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Invitation to make a submission 
The Environmental Protection Authority (EPA) invites people to make a submission on this 
proposal. If you are able to, electronic submissions emailed to the EPA Service Unit project 
officer would be most welcome. 

ARC Energy Limited and Origin Energy Developments Pty Limited, a wholly owned 
subsidiary of Origin Energy Limited, are proposing to conduct a three dimensional (3D) 
seismic survey over tenements L1, L2 and EP413 as part of their ongoing commitment to 
developing petroleum resources in the Perth Basin. In accordance with the Environmental 
Protection Act 1986, a Public Environmental Review (PER) has been prepared which 
describes this proposal and its likely effects on the environment.  The PER is available for a 
public review period of four weeks from 8 June 2004 closing on 6 July 2004. 

Comments from government agencies and from the public will help the EPA to prepare an 
assessment report in which it will make recommendations to government. 

Why write a submission? 

A submission is a way to provide information, express your opinion and put forward your 
suggested course of action - including any alternative approach. It is useful if you indicate 
any suggestions you have to improve the proposal. 

All submissions received by the EPA will be acknowledged.  Submissions will be treated as 
public documents unless provided and received in confidence subject to the requirements of 
the Freedom of Information Act 1992, and may be quoted in full or in part in the EPA’s report. 

Why not join a group?   

If you prefer not to write your own comments, it may be worthwhile joining with a group 
interested in making a submission on similar issues.  Joint submissions may help to reduce 
the workload for an individual or group, as well as increase the pool of ideas and information.  
If you form a small group (up to 10 people) please indicate all the names of the participants.  
If your group is larger, please indicate how many people your submission represents. 

Developing a submission 

You may agree or disagree with, or comment on, the general issues discussed in the PER or 
the specific proposals.  It helps if you give reasons for your conclusions, supported by 
relevant data.  You may make an important contribution by suggesting ways to make the 
proposal more environmentally acceptable. 

When making comments on specific elements of the PER: 

• clearly state your point of view; 

• indicate the source of your information or argument if this is applicable; and 

• suggest recommendations, safeguards or alternatives. 
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Points to keep in mind 

By keeping the following points in mind, you will make it easier for your submission to be 
analysed: 

• attempt to list points so that issues raised are clear.  A summary of your submission is 
helpful; 

• refer each point to the appropriate section, chapter or recommendation in the PER; 

• if you discuss different sections of the PER keep them distinct and separate so there is 
no confusion as to which section you are considering; and 

• attach any factual information you may wish to provide and give details of the source.  
Make sure your information is accurate. 

Remember to include: 

• your name; 

• address; 

• date; and 

• whether and the reason why you want your submission to be confidential. 

Information in submissions will be deemed public information unless a request for 
confidentiality of the submission is made in writing and accepted by the EPA.  As a result, a 
copy of each submission will be provided to the proponent but the identity of private 
individuals will remain confidential to the EPA. 

The closing date for submissions is 6 July 2004. 

Submissions should ideally be emailed to: 

nick.woolfrey@environment.wa.gov.au 

or addressed to: 

Environmental Protection Authority 
PO Box K822  
PERTH WA 6842 

OR Environmental Protection Authority 
Westralia Square 
141 St George’s Terrace 
PERTH WA 6000 

Attention: Mr Nicholas Woolfrey 
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EXECUTIVE SUMMARY 

Background  

ARC Energy Limited (ARC) and Origin Energy Developments Pty Limited (Origin) are 
proposing to conduct a three dimensional (3D) seismic survey over tenements L1, L2 and 
EP413. This survey is part of their ongoing commitment to developing petroleum resources 
in the Perth Basin.  Seismic surveys provide data to define subsurface geological structures 
and are a critical component of petroleum exploration.  This Public Environmental Review 
(PER) document has been prepared to provide the Environmental Protection Authority 
(EPA), other relevant government agencies and the general public with details on the 
environmental factors and the proposed management strategies associated with this 
proposal. 

Options reviewed  

This PER document examines a number of options to source the seismic data required to 
define petroleum prospects in the region.  It is concluded that a single 3D seismic survey 
would provide the most effective method for acquiring high quality seismic data with low 
environmental impact.  A number of overlapping smaller scale 3D seismic surveys would 
result in cumulative environmental impacts due to the overlapping of seismic lines necessary 
to acquire properly imaged data.  Thus, a single, large scale, 3D seismic survey is the 
selected option.  

Main activities 

The seismic survey is proposed to start in September 2004, taking a total of about 90-120 
days, plus several weeks of preparatory work. The main project activities are: 

• establishing a base camp and ongoing provision of supplies; 

• preparing a survey grid (access line preparation and surveying); 

• drilling boreholes for up-hole logging (necessary to the survey); 

• acquiring data (surface seismic acquisition and up-hole logging); and 

• demobilising, rehabilitating accessed areas and monitoring rehabilitation.  

Areas affected by the proposed seismic survey 

The proposed seismic survey covers a total area of about 39,400ha, of which 18,045ha is 
cleared land, 11,455ha is nature reserve (Beekeepers, Yardanogo and Dongara Nature 
Reserves) and 9,900ha is remnant native vegetation.  Approximately 782ha (2.0%) of this 
area will be accessed for line preparation and acquisition activities (Figure ES.1).  Of this, 
377ha covers cleared land, 279ha covers nature reserves and 126ha covers remnant 
vegetation.   
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Figure ES.1  Total area to be accessed for seismic line preparation (left) and breakdown of 
vegetation types within total area to be accessed (right)  

 

The process used to plan the survey grid has minimised the area of native vegetation that 
will be disturbed by maximising the use of existing tracks, fire breaks, old seismic survey 
lines and other cleared access routes.  Fine-tuning the seismic survey line alignments will 
further reduce the areas of nature reserves and remnant vegetation directly affected by the 
survey.  The proposed method of line preparation (rolling) will minimise disturbance to 
vegetation, and ARC/Origin’s rehabilitation and monitoring programme to facilitate recovery 
of vegetation after the survey will ensure that the disturbance is temporary. 

Environmental factors, objectives and management 

A summary of the key environmental factors, proponent’s objectives, descriptions of the 
existing environment and the environmental management strategies are presented in 
Attachment 1.  Specific auditable commitments have been developed based on these 
management strategies and are listed in Table ES.1.  ARC/Origin’s Environmental 
Management System for this project, which provides a framework for actions, responsibilities 
and outcomes, is detailed in this document.  ARC/Origin’s extensive consultation with local 
communities, landholders and stakeholders is also detailed.   

The proposed seismic survey design, management strategies and commitments presented in 
this PER are designed to minimise long term impact from seismic survey activity in the 
region.  CALM has provided in-principle agreement to ARC/Origin’s strategies for minimising 
impacts to vegetation, subject to ARC/Origin’s ongoing consultation with CALM at key stages 
of the project such as line alignment planning, the implementation of the hygiene protocol, 
and the implementation of the rehabilitation and monitoring programme.  

Conclusion 

ARC/Origin believe that by implementing the management strategies and commitments 
detailed in this PER document, high quality 3D seismic data will be acquired in tenements 
L1, L2 and EP413, without compromising the environmental values of the area, and in 
particular the conservation values of the nature reserves. 

Total area accessed 
during proposed seismic 

survey 782ha
(2.0%)

Area not accessed  
during proposed seismic  

survey 38,620ha
(98.0%) 

Nature reserves 
accessed 279ha

(36%)

Remnant  
vegetation  
accessed 

126ha 
(16%) 

Cleared land 
accessed 377ha

(48%)
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Table ES.1 Proponent’s Environmental Management Commitments for the Denison 3D Seismic Survey 

Topic Proponent’s 
Objective 

Action Timing Advice 

Commitment 1 

Fully implement steps 1 to 17 of the Seismic Survey Line Planning Process (Figure 2.3) presented in this PER 
document, prior to preparing the seismic lines. 

Commitment 2 

Develop an Environmental Management Plan (Denison 3D Seismic Survey Environmental Management 
Plan(EMP)) that incorporates steps 18 to 19 of the Seismic Survey Line Planning Process (Figure 2.3) presented 
in this PER document, and includes specific plans and procedures to: 

• minimise the environmental impacts on native flora, fauna, conservation areas, surface and groundwater, soil 
and landform, and cultural heritage sites; 

• manage the spread of weeds and soil borne pathogens, noise and dust, wastes, hazardous materials, and fire 
risks; 

• engage stakeholders in the planning process and maintain avenues of communication during the survey; 

• train the workforce on the environmental values of the area and the procedures to follow for minimising 
environmental impacts; 

• undertake ongoing auditing and reporting on the environmental performance during the survey; and 

• rehabilitate the survey area and monitor rehabilitation success after the survey has been completed. 

Before the 
survey. 

General 
Environmental 
Management 

Manage the 
environmental 
aspects of the 
Denison 3D Seismic 
Survey to minimise its 
impacts on the 
environment. 

Commitment 3 

Implement the EMP referred to in Commitment 2. 

During all 
phases of the 
survey. 

DoIR; EPA 
Services Unit; 
CALM; FESA; 
Shire of Irwin; 
Department of 
Agriculture 
(DoA). 

Vegetation and 
Flora 

Minimise effects of 
the proposal on 
sensitive areas, 

Commitment 4 

Fully implement steps 1 to 13 of the Vegetation and Flora Management Process (Figure 5.1) presented in this 
PER document, prior to preparing the seismic lines. 

Before the 
survey. 

CALM. 
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Topic Proponent’s 
Objective 

Action Timing Advice 

Commitment 5 

Incorporate into the Denison 3D Seismic Survey EMP, step 14 of the Vegetation and Flora Management Process 
(Figure 5.1) presented in this PER document and specific management measures to: 

• plan the locations of the camp site and seismic lines to minimise impacts on native vegetation; 

• minimise the disruption of native vegetation in nature reserves and other areas of agreed high sensitivity or 
risk when laying out the seismic lines or drilling the up-holes; and 

• protect DRF and Priority listed plant species. 

   discrete colonies of 
rare plants and other 
significant species. 

Commitment 6 

Implement the vegetation management measures detailed in the Denison 3D Seismic Survey EMP. 

During and 
after the 
survey. 

CALM. 

Commitment 7 

Fully implement steps 1 to 10 of the Weed Management Process (Figure 5.2) presented in this PER document, 
prior to preparing the seismic lines. 

Commitment 8 

Incorporate into the Denison 3D Seismic Survey EMP, steps 11 to 17 of the Weed Management Process 
(Figure 5.2) presented in this PER document and specific management measures to control weeds including: 

• appropriate hygiene techniques to control the spread of noxious and environmental weeds along the proposed 
seismic survey areas with high risk; 

• conducting inspections of the survey area for the introduction or spread of weeds; and 

• eradicating introduced weeds where necessary. 

Before the 
survey. 

Weeds Minimise the risk of 
introducing exotic 
species and 
spreading weeds in 
the region. 

Commitment 9 

Implement the weed management measures detailed in the Denison 3D Seismic Survey EMP. 

During and 
after the 
survey. 

CALM. 
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Topic Proponent’s 
Objective 

Action Timing Advice 

Commitment 10 

Fully implement steps 1 to 9 of the Dieback Management Process (Figure 5.3) presented in this PER document, 
prior to preparing the seismic lines. 

Commitment 11 

Incorporate into the Denison 3D Seismic Survey EMP, steps 10 to 14 of the Dieback Management Process 
(Figure 5.3) presented in this PER document and specific management measures to control spread of dieback 
including: 

• appropriate hygiene techniques to control the spread of dieback along the proposed seismic survey areas with 
high risk; and 

• conducting inspections of the survey area for the introduction or spread of dieback. 

Before the 
survey. 

Dieback Minimise the risk of 
introducing or 
spreading dieback 
into uninfected areas 
and areas of agreed 
high sensitivity or risk. 

Commitment 12 

Implement the dieback management measures detailed in the Denison 3D Seismic Survey EMP. 

During and 
after the 
survey. 

CALM. 

Commitment 13 

Fully implement steps 1 to 7 of the Rehabilitation/Revegetation Management Process (Figure 5.9) presented in 
this PER document, prior to preparing the seismic lines. 

Rehabilitation 
and 
revegetation 

Ensure, as far as 
practicable, that 
rehabilitation achieves 
a stable and 
functioning landform 
which is consistent 
with the surrounding 
landscape and other 
environmental values. 

Commitment 14 

Incorporate into the Denison 3D Seismic Survey EMP, steps 8 to 14 of the Rehabilitation/Revegetation 
Management Process (Figure 5.9) presented in this PER document and specific management measures to: 

• plan rehabilitation and revegetation in disturbed areas that is appropriate for the existing land use of the area; 

• engage stakeholders in the planning process; 

• monitor rehabilitation/revegetation against clearly defined completion criteria of rehabilitation success (that 
includes criteria for vegetation, weeds, dieback and significant fauna habitat); and 

• minimise the potential for long-term environmental impacts such as erosion, weed infestation and access by 
the general public. 

Before the 
survey. 

CALM. 
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Topic Proponent’s 
Objective 

Action Timing Advice 

  Commitment 15 

Implement the rehabilitation and revegetation measures detailed in the Denison 3D Seismic Survey EMP. 

Before and 
after the 
survey. 

 

Commitment 16 

Incorporate into the Denison 3D Seismic Survey EMP, specific management measures to: 

• plan the locations of the camp site and seismic lines to minimise impacts on native fauna; 

• minimise the disruption of native fauna in nature reserves and other agreed high sensitivity or risk areas when 
laying out the seismic lines or drilling the up-holes;  

• minimise the impacts on native fauna from the activities of the workforce at the camp; and 

• protect Threatened or Priority fauna. 

Before the 
survey. 

Fauna Maintain the species 
abundance, diversity 
and geographic 
distribution of fauna. 

Protect specially 
protected, threatened 
and Priority fauna and 
their habitats. 

Commitment 17 

Implement the fauna management measures detailed in the Denison 3D Seismic Survey EMP. 

During and 
after the 
survey. 

CALM. 

Commitment 18 

Incorporate into the Denison 3D Seismic Survey EMP, specific management measures to: 

• protect the conservation values of the nature reserves; 

• communicate to the workforce the conservation values and specific procedures to be used when working in 
the nature reserves; and 

• rehabilitate and revegetate disturbed areas to promote recovery of native vegetation in the nature reserves. 

Before the 
survey. 

Conservation 
Areas 

Maintain the 
conservation values 
of the nature 
reserves. 

Commitment 19 

Implement the management measures detailed in the Denison 3D Seismic Survey EMP for protecting the 
conservation values of the nature reserves. 

During and 
after the 
survey. 

CALM. 
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1 INTRODUCTION 

1.1 Purpose and scope of this document 

ARC Energy Limited (ARC) and Origin Energy Developments Pty Limited (Origin) are 
proposing to conduct a three dimensional (3D) seismic survey commencing in September 
2004.  The proposed seismic survey is over tenements L1, L2 and EP413, and is part of their 
ongoing commitment to developing petroleum resources in the Perth Basin.  Seismic surveys 
provide data to define subsurface geological structures and are a critical component of 
petroleum exploration.   

This Public Environmental Review (PER) document was prepared to provide the 
Environmental Protection Authority (EPA), the other relevant government agencies and the 
general public with details on the environmental factors and the proposed management 
strategies associated with the ARC and Origin proposal.  

This document was prepared for the EPA as a requirement of the Environmental Impact 
Assessment (EIA) process under the Environmental Protection Act 1986 (EP Act).  An 
Environmental Scoping Document (IRC Environment 2004) was submitted to the EPA in 
April 2004 to enable the EPA to determine the environmental factors that are relevant and 
significant to this proposal.  The concurrence of these factors by the EPA provides guidance 
in the formulation of this PER document. The structure of the PER document is as follows: 

• Section 1 introduces the proponent and provides an overview of the proposed seismic 
survey, as well as detailing the legislative framework of the proposal; 

• Section 2 outlines the proposed seismic survey and the activities that will be undertaken;  

• Section 3 details of the alternative options considered for acquiring the seismic data 
necessary for petroleum resource development and provides the justification for the 
selection of the proposed option;   

• Section 4 details a description of the existing environment as a foundation for  identifying 
the key environmental factors associated with the proposed seismic survey; 

• Section 5 presents a discussion of the key environmental factors based on the 
environmental description provided in Section 4 and identifies management strategies 
and commitments for these factors; 

• Section 6 outlines the Environmental Management Systems and implementation 
strategies for the proposed seismic survey;  

• Section 7 presents the stakeholder consultation undertaken to identify key environmental 
management issues associated with this proposal; and 

• Section 8 presents conclusions on the expected impacts and risks associated with the 
proposed seismic survey. 
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This PER document and the Environmental Scoping Document are available for download 
(in PDF format) from ARC’s website (www.arcenergy.com.au) and Origin’s website 
(www.origin.com.au). 

1.2 The proponents 

The co-proponents of this proposal are ARC Energy Limited and Origin Energy 
Developments Pty Limited, a wholly owned subsidiary of Origin Energy Limited.  ARC and 
Origin are companies specialising in oil and gas exploration and production. They are joint 
venture partners in a number of tenements as well as operating tenements independently.  

ARC is the operator of Production Licences L1 and L2 in which it owns 50%. ARC’s contact 
details are: 

ARC Energy Limited 
ABN 74 009 204 031 
Level 4 
679 Murray Street 
West Perth, Western Australia, 6005. 
Tel: (08) 9486 7333 
Fax: (08) 9486 7322 

Origin owns the remaining 50% interest in Production Licenses L1 and L2.  Origin is the 
operator of Exploration Permit EP413 in which it owns 49.189%. The other joint venture 
partners of EP413 are ARC Energy Limited (15.495%), Hardman Oil and Gas Pty Ltd 
(22.376%), Voyager Energy Limited (6.27%), Victoria Petroleum NL (5.0%), Norwest Energy 
NL (1.278%), ROC Oil (WA) Pty Limited (0.25%) and John Kevin Geary (0.142%).   

Origin’s contact details are: 
Origin Energy Developments Pty Limited 
ABN 43 008 432 479 
34 Colin Street 
West Perth, Western Australia, 6005. 
Tel:   (08) 9324 6111 
Fax: (08) 9321 5457 

The nominated proponent contact for this proposal is:  
Mr John Nielsen 
Principal Environmental Consultant 
IRC Environment 
Tel: (08) 9481 0100 
Fax: (08) 9481 0111 
email:  john.nielsen@irc-australia.com 

Please note:  In the context of the remainder of this PER document, “ARC/Origin” is used in 
reference to ARC for activities in Production Licences L1 and L2 and, inter alia, in reference 
to Origin for activities in Exploration Permit EP413. 
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1.3 Overview of the proposal 

Seismic surveys are necessary to assist with planning petroleum exploration drilling 
activities.  The primary objective of the seismic programme is to define prospects for future 
drilling and thus contribute to future development of oil and gas production from the 
companies’ tenements. 

The main groups of activities to be conducted to carry out the seismic survey include: 

• establishing a base camp and ongoing provision of supplies; 

• preparing survey grid (access line preparation and surveying); 

• drilling of boreholes (for up-hole logging necessary to the survey); 

• acquiring data (surface seismic acquisition and up-hole logging); and 

• demobilising, rehabilitating and monitoring.  

The 3D seismic survey is proposed to commence in September 2004, taking a total of about   
90-120 days to conduct the survey plus several weeks of preparatory work.   

1.4 Assessment process and legal framework 

1.4.1 Background 

ARC/Origin submitted an Environmental Management Plan (EMP) to the Department of 
Industry and Resources (DoIR) and the EPA on 7 January 2004 as part of its application to 
carry out this survey.  The EPA considered that the proposal warranted formal assessment at 
the level of PER, with a four week review period under the provisions of the EP Act.  The 
EPA notified ARC/Origin of the requirement for a PER on 2 March 2004.   

An Environmental Scoping Document was prepared and submitted to the EPA on 31 March 
2004 as part of this PER level of assessment.  The EPA formally accepted the Environmental 
Scoping Document as the basis for the PER on 16 April 2004.  This PER document has been 
prepared to address the environmental factors considered relevant by the EPA to the 
proposed seismic survey. 

1.4.2 Legal framework 

Activities occurring within tenements L1, L2 and EP 413 are regulated under State 
jurisdiction, although there are Commonwealth Acts, international agreements and industry 
codes of practice that also apply (Table 1.1).  The Western Australian Government’s policy 
prohibiting mineral and petroleum exploration and mining in National Parks and nature 
reserves on all new tenements granted after 10 February 2001 does not apply to the 
proposed seismic survey as tenements L1, L2 and EP413 predate this policy (Norm Caporn, 
CALM, personal communication). 
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Table 1.1 Legislation and industry codes applying to the area of operations 

Jurisdiction Legislation 

Western Australian 
Legislation 

• Aboriginal Heritage Act 1972. 

• Conservation and Land Management Act 1984. 

• Country Areas Water Supply Act 1947. 

• Environmental Protection Act 1986. 

• Heritage of Western Australia Act 1990. 

• Land Administration Act 1997. 

• Petroleum Act 1967. 

• Petroleum Pipelines Act 1969. 

• Pollution of Waters by Oil and Noxious Substances Act 1987. 

• Prevention of Pollution of Water by Oil Act 1960. 

• Schedule of Onshore Petroleum Exploration and Production Requirements 
1991. 

• Wildlife Conservation Act 1950-1980. 

Commonwealth 
Legislation 

• Aboriginal and Torres Strait Islander Heritage Protection Act 1984. 

• Australian Heritage Commission Act 1975. 

• Environment Protection and Biodiversity Conservation Act 1999. 

• Native Title Act 1993 (not applicable to tenements L1 and L2). 

Industry codes of 
practices 

• Code of Environmental Practice (APPEA, 1996). 

1.4.3 Interaction with EPBC Act 

The Environmental Protection and Biodiversity Conservation Act 1999 (EPBC Act) provides 
that certain actions (an action includes a project, development, undertaking or activity) – in 
particular, actions that are likely to have a significant impact on a matter of national 
environmental significance (NES) – are subject to a rigorous assessment and approval 
process.  There are seven matters of NES: 

• World Heritage Properties; 

• National Heritage places; 

• Ramsar wetlands of international significance; 

• nationally listed threatened species and ecological communities; 

• listed migratory species;  

• Commonwealth marine areas; and  

• nuclear actions (including uranium mining). 
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Table 1.2 presents an assessment of the proposed Denison 3D Seismic Survey against the 
EPBC Act matters of NES.  Table 1.3 presents an assessment of the seismic survey in 
relation to threatened and migratory species that potentially occur in the survey area.  On the 
basis of this assessment, ARC/Origin conclude that the proposed seismic survey will not 
have a significant impact on a matter of NES. 
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Table 1.2  Assessment of the Denison 3D Seismic Survey against the EPBC Act matters of NES 

Matter of NES 
(DEH 2002) 

Description Assessment 

World Heritage 
Properties 

 

 

 

A World Heritage property is either: 

• an Australian property on the World Heritage List kept under the World Heritage Convention; or  

• a property declared to be a World Heritage property by the Commonwealth Environment Minister. 

There are no World Heritage Properties in 
or near the proposed seismic survey area.  
Therefore, this proposal does not trigger the 
Act on the basis of this matter of NES. 

National Heritage 
places 

 

 

 

The National Heritage List is Australia's list of places or groups of places with outstanding heritage value to 
the nation - whether natural, Indigenous or historic or a combination of these. 

There are no National Heritage places in or 
near the proposed seismic survey area.  
Therefore, this proposal does not trigger the 
Act on the basis of this matter of NES. 

Ramsar wetlands 
of international 
significance 

 

 

 

A Ramsar wetland is either: 

• an Australian wetland on the List of Wetlands of International Importance kept under the Ramsar 
Convention; or  

• a wetland declared to be a Ramsar wetland by the Commonwealth Environment Minister.   

There are no Ramsar wetlands in or near 
the proposed seismic survey area.  
Therefore, this proposal does not trigger the 
Act on the basis of this matter of NES. 
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Matter of NES 
(DEH 2002) 

Description Assessment 

Nationally listed 
threatened 
species and 
ecological 
communities 

Threatened fauna and flora categorised as follows are matters of NES: 

• extinct in the wild;  

• critically endangered;  

• endangered; and 

• vulnerable. 

Three categories exist for listing threatened ecological communities: 

• critically endangered: if it is facing an extremely high risk of extinction in the wild in the immediate 
future; 

• endangered: if it is not critically endangered and is facing a very high risk of extinction in the wild in the 
near future; and  

• vulnerable: if it is not critically endangered or endangered, and is facing a high risk of extinction in the 
wild in the medium-term future.   

Two listed bird species and eight listed plant 
species potentially occur in the survey area.  
These species are discussed in detail in 
Table 1.3. 

There are no threatened ecological 
communities in or near the proposed 
seismic survey area. 

Listed migratory 
species 

Listed migratory species include species listed in: 

• Appendices to the Bonn Convention (Convention on the Conservation of Migratory Species of Wild 
Animals) for which Australia is a Range State under the Convention;  

• The Agreement between the Government of Australia and the Government of the Peoples Republic of 
China for the Protection of Migratory Birds and their Environment (CAMBA); and  

• The Agreement between the Government of Japan and the Government of Australia for the Protection 
of Migratory Birds and Birds in Danger of Extinction and their Environment (JAMBA).  

Listed migratory species also include any native species identified in an international agreement approved 
by the Commonwealth Environment Minister.  The Minister may approve an international agreement for 
this purpose if satisfied that it is an agreement relevant to the conservation of migratory species. 

Two listed migratory bird species potentially 
occur in the area.  These species are 
discussed in detail in Table 1.3. 
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Matter of NES 
(DEH 2002) 

Description Assessment 

Commonwealth 
marine areas 

The Commonwealth marine area is any part of the sea, including the waters, seabed, and airspace, within 
Australia's exclusive economic zone and/or over the continental shelf of Australia, that is not State or 
Northern Territory waters. 

The proposed seismic survey area is not a 
Commonwealth marine area.  Therefore, 
this proposal does not trigger the Act on the 
basis of this matter of NES. 

Nuclear actions 
(including 
uranium mining) 

A nuclear action is:  

• establishing or significantly modifying a nuclear installation;  

• transporting spent nuclear fuel or radioactive waste products arising from reprocessing;  

• establishing or significantly modifying a facility for storing radioactive waste products arising from 
reprocessing;  

• mining or milling uranium ores, excluding operations for recovering mineral sands or rare earths;  

• establishing or significantly modifying a large scale disposal facility for radioactive waste, whether a 
disposal facility is considered large scale will depend on factors including the activity of the 
radioisotopes to be disposed of, the half-life of the material, the form of the isotopes and the quantity of 
isotopes handled; or  

• decommissioning/rehabilitating a facility/area in which an activity described above has been 
undertaken; or  

• any other type of action set out in the EPBC Regulations.   

The action is not a nuclear action.  
Therefore, this proposal does not trigger the 
Act on the basis of this matter of NES. 
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Table 1.3 Threatened species listed under the EPBC Act that potentially occur in the survey area 

Species Common 
Name 

Listing 
under the 
EPBC Act 

Likelihood of occurrence in the survey area Likelihood of significant impact on this species 

Birds 

Calyptorhynchus 
latirostris 

Carnaby’s 
Black 
Cockatoo 

Endangered. Likely.  Distribution extends from the Murchison River to 
Esperance, and inland to Coorow, Kellerberrin and Lake 
Cronin.  Egg laying occurs between early July and mid-
October (WAM 1999) and after breeding, Carnaby’s Black 
Cockatoo moves to coastal areas in large flocks that wander 
in search of food.   

Although this species potentially occurs in the area during 
the survey, impacts are unlikely due to its widespread 
distribution and transient behaviour. 

Leipoa ocellata Mallee Fowl Vulnerable, 
Migratory. 

Possible.  Distribution, although fragmented, extends from 
Western Australia to central New South Wales.  

Although this species potentially occurs in the area during 
the survey, impacts are unlikely due to its widespread 
distribution and ARC/Origin’s proposed management 
measures to avoid Mallee Fowl habitat. 

Haliaeetus 
leucogaster 

White-bellied 
Sea Eagle 

Migratory. Possible.  White-bellied Sea-Eagles are common in coastal 
and near coastal areas of Australia and are also found in 
New Guinea, Indonesia, China, southeast Asia and India.  

Although this species potentially occurs in the area during 
the survey, impacts are unlikely due to its widespread 
distribution and transient behaviour. 

Plants 

Caladenia 
hoffmanii 

— Endangered. Unlikely. Impacts to this species are unlikely as this species is not 
considered likely to occur in the area. 

Chorizema humile Prostrate 
Flame Pea 

Endangered. Unlikely - not previously recorded in area. Impacts to this species are unlikely as this species has 
not been recorded in the area during vegetation surveys 
and is not considered likely to occur in the area. 

Conostylis dielsii 
teres 

Irwin’s 
Conostylis 

Endangered. Unlikely. Impacts to this species are unlikely as this species is not 
considered likely to occur in the area. 
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Species Common 
Name 

Listing 
under the 
EPBC Act 

Likelihood of occurrence in the survey area Likelihood of significant impact on this species 

Conostylis 
micrantha 

Small-
flowered 
Conostylis 

Endangered. Potentially occurs – not previously recorded in the area, 
however is often associated with vegetation associations 
typical of those found in Yardanogo Nature Reserve. 

Impacts to this species are unlikely due to ARC/Origin’s 
proposed management measures to minimise vegetation 
disturbance in nature reserves (Figure 2.3, Figure 5.1). 

Dryandra 
serratuloides 
perissa 

Northern 
Serrate 
Dryandra 

Vulnerable. Potentially occurs – not previously recorded in the area, 
however is often associated with vegetation associations 
typical of those found in Yardanogo Nature Reserve. 

Impacts to this species are unlikely due to ARC/Origin’s 
proposed management measures to minimise vegetation 
disturbance in nature reserves (Figure 2.3, Figure 5.1). 

Hypocalymma 
longifolium 

— Endangered. Unlikely. Impacts to this species are unlikely as this species is not 
considered likely to occur in the area. 

Leucopogon 
marginatus 

Thick-
margined 
Leucopogon 

Endangered. Unlikely. Impacts to this species are unlikely as this species is not 
considered likely to occur in the area. 

Wurmbea 
tubulosa 

Long-
flowered 
Nancy 

Endangered. Potentially occurs – not previously recorded in the area, 
however is often associated with vegetation associations 
typical of those found in Yardanogo and Dongara Nature 
Reserves. 

Impacts to this species are unlikely due to ARC/Origin’s 
proposed management measures to minimise vegetation 
disturbance in nature reserves. 
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2 THE PROPOSAL 

2.1 Need for the Denison 3D Seismic Survey 

Development of petroleum resources provides significant economic benefit to the State of 
Western Australia through employment and petroleum royalties. The proposed seismic 
survey methodology has been developed to reduce the overall environmental impacts of 
petroleum exploration. 

The following is a brief list of reasons justifying the need for the Denison 3D Seismic Survey: 

• to provide security of supply of hydrocarbon resources in Western Australia; 

• to further develop the Perth Basin as a supply source for gas to the Perth market (the 
Perth Basin is currently the only alternative to gas sourced from the North West Shelf for 
southwest Western Australian gas customers); 

• to maintain or increase the present contribution from this area (approximately 8%) of oil 
self sufficiency for Western Australia; 

• a seismic survey is required in order to define subsurface structures and guide the 
planning of exploration drilling (without the information that would be gathered from the 
proposed seismic survey, the drilling of more exploration wells would be required, which 
in turn would result in unnecessary environmental impact and additional costs); and 

• 3D seismic data provides a better definition of subsurface structures than two 
dimensional (2D) seismic data.  Once this comprehensive 3D seismic data set is 
acquired, further surveys over the region are unlikely to be required, thereby limiting 
environmental impacts in the future. 

3D seismic data previously acquired in the vicinity of the proposed seismic survey area has 
enabled the correct definition of subsurface structures and has lead to significant exploration 
drilling success in the region. For example, oil production from Production Licences L1 and 
L2 is currently over 5,000 barrels of oil per day and accounts for approximately 6% of the 
state’s consumption of petroleum products. Test production from the Jingemia Field in 
Exploration Permit EP413 is currently in excess of 1,700 barrels of oil per day, which makes 
up the additional 2% of production from this region. 

2.2 Location and timing 

The Denison 3D Seismic Survey is planned in the vicinity of the town of Dongara 
(Figure 2.1), approximately 300km north of Perth.  The survey will cover some 39,400ha and 
is expected to commence in September 2004 once regulatory approvals are obtained.  A 
provisional timetable for the survey is outlined in Table 2.1.  It is likely that the proposed 
seismic survey will take between 90-120 days to complete.  Several weeks of preparatory 
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work will also be required to prepare survey access to the receiver and source lines for 
deployment of the equipment for seismic recording. 

Table 2.1 Proposed timeline  

Activity Duration Timing 

Preparatory works. 30 days. September 2004. 

Seismic acquisition. 90-120 days. October 2004-December/January 2005. 

Demobilisation. 15 days. January 2005. 

Rehabilitation. Until completion criteria 
have been achieved. 

Commence November/December 2004. 

The seismic programme is presently proposed to start in the south, moving progressively 
north as an east-west swath of acquisition activity.  However, due to timing of agricultural 
practices there may be a need to change this order of acquisition. 

2.3 General seismic programme 

Terrex Seismic Pty Ltd (Terrex) (formerly Trace Energy Services Pty Ltd), a specialist 
geophysical contractor with experience in acquiring seismic data in the area, will conduct the 
survey under the direct supervision of ARC/Origin personnel.  

The proposed seismic survey comprises a rectangular grid of lines that represent an 
extension of the prior Hovea 3D and Hibbertia 3D Seismic Surveys (acquired in 2001 in an 
area to the east of the proposed Denison 3D Seismic Survey).  For the Hovea and Hibbertia 
surveys, the receiver lines will be oriented east-west and be spaced at 240m.  Source lines 
will be oriented north-south, at a spacing of 480m (Figure 2.2), although in areas of limestone 
outcrop on the eastern side of the survey area, additional source effort will be required.  This 
will be achieved by halving the source line spacing to 240m.   

The area to be prepared for the seismic lines will depend on the existing land use, the ability 
to deviate lines around vegetation and the ability to utilise existing tracks.  New tracks are 
usually 3-4 m wide, with occasional vehicle turning points approximately 5m wide.  Rolling or 
slashing of vegetation is usually sufficient to enable access.  The up-hole locations would be 
widely spaced within the survey area and would be sited on existing access lines, thereby 
avoiding sensitive areas and the need for additional vegetation clearing or earthmoving work 
when preparing the drill site.  
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Figure 2.1 Landsat image showing the proposed Denison 3D Seismic Survey outline (in red) 
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Figure 2.2 Landsat image showing indicative source (north–south 480m spacings) and 
receiver (east–west 240m spacings) lines 1   

 

                                                 
1 The line positions shown on the map are indicative and may be further fine-tuned during the line planning process. 

• Dongara 

        Proposed Seismic  

        Survey Area 
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Table 2.2 presents the key characteristics for the proposed seismic survey and indicates that 
a maximum area of 782ha (2.0% of the total survey area) will be accessed during the 
proposed seismic survey.  This area represents a maximum area that may require rolling for 
source and receiver line alignment.  There are several layers of conservatism built into this 
figure, and when considering the “likely” area to be rolled during line preparation, the 
following factors will reduce the actual area rolled: 

• the flexibility in the alignment of seismic lines allows for large vegetation stands to be 
avoided by deviation;  

• 46% of the survey area is cleared farmland that will require almost no rolling; 

• several existing tracks can and will be preferentially used where practicable; 

• previously cleared and rolled seismic lines can, and will be, preferentially used where 
practicable; and 

• in some areas, seismic receiver lines will be hand carried, eg over dunes and in dense 
vegetation. 

All personnel will be inducted before the start of operations.  Inductions will include coverage 
of safety, cultural heritage and environmental issues. 



Date: 8 June 2004 
Denison 3D Seismic Survey Public Environmental Review 

Document: ENV-REP-04-052-002 Rev 1 
 

 Page 30 

Table 2.2 Key characteristics of the proposal 

Element Description 

Type of survey 3D seismic. 

Timing and Maximum duration of survey Preparatory work ~30 days. 

Survey ~90-120 days. 

Demobilisation ~15 days. 

Total length of seismic lines (line kilometres)  Total line km = 2,229km. 

Total line km over cleared land = 1,076km. 

Total line km over nature reserves = 795km. 

Total line km over other areas of remnant vegetation 
(outside nature reserves) = 358km. 

Average width of line preparation  3.5m.  Width of line rolling dozer is 3m. Therefore line 
width will typically be 3m. However there will  be some 
vehicle turning points of 5m.  

Total area covered survey area 39,400ha. 

Approximate total area of seismic lines that would 
be accessed (ie area of source and receiver lines) 

Approximately 782ha (2.0%) of the total survey area will 
be accessed for data acquisition.   

Approximate area of cleared land in survey area 18,045ha. 

Approximate area of nature reserves in survey area 11,455ha. 

Approximate area of remnant native vegetation in 
survey area (excluding nature reserves) 

9,900ha. 

Approximate area of seismic lines over cleared land 
(non-nature reserve areas) 

377ha. 

Approximate area of seismic lines in nature 
reserves 

Total 278.7ha. 

Beekeepers Nature Reserve = 117ha (2.5% of the 
reserve within the survey area). 

Yardanogo Nature Reserve = 161ha (2.4% of the total 
reserve). 

Dongara Nature Reserve = 0.7ha (1.3% of the total 
reserve). 

Approximate area of seismic lines over remnant 
vegetation (excluding nature reserves) 

126ha (1.3% of the remnant vegetation in the survey 
area outside of nature reserves). 

Approximate number of data acquisition holes
(up-holes) required 

Up to 130 up-holes across the survey, up to 
approximately 50 up-holes in the nature reserves. 

Diameter of data acquisition holes (up-holes) 62.5mm to 75mm. 

Maximum depth of data acquisition holes (up-holes) ≤ 200m. 

Plant and equipment details for survey Camp (including office, mess and accommodation).  

Up to five truck mounted source vehicles. 

Up to 10 camp based vehicles (including fuel, water and 
fire trucks). 

Up to 17 seismic line crew vehicles. 

Approximate number of persons involved ~65 personnel including sub-contractors. 

Operation hours Daylight hours only, 7 days/week. 
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2.4 Workforce accommodation 

To accommodate the crew and minimise travel time for daily activities, it will be necessary to 
construct a base camp.  The specific location of the camp is yet to be determined, but will be 
chosen in consultation with the Shire of Irwin and by negotiation with the relevant landowner.  
There is a possibility that the workforce could be accommodated at the existing Hovea 
Production Facility (HPF) campsite or on a site used previously during a petroleum drilling 
programme.  In the event that neither the HPF nor an old campsite is available, a new 
campsite would be developed.  The camp would be located on cleared farmland near 
Dongara (within approximately 5km to 10km).   

Establishment of the camp will require: 

• clearing of any vegetation in the immediate area to minimise fire risk; 

• possible construction of access tracks to the camp (existing tracks will be used wherever 
possible); 

• transport and placement of portable (caravan or skid mounted) accommodation, 
messing, toilet, bathroom and office units to accommodate approximately 50 seismic 
crew and approximately 15 subcontractors and ARC/Origin staff; 

• establishment of fuel storage, industrial and domestic waste disposal sites if required; 

• provision of potable camp water, by tanker from either the Dongara town water supply or 
local landholders.  Food supplies will be sourced locally where possible; and 

• establishment of electrical supply and communication equipment. 

