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  HFS Scientific Inquiry Recommendations 

Rec. Description 

Resp. 
Industry 
(I)  

Govt. (G) 

Relevance to the Proposal Further 
information 

1 The cumulative impacts of landscape 
clearing and fragmentation depend on 
scale and duration. Such impacts should 
be anticipated and assessed prior to 
development approval, with the eventual 
rehabilitation and restoration of 
redundant infrastructure clearing 
meeting the expectations of both 
regulators and the community. 

I Clearing and fragmentation impacts are discussed 
and assessed, with anticipated mitigations, for the 
Flora and Vegetation, and Terrestrial Fauna 
preliminary key environmental factors. 

The scope of the Proposal is limited to an exploration 
and appraisal program within the Development 
Envelope. No industry / industrial presence or social 
receptors are present in this area. Subsequently, no 
additional cumulative impacts are present. 

Sections 
5.1.5 and 
5.1.7 

Sections 
5.3.5 and 
5.3.7 

2 The Western Australian Government, in 
consultation with the community, should 
identify places of iconic natural heritage 
and exclude those places from future 
exploration and development for 
unconventional oil and gas associated 
with hydraulic fracture stimulation, 
sufficient to protect their values from 
direct development or by proximity to 
increased traffic, noise, light or visual 
impacts. These consultations should be 
a formal part of the process by which the 
Western Australian Government 
releases acreage for potential 
development. 

G In accordance with the proposed Iconic natural 
heritage places (Government of Western Australia 
2019b), the Proposal is not located within any of the 
proposed iconic natural heritage places (Figure 5-18). 

Section 
5.5.3.4.1 

3 Access to productive land should require 
an agreement with the Traditional 
Owners, landholder or leaseholder 
regarding the location, maintenance, 
operation and remediation of 
infrastructure, as well as compensation 
for residual damage to the subsequent 
productive use of the land. 

I Stakeholder consultation with the relevant landowners 
has been undertaken and will continue throughout the 
Proposal during each phase of the activity. 

Land use agreements are in place with the Native Title 
groups relevant to the Proposal.  

Section 3 

Section 
5.5.3.3.1 

4 An early warning system based on a 
‘traffic light scheme’ should be 
implemented to prevent adverse geo-
mechanical events reaching a size of 
any consequence to land or 
hydrogeology. 

I / G At the time of writing this document, and per the 
Implementation Plan (Action 11 – Code of Practice) 
the WA code of practice has not been released, with 
the Implementation Plan completion date scheduled 
for H2 2020. BNR will comply with all regulatory 
requirements. 

Table 5-25 

5 That baseline and routine surveillance 
groundwater quality monitoring, 
including methane concentrations, 
should be included in an enforceable 
Code of Practice and results made 
publicly available before commencement 
of drilling operations and thereafter. 

G 

 

 

 

 

 

  

At the time of writing this document, and per the 
Implementation Plan (Action 11 – Code of Practice) 
the WA code of practice has not been released, with 
the Implementation Plan completion date scheduled 
for H2 2020. 

BNR have taken the approach of developing a 
detailed Referral supporting document that can be 
made public to support the level of assessment 
decision. This document includes a large amount of 
baseline data that has been collected over an 
extended period of time. 

Section 
5.4.3 
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Rec. Description 

Resp. 
Industry 
(I)  

Govt. (G) 

Relevance to the Proposal Further 
information 

 In accordance with the PGER(E) Regulations, the 
proponent is required to report on environmental 
performance of activities carried out under an 
Environmental Plan to DMIRS annually. The annual 
report includes a summary of, and the details of 
environmental monitoring conducted for the activity 
over the course of the year.  

6 The regulations governing the use and 
assessment of chemicals associated 
with hydraulic fracture stimulation should 
be strengthened and clarified, 
specifically: 

• All chemicals proposed 
for use must be approved 
for use in Australia. It 
should be the regulator’s 
responsibility to check 
that all the proposed 
chemicals are listed on 
the Australian Inventory 
of Chemical Substances 
(AICS), Australian 
Pesticides and Veterinary 
Medicines Authority 
(APVMA), Therapeutic 
Goods Administration 
(TGA) or Food Standards 
Australia and New 
Zealand (FSANZ) 
inventories prior to 
approval being granted; 

• That a ruling is sought 
from APVMA on the need 
to register biocides used 
for hydraulic fracture 
stimulation in Western 
Australia (in line with the 
existing ruling on the use 
of these chemicals in the 
extraction of coal seam 
gas); 

• The use of Benzene, 
Toluene, Ethylbenzene 
and Xylene (BTEX) in 
drilling and hydraulic 
fracturing fluids should 
be banned; 

• Chemicals that are 
known or suspected 
carcinogens, mutagens, 
developmental toxicants 
and endocrine disruptors 
should be identified as 
part of the information 
disclosed on chemicals. 
Use of chemicals with 
these properties should 

G The composition of the proposed HFS fluid system is 
included in Appendix J.  

Further to this, all chemicals associated with the final 
downhole fluid system, including their individual 
components and toxicity data, will be fully disclosed in 
a Chemical Disclosure attached to the Proposal’s 
Environmental Plan. 

Potential impact assessment of the chemicals, 
including formation water produced during well testing 
operations, along with mitigation measures, have 
been included in the Terrestrial Environmental Quality 
and Inland Waters preliminary key environmental 
factors. 

Sections 
5.2.5 and 
5.2.7 

Sections 
5.4.5 and 
5.4.7 

Appendix J 
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Rec. Description 

Resp. 
Industry 
(I)  

Govt. (G) 

Relevance to the Proposal Further 
information 

be minimised or avoided 
in all operations; 

• An enforceable Code of 
Practice should include 
the requirement to test 
for, and assess the risk 
from, a comprehensive 
list of analytes in 
groundwater, produced 
and flowback water, 
including geogenic 
chemicals and radon; 

• The use of ecotoxicity 
testing should be 
considered to better 
assess the potential for 
impacts from the mixture 
of chemicals present in 
produced or flowback 
water; 

• The Western Australian 
Department of Health 
(DoH) should review and 
provide advice on 
information and risk 
assessments provided on 
chemicals proposed to 
be used in hydraulic 
fracture stimulation, or 
expected to be present in 
produced or flowback 
water, and determine a 
list of low risk chemicals 
for hydraulic fracture 
stimulation, where 
detailed assessment of 
risk is not required to be 
provided. This would 
encourage industry to 
use lower risk chemicals 
instead of other 
chemicals that require 
more detailed risk 
assessment. 

7 All hydraulic fracture stimulation 
operations should be preceded by a 
comprehensive geo-mechanical risk 
analysis according to an enforceable 
Code of Practice. 

G At the time of writing this document, and per the 
Implementation Plan (Action 11 – Code of Practice) 
the WA code of practice has not been released, with 
the Implementation Plan completion date scheduled 
for H2 2020. BNR will comply with all regulatory 
requirements. 

Geo-mechanical risks have been assessed in the 
Inland Waters preliminary key environmental factor. 
More interpretation of seismic data will be undertaken 
prior to commencing the activity with a risk analysis 
undertaken prior to conducting the activity. 

Section 
5.4.5 

Section  
5.4.6 
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Relevance to the Proposal Further 
information 

8 A site water audit should be required, 
accounting for water produced, 
evaporated and disposed, to detect 
significant leakage of fluids and 
determine whether remedial action to 
track any contaminants is warranted. 

I Water wastes and emissions resulting from the 
Proposal, including formation water produced during 
well testing operations, will be recorded and 
monitored. Mitigation measures have been detailed in 
the Terrestrial Environmental Quality and Inland 
Waters preliminary key environmental factors. 

Section 
5.2.7 

Section 
5.4.7 

9 A separation of 2,000 metres from oil and 
gas wells associated with hydraulic 
fracture stimulation to bores used for 
Public Drinking Water Sources is 
warranted under the precautionary 
principle, as recommended by the 
Department of Health (DoH) and the 
Water Corporation. This is necessary for 
public confidence, irrespective of a low 
risk. 

I The Proposal is located over 51 km from the closest 
PDWSA. 

Section 
5.4.3.6 

10 Baseline measurements of atmospheric 
levels of greenhouse gas (GHG) should 
be acquired prior to the development of 
onshore wells employing hydraulic 
fracture stimulation, and should be the 
responsibility of the regulator. 
Atmospheric concentrations and process 
leakage of methane should 
subsequently be monitored over every 
well’s entire life cycle, and detected 
leaks must be fixed by the operator, with 
GHG emission monitoring results 
publicly reported. These requirements 
should be part of an enforceable Code of 
Practice. 

I / G At the time of writing this document, and per the 
Implementation Plan (Action 11 – Code of Practice) 
the WA code of practice has not been released, with 
the Implementation Plan completion date scheduled 
for H2 2020. 

