be used for one of the following options:
1.

Acquisition of land for inclusion into the conservation estate.

2.

Active management, rehabilitation or research within Beekeepers Nature Reserve (including weed
control, fire protection, dieback mapping and control, feral animal control, access management).

3.

A combination of land acquisition and active management/rehabilitation.

The proposed offset is expected to result in the protection of additional lands or the enhancement and
management of current lands within the conservation estate. The proposed offset is expected to fulfil the
principle of ‘no net loss’, consistent with the WA Environmental Offsets Policy (EPA 2011) and the
Australian Government Environmental Offsets Policy (DSEWPaC 2012). The Proponent will continue to
liaise with DPaW to more closely define an agreed proposal for disbursement of the proposed offset funds,
with the objective of satisfying the Australian Government requirements.

7.2.1

Alignment with EPA policy

The above offsets strategy has been developed considering the principles of the current State Government
position statement on Environmental Offsets, described in Table 7-1.
Table 7-1: Consideration of EPA policy in design of offset strategy
Principle

Consideration

1

Environmental offsets should only be
considered after all other reasonable
attempts to mitigate adverse impacts
have been exhausted.

Mitigation measures integrated into survey design are summarised in
Table 3-7. Residual impacts prompting the requirement for offsets are
considered to be limited to the temporary disturbance of fauna habitat
across the Development Envelope.

2

An environmental offset package
should address both direct offsets and
contributing offsets.

The offsets strategy proposed takes into consideration the temporary
nature of impacts. Offsets applied will enhance the achievement of
rehabilitation outcomes.

3

Environmental offset and impact
should ideally be “like for like or
better”.

Impact is temporary in nature and expected to fully recover within three
years of survey completion. The offsets strategy has been derived to
improve habitat quality across a greater area within the region, reflecting
the principle of ‘like for like or better’.

4

Positive environmental offset ratios
should apply where risk of failure is
apparent.

Risk of failure of offsets is considered low, as offsets will be applied in
conjunction with rehabilitation integrated into the design of the survey.
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Principle

Consideration

5

Environmental offsets must entail a
robust and consistent assessment
process.

The proposed offsets strategy has taken into account the results of two
flora surveys and a fauna habitat assessment to identify the most
effective manner of improving habitat quality to obtain the greatest
improvement in conservation value of the Development Envelope and
surrounding region.

6

Environmental offsets must meet all
statutory requirements.

All statutory requirements will be met in implementation of the proposed
offsets strategy.

7

Environmental offsets must be clearly
defined, transparent and enforceable.

Offsets shall comprise the provision of a designated amount of funding
to DPaW for application to one or several options for land acquisition or
management, at their discretion. Provision of funding is considered
defined, transparent and enforceable.

8

Environmental offset must ensure a
long lasting benefit.

The provision of additional resources with which DPaW may acquire
land for vested fauna habitat or implement land management to improve
fauna habitat values is considered to ensure a long-lasting benefit to
conservation values of the region.

7.2.2

Alignment with EPBC Act Environmental Offsets Policy

The above offsets strategy has been developed considering the principles of the current Commonwealth
Government offsets policy, described in Table 7-2.
Table 7-2: Consideration of EPBC Act policy in design of offset strategy
Principle

Consideration

1

Deliver an overall conservation
outcome.

Funding provided to DPaW will be utilised for either land acquisition,
land management or a combination of the two, resulting in improved
conservation value of the Development Envelope and Beekeepers
Nature Reserve.

2

Be efficient, effective, transparent,
proportionate, scientifically robust
and reasonable.

Contribution of funding to DPaW (at a designated ratio of land area
impacted) for application towards various land management options or
land acquisition is considered an efficient, effective, transparent,
proportionate, scientifically robust and reasonable manner of achieving
the principle of ‘no net loss’.

3

Be built around direct offsets but
may include indirect (i.e.
compensatory) offsets.