The seismic survey will require a total of approximately 65 personnel.  The seismic survey 
crew, line preparation and drilling subcontractors will work on a rotational onsite/leave basis 
as determined by contractual obligations and State legislation.  Some elements of the overall 
operation (such as the up-hole drilling crew, fencing crews etc) may be demobilised 
periodically depending on operational requirements.   

Wastes produced by the survey activities are expected to include food scraps, paper, 
cardboard, grey-water, sewage, plastic, tyres, and batteries, and these will be disposed of in 
accordance with relevant regulations and in consultation with the Shire of Irwin. 

2.5 Seismic line planning and preparation 

2.5.1 Seismic line planning 

Before seismic data acquisition can commence, the seismic lines must be planned and 
prepared.  Unlike the installation of electrical transmission lines or oil and gas pipelines, 
seismic lines can be easily deviated to avoid significant stands of vegetation or fauna habitat.  
Figure 2.3 details the process by which seismic line alignment will be determined.  Figures 
2.4 and 2.5 show an example of the flexibility that can be achieved to realign seismic lines to 



Date: 8 June 2004 
Denison 3D Seismic Survey Public Environmental Review 

Document: ENV-REP-04-052-002 Rev 1 
 

 Page 32 

avoid vegetation and other significant environmental features.  The process is iterative and 
works on a continual improvement methodology to minimise the impacts on vegetation.  
Criteria for deviating the seismic lines include: 

• areas of high environmental sensitivity, eg areas with identified Declared Rare Flora 
(DRF) or Priority 1 or Priority 2 flora, trees, slow growing species, wetlands, areas with 
high erosion potential or significant fauna habitat; and 

• areas of high environmental risk, eg weed-infested or dieback-infested areas. 

Key steps in the process to minimise environmental impacts of line preparation are: 

• a desktop review of aerial photographs to identify the boundaries of different vegetation 
community types; 

• a field survey to confirm the distribution of vegetation community types, and identify 
features of particular environmental sensitivity or risk (this survey would collect species 
composition data from within each vegetation community type, and would include 
sampling from replicated sampling points within each community type to characterise 
natural variation); 

• a desktop review of vegetation community types to determine areas of high 
environmental sensitivity, or risk, based on the likely presence of DRF and Priority listed 
flora; 

• confirmation with the Department of Conservation and Land Management (CALM) that 
areas of high environmental sensitivity or risk have been adequately identified, 
particularly with respect to nature reserves, Unallocated Crown Land (UCL) and areas of 
remnant vegetation; 

• a detailed botanical survey of the seismic lines in areas of high environmental sensitivity 
or risk to determine the presence of DRF or Priority species within the proposed 
alignments (the location of other features eg significant fauna habitat, trees, slow 
growing plant species, wetlands, weed and dieback infestations would also be recorded 
during this survey); 

• realignment of the seismic lines to avoid areas of high environmental sensitivity or risk 
and confirmation with CALM that the proposed line alignments are acceptable; 

• develop chaining maps showing all line alignments and all features of high 
environmental sensitivity and risk (the chaining maps would also show the distribution of 
fences, crops, tracks, roads, weed and dieback areas and hygiene points); and 

• supervision of line preparation activities by the ARC/Origin Field Botanist in areas of high 
environmental sensitivity or risk. 
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CALM have provided in-principle agreement to ARC/Origin’s strategy for minimising impacts 
to vegetation (Step 2 of Figure 2.3), subject to ARC/Origin’s ongoing consultation with CALM 
at key stages of the project.  These stages are: 

• Identification of sensitive areas to be avoided by the seismic lines; 

• Final selection of the planned seismic line alignments; 

• Implementation of the hygiene protocol; 

• Development of completion criteria for rehabilitation; and 

• Implementation of rehabilitation and monitoring. 

 



Date: 8 June 2004 
Denison 3D Seismic Survey Public Environmental Review 

Document: ENV-REP-04-052-002 Rev 1 
 

  Page 34 

Figure 2.3 Seismic survey line planning process 

19 - Seismic lines prepared as required

18 - ARC/Origin Field Botanist to supervise
rolling operations in areas of agreed high
sensitivity or risk

17 - Enter all significant features and seismic
lines onto chaining maps

16 - Confirm with CALM that finalised
seismic line alignments are acceptable

15 - Identify whether further seismic line
realignment is required and amend
alignments accordingly

14 - Conduct botanical survey of seismic
lines in areas of high sensitivity or risk
(including GPS locations of significant flora
and other significant features)

13 - Confirm with CALM that seismic line
realignments are acceptable subject to
additional botanical studies in areas of
agreed high sensitivity or risk

12 - Realign seismic lines as required to
satisfy technical requirements

11 - Determine if realignments are
technically acceptable

10 - Realign proposed seismic lines to avoid
areas of high sensitivity or risk (where
practicable)

9 - Confirm with CALM that they agree with
the identified areas of high sensitivity or risk

8 - Identify areas of high sensitivity or risk
based on vegetation mapping, database
reviews and criteria for sensitivity and risk

7 - Ground truth vegetation community types
and areas of high sensitivity or risk

6 - Develop criteria to determine areas of
high sensitivity or risk

5 - Realign seismic lines to avoid stands of
vegetation (ie UCL and remnant vegetation)
and maximise use of existing access

4 - Overlay orthogonal grid of seismic lines
over vegetation (480m x 240m, with 240m x
240m in areas of limestone)

3 - Conduct desktop review of aerial
photography to determine likely vegetation
community types

2 - Confirm with CALM that they agree in
principle with the strategy

1 - Develop strategy for minimising the
environmental impacts of planned seismic
survey lines
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Figure 2.4 Seismic survey grid with no deviation of the lines 

 

Figure 2.5 Seismic survey grid after the lines have been realigned to minimise vegetation 
disturbance2 

 

                                                 
2 The lines may be further realigned if required to avoid other sensitive environmental features. 
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2.5.2 Seismic line preparation 

The line preparation activities are scheduled to start approximately 30 days prior to seismic 
acquisition.  There is a network of sealed and unsealed public roads traversing the survey 
area, and these will be used where possible as access routes and as source or receiver 
lines.  Similarly, existing tracks over private and reserve land will be used wherever possible. 

Source lines are required to allow the seismic vibrators to traverse the survey area, stopping 
at stations 40m apart, where they will generate a vibratory seismic signal that propagates 
into the earth.  Vibrators are approximately 2.5m wide and are transported by trucks along 
seismic lines.  Most of the proposed seismic survey area is cleared farmland and rolling and 
slashing will only be required in areas of remnant vegetation and regrowth areas that can not 
be deviated around. In areas of particularly dense scrub, rolling may not result in a passable 
line and a stick-rake may be necessary to clear the line of larger timber.  In the absence of 
pre-existing tracks or appropriate roads, four wheel drive (4WD) vehicles will use the north-
south source lines to gain access to the east-west receiver lines. 

Receiver lines are required in order to deploy and recover the geophones and cables 
necessary to receive and record reflected seismic signals that return to the surface from 
subsurface rock interfaces.  4WD flatbed vehicles such as Toyota Landcruisers will be used 
when deploying or recovering the equipment.  Rolling vegetation sufficient to enable this 
traffic will be required unless in exceptional terrain (eg problematic access or areas of high 
sensitivity or risk) where preparation by hand and carrying of equipment will be employed. 

In order to minimise environmental impact without compromising safety or the success of the 
survey, line preparation will be carried out by:   

• rolling of vegetation in preference to clearing, so as not to disturb soil or rootstock, and 
using a stick-rake where necessary to make the line passable; 

• receiver lines across dunes will be prepared by hand where no rolling and vehicular 
access is appropriate and receiver line equipment will be hand carried in these areas; 

• allowing diversion from “line of sight” to avoid mature trees or sensitive sites, eg DRF, 
archaeological or heritage sites; 

• an ARC/Origin Field Botanist will advise line preparation crew in areas of agreed high 
sensitivity or risk; and 

• using existing tracks wherever practicable. 
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In the areas where there are active or stabilised dunes with steep or unstable slopes (mainly 
in the Beekeepers Nature Reserve), it is proposed that:  

• receiver equipment will be hand carried across dune slopes and crests with vehicular 
support restricted to intra-dune valleys; 

• “Go-arounds” or diversions of lines to low dune crossings or end of a dune will be made; 
and 

• source lines will be deviated from north-south to an oblique approximately northeast-
southwest orientation to follow intra-dune valleys. 

Clearing is regarded as a prolonged disturbance as it takes vegetation a significant time to 
recover. Clearing is a more destructive method of seismic line preparation as it removes 
rootstock and seedstock (which can be found in the top few millimetres of the soil profile) and 
therefore has a greater potential to impact on species diversity and population. 

Rolling vegetation preserves rootstock and retains seedstock which will increase the success 
of natural rehabilitation and revegetation, and is thus regarded as a temporary disturbance.  
The encouragement of natural rehabilitation will result in fewer areas for ARC/Origin to 
actively rehabilitate, thereby reducing costs of rehabilitation and revegetation programmes in 
the future.  Rolling will only be required in areas of remnant or native vegetation where it is 
not practicable to deviate the seismic lines.   

The survey areas can be divided into three broad categories for the rolling of vegetation:  

• cleared farmland;  

• remnant vegetation; and  

• nature reserves.   

Cleared farmland comprises approximately 45% of the proposed seismic survey area and 
will require almost no rolling as existing tracks and access will be sufficient for the 
deployment of source and receiver lines.  

Remnant vegetation covers approximately 25% of the proposed seismic survey area and will 
require rolling in areas where source and receiver lines can not be deviated.  Aerial 
photographs of areas of remnant vegetation that occurs on farmland and UCL indicate the 
presence of existing access lines that will be used (where practicable) in preference to 
rolling.  Rolling will only be required if a dense stand of vegetation that cannot be deviated 
around is encountered.  In addition to the environmental imperatives, time and cost drivers 
will ensure that ARC/Origin minimise the need to prepare seismic lines across vegetated 
areas. 

Nature reserves cover the remaining 30% of the proposed seismic survey area.  ARC/Origin 
have committed to using existing access (where practicable) that occurs in nature reserves.  
Many 2D and 3D seismic surveys have been undertaken previously within the proposed 
seismic survey area and these lines will be used in preference to rolling new lines by rolling. 
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2.6 Drilling 

Drilling seismic up-holes for data acquisition is a key activity during the proposed seismic 
survey.  A truck-mounted, water-based, rotary drilling rig, similar to those used to drill water 
bores, will be used.   

The up-hole locations will be widely spaced within the proposed seismic survey area 
(approximately 2km apart) and will be sited on existing access lines.  No earthmoving work 
or vegetation clearing will be required in preparing the drill site as the drill rig is truck-
mounted and can utilise existing cleared line intersections. 

To ensure minimum disturbance to local groundwater as a result of drilling, industry-standard 
drilling practices will be employed.  They include ensuring that: 

• cuttings will be stockpiled for replacement into the up-holes once the proposed seismic 
survey is completed;  

• excess cuttings will be spread over topsoil in a thin layer and raked in; 

• no chemicals will be used in the drilling operations; 

• fuels, lubricants and chemicals are stored appropriately in bunded areas and used in 
accordance with relevant Material Safety Data Sheets (MSDS); 

• all solid and industrial wastes are stored in covered skips and disposed of by a licensed 
waste management contractor; and 

• all liquid wastes are stored in appropriate containers and disposed of by a licensed 
waste management contractor. 

Water for drilling up-holes will be derived from existing water wells across the survey area.  It 
is expected that no new water wells will be required.  The up-hole drilling programme 
(including location and depth of up-holes) is currently being developed by ARC/Origin and 
will be provided to the DoIR prior to start of operations.   

ARC/Origin plan to drill a maximum of 130 up-holes.  However, ARC/Origin are currently 
undertaking investigations to improve the interpretation of the seismic data, which could 
reduce the number of up-holes required to somewhere between 80 and 130 up-holes. 

2.7 Seismic data acquisition 

The surface seismic acquisition uses a low energy acoustic source.  ARC/Origin will employ 
Hemi 60 vibrator units capable of a peak force of 60,000lb (27,216kg) and a source 
frequency range of approximately 8-70Hz.  These units are mounted on articulated, all-
terrain, constant-4WD trucks.  The vehicles are approximately 9.5m in length, 3.3m in height 
and 2.4m in width.  The source will be placed every 40m along the seismic source lines 
(oriented north-south). 
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Recording of the seismic energy generated at each vibrator source point is accomplished by 
placing arrays of geophones (sensitive microphones) at 40m intervals along the receiver 
lines.  The geophone arrays are connected by cables to a recording truck.  These cables and 
geophones are deployed and retrieved in multi-phased operations by two separate work 
crews (“front crew” and “back crew”).   

The front crew deploys cables, boxes and batteries from a cable truck (flat bed 4WD 
vehicles).  Geophones are deployed from a second, similar vehicle.  Line workers then 
“plant” the geophones, connecting cable take-outs, cable ends, batteries and boxes.  The 
back crew retrieves cables, boxes, batteries and geophones in a reverse manner.   

Recording the seismic data, including equipment deployment and retrieval, involves 
approximately four active seismic vibrator units, four personnel carriers, twelve 4WD utilities 
and four trucks. 

Up-hole drilling and recording uses a drill rig and an acoustic source to determine near-
surface weathering thickness for correction to sea level datum of the surface seismic data 
acquired by the main seismic crew.  Up-hole recording is done using a geophone array set at 
a range of depths within the hole and a surface “thumper” (100kg weight dropped onto a 
baseplate) as a seismic energy source.  The up-hole layout and geophone placement 
configurations will be in a manner consistent with ARC/Origin seismic data acquisition 
standards.  Explosives will not be used as an energy source. 

Operationally, it is normal to employ 4WD flatbed vehicles such as Toyota Landcruisers to 
transport the source line equipment when deploying or recovering the equipment.  All 
vehicles shall be operated by fully licensed personnel and vehicle movements shall be kept 
to a practicable minimum, with water supply vehicle movements closely managed. 

A fire tender with a 12,000L capacity will be available at all times to address fire risk during 
survey activities.  Additional capability will be provided by an 8,000L potable water truck and 
a trailer mounted 900L fire fighting unit, located at the campsite. Rapid response to fires will 
be provided by fire extinguishers and backpack water prays carried by all vehicles involved in 
the seismic survey.  

2.8 Waste management 

Various types of waste are produced during routine survey operations.  The nature of these 
operational products and information on their management are detailed in Table 2.3. 
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Table 2.3 Waste management 

Waste Item Source Handling method Disposal route 

Drill cuttings Produced during drilling, 
consisting of broken rock 
and soil matter. Only bore 
water will be used during 
drilling operations and no 
drilling chemicals will be 
used during the proposed 
seismic survey. 

Stored on drilling rigs in 
transportable sample pits. 

Cuttings will be stockpiled 
for replacement into the up-
hole once the survey is 
completed.  Excess cuttings 
will be spread over topsoil in 
a thin layer and raked in. 

Domestic wastes Workforce camp. All domestic wastes will be 
collected according to 
Terrex management 
procedures and treatment 
systems. 

Disposal in line with the 
Shire of Irwin waste 
disposal requirements. 

Industrial wastes Industrial wastes produced 
as part of survey activities. 

All industrial wastes will be 
collected according to 
Terrex management 
procedures and treatment 
systems. 

Disposal in line with the 
Shire of Irwin waste 
disposal requirements. 

Hazardous 
materials 

Diesel fuel, lubricants and 
chemicals. 

Hazardous materials will be 
stored separately and 
handling of these materials 
will be done in accordance 
with Terrex dangerous 
goods procedures. 

Disposal in line with the 
Shire of Irwin waste 
disposal requirements. 

2.9 Storage and handling of hazardous materials 

Table 2.4 presents the inventories of hazardous materials that will be used during the survey.  
The most significant hazardous material involved in this project will be fuel.  All vehicles and 
seismic units used on the survey will use diesel as fuel.  Vehicles will usually refuel either at 
the base camp from an on-site fuel trailer, or from a fuel truck when in the field.  The seismic 
survey trucks will be the largest consumers of diesel and will be refuelled daily.  These trucks 
will be refuelled within existing road easements and cleared areas and will not be refuelled in 
the nature reserves.   

Other hazardous materials include sewage (chemical toilets at base camp), gas (for kitchen 
activities), batteries, engine oils and hydraulic fluids (for seismic vibrators).  No drilling 
chemicals will be used during the proposed seismic survey.  Hazardous inventories such as 
hydraulic fluid, solvents and battery acid will be stored in small quantities on site or deployed 
to the field via a properly equipped Mechanical Service Truck for use in maintaining the field 
equipment (as per the DoIR approved Production Licence L1 and L2 Operations Safety 
Case).  Relevant MSDSs are available for each material. 
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Table 2.4 Hazardous inventories 

Substance Purpose Estimated inventory 

Diesel (at base camp) Vehicle refuelling. 

On-site generation. 

Up to 20,000L 

~200L 

Chemicals for toilets Campsite use. Negligible quantities. 

Gas Kitchen and campsite use. Negligible quantities. 

Batteries, battery acid Equipment servicing. ~20L 

Engine oils/Grease Equipment servicing. ~1,000L 

Hydraulic fluids Equipment servicing. ~1,000L 

An MSDS will be made available and easily accessible for each chemical substance to be 
brought onto ARC/Origin sites.  A Hazardous Materials Register is maintained by the Terrex 
Operations Manager at the project location that includes MSDS information.  The Terrex 
Operations Manager is responsible for monitoring that the operational team maintains the 
Hazardous Materials Register.  All Terrex personnel are familiar with handling these 
materials and are trained in the appropriate treatment of personnel exposed to these 
materials as per MSDSs.  

2.10 Rehabilitation/revegetation and monitoring 

2.10.1 General 

Land rehabilitation and monitoring is aimed at minimising the potential environmental impacts 
of the proposed seismic survey, in particular the loss of DRF and Priority species and the 
loss of topsoil and erosion from wind and water.  Areas that will be rehabilitated and/or 
revegetated are: 

• nature reserves;  

• remnant vegetation on farmlands;  

• cleared farmlands;  

• drill holes; and  

• access roads.  

2.10.2 Development of completion criteria 

ARC/Origin will carry out rehabilitation work at the completion of the proposed seismic 
survey, including closing the line entrances from access tracks.  Controlled fires may be used 
where appropriate to promote regeneration but only in consultation with CALM and FESA.  
To ensure rehabilitation of disturbed areas is successful, ARC/Origin will develop 
rehabilitation and revegetation completion criteria in conjunction with CALM and conduct a 
series of monitoring programmes to audit progress towards achieving these criteria.  
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Completion criteria will be specific to each vegetation community type and will be based on 
both landform and vegetation parameters.   

Audits against ARC/Origin’s completion criteria for rehabilitation and revegetation will take 
place within two weeks of the end of the seismic survey and after the first wet season, with 
attention paid to third party access, rehabilitation and revegetation progress and the 
presence of introduced weeds and dieback.  Monitoring rehabilitation and revegetation will 
be carried out (with participation from CALM and DoIR) following the second wet season of 
the survey, until signoff by CALM.  Areas or issues identified as action items will be 
addressed by ARC/Origin within three months of the audit. 

2.10.3 Unauthorised third party access 

Unauthorised access by third parties to areas of high sensitivity or risk is a key concern 
during and after the proposed seismic survey.  Increased access as a result of the proposed 
seismic survey could allow unauthorised vehicles and personnel to introduce and spread 
weeds and diseases such as dieback.  ARC/Origin will block the seismic line entrances from 
access tracks on completion of the project to deter casual use by unauthorised third parties.  
Local materials such as dead branches or dead vegetation from the immediate area will be 
used.  This strategy has proven successful on previous surveys within the Beekeepers 
Nature Reserve.  The use of wire fences is considered a risk in case third parties use a line 
in the event of emergency, such as a bush fire.  Further disturbance to vegetation may also 
occur when fences are eventually removed.  The use of signs has also proven to be of 
limited value in past trials and in some cases served to highlight the existence of lines, 
thereby attracting unauthorised third party access.  CALM will be consulted with respect to 
the use of fencing and signage to close survey line entrances. 

In areas where suitable local materials are not available, the dog-legged entrances will be 
mulched to disguise wheel tracks and aid the re-generation of plants.  Smoke-water 
treatment may be used to stimulate seed germination and growth.  On dog-legged entrances 
in soft sand areas where wheel rutting has occurred, smoothing of the surface may be 
required before mulching. 

CALM will be consulted regarding designated flower picking tracks in the UCL on the eastern 
side of the Yardanogo Nature Reserve and entrances to these will remain open.  CALM has 
management responsibility for the flora industry on UCL.  Licence conditions prevent flora 
pickers from driving on seismic lines which have been recently created or picking in nature 
reserves.  Only a relatively small section of the UCL is affected by the survey and this is 
contained within the overlap zone with the previous Beharra Springs 3D Seismic Survey and 
Hibbertia 3D Seismic Survey.  
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3 OPTIONS CONSIDERED 

3.1 Background 

Three alternative options were considered by ARC/Origin for the Denison 3D Seismic 
Survey:  

1. No survey. 

2. Conducting a series of 2D seismic surveys over a longer timeframe. 

3. Conducting a series of smaller scale 3D seismic surveys. 

The criteria used to compare options were based on economic, environmental, logistical and 
safety issues. Sections 3.2 to 3.4 describe these alternative options.  Section 3.5 provides 
the rationale for selecting the preferred option described in Section 2. 

3.2 Option 1 – no survey 

The seismic method is the only tool available that collects sufficient key data about the 
geology of an area without significant drilling.  Absence of seismic survey data would impose 
a prohibitively wasteful, expensive and environmentally undesirable requirement of pattern-
drilling to explore for hydrocarbons. 

3.3 Option 2 – series of 2D seismic surveys 

2D seismic surveys have been used in the Perth Basin since the 1950s, but suffer from 
inadequate subsurface coverage and resolution to adequately define drilling targets. This 
results in misplaced drill-holes and higher drilling risks.  Historically, there is always a need to 
infill 2D line coverage to resolve key prospect risks and uncertainty. This has resulted in 
almost annual acquisition programmes in the region of the proposed seismic survey causing 
environmental disturbance each time.   

3.4 Option 3 – series of smaller scale 3D seismic surveys 

Small scale 3D seismic surveys are an inefficient means of acquiring properly imaged data 
that is useful in the exploration of hydrocarbons.  On any seismic survey or line, the outer 
“halo” or fringe is inevitably “under-sampled” and incorrectly imaged.  Depending upon the 
depth of the primary targets, this sub-optimal zone of the data is typically at least 2km wide.  
Thus, a 6km by 6km square seismic survey will only have about 4km2 (11%) of well imaged 
information versus a 20km by 20km square survey with 256km2 out of 400km2 (64%) being 
well imaged (Figure 3.1).  In order to achieve proper coverage of the subsurface, this under-
sampled halo would have to be overlapped by the next, adjacent 3D seismic survey (as is 
required where the Denison 3D overlaps the pre-existing Hovea 3D), resulting in cumulative 
access requirements and potential environmental impacts.  
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Further, a patchwork of small seismic surveys acquired over successive years does not allow 
the regional geology to be interpreted in a timely manner, degrading the efficiency and 
effectiveness of the exploration process. 

Figure 3.1  Example of under-sampling in large and small scale 3D seismic surveys 
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3.5 Option 4 – full scale 3D seismic survey (selected option) 

The acquisition of a single, larger scale 3D seismic survey, compared to alternative options, 
satisfies the subsurface sampling needs of the exploration programme, eliminating the need 
to revisit the area for seismic acquisition in the foreseeable future (at least 10 to 15 years).  A 
single, larger scale seismic survey thus minimises the environmental impact in the area.   

The location of the proposed 3D seismic survey is dictated by the distribution of prospectivity, 
which is the result of the interpretation of all the existing data (both local and more regional) 
and including fields, wells and previous 2D and 3D seismic surveys.  Location of the 
proposed 3D seismic survey outside of the prospective area would be pointless. 

There are many alternative and variously complex seismic survey acquisition geometries 
(line patterns) technically capable of acquiring adequate data over the area of the seismic 
survey.  The seismic survey pattern chosen (perpendicular source and receiver lines) 
achieves the required subsurface sampling density, and also: 

• is the most simple and efficient geometry when access is constrained by environmental 
considerations to along the lines only (ie no cross-country access); 

• minimises the amount of manual handling of geophones and cables (ie vehicular traffic), 
thus improving the rate of data acquisition;  

• will enable a seamless join onto the pre-existing surveys which employed the same 
acquisition geometry; and 

• allows some flexibility in the selected survey pattern, with the ability to both move the 
source lines to maximise use of existing access and avoid sensitive locations (eg stands 
of remnant vegetation or Mallee Fowl mounds). 

Truck mounted vibrators are proposed as the seismic source for this survey.  Dynamite was 
considered as an alternative, but safety (handling explosives), environmental (noise and 
intensity of vibrations) and data quality issues (previously shown to be inferior in this area) 
caused this option to be rejected.  The vibrators (although mounted on large, heavy vehicles) 
allow rapid, safe data acquisition with less intense vibration of the ground near the source (to 
minimise ground disturbance and structural damage) and have been shown to acquire better 
data. 

Management strategies have been developed to minimise impacts on the environment, in 
particular to remnant native vegetation, nature reserves, fauna, areas of high sensitivity or 
risk, areas with high susceptibility to erosion and water courses.  These strategies are 
detailed in Section 5 of this document. With the implementation of these environmental 
safeguards, the selected option provides the best method for acquiring high quality seismic 
data with low environmental impact. 
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4 THE EXISTING ENVIRONMENT 

4.1 Physical environment 

4.1.1 Climate 

The region has a Mediterranean-type climate, characterised by seasonal patterns of hot, dry 
summers and mild, wet winters.  The area is subject to high wind speeds, dust storms and 
lightning storms.  The nearest Bureau of Meteorology (BoM) stations are at Geraldton and 
Mingenew.  Mean annual climate statistics recorded at these stations are shown in Table 4.1.  
Temperature ranges from 18°C-36°C in January and February to 7°C-20°C in August 
(Figure 4.1) (BoM 2004).  

Table 4.1 Mean climate statistics for survey area  

Parameter Value 

Mean maximum temperature 25.7ºC 

Mean minimum temperature 13.5ºC 

Mean annual rainfall  464mm 

Maximum wind gust 143km/h 

Humidity (at 09:00 hours) 60% 

Humidity (at 15:00 hours) 49% 

Figure 4.1 Average maximum and minimum temperatures (°C) for Geraldton and Mingenew 
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Annual rainfall is approximately 460mm. There is dominant winter rainfall with approximately 
55% of annual rainfall occurring between June and August.  Daily rainfall ranges from    
5mm-10mm in December-January and 85mm-110mm in June (Figure 4.2).  During the 
summer months, rain occurs only rarely (Figure 4.3), resulting in a seasonal drought, which 
lasts approximately four months (BoM 2004).   

Geraldton wind data for the period 1990-2002 shows that the wind is predominantly from a 
southerly direction, with a daily land and sea breeze pattern of strong winds (20-40km/h) 
from the south southeast and south southwest respectively.  Gales (wind speed >60km/h) 
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occur in every month of the year and are particularly common in mid-winter and mid-summer 
(BoM 2004). 

Figure 4.2 Average daily rainfall (mm) for Geraldton and Mingenew 
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Figure 4.3 Mean number of rain days per month for Geraldton and Mingenew 
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4.1.2 Fire restriction periods for the Shire of Irwin 

The Shire of Irwin designates a prohibited burning period when it is an offence to light a fire 
in the open air. Immediately before and after the prohibited period, a restricted burning period 
applies (Table 4.2). A permit must be obtained before lighting a fire in the open air during the 
restricted period. In addition, the Shire may call for a total fire ban on any day they consider 
to be of Very High Fire Danger or Extreme Fire Danger. 

The seismic survey is currently proposed to run concurrently with the restricted fire period 
and, as such, liaison will be maintained throughout the seismic survey with the Shire of Irwin 
and the Shire’s Chief Fire Control Officer. Any vehicle movement in the seismic survey area 
will adhere to declared total fire bans by halting all field operations unless otherwise 
approved by FESA. 
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Table 4.2 Fire Restriction periods for the Shire of Irwin in 2004 

 

4.1.3 Air and noise 

The ambient air quality in the proposed seismic survey area is determined primarily by the 
following regional sources of air emissions: 

• Gypsum mine (in Exploration Permit EP413); 

• Jingemia oil production facility; 

• Beharra Springs gas production facility; 

• Hovea oil production facility; 

• Eremia oil production facility; 

• CMS gas plant; 

• Cockburn Cement plant; 

• rural plant and machinery use; 

• fishing vessels; 

• trains; 

• Dongara Airport; 

• activities within the town of Dongara; 

• road traffic on the Brand Highway; and 

• wind-raised dust from bare sand dunes and cropping land. 

These activities have a relatively low impact on the area so the ambient air quality can be 
considered good.  Activities associated with conducting the proposed seismic survey are 
similar to rural plant and machinery use activities.  No air quality surveys have been 
conducted by ARC/Origin in the proposed seismic survey area. 

The ambient noise level in the proposed seismic survey area is dominated by natural 
environmental sources such as the wind and fauna.  Noise from traffic travelling the Brand 
Highway, trains, aircraft and rural activities would also contribute to the noise in the proposed 
seismic survey area.  The main source of noise from the proposed seismic survey is from 
running diesel engines on the seismic source trucks.  This noise is equivalent to a farm 
tractor under heavy load or to a road train.  Therefore, the noise from the proposed seismic 
survey is considered to be similar to noises commonly experienced in the area from rural 
activities and road traffic.  The proposed seismic survey will be carried out only during 

Month Jan Feb Apr May Jun Jul Aug Sep Nov Dec

Prohibited Fire Period
Restricted Fire Period
No Fire Restrictions

Mar Oct 
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daylight hours.  ARC/Origin have consulted extensively with landholders and this will 
continue throughout the proposed seismic survey to avoid any adverse noise impacts from 
the survey vehicles and activities.   

4.2 Geology and geomorphology 

4.2.1 Overview 

The proposed Denison 3D Seismic Survey is located on both sides of the Brand Highway 
and extends westward to the coast.  It is situated entirely in the Geraldton Sandplains 
Biogeographical Region (Environment Australia 2000).  The area incorporates an area of 
sand dunes (both stabilised and mobile) and dense coastal scrub nearer the coast and large 
areas of cleared agricultural land particularly in the northern and eastern parts of the project 
area.  Within this region, three broad physiographical units are recognised; the Swan Coastal 
Plain, the Arrowsmith Region and the Dandaragan Plateau (Figure 4.4).  

4.2.2 Swan Coastal Plain 

The Swan Coastal Plain forms an elongated strip approximately 40km wide running along 
the coast of Western Australia through the entire extent of the proposed seismic survey area. 
It is bounded to the east by the Gingin Scarp and to the west by the Indian Ocean. The 
region is typically a low lying, gently undulating area covered by quaternary coastal dunes 
and marine deposits. Alluvial deposits are common adjacent to the scarps and are also 
deposited in valley floors, typically in close proximity to river systems.  

The coastal plain region can be further subdivided into three geomorphic units: the Coastal 
Belt, Bassendean Dunes and Eneabba Plain. The Coastal Belt contains the Quindalup and 
Spearwood dune systems and extends approximately 20km inland.  The Quindalup dunes 
comprise Holocene Safety Bay sands occurring as both stabilised and mobile dunes 
overlying Tamala Limestone. The Pleistocene Spearwood dunes are located inland of the 
Quindalup system and comprise a core of Tamala Limestone overlain by yellow sands 
forming shore parallel limestone ridges. The Tamala Limestone forms a karst limestone 
terrain up to 70m above sea level and 30m to 40m above the level of the Eneabba Plain.   

The Bassendean Dunes occur within a low-lying zone between the Coastal Belt and Gingin 
Scarp, south of Cockleshell Gully. The dunes form low hills with elevations rarely exceeding 
100m above sea level. The dunes comprised leached quartz sand and represent a series of 
coastal dunes and associated shoreline deposits. They are orientated sub parallel to the 
contemporary coastline.  Numerous lakes and seasonal swamps occur within the inter-dunal 
areas. 

The Eneabba Plain is the northward extension of the Bassendean dune system and is a low-
lying area between the Coastal Belt and Gingin scarp.  It comprises a series of early 
Pleistocene/late Tertiary shoreline, lagoon and dune deposits with local concentrations of 
heavy minerals. 
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Figure 4.4 Physiographical units in the Geraldton Plains Biogeographical Region 
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4.2.3 Arrowsmith Region 

The Arrowsmith Region lies between the Swan Coastal Plain and Dandaragan Plateau.  The 
region is bounded by the Dandaragan and Gingin Scarps.  It comprises undulating sandy 
regions with laterite breakaways occurring at the crest of hills. 

The Arrowsmith Region is relatively more dissected than the Dandaragan Plateau.  Surface 
drainage in the region is typically ephemeral, terminating in lakes and swamps of the Swan 
Coastal Plain. 

4.2.4 Dandaragan Plateau 

The Dandaragan Plateau is characterised by flat to undulating, often un-dissected sand and 
laterite capped plateau. When present, valleys are typically deep and V-shaped.  Deep 
yellow sands are common in the uplands with deep red and yellow sands common in the 
valley floors. 

4.3 Soils 

The soil types occurring in the region are shown in Figure 4.5.  Soil data were sourced from 
the Department of Agriculture, Western Australia, in November 2003.  Table 4.3 provides a 
detailed description of each soil type shown in Figure 4.5. 

Table 4.3  Soil types occurring in the region 

Legend Key Name Summary description 

221Cy_4 Correy 4 Subsystem 
Alluvial fans and dunes outwashed from scarp; pale and yellow deep 
sands. 

221GaIR1 
Greenough Irwin 
Subsystem, phase 1 

Level alluvial flats with loamy duplex soils and alkaline grey clays. 

221GaIR2 
Greenough Irwin 
Subsystem, phase 2 

Level alluvial flats with sandy and loamy duplex soils. 

221In_2 Indoon 2 Subsystem 
Plain associated with lake, lower lying areas seasonally inundated 
seasonally inundated, small lakes too small to map.  Cracking and 
non-cracking clays; water; pale deep sands on lunettes. 

221In_3 Indoon 3 Subsystem 
Plain, Narrow, poorly drained clayey plains with York Gum adjacent to 
the coastal limestone; grey duplex soils.  Grey sandy and loamy 
duplex soils, and grey clays. 

221Qu_1 Quindalup Subsystem 1 Coastal dune system, no fixed drainage. 

221Qu_2 Quindalup Subsystem 2 Coastal dune system, no fixed drainage. 

221Qu_3 Quindalup Subsystem 3 Coastal dune system, no fixed drainage. 

221Ta_3 
Tamala South 
Subsystem 3 

Low hills with relict dunes and some limestone outcrop; Deep and 
shallow yellow sand over limestone. 

221Ta_4 
Tamala South 
Subsystem 4 

Low hills with relict dunes and some limestone outcrop; yellow shallow 
sand with limestone outcrops and yellow deep sand. 
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Legend Key Name Summary description 

221Ta_5 
Tamala South 
Subsystem 5 

Low hills with relict dunes and some limestone outcrop; Calcareous 
shallow and deep sands. 

221Ta_6 
Tamala South 
Subsystem 6 

Low hills with relict dunes and some limestone outcrop.  Red shallow 
sand and limestone outcrops. 

221Ta_7 
Tamala South 7 
Subsystem 

Level to gently undulating sandplain; Yellow deep sand. 

221Ta_8 
Tamala South 8 
Subsystem 

Level to gently undulating sandplain with numerous small playas and 
swampy depressions; Yellow and pale deep sands with some swamp 
soils. 

221Ta_9 
Tamala South 9 
Subsystem 

Swamps and playas similar to those found in Ta8 but significantly 
larger; shallow loams and sands, commonly wet. 

224Ir_1 Irwin Subsystem 1 Level alluvial flats with loamy duplex soils and alkaline grey clays. 

224Ir_2 Irwin Subsystem 2 Level alluvial flats with sandy and loamy duplex soils. 

224Ma_5 
Mount Adams 5 
Subsystem 

Gentle slopes of subdued scarp; Pale, Gravelly pale and Yellow deep 
sands. 

224Ma_8 Mount Adams 8 Mixture of Ma subsystems, mainly Ma 1, 3, 4 and 5. 

224Mh Mount Horner System 
Lateritic breakaways with spillway sands.  Long gentle slopes broken 
by low gravel ridges and broad open depressions.  Pale and yellow 
deep sands with sandy gravel and sand over gravel. 

224MhAL 
Mount Horner Allanooka 
Subsystem 

Level to very gently inclined drainage depressions at low positions in 
the landscape; Grey deep sandy duplexes and pale deep sands. 

224MhTA 
Mount Horner Tamala 
Subsystem 

Low hills with relict dunes and some limestone outcrop.  Forms a 
coastal band 3 to 7 km wide. 

Within the proposed Denison 3D Seismic Survey area, three broad soil landscape systems 
are predominant:  

• the Quindalup system (coastal sand plain and dune systems); 

• the Tamala system (yellow, red and black sands on limestone); and  

• the Irwin system (alluvial valley systems).   

The Quindalup soils are developed on coastal dunes and are comprised of unconsolidated 
calcareous sand with some accumulation of organic matter under native vegetation and on 
older dunes and in swales.  The Tamala system is developed upon a series of low shore-
parallel dunes/hills located immediately inland of the Quindalup system. Soils comprise well-
drained calcareous black sands, neutral reddish brown sands and neutral yellow sands.  The 
Irwin system occurs on level to gently inclined alluvial flats and terraces of the Irwin and 
Lockier Rivers. Soils comprise imperfectly drained alkaline grey clays and loamy gradational 
and duplex soils.  
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Figure 4.5 Soil landscape systems 

 

• Dongara 

Proposed Seismic Survey Area 



Date: 8 June 2004 
Denison 3D Seismic Survey Public Environmental Review 

Document: ENV-REP-04-052-002 Rev 1 
 

 Page 54 

4.4 Surface water and drainage 

The Irwin River valley is the only major coordinated drainage indentation within the proposed 
seismic survey area.  The porous and permeable coastal limestones and dune systems tend 
to allow rainwater to infiltrate to the water table rather than running off the land surface, 
giving rise to the lack of defined watercourses in much of the proposed seismic survey area.  
A number of swamps surrounded by dense scrub, frequent limestone outcrops and the 
occasional laterite outcrop are the other major features in the region.  Inspection of aerial 
photographs suggests that several wetland areas could occur within the Yardanogo Nature 
Reserve. 

4.5 Groundwater 

Shallow groundwater lenses are located within the Tamala Limestone and most probably 
occur within the proposed seismic survey area, forming an unconfined aquifer in which the 
groundwater is mainly recharged from local rainfall.  There may be an upward discharge of 
groundwater from the Yarragadee aquifer into the overlying formations beneath the western 
side of the coastal plain.  An underlying Tertiary age aquifer in the general area is poorly 
defined.  The groundwater flows westwards to discharge into the sea over an inferred wedge 
of saltwater, which extends for an unknown distance inland.  There is no known economic 
use of the shallow groundwater resource in the proposed seismic survey area. 

The water table across the proposed seismic survey area is at, or near surface in the 
aforementioned swamps and low lying areas. The water table follows the surface 
topography, but with lower relief. 

The survey area is underlain at depth by the unconfined Perth-Yarragadee North aquifer 
(Late Jurassic age) consisting of sandstone, shale, siltstone and claystone.  The water-
bearing sandstone units are up to 30m thick. 