Baseline air quality studies have been conducted 
previously within EP 371 (Section 6.2.3.1). Further to 
this, BNR plan to conduct additional air quality 
verification studies to support the existing 
understanding (Table 6-6). 

Section 
6.2.3.1 

Table 6-6 

11 The Western Australian Government 
should implement an emissions 
monitoring program of decommissioned 
wells with respect to well integrity in 
general and methane emissions 
specifically, complemented by a 
research program to give further 
confidence to their long-term 
containment. 

G Not relevant – Government Recommendation  

BNR plan to conduct additional air quality verification 
studies to support the existing understanding (Table 
6-6). 

Table 6-6 

12 Apart from the early exploratory phase of 
development, reduced emissions 
(green) completions should be a 
requirement, regulated and monitored as 
per the United States Environmental 
Protection Agency (U.S. EPA) New 
Source Performance Standards 2016. 

I Not relevant – The Proposal is for early exploration 
phase for the Laurel Formation.  

N/a 

13 Consideration should be given to 
offsetting the additional greenhouse gas 
(GHG) emissions from any onshore 
unconventional oil and gas production 
associated with hydraulic fracture 
stimulation. As a minimum, this should 

I Not relevant – The Proposal is limited to the 
exploration and appraisal of the Laurel Formation, not 
production phase as specified in the recommendation.  

However in accordance with EPA guidance, BNR 
have provided a detailed account of the expected 

N/a 
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Resp. 
Industry 
(I)  

Govt. (G) 

Relevance to the Proposal Further 
information 

extend to the increase in ‘fugitive’ 
emissions over conventional upstream 
oil and gas production, plus reservoir 
carbon dioxide discharged to the 
atmosphere. 

emissions associated with the Proposal (Section 
6.3.5.2).  

14 An enforceable Code of Practice should 
include measures to minimise the 
generation of dust throughout all 
operations and require the regular 
maintenance of all vehicles. 

G At the time of writing this document, and per the 
Implementation Plan (Action 11 – Code of Practice) 
the WA code of practice has not been released, with 
the Implementation Plan completion date scheduled 
for H2 2020. 

BNR have considered dust emissions caused by the 
Proposal (Section 5.1.5.4, Section 5.5.5.1) with 
mitigations provided  in Section 5.5.7. 

Section 
5.5.7 

15 Baseline air quality monitoring for volatile 
organic compounds and dust, and 
ongoing monitoring of air quality should 
be incorporated into an enforceable 
Code of Practice and be made publicly 
available. 

G At the time of writing this document, and per the 
Implementation Plan (Action 11 – Code of Practice) 
the WA code of practice has not been released, with 
the Implementation Plan completion date scheduled 
for H2 2020. 

Air quality monitoring for dust (PM2.5 and PM10), VOC 
and methane have been included in Sections 5.5.5.1 
and 6.2.5.1. 

In accordance with the PGER(E) Regulations, the 
proponent is required to report on environmental 
performance of activities carried out under an 
Environmental Plan to DMIRS annually. The annual 
report includes a summary of, and the details of 
environmental monitoring conducted for the activity 
over the course of the year.  

Section 
6.2.7 

16 Potential impacts to air quality and 
human health should be assessed in a 
site-specific risk assessment. 

I The Air Quality and Human Health Environmental 
Factor consider the Proposal’s impact to air quality in 
Section 6.2 and Section 6.4 respectively. In addition, 
mitigation measures have been identified in Section 
6.2.7 and Section 6.4.7.  

Section 
6.2.7 

Section 
6.4.7 

17 Baseline noise levels should be 
established, a site-specific noise 
assessment completed and ongoing 
noise monitoring conducted over the life 
of a project, with the aim of minimising 
noise generated by hydraulic fracture 
stimulation and/or vehicular movements, 
especially in places within proximity to 
people and domestic animals. 

I The Social Surroundings preliminary key 
environmental factor has identified noise as a potential 
impact. Baseline noise levels within the Development 
Envelope have been detailed (Section 5.5.3.6) and a 
site specific impact assessment conducted in Section 
5.5.5.2. 

Section 
5.5.3.6 

Section 
5.5.5.2 

18 Site-specific health risk assessments, 
that have been peer-reviewed and 
provided to the Western Australian 
Department of Health, should be 
required for all unconventional oil and 
gas proposals associated with hydraulic 
fracture stimulation, addressing potential 
short and long-term health impacts. 

G BNR have taken the approach of developing a 
detailed Referral supporting document that includes 
information relevant for the Human Health 
environmental factor that can be made public to 
support the level of assessment decision. 

The Department of Health submission for the HFS 
inquiry presented a number of recommendations, one 
of which was to provide adequate separation 
distances between operations and human 

N/a 
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Resp. 
Industry 
(I)  

Govt. (G) 

Relevance to the Proposal Further 
information 

communities. The current EPA guideline for 
separation distances between oil and gas 
development and sensitive receptors (for example, 
residences and schools) is 2,000 metres (note that this 
is not embodied in regulation). Given the proximity 
from human communities is at least 20 km from the 
closest well site, BNR believe sufficient separation 
exists.  

19 As a precautionary approach is justified, 
and in the absence of a local health risk 
assessment indicating otherwise, 
unconventional oil and gas wells 
associated with hydraulic fracture 
stimulation and processing plants should 
be located at least 2,000 metres from 
sensitive receptors such as residences, 
schools and settlements, as reflected in 
current Environmental Protection 
Authority (EPA) guidelines. 

I BNR have described the Proposal’s proximity to 
sensitive receptors in Table 5-29. The closest 
community is located 16.5 km away from the 
Development Envelope, and 20 km from the closest 
well site. 

Section 
5.5.3.2 

Table 5-29 

20 Risk assessments of impacts to the 
social surroundings from hydraulic 
fracture stimulation associated with 
unconventional oil and gas 
developments should be done on a 
case-by-case basis. 

I BNR have taken the approach of developing a 
detailed Referral supporting document that includes a 
specific impact assessment for the Social 
Surroundings preliminary key environmental factor 
(Section 5.5.5). 

The risk assessment is specific to the Proposal and 
considers the existing social receptors and 
sensitivities. 

Section 
5.5.5 

21 Risk assessments and accountable 
disclosure of risks should be transparent, 
timely and publicly available as a guiding 
principle underlying an enforceable 
Code of Practice. 

I / G At the time of writing this document, and per the 
Implementation Plan (Action 11 – Code of Practice) 
the WA code of practice has not been released, with 
the Implementation Plan completion date scheduled 
for H2 2020. 

BNR have taken the approach of developing a 
detailed Referral supporting document that includes a 
specific impact assessment for all Environmental 
Factors to provide information to inform the public and 
support a level of assessment decision.  

N/a 

22 Communication and engagement with 
affected communities should be a priority 
at the earliest opportunity and at every 
stage of an unconventional oil and gas 
development associated with hydraulic 
fracture stimulation. 

I BNR have been involved in extensive consultation 
with communities that have the potential to be 
impacted by the Proposal. This information is 
summarised in Section 3. 

Further to this, support for activities in the region is 
included in Section 5.5.5.4 

Section 3 

Section 
5.5.5.4 

23 Communication with Aboriginal people 
should be conducted by trusted 
informants in a language commonly 
used and understood by the local 
people. If English is not commonly used, 
then translators should be available to 
convey information. 

I BNR have been involved in consultation with 
communities that have the potential to be impacted by 
the Proposal. This information is summarised in 
Section 3. This has included the use of translators, 
where appropriate.  

Further to this, support for activities in the region is 
included in Section 5.5.5.4 

Section 3 

Section 
5.5.5.4 
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Industry 
(I)  
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Relevance to the Proposal Further 
information 

24 Amenity and what constitutes aesthetic 
enjoyment, or a sense of place, as 
determined by people who live in the 
communities proximate to hydraulic 
fracture stimulation activities, should be 
systematically and scientifically 
documented from the commencement of 
a hydraulic fracture stimulation project 
involving multiple well sites (moving from 
the exploration phase into the 
development and production phases). 
Baseline information and site-specific 
data collection should be a priority and 
systematically monitored and updated. 

I BNR have been involved in consultation with 
communities that have the potential to be impacted by 
the Proposal. This information is summarised in 
Section 3. 

Impacts arising from the Proposal that can contribute 
to amenity impacts include dust emissions, noise 
emissions and traffic movement. These impacts are 
evaluated respectively in Section 5.5.5.1, Section 
5.5.5.2 and Section 5.5.5.3.  

Section 
5.5.5.1 

Section 
5.5.5.2 

Section 
5.5.5.3 

25 Petroleum companies’ commitment to 
building moral consent should be part of 
the assessment for licence procedures. 

G EP 371 is an existing title first issued in 1996.  