The temporary nature of impacts has contributed to the proposed
provision of funding for use at the discretion of DPaW in place of land
acquisition by the proponent (direct offsets) for vesting as conservation
reserve with DPaW.

4

Be of a size and scale proportionate
to the impacts being offset.

The provision of funding for acquisition or management of land (at a
ratio of 2:1 to that impacted by the survey) has been selected following
consideration of the temporary nature of impacts and the expected full
recovery of native vegetation along vehicle access lanes. DotE has
recognised the calculator used to traditionally calculate direct offsets
requirements does not take into account the temporary nature of
impacts, but that this should be incorporated.

5

Be in proportion to the level of
statutory protection that applies to
the affected species or community.

The research effort or land management initiatives that might be
achieved with the level of funding proposed is considered proportionate
to the conservation status of the MNES that are potentially impacted by
the Proposal, as well as the level of state legislative protection applied to
Beekeepers Nature Reserve. Environmental values within the
Development Envelope are subject to protection under state
environmental and resources approvals and Commonwealth
environmental approvals processes.

6

Effectively manage the risks of the
offset not succeeding.

Offsets are proposed to be implemented in conjunction with
rehabilitation efforts within the Development Envelope, and as such,
risks of offsets not succeeding are considered to be very low.

7

Be able to be readily measured,
monitored, audited and enforced.

The provision of funding is considered readily measurable, able to be
monitored, audited and enforced.

NEE13184_01 R003 Rev 1.docx
23-Jul-14

69

EP413 3D seismic acquisition survey

8.

References

Bureau of Meteorology (BOM) 2012, Climate data online, [Online], Bureau of Meteorology, Available from:
<http://www.bom.gov.au/climate/data/index.shtml>, [8/11/12].
Department of Environment and Conservation (DEC) 2012b, Fauna profiles – Carnaby’s Black Cockatoo
Calyptorhynchus latirostris (Carnaby 1948), Department of Environment and Conservation, Perth,
Western Australia.
Department of Environment and Conservation 2012a, Plants for Carnaby’s Search Tool, [Online],
Government of Western Australia, Available from:
<http://www.dec.wa.gov.au/apps/plantsforcarnabys/index.php >, [13/12/12].
Department of Mines and Petroleum (DMP) & Environmental Protection Authority (EPA) 2011, Guidelines
for Preparing Mine Closure Plans, Department of Mines and Petroleum & Environmental Protection
Authority, Perth.
Department of Mines and Petroleum (DMP) 2012, GeoView, [Online], Government of Western Australia,
Available from: < http://warims.dmp.wa.gov.au/GeoView/Viewer.html?Viewer=GeoVIEW>, [29/11/12].
Department of Sustainability, Environment, Water, Population and Communities (DSEWPaC) 2012,
Environment Protection and Biodiversity Conservation Act 1999 Environmental Offsets Policy,
Commonwealth of Australia, October 2012.
Environmental Protection Authority (EPA) 2000, Environmental Protection of Native Vegetation in Western
Australia, Position Statement No. 2 (PS 2), Environmental Protection Authority, Perth.
Environmental Protection Authority (EPA) 2002, Terrestrial Biological Surveys as an element of
Environmental Protection, Position Statement No. 3 (PS 3), Environmental Protection Authority,
Perth.
Environmental Protection Authority (EPA) 2003, Implementing best practice in proposals submitted to the
environmental impact assessment process, Guidance Statement 55 (GS 55), Environmental
Protection Authority, Perth.
Environmental Protection Authority (EPA) 2004, Terrestrial Flora and Vegetation Surveys for
Environmental Impact Assessment in Western Australia, Guidance Statement No. 51(GS 51),
Environmental Protection Authority, Perth.
Environmental Protection Authority (EPA) 2006a, Environmental Offsets, Position Statement No. 9 (PS 9),
Environmental Protection Authority, Perth.
Environmental Protection Authority (EPA) 2006b, Rehabilitation of Terrestrial Ecosystems, Guidance
Statement No. 6 (GS 6), Environmental Protection Authority, Perth.
Environmental Protection Authority (EPA) 2008a, Environmental Offsets – Biodiversity, Guidance
Statement No. 19 (GS 19), Environmental Protection Authority, Perth.
Environmental Protection Authority (EPA) 2008b, Environmental Offsets – Biodiversity, Environmental
Protection Bulletin No. 1 (EPB 1), Environmental Protection Authority, Perth.
Environmental Protection Authority (EPA) 2010, Timelines for Environmental Impact Assessment of
Proposals, Environmental Assessment Guideline No. 6 (EAG 6), Environmental Protection Authority,
Perth.
Environmental Protection Authority (EPA) 2012, Defining the Key Characteristics of a Proposal,
Environmental Assessment Guideline No. 1 (EAG 1), Environmental Protection Authority, Perth.