4.6 Vegetation and flora 

4.6.1 Introduction 

The proposed seismic survey area encompasses an area of approximately 39,400ha, and 
extends along the coastline from between 10km north of Dongara, to approximately 7km 
south of White Point.  It extends inland to include the Yardanogo Nature Reserve, 
approximately 15km east of White Point, to 10km east of Dongara.  Native vegetation 
comprises approximately 55.1% of the proposed seismic survey area (21,700ha), of which 
54.4% is located within Nature Reserves, including the northern section of the Beekeepers 
Nature Reserve, Dongara Nature Reserve and Yardanogo Nature Reserve.   

The proposed seismic survey area is located within the Irwin Botanical District (Northern 
Sandplains Region), within the Southwest Province as defined by Beard (1990).  The Irwin 
Botanical District extends from Leeman in the south (northern limit of Banksia low woodland), 
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north to the Zuytdorp Cliffs south of Shark Bay, extending on the east along the Darling 
Fault.  The district is described as “scrub heath on sandplains near the coast; Acacia-
Casuarina thickets further inland.  Acacia scrub with scattered trees of Eucalyptus 
loxophleba on the hard-setting loams” (Beard 1990). 

The Kwongan vegetation community type, commonly referred to as sandplain heath, once 
covered 81.5% of the northern sandplains region.  Acacia scrub with or without scattered 
trees occupied an original 14.3% of the region, and Eucalyptus woodland covered only 2% of 
the original vegetation (Beard 1990).  Kwongan vegetation is known for high species 
richness and degree of endemism (Hopkins and Hnatiuk 1981). 

The proposed seismic survey area is located within the Geraldton Sandplains IBRA (Interim 
Biogeographic Regionalisation for Australia) Region (EA 2000), which correlates with the 
Irwin Botanical District (Beard 1976b).  This region is described as “mainly proteaceous 
scrub-heaths, rich in endemics, on the sandy earths of an extensive, undulating, lateritic 
sandplain mantling Permian to Cretaceous strata.  Extensive York Gum (Eucalyptus 
loxophleba) and Jam (Acacia acuminata) woodlands occur on outwash plains associated 
drainage. Semi-arid (Dry) warm Mediterranean” (EA 2000). 

4.6.2 Regional Vegetation Description 

Vegetation systems of the proposed seismic survey area were broadly mapped and 
described by Beard at a scale of 1:1,000,000 (Beard 1976a) and 1:250,000 (Beard 1976b).  
Vegetation systems were described in Beard (1976b) as a “particular series of plant 
communities recurring in a catenary sequence or mosaic pattern linked to topographic, 
pedological and/or geological features”.  The proposed seismic survey area covers five 
vegetation systems as mapped and described by Beard (1976a and b) (Table 4.4).  These 
systems were further divided into vegetation community types (associations), related to 
physiognomy.   

The stands of Eucalyptus obtusiflora subsp. dongarraensis (previously known as Eucalyptus 
dongarraensis), as described by Beard (1976) within the Cliff Head System, were identified 
as being significant, representing the only known stands of mallee eucalypts outside of the 
southeastern mallee district of Western Australia.   

A comprehensive database of the pre-European vegetation extent of Western Australia has 
been produced by the DoA (2001), a large portion of which was based on the original 
mapping undertaken by Beard at a scale of 1:250,000, with additional datasets being 
produced for the southwestern corner of the state, and some refinement of mapping detail.  
This mapping for the proposed seismic survey area has been reproduced in Figure 4.6.  A 
new vegetation taxonomy was established with the production of this database, with 
“vegetation community types” as mapped by Beard (1976b) at a scale of 1:250,000 being 
analogous to “vegetation associations” (DoA 2001).  Table 4.5 presents the relationship 
between “vegetation community types” (Beard 1976b) and “vegetation associations” (DoA 
2001), and a description of each (Beard 1976b). 
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Table 4.4  Description of vegetation systems located within the proposed seismic survey area, as described by Beard (1976b) 

Vegetation 
system 

Location within the 
proposed seismic survey 

area 

Landforms/geology Vegetation description 

Greenough Coastal belt north of Irwin 
River; western edge of 
seismic survey area 

Associated with the coastal limestone, 
comprised of three elements; 

• Older weathered aeolianite ridges.  

• Alluvial flats. 

• Younger calcareous sand ridges. 

Older weathered aeolianite ridges contain Acacia-Banksia scrub, dominated by 
Acacia rostellifera and Banksia prionotes to 5m. 

Alluvial flats have been extensively cleared and no intact original vegetation 
remains, however the vegetation was probably Acacia rostellifera low forest with 
scattered Eucalyptus camaldulensis. 

Younger calcareous sand ridges contain species such as Spinifex longifolius and 
Atriplex isatidea on the tidal mark, merging to a 1.2m thicket of Scaevola 
crassifolia, Melaleuca huegelii and M. acerosa, with Acacia rostellifera and A. 
xanthina dominating longer-unburnt stands. 

Cliff Head Coastal belt south of Port 
Denison; western edge of 
seismic survey area 

Situated on a limestone platform 
overridden by calcareous dunes forming 
ridges, with some mobile dunes 

The limestone platform is dominated by a low heath dominated by Acacia 
lasiocarpa and Melaleuca acerosa; with frequent Scaevola sp.  In some areas this 
heath is dominated by Acacia rostellifera, Acacia xanthina, Casuarina baxteriana, 
Melaleuca cardiophylla and M. huegelii. 

The sand ridges are dominated by Acacia rostellifera, A. xanthina, Casuarina 
baxteriana, Melaleuca cardiophylla and M. huegelii forming dense thickets with 
patches of Eucalyptus dongarraensis (mallee form).  This species can also form a 
mallee formation. 

On ridges of exposed calcrete is found a heath of Melaleuca acerosa and 
Beaufortia elegans.  

Illyarrie Belt east of Cliff Head 
System and Greenough 
System, north and south of 
Irwin System; centre of 
seismic survey area 

Associated with coastal limestone 
occurring on undulating hill country of 
calcarenite overlain by a variable depth 
of yellow siliceous sand, with the 
underlying rock frequently exposed 

The vegetation is defined by groves of Eucalyptus erythrocorys, with thickets of 
Acacia rostellifera, A. xanthina, Melaleuca cardiophylla and M. huegelii and mallee, 
and less commonly of Acacia and Banksia prionotes to the north of the Arrowsmith 
River, and scrub heath including Beaufortia squarrosa and Banksia sphaerocarpa 
south of the Arrowsmith River. 
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Vegetation 
system 

Location within the 
proposed seismic survey 

area 

Landforms/geology Vegetation description 

Eridoon Belt east of Illyarrie System, 
north and south of Irwin 
River; eastern edge of 
seismic survey area 

Associated with the flat coastal plain 
between the coastal limestone deposits 
and the Pleistocene shoreline, with sand 
on the plain brought down by small river 
and creek systems, sand small sand 
ridges; numerous small lakes and 
swamps in depressions 

The mature structure on the sandplain is small trees to 5m, over tall shrubs 1-3m, 
low closed heath to <1m; however due to frequent fires the small tree Eucalyptus 
todtiana, and Conospermum spp. are present; Banksia elegans is confined to 
areas near water channels in this community. 

Banksia hookeriana and Xylomelum angustifolium dominate sandhills. 

Low-lying winter-wet areas are dominated by low heath with scattered 
Xanthorrhoea sp. 

Irwin Irwin River floodplain; belt 
centre of seismic survey 
area 

Valley of the Irwin River Has been completed cleared for agriculture; river channels lined with Eucalyptus 
camaldulensis and Casuarina huegeliana, with Eucalyptus loxophleba, E. 
camaldulensis and Casuarina on the floodplain, with only scattered trees now 
present. 
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Figure 4.6 Vegetation types occurring within the proposed Denison 3D Seismic Survey 
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Table 4.5  Relationship between Vegetation associations (DoA 2001), Vegetation types 
(Beard 1976b) and Vegetation systems (Beard 1976b) 

Vegetation 
association (DoA 

2001) 

Vegetation type 
(Beard 1976b) 

Description Vegetation 
system (Beard 

1976b) 

1026 a23Sc/a26m4Zc Acacia rostellifera thicket on 
sandridges/Acacia lasiocarpa-Melaleuca 
acerosa heath on flats 

Cliff Head 

255 e43Si Eucalyptus dongarraensis mallee Cliff Head 

129 - Drift Sand Cliff Head; 
Greenough 

432 a23m3Sc Acacia rostellifera-Melaleuca cardiophylla 
thicket 

Greenough 

17 a23Sc Acacia rostellifera thicket Greenough 

431 a23Sr Acacia rostellifera open scrub Greenough 

433 a23Sc/e44Lp Acacia rostellifera thicket/Eucalyptus 
erythrocorys scattered trees (Wattle, 
teatree and mallee thickets with reefs of 
E. erythrocorys) 

Illyarrie 

359 abSi Acacia spp.-Banksia spp. scrub (on 
limestone) 

Illyarrie 

378 x5SZc Scrub heath on deep sandy flats Eridoon; 
Illyarrie 

748 e18Mr.m5Sc Eucalyptus camaldulensis (River Gum) 
with Melaleuca thyoides thicket 

Eridoon 

392 m5Sc Melaleuca thyoides thicket Eridoon 

352 e6Mi Eucalyptus loxophleba (York Gum) 
woodland 

Irwin 

Griffin (1993) described the flora and geomorphology of the Quindalup Dune system 
between the Swan and Irwin Rivers, being described as the Central Coast.  An extensive 
beach ridge area was described at White Point (south of Dongara), being sinusoidal or 
crescent shaped, where mobile dunes had passed over the western portion of the beach 
ridge, removing unconsolidated Aeolian material. 

As described by Griffin (1993), the vegetation of the central coast was dominated by shrub 
communities, with a wide range of structure within these communities.  However, several 
Eucalyptus mallee species were present throughout the proposed seismic survey area, with 
Eucalyptus obtusiflora forming patches of Shrub Mallee of significant area, mainly on the Cliff 
Head deposit.  The taller (>2m) shrub dominated communities were mainly recorded on the 
young to medium aged dunes, with shrublands to a height of between 1-2m being recorded 
on a range of landform types.  Species such as Acacia rostellifera, Melaleuca cardiophylla, 
Allocasuarina lehmanniana and occasionally Melaleuca huegelii, Spyridium globulosum, 
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Chamelaucium uncinatum and Atriplex isatidea dominated these types of shrublands. 
Shrublands dominated by Acacia rostellifera and Melaleuca cardiophylla usually had a dense 
overstorey and very sparse understorey, although Acacia rostellifera associates could also 
have an open overstorey.  A significant sedge understorey was also recorded under the 
majority of more open shrublands. 

Very low shrublands (0.5m) were dominated by species such as Melaleuca acerosa, M. 
huegelii, Scaevola crassifolia, Tetragona decumbens, Thryptomene baeckeacea, Acacia 
lasiocarpa, Acrotriche cordata, Nemcia reticulata and Frankenia pauciflora, with a Low 
Sedges or Dense Low Sedges layer usually present.  These shrublands were recorded on a 
range of landforms, predominantly on areas of old, medium and young ages on dunes and 
Tamala areas, and also on younger areas on beach ridges and Holocene plains. 

A sedge stratum were commonly present, including species such as Lepidosperma 
gladiatum on younger dunes and beach ridges, Loxocarya flexuosa, Lomandra maritima and 
Acanthocarpus preissii, especially on older areas on a range of surfaces. 

4.6.3 Surveying Western Australia’s Land Edge Project 

The SWALE (Surveying Western Australia’s Land Edge) Project established monitoring 
transects at four locations along the coast, including the Greenough Dunes near Geraldton, 
located just to the north of the proposed seismic survey area.  Again, this study concentrated 
on the coastal and near-coastal dunal areas of the region.  The Greenough Dunes area 
characteristically contains “large, perched dunes encroaching northwards over scrub and 
heath” (Tauss 2002).   

A total of 41 native and 13 introduced flora species were recorded from the SWALE transect 
surveyed south of the Greenough River inlet, which extended from the shoreline to 150m up 
the slope (Tauss 2002).  The foredune in this area was sparsely vegetated, and had few 
introduced taxa, with a closed low heath dominated by Scaevola crassifolia on the seaward 
slopes.  This merges into a more open, taller and more species-rich heath further upslope, 
grading into scrub and heath dominated by Acacia rostellifera and Olearia axillaris.  The bowl 
of the mobile dune was largely bare, however the outer slopes were characterised by a 
closed scrub to low closed forest of Acacia rostellifera and Melaleuca cardiophylla.  To the 
north and northeast of the mobile dune, open scrub to open heath of mixed species with 
occasional small trees of Melaleuca cardiophylla was present.  Introduced species 
dominated the understorey herb and grass layer, due to past human disturbance and grazing 
of the area (Tauss 2002).   

The vegetation present in the proposed seismic survey area can be grouped into three broad 
categories that are discussed individually under the following sub-headings: 

• vegetation in agricultural land incorporating re-growth/native vegetation;  

• vegetation in built-up areas; and  

• vegetation in nature reserves.   
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4.6.4 Vegetation in agricultural land and remnant vegetation 

Part of the proposed seismic survey area comprises cleared farmland with both large and 
small stands of remnant native vegetation, often degraded by stock.  Cleared paddocks are 
mostly utilised for cropping and grazing.  Crops commonly grown in the area are wheat, oats 
and lupins.  In the poorer soils, hay cutting and grazing is often the only farming land use.  

Some remnants of uncleared or regrowth native vegetation exist as “islands” within farmland.  
Typically, remnant native vegetation in farmland areas is degraded to varying degrees by 
factors such as partial clearing, burning, weed invasion and/or grazing. In addition, road 
reserves in the region have been disturbed by both road works and the introduction of 
weeds.  

The northern, central and central southern portion of the proposed seismic survey area will 
be primarily located on farmland with patchy remnant vegetation. Native vegetation 
community types in these areas include Acacia and Melaleuca thicket on sand and 
limestone, sand heath dominated by Banksia and Melaleuca in low lying areas and varied 
heath on sand and laterite, summarised in Table 4.6.  Immediately adjacent to the Irwin River 
and associated watercourses the original vegetation would have comprised York Gum 
(Eucalyptus loxophleba) and River Gum (Eucalyptus camadulenis) woodland but, due to 
clearing, very little of this vegetation community type is intact and is typically represented by 
scattered trees.  All of these vegetation community types have a very low susceptibility to 
dieback caused by Phytophthora cinnamomi due to either calcareous soils and/or their dry 
habit.  Low lying areas may be more prone to infestation. 

Table 4.6  Typical native vegetation community types of agricultural land and remnant 
vegetation (ARC 2004) 

Region Geomorphic 
region 

Substrate Vegetation community description 

Swale  Sand and limestone (Quindalup 
soil system) 

Acacia and Melaleuca thicket, most of the 
swales cleared for farming. 

Dune  Sand and limestone 
(Quindalup/Tamala soil system 

Sand heath 0.5-1.5m high – Low Banksias 
dominant, Melaleuca in low lying areas, 
scattered tall shrubs inc. Xylomelum 
angustiflorum, Eucalyptus todtiana, Nutyisa 
floribunda. 

Dune  Sand and laterite 
(Quindalup/Tamala soil system) 

Low heath 0.5-1m high – Hakea, Dryandra
and Petrophile species dominant, some 
Allocasuarina in low on laterite, trees are 
typically low and sparse including Eucalyptus 
todtiana and some mallee trees.  

Farmland  

 

Alluvial 
plain  

Grey clay and loam (Irwin soil 
system) 

Eucalyptus loxophleba, Eucalyptus 
camadulenis. 
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4.6.5 Vegetation in built-up areas 

The proposed seismic survey area includes built-up areas, primarily around Dongara 
township.  Vegetation disturbance levels in these areas are typically high due to high levels 
of clearing and accordingly the native vegetation in these areas is significantly compromised. 

4.6.6 Vegetation in Nature Reserves 

The Beekeepers, Yardanogo and Dongara Nature Reserves all have some proportion of their 
area covered by the proposed seismic survey (Table 4.7).  These are discussed individually 
in the following sections. 

Table 4.7  Nature Reserves in proposed seismic survey area 

Reserve Total 
area 
(ha) 

Designation Proportion of nature 
reserve within 

proposed seismic 
survey  

Approximate area of 
seismic lines within 
proposed area (ha) 

Beekeepers Nature 
Reserve 

67,900 
Conservation of 
flora 

7% 117 

Dongara Nature 
Reserve 

52 
Conservation of 
flora and fauna 

100% 0.7 

Yardanogo Nature 
Reserve 

6,650 
Conservation of 
flora and fauna 

100% 161 

Beekeepers Nature Reserve 

The northern section of the Beekeepers Nature Reserve occurs on part of the Quindalup 
dune and soil system.  The vegetation in the area is limited and ranges from virtually no 
cover on dune blowouts, to low scrub land on shallow sand over limestone, to dense thickets 
of tall shrubs in sheltered areas.  Table 4.8 summarises the dominant vegetation community 
types and associations. 

Table 4.8  Typical native vegetation community types of Beekeepers Nature Reserve (ARC 
2004) 

Region Geomorphic 
region 

Substrate Vegetation community description 

Swale Shallow calcareous sand over 
limestone (Quindalup soil 
system). 

Acacia rostellifera and A. lasiocarpa, 
Melaleuca huegelli, M. systena and M. 
cardiophylla, Santalum acuminatum, 
Exocarpos sparteus, Gompholobium 
tomentosum, Rhagodia preissii, Olearia 
dampieri, Scaveola thesoiides, Anthocercis 
intricata, limited Lepidosprema squamatum 
and Acanthocarpus preissi. 

Beekeepers 
Nature 
Reserve 

Swale (low 
lying) 

Marl (Quindalup soil system). Saltbush, samphire, stunted Casuarina obesa, 
Frankenia pauciflora. 
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Region Geomorphic 
region 

Substrate Vegetation community description 

Dune Shallow calcareous sand over 
limestone (Quindalup soil 
system). 

Acacia rostellifera dominant. 

Lees of 
dunes 

Shallow calcareous sand over 
limestone (Quindalup soil 
system). 

Thickets of Acacia rostellifera. 

Coastal 
dunes 

Shallow calcareous sand over 
limestone (Quindalup soil 
system). 

Perennial grassed to seaward side, Olearia 
axillaris. 

Other Limestone hills (Quindalup soil 
system). 

Local areas of dense Dongara mallee 
(Eucalyptus obtusiflora subsp. dongarraensis).

 

Trees  Varied (Quindalup soil system). Trees overall are rare and occur in low-lying 
areas and inland and including mallee 
Eucalyptus spp., Melaleuca lanceolata, and 
Eucalyptus petrensis. 

Several authors have undertaken vegetation descriptions and mapping within the northern 
section of the Beekeepers Reserve.  These include: 

• Ecologia (1995):  Cockburn Cement Dongara Lime Plant Notice of Intent; 

• Hart, Simpson and Associates (1995):  Westlime (WA) Limited Notice of Intent; 

• Hart, Simpson and Associates (2003):  EP 413 Denison 3D Seismic Survey Origin 
Energy Resources Limited; and 

• Woodman Environmental Consulting (2003):  ROC Oil Cliff Head Development PER. 

Six vegetation associations were mapped by Ecologia in during their survey of the Dongara 
Lime Plant in 1995.  These associations were: 

• low Melaleuca acerosa/Acacia lasiocarpa var. lasiocarpa heath; 

• Melaleuca/Allocasuarina heath; 

• recolonising dune vegetation; 

• foredune vegetation; 

• moderately dense Melaleuca/Acacia Woodland/Shrubland; and 

• dense tall Melaleuca huegelii thickets. 

Vegetation within the Westlime (WA) Limited lease was mapped by Hart, Simpson & 
Associates in 1995.  This report described nine vegetation units: 

• Unit 1: Blowouts; 

• Unit 2: Interdunal Flats; 

• Unit 3: Dunes; 
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• Unit 4: Thickets in the lee of blowouts; 

• Unit 5: Exposed limestone behind blowouts; 

• Unit 6: Variation of Unit 2; 

• Unit 7: Private property (severely disturbed); 

• Unit 8: Limestone hills; and 

• Unit 9: Disturbed part of the Nature Reserve. 

Hart, Simpson and Associates (2003) undertook a flora and vegetation survey encompassing 
the northern section of the Beekeepers Reserve, as covered by the current survey area.  
Twenty plant assemblages over eight landforms were identified in the areas of intact native 
vegetation.  Generally, the floristics and often the vegetation structure of assemblages 
identified on Holocene landforms differed from those located on topographically similar 
Pleistocene landforms.  Table 4.9 gives a brief description of landforms and vegetation 
assemblages identified by Hart, Simpson and Associates (2003).   

Table 4.9 Vegetation assemblages as described by Hart, Simpson and Associates (2003) 

Landform Number of 
vegetation 

assemblages 

Description 

Foredunes 2 Open heath of Olearia axillaris; sparse Spinifex longifolius. 

Wetlands 2 Sedgeland of Baumea juncea; open heath of Melaleuca lanceolata 
and M. huegelii. 

Holocene Plains 4 Open heaths of Acacia lasiocarpa; heath of Melaleuca systena 
and M. huegelii; patchy Allocasuarina lehmanniana . 

Holocene Beachridge 
Plain 

1 Heath of Melaleuca huegelii/M. systena. 

Holocene dune slopes 2 Closed scrub of Melaleuca cardiophylla; closed scrub of Acacia 
rostellifera. 

Holocene dune crests 1 Low open mixed shrubs. 

Mobile Holocene dunes 1 Heath/scrub buried by advancing dune. 

Pleistocene Dunes 7 Heath of Melaleuca cardiophylla; closed scrub (shrub mallee) of 
Eucalyptus oraria; closed scrub (shrub mallee) of Eucalyptus 
obtusiflora subsp. dongarraensis; species rich scrub; open heath 
of Melaleuca huegelii and M. systena; low forest of Melaleuca 
huegelii/M. cardiophylla; open heath of Melaleuca systena. 

A survey conducted in the southern portion of the proposed seismic survey area by 
Woodman Environmental Consulting (2003) resulted in the mapping and description of eight 
vegetation units south of White Point.  The majority of this survey area was conducted within 
the northern section of the Beekeepers Reserve.  The eight vegetation units consisted of six 
plant communities (three thickets and three heaths), one mosaic community and one 
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disturbance community.  One thicket (T1) was also described in a degraded condition 
(Table 4.10). 

Table 4.10 Description of Plant communities as described by Woodman Environmental 
Consulting (2003) 

Plant 
community 

Description Location 

T1 Dense thicket of Acacia rostellifera, Acacia rostellifera 
xanthina and Melaleuca species over mixed shrubs on 
grey sand with occasional limestone outcropping 

East of the lime plant, east of the 
railway line 

T2 Thicket of Melaleuca huegelii subsp. huegelii and 
Melaleuca cardiophylla over Acanthocarpus preissii over 
mixed low shrubs and daisies on grey sand on dune 
crests 

Dune crests on beach ridges, west 
of the railway line 

H1 Heath dominated by Melaleuca leuropoma and 
Melaleuca huegelii subsp. huegelii over a herb layer 
dominated by sedge and daisy species on grey sand with 
limestone outcropping 

Plain areas between beach ridges 
dominated by plant community T2 

H2 Dense heath dominated by Lepidosperma gladiatum, 
Scaevola crassifolia and Zygophyllum fruticulosum, with 
occasional taller shrubs, over herbs on white sand 

Plain to east of foredune 

H3 Low heath dominated by Scaevola crassifolia, Tetragonia 
decumbens and Myoporum insulare on white sand 

Westward side of the foredune 

T2/H1 Mosaic of plant communities T2 and H1 on dune crests 
and swales 

Between plant communities H1 and 
H2 

Dongara Nature Reserve 

The Dongara Nature Reserve occurs on part of the Quindalup dune and soil system. The 
vegetation is similar to that described in the northern section of the Beekeepers Nature 
Reserve and comprises coastal thicket and heath on typically white sands over limestone.  
The dominant species in the nature reserve is the black wattle (Acacia rostellifera) with 
pockets of mallee (Eucalyptus obtusiflora subsp. dongarraensis) in swales (Table 4.11).  

Table 4.11 Typical native vegetation community types of Dongara Nature Reserve (ARC 2004) 

Region Geomorphic 
region 

Substrate Vegetation community description 

Dune Shallow calcareous sand over 
limestone (Quindalup soil 
system). 

Thickets of Acacia rostellifera and heath. Dongara 
Nature 
Reserve  

Swale Sand and limestone (Quindalup 
soil system). 

Pockets of mallee (Eucalyptus obtusiflora). 
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Yardanogo Nature Reserve 

In the proposed seismic survey area the Yardanogo Nature Reserve occurs on part of the 
Tamala soil system.  Physiographically, the proposed seismic survey area incorporates part 
of the Spearwood dune system and in the east the Eneabba sandplain.  The vegetation is 
dominated by limestone heath (Table 4.12). 

Table 4.12 Typical native vegetation community types of Yardanogo Nature Reserve  

Region Geomorphic 
region 

Substrate Vegetation community description 

Dune and 
swale 

Brown, grey or yellow sand 
(Quindalup/Tamala soil system). 

Acacia spathulata and A. rostelliferea, 
Dryandra sessilis, Jacksonia hakeoides, 
Melaleuca huegelii, Banksia leptophylla. 

Yardanogo 
Nature 
Reserve 

Eneabba 
Sandplain 

White, yellow or grey sand 
(Quindalup/Tamala soil system). 

1-1.5m shrubs Banskia attenuata and B. 
hookeriana, widely scattered trees including 
Banksia menziessi, scattered Xylomelum 
angustiflorum, Eucaplytus todtiana and 
Nutysia floribunda. 

4.6.7 Significant Vegetation 

A search of the CALM Threatened Ecological Community (TEC) database has revealed that 
there are no known TECs located within the proposed seismic survey area.  However, one 
community that is described as “Presumed Totally Destroyed” (Attachment 2) was once 
known in the area.  This community is described as “Clay flats assemblages of the Irwin 
River:  Sedgelands and grasslands with patches of Eucalyptus loxophleba and scattered E. 
camaldulensis over Acacia acuminata and A. rostellifera shrubland on the clay flats of the 
Irwin River”.  Two other TECs known from the Geraldton Sandplains Region potentially occur 
within the proposed seismic survey area.  These are described in Table 4.13.  Descriptions 
of the category of threat (CALM 2001b) are presented in Attachment 2.  All of these TECs 
are categorised under WA criteria only, and not under the EPBC Act. 

Table 4.13 TECs known or potentially present within the proposed seismic survey area 

TEC Description Presence Category of threat 

Irwin River Clay Flats Clay flats assemblages of the Irwin River: 
Sedgelands and grasslands with patches 
of Eucalyptus loxophleba and scattered 
E. camaldulensis over Acacia acuminata 
and A. rosellifera shrubland on brown 
sand/loam over clay flats of the Irwin 
River. 

Known to have 
been present. 

PD A), PD B) 

Ferricrete Ferricrete floristic community (Rocky 
Springs type) 

Potentially 
present. 

VU B) 

Mound Springs (Three 
Springs area) 

Assemblages of the organic mound 
springs of the Three Springs area 

Potentially 
present. 

EN B) i), EN B) ii) 
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As noted by Griffin (1993), extensive beach ridges are only known from Jurien, Cervantes 
and White Point.  The White Point beach ridge area located within the proposed seismic 
survey area was reported to be “sinusoidal or crescent shaped” as compared to “cuspate” for 
the other two areas (Griffin 1993).  This area is of educational and scientific importance, 
rather than being significant because of the associated vegetation community types.  Griffin 
(1993) described this area as a “historical record of the Holocene period locked in the 
undisturbed beach plain sequences”.  Griffin (1993) also described the occurrence of the 
Eucalyptus obtusiflora subsp. dongarraensis mallee community present between Port 
Denison and Gum Tree Bay as being unique.  

4.6.8 Flora 

Griffin (1993) identified 377 flowering plant species during their study of the Central Coast 
region (extending from Geraldton to Esperance), and the Holocene sand area was described 
as having relatively low species richness in comparison to Kwongan areas.  These species 
were representative of 226 genera and 75 families, with Asteraceae (30 taxa), Myrtaceae (20 
taxa) and Cyperaceae (15 taxa) being the best represented families with regards to numbers 
of native taxa.   

Hart, Simpson and Associates (2003) identified 134 native taxa and 27 introduced taxa within 
the flora survey area in the northern section of the Beekeepers Reserve.  No DRF were 
identified during this study.  Three Priority flora species were identified: Anthocercis intricata 
(Priority 3), Haloragis foliosa (Priority 3) and Eucalyptus xopherophloia (Priority 4), all 
occurring within the Pleistocene dunes in the eastern part of the proposed seismic survey 
area.   

A total of 88 native taxa and 18 introduced taxa were identified by Woodman Environmental 
Consulting (2003) within the southern section of the proposed seismic survey area, south of 
White Point.  No DRF or Priority flora species were identified during this survey.  The high 
proportion of introduced taxa was attributed to a relatively high level of disturbance around 
the existing lime site and railway line.   

4.6.9 Declared Rare and Priority Flora 

DRF are species that are listed and protected under the Western Australian Wildlife 
Conservation Act 1950.  Many of these species are also listed for protection under the 
Commonwealth EPBC Act, however the Commonwealth list does not contain all of the 
species listed under State legislation and represents the State list as of several years ago.  
Four categories of Priority flora species have been defined by CALM to be poorly known or 
rare, although these species are not listed for protection under either of these Acts.  The 
Western Australian Herbarium (WAHerb) and CALM DRF and Priority flora databases, and 
records kept during previous surveys in the proposed seismic survey area were interrogated, 
and the results are presented below. 
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Declared Rare Flora 

Only one DRF species, Stawellia dimorphantha, is known to occur within the proposed 
seismic survey area.  This species was recorded in several locations during surveys for the 
Beharra Springs 3D Seismic Survey and the Hibbertia 3D Seismic Survey within the 
Yardanogo Nature Reserve.  This species typically occurs on sand and in low lying areas, in 
areas of open Banksia woodland, with Acacia spp. and Hakea spp. (CALM 1998).   

Two other DRF species, Conostylis micrantha and Wurmbea tubulosa, are known to occur to 
the northeast of the proposed seismic survey area, and therefore it is possible that these 
species are also present within the proposed seismic survey area.  Conostylis micrantha is 
known to occur northeast of Dongara on white or grey sand, usually in heath, and is critically 
endangered.  Wurmbea tubulosa is known to occur between Dongara and Mullewa, in York 
Gum Woodland in clay and sandy-clay, clay-loam or brown loam, along drainage lines, 
seasonally wet areas and under shrubs on riverbanks (CALM 1998).  This species can also 
occur within areas that have been highly degraded. 

The DRF species Conostylis dielsi subsp. teres and Leucopogon marginatus also occur to 
the northeast of Dongara, however these species are not considered likely to occur in the 
proposed seismic survey area.  Conostylis dielsi subsp. teres occurs on white, pale yellow or 
grey sand with lateritic gravel in a range of habitats in upland areas.  Leucopogon marginatus 
was originally collected in 1903 near Arrino, and was rediscovered growing in sandplain 
areas northeast of Dongara, in dense Banksia and Melaleuca scrub on grey-brown sand 
(CALM 1998). There are no DRF species known to occur on private land in the proposed 
seismic survey area, but remnant vegetation includes vegetation community types often 
associated with DRF species. 

Priority flora 

There are 23 Priority flora species known to occur within the proposed seismic survey area, 
and these are listed in Table 4.14.  Of these, three species are known to occur within the 
northern section of the Beekeepers Nature Reserve.  A further 11 Priority species are known 
to occur within the Yardanogo Nature Reserve (Table 4.14).  There are no priority flora 
species known to occur on private land in the proposed seismic survey area, but remnant 
vegetation includes vegetation community types often associated with Priority flora species.  
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Table 4.14 Priority flora species known to occur within the proposed seismic survey area, and 
known locations within nature reserves in the survey area 

Species Status Beekeepers Nature 
Reserve 

Yardanogo Nature Reserve 

Tricoryne robusta Priority 2 Potentially could occur. Potentially could occur. 

Verticordia blepharophylla Priority 2 Potentially could occur. Known to occur. 
Acacia telmica Priority 3 Potentially could occur. Potentially could occur. 

Anthocercis intricata Priority 3 Known to occur. Known to occur. 
Calytrix eneabbensis Priority 3 Potentially could occur. Potentially could occur. 
Grevillea hirtella Priority 3 Potentially could occur. Potentially could occur. 
Hakea polyanthema Priority 3 Potentially could occur. Known to occur. 
Haloragis foliosa Priority 3 Known to occur. Potentially could occur. 
Hypocalymma tetraptera Priority 3 Potentially could occur. Potentially could occur. 
Isopogon tridens Priority 3 Potentially could occur. Known to occur. 
Leucopogon glaucifolius Priority 3 Potentially could occur. Potentially could occur. 

Persoonia rudis Priority 3 Potentially could occur. Known to occur. 
Stylidium drummondianum Priority 3 Potentially could occur. Potentially could occur. 

Verticordia luteola var. 
luteola 

Priority 3 Potentially could occur. Known to occur. 

Villarsia congestifolia Priority 3 Potentially could occur. Potentially could occur. 

Banksia elegans Priority 4 Potentially could occur. Known to occur. 
Banksia scabrella Priority 4 Potentially could occur. Known to occur. 
Eucalyptus macrocarpa 
subsp. elachantha 

Priority 4 Potentially could occur. Known to occur. 

Eucalyptus zopherophloia Priority 4 Known to occur. Potentially could occur. 
Gastrolobium callistachys Priority 4 Potentially could occur. Potentially could occur. 
Grevillea olivacea Priority 4 Potentially could occur. Potentially could occur. 
Hemigenia saligna Priority 4 Potentially could occur. Potentially could occur. 
Thysanotus glaucus Priority 4 Potentially could occur. Known to occur. 

4.6.10 Dieback (Phytophthora cinnamomi) 

The presence and potential risk of spread of infestation of the plant pathogen Phytophthora 
cinnamomi (commonly referred to as dieback) is, in general, low throughout the proposed 
seismic survey area, due to a combination of the calcareous soils and low average rainfall. 
There has been no previously observed evidence of Phytophthora cinnamomi in the northern 
section of the Beekeepers Nature Reserve occupied by the proposed seismic survey. 
Likewise, no areas of Phytophthora cinnamomi infestation have been reported from within 
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the Dongara Nature Reserve.  Although the risk of infestation is considered unlikely due to 
the dry and calcareous soils located in this area, low lying areas prone to water logging are 
more vulnerable to infestation. 

The only known Phytophthora cinnamomi occurrence in the Yardanogo Nature Reserve area 
is in a gravel pit at the end of Mt Adams Road in clayey sand over laterite (Hart, Simpson 
and Associates, 1992).  However, this site lies outside the proposed seismic survey area and 
will not be accessed by survey vehicles.  Overall, the environment generally has low, or very 
low, vulnerability to Phytophthora cinnamomi infestation due to a combination of the 
calcareous soils and typically dry climate for the majority of the year.  However, the 
proteaceous dominated vegetation community types in the area (predominantly in the 
Yardanogo Nature Reserve) are generally susceptible to this pathogen.  Some low lying 
areas are more at risk due to flooding and there is the potential for infestations to become 
established and cause significant impacts over small areas.   

4.6.11 Weeds 

Large areas of WA are infested with noxious weeds.  Consultation with the Department of 
Agriculture WA (Craig Robins, Department of Agriculture, personal communication) has 
indicated that the weed species of most concern in the Shire of Irwin region are Patterson’s 
Curse (Echium plantagineum), Saffron Thistle (Carthamus lanatus) and Stemless Thistle 
(Onopordum acaulon) (Table 4.15).  These are not declared weed species in the Shire of 
Irwin, however they are declared weeds in the Shire of Carnamah, located south of the Shire 
of Irwin.  No eradication strategy is in place for these weed species in the Shire of Irwin, 
however best practice will be followed by ARC/Origin to contain and prevent their spread 
during the proposed seismic survey. 

In the Shire of Irwin, Patterson’s Curse is declared as requiring control under the P1 and P4 
control code (Table 4.15).  The P1 control code aims to prohibit movement of the weed 
throughout the state and the P4 control code is aimed at preventing the spread of the weed 
from areas already infested (Table 4.16).  Both the Saffron Thistle and Stemless Thistle are 
declared as P1 and P3 control code species.  The P3 control code aims to control existing 
infestations by reducing either the area of the infestation or the density of plants (Weeds 
Australia 2004).   

Table 4.15 Weed species of concern in the proposed seismic survey area (DoA 2004b) 

Common Name Scientific Name Dispersal Mode Control Code 

Paterson’s Curse Echium plantagineum Adherence, digestion, 
water runoff 

P1, P41 

Saffron Thistle Carthamus lanatus Adherence P1, P31 
 

Stemless Thistle Onopordum acaulon Adherence P1, P3 
 

1 Control code from neighbouring shire 
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Table 4.16 Declaration control codes and requirements (DoA 2004a) 

Code Requirement Description 

P1 Prohibits 
movement. 

The movement of plants or their seeds is prohibited within the State. 

This prohibits the movement of contaminated machinery and produce including 
livestock and fodder. 

P2 Aim is to 
eradicate 
infestation. 

Treat all plants to destroy and prevent propagation each year until no plants remain. 
The infested area must be managed in such a way that prevents the spread of seed 
or plant parts on or in livestock, fodder, grain, vehicles and/or machinery. 

P3 Aims to control 
infestation by 
reducing area 
and/or density 
of infestation. 

The infested area must be managed in such a way that prevents the spread of seed 
or plant parts within and from the property on or in livestock, fodder, grain, vehicles 
and/or machinery. 

Treat to destroy and prevent seed set from all plants: 

• Within 100m inside of the boundaries of the infestation. 

• Within 50m of roads and high-water mark on waterways.  

• Within 50m of sheds, stock yards and houses.  

Treatment must be done prior to seed set each year. 

Properties with less than 20ha of infestation must treat the entire infestation.  

Additional areas may be ordered to be treated. 

P4 Aims to 
prevent 
infestation 
spreading 
beyond 
existing 
boundaries of 
infestation. 

The infested area must be managed in such a way that prevents the spread of seed 
or plant parts within and from the property on or in livestock, fodder, grain, vehicles 
and/or machinery. 

Treat to destroy and prevent seed set from all plants: 

• Within 100m inside of the boundaries of the infested property. 

• Within 50m of roads and high-water mark on waterways. 

• Within 50m of sheds, stock yards and houses.  

Treatment must be done prior to seed set each year. Properties with less than 20ha 
of infestation must treat the entire infestation. 

Additional areas may be ordered to be treated.  

Table 4.17 presents a calendar of germination, seedling, flowering and spraying for the weed 
species of concern.  These three species are seedlings during the winter, flower at various 
times through winter, spring and early summer and germinate during the autumn (Weeds 
Australia 2004, Hussey et. al. 1997).  Table 4.18 presents other weeds that potentially occur 
in the vicinity of the proposed seismic survey. 
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Table 4.17  Timing of biological activities of weeds of concern 

Common Name Germination Seedling Flowering Time to spray Comments 

Paterson’s Curse Autumn Winter Winter-spring Winter Winter growing 
annuals 

Saffron Thistle Autumn Winter Early summer Winter-spring Winter growing 
annuals 

Stemless Thistle Autumn Winter–spring Spring Winter-spring Annual 

Table 4.18  Other weed species potentially occurring in proposed seismic survey area (DoA 
2004b) 

Common name Scientific name Dispersal mode 

Apple of Sodom Solanum linnaeanum Digestion, root cuttings. 

Arum Lily Zantedeschia aethiopica Adherence, digestion. 

Caltrop Tribulus terrestris Adherence. 

Double Gees Emex australis Adherence. 

Golden Dodder Cuscuta campestris Adherence, digestion. 

Gorteria Gorteria personata Wind. 