As detailed in Section 3, BNR is committed to 
engaging with stakeholders and building trusting 
relationships.  

Section 3 

26 There should be a clear point of contact 
within Government for complaints or 
concerns to enhance social licence to 
operate. 

G Not relevant – Government recommendation N/a 

27 Baseline road use statistics measuring 
volumes of vehicle movements and the 
type of vehicles using road infrastructure 
should be undertaken before hydraulic 
fracture stimulation activities commence, 
and monitored at periodic intervals 
throughout the lifecycle of the 
development. 

I In the Social Surroundings preliminary key 
environmental factor, baseline road use statistics have 
been detailed in Section 5.5.3.7. Expected traffic 
movements for the Proposal have been assessed in 
Section 5.5.5.3, with traffic monitoring to be 
implemented as a mitigation measure (Section 5.5.7). 

Section 
5.5.3.7 

Section 
5.5.5.3 

Section 
5.5.7 

28 Roads regularly used by heavy vehicles 
should be upgraded (widened and 
sealed if necessary), with recompense 
from the proponent directed to local 
government authorities to assist with 
monitoring traffic usage of road 
infrastructure, road maintenance and 
upgrades. 

G Given that the Proposal is associated with an 
exploration and appraisal program, BNR believe that 
existing infrastructure is sufficient to support the 
program. Any upgrades to infrastructure would likely 
be associated with a future development / operations 
stage should it be required.  

N/a 

29 Cultural orientation should be made 
regularly available to hydraulic fracture 
stimulation employees including 
contractors in addition to relevant 
government employees to raise heritage 
awareness, including issues specific to 
Aboriginal heritage. Cultural orientation 
regarding Aboriginal matters should be 
conducted by local Traditional Owner 
groups or their approved cultural 
awareness providers. 

I Inductions are a standard industry requirement for 
ensuring that all contractors and employees are aware 
of the values and sensitivities, and requirement 
mitigation measures for a Proposal.  

As detailed in Section 5.5.7, inductions will include 
cultural awareness information. This information will 
be developed in consultation with the Traditional 
Owners and delivered by relevant Traditional Owners.  

Section 
5.5.7 

30 An Aboriginal heritage management plan 
should be implemented at the earliest 

I Currently no heritage sites have been identified as 
being potentially impacted by the Proposal (Section 

N/a 
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Relevance to the Proposal Further 
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opportunity when potential risk is 
identified for a particular site of 
Aboriginal heritage or significance. The 
Aboriginal heritage management plan 
should have input from those Aboriginal 
people and groups whose land is under 
consideration for petroleum 
development using hydraulic fracture 
stimulation, and should identify the role 
Traditional Owners will play in monitoring 
the condition and protection of their 
cultural heritage. The Aboriginal heritage 
management plan should require the 
approval of local Traditional Owners. 

5.5.3.3). Prior to the commencement of activities, a 
heritage survey will be conducted, the outcomes of 
which may require an Aboriginal Heritage 
Management Plan to be developed in consultation 
with the Traditional Owners. 

31 Governments and resource companies 
should invest more in understanding and 
measuring the social dimensions of 
change and its links to mental health: A 
comprehensive local social impact 
analysis should be undertaken prior to 
the commencement of any activities 
associated with hydraulic fracture 
stimulation occurring. 

I Social Surroundings has been identified as a 
preliminary key environmental factor and considers 
various social impacts including: 

• Potential impacts to heritage sites;  
• Increased dust emissions; 
• Increased noise and vibration emissions; 
• Increased traffic movement; and 
• Social and economic benefits. 

Section 
5.5.5 

32 The Western Australian Government 
should develop a Code of Practice that 
adequately defines and prescribes the 
minimum standards and requirements 
for all onshore oil and gas activities 
involving hydraulic fracture stimulation, 
over the full development lifecycle. This 
Code of Practice should be made 
enforceable. 

G Currently the WA Code of Practice has not been 
released, with the Implementation Plan completion 
date scheduled for H2 2020.  

BNR have reviewed the NT Code of Practice and 
identified the minimum standards which will be applied 
to the Proposal. Upon the release of the WA Code of 
Practice, the standards associated with the Proposal 
will be reviewed to ensure the WA Government 
requirements are met.   

Section 
5.4.5.5 

Table 5-25 

33 To further ensure well integrity and thus 
environmental protection and public 
safety, well design, construction and 
testing should be assessed by an 
independent, certified expert well 
examiner, reporting to the regulator as a 
required part of commissioning, licensing 
and decommissioning. 

I BNR have included the requirement for well design, 
construction and testing to be assessed by an 
independent, certified expert well examiner. 

Section 
5.4.7 

34 The Environmental Protection Authority 
(EPA) should assess all onshore 
unconventional oil and gas 
developments associated with hydraulic 
fracture stimulation. To ensure issues of 
scale and cumulative impact are 
adequately considered, this should 
extend not only to individual wells during 
the exploratory phase of a development, 
but to the environmental assessment of 
proposed unconventional oil and gas 
fields if development may go forward. 

G Not relevant – Government recommendation 

However, BNR have taken the approach of developing 
a detailed Referral supporting document that can be 
made public to support the level of assessment 
decision.  

N/a 
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35 Appropriate standards for site 
rehabilitation and post-closure 
monitoring should be included in an 
enforceable Code of Practice. 

G Not relevant – Government recommendation 

Currently the WA Code of Practice has not been 
released, with the Implementation Plan completion 
date scheduled for H2 2020.  

BNR have reviewed the NT Code of Practice and 
identified the minimum standards which will be applied 
to the Proposal. Progressive rehabilitation has been 
identified as a mitigation measure that will be 
implemented at the end of asset life (Table 5-6). 
Rehabilitation monitoring will be actively conducted to 
ensure the sites meet required completion criteria. 
The criteria will be presented in the full published EP. 

Table 5-6 

36 Baseline and subsequent environmental 
monitoring data collected as a regulatory 
requirement in the licensing, approval 
and auditing of unconventional oil and 
gas developments associated with 
hydraulic fracture stimulation should be 
made publicly and easily available, by 
default. 

I In accordance with the PGER(E) Regulations, the 
proponent is required to report on environmental 
performance of activities carried out under an 
Environmental Plan to DMIRS annually. The annual 
report includes a summary of, and the details of 
environmental monitoring conducted for the activity 
over the course of the year.  

N/a 

37 Once the Environmental Plans required 
under the Petroleum and Geothermal 
Energy Resources Act 1967 (PGER Act) 
are deemed sufficient for consideration, 
they should be published in full at the 
time of assessment. 

I BNR will comply with all legislative requirements. 
Currently it is not a legislated requirement for 
Proponents to publish full EPs under the PGER(E) 
Regulations.  

 

N/a 

38 Reports of environmental and public 
safety non-compliance, incidents and 
their investigation, and government 
environmental performance audits, 
should be made routinely publicly 
available once they would otherwise be 
reasonably subject to a Freedom of 
Information request. 

I In accordance with the PGER(E) Regulations, the 
proponent is required to report on environmental 
performance of activities carried out under an 
Environmental Plan to DMIRS annually.  

N/a 

39 The Western Australian Government 
should require appropriate financial 
assurances or insurances to cover 
potential environmental liabilities, as well 
as contributions to a fund to cover 
liabilities defaulted by other 
unconventional oil and gas operations 
associated with hydraulic fracture 
stimulation in Western Australia. 

G Not relevant – Government recommendation 

As described by the Implementation Plan (July 2019) 
the government is considering the mechanisms and 
requirements for financial assurance (Action 19 – 
Financial Assurance). BNR will provide assurances as 
required by the Government.   

N/a 

40 Environmental offences, and a system of 
penalties scaled for seriousness of harm 
and degree of deliberate intent, as per 
the Environmental Protection Act 1986 
(EP Act), be incorporated into the 
Petroleum and Geothermal Energy 
Resources Act 1967 (PGER Act). These 

G Not relevant – Government recommendation N/a 
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penalties should extend to both the 
company and its directors. 

41 Future access to tenements should 
consider the past environmental record 
of the applicant. 

G Not relevant – Government Recommendation 

Not relevant – EP 371 is an existing title first issued in 
1996. 

N/a 

42 The Western Australian Government 
should consider better separating 
environmental auditing and compliance 
of unconventional oil and gas 
development employing hydraulic 
fracture stimulation from the department 
that promotes and allocates resources to 
that industry. 

G Not relevant – Government Recommendation N/a 

43 The capability and capacity for the 
environmental auditing and compliance 
functions of government must be 
sufficient to assure environmental 
protection and safety, so this must be 
adequately resourced and include cost 
recovery from industry. 