NEE13184_01 R003 Rev 1.docx
23-Jul-14

70

EP413 3D seismic acquisition survey

Environmental Protection Authority (EPA) 2013, Environmental factors and objectives, Environmental
Assessment Guideline No. 8 (EAG 8), Environmental Protection Authority, Perth.
Glevan Consulting 2013, Norwest Energy Midwest Project EP413, Phytophthora Dieback Occurrence
assessment, unpublished report prepared for Norwest Energy NL
Government of Western Australia 2011, WA Environmental Offsets Policy, [Online], Government of
Western Australia, Available from: http://www.epa.wa.gov.au/EPADocLib/WAEnvOffsetsPolicy270911.pdf [December 2012].
Griffin, E A & Hopkins AJM 1981, Short term effects of brush harvesting on Kwongan vegetation at
Eneabba, Western Australia, Department of Fisheries and Wildlife, Report No. 45. Perth.
O’Connor 2013, Aboriginal Heritage Survey: Proposed Arrowsmith 3D Seismic Programme – November
2013, unpublished report prepared for Norwest Energy NL
O2 Ecology 2012, Arrowsmith Level 1 botanical survey and threatened fauna assessment report –
November 2012, unpublished report prepared for Strategen Environmental Consultants on behalf of
Norwest Energy NL.
Oriard LL 1994, Vibroseis Operations in an Urban Environment, Bulletin of the Association of Engineering
Geologists Vol. XXXI, No. 3 1994, pp. 344–366, [Online], Available from
https://www.cagc.ca/_files/studies/vibe/v-1.pdf. [15 July 2014].
Shire of Irwin ND, Local Planning Strategy, [Online], Shire of Irwin, Available from:
<http://www.irwin.wa.gov.au/Assets/Documents/Document-Centre/Local%20Planning%20Strategy
(755).pdf>, [07/12/12].
Teasdale DL, Kiker JL, Oriard LL, Dowding CH & Morrison SJ undated, Response of Test House to
Vibroseis Vibrations and Environmental Forces, [Online], Available from:
<http://www.iti.northwestern.edu/publications/dowding/acm/Teasdale_et_al-2006Response_of_Test_House_to_Vibroseis_Vibrations_and_Environmental_Forces.pdf.>, [15 July
2014].
Terrex Contracting 2010, Seismic Line Preparation, Dozer / Grader Manual Environmental Procedures,
Banyo.
Terrex Seismic 2012, Seismic Line Preparation, Restoration and Earthmoving Services, Perth.
Coffey Environments Australia Pty Ltd (Coffey) 2013, West Erragulla Exploration Program – EPBC Act
Referral, report prepared for Warrego Energy Pty Ltd, November 2013.
Western Botanical 2014, Norwest Arrowsmith Seismic Survey Level 2 Flora and Vegetation Survey – April
2014, unpublished report prepared for Strategen Environmental Consultants, April 2014.

NEE13184_01 R003 Rev 1.docx
23-Jul-14

71