Liverseed Grass Urochloa panicoides Adherence, wind, water runoff. 

Summer Cypress Kochia scoparia Adherence, wind, water runoff. 

Tambookie Grass Hyparrhenia hirta Adherence, wind, water runoff. 

Turnip Weed Rapistrum rugosum Wind. 

Wild Radish Raphanus raphanistrum Wind. 

The main mechanisms for the dispersal of the weeds identified in the proposed seismic 
survey area are presented in Table 4.15 and Table 4.18.  These mechanisms fall into four 
broad categories (Weeds Australia 2004): 

• adherence to livestock, clothing and vehicles; 

• wind transport for light seeds and grass weed species; 

• water runoff transport; and 

• digestive transport – through the consumption of weeds by birds and livestock and 
transport though droppings. 

The potential for weed spread as a result of the proposed seismic survey is primarily through 
adherence to vehicles or personnel. 
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4.7 Fauna 

4.7.1 Native fauna 

A fauna study conducted by Hart, Simpson and Associates in the proposed seismic survey 
area (detailed in Attachment 4 of ARC 2004) indicated that ten species of frog, 65 species of 
reptile, 182 species of birds, 16 native species of mammals (including five bats) and seven 
introduced or feral mammal species are likely to be found in this area.  A large number of 
birds are predicted as the survey area includes the Irwin River, a habitat for many species of 
waterbirds.   

Rare species listed by the EPBC Act are limited to two Schedule 1 species, one Schedule 3 
and one Schedule 4 species (Table 4.19).  One Priority 2 species, two Priority 3 species and 
two Priority 4 species have also been recorded in the area.  With the exception of the 
species listed in Table 4.19, all other species identified in the area are regionally common 
species.  The rare species are mainly birds, which although rare, are widespread and would 
make only limited or occasional use of the proposed seismic survey area.  Notwithstanding 
the listing of rare or priority species under the EPBC Act and Wildlife Conservation Act 1950, 
all native fauna are protected under the Wildlife Conservation Act 1950.   

Table 4.19 Rare and Priority fauna species 

Common name Scientific name Status 

Carnaby’s Black-Cockatoo Calyptorhynchus latirostris Schedule 1 

Mallee Fowl Leipoa ocellata Schedule 1 

White-bellied Sea Eagle Haliaeetus leucogaster Schedule 3 

Peregrine Falcon Falco peregrinnus Schedule 4 

Stick-insect Phasmodes jeeba Priority 2 

Cricket Hemisaga vepreculae Priority 3 

Native bee Hyaleus globuliferus Priority 3 

Bush Stonecurlew Burhinus grallarius Priority 4 

Rufous Fieldwren Calamanthus campestris montanellus Priority 4 

4.7.2 Feral animals 

There are seven feral or introduced species reported in the area including the house mouse 
(Mus musculus), black rat (Rattus rattus), red fox (Vulpes vulpes), pig (Sus scrofa), 
European rabbit (Oryctolagus cunuculus), goat (Capra hircus), and house cat (Felis catus).  
These species may have a significant impact on the native fauna either by competition for 
food and/or resources or by predation. 
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4.8 Social and economic environment 

The proposed seismic survey area is located within a sparsely populated region (~2,500, 
predominantly in the town of Dongara/Port Denison), transport and communications 
infrastructure. 

The significant economic activities in the survey area include oil, gas and mineral (sand 
mining) production, mining of gypsum and lime sand/limestone, crayfishing and broad 
hectare cropping and grazing activities.  Early settlement in the Dongara region was by 
pastoralists, however mining, fishing and agriculture are now important components of the 
regional economy.  The bushland areas of the region support seasonal honey production and 
commercial wildflower harvesting. 

The total value generated from the mining and oil and gas industries in the Shire of Irwin for 
the 2002/03 financial year was over $48 million, of which a significant amount was 
contributed by the petroleum industry.  The value of the contribution made by petroleum 
production is expected to be over $100 million in the current financial year (ARC 2004).  
Royalties paid for Production Licences L1 and L2 to the Government of Western Australia 
are expected to be approximately $5.2 million for the current financial year. 

There has been extensive exploration for, and development of, oil and gas in the region. 
Currently there are eight fields in production in the onshore north Perth Basin: Dongara, 
Eremia, Yardarino, Mt Horner, Woodada, Beharra Springs, Beharra Springs North and 
Hovea. The Jingemia field has been producing under extended production tests with a view 
to commissioning permanent facilities in the near future. 

Eight European heritage sites located in the town of Dongara are listed on the Register of the 
National Estate (AHC 2004).  Two sites are registered as historic sites:  the Dongara Post 
Office and Quarters (Place No. 9651, registered 25 March 1986), and the Royal Steam 
Roller Flour Mill (Place No. 9641, registered 21 March 1978).  A further six sites are listed as 
Indicative Places, meaning that they are entered into the Register of the National Estate 
Database but as yet a decision on whether they should be registered has not been made 
(AHC 2004).  These sites are:  Dongara Cemetery (Place No. 9659), former Dongara Hotel 
including grounds (Place No. 9656), Dongara Police Station (Place No. 9643), Dongara 
Township (Place No. 18718), former Irwin Arms Hotel (Place No. 9660), and Port Denison 
and Old Jetty Remains (Place No. 9645). 

4.9 Aboriginal heritage and Native Title  

4.9.1 Previous surveys 

An archaeological investigation for Aboriginal heritage significance of the proposed Denison 
3D Seismic Survey area was conducted in October 2003.  The archaeological work involved 
a review of previous research in the area, a field programme to sample the proposed seismic 
survey area and the recording of any archaeological sites discovered within the area. 
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As a result of previous surveys and independent research it was established that ten 
Aboriginal sites have been recorded and registered with the Department of Indigenous 
Affairs (DIA) within or approximate to the project area. 

As a result of the field investigation no newly discovered archaeological sites were identified 
within the proposed seismic survey area. 

Six registered archaeological sites are within the proposed seismic survey area.  These are 
made up of three burial sites, two artefact sites and one shell midden.  Most of these are 
situated along the margins of the Irwin River.  Two other registered sites may be within the 
project area but the recorded information is insufficient to determine their exact location.  It 
was discovered that the registered grid references for most of the sites were inaccurate but 
using other information from the site files it was possible to determine their correct grid 
reference. 

An additional ethnographic survey has been conducted in the north western portion of the L1 
and L2 Production Licences, in land that has not been previously surveyed, with assistance 
from the registered Mullewa Wadjari Native Title Claimant Group (Registration WC96/93) 
and the Pandawn Group.  No additional sites (with the exception of the Irwin River) have 
been identified during this survey. Recognised representatives from both Aboriginal groups 
have signed approval forms for the survey to proceed.  

4.9.2 Discovery of new heritage sites 

There is some possibility that subsurface heritage material may be present in parts of the 
proposed seismic survey area but this cannot be determined from the field inspection.  This 
is most likely to occur in the alluvial terraces of the Irwin River or sand dunes.  However 
inspections of the deflated areas of the mobile dunes in the project area failed to locate even 
a single artefact at any of those areas.  The lack of water within those parts of the project 
area indicates that Aboriginal usage would have been ephemeral with little evidence of 
prehistoric activity remaining and the focus of activity would have been along the Irwin River 
watercourse. 

Based on the size of the project area and the nature of the environment, the potential for 
Aboriginal sites is considered to be moderate.  Aboriginal sites are most likely to be 
associated with water sources or sand rises near them in this area. (Quartermaine 2003). 

The operator has agreed to consult with these Aboriginal groups once a firm seismic survey 
design (ie source and receiver line locations) is proposed.  Should a site be affected the lines 
will be realigned to avoid compromising the site.  

Discussions have been held by Origin with Arnold Franks (as the registered claimant in the 
Exploration Permit EP413 portion of the survey area), with respect to sensitive areas under 
the Aboriginal Heritage Act 1972.  Further dialogue will be undertaken once a final seismic 
survey design is proposed, at which time approval for the survey to proceed will be obtained. 
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5 ENVIRONMENTAL FACTORS, MANAGEMENT 
STRATEGIES AND COMMITMENTS 

5.1 Introduction 

5.1.1 Summary of Environmental Factors 

Table 5.1 presents the environmental factors relevant to the proposed Denison 3D Seismic 
Survey.  This table includes both those factors that were identified as key issues by the EPA 
(EPA 2002) and additional factors of lesser significance that were addressed by ARC/Origin 
in its Environmental Scoping Document (IRC Environment 2004).  

Section 5.1.2 summarises the environmental risks associated with the proposed seismic 
survey.  The remainder of Section 5 outlines ARC/Origin’s objectives (which have been 
adopted from EPA 2002 and IRC Environment 2004), potential impacts, proposed 
management strategies and the predicted outcome of the implementation of ARC/Origin’s 
proposed management strategies for each of the environmental factors outlined in Table 5.1.  
The information provided in this section is summarised in Attachment 1. 

Table 5.1 Environmental factors associated with the Denison 3D Seismic Survey 

Factor Issue Specific 

Vegetation and Flora • Remnant native vegetation. 

• DRF and Priority Flora. 

• Significant vegetation community types. 

• Weeds. 

• Dieback (Phytophthora cinnamomi). 

• Rehabilitation and revegetation. 

Fauna • Specially Protected/Threatened Fauna. 

Conservation areas • Beekeepers, Yardanogo and Dongara Nature Reserves. 

Wetlands • Irwin River. 

• Other wetlands. 

Biophysical 

Land • Dune slopes and sharp crests. 

• Caves. 

General waste • Domestic and industrial wastes. 

• Drilling wastes. 

Non-chemical 
emissions 

• Noise. 

• Dust. 

Pollution 

Hazardous materials • Non-routine incidents (eg spills). 
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Factor Issue Specific 

Cultural heritage • Aboriginal culture and heritage. 

• National Estate. 

Public Health and 
Safety 

• Fire. 

Infrastructure and 
services 

• Damage to roads and buildings. 

• Disruption of water, power and telecommunication services. 

Social 

Economic • Disruption of agricultural activities. 

5.1.2 Summary of environmental risks 

A risk assessment workshop was conducted in November 2003 that included representatives 
from a range of government and non-government organisations, project engineers and 
environmental scientists (ARC 2004).  The combined experience of the workshop team 
ensured that all key environmental issues were identified, their significance was assessed 
and appropriate management measures put in place to ensure that the environmental 
impacts would be managed appropriately.  Table 5.2 presents a summary of the risk 
assessment that was carried out for the proposed Denison 3D Seismic Survey. 

The risk assessment considered impacts on the biological, physical and social environment 
and identified 34 hazards associated with routine activities and six hazards associated with 
non-routine activities or events (ARC 2004).  Of the 34 hazards associated with routine 
activities, 20 were found to be of low risk, 13 were found to be of low/medium risk and one 
was found to be of medium risk. Of the six risks arising from non-routine activities, five were 
considered to be low risk and one was considered to be a medium risk.  There were no 
hazards that were considered to be of high risk.  Based on the findings of the risk 
assessment workshop (Attachment 4), Table 5.2 shows the levels of risk of environmental 
factors for various activities to be undertaken in the proposed seismic survey.   

Preliminary discussions on additional management measures with the DoIR (the decision 
making authority for petroleum permits) and CALM (the decision making authority for nature 
reserves) have included: 

• discussions during preparation of the ARC/Origin’s Denison 3D Seismic Survey EMP 
(ARC 2004); 

• discussions during preparation of the Environmental Scoping Document; and  

• discussions during preparation of this PER document. 
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Table 5.2 Environmental risks categorised by environmental factors and activity for the 
Denison 3D Seismic Survey 
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Biodiversity L/M - - - - - - 

Flora M L L/M L -  - 

Weeds L/M - - - - L/M - 

Dieback L - - - - - - 

Rehabilitation/ 
revegetation 

L/M - - - - - - 

Fauna L - L L - -  

Conservation 
Areas 

L - - - - - - 

Wetlands   (Irwin 
River) 

- L L/M - - - - 

Land (soil) L/M L L/M L - - - 

Land (caves) - - L - - - - 

General waste - - - - - - L/M 

Noise L - - - - -  

Hazardous waste  - - - - - L 

Cultural heritage L - L - - - - 

Fire - - - - L - - 

Infrastructure and 
services 

L/M - - - - - - 

L: Low Risk;   L/M : Low to Medium Risk;   M: Medium Risk; - : Not applicable for this activity. 
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5.2 Vegetation and flora 

5.2.1 Proponent’s objectives 
ARC/Origin’s objectives for this proposal in relation to vegetation are to: 

• maintain the abundance, diversity, geographic distribution and productivity of flora at 
species and ecosystem levels through the avoidance or management of adverse 
impacts and improvement in knowledge; and 

• minimise effects of the physical presence of the seismic lines and camp site to sensitive 
areas (habitat, soil types, fauna or protected areas), discrete colonies of rare plants and 
other significant species (including Priority, undescribed species and important structural 
species and long lived species, eg grasstrees). 

5.2.2 Potential impacts 

A number of flora surveys have been both historically and recently undertaken in the 
proposed Denison 3D Seismic Survey area.  Interrogation of Declared Rare and Priority 
Flora databases and also the Western Australian Threatened Communities database and the 
results of previous surveys in portions of the proposed seismic area have identified four DRF 
species and several Priority 2, 3 and 4 species that are likely to occur in the proposed 
seismic survey area.  In addition, a presumed extinct Ecological Community and up to 3 
other Threatened Ecological Communities are known from the Northern Sandplains region.  
The anticipated timing of field surveys (in areas of agreed high environmental sensitivity or 
risk) is likely to be in winter or spring.  ARC/Origin are aware that it is difficult to identify some 
species when they are not flowering (specifically the DRF Wurmbea tubulosa and the Priority 
flora species Tricoryne robusta).  Within the vegetation community types typically associated 
with these species, the ARC/Origin Field Botanist will undertake field surveys as close as 
practicable to the spring flowering period. 

Without detailed flora and vegetation surveys of the planned seismic line alignments in areas 
where significant vegetation, DRF and Priority species are likely to occur, it is possible that 
threatened plant communities, individuals and/or populations of threatened species could be 
impacted by vehicle movements when rolling vegetation during preparation of the lines.  
Without deviating any seismic lines to avoid native vegetation, the maximum possible area of 
native vegetation that would be directly impacted is 278.7ha in nature reserves and 126ha in 
areas of remnant vegetation outside of nature reserves (refer to Section 2.3, Table 2.2). 

In the longer term, access to seismic lines by unauthorised third party vehicles has the 
potential to cause degradation of vegetated areas and spread of weeds or dieback 
(Phytophthora cinnamomi).  Without appropriate rehabilitation to deter third party access, 
and revegetation on the seismic lines, third party access could result in substantial long term 
or permanent damage to the vegetation and flora of the survey area. 
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5.2.3 Environmental management strategies 

ARC/Origin Vegetation and Flora Management Process 

A summary of the potential impacts and their management is presented in Attachment 1.  
Figure 5.1 details the process through which potential impacts to native vegetation and flora 
will be managed during the proposed seismic survey.  Key steps in the process to minimise 
environmental impacts of line preparation on vegetation are: 

• a desktop review of aerial photographs to identify the boundaries of different vegetation 
community types; 

• a field survey to confirm the distribution of vegetation community types, and identify 
features of particular environmental sensitivity or risk.  This survey would collect species 
composition data from within each vegetation community type, and would include 
sampling from replicated sampling points within each community type to characterise 
natural variation; 

• a desktop review of vegetation community types to determine areas of high 
environmental sensitivity or risk based on the likely presence of DRF and Priority listed 
flora; 

• confirmation with CALM that areas of high environmental sensitivity or risk have been 
adequately identified, particularly with respect to nature reserves, UCL and areas of 
remnant vegetation; 

• a detailed botanical survey of the seismic lines in areas of high environmental sensitivity 
or risk to determine the presence of DRF or Priority species within the proposed 
alignments; 

• realignment of the seismic lines to avoid areas of high environmental sensitivity or risk 
and confirmation with CALM that the proposed line alignments are acceptable;  

• development of chaining maps showing all line alignments and including all features of 
high environmental sensitivity or risk.  The chaining maps would also show the 
distribution of fences, crops, tracks, roads, weed and dieback areas and hygiene points; 
and 

• supervision of line preparation activities by the ARC/Origin Field Botanist in areas of high 
environmental sensitivity or risk. 

The process also highlights the importance of the ongoing participation of (and consultation 
with) CALM at the different stages of the proposed seismic survey.   

To achieve ARC/Origin’s objectives and to effectively manage the potential impacts, flora 
and vegetation surveys will be undertaken over the entire survey area prior to establishing 
the seismic lines in the field.  ARC/Origin intend, through close consultation with CALM, to 
identify and agree on areas of high environmental risk/sensitivity in the proposed seismic 
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survey area.  Disturbance to DRF, Priority 1 and 2, undescribed and EPBC Act listed flora 
will be avoided if possible (Attachment 1).  On advice from the ARC/Origin Field Botanist, the 
seismic lines will be deviated where possible to avoid threatened flora as well as significant 
vegetation including Threatened Ecological Communities, low lying areas and wetlands, 
large trees and slower growing species (eg Xanthorrhoea or Zamia) and to maximise the use 
of existing access (eg tracks, roads and previous seismic lines).  This survey would also 
identify and record on a global positioning system (GPS) other significant features such as 
fauna habitats, significant areas of weed infestation, wetlands, dunes and areas of high 
erosion potential and the seismic lines would be deviated accordingly to avoid these 
features.  Additional to flora and vegetation surveys, when mobilisation begins, in regions of 
agreed high environmental sensitivity or risk, the ARC/Origin Field Botanist will supervise 
field operations to ensure significant vegetation, DRF and Priority species are avoided where 
possible.   

Preparation of source and receiver lines 

The use of bulldozers to roll vegetation has been adopted in preference to clearing, as rolling 
retains the topsoil that contains seedstock and the rootstock, both of which facilitate 
rehabilitation and revegetation.  Rolling the vegetation results in a temporary disturbance and 
because the topsoil and rootstock remain intact, the vegetation is able to regenerate more 
quickly than would be the case with clearing.  Rolling the vegetation also results in a 
narrower corridor of disturbance than clearing and so allows for faster recolonisation by 
adjacent vegetation. 

In sensitive areas such as the White Point beach ridge area of the Beekeepers Nature 
Reserve, the receiver lines will be laid out by hand to avoid disturbing vegetation and dune 
formations.  Similarly, receiver cables will be laid out by hand within nature reserves if DRF 
or Priority listed species are detected and cannot be avoided by deviating the lines. 

Unauthorised third party access 

To manage the potential impact of unauthorised third party access to areas of agreed high 
sensitivity or risk, the entrance of seismic lines will be obscured by including dog legs into 
and out of scrub/bush, by starting seismic lines where they can be easily disguised (ie dense 
vegetation or amongst trees) and by using cleared vegetation to block entrances.  On 
completion of the proposed seismic survey, ARC/Origin will endeavour to close the lines no 
later than one month from their last use.  Signage, gates or soil barriers will be avoided as 
they tend to attract unauthorised third parties by drawing attention to the access route.  

Rehabilitation and revegetation 

ARC/Origin will investigate, in consultation with CALM, the potential to conduct experimental 
mosaic prescribed burning of the native vegetation in the survey area to stimulate 
regeneration of the lines and obscure the presence of the access tracks.  Mosaic burning 
could be conducted over an extended timeframe to ensure that impacts to fauna and fire 
sensitive flora species are minimised.  Burn locations would be prioritised to ensure that 
initial areas include visible access points and areas where weed invasion is a risk.  Weed 
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control following burning at vegetation/cleared land boundaries would be implemented to 
ensure that additional weed invasion into native vegetation is minimised. 

Induction process 

Training of the workforce to raise awareness of ARC/Origin’s objectives for the survey is an 
important part of implementing these management strategies.  The workforce will receive a 
Health Safety and Environment (HSE) induction prior to the survey commencing from the 
ARC/Origin Environmental Field Officer.  The induction will highlight the location of sensitive 
areas and the appropriate line preparation methods and vehicle/personnel hygiene protocols 
to be followed.  The induction will also cover issues such as camp rules and interference with 
flora and fauna.  

5.2.4 Predicted outcomes 

Through the implementation of the Vegetation and Flora Management Process (Figure 5.1), 
significant vegetation, DRF, undescribed and Priority species will be avoided to the greatest 
extent possible during preparation of the seismic lines, so it is predicted that there will be no 
loss of these species.  In addition, the detailed vegetation surveys to be carried out as part of 
the Vegetation and Flora Management Process will increase the community’s knowledge of 
the local and regional flora and DRF and Priority species, which will assist with planning 
future petroleum or other activities in the region.  With the implementation of rehabilitation 
and revegetation strategies (detailed in Section 5.5), including measures to prevent third 
party access to seismic lines, it is predicted that there will be no long term degradation of 
vegetation in the nature reserves and other areas of remnant vegetation.   

Although the maximum area of native vegetation that would be directly impacted is 278.7ha 
in nature reserves and 126ha outside of nature reserves, deviating the seismic lines to avoid 
native vegetation will substantially reduce the areas that will be impacted.  Laying out 
receiver cables by hand in dune areas and in nature reserves where significant vegetation, 
DRF or Priority listed species are detected along the planned lines will further reduce the 
potential for disturbance of these flora and their associated landforms.  Furthermore, by 
rolling the vegetation, and implementing active rehabilitation and revegetation measures 
such as mosaic burning and seeding and mulching of areas that do not regenerate well 
naturally, the native vegetation communities are expected to recover more quickly than they 
would after clearing.  As a result of these measures, it is predicted that there will be no 
reduction in the abundance, diversity, distribution and productivity of flora at species and 
ecosystem levels as a result of the proposed Denison 3D Seismic Survey. 
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Figure 5.1 ARC/Origin Vegetation and Flora Management Process 

14 - ARC/Origin Field Botanist to supervise
rolling operations in areas of agreed high
sensitivity or risk

13 - Enter all significant features and seismic
lines onto chaining maps

12 - Confirm with CALM that finalised
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11 - Identify whether further seismic line
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alignments accordingly

10 - Conduct botanical survey of seismic
lines in areas of high sensitivity or risk
(including GPS locations of significant flora
and other significant features)
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realignments are acceptable

8 - Realign proposed seismic lines to avoid
areas of high sensitivity or risk (where
practicable)

7 - Confirm with CALM that they agree with
the identified areas of high sensitivity or risk

6 - Identify areas of high sensitivity or risk
based on vegetation mapping, database
reviews and criteria for sensitivity and risk

5 - Ground truth vegetation community types

4 - Develop criteria to determine areas of
high sensitivity or risk

3 - Conduct desktop review of aerial
photography to determine likely vegetation
community types

2 - Confirm with CALM that they agree in
principle with the strategy

1 - Develop strategy for minimising impacts
on native vegetation

Vegetation and Flora Management Process

A
R

C
/O

rig
in

A
R

C
/O

rig
in

 E
nv

iro
nm

en
ta

l
Fi

el
d 

 O
ffi

ce
r

A
R

C
/O

rig
in

 F
ie

ld
 B

ot
an

is
t

C
A

LM

Key:
Responsible
Involved or Notified
Decision
Go To

TerminatorEND

Note
Link

No

Yes

No

Yes

No

Yes

No

Yes

END

Process Step

W
O

R
K

 C
O

M
P

LE
TE

D
 T

O
 D

A
TE

P
R

IO
R

 T
O

 L
IN

E
 P

R
E

P
A

R
TI

O
N

D
U

R
IN

G
LI

N
E

P
R

E
P



Date: 8 June 2004 
Denison 3D Seismic Survey Public Environmental Review 

Document: ENV-REP-04-052-002 Rev 1 
 

  Page 84 

5.3 Weeds 

5.3.1 Proponent’s objectives 

ARC/Origin’s objective for this proposal in relation to weed introduction and spread is to: 

• minimise the risk of introducing exotic species and spreading weeds in the region. 

5.3.2 Potential impacts 

The movement of vehicles and personnel across the proposed seismic survey area is the 
most likely means by which weeds could be spread.  Weeds can readily become established 
in disturbed areas, so preparing the seismic lines could potentially create new habitats that 
weeds could opportunistically exploit.  Without an understanding of the locations of current 
weed infestations, and appropriate clean-down protocols in place, vehicles and personnel 
could inadvertently carry seeds, soil and debris from weed-affected areas into weed-free 
areas.  Over the longer term, third party access to the seismic lines can promote the 
disturbance of vegetation and spread weeds in these disturbed areas.   

There are no declared weed species in the area.  The Department of Agriculture has 
confirmed that there is “no Skeleton Weed or quarantine properties in the seismic survey 
area L1, L2 and EP413.  Weeds such as thistle and Patterson's curse are no longer listed as 
declared plants”.  ARC/Origin recognise that weeds currently occur across areas of farmland, 
along the railway line, road verges, and in some areas of nature reserves and other areas of 
remnant vegetation.  ARC/Origin’s weed management strategies are focused on minimising 
the spread of weeds from vehicle and personnel movements, with the key priorities being to 
avoid weeds being introduced into currently unaffected farmland, nature reserves and other 
areas of remnant vegetation. 

5.3.3 Environmental management strategies 

ARC/Origin Weed Management Process 

A summary of the potential impacts associated with weeds and the management strategies 
to be implemented is presented in Attachment 1.  To achieve ARC/Origin’s objective for 
weeds, ARC/Origin’s weed management strategies are focused on minimising the spread of 
weeds currently occurring in the area, minimising the creation of new habitat that weeds 
could exploit, and minimising the long term potential for weeds to opportunistically exploit the 
seismic lines.  Figure 5.2 details the process through which weeds will be managed during 
the proposed seismic survey.  The process also indicates ongoing monitoring that will be 
undertaken after the completion of the proposed seismic survey. 

Induction process 

Minimising the spread of weeds currently occurring in the area will be achieved through HSE 
inductions of the workforce to raise awareness about the issue of spreading weeds and 
requirements for vehicle and personnel hygiene when travelling across the proposed seismic 
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survey area.  During the vegetation survey, the locations of areas heavily infested with 
weeds will be recorded on a GPS and the seismic lines will either be realigned to avoid these 
areas, or these areas will be treated to eradicate the weeds.  The locations of heavily weed 
infested areas will be identified on chaining maps, as will locations for mandatory clean-
downs of vehicles and personnel.  Daily planning will ensure that vehicle and line rolling 
equipment movements will be minimised between weed-prone and weed-free areas. 
Additionally, where possible, movements of vehicles between native vegetation and farmland 
will be minimised.   

Controlling the spread of weeds 

Most of the weeds occurring in the region spread through either adherence or are wind-borne 
(Section 4.6.4).  Therefore, removing soil, seeds and other plant matter from vehicles and 
personnel by brushing or blowing with compressed air is an appropriate method for 
controlling the spread of weed seeds (Attachment 3).  The clean-down protocol clearly 
specifies the procedures to be followed when moving into or from nature reserves, UCL, 
private property or other areas of identified high sensitivity or risk. 

The creation of newly disturbed areas that could be opportunistically exploited by weed 
species will be reduced by minimising the alignment of seismic lines over native vegetation 
as discussed in Section 5.2.  ARC/Origin’s alignment of seismic lines is designed to make 
maximum use of existing tracks and old seismic lines and minimise the need to roll 
vegetation during the preparation of the lines.  Furthermore, preparing the seismic lines by 
rolling rather than by clearing will minimise vegetation disturbance and therefore the area of 
newly disturbed land that could be exploited by weeds.  ARC/Origin will conduct a weed 
eradication and removal programme along railway lines that run through the proposed 
seismic survey area. 

Unauthorised third party access and rehabilitation and revegetation 

Over the longer term, minimising third party access to the seismic lines by closing the lines 
and implementing rehabilitation and revegetation measures, will be fundamental to 
minimising the potential introduction and spread of weeds.  Rolling vegetation rather than 
clearing, will retain the seedstock and rootstock and promote regeneration of native 
vegetation.  Closing the lines and disguising their appearance will reduce third party access 
that could otherwise continue to cause disturbance and introduce weeds.  ARC/Origin’s long-
term monitoring programme will include monitoring of weeds in areas undergoing 
rehabilitation, providing an opportunity to implement weed eradication measures if required. 
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Figure 5.2  ARC/Origin Weed Management Process 

17 - CALM sign-off that weed hygiene criteria
have been met

16 - Confirm with CALM that weeds are
adequately controlled (in accordance with
rehabilitation/revegetation completion
criteria)

15 - Determine whether weed completion
criteria are met

14 - Continue monitoring weeds as part of
line rehabilitation/revegetation monitoring

13 - Determine whether further active weed
management required

12 - Undertake monitoring for weed
infestations after wet season

11 - Implement the weed hygiene and
quarantine protocol

10 - Enter all agreed high weed risk areas
and clean-down points on chaining maps

9 - Implement a weed eradication
programme in agreed high weed risk areas
prior to seismic line preparation

8 - Confirm with CALM that the weed
hygiene and quarantine protocol and
completion criteria are acceptable

7 - Develop completion criteria for weeds as
part of rehabilitation/revegetation completion
criteria

6 - Develop a weed hygiene and quarantine
protocol

5 - Confirm with CALM that they agree with
the identified high weed risk areas

4 - Identify high weed risk areas

3 - Ground truth weed infestations

2 - Desktop review of vegetation reports over
the region, from both previous seismic
surveys and DoA reports, focusing on details
of known weed infestations

1 - Develop strategy for minimising risk of
spreading weeds
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5.3.4 Predicted outcome 

Through the implementation of HSE inductions for the workforce, the realignment of seismic 
lines to avoid areas of heavy weed infestation and the implementation of vehicle and 
personnel clean-down protocols, it is predicted that the potential for weeds currently 
occurring in the area to be spread from weed-affected areas to weed-free areas will be 
minimised.  By realigning the seismic lines to minimise the need for vegetation rolling, and 
rolling rather than clearing vegetation, it is predicted that the area of newly disturbed ground 
that could be exploited by weeds will be minimised.  With the implementation of the 
rehabilitation and revegetation programme, which includes closing the seismic lines to third 
party access and conducting ongoing monitoring for weeds, it is predicted that the potential 
for weeds to establish in the seismic lines will be minimised.  Therefore, ARC/Origin predict 
that there will be no introduction of new weed species or spread of weed species existing in 
the area as a result of the proposed seismic survey activities. 
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5.4 Dieback (Phytophthora cinnamomi) 

5.4.1 Proponent’s objectives 

ARC/Origin’s objectives for this proposal in relation to dieback are to: 

• avoid adverse impacts on biological diversity, comprising the different plants and 
animals and the ecosystems they form, at the levels of genetic diversity, species 
diversity and ecosystem diversity; and 

• to maintain the abundance, diversity, geographic distribution and productivity of flora at 
species and ecosystem levels through the avoidance or management of adverse 
impacts and improvement in knowledge. 

5.4.2 Potential impacts 

Dieback (Phytophthora cinnamomi) is a predominantly soil borne pathogen that invades and 
destroys the root and root collar cells of plants in a diverse range of plant families including 
Proteaceae, Epacridaceae, Dilleniaceae, Papilionaceae, Xanthorrhoeaceae and Myrtaceae.   

Dieback has the potential to severely adversely affect the flora of the proposed seismic 
survey area if introduced.  Dieback also has the potential to be transported into the proposed 
seismic survey area from an infested region through soil particles attached to personnel, 
vehicles or livestock, water draining from infested sites, or infested plant material caught in 
vehicles and machines. 

Disease in native plants susceptible to Phytophthora cinnamomi is confined to those areas of 
the southwest of WA and extensions to the northwest and southeast with rainfall exceeding 
600mm per year (CALM 2001a).  Areas with rainfall between 400mm and 600mm may also 
exhibit disease if they are areas where water pools and can remain in the soil for extended 
periods.  Sites with calcareous soils, such as the Spearwood dune system, are not 
considered vulnerable to the disease caused by Phytophthora cinnamomi, although disease 
caused by this pathogen has been recorded in areas with calcareous soils where conditions 
permit. 

Currently there are two known infestations of Phytophthora in the vicinity of tenements L1, L2 
and EP413.  One area is on private property to the southwest of the permit areas, and the 
other is in a gravel pit at the end of Mt Adams Roads (Hart et al. 2003).  Both of these areas 
are outside of the proposed Denison 3D Seismic Survey area.   

CALM’s protocol for determining the vulnerability of an area to damage by Phytophthora 
cinnamomi (CALM 2001a) was applied to the proposed seismic survey area.  Using this 
protocol, it was determined that the proposed seismic survey area was not vulnerable due to 
the low rainfall experienced in the area, the sandy soils that provide good water drainage, 
and the calcareous substratum.  However, Phytophthora cinnamomi can thrive within the 
root-mass of dense Banksia stands occurring within gullies or water-gathering areas  
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(Greg Woodman, Woodman Environmental Consulting, personal communication).  
Furthermore, the seismic survey area contains sites of high conservation value.  Therefore, 
the management factors listed in Table 1 of the CALM (2001a) protocol were taken into 
consideration when developing appropriate environmental management strategies. 

5.4.3 Environmental management strategies 

ARC/Origin Dieback Management Process 

The environment of the proposed seismic survey area is generally hostile to Phytophthora 
cinnamomi as the soils are predominantly over limestone and the region experiences low 
rainfall.  Therefore the potential for dieback to spread in the area is limited and the area is not 
considered vulnerable.  Nevertheless ARC/Origin propose to implement strategies to 
minimise the potential for Phytophthora cinnamomi to be introduced or spread in the 
proposed seismic survey area. 

Figure 5.3 details the process that will be used to minimise the potential for Phytophthora 
cinnamomi to be spread during the proposed seismic survey.  The process also indicates 
ongoing monitoring that will be undertaken for three years after the completion of the survey, 
which is the timeframe over which the effects of dieback may manifest if spreading has 
occurred (Greg Woodman, Woodman Environmental Consulting, personal communication).   

Induction process 
ARC/Origin’s HSE induction will include information on dieback (Phytophthora cinnamomi), 
including the potential modes for spreading dieback and the consequences for native 
vegetation if Phytophthora cinnamomi is introduced or spread.  The induction will also cover 
clean-down methods to be used when entering nature reserves so as to avoid potentially 
infested soil being transported into the reserves.  ARC/Origin will appoint an Environmental 
Field Officer to communicate quarantine management/hygiene responsibilities and conduct 
monitoring of any suspected Phytophthora cinnamomi infestation through auditing and 
inspection programmes. 

The location of two known areas of Phytophthora infestation have been identified and will be 
“off limits” to personnel and vehicles.  During ground-truthing of proposed seismic lines 
through areas of agreed high sensitivity or risk, any evidence of dieback will be noted and 
recorded on a GPS.  Areas of suspected Phytophthora cinnamomi infestation will be 
quarantined and the seismic lines will be deviated to avoid them.  Similarly, the location of 
high dieback risk areas (eg wetlands or low lying wetter areas) will be recorded on a GPS 
and the seismic lines deviated to avoid them.  The seismic survey proposes to maximise the 
use of existing access routes (eg tracks, roads, previous seismic lines).  Chaining maps will 
show the locations of gates to avoid the potential for livestock to escape and transport 
Phytophthora cinnamomi contaminated soil. 
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Clean-down procedures and hygiene protocol 
Vehicle and line rolling equipment movements will be planned to be minimise movement into 
and out of vegetated areas.  Additionally, where possible, movements of vehicles between 
native vegetation and farmland will be minimised.  ARC/Origin will employ their mandatory  
hygiene protocol for vehicles and equipment which carry vegetation, mud or soil particles 
(Attachment 3).  Clean-down procedures will primarily involve brushing or air-blowing 
vehicles, machinery and personnel boots.  However, if wash-downs are required, eg under 
wet/muddy conditions, only scheme water or water treated with chlorine will be used.  All 
vehicles and machinery will be cleaned and inspected for soil, plant material and pest animal 
contamination prior to mobilisation to site and also prior to entering any nature reserves or 
areas of remnant vegetation.  The location of clean-down areas will be identified on a 
hygiene plan for the field programme based on the results of field surveys. 

Unauthorised third party access 

To manage the potential impact of unauthorised third party access spreading Phytophthora 
cinnamomi into nature reserves, the entrance of seismic lines will be obscured by including 
dog-legs into and out of scrub/bush, by starting seismic lines where they can be easily 
disguised (ie dense vegetation or amongst trees) or by using mulch to block entrances.  On 
completion of the survey ARC/Origin will endeavour to close lines no later than one month 
from their last use.  

5.4.4 Predicted outcome 

Through the implementation of ARC/Origin’s hygiene protocol, it is predicted that there will 
be no introduction or spread of Phytophthora cinnamomi in the area as a result of vehicle 
and personnel movements during the seismic survey.  
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Figure 5.3  ARC/Origin Dieback Management Process 

14 - CALM sign-off that dieback completion
criteria have been met

13 - Confirm with CALM that dieback
completion criteria have been met

12 - Determine whether dieback completion
criteria are met

11 - Undertake monitoring for dieback
infestation after three years

10 - Implement the dieback hygiene and
quarantine protocol

9 - Enter all agreed high risk areas and clean
down points on chaining maps

8 - Confirm with CALM that the dieback
hygiene and quarantine protocol and
completion criteria are acceptable

7 - Develop completion criteria for dieback as
part of rehabilitation/revegetation completion
criteria

6 - Develop a dieback hygiene and
quarantine protocol

5 - Confirm with CALM that they agree with
the identified high dieback risk areas

4 - Identify high dieback risk areas

3 - Ground truth dieback infestations and
high dieback risk areas

2 - Conduct desktop review of vegetation
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5.5 Rehabilitation and revegetation 

5.5.1 Proponent’s objectives 

ARC/Origin’s objective for this proposal in relation to rehabilitation/revegetation is to: 

• ensure, as far as practicable, that rehabilitation achieves a stable and functioning 
landform which is consistent with the surrounding landscape and other environmental 
values. 

5.5.2 Potential impacts 

Land rehabilitation and revegetation are management measures aimed at minimising the 
potential environmental impacts of the proposed seismic survey.  In particular, rehabilitation 
is aimed at reinstating the landform to its pre-existing condition and revegetation is aimed at 
re-establishing vegetation communities that, over time, return to those typical of the 
surrounding area prior to the survey.  Furthermore, rehabilitation and revegetation are also 
aimed at reducing the potential of erosion to within the range of natural processes.  As 
alluded to in Sections 5.2 to 5.4, ineffective rehabilitation and revegetation of the seismic 
lines could result in long term environmental issues such as erosion, degradation of native 
vegetation communities leading to loss of habitat and biodiversity, establishment of weeds or 
dieback (Phytophthora cinnamomi) in disturbed areas, or inappropriate access to sensitive 
areas by third parties.   

5.5.3 Environmental management strategies 

Previous seismic surveys and other activities 

Seismic surveys have been conducted in the area since the 1960’s and so there are a 
number of examples of previous seismic lines that show how the vegetation communities 
recover over time following various methods of line establishment, acquisition of seismic data 
and rehabilitation of the lines.  Other activities such as mineral sands and lime sands mining 
have been conducted in the region and knowledge has been gathered regarding appropriate 
rehabilitation measures and successional ecology of disturbed areas as a result of these 
projects.  Rehabilitation practices used in the local mining industry such as seeding with 
indigenous species and the harvesting and application of brush or mulch will be used only 
where natural regeneration from soil seed and rootstock does not occur. 

Previous seismic line rehabilitation and revegetation 

Figures 5.4 and 5.5 provide an aerial view of the rehabilitating seismic lines within the two 
major landform and vegetation community types in the study area (Coastal limestone/dunal 
communities in the Beekeepers Nature Reserve and the Kwongan heathlands of the 
Yardanogo Nature Reserve).  Figure 5.4 shows a typical line six months after establishment 
in the coastal communities of the Beekeepers Nature Reserve and Figure 5.5 shows 
recovery of seismic lines three to four months after establishment in the Kwongan heath 
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communities of the Yardanogo Nature Reserve.  Recovery of the seismic lines following 
closure appears to progress well in most areas, with little evidence of them being kept open 
by the general public.   