G Not relevant – Government Recommendation  N/a 

44 Stakeholder consultation on proposed 
releases of acreage for onshore 
unconventional oil and gas development 
should become a formalised and regular 
requirement. 

G Not relevant – Government Recommendation  

EP 371 is an existing title first issued in 1996. 

N/a 
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Executive Summary 

Low Ecological Services (LES) was commissioned by Bennett Resources (BR) to undertake a level 1 flora and fauna 

survey within Petroleum Exploration Lease EP371, located in the Kimberley Region of Western Australia. BR proposes 

to undertake 2D and 3D seismic surveys across a section of the lease. This is jointly referred to as the Odin project.  

Approximately 40 people will be employed to undertake the seismic survey over a period of 2-3 months. The potential 

environmental impact is the disturbance of conservation significant species, environmental values and ecological 

function through clearing and grading of seismic lines. Additionally, potential exists for impacts on species important 

in local Aboriginal culture. Information provided by BR indicates that approximately 2800 hectares (ha) of seismic lines 

will be prepared through native vegetation across the Odin project area of 52000 ha. Of this, 25 % will be prepared 

using the “raised-blade” technique to reduce impacts on vegetation and soil. Preparation of seismic lines with raised-

blade clearing involves setting the blade of a bulldozer above ground level and cutting off vegetation at the stem whilst 

leaving the root stock and topsoil intact (Department of Mines, Industry Regulation and Safety 2018). To avoid 

additional clearing and environmental disturbance: 

 BR will use the existing cleared area at the Valhalla 2 Well for accommodating people employed on the seismic 

survey in a mobile camp.  

 The existing Asgard road will be used in seismic surveys in the 2D area.  

 Seismic equipment will be hand carried through the riparian area of Hardman Creek in the northern region of 

the 3D seismic area.    

The scope of the assessment was to: 

 Undertake a desktop assessment of threatened flora and fauna species and plant communities recorded 

within, or likely to occur within, the proposed project area (including any species listed under the 

Environmental Protection and Biodiversity Conservation Act (1999) or the Western Australian Biodiversity 

Conservation Act (2016)). 

 Conduct a reconnaissance survey to verify desktop assessment of flora and fauna species present and habitat 

availability for conservation significant species within the project. 

 Identify potential biodiversity and ecological impacts of the project. 

A desktop assessment to identify threatened flora and fauna species and plant communities was conducted by LES 

using records from the Environmental Protection and Biodiversity Conservation Act (EPBC) Protected Matters Search 

Tool and the Western Australian Biodiversity Act (WABA) NatureMap tool, in addition to soil, vegetation and fire 

history. This assessment identified that the area was within the heritage listed West Kimberley Region (Department of 

Environment and Energy 2019) and was largely unmodified native vegetation (NatureMap 2019). A total of 35 

protected matters comprised of 1 heritage listed place, 11 listed threatened species, 15 listed migratory species and 

8 conservation priority species were identified as having the potential to occur within the project area (Table i). Of the 
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threatened and priority species, LES determined that Gouldian Finches, Greater Bilbies, Largetooth Sawfish and the 

Lakeland Downs Mouse are likely to be present in the project area.  

A reconnaissance survey conducted in late November 2019 by two LES staff verified the results of the desktop survey 

and provided further information on the biodiversity values of the site. Plant communities throughout the survey area 

were diverse, with at least 11 broad community types observed. Some habitat degradation as a result of fire and cattle 

was observed, with highest cattle impacts noted in close proximity to water points.  However, relatively intact 

vegetation was widespread and, importantly, previous exploration activities were not noticeable, suggesting the 

environment has recovered from similar impacts in the past.  

No threatened or conservation significant species were identified during the reconnaissance survey, however 

unconfirmed signs of the Northern Quoll and Greater Bilby were observed. Based on available information for these 

species, including historical observations of Bilby burrows near the Asgard Well Site, habitat suitable for these and 

other conservation significant flora and fauna species exists within the survey area. Of note were the patches of mature 

spinifex, boab trees, large cathedral termite mounds and dune/ swale complexes- each with important habitat values 

which must be maintained during proposed activities. These can be mostly avoided by the careful planning and 

weaving of seismic lines (+/-20m) allowing the avoidance of trees and large termite mounds. Raised blade clearing or 

scraping reduces the impact of creating seismic lines and facilitates rehabilitation. While the impact of seismic surveys 

is likely to be low and occurring over a short term, the area over which the proposed seismic survey will occur is large 

and diverse. We therefore suggest that contractors working on this proposed project become familiar with the 

conservation significant species which may occur, and an induction booklet for this purpose is supplied as an appendix 

to this report.  
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Table i. Species with conservation significance recorded to be present (NatureMap) or have the potential to occur within the proposed project 
area (Protected Matters Search Tool). Species are arranged by taxonomy, with species within a class listed in order of conservation significance 
from critically endangered through to Priority 4 species. Further Information on these species is provided in the report. Species marked with an 
* are listed in more than one category.  

Species Common name Conservation significance  
 The West Kimberly Listed Place 

Calidris ferruginea Curlew sandpiper Critically endangered 
Erythrura gouldiae Gouldian finch Endangered 
Malurus coronatus  Purple Crowned Fairy-Wren Endangered 
Pezoporus occidentalis Night Parrot Endangered 
Polytelis alexandrae Princess parrot Vulnerable 
Rostratula australis Australian Painted Snipe Endangered 
Dasyurus hallucatus Northern Quoll Endangered 
Macroderma gigas Ghost Bat Vulnerable 
Macrotis lagotis Greater Bilby Vulnerable 
Petrogale lateralis  Black-footed rock wallaby (West Kimberly Race) Vulnerable 
Pristis pristis Freshwater sawfish Vulnerable 
Aristida polyclados Wiregrass Priority 1 
Triodia pascoeana Spinifex Priority 1 
Ctenotus uber Spotted Ctenotus Priority 2 
Westraltrachia lievreana  Le Lievre Ridge Land Snail Priority 2 
Cayratia cardiophylla (Deciduous Climber) Priority 2 
Goodenia byrnesii (Prostrate herb) Priority 3 
Solanum leopoldense (Bush Tomato) Priority 3 
Leggadina lakedownensis Lakeland Downs Mouse Priority 4 
Apus pacificus Fork-tailed swift Migratory Marine Bird 
Crocodylus porosus Salt-water Crocodile Migratory Marine Species 
Pristis pristis Freshwater Sawfish Migratory Marine Species* 
Cecropis daurica Red-rumped swallow Migratory Terrestrial Species 
Cuculus opatus Oriental Cuckoo Migratory Terrestrial Species 
Hirundo rustica Barn Swallow Migratory Terrestrial Species 
Motacilla cinerea Grey Wagtail Migratory Terrestrial Species 
Motacilla flava Yellow Wagtail Migratory Terrestrial Species 
Actitis hypoleucos Common Sandpiper Migratory Wetland Species 
Calidris acuminata Sharp-tailed Sandpiper Migratory Wetland Species 
Calidris ferruginea Curlew Sandpiper Migratory Wetland Species* 
Callidris melanotos Pectoral Sandpiper Migratory Wetland Species 
Charadrius veredus Oriental Plover Migratory Wetland Species 
Glareola maldivarum Oriental Pratincole Migratory Wetland Species 
Pandion haliaetus Osprey Migratory Wetland Species 
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1. Introduction 

1.1. Description of proposed activities and previous disturbance 

Bennett Resources (BR) intends to undertake 2D surveys along six seismic lines of varying lengths (124 km in total) and 

3D seismic surveys across 52000 hectares (Figure 1) in the Odin project. To provide access for seismic survey teams, 

BR proposes that vegetation will be cleared and graded to a maximum width of 4.5 m along the entirety of the 2D 

seismic lines (approximately 56 hectares in total), excepting for where the northern most 2D seismic line runs along 

the Asgard well access track. This reduces the clearing within the 2D seismic project area from 124 km down to 105.78 

km thereby reducing the clearing to 47 hectares. Within the proposed 3D seismic area, source and receiver lines will 

be cleared and graded at 250 m intervals running north-west to south-east and north-east to south-west respectively. 

Width of tracks for source and receiver lines in the 3D area will be between 3 m and 4.5 m. Previous seismic surveys 

across EP 371 were undertaken by Buru Energy Limited (Buru) in 2013. Three test wells; Asgard, Valhalla North and 

Valhalla 2 were ultimately developed in the north-west and south-east of the proposed seismic survey area. To reduce 

the total land disturbance required for this project, BR proposes to use the Valhalla 2 site for a mobile camp. The 

entirety of the proposed area is located on land which has been used for commercial rangeland cattle and sheep 

grazing operations since the 1880s.  