Table 5.3 summarises the results of a qualitative field assessment carried out in April 2004 of 
some of the historical seismic lines (Woodman Environmental Consulting 2004).  This review 
looked at a selection of sites on several historical seismic lines within the Beekeepers and 
Yardanogo Nature Reserves.  The lines all appeared to be regenerating with indigenous 
species with no evidence of third party use of the lines.  Development of foliage cover on all 
lines has progressed with some sites achieving greater than 50% of the undisturbed foliage 
covers.  In addition weed invasion and erosion on the lines was found to be very minor 
indicating that the lines will probably rehabilitate and revegetate well in the medium to long 
term. 

Figure 5.6 shows recent photographs rehabilitation/revegetation of seismic lines within the 
proposed seismic survey area.  These photographs clearly show colonisation of the lines by 
the indigenous plant species through a variety of vegetation community types.  The 
photographs were taken during April 2004, two and a half years after line establishment. 

The majority of seismic lines in the proposed seismic survey area have been left to 
rehabilitate without any further effort from land managers.  Fire is known to stimulate release 
of seed from bradysporous species and also germination of seed stored within the topsoil 
from many other native species.  Fire has been shown to improve rehabilitation of the 
seismic lines within Kwongan vegetation in the Yardanogo Nature Reserve.  A study 
investigating recovery of Banksia hookeriana following establishment of seismic lines is 
currently being conducted by CALM (CALM 2004).  Early results clearly show that seismic 
lines that received an Autumn burn following closure have increased establishment of native 
species compared to unburnt lines.  Figure 5.7 and Figure 5.8 respectively show recovery of 
vegetation at 3 years on lines that have been burnt and unburnt in the same area. 

Unfortunately there is no quantitative data available describing recovery of the vegetation on 
seismic lines, however, quantitative data is available for recovery of Kwongan vegetation at 
Eneabba following brush harvesting or mulching of native vegetation areas.  The vegetation 
present at Eneabba resembles the vegetation community types present in portions of the 
Yardanogo Nature Reserve more than the coastal vegetation units present in the northern 
section of the Beekeepers Nature Reserve and Dongara Nature Reserve.  Brush harvesting 
involves the collection of virtually all vegetation material higher than 100mm above the soil 
surface with little disturbance to the topsoil resource.  The impacts of this operation (while 
less than seismic data acquisition with respect to soil disturbance from vehicle traffic) are 
greater with respect to removal of seed and vegetation material from the ecosystems. 
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Figure 5.4 Appearance of seismic lines in Beekeepers Nature Reserve six months after the 
2001 Ularino 2D Seismic Survey3 

 

                                                 
3 Aerial photograph was taken in April 2002, six months after the Ularino seismic line was acquired (October 2001), note that 
there was no intervening growing season between the seismic survey and the aerial photograph. 
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Figure 5.5  Appearance of seismic lines in Yardanogo Nature Reserve three to four months 
after the 2001 Hibbertia 3D Seismic Survey4 

 

                                                 
4 Aerial photograph was taken in April 2002, three to four months after the Hibbertia 3D seismic line was acquired 
(November/December 2001), note that there was no intervening growing season between the seismic survey and the aerial 
photograph. 
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Table 5.3 Observations of recovery at several locations along historical seismic lines 
(Woodman Environmental Consulting 2004) 

Survey Location Vegetation 
description 

Description 

Tomkins 
Seismic 
Survey 

1989 

Yardanogo 
Nature 
Reserve. 

Coordinates:  
310803 E 
6746178 N 

Actinostrobus 
sp. thicket on 
yellow sand 
with exposed 
limestone. 

• Line rolled and graded for seismic exploration. 

• No current vehicle access through line. 

• Regeneration of Actinostrobus sp. and mixed understorey 
species, cover estimated as being between 40-50%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being greater than 70%. 

• No erosion evident. 

• Area has experienced burn within the last five years. 

• No weeds evident. 

Tomkins 
Seismic 
Survey 

1989 

Yardanogo 
Nature 
Reserve. 

Coordinates:  
315831 E 
6742158 N 

Banksia 
hookeriana 
shrubland with 
emergent 
Banksia 
menziesii. 

• Line rolled and graded for seismic exploration. 

• No current vehicle access through line. 

• Regeneration of numerous species, includes Banksia 
hookeriana individuals, cover estimated as being between 30-
60%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being 70%. 

• No erosion evident. 

• No weeds evident. 

Yardanooka 
Seismic 
Survey 

1992 

Yardanogo 
Nature 
Reserve. 

Coordinates:  
315788 E 
6744263 N 

Banksia 
hookeriana 
shrubland with 
emergent 
Banksia 
menziesii. 

• Line rolled and graded for seismic exploration. 

• No current vehicle access through line. 

• Regeneration of numerous species, mainly between old wheel 
ruts, however very few Banksia hookeriana individuals, cover 
estimated as being between 20-40%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being 70%. 

• No erosion evident. 

• No weeds evident. 
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Survey Location Vegetation 
description 

Description 

Yardanooka 
Seismic 
Survey 

1992 

Yardanogo 
Nature 
Reserve. 

Coordinates:  
315800 E 
6743120 N 

Banksia 
hookeriana 
shrubland with 
emergent 
Banksia 
menziesii. 

• Line rolled and graded for seismic exploration. 

• No current vehicle access through line. 

• Regeneration of numerous species, mainly between old wheel 
ruts, however very few Banksia hookeriana individuals, cover 
estimated as being between 10-40%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being 70%. 

• No erosion evident. 

• No weeds evident. 

Yardanooka 
Seismic 
Survey 

1992 

Yardanogo 
Nature 
Reserve. 

Coordinates:  
315841 E 
6742691 N 

Banksia 
hookeriana 
shrubland with 
emergent 
Banksia 
menziesii. 

• Line rolled and graded for seismic exploration. 

• No current vehicle access through line. 

• Regeneration of numerous species, mainly between old wheel 
ruts, greater number of Banksia hookeriana individuals than 
site above, cover estimated as being between 20-60%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being 70%. 

• No erosion evident. 

• No weeds evident. 

Unidentified 

1998 

Yardanogo 
Nature 
Reserve. 

Coordinates:  
310816 E 
6745121 N 

Actinostrobus 
sp. Banskia 
prionotes 
Shrubland on 
yellow sand. 

• Line rolled for seismic exploration. 

• No current vehicle access through line. 

• Regeneration mainly of Actinostrobus sp., very few Banksia 
prionotes individuals, cover estimated as being between 20-
30%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being between 70-100%. 

• No erosion evident. 

• Area has experienced burn within the last five years. 

• Very minor annual weed invasion. 

• Vegetation litter has been spread over line. 
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Survey Location Vegetation 
description 

Description 

Unidentified 

1998 

Yardanogo 
Nature 
Reserve. 

Coordinates:  
313036 E 
6747418 N 

Banksia 
hookeriana 
Shrubland on 
yellow sand. 

• Line rolled for seismic exploration. 

• No current vehicle access through line. 

• Regeneration of mixed understorey species and Banksia 
hookeriana, cover estimated as being between 20-30%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being between 70-90%. 

• No erosion evident. 

• No weeds evident. 

Unidentified 

1998 

Yardanogo 
Nature 
Reserve. 

Coordinates:  
313367 E 
6745594 N 

Banksia 
prionotes and 
Actinostrobus 
sp. Shrubland. 

• Line rolled for seismic exploration. 

• No current vehicle access through line. 

• Regeneration of tree and understorey species on line, cover 
estimated as being 30%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being 70%. 

• No erosion evident. 

• No weeds evident. 

Beharra 
Springs 3D 

1999 

Yardanogo 
Nature 
Reserve. 

South of Mt 
Adams 
Road. 

Coordinates:  
315837 E 
6742597 N 

Banksia 
hookeriana 
shrubland with 
emergent 
Banksia 
menziesii. 

• Line rolled for seismic exploration. 

• No current vehicle access through line. 

• Regeneration of numerous species, mainly between old wheel 
ruts, however very few Banksia hookeriana individuals, cover 
estimated as being between 10-30%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being 70%. 

• No erosion evident. 

• No weeds evident. 

Beharra 
Springs 3D 

1999 

Yardanogo 
Nature 
Reserve. 

South of Mt 
Adams 
Road. 

Coordinates:  
315815 E 
6742112 N 

Banksia 
hookeriana 
shrubland with 
emergent 
Banksia 
menziesii. 

• Line rolled for seismic exploration. 

• No current vehicle access through line. 

• Regeneration of numerous species, mainly between old wheel 
ruts, cover estimated as being between 10-40%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being 70%. 

• No erosion evident. 

• No weeds evident. 
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Survey Location Vegetation 
description 

Description 

Beharra 
Springs 3D 

1999 

Yardanogo 
Nature 
Reserve. 

South of Mt 
Adams 
Road. 

Coordinates:  
315926 E 
6740914 N 

Banksia 
hookeriana 
shrubland with 
emergent 
Banksia 
menziesii. 

• Line rolled for seismic exploration. 

• No current vehicle access through line. 

• Regeneration of numerous species, includes Banksia 
hookeriana individuals, cover estimated as being 40%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being 70%. 

• No erosion evident. 

• No weeds evident. 

Beharra 
Springs 3D 

1999 

Yardanogo 
Nature 
Reserve. 

South of Mt 
Adams 
Road. 

Coordinates:  
315922 E 
6741154 N 

Banksia 
hookeriana 
shrubland with 
emergent 
Banksia 
menziesii. 

• Line rolled for seismic exploration. 

• No current vehicle access through line. 

• Regeneration of numerous species, includes Banksia 
hookeriana, cover estimated as being between 30-60%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being 70%. 

• No erosion evident. 

• No weeds evident. 

Hibbertia 
3D 

2001 

Yardanogo 
Nature 
Reserve; 

North of Mt 
Adams 
Road. 

Coordinates:  
315939 E 
6745715 N 

Banksia 
hookeriana 
shrubland with 
emergent 
Banksia 
menziesii. 

• Line rolled for seismic exploration. 

• No current vehicle access through line. 

• Regeneration of numerous species, mainly between old wheel 
ruts, however very few Banksia hookeriana individuals, cover 
estimated as being 20%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being 70%. 

• No erosion evident. 

• No weeds evident. 

Hibbertia 
3D 

2001 

Yardanogo 
Nature 
Reserve; 

South of Mt 
Adams 
Road. 

Coordinates:  
315789 E 
6744276 N 

Banksia 
hookeriana 
shrubland with 
emergent 
Banksia 
menziesii. 

• Line rolled for seismic exploration. 

• No current vehicle access through line. 

• Regeneration of numerous species, mainly between old wheel 
ruts, however very few Banksia hookeriana individuals, cover 
estimated as being between 10-20%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being 70%. 

• No erosion evident. 

• No weeds evident. 



Date: 8 June 2004 
Denison 3D Seismic Survey Public Environmental Review 

Document: ENV-REP-04-052-002 Rev 1 
 

  Page 100 

Survey Location Vegetation 
description 

Description 

Hibbertia 
3D 

2001 

Yardanogo 
Nature 
Reserve; 

South of Mt 
Adams 
Road. 

Coordinates:  
315802 E 
6743074 N 

Banksia 
hookeriana 
shrubland with 
emergent 
Banksia 
menziesii. 

• Line rolled for seismic exploration. 

• No current vehicle access through line. 

• Regeneration of numerous species, mainly between old wheel 
ruts, however very few Banksia hookeriana individuals, cover 
estimated as being between 10-20%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being 70%. 

• No erosion evident. 

• No weeds evident. 

Ularino 2D 

2001 

Beekeepers 
Nature 
Reserve. 

Coordinates:  
303627 E 
6752226 N 

Acacia and 
Melaleuca 
thicket on dunal 
slope. 

• Seismic line placed on existing exploration track. 

• No current vehicle access through line. 

• Regeneration of cover estimated as being 20%, mainly 
between old wheel ruts. 

• Percentage foliage cover in undisturbed vegetation estimated 
as being between 70-100%. 

• Some erosion on steep hill, but not active. 

• Some minor weed invasion, Hypochaeris glabra, Ursinia 
anthemoides, Arctotheca calendula. 

Ularino 2D 

2001 

Beekeepers 
Nature 
Reserve. 

Coordinates:  
303617 E 
6751028 N 

Eucalyptus 
mallee 
woodland on 
grey 
sand/limestone. 

• Line rolled for seismic exploration. 

• No current vehicle access through line. 

• Regeneration patchy, mainly Eucalyptus cover estimated as 
being between 10-40%. 

• Percentage foliage cover in undisturbed vegetation estimated 
as being between 60-70% Eucalyptus overstorey, estimated 
as being between 40-50% mixed shrub understorey. 

• No erosion evident. 

• No weeds evident. 

• Much dead branch cover spread over seismic line. 
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Survey Location Vegetation 
description 

Description 

Ularino 2D 

2001 

Beekeepers 
Nature 
Reserve. 

Coordinates:  
303982 E 
6750591 N 

Eucalyptus 
mallee with 
mixed dense 
thicket on sand. 

• Line rolled for seismic exploration. 

• No current vehicle access through line, excepting for first 
800m from railway line. 

• Regeneration of Eucalyptus and understorey shrubs patchy, 
cover estimated as being between 10-40%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being between 80-100%. 

• No erosion evident. 

• No weeds evident. 

• Much dead branch cover spread over seismic line. 

Ularino 2D 

2001 

Beekeepers 
Nature 
Reserve. 

Coordinates:  
303878 E 
6742481 N 

Low Melaleuca 
heath on sand 
over limestone. 

• Line rolled for seismic exploration. 

• No current vehicle access through line. 

• Regeneration of mixed heath species, cover estimated as 
being between 20-30%, mainly between old wheel ruts. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being between 50-80%. 

• No erosion evident. 

• Some weed invasion, Arctotheca calendula, Ursinia 
anthemoides, but weeds present at same densities throughout 
vegetation also. 

• Much dead branch/litter cover spread over seismic line. 

Ularino 2D 

2001 

Beekeepers 
Nature 
Reserve. 

Coordinates:  
304952 E 
6747166 N 

Low Melaleuca 
and Acacia 
shrubland on 
sand over 
limestone. 

• Line rolled for seismic exploration. 

• No current vehicle access through line. 

• Regeneration of mixed species, mainly between old wheel 
ruts, cover estimated as being 30%. 

• Percentage foliage cover of undisturbed vegetation estimated 
as being between 70-80%. 

• No erosion evident. 

• Very minor annual weed invasion. 
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Figure 5.6  Examples of rehabilitating seismic lines within the proposed seismic survey area (Woodman Environmental Consulting 2004) 

a Ularino 2D seismic line (October 2001) in limestone 
heath within Beekeepers Nature Reserve 

b  Ularino 2D seismic line (October 2001) in mallee 
woodland within Beekeepers Nature Reserve 

  
c  1998 2D seismic line in Banksia prionotes heath        

within Yardanogo Nature Reserve 
d  Beharra Springs 3D seismic line (1999) in Banksia 

hookeriana heath within Yardanogo Nature Reserve 
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Figure 5.7  Rehabilitation of a seismic line using a cool burn to stimulate regeneration 
(photographs provided courtesy of CALM) 

a  2000 

 
b  2001 

 
c  2004 
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Figure 5.8  Rehabilitation of a seismic line without burning (photographs provided courtesy of 
CALM) 

a  2000 

 
b  2001 

 
c  2004 
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Previous quantitative studies 

Griffin and Hopkins (1981) undertook a study into the effects of “brush harvesting” at 
Eneabba.  Brush harvesting at this time had only just begun to be used as a rehabilitation 
tool by the mineral sands mining companies, and it was seen that a greater amount of mulch 
was needed than could be taken from areas that were to be mined in the short term, leading 
to either certain areas being reharvested after 4-5 years, or for areas outside the mining path 
to be harvested (Griffin and Hopkins, 1981).  Species sensitive to harvesting, predominantly 
the obligate-seeders and more specifically the bradysporous obligate seeders, were 
identified.  It was determined that overall there was a loss of species within the harvested 
areas due to the harvesting operations (in the short term).  These studies have recently been 
replicated by Iluka Resources Pty Ltd to determine longer term impacts of this operation 
(Woodman Environmental Consulting 2002).  Recent observation of areas that were mulched 
as long as ten years ago show significant recovery of the vegetation, however quantitative 
data is currently not available to adequately describe this.   

Development of rehabilitation and revegetation completion criteria 
Once seismic data acquisition is complete within areas of native vegetation, ARC/Origin will 
reinstate site contours and close the entrances to the lines to prevent third party access.  The 
lines will then be left to regenerate naturally, as for previous seismic surveys in the area.   

Further investigation of rehabilitation plant communities on historical seismic lines will be 
conducted to identify vegetation community types that may require additional measures to 
promote revegetation.  Rehabilitation/revegetation completion criteria will then be developed 
for the project.  These criteria will be developed in consultation with CALM and will be used 
as a basis for ongoing monitoring of rehabilitation/revegetation progress and to determine 
when rehabilitation has been satisfactorily achieved.  Examples of rehabilitation completion 
criteria CALM have recommended include: 

• there should be no actual or potential erosion sites; 

• there should be no permanent markers, spoil or litter; 

• there should be no open holes, sumps or unstable or visible drill hole collars remaining; 

• all disturbed areas should be re-contoured to pre disturbance conditions and prepared 
for natural plant regeneration when weather permits (re-contouring should be such that 
natural water flow is retained or re-established); 

• there should be no disturbances likely to remain visible from the air where these could 
be removed by immediate remedial action (eg drill spoil, drill collars, steel pegs); 

• weeds and exotic plant and animal species should neither be introduced to nor spread 
within the nature reserves (treatment must be undertaken, as required, in consultation 
with CALM); 

• there should be no new access apparent which are likely to be used by others and 
develop into permanent features (permanent tracks as defined by CALM should remain);  
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• where current exploration programmes are carried out in areas of previous exploration, 
old tracks/gridlines which are not defined by CALM as a permanent tracks should be 
rehabilitated, or at least closed off and their intersections with public roads disguised; 

• open drill holes and costeans from previous exploration should be rehabilitated where 
possible (companies may wish to keep photographic evidence of such supplementary 
rehabilitation work). 

ARC/Origin Rehabilitation and Revegetation Management Process 
Figure 5.9 details the process through which rehabilitation and revegetation will be managed 
during and after the proposed seismic survey.  On completion of the project, the entrances to 
the seismic lines will be closed to restrict unauthorised third party access.  ARC/Origin will 
employ their best endeavours to close lines within 2 weeks of last use by the seismic crew or 
ancillary activities, and are committed to effect closure within one month.  Particular attention 
will be paid to the seismic lines with potential for unauthorised third party access to the 
beach.  Drill holes will be backfilled and plugged (as per standard practice) and spoil material 
will be dispersed to avoid visual impacts.  ARC/Origin will also fund an experimental burn 
programme to promote regeneration of vegetation and disguise the entrances to access 
tracks. 

To ensure rehabilitation/revegetation of disturbed areas is successful, ARC/Origin will 
conduct a series of monitoring programmes and audits against these criteria.  Audits will take 
place within two weeks of the end of the survey and after the first wet season, with attention 
paid to third party access issues and the presence of introduced weeds and/or dieback 
(Phytophthora cinnamomi).  Further inspections will be carried out following the second wet 
season after the survey and annually until monitoring has shown that the completion criteria 
are satisfied and CALM signs off that satisfactory rehabilitation has been achieved. 
Augmentation of the revegetation process will be investigated in consultation with CALM 
where lines are not recovering unaided. The use of fire or other methods such as seeding 
may be used following consultation and appropriate verification studies. 

5.5.4 Predicted outcome 

Through the implementation of the Vegetation and Flora Management Process (Figure 5.1), 
vegetation disturbance will be avoided to the greatest extent practicable.  Although the 
maximum area of native vegetation that would be directly impacted is 278.7ha in nature 
reserves and 126ha outside of nature reserves, deviating the seismic lines to avoid native 
vegetation will substantially reduce the areas that will be impacted.  Laying out receiver 
cables by hand in dune areas and in nature reserves where DRF or Priority listed species are 
detected along the planned seismic lines will further reduce the potential for disturbance of 
these flora and their associated landforms.  Furthermore, by rolling the vegetation, the 
communities are expected to recover more quickly than they would after clearing.   

With the implementation of the rehabilitation and revegetation management process 
(Figure 5.9), closing the seismic lines to prevent third party access and conducting long term 
monitoring against completion criteria agreed upon by CALM, it is predicted that there will be 
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no long term degradation of the land or associated vegetation as a result of the survey.  
Therefore, it is predicted that areas impacted by the proposed seismic survey will achieve a 
stable functioning landform which is consistent with the surrounding landscape and other 
environmental values. 
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Figure 5.9  ARC/Origin Rehabilitation and Revegetation Management Process 

14 - CALM sign-off that rehabilitation/
revegetation completion criteria have been
met

13 - Confirm with CALM that rehabilitation
completion criteria have been met

12 - Determine whether rehabilitation/
revegetation criteria are met

11 - Continue monitoring rehabilitation/
revegetation progress against completion
criteria on an annual basis

10 - Determine whether further active
rehabilitation/revegetation methods are
required and implement accordingly

9 - Undertake monitoring of rehabilitation/
revegetation success after wet season

8 - Implement rehabilitation/revegetation
management strategies

7 - Confirm with CALM that the rehabilitation/
revegetation completion criteria and/or
rehabilitation/revegetation management
strategies are acceptable

6 - Develop rehabilitation/revegetation
management strategies for each vegetation
community type

5 - Develop rehabilitation/revegetation
completion criteria for each vegetation
community type, including expected species
diversity and cover of dominant species over
the life cycle of the community

4 - Determine dominant species in each
vegetation community type and identify their
life cycles (ie opportunistic and successor
species)

3 - Ground truth rehabilitation/revegetation of
seismic lines from previous surveys

2 - Conduct desktop review of rehabilitation/
revegetation success on seismic lines from
previous surveys

1 - Develop strategy for implementing
effective rehabilitation and revegetation of
the survey lines
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5.6 Fauna 

5.6.1 Proponent’s objectives 
ARC/Origin’s objectives for this proposal in relation to fauna are to: 

• maintain the species abundance, diversity and geographic distribution of fauna; and 

• protect Specially Protected, Threatened and Priority fauna and their habitats, consistent 
with the provisions of the Wildlife Conservation Act 1950 and the EPBC Act. 

5.6.2 Potential impacts 

The rolling of vegetation during line preparation has the potential to directly result in the 
mortality of native fauna, particularly slower moving species such as reptiles.  Longer-term, 
indirect impacts on fauna could occur through loss of habitat if the rolled seismic lines are not 
rehabilitated or if degradation of the surrounding vegetation occurs through third party access 
and the introduction of weeds and dieback (Phytophthora cinnamomi).  The majority of the 
proposed seismic survey will be acquired on cleared agricultural land, whereas native fauna 
are generally restricted to the areas of remnant vegetation on farmlands, and also to the 
nature reserves.   

Fauna surveys have shown that the native fauna of the proposed seismic survey area is 
diverse, however contain few species that are listed as threatened or protected under the 
Wildlife Conservation Act 1950 or the EPBC Act.  Those species that may occur in the area 
and are listed as endangered or vulnerable under the EPBC Act or are Priority listed species 
under the Wildlife Conservation Act 1950 include the Black Cockatoo (Calyptorhynchus 
latirostris), Mallee Fowl (Leipoa ocellata), White-bellied Sea Eagle (Haliaeetus leucogaster), 
Peregrine Falcon (Falco peregrinnus), Stick-insect (Phasmodes jeeba), Cricket (Hemisaga 
vepreculae), Native Bee (Hyaleus globuliferus), Bush Stonecurlew (Burhinus grallarius) and 
Rufous Fieldwren (Calamanthus campestris montanellus).  Of these, the bird species occur 
over wide geographical ranges, and the short term nature of the proposed seismic survey is 
not expected to impact on populations of these species.  Similarly, significant proportions of 
the insect species populations are not expected to be directly impacted by the proposed 
seismic survey because only small areas of native vegetation will be directly affected and 
these areas are expected to regenerate within a relatively short period, as discussed in 
Sections 5.2 and 5.5. 

Increased access as a result of line preparation also has the potential to facilitate the 
migration of feral animals, including into the nature reserves.  Feral animals have the 
potential to prey on native fauna and compete with them for food, shelter and water.  Some 
feral animals could graze native vegetation and potentially destroy wildlife habitat.   
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5.6.3 Environmental management strategies 

The potential impacts on native fauna will be minimised by focusing on seismic line 
alignment, awareness and education of the workforce at the camp and when moving around 
the proposed seismic survey area, and the rehabilitation/revegetation of the seismic lines at 
the end of the proposed seismic survey.   

At the camp site, the camp area will be minimised and located on cleared farmland or 
previously cleared areas so its placement will not impact on native fauna.  ARC/Origin’s HSE 
induction for the workforce will cover issues pertaining to interfering with fauna and driver 
behaviour such as the setting of maximum speed limits.  No pets or animals will be permitted 
on the survey site and this will be stipulated in HSE inductions. 

Direct impacts on native fauna will be managed through ARC/Origin’s commitment to 
minimise vegetation disturbance (Section 5.2) by deviating the seismic lines and maximising 
the use of existing access routes.  One of the benefits of deviating the seismic lines is to 
minimise disturbance of native vegetation that provide habitat for native fauna.  Furthermore, 
in vegetation community types where sensitive fauna habitats (eg Mallee Fowl nesting 
mounds) are likely to occur, a fauna specialist will inspect the proposed seismic lines and 
record any observed sensitive fauna habitats on a GPS.  The seismic lines will be deviated to 
avoid such fauna habitats.   

Direct impacts will also be minimised through ARC/Origin’s HSE induction, which will cover 
requirements for the workforce to maintain a lookout for native fauna, avoid native fauna if 
observed on seismic lines, and collect any injured fauna observed and report such incidents 
to the ARC/Origin Environmental Field Officer.  If native fauna are injured, they will be 
collected, stored and reported to CALM. 

Indirect impacts on native fauna will be managed through the proposed method of line 
preparation and subsequent rehabilitation/revegetation of the lines.  Preparing the lines by 
rolling will facilitate the regeneration of vegetation so that fauna habitat would be restored.  
Similarly, minimising third party access is critical for the regeneration of vegetation on the 
seismic lines and minimising the migration of feral animals into nature reserves and other 
areas of remnant vegetation.   

5.6.4 Predicted outcome 

The predicted outcome of placing the camp on farmland or previously cleared areas is that 
there will be no impacts on native fauna or their habitats.  Conducting HSE inductions, to 
reinforce awareness of native fauna and safe driving practices when moving across the 
proposed seismic survey area, is predicted to minimise the potential for mortality or injury to 
fauna.   

Realigning the planned seismic lines to minimise disturbance to vegetation and sensitive 
fauna habitats is predicted to minimise the direct and indirect impacts of preparing the 
seismic lines.  Furthermore, the rolling of vegetation rather than clearing, and implementation 
of measures to rehabilitate/revegetate and avoid third party access, are predicted to 
minimise the time required for the seismic lines to regenerate.  By minimising third party 
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access and implementing rehabilitation/revegetation measures, the incursion of feral animals 
into nature reserves and other areas of remnant vegetation is unlikely to exceed that 
currently experienced in the region, particularly in the longer term as regeneration advances. 

The proposed seismic survey is not predicted to reduce the species abundance, diversity or 
geographic distribution of fauna in the study area.  In particular, the proposed seismic survey 
is not predicted to harm populations of the fauna species listed under the Wildlife 
Conservation Act 1950 or the EPBC Act (Section 5.6.2).  With the implementation of the 
management strategies outlined in Section 5.6.3, the potential impacts on native fauna are 
predicted to be minimised further.  On this basis, the proposed seismic survey is predicted to 
achieve ARC/Origin’s objectives for native fauna. 

5.7 Conservation areas 

5.7.1 Proponent’s objectives 

ARC/Origin’s objectives for this proposal in relation to conservation areas are to: 

• protect the environmental values of areas identified as having significant environmental 
attributes; and 

• minimise effects of the physical presence of the lines and camp site to sensitive areas 
(habitat, soil types, fauna or protected areas), discrete colonies of rare plants and other 
significant species (including Priority, undescribed species and important structural 
species and long lived species, eg grasstrees). 

5.7.2 Potential impacts 

Three nature reserves are located within the proposed seismic survey area:  Beekeepers 
Nature Reserve, Yardanogo Nature Reserve and Dongara Nature Reserve.  Beekeepers 
Nature Reserve was declared for the conservation of flora and the Yardanogo and Dongara 
Nature Reserves were declared for the protection of flora and fauna.  Without implementing 
measures to minimise the disturbance of vegetation and avoid DRF and Priority listed 
species, the proposed seismic survey has the potential to adversely impact these nature 
reserves, resulting in the disturbance of DRF, Priority and/or other flora of conservation 
significance (if they occur within the planned seismic line alignments).  Activities that have 
the potential to impact on these conservation areas include the rolling of vegetation for 
source and receiver line placement.  Similarly, without closing the seismic lines at the 
completion of the survey and implementing a rehabilitation and revegetation programme, 
there is the potential for longer term disturbance through unauthorised third party access and 
the potential spread of weeds and dieback (Phytophthora cinnamomi).  Minimising impacts to 
the conservation values of the nature reserves is a key priority of ARC/Origin’s management 
strategies. 
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5.7.3 Environmental management strategies 

Beekeepers Nature Reserve 

Beekeepers Nature Reserve was formed for the conservation of flora and covers an area of 
67,900ha, of which 4,753ha of the northern section of the nature reserve occurs within the 
proposed seismic survey area.  Of this 4,753ha, a maximum of 117ha (2.5%) would be 
directly affected by preparing the seismic lines if they were not realigned to maximise the use 
of existing tracks and previously occupied seismic lines.  Figure 5.10 shows the current 
alignment of seismic lines over the Beekeepers Nature Reserve.  The source lines are 
shown in red, the receiver lines are shown in blue and the boundary of the nature reserve is 
shown in black.  Figure 5.10 shows that the seismic lines have already been realigned such 
that the area of native vegetation that will be directly affected by line preparation will be 
reduced from 117ha.  The lines will be further realigned following the vegetation survey to 
avoid any DRF, Priority listed species or other features of agreed high sensitivity or risk. 

No DRF have been recorded in the northern section of the Beekeepers Nature Reserve to 
date (Hart et. al. 2003), however, there are three Priority listed species.  The vegetation 
survey will determine whether Priority listed species occur within the proposed seismic lines 
so that the lines can be realigned to avoid these species.  In the area of the White Point 
beach ridge, and other areas of agreed high environmental sensitivity, the receiver lines will 
be prepared by hand and the receivers walked in to minimise disturbance of these areas.  
Access tracks through the coastal dunes to the beach will not be created, thereby avoiding 
disturbance of these highly erosion-prone areas, and avoiding the potential for third party 
access through these dunes to the beach.   

Yardanogo Nature Reserve 

The Yardanogo Nature Reserve covers an area of 6,650ha and occurs entirely within the 
proposed seismic survey area.  Of the 6,650ha, 161ha (2.4%) would be directly affected by 
preparing the seismic lines if they were not realigned to maximise the use of existing tracks 
and previously occupied seismic lines.  Figure 5.11 shows the current alignment of seismic 
lines over the Yardanogo Nature Reserve.  Approximately 50% of the seismic lines have 
been aligned to occupy lines previously prepared during the Beharra Springs, Hibbertia and 
Hovea 3D seismic surveys.  The Beharra Springs survey was conducted in 1999 and the 
Hibbertia and Hovea surveys were conducted in 2001.  Therefore, the vegetation on these 
lines has had a three to five year period in which to regenerate.  Preparing the lines will thus 
result in rolling 69ha of vegetation that has regenerated between 1999 and 2001, and a 
further 69ha of previously undisturbed vegetation.  The lines will be further realigned 
following the vegetation survey to reduce the area of vegetation to be rolled (Figure 5.1), and 
to avoid any DRF, Priority listed species or other features of agreed high sensitivity or risk. 

One species of DRF, Stawellia dimorphantha, has been recorded in Yardanogo Nature 
Reserve, however its location with respect to the proposed seismic lines will be verified 
during the detailed vegetation survey.  The vegetation survey will determine whether 
Priority 1 and Priority 2 listed species occur within the proposed seismic lines so that they 
can be realigned to avoid these species.  Similarly, other sensitive environmental features 
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(eg Mallee Fowl nesting mounds, wetlands, large trees or slower growing plant species) will 
be identified and the lines realigned to avoid these features.  Access to receiver lines can be 
prepared by hand for short distances if required and receivers walked into areas of the 
Nature Reserve that are of particularly high sensitivity, under the direction of the ARC/Origin 
Environmental Field Officer. 

Dongara Nature Reserve 

The Dongara Nature Reserve covers an area of 52ha, and occurs entirely within the 
boundary of the proposed seismic survey area.  Figure 5.12 shows that current alignment of 
source lines has been planned to avoid crossing the nature reserve.  Two receiver lines are 
currently aligned to cross the nature reserve.  However, the southern line can be deviated to 
run along the southern boundary of the reserve.  The remaining receiver line, through the 
middle of the reserve, will be prepared by hand and walking the receiver line into the reserve.  
Therefore, there will be no rolling of vegetation or movement of vehicles into the Dongara 
Nature Reserve.   

Flora survey and seismic line alignment 

To achieve ARC/Origin’s objectives, ARC/Origin intend to conduct further vegetation surveys 
in areas of agreed high sensitivity or risk prior to establishing the seismic lines in the field 
(Figure 5.1).  The ARC/Origin Field Botanist will survey the proposed seismic line alignments 
to ensure that DRF, Priority 1, Priority 2 or EPBC Act listed flora or fauna are avoided in 
areas of agreed high sensitivity or risk.  Seismic lines will be deviated to avoid these flora 
and fauna habitats (eg Mallee Fowl nesting mounds), as well as wetland areas, large trees, 
slower growing species (eg Xanthorrhoea and Zamia).  This survey will also identify other 
significant features such as significant weed areas, potential dieback (Phytophthora 
cinnamomi) infested areas and areas of high erosion potential.  The seismic lines will be 
deviated to avoid these significant features as advised by the ARC/Origin Field Botanist.   

In addition to these vegetation surveys, when preparatory work begins in regions of agreed 
high sensitivity or risk, the ARC/Origin Field Botanist will supervise the line preparation crews 
to ensure DRF and Priority 1 and Priority 2 species are avoided.  Rolling will be used as 
opposed to clearing, as it preserves topsoil, associated seedstock and rootstock, and is likely 
to result in faster rehabilitation.  No rolling of vegetation in areas of agreed high sensitivity or 
risk will be undertaken without botanical supervision.   
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Figure 5.10  Current planned alignment of the seismic survey lines in the Beekeepers Nature 
Reserve (prior to the vegetation survey) 
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Figure 5.11 Current planned alignment of the seismic survey lines in the Yardanogo Nature 
Reserve (prior to the vegetation survey) 
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Figure 5.12  Current planned alignment of the seismic survey lines in the Dongara Nature 
Reserve (prior to the vegetation survey) 
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5.7.4 Predicted outcome 

Previous seismic surveys carried by ARC/Origin in the Yardanogo and Beekeepers Nature 
Reserves respectively, using the same survey methods as those for the proposed Denison 
3D Seismic Survey, have not compromised the conservation values of these nature 
reserves.  Through the implementation of the management strategies described in this PER 
document, the conservation values of the nature reserves will be maintained.  The key 
management measures are: 

• planning the seismic line alignments to maximise the use of existing access tracks and 
minimise the need for rolling vegetation; 

• conducting pre-preparation surveys to ensure that the seismic line alignments avoid 
DRF, Priority flora and fauna and other significant environmental features; 

• marking on chaining maps the locations of identified weed affected and potential dieback 
affected areas, and designated clean-down points to minimise the spread of weeds and 
dieback into the nature reserves; 

• conducting HSE inductions to highlight to the workforce the sensitivity of the nature 
reserves and the hygiene requirements when entering the nature reserves; 

• preparing the seismic lines by rolling the vegetation rather than clearing;  

• line preparation by hand and carrying in the receiver lines in areas of agreed high 
environmental sensitivity (with CALM agreement); 

• closing the lines and commencing rehabilitation and revegetation of the nature reserves 
when access to these areas is no longer required; and 

• conducting ongoing monitoring of rehabilitation and revegetation of the lines until the 
completion criteria have been achieved (with CALM agreement); 

It is predicted that these measures will achieve ARC/Origin’s objectives for protecting the 
environmental values of the nature reserves and minimise the effects of the physical 
presence of the lines on sensitive environmental features. 

5.8 Wetlands 

5.8.1 Proponent’s objectives 

ARC/Origin’s objectives for this proposal in relation to wetlands are to: 

• maintain the integrity, ecological functions and environmental values of wetlands; and 

• minimise erosion of riverbanks via vegetation and soil damage. 
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5.8.2 Potential impacts 

The Irwin River is the only major water body that occurs in the proposed seismic survey area.  
The porous and permeable coastal limestone and dune systems generally allow rainwater to 
infiltrate into the groundwater rather than runoff the land.  Therefore, the potential impacts on 
wetlands relate primarily to impacts on the Irwin River.  Without measures in place to 
minimise the disturbance of vegetation and soil, the potential impacts of conducting the 
survey in the vicinity of the Irwin River include the possibility of erosion of riverbanks and 
degradation of riparian vegetation. 

Inspection of aerial photographs suggests that there are several wetlands in the Yardanogo 
Nature Reserve.  If the seismic lines were aligned to cross these wetlands, several impacts 
could occur including damaging vegetation and associated native fauna, promoting erosion 
or introducing weeds or dieback (Phytophthora cinnamomi). 

5.8.3 Environmental management strategies 

To minimise the potential for impacts to occur to the vegetation and riverbanks of the Irwin 
River, the proposed seismic survey will make use of existing roads and tracks for crossing 
points.  No new crossings will be created as a result of the proposed seismic survey.  To 
ensure erosion potential is not increased, source lines will stop outside the riparian zone.  
Receiver lines will be laid by hand and line preparation by hand will be employed from the 
banks to river edge if required.  Chaining maps will show the locations of crossings to be 
used. 

For other wetlands occurring in the proposed seismic survey area, source lines will be 
deviated to avoid the wetland.  Receiver lines will be deviated to avoid the wetlands if 
practicable.  Receiver lines will be laid by hand if deviating the lines is not possible. 

5.8.4 Predicted outcome 

By using existing tracks and access routes to cross the river and laying out receiver lines by 
hand in the riparian zone, disturbance to the vegetation and the riverbanks will be minimised.  
With these measures, it is predicted that the integrity, ecological functions and environmental 
values of the Irwin River will be maintained.  Similarly, by deviating the source lines to avoid 
wetlands, and deviating or hand laying the receiver lines in wetland areas, it is predicted that 
the integrity, ecological functions and environmental values of these wetlands will be 
maintained. 
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5.9 Land (soil) 

5.9.1 Proponent’s objectives 

ARC/Origin’s objectives for this proposal in relation to land (soil) are to: 

• to maintain the integrity, ecological functions and environmental values of the soil and 
landform; 

• ensure that rehabilitation achieves an acceptable standard compatible with the intended 
land use, and consistent with appropriate criteria; and 

• minimise erosion of steep dune slopes and sharp crests. 

5.9.2 Potential impacts 

The Quindalup dune system lies within the western portion of the proposed seismic survey 
area.  These dunes are considered to have high conservation value and the potential for 
impact is high as sharp crests on steep dunes are subject to blowout if soil and/or vegetation 
are disturbed.  Disturbance can be caused by vehicles traversing dunes.  Preparing seismic 
lines across such dunes could increase the risk of soil loss due to water and wind erosion.  

5.9.3 Environmental management strategies 

As described in Sections 2.6 and 5.2, seismic lines are planned to maximise use of existing 
access and minimise disturbance to dunes and other significant landforms by preparing lines 
by hand and hand laying receiver lines.  Vegetation will be rolled in valleys and only hand 
cutting and carrying will be done over the steep dune slopes and sharp crests.  The 
placement of receiver lines will be done in consultation with the ARC/Origin Environmental 
Field Officer to ensure minimum disturbance of dune soil and vegetation.  Where dunes 
obstruct source lines, detailed aerial photos and on ground analysis will be conducted to 
avoid steep or unstable slopes, and to deviate source lines to paths of least disturbance to 
cross at the lowest point of saddles. These line alignments will be agreed with CALM.  

In the Beekeepers Nature Reserve, line clearing will not occur within 150m of the high tide 
mark, or cut the first or secondary dune sets.  Line clearing will not extend to the beach to 
ensure tracks are not opened for unauthorised third party access.  

5.9.4 Predicted outcome 

By maximising the use of existing access tracks, conducting field surveys of the proposed 
seismic lines, realigning them where necessary, line preparation by hand and carrying 
receiver lines across dunes, it is predicted that disturbance to dunes will be minimised.  
Furthermore, implementation of the Rehabilitation and Revegetation Management Process 
(Section 5.5) will ensure that the seismic lines are rehabilitated to an acceptable standard.  
With these management strategies in place, it is predicted that the environmental values of 
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the surrounding area will not be compromised and the dunes will not be exposed to 
increased erosion as a result of the proposed seismic survey. 

5.10 Land (caves) 

5.10.1 Proponent’s objectives 

ARC/Origin’s objective for this proposal in relation to land (caves) is to: 

• maintain the integrity, ecological functions and environmental values of the soil and 
landform. 

5.10.2 Potential impacts 

There are no known karst related habitats for bats or other cave-dwelling fauna in the 
proposed seismic survey area.  Many seismic surveys have been carried out in the area prior 
to the proposed seismic survey and have not detected the presence of caves.  The potential 
impacts associated with caves are related to the risk of collapse due to vibrations caused 
during the seismic survey acquisition.  The collapse of these caves would adversely affect 
stygofauna and/or bats (if present).  

5.10.3 Environmental management strategies 

Consultation has been carried out with Speleological Research Group of WA to verify that no 
caves are present in the proposed seismic survey area.  If caves are detected during the 
proposed seismic survey, the ARC/Origin Authorised Representative will be notified and will 
determine if seismic lines need to be realigned.  The location of any significant caves 
discovered will be reported to Norman Poulter of the Speleological Research Group of 
Western Australia. 

5.10.4 Predicted outcome 

The absence of known caves in the area and realigning seismic lines if a cave is detected 
during the survey will ensure that any potential risks to caves are minimal.  It is predicted that 
the integrity of caves and associated fauna will not be compromised as a result of the 
proposed seismic survey, if they indeed occur in the area. 
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5.11 Domestic and industrial wastes 

5.11.1 Proponent’s objectives 

ARC/Origin’s objectives for this proposal in relation to domestic and industrial wastes are to: 

• maintain the soil and water quality so that existing and potential environmental values, 
including ecosystem maintenance, are protected; and 

• ensure that waste handling and disposal practices do not adversely affect environment 
values or the health, welfare and amenity of people and land uses by meeting statutory 
requirements and acceptable standards. 

5.11.2 Potential impacts 

Wastes are generated as a normal outcome of any industrial activity.  Domestic, sewage and 
kitchen wastes will be generated at the camp by the workforce.  Industrial wastes will be 
generated in the process of undertaking the proposed seismic survey.  If good waste 
management and housekeeping practices are not followed, wastes could inadvertently 
impact the surrounding environment.  For example, litter could blow out from uncovered bins, 
or kitchen scraps could be rummaged through by feral animals if bins are left uncovered.  

5.11.3 Environmental management strategies 

ARC/Origin are experienced operators in the area and have standard operating procedures 
in place to manage wastes to appropriate regulatory standards.  To ensure that wastes do 
not impact the surrounding environment, wastes will be managed according to ARC/Origin’s 
management procedures and treatment systems.  Waste disposal and housekeeping 
practices will be included in the induction for all personnel involved in the survey. 

Attempts will be made to minimise the volume of wastes generated over the duration of the 
seismic programme and all domestic wastes (food scraps/galley wastes) and industrial and 
solid wastes will be disposed of according to the Irwin Shire Council requirements.  Wind and 
vermin proof waste bins will be used to ensure litter does not enter the surrounding 
environment.  

5.11.4 Predicted outcome 

Through the implementation of ARC/Origin’s domestic and industrial waste management 
strategies, it is predicted that wastes will be collected, handled and disposed of appropriately 
so that soil and water quality and other environmental values will be protected. 



Date: 8 June 2004 
Denison 3D Seismic Survey Public Environmental Review 

Document: ENV-REP-04-053-002 Rev 1 
 

                                                                                                                                                                      Page 122 

5.12 Drilling wastes 

5.12.1 Proponent’s objectives 

ARC/Origin’s objectives for this proposal in relation to drilling wastes are to: 

• maintain the soil and water quality so that existing and potential environmental values, 
including ecosystem maintenance, are protected; and 

• ensure that drilling waste handling and disposal practices do not adversely affect 
environment values or the health, welfare and amenity of people and land uses by 
meeting statutory requirements and acceptable standards. 

5.12.2 Potential impacts 

Drilling wastes are limited to drilled cuttings generated during the drilling operations.  The 
drilling is of the same nature as drilling water bores and is conducted from a drilling rig 
mounted on a small truck.  For the survey, each up-hole will be drilled to a depth of 200m or 
less (each hold must achieve approximately 100m below sea level).  Drilling will be carried 
out using water and will not involve any muds commonly associated with drilling in the 
petroleum industry.  Without proper containment, the worst possible consequence is that the 
drilled cuttings and associated water/slurry spill onto the ground.  There is no risk to the soil 
or groundwater from the drilled cuttings and water/slurry because no chemicals are being 
used during drilling. 

5.12.3 Environmental management strategies 

All drilled cuttings will be stockpiled.  Drilling operations will only use bore water to drill  
up-holes.  No chemicals will be used during drilling, making them chemically benign and 
suitable for replacement into the up-hole at the end of the survey.  Excess cuttings will be 
spread over the topsoil surrounding the up-hole in a thin layer and raked into the soil.  A 
maximum of 130 up-holes are planned.  However, ARC/Origin are currently undertaking 
investigations to improve the interpretation of the seismic data, which could reduce the 
number of up-holes to somewhere between 80 and 130. 

5.12.4 Predicted outcome 

The small scale nature of the drilling operations and the use of water to conduct drilling will 
ensure that there is no risk of soil or groundwater contamination and no impacts on the 
environmental values of the surrounding environment.  Through the implementation of the 
drilling waste management strategies, it is predicted that wastes will be collected, handled 
and disposed of appropriately so that soil and water quality, and other environmental values 
will be protected. 
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5.13 Noise 

5.13.1 Proponent’s objectives 

ARC/Origin’s objective for this proposal in relation to noise is to: 

• protect the amenity of nearby residents from noise impacts resulting from activities 
associated with the proposal by ensuring the noise levels meet statutory requirements 
and acceptable standards. 

5.13.2 Potential impacts 

The sensitive receptors that could be disturbed include landholders in the vicinity of the 
proposed seismic survey area, as well as fauna.  The noise generated as part of the 
proposed seismic survey however will be no greater than general agricultural noise and since 
operations will only occur during daylight hours, disruptions at night will not be an issue.  

5.13.3 Environmental management strategies 

To achieve ARC/Origin’s objectives and to effectively manage the potential impacts 
associated with noise in the proposed seismic survey area, ARC/Origin propose to use their 
personnel induction to cover issues regarding speeding and associated noise generation.  
This will ensure that all personnel are aware of the potential impacts of noise.  Furthermore, 
relevant landholders will be kept informed of ARC/Origin’s progress and areas of operations 
throughout the proposed seismic survey. 

5.13.4 Predicted outcome 

The noise levels from operating the seismic survey equipment is similar to those currently 
experienced in the area from farm machinery and vehicles on the Brand Highway.  By liaising 
with landholders during the survey, and conducting operations only during daylight hours, it is 
predicted that the amenity of nearby residents from noise impacts resulting from activities 
associated with the proposed seismic survey will meet statutory noise level requirements.  

5.14 Dust 

5.14.1 Proponent’s objectives 

ARC/Origin’s objective for this proposal in relation to dust is to: 

• ensure that dust and particulate emission levels generated by the proposal, both 
individually and cumulatively, meet appropriate criteria and adversely impact the 
environmental or human health. 
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5.14.2 Potential impacts 

The sensitive receptors to dust will be landholders in the vicinity of the proposed seismic 
survey area as well as fauna.  The dust generated as part of the proposed seismic survey is 
likely to be similar to background levels and will be created primarily by the mobilisation of 
vehicles.  

5.14.3 Environmental management strategies 

To achieve ARC/Origin’s objectives and to effectively manage the potential impacts 
associated with dust in the proposed seismic survey area, ARC/Origin propose to use their 
personnel inductions to cover issues regarding dust generation and minimisation.  Dust will 
also be minimised by the timing of the proposed seismic survey to avoid peak dry periods 
and the rolling of vegetation rather than clearing, which will avoid soil exposure.  In areas 
where dust generation is expected to be significant, a water truck will be used for dust 
suppression.  Furthermore, relevant landholders will be kept informed of ARC/Origin’s 
progress and areas of operations throughout the proposed seismic survey. 

5.14.4 Predicted outcome 

Through the implementation of the dust management strategies, it is predicted that dust and 
particulate emissions levels generated by activities associated with the proposed seismic 
survey will not adversely impact the environment or human health. 

5.15 Hazardous materials and wastes 

5.15.1 Proponent’s objectives 

ARC/Origin’s objectives for this proposal in relation to hazardous materials and wastes are 
to: 

• maintain the soil and water quality so that existing and potential environmental values, 
including ecosystem maintenance, are protected; and 

• to ensure that the handling and disposal practices of hazardous materials and wastes do 
not adversely affect environment values or the health, welfare and amenity of people 
and land uses by meeting statutory requirements and acceptable standards. 

5.15.2 Potential impacts 

Hazardous materials are used and wastes are generated as part of any industrial process.  
The most significant hazardous material involved in the proposed seismic survey will be fuel.  
Diesel will be the only fuel used.  Vehicles will usually refuel either at the base camp from an 
on-site fuel trailer or from a fuel truck when in the field.  Other hazards may include gas (for 
kitchen activities), batteries, engine oils and hydraulic fluids (seismic vibrators).  
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Potential impacts associated with hazardous materials and wastes relate to the risk of these 
materials being released into the surrounding environment.  Accidental release has the 
potential to injure survey personnel, flora and fauna and can also result in soil and 
groundwater contamination.   

5.15.3 Environmental management strategies 

All hazardous materials and wastes associated with the proposed seismic survey will be 
stored separately and clearly labelled to ensure no accidents occur.  A Hazardous Materials 
Registry will be maintained (Section 6.3.4). Diesel will be the only vehicle fuel.  Vehicles will 
usually refuel either at the base camp from an on-site fuel trailer, or from a fuel truck when in 
the field.  The seismic survey trucks will be the largest consumers of diesel and will be 
refuelled daily.  These trucks will be refuelled within existing road easements and cleared 
areas and will not be refuelled in the nature reserves.  Similarly, no refuelling of light vehicles 
in nature reserves will occur.   

ARC/Origin will cover refuelling procedures as part of their induction process and spill kits 
and bio-remedial products (“Enretech” or “Envirosorb”) will be provided in the case of a spill 
of hazardous materials or wastes.  Personnel will be made aware of their location during the 
induction process. 

5.15.4 Predicted outcome 

Through the implementation of the hazardous materials and waste management strategies, it 
is predicted that wastes will be collected, handled and disposed of appropriately so that soil 
and water quality, and other environmental values will be protected. 

5.16 Cultural heritage 

5.16.1 Proponent’s objectives 

ARC/Origin’s objectives for this proposal in relation to heritage are to: 

• ensure that changes to the biophysical environment do not adversely affect historical 
and cultural associations and comply with relevant heritage legislation; and 

• ensure that the proposal complies with the requirements of the Aboriginal Heritage Act 
1972. 

5.16.2 Potential impacts 

Eight sites are listed on the Register of the National Estate and their locations are well known 
(Section 4.8) and can be readily avoided so impacts on these sites is not expected to occur.  
Ten Aboriginal sites have been recorded in region and are registered with the DIA.  Six 
registered sites occur within the proposed seismic survey area.  These sites are generally 
located near the Irwin River and consist of three burial sites, two artefact sites and one shell 
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midden (Section 4.9).  The potential impacts associated with cultural heritage are directly 
related to the damage or loss of archaeological/ethnographic value by heavy vehicles.   

With knowledge of the locations of these sites and line planning to avoid them, these impacts 
can be avoided.  The survey could however uncover currently unknown indigenous heritage 
sites. 

5.16.3 Environmental management strategies 

ARC/Origin will cover, as part of the HSE induction, information on the Aboriginal Heritage 
Act 1972, Section 17, ie that it is an offence to knowingly interfere with Aboriginal sites.  In 
the event that any archaeological material, including human skeletal material, is uncovered 
as a result of line preparation, the discovery will be immediately reported to the ARC/Origin 
Authorised Representative who will then report to relevant authorities.  All work in the area 
will stop immediately and the area will be isolated.  

With respect to European heritage sites listed on the Register of the National Estate, 
ARC/Origin have aligned the seismic lines to avoid these sites.  Consultation with the Shire 
Engineer will be undertaken to ensure compatibility of equipment and infrastructure, and to 
ensure any issues raised are addressed.  To ensure that vibration does not adversely impact 
structures, the Australian Standard on vibration (AS/NZS 1170.0:2002) will be applied to the 
survey. 

5.16.4 Predicted outcome 

Through the implementation of the culture and heritage management strategies, it is 
predicted that the cultural and heritage values within the proposed seismic survey area will 
not be compromised.  

5.17 Fire 

5.17.1 Proponent’s objectives 

ARC/Origin’s objectives for this proposal in relation to fire are to: 

• to maintain the integrity, ecological functions and environmental values of the flora, 
fauna, soil and landform; and 

• ensure the protection of flora, fauna and fauna habitat from damage. 

5.17.2 Potential impacts 

The environment in the area of the proposed seismic survey can be characterised as windy 
and dry during the period of the proposed seismic survey, with high fuel loads being present.  
The main sources of ignition would be through vehicle exhausts, cigarette butts, vandals 
using cleared lines and camp activities.  The potential impact of a fire in the proposed 
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seismic survey area would be the potential loss or damage of significant flora and fauna, 
damage to property, and in the extreme case, loss of human life. 

5.17.3 Environmental management strategies 

ARC/Origin, through their induction process, will cover permitted smoking areas, driving 
behaviour, training in the use of fire extinguishers and awareness of the fire plan for the 
camp.  Personnel will also be made aware of the potential for litter (eg glass) to be potential 
ignition sources.  Personnel will be made aware of FESA fire broadcasts which may result in 
machinery bans.  

To ensure preparedness, all vehicles will be supplied with rakes, an extinguisher and 
backpacks to tackle any minor fire incidents.  To reduce the risk of exhaust sparked fires, 
grass build-up around hot components will be removed daily and spark arresters will be 
installed on all vehicles.   

Fire fighting equipment and vehicles suitable for accessing seismic lines will be provided by 
the seismic contractor (Terrex).  There will be a number of levels of response available at all 
times to address fire risk.  Every vehicle involved in the proposed seismic survey will carry a 
back-pack water spray, a rake and a 2kg fire extinguisher, providing an immediate fire 
response in the work area.  The all-terrain trucks used in seismic acquisition will carry two 
2kg fire extinguishers.  A 12,000L fire truck will be deployed with the seismic crew and will be 
in the immediate vicinity of the crew at all times, providing an anticipated response time of 10 
minutes.  This capability is backed up by an 8000L potable water truck and a trailer-mounted 
900L fire-fighting unit (with high pressure pump) that will be located at the campsite.  
Appropriate Terrex and ARC/Origin personnel will be trained in fire-fighting techniques and 
equipment/vehicle use. 

FESA will conduct inspections at mobilisation and monthly thereafter to ensure compliance 
with fire regulations.  The FESA Chief Fire Officer will also conduct monthly inspections of all 
vehicles and equipment for possible sources of ignition.  

5.17.4 Predicted outcome 

Through the implementation of the fire management strategies, it is predicted that the risk of 
fires will be minimised and that a fire, in the unlikely event that one occurs, will be quickly and 
effectively contained. 

5.18 Infrastructure and services 

5.18.1 Proponent’s objectives 

ARC/Origin’s objective for this proposal in relation to infrastructure and services is to: 

• minimise the disruption to infrastructure and services. 
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5.18.2 Potential impacts 

During line preparation, mobilisation of vehicles, and vibration during the acquisition of the 
proposed seismic survey, it is possible (although unlikely) that damage to roads, pipes, 
drains, and buildings could occur.  This damage could result in the disruption to water, power 
and telecommunication services to landowners and members of the Shire of Irwin.   

5.18.3 Environmental management strategies 

Pre-planning will be undertaken to ensure that all potential impacts will be managed to 
ensure that the potential for damage to occur is minimal.  Consultation with the Shire 
Engineer will be undertaken to ensure compatibility of equipment and infrastructure, and to 
ensure any issues raised are addressed.  To ensure that vibration does not adversely impact 
structures, the Australian Standard on vibration (AS/NZS 1170.0:2002) will be applied to the 
proposed seismic survey. 

5.18.4 Predicted outcome 

Through the implementation of the infrastructure and services management strategies, it is 
predicted that damage and disturbance to infrastructure and services will be avoided during 
the proposed seismic survey activities.  

5.19 Agriculture 

5.19.1 Proponent’s objectives 

ARC/Origin’s objective for this proposal in relation to disturbance to agriculture and services 
is to: 

• minimise the disruption to agricultural activities. 

5.19.2 Potential impacts 

Agriculture is the predominant land use within the proposed seismic survey area.  The 
potential impacts to agricultural activities are damage to property and paddocks, disturbance 
of stock and soil erosion.  

5.19.3 Environmental management strategies 

ARC/Origin will use their induction process to cover the importance of gate management to 
ensure stock do not escape.  Chaining maps will be provided that include information 
regarding the location of relevant gates.  ARC/Origin have conducted, and will continue to 
conduct, extensive landowner consultation to manage any potential impacts associated with 
the proposed seismic survey.   
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5.19.4 Predicted outcome 

Through the implementation of the agricultural management strategies, it is predicted that 
damage and disturbance to agricultural activities will be minimised during the proposed 
seismic survey activities. 

5.20 ARC/Origin’s Environmental Management Commitments 

ARC/Origin recognise that the key environmental factors associated with the proposed 
seismic survey, identified in the PER Scoping Document (IRC Environment 2004) and 
discussed in this PER document, require auditable environmental management 
commitments in order to achieve a satisfactory outcome.  ARC/Origin’s Environmental 
Management Commitments are presented in Table ES.1 of the Executive Summary in this 
PER document.  These commitments are based on ARC/Origin’s proposed management 
measures, which are detailed in Attachment 1.   
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6 ENVIRONMENTAL MANAGEMENT SYSTEMS AND 
IMPLEMENTATION STRATEGY 

6.1 Introduction 

The management measures and commitments proposed in this PER document will be the 
basis for developing the Denison 3D Seismic Survey EMP.  This EMP will be used to 
manage the environmental impacts and risks of the proposed seismic survey.   

Implementation of the EMP will: 

• define actions, responsibilities and timing for each management strategy and 
commitment; 

• ensure that auditing and reporting is undertaken by ARC/Origin and communicated to 
DoIR and CALM for routine and non-routine operations;  

• ensure that reporting between the survey contractor (Terrex) and ARC/Origin occurs; 

• ensure that the environmental performance objectives and standards detailed in the 
EMP are met; 

• identify specific systems, practices and procedures to be used to ensure that 
environmental risks and effects are reduced to as low as reasonably practicable, and 
that environmental performance objectives and standards are met; 

• establish a clear chain of command that sets out the roles and responsibilities of 
personnel in relation to the implementation, management and review of the EMP; 

• ensure that each employee or contractor working on, or in connection with, the activity is 
aware of their responsibilities in relation to the environment and has the appropriate 
skills, training and qualifications to perform their role during the proposed seismic 
survey; 

• monitor, review and audit environmental performance; 

• maintain an up-to-date emergency response manual (including an oil spill contingency 
plan (OSCP) ) that includes detailed response and investigative arrangements; 

• provide for appropriate consultation with relevant government authorities and other 
interested persons or organisations; and 

• comply with relevant Acts and Regulations applying to all activities. 
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6.2 Environmental Management Systems 

6.2.1 ARC/Origin 

ARC/Origin have Environmental Management Systems (EMS) that will ensure the 
management strategies and commitments detailed in this PER document are implemented 
effectively.  Whilst ARC and Origin have separate systems and procedures for managing 
HSE issues, an integrated approach is planned for the Denison 3D Seismic Survey.  ARC’s 
EMS will be utilised across all tenements to manage environmental and safety issues for the 
proposed seismic survey.  In addition, reports, procedures and incident investigations will be 
forwarded to Origin for inclusion in their EMS records, particularly relating to activities that 
occur in Exploration Permit EP413.  The survey contractor, Terrex, has a HSE Management 
System (HSEMS) that will be crucial to implementing management measures in the field.  
The HSE policies of the three companies are shown in Attachment 5. 

The key elements of ARC/Origin’s EMS include: 

• the matching of legal obligations to the practical needs of all operations; 

• the assignment of responsibilities required to meet the commitments set out in 
ARC/Origin‘s HSE Policies and this PER; 

• a common measurement process to check that standards are complied with; 

• through feedback processes, the encouragement of improvement in process and 
performance; 

• appropriate and comprehensive documentary support; and 

• application to all levels and areas of the organisation (including work by contractors), 
and to all working conditions and any activities that may have the potential to affect the 
health and safety of people or harm the environment. 

Table 6.1 and Table 6.2 respectively list all relevant HSE procedures within ARC’s and 
Origin’s management systems that are applicable to the proposed seismic survey activities. 
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Table 6.1 Relevant ARC HSE procedures 

Procedure Objective of procedure Document Section 

Code of Practice  To outline the main safety criteria to be 
adhered to by ARC.  It is intended that 
personnel following these criteria will be in 
a position to prevent a mishap rather than 
react to one. 

ARC HSE Policy. 

ARC Drug and Alcohol 
Policy. 

NA 

Emergency 
Response 

To ensure that ARC has an effective 
emergency response management and 
recovery system. 

ARC Emergency 
Response Plan (ERP). 

SMS – 
Section 
15 

Emergency 
shutdown  

To ensure effective shutdown response to 
emergency situations. 

ARC Energy ERP. SMS – 
Section 
15 

Fire fighting  To ensure that employees are aware of 
the different types of fires and the best 
methods available to extinguish these 
fires, as well as the location of fire 
extinguishers, fire blankets and stretcher 
within the facility. 

L1/L2 Operations Safety 
Case. 

SMS – 
Section 
11.5 

Incident 
investigation and 
reporting  

To ensure that a system exists for all 
employees to report all HSE incidents and 
to ensure that all incidents are 
investigated to an appropriate level. 

L1/L2 Operations Safety 
Case. 

SMS – 
Section 
16 

Seismic 
contractor’s 
(Terrex) HSEMS  

To ensure that ARC’s HSE requirements 
are implemented during the seismic 
programme.  To ensure that Terrex has 
suitable processes for inductions, hazard 
and management control and emergency 
response including oil/chemical spill 
contingency. 

Available on site during 
seismic survey, along with 
ARC ERP and OSCP. 

NA 
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Table 6.2 Relevant Origin HSE procedures 

Procedure Document number 

Incident Management HSE-COP-006 

Hazard Notification HSE-COP-009 

Emergency Response HSE-COP-015 

Contractors HSE-COP-022 

MSDS HSE-COP-023 

Fire Prevention and Control HSE-COP-045 

Waste Management HSE-COP-063 

Land Remediation HSE-COP-068 

Ecosystem Protection HSE-COP-071 

Environmental Effects HSE-COP-075 

Environmental Effects HSE Standard-18 

Seismic Crew Instruction Checklist – 7 

Seismic Operations and Compliance Checklist – 9 

Seismic Line Preparation EP 023 

Environmental Planning for Seismic EP 039 

Seismic Line Set Out EP 040 

Data Acquisition and Recording EP 041 

Seismic Line Rehabilitation EP 042 

6.2.2 Terrex 

ARC/Origin have reviewed the Terrex HSEMS and applicable practices and procedures, and 
have identified that they are considered acceptable for the proposed Denison 3D Seismic 
Survey.  This approach was raised with the DoIR and considered acceptable for this 
proposed seismic survey.  All operations will be conducted in accordance with the ARC, 
Origin and Terrex policies and relevant Terrex systems, standards and procedures.  The 
relevant systems, standards and procedures are described below. 

The Terrex HSE Manual is a controlled document that explains the standards expected for 
HSE controlled operations.  Detailed procedures are provided in this manual where they are 
of a corporate nature.  Where they are not of a corporate nature, they are more appropriately 
placed in the Crew specific manual (Terrex Crew HSE Operations Plan) or the programme 
specific document (Terrex Seismic Site Specific Safety Plan – Denison 3D [under 
development]).  
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Other documents relevant to this operation include the:  

• Environmental Audit Schedule (ARC-SC-325); 

• Dangerous Goods Procedure (Terrex HSE Manual); 

• Emergency Response Plan (Terrex Seismic Site Specific Safety Plan – Denison 3D); 

• Incident Reporting and Investigation (Terrex Site Specific Safety Plan – Denison 3D); 

• Rehabilitation Plan (ARC-SC-326); 

• Quarantine Management/Hygiene Plan (ARC-SC-327); and 

• Training and Development Matrix (Terrex Crew HSE Operations Plan). 

Emergencies (including spill incidents) will be managed in accordance with the Terrex HSE 
Manual and the ERP (Terrex Crew HSE Operations Plan). Terrex has outlined the availability 
of an Emergency Response Group in the ERP that may be activated by the Area Manager. 

6.3 Roles and responsibilities 

6.3.1 Overview 

The personnel involved in the proposed Denison 3D Seismic Survey are shown in the 
organogram in Figure 6.1, with their roles and responsibilities detailed in this section. 

Figure 6.1 Organogram - Denison 3D Seismic Survey 

ARC/Origin
Authorised

Representative

Terrex
Operations Manager

ARC/Origin
Environmental Field
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ARC/Origin
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Terrex
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Terrex
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6.3.2 ARC/Origin Authorised Representative 

The ARC/Origin Authorised Representative is the on-site representative responsible for 
interfacing with the survey contractor Terrex, and as such is the point of contact for all 
communication between ARC/Origin and Terrex.  Responsibilities include: 

• liaising with the Terrex Operations Manager to ensure compliance with systems, 
procedures, commitments and conditions and monitoring performance against them; 

• liaising with government departments, landholders and other stakeholders; 

• assisting the Terrex Operations Manager in communicating the relevant procedures and 
emergency response procedures to all operations personnel; 

• ensuring that vibrations near heritage buildings do not exceed Australian Standards 
(AS/NZS 1170.0:2002); 

• ensuring that an ARC/Origin Field Botanist inspects all access lines in areas of agreed 
high sensitivity or risk prior to line preparation; 

• ensuring that a compliance audit against the commitments made in this PER document 
takes place during the seismic programme; 

• ensuring that inspections are conducted at the mobilisation, operations and post survey 
phases; 

• ensuring that a pre-mobilisation induction is conducted for the management and 
supervisors of contractors; 

• ensuring that an induction is conducted for all participating contractor staff; 

• ensuring the success of the group formed to liaise with all interested parties (to resolve 
issues such as which tracks are to remain open in the UCL to service the wildflower 
picking industry, and to provide guidance on the interaction with the wildflower picking 
industry); 

• ensuring weekly progress reports are provided to both CALM and DoIR; 

• ensuring that all audit and close out reports are provided to both CALM and DoIR; and 

• receiving notification of incidents from the Terrex Operations Manager. 

6.3.3 ARC/Origin Environmental Field Officer 

Dedicated environmental resources will be assigned to the proposed seismic survey for its 
duration.  Clear roles and responsibilities will be prepared based on the environmental risk 
assessment and communicated to the identified personnel.  The ARC/Origin Environmental 
Field Officer reports to the ARC/Origin Authorised Representative.  The following broadly 
describes the ARC/Origin Environmental Field Officer’s responsibilities: 
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• conducting inspections at the mobilisation, operations and post-survey phases; 

• preparing and delivering the environmental component of the induction; 

• preparing maps to show weed distribution; 

• preparing the environmental component of daily reports including incidents or reports of 
fauna mortality; 

• ensuring that wastes are effectively managed according to Terrex management 
procedures and treatment systems; 

• ensuring the clean-down protocol (Attachment 3) is implemented; 

• ensuring that a compliance audit against the commitments made in this PER document 
is undertaken during the seismic programme; 

• consulting with CALM and preparation of a mitigation strategy for high sensitivity or risk 
areas; 

• reviewing all proposed source and receiver line dune crossings prior to line preparation; 

• reporting to the ARC/Origin Authorised Representative of any archaeological material 
found, including human skeletal material, and any caves or surface openings; 

• ensuring a water truck is utilised for dust suppression; 

• supervising drill hole spoil material handling to ensure dispersion and avoidance of 
visual impacts; 

• ensuring that rehabilitation/revegetation of disturbed areas is successful (as guided by 
rehabilitation/revegetation completion criteria, set in conjunction with CALM); 

• identifying seismic lines with potential for third party access; 

• conducting fortnightly inspections during the proposed seismic programme to ensure 
that lines in areas of agreed high sensitivity or risk are disguised using scrub and mulch 
to beyond line of sight; 

• quarantine management responsibilities (ie monitoring and disposal of exotic species 
returned through inspection programme or reporting dieback observations) ; 

• ongoing communications with CALM both the Perth and regional offices; 

• communicating FESA Fire broadcast to the Terrex Crew Manager regarding machinery 
bans; 

• ensuring that hazardous materials are stored separately and clearly labelled; 

• ensuring that spill kits are in place; and 

• conducting daily inspections of drip trays. 
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6.3.4 ARC/Origin Field Botanist 

Broadly, the ARC/Origin Field Botanist is responsible for the following: 

• development of the field checklist; 

• formulation of the clean-down protocols; 

• supervision line preparation crews in areas of agreed high sensitivity or risk; 

• input into daily planning so that vehicle and equipment movements are minimised 
between weed-prone and weed-free areas; and 

• walk-through surveys of new lines in areas of agreed high sensitivity or risk for 
significant flora and other features. 

6.3.5 Terrex Operations Manager 

The Terrex Operations Manager has the following responsibilities: 

• monitoring the operational team to ensure they maintain the Hazardous Materials 
Register; 

• liaising with government as required; and 

• liaising with the ARC/Origin Authorised Representative and the Terrex Area Manager 
regarding emergency response. 

6.3.6 Terrex Area Manager 

Section 6 of the Terrex HSE Manual identifies that the Area Manager is responsible for: 

• ensuring that a Schedule of HSE Audits is prepared and included in the relevant HSE 
Plan; 

• implementation of incident reporting procedures; 

• managing any emergency response situation that arises; and 

• training requirements of the Terrex workforce involved in the survey. 

6.3.7 Terrex Group HSE Manager 

The Terrex Group HSE Manager is responsible for: 

• providing criteria for auditing each component of the HSEMS; and 

• timely reporting of overall Terrex HSE performance to the ARC/Origin Authorised 
Representative, as required. 
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6.3.8 Terrex HSE Committee 

The Terrex HSE Committee is responsible for: 

• confirming the audit schedule in conjunction with Regional HSE Plans; 

• reviewing all incidents either as a group or as an individual of the group; 

• instigating a full investigation where considered necessary; and 

• ensuring managers provide documented evidence of any corrective action undertaken 
as a close out priority resulting from a reportable incident. 

6.3.9 Terrex Crew Manager 

The Terrex Crew Manager is responsible for ensuring Terrex policies, procedures and 
operations are implemented effectively by: 

• understanding the Terrex HSEMS; 

• developing task-specific procedures where required; 

• communicating operating policy and procedures to the Terrex Survey Crew and ensuring 
compliance; 

• communicating to the workforce the project hazards and risks and the importance of 
following good work practices; 

• implementing the management strategies detailed in the EMP and ensuring compliance 
with the survey programme; 

• carrying out environmental education and induction of the survey workforce; 

• maintaining clear communications between ARC/Origin and the survey workforce; 

• ensuring that spark arresters have been fitted on all vehicles; 

• ensuring that all vehicles contain rakes, extinguishers and backpacks; 

• ensuring that crew are trained in the use of fire extinguishers, the ERP, appropriate 
driver behaviour, and the storage and handling of hazardous materials; 

• providing daily log reports and incident reports to the ARC/Origin Authorised 
Representative; and 

• providing control of emergency situations and notifying the Terrex Area Manager and 
ARC/Origin Authorised Representative (and keeping status updates) in an emergency. 
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Section B.2 of the Incident Reporting and Investigation Procedure identifies the Terrex Crew 
Manager is responsible for ensuring: 

• all incidents are reported; 

• incidents requiring a full investigation are highlighted and coordinated in accordance with 
the Investigation Matrix; 

• Terrex reporting procedures are adhered to; 

• personnel under their control are suitably trained in incident reporting; and 

• personnel undertaking investigations are competent and are given the necessary 
resources to complete an investigation. 

6.3.10 Terrex Survey Crew 

The Terrex survey workforce is responsible for: 

• adhering to the management strategies detailed in the EMP; 

• applying operating systems, practices and procedures in letter and in spirit; 

• following good housekeeping procedures and work practices; 

• participating in all required training and advise of training requirements; 

• encouraging improvement wherever possible; 

• inspection of personnel clothing and boots; 

• driving within the prescribed speed limits; 

• complying with fence crossing protocol/rules; 

• regular vehicle inspections to remove grass build up around hot components; and 

• immediately reporting any incidents to the Terrex Crew Manager. 

6.4 Monitoring, audit and review 

The Terrex Crew Manager is responsible for monitoring the proposed seismic survey 
activities to ensure the clean-down protocol is implemented, quantity and types of liquid and 
solid wastes generated and disposed of are known, as well the quantity of emissions (such 
as dusts, gases, vapours, mists and odours) that may have an adverse affect on the 
receiving environment.  These monitoring results will be made available to ARC/Origin as 
required (ie for the purposes of a compliance audit). 

The Environmental Audit Schedule (ARC-SC-325) includes the requirement for all Terrex 
operations to be internally audited during the proposed seismic survey.  The Terrex HSE 
Committee will ensure that a full audit is undertaken of the Terrex HSEMS prior to 
mobilisation. 
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ARC/Origin will undertake a compliance audit during the proposed seismic survey to ensure 
that the commitments detailed in this PER have been adhered to.  ARC/Origin will also 
identify lines in areas of agreed high sensitivity or risk with the potential for unauthorised third 
party access; these lines will be inspected fortnightly until line closure.  Rehabilitation and 
revegetation audits and inspections will take place with the participation of CALM and DoIR 
within two weeks of the end of the survey and then annually until CALM signoff on 
completion criteria.  Particular attention will be given to unauthorised third party access.  

Table 6.3 and Table 6.4 present a summary of the monitoring, auditing and inspections 
associated with the proposed seismic survey.  Review of the management strategies outlined 
in this PER document will be undertaken (in consultation with DoIR and/or CALM) under the 
following circumstances: 

• when results of inspections and/or audits indicate a change in management strategy is 
required; or 

• as a result of any incident investigation showing improvements in proposed 
management strategies is required. 

Table 6.3 Monitoring responsibilities, activities and timing  

Responsibility Activity Timing 

Monitor Terrex Operations Manager’s compliance with 
systems, procedures, commitments and conditions. 

During survey. ARC/Origin Authorised 
Representative 

Monitor ARC/Origin Field Botanist inspection of seismic 
lines in areas of agreed high sensitivity or risk. 

Before, during and 
after survey. 

Monitor and dispose of quarantined material returned 
through weed inspection. 

Before, during and 
after survey. 

Monitor dust generation, and deploy water truck if dust 
suppression is required. 

Before, during and 
after survey. 

Monitor drill hole spoil material stockpiling and when 
dispersed, monitor visual impacts. 

Before and after 
survey. 

Monitor the implementation of clean-down protocols. Daily during proposed 
seismic survey. 

Monitor the management and storage of wastes. Daily during proposed 
seismic survey. 

ARC/Origin 
Environmental Field 
Officer 

Monitor heritage buildings to ensure vibrations do not 
exceed Australian Standards (AS/NZS 1170.0:2002) 

During survey. 

ARC/Origin Field 
Botanist 

Monitor line rolling of native vegetation in areas of agreed 
high sensitivity or risk. 

Before, during and 
after survey. 

Terrex Crew Manager Monitor precautionary fire measures such as water trucks, 
spark arrestors, rakes, and extinguisher backpacks. 

Before, during and 
after survey. 

Terrex Operations 
Manager 

Monitor the operational team to ensure they maintain the 
Hazardous Materials Register. 

Before, during and 
after survey. 
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Table 6.4 Audit and inspection responsibilities, activities and timing 

Responsibility Activity Timing 

ARC/Origin Authorised 
Representative 

Inspect daily log reports provided by Terrex Crew Manager. Daily during proposed 
seismic survey. 

Conduct inspection at the mobilisation, operations and 
post-survey phases. 

Once per phase. 

Inspect all proposed source and receiver line dune 
crossings.  

Before survey. 

Undertake one compliance audit against commitments 
proposed in this PER. 

Once during survey. 

Conduct inspections of lines in areas of agreed high 
sensitivity or risk to ensure measures to restrict 
unauthorised third party access are in place.  

Fortnightly during 
survey. 

ARC/Origin 
Environmental Field 
Officer 

Conduct inspections of drip trays. Daily during proposed 
seismic survey. 

ARC/Origin Field 
Botanist 

Conduct walk-through surveys of lines in agreed areas of 
high sensitivity or risk. 

Before survey. 

Terrex HSE Committee Inspect all incidents reports. Before, during and 
after survey. 

Terrex Crew Manager Develop daily log reports and provide to ARC/Origin 
Authorised Representative. 

Before, during and 
after survey. 

Inspection of vehicles and personnel clothing and boots for 
soil and vegetation. 

Daily during proposed 
seismic survey. 

Terrex Survey Crew 

Inspection of vehicles to remove grass build-up around hot 
components. 

Before, during and 
after survey 

 

ARC/Origin Rehabilitation and revegetation monitoring against 
completion criteria, with focus on areas of potential access 
to unauthorised third parties.  

On completion of 
survey, then annually 
until CALM signoff on 
completion criteria. 

6.5 Record keeping  

Record keeping of wastes and discharges will be in compliance with the Schedule of 
Onshore Petroleum Exploration and Production Requirements, 1991, specifically Clause 
290(1), which identifies that spillages of hydrocarbons greater than 500L are to be recorded. 