1.2. Report Scope and Objectives 

The objective of this assessment was to conduct a level 1 survey of flora and vegetation communities, and a level 1 

survey of terrestrial fauna and fauna assemblage within the proposed exploration area. This included:  

 A desktop assessment of protected matters and conservation significant species recorded within or likely to 

be within the proposed exploration area, including any species listed under the Environmental Protection and 

Biodiversity Conservation Act (1999) or the Western Australian Biodiversity Conservation Act (2016) 

 Conduct a reconnaissance survey to verify desktop assessment of species present and vegetation 

associations/condition within the proposed exploration area 

 Determine the local and regional significance of flora and vegetation recorded in the desktop assessment and 

confirmed in the reconnaissance survey. 
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Figure 1 Location of the proposed activities and mobile camp at Valhalla Well 2 relative to roads and communities. Inset shows the location of 
the project in the Kimberly region of Western Australia. 
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2. Methods 

The geographical position in addition to information provided from BR to LES regarding the extent and nature of the 

proposed exploration indicated that the activities would likely have a low impact on native fauna. From this it was 

determined that a Level 1 Survey would be the most appropriate assessment for the project. LES undertook the survey 

following the recommended guidelines (Guidance No. 56 adapted from the Environmental Protection Authority (EPA) 

position statement No. 3). In accordance with these guidelines, LES survey consisted of both a desktop assessment of 

the area along with a low intensity reconnaissance field survey.  

2.1. Desktop Assessment 

A desktop assessment was undertaken to gather information on existing records of threatened flora and vegetation 

in the study area. The Protected Matters Search Tool (https://www.environment.gov.au/epbc/protected-matters-

search-tool) and Nature Map Search Tool (https://naturemap.dbca.wa.gov.au/) were used to identify plant and animal 

species likely to occur in the proposed exploration area. These search tools were also used to identify threatened 

plants and animals likely to occur. Additional species may have conservation priority standing under the WA 

Biodiversity Conservation Act (2016). Species that are rare, threatened or conservation dependent are ranked Priority 

4, whilst those that are data deficient are ranked from 1-3. Due to the remoteness of the region, few plant and animal 

observations have been directly recorded in the proposed area, therefore a buffer of 40 km surrounding the proposed 

exploration area was considered most appropriate for identifying all possible species likely to occur in the locality 

when undertaking the desktop assessment. Additional information was sourced from map-based datasets including 

the Australian Soil Atlas and the Western Australian Vegetation Extent Dataset to identify the major soil characteristics 

and vegetation communities of the proposed exploration area. LES staff also utilised information within a report 

commissioned by Buru Energy in 2012 for a previous 2D seismic survey in the petroleum exploration lease. 

2.2. Reconnaissance Survey 

2.2.1. Conditions 

The reconnaissance survey was conducted from the 21st to the 25th of November 2019. The prevailing weather 

conditions at the time of the survey were hot and dry. Rainfall for the twelve months prior to the survey was below 

average (Figure 2). Early on the 25th November, widespread storms brought heavy rainfall over the project area and 

slightly cooler temperatures.  

 

 

 

  

https://www.environment.gov.au/epbc/protected-matters-search-tool
https://www.environment.gov.au/epbc/protected-matters-search-tool
https://naturemap.dbca.wa.gov.au/
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Figure 2 Comparison of rainfall prior to reconnaissance field survey relative to average rainfall (Fitzroy Crossing Weather Station, data accessed 
from Bureau of Meteorology 21/12/2019). 

2.2.2. Flora and Vegetation Assessment 

Habitat attributes were assessed in seventeen 50 x 50 m quadrats using the methods described in Clark (2009). These 

included photographs of the site, landform type, soil description, growth form, height, cover and species for upper, 

mid and ground level vegetation, vegetation condition and description of disturbance from animals and fire. A plant 

species list was also recorded, with samples collected and supplied to a botanist for identification where field ID was 

not possible.  

During travel between sites (both by helicopter and car) the broad vegetation type was recorded according to 

dominant vegetation type, location and any other features such as large termite mounds, unusual vegetation 

structure, apparent fire history etc. These observations were used to ground-truth vegetation mapping of the project 

area. 

2.2.3. Fauna Assessment 

The reconnaissance fauna assessment consisted of bird surveys, acoustic bat surveys, motion activated camera surveys 

and track and scat searches.  

 Targeted bird surveys were undertaken at each of the habitat assessment sites, with all birds seen and heard 

recorded. Any incidental observations made while travelling between sites was also recorded.  

 To target insectivorous bats, two passive ultrasonic recorders (Anabat- Titley Scientific) were also deployed 

for four nights. Recorded calls were analysed by Erin Westerhuis using information in Milne (2002), Mckenzie 

(2003) and McKenzie & Bullen (2012). Examples of species calls are provided in appendix G.   

 Six motion activated trail cameras were deployed at sites representative of the broad habitat types present 

across the proposed project area for four nights to target cryptic and/or nocturnal animals (24 camera nights). 

A shallow water dish was placed in the cameras field of view as an attractant, and water was replenished daily.  

 Twelve active track and scat searches were undertaken by one LES consultant and a Traditional Owner across 

an area of approximately 2 hectares over 20 minutes (Moseby et al 2009). Active searches occurred in 
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conjunction with habitat assessments. All primary and secondary signs of fauna were recorded and additional 

information such as species, observation type (animal, track, scat, burrow, digging etc.) was recorded and 

photos taken to assist in identification.  

2.3. Constraints and Limitations 

Possible survey constraints including those identified in the WA EPA’s Survey Guidelines (2004) are described below 

(Table 2.1) as they relate to the Level 1 survey completed by LES staff.  No active trapping (e.g. using pitfall traps, 

funnel traps, Elliott traps or cage traps) was undertaken as part of this assessment. While this is consistent with the 

requirements for a Level 1 survey (see EPA 2004), this report should not be treated as an exhaustive or conclusive 

account of the flora and fauna assemblage occurring in the proposed project area. 

Table 2-1. Constraints and limitations relating to the Level 1 survey 

Aspect Constraint  Comment 

Sources of information and 
availability of contextual 
information 

Minor Broad scale vegetation association mapping by Shepherd et al (2002) is readily 
available, however finer scaled mapping of vegetation in the region was not. 
Few flora and fauna observations have been directly recorded in the proposed 
project area, for this reason LES broadened the search in national and state 
databases to a 40 km radius around the project area. 

Timing, weather and season Minor The survey was conducted in November 2019, conditions prior to the survey had 
been drier than average and during the survey were extremely hot and dry. 
Heavy rainfall occurred on the night prior to the fourth day in the field, and the 
increase in animal activity after rainfall was notable. It is likely this affected plant 
diversity recorded in the reconnaissance survey, particularly for annual species.  

Access No The proposed area was completely accessible. LES staff surveyed the proposed 
area by vehicle for the first three days, on the last two days a helicopter was 
used to access more remote areas of the proposed project area.  

Completeness and further 
work which might be 
needed 

No The survey is considered a complete Level One flora, vegetation and fauna 
survey as defined by guidelines provided by the WA EPA for proposed project in 
the Dampierland bioregion  

Experience No The survey was completed by two experienced staff including an experienced 
ecologist and an environmental engineer. Plant samples not able to be identified 
in the field were sent to a botanist for expert identification. 

Intensity No The survey effort satisfied the requirements of a Level One Survey according to 
Guidance Statement 56 (EPA, 2004).  

Mapping reliability No Adequate satellite imagery was available of the area for desktop assessment 
mapping as well as mapping of survey sites. Flora, vegetation and fauna survey 
sites were reliably mapped and considered adequate in number and distance 
for the vegetation units within the study area.  

Resources No EPBC and DEC search databases, WA Herbarium information and photographs, 
Florabase database, previous reports and other literature were used in 
preparation of the report.  

Scope No The scope was clearly defined and achievable.  
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3. Results 

3.1. Desktop Flora and Vegetation Assessment 

3.1.1. Site description and climate 

The climate of the proposed project area is semi-arid to dry-hot tropical. Average rainfall in the region is approximately 

550 mm with 90% of rainfall occurring between November and February (Blina Station, Bureau of Meteorology 2019). 

Temperatures are highly variable, with mean temperatures ranging between 10 – 40 ˚C. The Odin project area is 

situated within the catchment for the Fitzroy River, with the St George Ranges to the south and the Oscar Range to 

the north-east, but the Odin project area features relatively flat topography across its entirety. 

3.1.2. Bioregion 

The proposed exploration area is located within the Fitzroy Basin subregion of the Dampierland Bioregion (Figure 3). 

The Interim Biogeographic Regionalisation of Australia (IBRA) provides a division of Australia in geographically distinct 

bioregions based on common climate, geology, landform, native vegetation and species information (Thackway & 

Cresswell, 1995). The Dampierland bioregion covers approximately 844000 km2 within Western Australia and is 

characterised by vegetation which is largely savanna woodland and pindan on Quaternary sandplain and extensive 

alluvial floodplains (Beard 1990). This area is part of the Eremaean Botanical Province and features largely intact pre-

European vegetation and is primarily used for commercial grazing operations (Petheram and Kok 1983).  

3.1.3. Soil types 

Data acquired in the desktop survey indicated that most of the Odin project area features neutral red soils on relatively 

flat plains (Soil code My58, Figure 4). This area is likely to have irregularly spaced, elongated sand dunes with deep 

sands. The sand dunes are relatively stable with swamps in between dunes (Australian Soil Atlas). The other major soil 

unit is alluvial plains with laterite residuals: chief soils are gravelly neutral yellow earths often with stone and gravel 

on the soil surface. Small areas were identified as active flood-plains (CC49) with grey and brown clays, and a small 

portion of the 2D area potentially has areas of laterized sandstone (My59). The latter may contain soils with rock and 

laterite outcropping in elevated sites.  
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Figure 3 Location of the proposed project area and nearby townships within the Fitzroy Trough subregion. 

3.1.4. Vegetation communities 

Data from Shepherd et al (2002) indicated that the proposed project area contained five major vegetation units (Figure 

5). In the northern section of the 3D area, vegetation type was primarily classified as pindan shrubland over spinifex 

on sandplain (Vegetation type 699). Patches of savanna woodland (Vegetation type 64) was also present in this area, 

with a mix of tree species over ribbon grass. A large area encompassing the lower half of the 3D area and eastern 

section of the 2D area was classified as shrublands and pindan on sand dunes (Vegetation type 700). In this vegetation 

community, Acacia eriopoda was reported as the dominant woody plant species, with scattered trees and an 

understorey of soft and curly spinifex. Across much of the 2D area and sections of the 3D area, the vegetation 

community was classed as a major vegetation mosaic with patches of Adansonia gregorii (Boab tree), Bauhinia and 

Eucalyptus/Corymbia over ribbon grass (Vegetation type 710). A small patch of open hummock grassland (Vegetation 

type 93) was reported to occur in the 2D area.     
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Figure 4 Soil map derived from the Australian Soil Atlas. 
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Figure 5 Vegetation communities from Shepherd et al. 2002. Vegetation types are numbered according to original classification in spatial dataset 
and described in preceding text.  
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3.1.5. Conservation significant Flora 

Searches of federal and state databases showed five conservation significant flora were known to occur near or in the 

proposed project area. These are listed below in order of priority with a brief description of appearance and habitat.   

Aristida polyclados 

 

Priority 1 – Known only from a few locations (generally five or less) 

which are potentially at risk. 

Grass species found in the Gardner and Dampier bioregions, in 

Eucalyptus woodlands on sandy soils and alluvial sites (AusGrass 2019). 

Triodia pascoeana 

 

Priority 1 - Known only from a few locations (generally five or less) 

which are potentially at risk. 

Spinifex species distinguished by its robust, non-resinous habit. Found 

in Limestone ranges and gorges; alluvial frontages and floodplains of 

major watercourses (Ausgrass 2019). 

Cayratia cardiophylla  

 

Priority 2 - Species that are known from one or a few locations, some 

of which are on lands managed primarily for nature conservation, e.g. 

national parks. Deciduous climber with green-white flowers from 

August to December. Found in limestone outcrops, seepage areas and 

amongst rocks (Florabase 2019).  

Goodenia byrnesii  

 

Priority 3 - Species that are known from several locations, and the 

species does not appear to be under imminent threat, or from few but 

widespread locations with either large population size or significant 

remaining areas of apparently suitable habitat, much of it not under 

immediate threat. Prostrate to decumbent herb with stems to 30 cm. 

Yellow flowers in January and February. Found in sandy soils on creek 

lines (Florabase 2019). 

Solanum leopoldense  

 

Priority 3- Species that are known from several locations, and the 

species does not appear to be under imminent threat, or from few but 

widespread locations with either large population size or significant 

remaining areas of apparently suitable habitat, much of it not under 

immediate threat. Spreading shrub, 0.5-1 m high. Blue-purple flowers 

in May to August. Found in sandstone, rocky gullies & creek lines 

(Florabase 2019). 

 

florabase.dpaw.wa.gov

.au 

florabase.dpaw.wa.gov

.au 

florabase.dpaw.wa.gov

.au 

florabase.dpaw.wa.gov

.au 

florabase.dpaw.wa.gov

.au 



Bennett Resources –Odin 2D and 3D Seismic Survey – Flora and Fauna impact assessment 

 

20 
Low Ecological Services P/L        January, 2020 

3.1.6. Introduced species 

Searches of federal and state databases showed three listed weeds of national significance were known to occur near 

or in the proposed project area. These are listed below with a brief description of appearance and habitat.   

Cenchrus ciliaris 

 

Tufted or sometimes stoloniferous perennial, grass-like or herb, 0.2-

1.5 m high. Fl. purple, Feb to Oct. White, red or brown sand, stony red 

loam, black cracking clay (Florabase 2019). Native to southern Asia and 

Africa, introduced as a pastoral grass and for erosion control. Not a 

declared weed in Western Australia (DPIRD WA 2019) but implicated 

in increased fire frequency and intensity in addition to loss of 

biodiversity. 

Jatropha gossypifolia 

 

Species is an erect shrub with red-brown flowers in Jan to May. Is found 

in disturbed areas, often near rivers (Florabase 2019). Native to South 

America. Deliberately introduced to Australia as an ornamental plant. 

Poisonous to livestock, listed in Western Australia as a declared pest. If 

species is present, land managers must apply control to reduce 

numbers and prevent or contain spread to other areas.  

Parkinsonia aculeata 

 

Spiny shrub or tree, to 8 m high. Fl. yellow, Mar or May to Dec. Sandy 

or clayey soils. Often along watercourses (Florabase 2019). Native to 

tropical America, introduced as an ornamental plant. Listed in Western 

Australia as a declared pest (C3) and as a Weed of National Significance. 

If species is present, land managers must apply control to reduce 

numbers and prevent or contain spread to other areas.  
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3.2. Reconnaissance Flora and Vegetation Survey 

3.2.1. Plant communities and species richness 

97 plant species were recorded during the reconnaissance survey. Highest plant species richness was recorded in 

savannah low, open forest (n = 18). Detailed ground based habitat and vegetation attribute surveys were undertaken 

in 17 locations to provide fine scale measures of vegetation cover, plant diversity and potential for impact (Table 3.2-

1, Figure 6). Each of the sites differed slightly in species composition and density, in addition to fire and grazing impacts. 

However some sites were broadly similar and it was determined that twelve vegetation units were present in the 

proposed area. This was confirmed from 93 observations on broad vegetation types/communities and their 

location/extent across the area which was recorded to ground truth existing vegetation mapping over the survey area. 

Table 3.2-1 Plant communities observed during reconnaissance survey. Full results of plant community including dominant species in each type 
are provided in appendix B. 

Site description and location details  

Savannah low, open forest Site 1 

Mixed eucalypt and acacia woodland  Site 2 

Low open woodland over stony ground Site 3 

Riparian open forest Site 4 

Low open woodland with moderately dense pindan understory Site 5 

Low open spinifex grassland Site 6 

Low open woodland with moderately dense pindan understory Site 7 

Open boab woodland  Site 8 

Low open woodland with box Site 9 

Recently burnt low open woodland Site 10 

Recently burnt open woodland Site 11 

Riparian open forest Site 12 

Recently burnt open woodland Site 13 

Low woodland on sand dune  Site 14 

Riparian woodland Site 15 

Open boab woodland Site 16  

Low woodland in inter-dune swale Site 17 
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Figure 6 Location of full vegetation assessments and plant community assessments.  
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3.2.2. Introduced species 

Two introduced plant species were recorded during the reconnaissance survey, and are described below. 

Calotropis procera -  Rubber Bush  

Rubber bush is a declared pest in Western Australia, but no specific action is required and no control category is 

assigned. LES consultants noted the plant to be widespread in the region, and was observed in the site along Hardmans 

Creek and along the roadside between Fitzroy Crossing and Yungngora.  Seeds are primarily wind dispersed (DPIRD 

WA 2017). 

Cenchrus ciliaris - Buffel Grass  

Buffel Grass is not a declared weed in Western Australia (DPIRD WA 2019) due to its value as a pasture grass but is 

implicated in increased fire frequency and intensity, in addition to loss of biodiversity. LES consultants observed buffel 

grass in patches along Hardmans Creek. Buffel grass seeds are dispersed by wind and water. Seeds may also become 

attached to livestock, clothing, machinery and other vehicles (Weeds of Australia 2019). 