The Terrex Crew Manager is responsible for ensuring records on the quantity and types of 
liquid and solid wastes generated and disposed of are known, as well as emissions (such as 
dusts, gases, vapours, mists and odours) that may have adverse effect on the receiving 
environment. 
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Records will also be kept of other environmental incidents such as reports of fauna mortality.  
These records will be maintained by the ARC/Origin Field Environmental Officer and made 
available to CALM. 

6.6 Reporting 

6.6.1 Reporting on routine operations 

ARC/Origin will record and report relevant information on the proposed Denison 3D Seismic 
Survey to demonstrate that the environmental commitments outlined in this PER have been 
met.  Weekly progress reports will be prepared by ARC/Origin and provided to CALM and 
DoIR.  These reports are intended to facilitate communication and consultation and ensure 
that the key agencies are kept informed.  As a minimum, these reports will include: 

• a summary of operational activities; 

• key fauna and flora observations and potential impacts resulting from operational 
activities; and 

• preventative and/or mitigation measures that have been introduced or modified. 

The final weekly report at the conclusion of the proposed seismic survey will include a 
summary of the environmental management issues for the entire survey.  ARC/Origin will 
undertake a compliance audit (to ensure that the commitments detailed in this PER have 
been adhered to) during and results will be submitted to the DoIR and CALM. 

ARC/Origin will undertake an audit for the purposes of ascertaining 
rehabilitation/revegetation success, the presence of erosion or other processes, any new 
weed infestations and/or dieback infections after the first wet season.  This report will be 
based upon comparison with quantified rehabilitation/revegetation completion criteria as 
determined in consultation with CALM.  The results of this rehabilitation/revegetation audit 
along with any proposed remediation strategies will be submitted to the DoIR and CALM. 

6.6.2 Reports on non-routine incidents 

As required under the Schedule of Onshore Petroleum Exploration and Production 
Requirements 1991, ARC/Origin will report to DoIR: 

• any spills of petroleum of greater than 500L on land; 

• any spills of petroleum of greater than 80L in inland waters; 

• spills of any hazardous substance covering an area greater than 100m2; 

• any loss of greater than 500m3 of gaseous hydrocarbons; and 

• any fire started as a consequence of the activity of parties involved in the acquisition of 
seismic data (includes the campsite). 
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The report will include: 

• the date, time and place of the occurrence; 

• the estimated quantity of liquid/gas that escaped; 

• the events so far as they are known or suspected that caused or contributed to the 
escape; 

• particulars of methods used to control the escape; 

• Particulars of methods used or proposed to be used to repair property damaged by the 
escape; and 

• measures taken, or to be taken, to prevent a possible recurrence of the escape. 

A report will be made verbally within two hours, with a written report to follow within three 
days.  Any incidents of fauna mortality will be reported on incident report forms and provided 
to CALM. 

6.6.3 Contractor’s reporting to ARC/Origin  

Terrex will be required to provide a daily report to ARC/Origin which will be forwarded to 
DoIR and shall include all relevant operational and technical data for Terrex’s equipment and 
list all personnel on-site.  Personnel movements shall be reported to update the tally of 
personnel on-site.   

The daily report shall include a log of operational and standby activities to the nearest  
half-hour, repair time due to breakdown and other non-operational activities.  Lost and 
damaged equipment or other incidents (eg spills) that may occur during the proposed 
seismic survey and drilling activities will be reported verbally to the ARC/Origin Authorised 
Representative immediately, and will be included in the daily report.  Any incident that either 
harms the environment or has the potential to harm the environment, including near misses, 
must be recorded and reported in accordance with the Terrex Incident Reporting and 
Investigation Procedure. 
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7 STAKEHOLDER CONSULTATION PROGRAMME 

Since the mid 1990s, ARC/Origin have commissioned numerous environmental, 
ethnographic and archaeological studies and have consulted with local communities and 
landholders in preparation for petroleum exploration and production activities in the 
Production Licences L1, L2 and the Exploration Permit EP413.  ARC/Origin are committed to 
an ongoing engagement with the local communities and stakeholders.  A summary of 
stakeholder consultation is presented in Table 7.1. 

Since September 2003, ARC/Origin have provided dedicated resources for landowner liaison 
for the proposed Denison 3D Seismic Survey.  Through the permitting process, 248 
landholders in the survey area have been approached and access agreements are either 
negotiated (245) or in progress (3). 

Table 7.1 Summary of stakeholder consultation, key issues and outcomes 

Stakeholder Key issues Outcomes of consultation 

CALM 

Norm Caporn 

Daniel Coffey 

Rebecca Carter 

Access to third 
parties  

Caves  

Line placement 

Rehabilitation / 
Revegetation 

Weeds 

 

• Field Trip carried out with CALM on 17 November 
2003. 

• Ongoing consultation with CALM regarding access to 
nature reserves. 

• Discussion of how to restrict access to third parties 
once acquisition has been completed. 

• Surveys have indicated no evidence of caves. 

• Pre-plotting of lines before ground-truthing and 
modification. 

• Offsets, eg funding CALM staff and administration 
costs that relate to the administration/regulation of the 
survey, burn programme to increase rehabilitation, 
weed eradication programme, rehabilitating other 
areas of land for conservation purposes, land 
acquisition for conservation purposes and other 
potential offset opportunities. 

• Weed eradication programme ahead of equipment 
entering area to reduce the opportunity for seeds to 
spread, particularly along railway line. 

• CALM provided comment on an early draft of the PER 
document. 
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Stakeholder Key issues Outcomes of consultation 

Conservation 
Council 

Graeme Rundle 

Rachel Siewert 

Chris Tallentire 

Access to third 
parties 

Heritage Buildings 

Weeds 

Rehabilitation / 
Revegetation 

• Discussion of how to restrict access to third parties 
once acquisition has been completed. 

• Heritage buildings will be monitored to Australian 
Standards for intensity of vibration (AS/NZS 
1170.0:2002). 

• Discussion on ascertaining likely 
rehabilitation/revegetation success. 

Department of 
Agriculture 
(Geraldton) 

Craig Robins 

Sam Mills 

Mike Clark  

Peter Metcalf 

Fire Risk 

Weeds 

 

• Rehabilitation of farmland, crops and scarifying. 

• Soil stability. 

• Develop soil risk amelioration advice for landowners. 

• Clean-down protocol incorporated into ARC/Origin 
EMP and inductions.  

DoIR 

Kim Anderson 

Craig McLernon 

Fire Risk 

Rehabilitation  

Weeds 

• Weed eradication programme ahead of equipment 
entering area to reduce the opportunity for seeds to 
spread. 

EPA Services Unit 

Tim Gentle 

Nick Woolfrey 

Access to third 
parties 

Best practice 

Cultural Heritage  

Weeds 

• Discussion of how to restrict access to third parties 
once acquisition has been completed. 

• Discussion on best practice for environmental care. 

• Discussion on ethnographic and archaeological 
surveys and consultation with local Aboriginal groups. 

• Weed eradication programme ahead of equipment 
entering area to reduce the opportunity for seeds to 
spread. 

• EPA Services Unit provided comment on an early 
draft of this PER document. 

FESA 

FESA Geraldton 
Russell Hayes 

Chief Fire Officer 
Peter Summers 

Fire Risk • Requirements for FESA inspections. 

• Rapid-response fire-fighting vehicles to be available 
on site. 

• Vehicle inspections for grass or debris build-up. 
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Stakeholder Key issues Outcomes of consultation 

Land Owners Erosion 

Gates, fences etc. 

Operational 
footprint 

Weeds 

• All landowners consulted (248). 

• Discussion of erosion. 

• Discussion on the management of gates, fences to 
ensure no adverse impact to land owners. 

• Discussion on the area of footprint on aerial 
photographs. 

• Discussion of the distribution of weeds. 

Shire of Irwin Community 
disturbance 

Noise 

 

• Restrict seismic source in urban areas to Australian 
Standards for intensity of vibration  
(AS/NZS 1170.0:2002). 

• Monitor noise and heritage buildings to Australian 
Standards (AS/NZS 1170.0:2002). 

Wildflower 
Society 

Brian Moyle 

Janet Atkins 

Access to third 
parties 

Vegetation 
disturbance 

Weeds 

 

• Discussion of how to restrict access to third parties 
once acquisition has been completed. 

• Lines and roads will be diverted to avoid slow growing 
species. 

• Discussion on rolling process. 

• Weed eradication programme ahead of equipment 
entering area to reduce the opportunity for seeds to 
spread. 

ARC/Origin conducted an environmental risk assessment workshop on 24 November 2003.  
The workshop was attended by a cross-section of stakeholders including government 
departments and non-government organisations.  Minutes of the workshop are presented in 
Attachment 4.  Participants were invited to comment on these minutes and the risk 
assessment worksheets arising from the workshop and this feedback was incorporated into 
the planning of the proposed seismic survey.   

Consultation as part of ethnographic and archaeological studies has been also undertaken, 
and these issues were also considered in the risk assessment workshop on 24 November 
2003.   

Other agencies, individuals and organisations that have been consulted and/or approached, 
regarding the proposed Denison 3D Seismic Survey include: 

• Hart, Simpson and Associates – Roz Hart, Cate Tauss; 

• Museum of Western Australia; 

• Speleological Research Group of Western Australia – Norman Poulter; and 

• Terrex Seismic Services – Steve Tobin, Andy Brett. 
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ARC/Origin are currently involved in ongoing discussions with CALM and the EPA Services 
Unit regarding management strategies and commitments for the proposed Denison 3D 
Seismic Survey relating to key biophysical factors such as flora, fauna, conservation values 
and rehabilitation/revegetation.  In particular, the results of flora and fauna surveys and their 
implications for placement of seismic lines and associated management strategies will be 
developed in close consultation with CALM.  This consultation with CALM will continue 
during the proposed seismic survey and the subsequent monitoring and rehabilitation 
programmes. 
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8 CONCLUSION 

ARC/Origin’s proposal to conduct the Denison 3D Seismic Survey in the L1, L2 and EP413 
tenements is required for the ongoing development of petroleum resources in the Perth 
Basin.  As tenement holders, ARC/Origin have a legal obligation to the State of Western 
Australia to explore and develop new oil and gas resources.  The management strategies 
and commitments outlined in this PER document will ARC/Origin to fulfil this obligation whilst 
ensuring that impacts on the environment are minimised to acceptable levels. 

A number of options to source the seismic data required to define petroleum prospects in the 
region were examined by ARC/Origin.  It was concluded that a large scale 3D seismic survey 
provides the most effective method for acquiring high quality seismic data with low 
environmental impact.  A number of smaller scale 3D seismic surveys would result in 
cumulative environmental impacts due to the required future overlapping of seismic lines 
necessary to acquire properly imaged data.  As such, a large scale 3D seismic survey is the 
proposed option.  

The key environmental factors and corresponding potential impacts of this proposed seismic 
survey are: 

• Vegetation and Flora:  Sensitive areas may be accessed resulting in impacts on 
conservation values, such as damage occurring to discrete colonies of DRF, Priority or 
other significant flora species. 

• Fauna:  Mortality of fauna through interference, disturbance, impact with vehicles and 
destruction of habitat. 

• Conservation Areas:  Potential for significant impact to conservation values of the nature 
reserves, particularly DRF, Priority and other significant flora species; and nationally 
Threatened or Priority species. 

• Weeds:  Potential for introduction or spread of weeds by survey vehicles and personnel. 

• Dieback:  Potential for the introduction or spread of dieback by survey vehicles and 
personnel. 

• Rehabilitation/Revegetation:  Potential loss of topsoil and erosion from wind and water, 
or degradation of vegetation, if lines are not adequately rehabilitated.  May also result in 
loss of cover and species diversity in nature reserves. 

The commitments to manage these impacts are detailed in Table ES.1.  The overriding 
commitment is the development of an EMP that will incorporate best practice management 
plans and procedures, addressing all environmental factors identified in the EIA process.  
The Denison 3D Seismic Survey EMP will be the primary document used to implement the 
environmental management commitments and strategies presented in this PER.  The 
ARC/Origin EMSs and Terrex HSEMS provide the framework for defining the environmental 
performance standards for the project, and the actions and responsibilities to be 
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implemented and monitored during the survey.  Auditing against ARC/Origin’s environmental 
management strategies and commitments will ensure compliance and encourage continuous 
improvement in environmental performance. 

ARC/Origin’s process for planning the survey grid (Figure 2.3), minimising impacts to 
vegetation (Figure 5.1), managing the potential weed and dieback spread (Figure 5.2 and 
5.3) and for rehabilitating and monitoring the lines after the survey (Figure 5.9), will ensure 
that disturbance to vegetation is temporary.  CALM have provided in-principle agreement to 
ARC/Origin’s strategy for minimising impacts to vegetation, subject to ARC/Origin’s ongoing 
consultation with CALM at key stages of the project.  These stages are: 

• identification of sensitive areas to be avoided by the seismic lines; 

• final selection of the planned seismic line alignments; 

• implementation of the hygiene protocol; 

• development of completion criteria for rehabilitation; and 

• implementation of rehabilitation and monitoring. 

The proposed seismic survey will result in net environmental benefits.  The principal 
environmental benefits are associated with improved knowledge and understanding of the 
existing environment, particularly with respect to the specific location and extent of sensitive 
resources, including DRF and Priority flora.  This information will be provided to CALM to 
ensure that accurate maps can be developed to assist with planning future activities in the 
region, particularly for management of the three nature reserves.    

Furthermore, ARC/Origin have committed to two programmes that will have a positive impact 
on the environment and the surrounding community.  The first is a weed eradication and 
removal programme along the railway line that runs through the proposed seismic survey 
area.  The second is an experimental burn programme (to be undertaken in conjunction with 
FESA) to promote regeneration of vegetation in some areas of the nature reserves and also 
to disguise access points to seismic lines.  Both of these programmes are supported by 
CALM and are being formalised in agreements with ARC/Origin. 

ARC/Origin have consulted extensively with local communities, landholders and stakeholders 
in preparing the EIA process of the proposed seismic survey.  ARC/Origin are committed to a 
collaborative approach and an ongoing engagement with stakeholders at all stages of the 
project. 

In addition to the environmental benefits, the proposed seismic survey will produce energy 
security and economic benefits to both local communities and the State.  Thus, the proposed 
seismic survey fulfils the triple bottom-line criteria of economic, social and environmental 
acceptability.  It is ARC/Origin’s belief that by implementing the management strategies and 
commitments detailed in this PER document, high quality 3D seismic data will be acquired 
without compromising the environmental values of the area, and in particular the 
conservation values of the nature reserves and the ecology of areas of remnant vegetation. 
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9 GLOSSARY 

Acid(ic)  See pH. 

Agreed high 
conservation value 

Areas agreed to by CALM and ARC/Origin to have high conservation value for 
the purposes of the Denison 3D Seismic Survey. 

Alkaline  See pH. 

Biodiversity The variability among living organisms on the earth, including the variability 
within and between species and within and between ecosystems. 

Bradysporous Hard seed cases, needing fire to crack and release seeds for germination.  

Calcareous Composed of, containing, or characteristic of calcium carbonate, calcium, or 
limestone; chalky. 

Chaining map Map of seismic lines and seismic activity survey points. Also has other 
significant features, such as gates, clean-down areas and sensitive flora 
locations. 

Conservation The management of human use of the biosphere so that it may yield the 
greatest sustainable benefit to present generations while maintaining its 
potential to meet the needs and aspirations of future generations. 

Conservation 
Status - Critical 

A community with most or all of its known occurrences facing severe 
modification or destruction in the immediate future. 

Conservation 
Status - 
Endangered 

A community in danger of sever modification or destruction throughout its 
range, if casual factors continue operating. 

Conservation 
Status - Vulnerable 

A community likely to move into the endangered category in the near future if 
the casual factors continue operating. 

Declared Rare 
Flora 

Taxa which have been adequately searched for and deemed to be in the wild 
either rare, in danger of extinction, or otherwise need of special protection, and 
have been gazetted as such. 

Dieback Deadly plant disease caused by the pathogen Phytophthora cinnamomi; a 
major threat to native bushland. 

Dog-leg Zig-zag alignment of seismic line or track so that visual extent of track is 
minimised when viewed from road or public access area.  

Duplex soils Two layered soil systems. 

Ecology The study of the interrelationships between living organisms and their 
environment. 

Ecosystem A term used to describe a specific environment, eg lake, to include all the 
biological, chemical and physical resources and the interrelationships and 
dependencies that occur between those resources. 

Ephemeral Living or lasting only for a day, as certain plants or insects do. 
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Erosion The group of natural processes, including weathering, dissolution, abrasion, 
corrosion, and transportation, by which material is worn away from the earth's 
surface. 

Ethnographic The branch of anthropology that deals with the scientific description of specific 
human cultures. 

Fauna Animal life of a particular area or period of time. 

Flora Plant life of a particular area or period of time. 

Geology The study of the origin, history, and structure of the earth. 

Geomorphology The study of the origin, characteristics and development of land forms. 

Geophone An electronic receiver designed to pick up seismic vibrations. 

Groundwater Water which occupies the pores and crevices of rock or soil. 

Habitat The environment or place where a plant or animal grows or lives (includes soil, 
climate, other organisms and communities). 

Hydrogeology The study of groundwater, especially relating to the distribution of aquifers, 
groundwater flow and groundwater quality. 

Indicative Place Data provided to or obtained by the Australian Heritage Council or the former 
Australian Heritage Commission has been entered into the database and the 
place is at some stage in the assessment process. A decision on whether the 
place should be entered in the Register has not been made. 

Native vegetation Indigenous aquatic or terrestrial vegetation, including dead vegetation unless 
removed by regulation.  Native vegetation does not include vegetation 
intentionally sown, planted or propagated except by regulation or as a 
requirement of this or another law. 

Nature Reserve Publicly-owned land managed by CALM for the purpose of conservation. 

pH A symbol denoting the concentration of hydrogen (H) ions in solution. A 
measure of acidity or alkalinity in water in which pH 7 is neutral, values above 
7 are alkaline and values below 7 are acid. 

Pleistocene Of or belonging to the geologic time, rock series, or sedimentary deposits of 
the earlier of the two epochs of the Quaternary Period. 

Priority One Taxa which are known for one or a few populations which are under threat, 
either die to small population size, or being on lands under immediate threat. 

Priority Two Taxa which are known for one or few populations, at least some of which is 
believed to be under immediate threat. 

Priority Three Taxa which are known for, several populations, and the taxa are not believed 
to be under immediate threat. 

Priority Four Taxa which are considered to have been adequately surveyed and which, 
whilst being rare, are not currently threatened by any identifiable factors. 

Receiver line A device that detects seismic energy in the form of ground motion or a 
pressure wave in fluid and transforms it to an electrical impulse. 
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Registered Place The place is in the Register of the National Estate. Although some places may 
be legally registered because they are within a larger registered area they may 
not necessarily possess intrinsic significance. 

Remnant 
vegetation 

The parts of the natural vegetation still existing after major change to the 
environment. 

Riparian vegetation Vegetation growing along banks of rivers, including the brackish upstream 
reaches of an estuary. 

Riparian zone The zone along or surrounding a water body where the vegetation and natural 
ecosystems benefit from and are influenced by the passage and storage of 
water. 

Schedule one The taxa of native flora or fauna that are rare or likely to become extinct. 

Schedule two The taxa of native flora or fauna that is considered to be threatened. 

Schedule three The taxa of native flora and fauna which are listed as endangered. 

Schedule four The taxa of native flora and fauna which are listed as vulnerable. 

Seismic A technique for determining the detailed structure of the rocks underlying a 
particular area by passing acoustic shock waves into the strata and detecting 
and measuring the reflected signals. 

Source line Device that provides energy for acquisition of seismic data, such as an air gun, 
explosive charge or vibrator. 

Swale A long, narrow, usually shallow trough between ridges on a beach, running 
parallel to the coastline.  

Topsoil Surface soil horizon of mixed organic and mineral composition. 

Up-hole Borehole into which a geophones array is placed at different depths.  

Wetlands A lowland area, such as a marsh or swamp, that is saturated with moisture, 
especially when regarded as the natural habitat of wildlife. 
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10 ABBREVIATIONS 

2D Two Dimensional 

3D Three Dimensional 

4WD Four Wheel Drive 

ARC  ARC Energy Limited 

BoM Bureau of Meteorology     

CALM Department of Conservation and Land Management 

CAMBA China Australia Migratory Birds Agreement 

DIA Department of Indigenous Affairs  

DoA Department of Agriculture 

DoIR Department of Industry and Resources 

DRF Declared Rare Flora 

EIA Environmental Impact Assessment 

EMP Environmental Management Plan 

EMS Environmental Management System 

EP Exploration Permit 

EP Act Environmental Protection Act 1986 

EPA Environmental Protection Authority  

EPBC Act Environmental Protection and Biodiversity Conservation Act 1999  

ERP Emergency Response Plan 

FESA Fire and Emergency Services Authority 

GPS Global positioning system 

HSE Health, Safety and Environment 

HSEMS Health, Safety and Environment Management System 

JAMBA Japan Australia Migratory Birds Agreement 
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L Production Licence 

MSDS Material Safety Data Sheet 

NES National Environmental Significance 

Origin Origin Energy Developments Pty Limited 

OSCP Oil Spill Contingency Plan 

PER Public Environmental Review 

TEC Threatened Ecological Community  

Terrex Terrex Seismic Pty Ltd 

UCL Unallocated Crown Land 

UHF Ultra High Frequency 

WAHerb Western Australia Herbarium  

Dimensions 

°C Degree Celsius 

ha Hectare 

Hz Hertz 

kg Kilogram 

km Kilometre 

km/h Kilometre per hour 

km2 Square kilometre 

L Litre 

lb Pound 

M Million 

m Metre 

m2 Square metre 

m3 Cubic metre 

mm Millimetre 
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ATTACHMENTS 
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Attachment 1 
Summary of Potential Environmental Issues and Impacts and 

Proponent’s Proposed Management Strategies  
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Environmental 
Factor 

Proponent’s Objective 
(IRC Environment 2004) 

Existing 
Environment 

Potential Impacts Environmental Management Strategies Predicted Outcome 

BIOPHYSICAL 

Flora 

(Section 5.2) 

Maintain the abundance, 
diversity, geographic 
distribution and 
productivity of flora at 
species and ecosystem 
levels through the 
avoidance or 
management of adverse 
impacts and 
improvement in 
knowledge. 

Minimise effects of the 
physical presence of the 
lines and camp site to 
sensitive areas (habitat, 
soil types and protected 
areas), discrete colonies 
of rare plants and other 
significant species 
(including Priority, 
undescribed species 
and important structural 
species and long lived 
species eg grasstrees). 

Ensure that the 
conservation values and 
management of existing 
and proposed reserves 
are not compromised. 

 

Nature reserves and 
remnant vegetation.  

Four Declared Rare 
Flora (DRF) species 
and several Priority 
species may 
potentially occur in the 
proposed seismic 
survey area. 

The proposed seismic 
survey area covers 
7% of Beekeepers 
Nature Reserve, 100% 
of Dongara Nature 
Reserve and 100% of 
Yardanogo Nature 
Reserve. 

Sensitive or protected 
areas may be cleared 
resulting in impact on 
significant values. 

Damage to discrete 
colonies of rare plants 
and other significant 
species (including 
Priority, undescribed 
species and important 
structural species and 
long lived species eg 
grasstrees). 

Increased access 
created by seismic 
lines may result in 
unauthorised 
personnel accessing 
areas of agreed high 
environmental 
sensitivity. 

Risk of weed or 
dieback introduction, 
or spread, through 
survey vehicles and 
survey personnel. 

 

• The line selection process will be based on criteria designed to 
minimise impact including:  

− Making use of existing tracks and firebreaks. 
− Avoiding wetlands and water gathering areas. 
− Avoiding larger trees. 
− Avoiding slow growing species (Xanthorrhoea, Zamia etc). 
− Avoiding sensitive sites (eg sites prone to erosion). 

• The line selection process will include the use of aerial photos with 
the location of known DRF and Priority species, known significant 
vegetation stands and communities and other sensitive sites 
identified.  The location of the lines will be planned in consultation 
with the Department of Conservation and Land Management 
(CALM) to confirm that the survey avoids sensitive areas.  Lines 
can be deviated to manage small areas of remnant vegetation. 

• A biological appraisal will be carried out consisting of: 

− A desktop review of aerial photographs to identify the 
boundaries of different vegetation community types. 

− A field survey to confirm the distribution of vegetation 
community types, and identify features of particular 
environmental sensitivity or risk. 

− A desktop review of vegetation community types to determine 
areas of high environmental sensitivity or risk based on the 
likely presence of DRF and Priority listed flora. 

− A detailed botanical survey of the seismic lines in areas of high 
environmental sensitivity or risk to determine the presence of 
DRF or Priority species within the proposed alignments.  The 
location of other features, eg significant fauna habitat, trees, 
slow growing plant species, wetlands, weed and dieback 
infestations would also be recorded during this survey.   

• Chaining maps will be prepared based on the results of this 
biological appraisal. 

No reduction in the 
abundance, 
diversity, distribution 
and productivity of 
flora at species and 
ecosystem levels as 
a result of the 
proposed seismic 
survey activities.  
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Environmental 
Factor 

Proponent’s Objective 
(IRC Environment 2004) 

Existing 
Environment 

Potential Impacts Environmental Management Strategies Predicted Outcome 

• Hand clearing will be used in areas of steep slope to avoid erosion. 

• Walk through vegetation surveys will be undertaken on lines that 
intersect areas of high environmental sensitivity or risk prior to the 
mobilisation of survey vehicles and equipment.  

• The botanists engaged to survey the proposed line alignments will 
be familiarised with DRF and Priority flora prior to the survey 
through a flora identification session in the field.  

• A field herbarium will be compiled to aid in the identification of DRF 
and Priority flora.   

• ARC/Origin will identify and locate DRF and Priority flora and report 
to CALM on standard reporting forms using GPS locations. 

• The same environmental protection measures will be applied to all 
areas of good quality native vegetation on private property and in 
the nature reserves. 

• Allocation of space for the camp will be minimised.  

• Camp rules, including the requirement not to interfere with wildlife 
and flora, will be covered by the induction.   

• The White Point beach ridge area in EP413 covers an area of 
about 3km x 0.5km close to the coastline and contains high quality 
vegetation and landforms located in the Beekeepers Nature 
Reserve.  It is considered an area of high conservation value. 
ARC/Origin commit to the following mitigation measures in this 
area:   

− All personnel are advised that unauthorised vehicles be 
prohibited from travelling in area.  

− Receiver crews will hand carry equipment into the area.    
− Source access lines will not enter the area other than along any 

existing tracks in consultation with CALM.   
− A vegetation survey will be carried out to identify and mark the 

boundary of the area.  
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Environmental 
Factor 

Proponent’s Objective 
(IRC Environment 2004) 

Existing 
Environment 

Potential Impacts Environmental Management Strategies Predicted Outcome 

• In addition, the following measures will be implemented in all nature 
reserves:  

− An ARC/Origin Field Botanist will supervise line 
preparation/rolling in areas of high environmental sensitivity or 
risk as agreed with CALM.   

− Qualifications of the ARC/Origin Field Botanist will be provided 
to CALM prior to work commencing.   

− There is DRF in the Yardanogo Nature Reserve.  In this case 
advice from CALM has been sought regarding occupying 
previous seismic lines.  

− Lines will be deviated to avoid sensitive sites.   
− Checklists will be prepared for the ARC/Origin Field Botanist to 

assist in identifying significant features.   
− A mitigation strategy for areas of high sensitivity or risk will be 

developed in consultation with CALM.  
− Vegetation will be rolled so as not to disturb the topsoil and left 

in place to reduce rutting by tyres. 

Weeds 

(Section 5.3) 

Minimise risk of 
introducing exotic 
species and spreading 
weeds in the region. 

Nature reserves, 
farmland and remnant 
vegetation.  

Department of 
Agriculture, Western 
Australia, confirmed 
that there is “no 
Skeleton Weed or 
quarantine properties 
in the tenements L1, 
L2 and EP413. Weeds 
such as thistle and 
Patterson's curse are 
no longer listed as 
declared plants”. 

Exotic species could 
become invasive if 
introduced, with 
unpredictable 
consequences for 
native species. 

Rolling equipment and 
support vehicles 
introduce weed 
species from outside 
the survey area, or 
between areas of the 
survey. 

Spread of weeds 
either by line 
preparation vehicles 

• Maps will be generated to show weed distribution and clean-down 
locations.  

• The ARC/Origin Environmental Field Officer will be allocated 
quarantine management/hygiene responsibilities.   

• Induction to include personnel movement and implications of 
spread of weed and communicate that personnel are to lookout for, 
and remove, any soil and organic material adhering to equipment.   

• All vehicles and machinery to be cleaned and inspected for soil, 
plant material and pest animal contamination prior to mobilisation to 
site.   

• Clean-down areas to be defined with advice from the ARC/Origin 
Field Botanist.   

• If advised by the ARC/Origin Field Botanist to clean-down, the  

No introduction or 
spread of exotic 
species as a result 
of the proposed 
seismic survey 
activities.  
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Environmental 
Factor 

Proponent’s Objective 
(IRC Environment 2004) 

Existing 
Environment 

Potential Impacts Environmental Management Strategies Predicted Outcome 

and wind or natural 
processes, or by 
subsequent third party 
access along the 
seismic lines. 

clean-down protocols in Attachment 3 will be followed.  

• Daily planning to ensure that vehicle and bulldozer movements will 
be minimised between weed-prone and weed-free areas. 

• Where possible, minimise traverse of vehicles between native 
vegetation and farmland to further minimise risk of weed 
introduction. 

• Monitor and dispose of exotic species identified through auditing 
and inspection programmes. 

• Implement a weed eradication programme in agreed high weed risk 
areas prior to seismic line preparation. 

Dieback 

(Section 5.4) 

Minimise the risk of 
introducing or spreading 
dieback into uninfected 
areas and areas of 
agreed high sensitivity 
or risk. 

 

 

There are two known 
infestations in the 
vicinity of Production 
Licences L1 and L2.  
One area is on private 
property to the 
southwest of the 
permit areas, and the 
other is in a gravel pit 
at the end of Mt 
Adams Road (Hart et 
al., 2002).   

Limestone soil that 
covers most of the 
survey area is 
generally hostile to 
dieback.  

 

Introduction or spread 
of disease such as 
dieback into reserves. 

 

• All vehicles and machinery to be cleaned and inspected for soil, 
plant material and pest animal contamination prior to mobilisation to 
site.   

• Maps are available that show the known location of dieback that is 
outside of the survey area.  The induction is to include the 
requirement that this area is “off limits”. 

• Quarantine management/hygiene procedures will be implemented 
and included in the induction. 

• Clean-down areas to be defined with advice from the ARC/Origin 
Field Botanist and in consultation with CALM. 

• Mandatory clean-down for vehicles in accordance with 
ARC/Origin’s hygiene protocol in Attachment 3.   

• Gates to be managed to prevent the escape of stock which have 
the potential to transport dieback. 

 

 

 

No further 
introduction or 
spread of dieback in 
the area as a result 
of vehicle 
movements during 
the seismic survey.  
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Environmental 
Factor 

Proponent’s Objective 
(IRC Environment 2004) 

Existing 
Environment 

Potential Impacts Environmental Management Strategies Predicted Outcome 

Rehabilitation 
and 
revegetation 

(Section 5.5) 

Ensure, as far as 
practicable, that 
rehabilitation achieves a 
stable and functioning 
landform which is 
consistent with the 
surrounding landscape 
and other environmental 
values. 

 

 

Nature reserves, 
farmland and remnant 
vegetation.  

 

Loss of topsoil and 
erosion from wind and 
water if sites are not 
adequately 
rehabilitated.  Loss of 
cover and species 
diversity in nature 
reserves. 

Introduction of weeds 
and dieback (eg by 
seismic crew or third 
parties). 

• ARC/Origin will carry out any rehabilitation work necessary at the 
completion of the survey, including closing off the seismic line 
entrances and using controlled fires to promote regeneration - but 
only in consultation with CALM and Fire and Emergency Services 
Authority (FESA) and using CALM approved procedures.   

• ARC/Origin to liaise with CALM and FESA to resolve issues such 
as which seismic lines are to remain open in the Unallocated Crown 
Land (UCL) to service, and to provide guidance on the interaction 
with, the wildflower picking industry.  This will be done with CALM 
as CALM has management responsibility for the flora industry on 
UCL.  Licence conditions prevent flora pickers from driving on 
seismic lines which have been created recently. 

• CALM Perth office will be consulted throughout the survey with 
respect to the alignment of the lines. 

• CALM regional office will be consulted with respect to rehabilitation 
and revegetation strategies and for the formulation of completion 
criteria. 

• Any lines with authorised third party access would be exempt from 
the rehabilitation requirement.   

• Preferentially use existing lines in Yardanogo Nature Reserve. Plan 
rehabilitation of each line in consultation with CALM.   

• Drill holes are to be backfilled and plugged as is standard practice 
and spoil material will be dispersed to avoid visual impacts.  

• Entrances to the seismic lines will be mulched, where required, on 
completion of the project.  ARC/Origin will employ best endeavours 
to close lines within two weeks of last use by the seismic crew or 
ancillary activities and are committed to effect closure within one 
month.  Particular attention will be paid to the lines with potential for 
future unauthorised access to the beach. 

• Rehabilitation of lines to start no longer than three months after 

Areas directly 
affected by the 
survey will achieve a 
stable functioning 
landform which is 
consistent with the 
surrounding 
landscape and other 
environmental 
values. 
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Environmental 
Factor 

Proponent’s Objective 
(IRC Environment 2004) 

Existing 
Environment 

Potential Impacts Environmental Management Strategies Predicted Outcome 

seismic data has been acquired.  In coastal areas rehabilitation of 
lines to commence as soon as is practicable after operational 
activity. 

• Signs and fences will be used for closing lines only if considered 
appropriate following consultation with CALM.   

• Block off lines within immediate vicinity of conservation areas with 
existing materials (not from paddocks or weed-infested areas). 

• Identify seismic lines with potential for unauthorised third party 
access.  Conduct fortnightly inspections of these lines in areas of 
agreed high sensitivity or risk until line closure.  Follow up 
monitoring is to be determined after consultation with CALM. 

• The entrance to seismic lines will be obscured by including dog-
legs into and out of scrub/bush and by starting them where they 
can be most easily hidden, such as amongst trees or in denser 
vegetation. 

• Re-contouring and brushing in dog-leg areas where rutting has 
occurred near public access points or where vehicles have been 
bogged to be stabilised with priority. 

• Investigate, in consultation with CALM, the potential to conduct 
mosaic prescribed burning of the native vegetation in the survey 
area to stimulate regeneration of the lines and obscure the 
presence of the access tracks.   

• Audits against ARC/Origin completion criteria for rehabilitation and 
revegetation will take place within two weeks of the end of the 
survey and after the first wet season, with attention paid to third 
party access, rehabilitation and revegetation progress and the 
presence of introduced weeds and dieback.   

• Audits against ARC/Origin completion criteria for rehabilitation and 
revegetation will be carried out (with participation from CALM and 
the Department of Industry and Resources (DoIR)) following the 
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Environmental 
Factor 

Proponent’s Objective 
(IRC Environment 2004) 

Existing 
Environment 

Potential Impacts Environmental Management Strategies Predicted Outcome 

second wet season of the survey, until signoff by CALM.  Areas or 
issues identified as action items will be addressed by ARC/Origin 
within three months of the audit. 

• Ensure rehabilitation of areas disturbed is successful (as guided by 
rehabilitation completion criteria, set in conjunction with CALM). 

Fauna 

(Section 5.6) 

Maintain the species 
abundance, diversity 
and geographic 
distribution of fauna. 

Protect specially 
protected, threatened 
and Priority fauna and 
their habitats. 

Nature reserves and 
remnant vegetation in 
farmland.  

Four scheduled 
species and five 
Priority species have 
been identified in the 
proposed seismic 
survey area.  

Mortality of fauna 
through interference, 
disturbance, impact 
with vehicles and 
destruction of habitat. 

• Allocation of space for the camp will be minimised. 

• No pets and no animals will be allowed on site.   

• ARC/Origin’s Health, Safety and Environment (HSE) Induction will 
be carried out prior to start to educate on environmental issues 
relating to native fauna and requirements for avoiding fauna and 
reporting incidents of fauna mortality.  

• In vegetation community types in which Mallee Fowl are likely to 
occur, a fauna specialist will inspect the seismic line alignments for 
nesting mounds and record them on a GPS.   

• Camp rules, including the requirement not to interfere with wildlife 
and flora, will be covered by the induction.   

• Driver education regarding speed during induction. 

• If incidents of fauna mortality occur, the fauna will be collected and 
stored and reported to CALM. 

No reduction in the 
species abundance, 
diversity, distribution 
and productivity of 
fauna as a result of 
the proposed 
seismic survey 
activities. 

 

Conservation 
areas 

(Section 5.7) 

Protect the 
environmental values of 
areas identified as 
having significant 
environmental attributes. 

Minimise effects of the 
physical presence of the 
lines and camp site to 
sensitive areas (habitat, 
soil types, fauna or 

Three nature reserves 
are within the 
proposed seismic 
survey area. 

7% of Beekeepers 
Nature Reserve, 100% 
of Dongara Nature 
Reserve and 100% of 
Yardanogo Nature 
Reserve will be within 

Potential for significant 
impact to conservation 
values of the nature 
reserves. In particular: 

• DRF, Priority  and 
significant flora 
species; and 

• nationally 
threatened or 
Priority/ 

• Pre-planning of camp site and line placement locations using aerial 
photos.   

• Within potential constraints, lines can be deviated to avoid sensitive 
and uncleared areas.   

• No line rolling of native vegetation in areas of agreed high 
sensitivity or risk will be carried out without botanical supervision.   

• Rolling of vegetation will be undertaken to preserve the rootstock.   

• In vegetation community types in which Mallee Fowl are likely to 

Conservation values 
of the nature 
reserves will be 
maintained.  
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Environmental 
Factor 

Proponent’s Objective 
(IRC Environment 2004) 

Existing 
Environment 

Potential Impacts Environmental Management Strategies Predicted Outcome 

protected areas), 
discrete colonies of rare 
plants and other 
significant species 
(including Priority, 
undescribed species 
and important structural 
species and long lived 
species, eg grasstrees). 

the survey area. 

Four DRF species and 
several Priority flora 
species potentially 
may occur in the 
proposed seismic 
survey area. 

Four Scheduled 
species and five 
Priority fauna species 
have been identified in 
the proposed seismic 
survey area.  

undescribed 
species. 

 

occur, a fauna specialist will inspect the seismic line alignments for 
nesting mounds and record them on a GPS. 

• Sand tyres are to be used (where practicable) on vehicles to 
avoiding rutting.   

• Vehicles are not to cross any dunes, except on existing tracks or 
following consultation with the ARC/Origin Environmental Field 
Officer. 

• Rehabilitation commitments will be implemented. 

Wetlands  
(Irwin River, 
swamps) 

(Section 5.8) 

Maintain the integrity, 
ecological functions and 
environmental values of 
wetlands. 

Minimise erosion of river 
banks by avoiding 
vegetation and soil 
damage. 

The Irwin River is the 
only watercourse 
within the proposed 
seismic survey area.  

Swamps surrounded 
by dense scrub are a 
feature of the region, 
but these fall outside 
the proposed seismic 
survey area. 

Erosion of river banks 
via vegetation and soil 
damage. 

• No new crossings will be constructed. All crossings will use existing 
roads and track crossing points only. 

• Source lines will stop outside riparian zone. 

• Receiver lines will be prepared by hand only within the riparian 
zone.   

• No line rolling over native vegetation will be carried out without 
botanical supervision.  