3.2.3. Important bush foods 

During the reconnaissance survey, Traditional Owners Morrison Wulgarrie and Zecheriah Thirkell accompanied the 

LES consultants during field work and shared their knowledge on important bush foods. Three species which appeared 

to be particularly important are described below. 

Adansonia gregorii - Boab Tree  

The boab is a large and distinctive tree species found only in the Kimberley region of Western Australia. During the 

reconnaissance survey it was noted to occur across much of the proposed project area in small patches. The large fruit, 

which ripens during the late dry season, is a favourite bush food, and the spongy wood acts as water storage which 

can be used in dry times (M. Wulgarrie pers. comms 22/11/2019).  

Carissa lanceolata - Conker bush 

A spiny shrub with white flowers which occur after rain. The sweet berries are eaten fresh or dried (Z. Thirkell pers 

comms 25/11/2019), the wood is used for spear heads and the bark is used to prepare a bush medicine wash for skin 

and eye conditions (Latz 1995). This species was common across the project area, found in many different habitat 

types but was often the dominant understorey species in association with boabs or woodland. 

 Cyperus bulbosus – Bush Onion  

A grass-like sedge which grows in sandy soils associated with creeks, rivers, swamps and salt lakes. A very important 

food in times of drought, with the underground “onions” available in most months (Latz 1995). Suitable habitat occurs 

across much of the project area but a patch which was particularly well used by people in the Yungngora community 

was located in a low lying area near the existing road to Yungngora (Figure 6).    



Bennett Resources –Odin 2D and 3D Seismic Survey – Flora and Fauna impact assessment 

 

24 
Low Ecological Services P/L        January, 2020 

 

Figure 7 Observed locations of boabs and bush onions in the project area. Conker bush co-occurred with boabs in most sites, but was also present 
in many additional locations. See appendix B for more details. 
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3.3. Desktop Fauna Assessment 

3.3.1. Conservation significant fauna 

Searches of NatureMap and the Protected Matters Search Tool indicated that 27 fauna species of conservation 

significance either occurred, or had the potential to occur, within the proposed project area. These are listed below 

(Table 3.3-1) with further detail of the habitat requirements for threatened (EPBC) and priority species (WA) provided 

as context for likelihood of presence in the project area.   

Table 3.3-1 Conservation significant fauna listed in order of conservation significance, then by class. Threatened and priority species are detailed 
further below. * Species are listed in multiple categories 

Species or place Common name Conservation significance 
Calidris ferruginea Curlew sandpiper Critically endangered 
Erythrura gouldiae Gouldian finch Endangered 
Malurus coronatus  Purple Crowned Fairy-Wren Endangered 
Pezoporus occidentalis Night Parrot Endangered 
Polytelis alexandrae Princess parrot Vulnerable 
Rostratula australis Australian Painted Snipe Endangered 
Dasyurus hallucatus Northern Quoll Endangered 
Macroderma gigas Ghost Bat Vulnerable 
Macrotis lagotis Greater Bilby Vulnerable 
Petrogale lateralis  Black-footed rock wallaby (West Kimberly Race) Vulnerable 
Pristis pristis Largetooth sawfish Vulnerable 
Ctenotus uber johnsonei Spotted Ctenotus Priority 2 
Westraltrachia lievreana  Le Lievre Ridge Land Snail Priority 2 
Leggadina lakedownensis Lakeland Downs Mouse Priority 4 
Apus pacificus Fork-tailed swift Migratory Marine Bird 
Crocodylus porosus Salt-water Crocodile Migratory Marine Species 
Pristis pristis Largetooth Sawfish Migratory Marine Species* 
Cecropis daurica Red-rumped swallow Migratory Terrestrial Species 
Cuculus opatus Oriental Cuckoo Migratory Terrestrial Species 
Hirundo rustica Barn Swallow Migratory Terrestrial Species 
Motacilla cinerea Grey Wagtail Migratory Terrestrial Species 
Motacilla flava Yellow Wagtail Migratory Terrestrial Species 
Actitis hypoleucos Common Sandpiper Migratory Wetland Species 
Calidris acuminata Sharp-tailed Sandpiper Migratory Wetland Species 
Calidris ferruginea Curlew Sandpiper Migratory Wetland Species* 
Callidris melanotos Pectoral Sandpiper Migratory Wetland Species 
Charadrius veredus Oriental Plover Migratory Wetland Species 
Glareola maldivarum Oriental Pratincole Migratory Wetland Species 
Pandion haliaetus Osprey Migratory Wetland Species 
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3.3.2. Description of threatened and priority fauna ecology and potential for occurrence in 

project area. 

Calidris ferruginea – Curlew Sandpiper - Critically Endangered. 

The Curlew Sandpiper is a migratory wading bird. Curlew Sandpipers mainly occur on intertidal mudflats in sheltered 

coastal areas, such as estuaries, bays, inlets and lagoons, and around non-tidal swamps, lakes and lagoons near the 

coast, and ponds in saltworks and sewage farms. They are also recorded inland, though less often, including around 

ephemeral and permanent lakes, dams, waterholes and bore drains, usually with bare edges of mud or sand. This 

species does not breed in Australia. They reach the northern shores of Australia in late August and early September 

(Threatened Species Committee 2016). Possible in project area during wet season 

Erythrura gouldiae – Gouldian Finch  -  Endangered 

Occupies tropical eucalypt woodlands and paperbark woodlands, usually with a grassy understorey and usually in the 

vicinity of water. Their diet is primarily grass seeds, particularly those of Sorghum species. Gouldian Finches require 

tree hollows for breeding. Small breeding populations have been recorded in the Dampierland sub-bioregion, in 

association with Eucalyptus brevifolia on rocky ridges. Grazing and changing fire regimes are thought to be the main 

threat to Gouldian Finches, as both can deplete the dry season seed resources that they rely on (Threatened Species 

Committee 2016). Previously recorded in the area, Likely in project area. 

Malurus coronatus – Purple Crowned Fairy-wren - Endangered 

The Purple-Crowned Fairy-wren usually occupies dense riparian woodland with an understorey of Pandanus or 

Barringtonia in the Kimberley region. It was previously recorded along the Fitzroy River in large numbers, however 

Purple-Crowned Fairy Wrens have not been observed in this location since the 1990s and this is likely a result of long-

term degradation of riparian vegetation and the impacts of grazing livestock.  Unlikely in project area 

Rostratula australis - Australian Painted Snipe -  Endangered 

The Australian Painted Snipe generally inhabits shallow terrestrial freshwater (occasionally brackish) wetlands, 

including temporary and permanent lakes, swamps and claypans. They also use inundated or waterlogged grassland 

or saltmarsh, dams, rice crops, sewage farms and bore drains. Typical sites include those with rank emergent tussocks 

of grass, sedges, rushes or reeds, or samphire; often with scattered clumps of lignum Muehlenbeckia or canegrass or 

Melaleuca. The Australian Painted Snipe sometimes utilises areas that are lined with trees, or that have some scattered 

fallen or washed-up timber. Possible in project area during wet season 

Pezoporus occidentalis – Night Parrot - Endangered 

Cryptic, nocturnal, ground nesting parrot. Currently known from only a few small and disjunct populations in western 

Queensland and the Pilbara. Anecdotal records suggest that the species was previously widespread across the arid 

and semi-arid regions of Australia. Night Parrots characteristically roost and nest in clumps of dense vegetation, 

primarily old and large spinifex clumps (often >50 years unburnt), especially hummocks that are ring-forming. The 
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main threats to these species are unclear, though it is likely a combination of predation by feral animals, impacts of 

livestock and changing fire regimes. Possible in project area 

Polytelis alexandrae – Princess Parrot  - Vulnerable 

The princess parrot is a nomadic arid zone parrot species with a core range in the Sandy, Gibson, Tanami and Great 

Victoria Deserts. It forages on the ground and in shrubs, consuming a variety of plant species but usual foraging habitat 

is low inter-dune woodlands. Flocks congregate to breed in tree hollows in tree species such as Eucalyptus 

camaldulensis (river red gum), E. gongylocarpa (marble gum) and Allocasuarina decaisneana (desert oak). As this 

species is highly nomadic, with movements and breeding unpredictable (though likely triggered by rainfall) the 

threatening processes are unclear. Possible in project area  

Dasyurus hallucatus – Northern Quoll - Endangered 

The Northern Quoll is associated with a variety of habitats across northern Australia, but usually includes either rocky 

outcrops or diverse woodland with logs and hollows (EPBC referral guidelines 2016). The main threatening process 

affecting this species is habitat degradation, however feral animals such as cane toads, cats, pigs, wild dogs and cattle 

are believed to cause substantial direct and indirect mortality to quolls. Possible in project area 

Macroderma gigas – Ghost Bat – Vulnerable 

The Ghost Bat depends on humid caves with mild and stable temperatures (Threatened Species Scientific Committee 