The integrity, 
ecological functions 
and environmental 
values of wetlands 
will be maintained 
during the proposed 
seismic survey 
activities. 

 

Land (soil) 

(Section 5.9) 

To maintain the integrity, 
ecological functions and 
environmental values of 
the soil and landform. 

Ensure that 
rehabilitation achieves 
an acceptable standard 
compatible with the 
intended land use, and 

Three broad soil 
systems are present: 

• Quindalup system 
– coastal sand 
plain and dune 
system; 

• Tamala system – 
yellow, red and 

Soil lost through water 
and wind erosion, 
increased 
groundwater salinity. 

Steep dune slopes; 
sharp crests subject to 
blowout if soil and 
vegetation disturbed. 
Not suitable for 

• Access plan to be developed in consultation with CALM.   

• The campsite will be located on: 

− A previous camp site used for petroleum drilling activities. 
− The Hovea Production Facility (if unoccupied). 
− Cleared farmland. 

• For receiver lines; vegetation will be rolled in valleys and only hand 
cutting/carrying will be done over the steep dune slopes and sharp 
crests.   

The integrity, 
ecological functions 
and environmental 
values of the soil 
and landform will be 
maintained during 
the proposed 
seismic survey 
activities. 
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Environmental 
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Proponent’s Objective 
(IRC Environment 2004) 

Existing 
Environment 

Potential Impacts Environmental Management Strategies Predicted Outcome 

consistent with 
appropriate criteria. 

Minimise erosion of 
steep dune slopes and 
sharp crests. 

black sands on 
limestone; and 

• Irwin system – 
alluvial valley 
system. 

vehicular traverse. 

Lines cut/rolled along 
dune slopes and 
obliquely across dune 
crests resulting in 
blowout if soil and 
vegetation disturbed. 

• Any line preparation work for a vehicle crossing of a longitudinal 
dune can only be done after consultation with the ARC/Origin 
Environmental Field Officer. 

• For regular long linear dunes, no source lines will cross-linear 
dunes or sensitive areas (eg White Point). 

• Where dunes obstruct source lines, detailed aerial photographs 
and on ground analysis will be conducted to avoid steep or 
unstable slopes, and to deviate source lines to paths of least 
disturbance. Cross at lowest point of saddles. 

• Roll vegetation approximately north northeast/south southwest for 
source lines along dune swales.  

• Line preparation will not occur within 150m from the high tide mark 
or cut the first or secondary dune sets in the Beekeepers Nature 
Reserve.  Line preparation will not extend to the beach so that 
tracks are not opened. Receiver lines will be hand carried in these 
areas. 

 

Land (caves) 

(Section 5.10) 

 

 

 

 

 

 

 

 

Maintain the integrity, 
ecological functions and 
environmental values of 
the soil and landform. 

No caves have been 
identified within the 
proposed seismic 
survey area. 

Vibration causing 
collapse of caverns 
and holes. 

Stygofauna and/or 
bats affected by cave 
collapse. 

• Consultation with Speleological Research Group of WA has been 
undertaken. 

• If caves are detected the ARC/Origin Authorised Representative 
will be notified and will determine if lines need to be realigned.  The 
location of significant caves will be reported to Norman Poulter of 
the Speleological Research Group of Western Australia. 

The integrity, 
ecological functions 
and environmental 
values of the soil 
and landform will be 
maintained during 
the proposed 
seismic survey 
activities. 
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Proponent’s Objective 
(IRC Environment 2004) 

Existing 
Environment 

Potential Impacts Environmental Management Strategies Predicted Outcome 

POLLUTION MANAGEMENT 

Domestic and 
Industrial 
Wastes 

(Section 5.11) 

Maintain the soil and 
water quality so that 
existing and potential 
environmental values, 
including ecosystem 
maintenance, are 
protected. 

Ensure that handling 
and disposal practices 
do not adversely affect 
environment values or 
the health, welfare and 
amenity of people and 
land uses by meeting 
statutory requirements 
and acceptable 
standards. 

 

Camp and all survey 
areas. 

Soil or groundwater 
may be contaminated 
by contact with 
wastes. 

Litter and scrap 
materials may cause 
visual pollution. 

• Ensure that wastes are effectively managed according to 
ARC/Origin management procedures and treatment systems.   

• Minimise the volume of wastes generated over the duration of the 
seismic programme.  

• Consultation with Irwin Shire Council regarding camp planning and 
construction.   

• Waste disposal objectives and housekeeping standards to be 
included in the induction.   

• All domestic wastes (food scraps/galley wastes) and industrial and 
solid wastes to be disposed of according to the Irwin Shire Council 
requirements.   

• Grey-water and sewage disposed of by septic tank or as otherwise 
directed by the Irwin Shire Council.  

• Wind and vermin proof waste bins will be used.   

• Regular clean-ups of campsite will be carried out. 

• All rubbish to be brought back to camp each day for correct 
disposal. 

Wastes will be 
collected, handled 
and disposed of 
appropriately so 
that soil and water 
quality, and other 
environmental 
values will be 
protected. 

Drilling wastes 

(Section 5.12) 

Ensure that handling 
and disposal practices 
do not adversely affect 
environment values or 
the health, welfare and 
amenity of people and 
land uses by meeting 
statutory requirements 
and acceptable 
standards. 

Up-hole drilling 
locations in survey 
area. 

Soil and groundwater 
may be contaminated 
by contact with drilling 
cuttings. 

• Cuttings will be stockpiled for replacement into the up-holes once 
the proposed seismic survey is completed.  

• Excess cuttings will be spread over topsoil in a thin layer and raked 
in. 

• Bore water will be used for drilling.  No chemicals will be used in 
the drilling operations ensuring that the drilling cuttings are 
chemically benign. 

• Ensure that all solid and industrial wastes are stored in covered 
skips and disposed of by a licensed waste management contractor. 

Wastes will be 
collected, handled 
and disposed of 
appropriately so that 
soil and water 
quality, and other 
environmental 
values will be 
protected. 
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Proponent’s Objective 
(IRC Environment 2004) 

Existing 
Environment 

Potential Impacts Environmental Management Strategies Predicted Outcome 

Maintain the soil and 
water quality so that 
existing and potential 
environmental values, 
including ecosystem 
maintenance, are 
protected. 

• Ensure that all liquid wastes are stored in appropriate containers 
and disposed of by a licensed waste management contractor. 

Noise 

(Section 5.13) 

Protect the amenity of 
nearby residents from 
noise impacts resulting 
from activities 
associated with the 
proposal by ensuring the 
noise levels meet 
statutory requirements 
and acceptable 
standards. 

Ambient noise within 
the proposed seismic 
survey area is 
contributed by traffic 
on Brand Hwy, trains, 
aircraft and rural 
equipment. 

Noise associated with 
seismic acquisition is 
considered to be 
equivalent to noise 
levels produced during 
routine rural activities. 

Noise from four wheel 
drives (4WDs) affects 
wildlife, residents, and 
other land users. 

• Induction to be carried out prior to start to educate on 
environmental issues.   

• Driver education regarding speed to be included in induction. 

• Survey operations will be undertaken in daylight hours only. 

Amenity of nearby 
residents from noise 
impacts resulting 
from activities 
associated with the 
proposed seismic 
survey will meet 
statutory noise level 
requirements.  

 

Dust 

(Section 5.14) 

Ensure that dust and 
particulate emission 
levels generated by the 
proposal, both 
individually and 
cumulatively, meet 
appropriate criteria and 
do not adversely impact 
the environmental or 
human health. 

 

 

Ambient dust levels 
within the proposed 
seismic survey area 
are contributed by 
traffic on Brand Hwy, 
trains, and rural 
equipment. 

 

Dust from 4WDs 
affects wildlife, 
residents, and other 
land users. 

• Induction to be carried out prior to start to educate on 
environmental issues.   

• Driver education regarding speed to be included in induction. 

• Water truck will be available for dust suppression. 

• Dust generation will be monitored daily and the water truck will be 
deployed as required. 

Dust and particulate 
emissions levels 
generated by 
activities associated 
with the proposed 
seismic survey will 
not adversely impact 
the environment or 
human health.  
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Hazardous 
materials and 
wastes  

(Section 5.15) 

Ensure that handling 
and disposal practices 
do not adversely affect 
environment values or 
the health, welfare and 
amenity of people and 
land uses by meeting 
statutory requirements 
and acceptable 
standards. 

Maintain the soil and 
water quality so that 
existing and potential 
environmental values, 
including ecosystem 
maintenance, are 
protected. 

 

Camp, refuelling areas 
maintenance areas, 
waste collection and 
storage areas. 

Soil and groundwater 
may be contaminated 
by contact with 
hazardous materials 
and wastes. 

Mortality of fauna and 
flora directly impacted 
if exposed to 
hazardous materials 
such as fuel or waste 
oil. 

• ARC/Origin standard operating procedures comply with the 
Australian Standards for hazardous material handling (AS 2508). 

• Ensure that fuel, lubricants and chemicals are stored appropriately 
in bunded areas and used in accordance with relevant Material 
Safety Data Sheets. 

• Hazardous materials to be stored separately and clearly identified.   

• Ensure that hazardous materials handling is in strict accordance 
with the Terrex dangerous goods procedures.   

• Ensure personnel are adequately trained in the storage and 
handling of hazardous materials. 

• Emergency response plan and equipment in place. 

• No refuelling of light vehicles in nature reserves and no refuelling of 
heavy equipment in nature reserves unless approved by 
ARC/Origin Environmental Field Officer.  Requirement included in 
induction. 

• Refuelling procedures (to include watchman present at all times) in 
place. 

• Auto shut-off taps during refuelling; main valves to be shut off 
during night.  

• Daily inspections of drip trays.   

• Remove contaminated soil or use bio-remedial product “Enretech” 
or “Envirosorb” to digest hydrocarbons in sensitive environments.  

 

 

 

 

Wastes will be 
collected, handled 
and disposed of 
appropriately so that 
soil and water 
quality, and other 
environmental 
values will be 
protected. 
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SOCIAL, CULTURAL AND ECONOMIC 

Cultural 
heritage 

(Section 5.16) 

Ensure that changes to 
the biophysical 
environment do not 
adversely affect 
historical and cultural 
associations and comply 
with relevant cultural 
heritage legislation. 

Ensure that the proposal 
complies with the 
requirements of the 
Aboriginal Heritage Act 
1972. 

Ten Aboriginal sites 
have been recorded 
and registered with 
Department of 
Indigenous Affairs 
(DIA).  Six registered 
sites fall within the 
proposed seismic 
survey area.  These 
sites are generally 
located near the Irwin 
River and consist of 
three burial sites, two 
artefact sites and one 
shell midden.  

Damage or loss of 
archaeological/ 
ethnographic value. 

• The location of registered sites within the survey area is known and 
will be avoided during survey activities. 

• If any archaeological material, including human skeletal material is 
uncovered as a result of line preparation, the development will be 
immediately reported to the relevant authorities.  All work would 
stop immediately and the area would be isolated. 

• The induction will include the requirement under the Aboriginal 
Heritage Act 1972, Section 17, that it is an offence to knowingly 
interfere with Aboriginal sites. 

Through the 
implementation of 
the culture and 
heritage 
management 
strategies, it is 
predicted that the 
cultural and heritage 
values within the 
survey area will not 
be compromised.  

Fire (non-
routine 
incidents) 

(Section 5.17) 

Maintain the integrity, 
ecological functions and 
environmental values. 

Ensure the protection of 
flora, fauna and fauna 
habitat. 

The Shire of Irwin 
designates a 
prohibited burning 
programme during 
which it is an offence 
to light a fire. 

The proposed seismic 
survey is to begin 
during the prohibited 
burning period and 
therefore liaison with 
FESA will be required. 

Grass fires and bush 
fires in uncleared 
areas from sources of 
ignition introduced by 
the survey.   

Loss of flora or fauna. 

Damage to property. 

• ARC/Origin HSE induction will include fire awareness and the 
requirements for minimising the risk of fires and fire response. 

• No smoking will be permitted outside vehicles. 

• Spark arresters are fitted on all vehicles.   

• Vehicles contain rakes, extinguishers and backpacks. 

• Crew training - use of fire extinguishers and UHF radios.  

• FESA fire broadcast regarding machinery bans.   

• Measures to avoid littering with broken glass or plastic to prevent 
ignition sources.   

• Daily vehicle inspections (remove grass build-up around hot 
components).  

• Chief Fire Officer, FESA, will conduct monthly inspections of all 
vehicles and equipment for possible sources of ignition. 

The risk of fires will 
be minimised and 
that a fire, in the 
unlikely event that 
one occurs, will be 
quickly and 
effectively 
contained. 
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• FESA, CALM and Department of Agriculture consultation regarding 
preparation of Emergency Response Plan.  

• A fire tender (12,000L), an 8,000L potable water truck and a 900L 
fire fighting unit will be on standby during the survey. Extinguishers 
and backpack water sprays will be carried by all survey vehicles. 

• Bulldozers from line preparation can also be used for fire fighting 
purposes and will be made available if required. 

Infrastructure 
and services 

(Section 5.18) 

Minimise the disruption 
to infrastructure and 
services. 

Farmland and 
populated areas. 

Damage to roads 
pipes, drains, 
buildings. 

Disruption of water, 
power, and 
telecommunication 
services. 

 

• Consultation with Shire Engineer to ensure compatibility of 
equipment and infrastructure.   

• Pre-planning.   

• Prior experience in area.   

• Public consultation.  

• Compliance with Australian Standards on vibration of structures 
(AS/NZS 1170.0:2002).  

• Control of drive levels to remain within speed limits. 

 

Damage and 
disturbance to 
infrastructure and 
services will be 
avoided during the 
proposed seismic 
survey activities.  

 

Agriculture 

(Section 5.19) 

Minimise the disruption 
to agriculture. 

Farmland used for 
agriculture. 

Soil lost through 
erosion by vehicles 
from turns.  

Damage to paddocks. 

Disturbance to 
livestock. 

Degradation of visual 
amenity. 

• Fencing crews on the survey to maximise access. 

• Driver behaviour education during induction. 

• Chaining maps to flag sensitive areas. 

• Consultation with land owners. 

• Gates to be managed to prevent the escape of stock. 

• Permitting: encouragement of landowners to allow fences to be 
temporality lowered. 

• Fences to be open with agreement with landowners. 

Damage and 
disturbance to 
agricultural activities 
will be minimised 
during the proposed 
seismic survey 
activities.  
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1 GENERAL DEFINITIONS 

 

Ecological Community 

A naturally occurring biological assemblage that occurs in a particular type of habitat. 

Note: The scale at which ecological communities are defined will often depend on the level of 
detail in the information source, therefore no particular scale is specified. 

A threatened ecological community (TEC) is one which is found to fit into one of the 
following categories; “presumed totally destroyed”, “critically endangered”, “endangered” or 
“vulnerable”.  

Possible threatened ecological communities that do not meet survey criteria are added to 
CALM’s Priority Ecological Community Lists under Priorities 1, 2 and 3. Ecological 
Communities that are adequately known, are rare but not threatened, or meet criteria for 
Near Threatened, or that have been recently removed from the threatened list, are placed in 
Priority 4. These ecological communities require regular monitoring. Conservation Dependent 
ecological communities are placed in Priority 5. 

An assemblage is a defined group of biological entities. 

Habitat is defined as the areas in which an organism and/or assemblage of organisms lives. 
It includes the abiotic factors (eg. substrate and topography), and the biotic factors. 

Occurrence: a discrete example of an ecological community, separated from other examples 
of the same community by more than 20 metres of a different ecological community, an 
artificial surface or a totally destroyed community.  By ensuring that every discrete 
occurrence is recognised and recorded future changes in status can be readily monitored. 

Adequately Surveyed is defined as follows: 

“An ecological community that has been searched for thoroughly in most likely habitats, by 
relevant experts.” 

Community structure is defined as  

“The spatial organisation, construction and arrangement of the biological elements 
comprising a biological assemblage” (eg. Eucalyptus salmonophloia Woodland over 
scattered small shrubs over dense herbs; structure in a faunal assemblage could refer to 
trophic structure, eg. dominance by feeders on detritus as distinct from feeders on live 
plants). 

 

Definitions of Modification and Destruction of an ecological community : 

Modification: “changes to some or all of ecological processes (including abiotic processes 
such as hydrology), species composition and community structure as a direct or indirect 
result of human activities. The level of damage involved could be ameliorated naturally or by 
human intervention ”. 
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Destruction: “modification such that reestablishment of ecological processes, species 
composition and community structure within the range of variability exhibited by the original 
community is unlikely within the foreseeable future even with positive human intervention.” 

Note: Modification and destruction are difficult concepts to quantify, and their application will 
be determined by scientific judgement. Examples of modification and total destruction are 
cited below: 

Modification of ecological processes: The hydrology of Toolibin Lake has been altered by 
clearing of the catchment area such that death of some of the original flora has occurred due 
to dependence on fresh water. The system may be bought back to a semblance of the 
original state by redirecting saline runoff and pumping waters of the rising underground water 
table away to restore the hydrological balance. Total destruction of downstream lakes has 
occurred due to hydrology being altered to the point that few of the original fauna or fauna 
species are able to tolerate the level of salinity and/or water logging. 

Modification of structure: The understorey of a plant community may be altered by weed 
invasion due to nutrient enrichment by addition of fertiliser. Should the additional nutrients be 
removed from the system the balance may be restored, and the original plant species better 
able to compete. Total destruction may occur if additional nutrients continue to be added to 
the system causing the understorey to be completely replaced by weed species, and death of 
overstorey species due to inability to tolerate high nutrient levels. 

Modification of species composition: Pollution may cause alteration of the invertebrate 
species present in a freshwater lake. Removal of pollutants may allow the return of the 
original inhabitant species. Addition of residual highly toxic substances may cause 
permanent changes to water quality, and total destruction of the community. 

Threatening processes are defined as follows: 

“Any process or activity that threatens to destroy or significantly modify the ecological 
community and/or affect the continuing evolutionary processes within any ecological 
community.” 

Examples of some of the continuing threatening processes in Western Australia include: 
general pollution; competition, predation and change induced in ecological communities as a 
result of introduced animals; competition and displacement of native plants by introduced 
species; hydrological changes; inappropriate fire regimes; diseases resulting from introduced 
microorganisms; direct human exploitation and disturbance of ecological communities. 

“Restoration” is defined as returning an ecological community to its pre-disturbance or 
natural state in terms of abiotic conditions, community structure and species composition. 

“Rehabilitation” is defined as the reestablishment of ecological attributes in a damaged 
ecological community although the community will remain modified. 
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2 DEFINITIONS AND CRITERIA FOR PRESUMED TOTALLY DESTROYED, 
CRITICALLY ENDANGERED, ENDANGERED AND VULNERABLE ECOLOGICAL 
COMMUNITIES 

Presumed Totally Destroyed (PD) 

An ecological community which has been adequately searched for but for which no 
representative occurrences have been located. The community has been found to be totally 
destroyed or so extensively modified throughout its range that no occurrence of it is likely to 
recover its species composition and/or structure in the foreseeable future. 

An ecological community will be listed as presumed totally destroyed if there are no recent 
records of the community being extant and either of the following applies ( A or B): 

A) Records within the last 50 years have not been confirmed despite thorough 
searches of known or likely habitats or 

B) All occurrences recorded within the last 50 years have since been destroyed 

Critically Endangered (CR) 

An ecological community that has been adequately surveyed and found to have been subject 
to a major contraction in area and/or that was originally of limited distribution and is facing 
severe modification or destruction throughout its range in the immediate future, or is already 
severely degraded throughout its range but capable of being substantially restored or 
rehabilitated. 

An ecological community will be listed as Critically Endangered when it has been 
adequately surveyed and is found to be facing an extremely high risk of total destruction in 
the immediate future. This will be determined on the basis of the best available information, 
by it meeting any one or more of the following criteria (A, B or C): 

A) The estimated geographic range, and/or total area occupied, and/or number of 
discrete occurrences since European settlement have been reduced by at least 90% 
and either or both of the following apply (i or ii): 

i) geographic range, and/or total area occupied and/or number of discrete 
occurrences are continuing to decline such that total destruction of the community 
is imminent (within approximately 10 years); 

ii) modification throughout its range is continuing such that in the immediate 
future (within approximately 10 years) the community is unlikely to be capable of 
being substantially rehabilitated. 

B) Current distribution is limited, and one or more of the following apply (i, ii or iii): 

i) geographic range and/or number of discrete occurrences, and/or area occupied 
is highly restricted and the community is currently subject to known threatening 
processes which are likely to result in total destruction throughout its range in the 
immediate future (within approximately 10 years); 
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ii) there are very few occurrences, each of which is small and/or isolated and 
extremely vulnerable to known threatening processes; 

iii) there may be many occurrences but total area is very small and each 
occurrence is small and/or isolated and extremely vulnerable to known 
threatening processes. 

C) The ecological community exists only as highly modified occurrences that may be 
capable of being rehabilitated if such work begins in the immediate future (within 
approximately 10 years). 

Endangered (EN) 

An ecological community that has been adequately surveyed and found to have been subject 
to a major contraction in area and/or was originally of limited distribution and is in danger of 
significant modification throughout its range or severe modification or destruction over most 
of its range in the near future. 

An ecological community will be listed as Endangered when it has been adequately 
surveyed and is not Critically Endangered but is facing a very high risk of total destruction in 
the near future. This will be determined on the basis of the best available information by it 
meeting any one or more of the following criteria (A, B, or C): 

A) The geographic range, and/or total area occupied, and/or number of discrete 
occurrences have been reduced by at least 70% since European settlement and 
either or both of the following apply (i or ii): 

i) the estimated geographic range, and/or total area occupied and/or number of 
discrete occurrences are continuing to decline such that total destruction of the 
community is likely in the short term future (within approximately 20 years); 

ii) modification throughout its range is continuing such that in the short term future 
(within approximately 20 years) the community is unlikely to be capable of being 
substantially restored or rehabilitated. 

B) Current distribution is limited, and one or more of the following apply (i, ii or iii): 

i) geographic range and/or number of discrete occurrences, and/or area occupied 
is highly restricted and the community is currently subject to known threatening 
processes which are likely to result in total destruction throughout its range in the 
short term future (within approximately 20 years); 

ii) there are few occurrences, each of which is small and/or isolated and all or 
most occurrences are very vulnerable to known threatening processes; 

iii) there may be many occurrences but total area is small and all or most 
occurrences are small and/or isolated and very vulnerable to known threatening 
processes. 
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C) The ecological community exists only as very modified occurrences that may be 
capable of being substantially restored or rehabilitated if such work begins in the 
short-term future (within approximately 20 years). 

Vulnerable (VU) 

An ecological community that has been adequately surveyed and is found to be declining 
and/or has declined in distribution and/or condition and whose ultimate security has not yet 
been assured and/or a community that is still widespread but is believed likely to move into a 
category of higher threat in the near future if threatening processes continue or begin 
operating throughout its range. 

An ecological community will be listed as Vulnerable when it has been adequately surveyed 
and is not Critically Endangered or Endangered but is facing a high risk of total destruction or 
significant modification in the medium to long term future. This will be determined on the 
basis of the best available information by it meeting any one or more of the following criteria 
(A, B or C): 

A) The ecological community exists largely as modified occurrences that are likely to 
be capable of being substantially restored or rehabilitated. 

B) The ecological community may already be modified and would be vulnerable to 
threatening processes, is restricted in area and/or range and/or is only found at a few 
locations. 

C) The ecological community may be still widespread but is believed likely to move 
into a category of higher threat in the medium to long term future because of existing 
or impending threatening processes. 
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Attachment 3 
Denison 3D Seismic Survey Clean-down Protocol
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Denison 3D Seismic Survey Clean-down Protocol 

Procedure for personnel, vehicles, machinery and equipment 
(adapted from WA Department of Agriculture’s clean-down procedure) 

Before entering nature reserves, undeclared crown land, privately held land or other 
areas of agreed high sensitivity or risk: 

• Notify the landowner that you will be on site. 

• Ask the landowner what, if any, bio-security protocols he/she has for his/her property and 
ensure that these are adhered to. 

• Make sure vehicle is clean inside and out of any weeds, plant matter, seeds and soil 

• Check tyres for any seed eg double gees, or soil clods – clean-down if required to 
remove material. 

• Check footwear for seeds or soil – clean-down if required to remove material. 

On nature reserves, undeclared crown land, privately held land or other areas of 
agreed high sensitivity or risk: 

• Where possible, use existing roads and tracks. 

• Where possible, restrict vehicle movement to specific environments (eg vehicles 
operating in farmland to operate, if practically possible, exclusively in farmland). 

• Limit movement in wet crops and wet/damp lands. 

Before leaving nature reserves, undeclared crown land, privately held land or other 
areas of agreed high sensitivity or risk: 

• Clean footwear, vehicles and tyres of seeds, soil and debris. 

• Before loading machinery, clean machines down.  Remove any plant matter, seeds and 
soil.  This procedure should be done with water, air or by brushing down, whichever is 
most appropriate as deemed by the ARC/Origin Environmental Field Officer on site. 

Copy of this protocol to be included in each field vehicle. 

All field staff to be inducted in clean-down procedures. 
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Attachment 4 
Minutes of Environmental Risk Assessment Workshop 
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MINUTES OF  
DENISON 3D SEISMIC SURVEY 

ENVIRONMENTAL RISK ASSESSMENT WORKSHOP  

Date:  24 November 2003 
Venue:  ARC Energy Limited, 679 Murray St, West Perth WA 6005 
Workshop opened:  9:00am 
Workshop closed:  3:20pm 
 
Attendees: 
Name Initials Representing 
Andrew Walter AW Origin Energy Developments Pty Limited 
Andy Brett AB Terrex Seismic Pty Ltd 
Andy Padman AP ARC Energy Limited 
Bill Foster BF ARC Energy Limited 
Brian Moyle BM Wildflower Society 
Cate Tauss CT Hart Simpson and Associates 
Dean Powell DP Origin Energy Developments Pty Limited 
Deanne Moir DM ARC Energy Limited 
Derrick O’Keefe  DOK ARC Energy Limited 
Graeme Rundle GR Conservation Council 
Liesl Rohl LR CALM 
Nick Woolfrey NW EPA Services Unit 
Norm Caporn NC CALM 
Norm Poulter NP Speleological Research Group of WA 
Roz Hart RH Hart Simpson and Associates 
Sarah Brown SB ARC Energy Limited 
Sharon Tiainen ST ARC Energy Limited 
Tim Gentle TG EPA Services Unit 

 
Apologies: 
Name Initials Representing 
Craig McLernan CM DoIR 
Graham Cobby GC DoIR 

 
Part A: Introduction and overview of ARC and seismic acquisition process 
 
AP/SB Opening and welcome 

DOK Introduction to ARC Energy  

AP Denison 3D seismic programme overview. Outlined ARC’s presence/interest in the 
region, the area affected, prior surveys in the area and why ARC want to explore in this 
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region using this particular technique. Summarised the seismic technique and the primary 
activities involved. Ref: Denison 3D Overview power-point presentation 

AB Overview of 3D acquisition process. Terrex will provide a high level of supervision from 
planning stage through to actual acquisition. Currently in initial planning stage. Survey 
requires north-south source lines (those that cater for the surface seismic trucks) and east 
west receiver lines (cater for geophones) approximately 400 -500m apart on a grid spacing. 
In areas where vehicles access is too difficult the receiver lines will be hand cut and 
geophones laid out on these lines. 

BM Do the lines have to be straight? 

AB No. A lot of progress has been made over the last decade with regard to acquisition. 
Terrex recently acquired a survey in the Glenelg River National Park using existing tracks 
and roads. ARC/Terrex where ever possible will make use of existing tracks. 

BM If for an instance a slow growing species (eg grass trees) can the road be diverted 
around the specimen/s? 

AB/AP Yes 

NC Is there much flexibility in the design of the survey? 

AP Explained the concept of fold and why the grid spacing needs to be kept as close as is 
practical to planned to ensure a quality seismic product. Need to lay out a large array of 
receivers over a large area to enable noise to be filtered from the final product.  

DP In 3D surveys there is greater flexibility than 2D to ‘move’ the source and receiver lines 
but still maintain fold.  

AB Typically try to avoid straight lines as they provide line of site and may encourage third 
parties to use the lines after acquisition.  

CT Can you explain the difference between the source and receiver lines? Do both require 
rolling? Which is the most intensive? 

AB Source lines require greater level of preparation due to the size of the vehicles using 
them. In some instance (dune country) receiver lines will be hand cut and laid. 

AP There will be no new tracks crossing large dunes. Intend to use dune corridors and run 
the source line parallel to these. 

AP/DP Using the Hibbertia 3D as a guide you can see the proposed grid (ie straight lines 
perpendicular to each other) is quite different to the reality on the ground where lines are 
bent around natural/built features as required. 

AB Discussed other issues include road/railway crossing, acquisition in built areas, how the 
permitting process facilitates access and provides an opportunity to explain to landholders 
the impact upon their land. Once planning and permitting is complete and approvals 
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obtained, the line preparation can commence, lines are surveyed in with GPS equipment and 
are pegged every 40m to create a chaining map. These pegs are numbered and information 
recorded at each site (eg fence nearby, suggested detours etc). 

BM Can you define chaining? 

AB It’s a survey term. The word is a legacy from the days of tape or chain being laid out to 
measure distance between survey points. 

AB Survey will employ approximately 60 field crew. Will be located in a transportable self 
contained camp. The camp location is yet to be determined but is very likely to be located on 
private cleared land. 

GR What is the likely duration of the survey? 

AB 80-90 days. 

AP Hoping to commence survey in February 2004.  

DP What is a vibrator scout? 

AB Is a dedicated person who moves ahead of the trucks to provide direction/access. 

BM What speed will the crew move at? 

AB Something in the order of 18 linear km per day 

AP The receiver lines are the most labour intensive  

BM Are the lines prepared ahead of time? 

AB Yes. 

BM How fast is the line preparation process? 

AB A good question. Can not answer accurately until the area has been scouted. 

BM Are the line preparation contractor paid by the km? 

BF No they are paid by the hour. In previous surveys the speed of line preparation has been 
dictated by the speed of the botanist operating ahead of the rolling equipment. 

BM Will the contractors put enough care and attention into the rolling process? 

TG Is there a reward system for looking after the environment? For instance Apache in a 
recent pipe lay provided their contractor with a bonus if no coral was broken. This is best 
practise effort and encourage ARC to take a similar stance. 

AP Can you provide information on this and other precedents? 

TG Talk with Myles Hyam at Apache 
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AP EP413 is included in the survey as it is more time and cost efficient to acquire in one 
effort. 

AW This approach also minimises traffic 

NC How many vehicles will be involved? 

AB Will advise after pre-planning complete.  

AB Project inductions up front for all crew plus daily toolbox meetings to reinforce. In addition 
a safety meeting is held weekly. 

RH Are you aware of the conditions at this time of year in this area? 

AB Bulk of the crew will be mobilised from the Cooper Basin (SA/QLD) where current 
operating temperatures are well above 40 degrees C so hot working conditions are not a 
problem. Terrex have implemented a number of strategies to provide a safe working 
environment for their crew. Some local crew will also be sourced. In addition we will ‘shop’ 
locally when possible. 

AP Added that ARC have also acquired surveys in summer. One of the reasons Terrex were 
selected as the preferred contractor is their familiarity with working in harsh hot conditions.  

AB Terrex are very confident in their crew’s ability to operate safely in hot environments.  

DOK In L1L2 ARC operate under a safety case. Are not legally required to do this onshore 
(is required for offshore operations) but ARC elected to. 

AP Survey area covers a wide variety of environments including farmland, reserve, dune 
fields, native vegetation, railways, roads and towns. For planning purposes ARC have split 
into 3 broad categories; privately held/ agricultural land, township and reserve.  

Part B: Risk Assessment Workshop 

SB Aim of workshop is for all concerned to raise issues/concerns/impacts with regard to the 
planning and acquisition of the Denison 3D survey. The risk assessment format is being 
used to provide structure to the workshop and this information used to develop an EMP. 
Invited any comments with regard to this format. None received. Ref: Denison 3D Seismic 
Survey Environmental Risk Assessment 24 November 2003 

BM Where are ARC in the process of approvals for the 3D survey? 

TG The project is yet to be referred to the EPA. Considers the February start means a very 
tight schedule for the approvals process. 

NC What have we learnt from the Hibbertia/Hovea 3D? 

SB Have incorporated learning’s from the Hibbertia/Hovea survey into the risk assessment 
matrix which has been filled in ahead of time to ensure we maximise the meeting time. 
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AP A field trip to visit specific sites was organised by ARC. Attendees included 
representatives from CALM, ARC, and Origin. Also invited were EPA Services Unit (NW who 
was ill on the day) and DoIR (declined due to work pressures).  

Discussion on modern 3D versus old 2D, fire as an aid for rehab, crooked lines etc. Also 
visited CALM monitoring site. 

LR Conducting monitoring on seismic lines to determine effects of burning on re-generation. 
Burning appears to progress more rapid regeneration. The primary obstacle to regeneration 
is third parties using the tracks (eg wildflower pickers) 

AW Rehabilitation progressing well after 6 months provided access was denied to the lines. 
Barriers and absence of line of sight view are critical to effective rehabilitation. 

AP ARC will take these learning’s and apply as applicable to the Denison 3D survey. 

AW Most of the rehabilitation has been passive for the Hibbertia 3D but some active 
rehabilitation has been applied. 

TG Who will be responsible for overseeing the rehabilitation? 

AP/SB Yet to be determined but would welcome CALM’s input. 

TG CALM resources may be an issue. 

NC Do need someone on the ground who is experienced. 

SB Shift discussion back to risk assessment process. Discussed why manage risk and 
defined risk, reasons for conducting assessment, management framework, scope for 
assessment and ground rules for workshop. 

TG Why are DoIR not in attendance? 

AP Were invited but unable to attend. 

SB If another workshop is required ARC will convene a further meeting. 

BM Wanted to clarify that attendance does not necessarily indicate support for the project. 

AP/SB Invite and appreciate your input 

TG Is cultural heritage a parallel process? 

AP Most definitely. ARC have commissioned ethno-graphic and archaeological surveys and 
will be consulting with local Aboriginal groups. However, this is not the focus for today. 

GR Raised the issue of heritage buildings in the area. 

SB/AP Will be dealt with outside of this forum. 

BM Are pets allowed? 
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AP/AB No pets are allowed in seismic camps/operations. 

BM Back of envelope calculation indicates ~250 hectares of land will be cleared. Under the 
EPA act this is considered unacceptable.  

BF Seismic has minimal impact as lines are technically not cleared, they are prepared by 
rolling so as not to disturb rootstock and are turned over to rehabilitation in the short term.   

RH No declared rare flora in Beekeepers Reserve but still unique in its own right.  

AW A checklist could be provided to the botanist (including information with regard to slope, 
landform, significant vegetation etc) 

CT Impressed with the White Point Beach Ridge strategy (ie source lines in corridor and 
hand carried receiver lines). Can this be applied to the whole survey area? 

AP No 

CT Would like to see detailed strategy for all high conservation areas. Developed in 
consultation with CALM. 

BF Need to review dog leg requirements. May have been interpreted too literally in the past 
and may cause more problems than it solves (eg rutting). Lines could meander to avoid dog-
legs. RH supportive. 

NC Can lines be brushed if ruts are likely to be a problem? 

AP/BF They can be if required. 

RH Any access to the beach needs attention to ensure the public cannot access. 

Part C: Round Table Discussion 

TG Are there any limestone caves in the area? 

NP No evidence for caves. 

AP There is definite karst in the Tertiary limestone. Also not aware of any significant caves in 
the area. 

NP To determine if caves exist in the region could use aircraft to look for dolines and other 
indicators. Other method is ground penetrating radar although this is very uncommon in 
Australia. Could also use topographic maps to trace water courses. There is very little detail 
available north of Eneabba. Generally caves are found and reported via local knowledge. 

AW There has been over 100 years of European occupation so would expect the area has 
been reasonably picked over with the exception perhaps of impenetrable vegetation. 

TG Is there any use in further cave surveys? 

NP It would be very difficult to conduct a detailed survey. 
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TG How much time would it take to do a proper job? 

NP Best approach is to ask local people. 

LR Consider fire as rehabilitation tool. Reuse of existing lines (ie Hibbertia) or prepare new 
lines. Need to look at pros and cons of both. Possibly better to reuse lines and if become 
compacted consider ripping to aid rehabilitations. 

BF/AB Overall compaction issue will be lessened as the traffic at line ends is limited. 

NC Determination of best approach in this situation will be determined outside of this 
meeting. 

LR CALM and FESA do have fire plans. May want to keep some lines as firebreaks. Asked 
about environmental offset? 

AP ARC are looking at participating/funding a fox baiting programme. 

NC Fire could be a useful technique to disguise lines as well. 

CT Weed control on railway line  

GR Suspect it is not one body who control the railways line and access track. 

NP Interested in up-hole data with regard to karst. 

TG Considers project timing is very tight. Other issue is lines providing better access to stock 
and feral animals. Is there a technique to minimise this impact? 

AP Should only affect feral animals as farmers keep a tight rein on their stock. 

GR Main issue is keeping people out after acquisition. 

AP Disguise using native material is the best method. Signs and artificial barricades only 
highlight the access to the public. 

NC Would like to see a draft EMP as soon as possible 

GR The CC meeting is yet to be scheduled. Unsure if a January 2004 meeting will take 
place. 

NW Why do ARC want to commence in February 2004? 

AP Crops typically go in after first rains (typically May). ARC want to keep this disruption to a 
minimum. 

NW Can you split the survey into two? 

AP No, the incremental cost of remobilising the crew, overshooting the lines at the survey 
edges and additional processing costs are prohibitive. Survey all up should take 80-100 
days. 
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AB If we miss this window the survey is pushed out to Oct/Nov 2004.  

NC Suggests full time environmental officer in field with authority to provide weekly 
audits/reports/status updates. 

AB Issue of river crossing would require further discussion. 

AP/SB Thanks for contribution to the workshop. Invite further input by phone or email. 
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Attachment 5 
ARC, Origin and Terrex HSE Policies
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TERREX CORPORATE HSE POLICY 
 

Terrex and its subsidiaries are committed to maintaining a pro-active leadership role within 
the geophysical industry to improve the management of Health, Safety and Environmental 
issues.  

HSE management is a line management responsibility, which starts at the corporate level 
and cascades throughout the organisation to all line managers. All line managers must work 
with TOTAL COMMITMENT, verbally, actively and visibly and accept individual responsibility 
and accountability for HSE performance. 

To achieve the objectives of this policy, Terrex is committed to manage Health, Safety and 
Environmental issues following the direction of these fundamental principles: 

• All injuries can be prevented.   
 
• Preventing injuries is good business.  
 
• All personnel have a right to and shall be provided a safe work environment.  
 
• All personnel have a right to and shall be provided HSE training to perform their job safely.  
 
• All personnel have the responsibility to promptly report unsafe conditions to management. 
 
• All personnel shall be encouraged to improve workplace safety through initiative and 

innovation. 
 
• Conservation of the environment is an integral part of our work. We have a responsibility to 

the public to apply sound environmental practices when planning and conducting our work.  
 
• HSE policies will be communicated and enforced with all personnel, clients, visitors, sub-

contractors and suppliers with whom Terrex may be associated.  
 
• All employees, sub-contractors and suppliers are required to comply with all company HSE 

policies and procedures as a condition of employment or business. 
 
• All personnel have a “Duty of Care” not only to themselves but to fellow workers and the 

general public. They must take reasonable care to protect their own health and safety and, 
so far as is practicable, avoid harming the safety and health of other people in the 
workplace. 
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