2016). Ghost bats congregate in maternity caves during the breeding season, but disperse widely across the landscape 

outside of this time. The mean home range used for foraging is 61 hectares and individuals forage relatively close (< 5 

km) to their roost site in caves. The main threat to this species is habitat loss and disturbance of breeding sites. Unlikely 

in project area 

Macrotis lagotis – Greater Bilby - Vulnerable 

The Greater Bilby typically occupies either open grassland on uplands and hills, Acacia aneura (mulga) 

woodland/shrubland growing on ridges and rises, or hummock grassland on open plains and alluvial areas (Woinarski 

et al. 2014). The species is generally solitary and males and females differ considerably in the size of home ranges 

(males 316 hectares, females 18 hectares). Numerous active and inactive burrows are present in Greater Bilby home-

ranges, with a new burrow constructed every few weeks (Moseby & O’Donnell 2003). The major threats to Bilby 

populations vary according to geography, however in the Kimberley Region the main threat is from introduced 

herbivores, particularly rabbits, and from large and intense fires (Bradley et al. 2015). Previously recorded within the 

project area (LES report 2012). Likely in project area 

Petrogale lateralis – Black-Footed Rock-Wallaby (West Kimberly Race) – Vulnerable 

Black-footed Rock-Wallabies typically occupy rocky outcrops, mountain ranges and require caves and rocky overhangs 

for shelter and protection from predators. The main threat to this species is predation by introduced predators and 

habitat degradation from introduced herbivores. Unlikely in project area 
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Pristis pristis – Largetooth sawfish – Vulnerable 

Largetooth Sawfish inhabit both freshwater and saltwater habitats and can live for 80 years. Generally, juvenile 

animals primarily occur in freshwater (including the upper reaches of inland creeks and rivers) while mature adults 

inhabit marine and estuarine environments. Individuals have been captured in water < 70 cm deep, and shallow pools 

in the dry season are potential habitat. Major threats to Largetooth Sawfish include fishing (commercial, recreational 

and indigenous) and habitat degradation. Inland freshwater habitats are thought to be most vulnerable and prone to 

disturbance from changes to water flow, water quality and the introduction of artificial barriers such as poorly 

constructed road crossings. Hardman Creek occurs in the project area and is a tributary of the Fitzroy River. This are 

both known location for Largetooth Sawfish, therefore this species is Likely in project area.  

Leggadina lakedownensis – Lakeland Downs Mouse - Priority 4* (WA) 

The ecology and habitat requirements of the Lakeland Downs Mouse is poorly understood however most observations 

of the species come from hummock or tussock grasslands in the dry tropics (intense short wet season followed by 

extended dry season). Observations from riparian vegetation on clay soils are also common (Kutt & Kemp 2005). It is 

nocturnal and shelters in burrows. Studies and biological surveys have found it to be sparsely distributed across the 

Kimberley and Pilbara regions of Western Australia (DCLM 2002) including several recorded observations from 

Liveringa Station approximately 10 km from the eastern boundary of the 3D seismic area. Likely in project area  

Ctenotus uber johnsonei – Spotted Skink – Priority 2* (WA) 

The ecology and habitat requirements of this sub-species is poorly understood, The Ctenotus uber group is known to 

prefer red soils and it is likely that the johnsonei subspecies is similar in its habitat preferences. It is endemic to a small 

geographical area near Balgo, which is the reason for being listed as a priority species. Unlikely in project area 

Westraltrachia lievreana – LeLievre Ridge Land-Snail – Priority 2* (WA) 

The LeLievre Ridge Land-Snail is one of 20 species of Westraltrachia occurring across the Kimberley Region, and was 

last recorded approximately 30 km from the survey area on the upper Hardmans Creek in 1984 (Solem 1984). Like 

many land snails, it is endemic to a small geographical area which is the reason for being listed as a priority species. 

The Westraltrachia genus is mostly associated with limestone, however they can be found in spinifex or scattered 

rocks and are not strictly associated with rocky outcrops. This genus differs from others found in the region by their 

habit of aestivating (dry-season hibernation) on the soil surface or in cracks and crevices rather than burrowing into 

soil.  Unlikely in project area 

3.3.3. Non-conservation significant fauna 

Searches of fauna records in a 40 km radius surrounding the project area indicated that a diversity of species were 

present. 152 Species of birds, one fish species, nine amphibians, nine invertebrates, 20 mammals and 53 reptiles had 

been previously recorded. These species are listed in appendix C.   

 



Bennett Resources –Odin 2D and 3D Seismic Survey – Flora and Fauna impact assessment 

 

29 
Low Ecological Services P/L        January, 2020 

3.3.4. Introduced fauna 

Eight introduced species were reported as either present, or likely to occur in the proposed project area in state and 

commonwealth databases for the project area. These include: Dromedary Camels, Horses, Pigs, Dogs, Cats, Foxes, 

House Mice and Cane Toads. Feral cat density in the Kimberley region is estimated to be around 0.001 cats per hectare 

(ha). While this is considered a relatively low density, each individual cat is estimated to have a large home range 

between 397 (females) – 397 ha (males) (Mcgregor et al. 2015) and consume approximately thirty animals every day. 

To date Cane Toads have not invaded as far west as the project area, but their spread into this area seems probable 

in the future. The project area also occurs on two pastoral leases, therefore cattle are present as free-ranging herds in 

a rotational grazing system typical of the area. Average stocking density for the Kimberley Region is 13790 head per 

property, equivalent to 25 hecatres per head (Agsurf 2016).    
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3.4. Reconnaissance Fauna Survey 

3.4.1. Native Fauna Observations 

Despite high temperature throughout the reconnaissance survey, a diverse range of fauna was observed throughout 

the project area. Sixty bird, 11 mammals, 3 frogs and 5 reptile species were recorded during the survey. A full species 

list for each site in addition to incidental observations is provided in Appendix D.Due to the dry conditions and 

subsequent absence of natural water sources in the survey area, there were many birds visiting the cattle watering 

points (dams and troughs) within the survey area. However a high faunal diversity was also observed away from water, 

particularly in the riparian woodlands and savannah in the northern section of the project area and in the sand dune/ 

swale complex throughout the eastern section of the project area. During the survey Boab trees and large termite 

mounds were observed to be very important habitats for reptiles, birds, and mammals, providing shelter from the 

sun/heat during extreme conditions (Figure 8).     

  

Figure 8 Animals were frequently observed sheltering in the deep shade of boabs, or roosting in the hollows of large stems. Left red kangaroo, 
top right blue-tongue lizard, bottom right boobook owl. 

Track based surveys were conducted at 12 sites throughout the survey area, and fauna/signs also recorded 

opportunistically during other activities. A range of animal tracks, scats, diggings, burrows, and remains were recorded. 

Samples were collected to assist with identification. A Traditional Owner accompanied LES consultants each day of the 

survey and assisted with identifying animal tracks, scats, diggings and burrows. A summary of recorded signs from 

track plot surveys are presented by vegetation/habitat type in Figure 9. The majority of the reptile and mammal 

observations in track plots were attributed to goannas and macropods respectively. Diggings identified as being 

Goanna (Varanus sp.) or smaller lizards were found to be widespread at many survey sites. 
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* These vegetation types include combined count from two track plot surveys. All other vegetation types are for a single track plot survey. 

Figure 9 Native Fauna signs recorded in track plot surveys and incidental observations of signs during other activities 

There was an observation at site 10 (GPS co-ordinates -18.063° 124.726) with similar characteristics to that of a Greater 

Bilby (Macrotis lagotis) foraging excavation (Error! Reference source not found.10). Unlike the burrow and diggings 

of Sand Goannas (which were common in the area), generally the soil from Bilby excavations are spread around the 

hole (Triggs 2004). This could not be confirmed, as Bilby scats or tracks were not observed in the surrounding area, 

however Traditional Owners both confirmed Bilbies did occur across the project area, and a previous environmental 

report located a Bilby burrow near the Asgard Well (GPS co-ordinates -18.295856°, 124.906641).  

 

Figure 10 Observation at site 10 with similar characteristics to that of a foraging Bilby excavation. 

Native mammal scats were also collected during the reconnaissance survey, one of which may potentially be from the 

Northern Quoll (Figure 11) on account of the shape, size and strong odour. No white material characteristic of a reptile 



Bennett Resources –Odin 2D and 3D Seismic Survey – Flora and Fauna impact assessment 

 

32 
Low Ecological Services P/L        January, 2020 

scat was detected. While the habitat this scat was collected from (open boab woodland with spinifex understorey, 

survey site 16 GPS coordinates -18.264062°, 124.862762°) is not typical for a Northern Quoll, and the contents 

appeared to be predominantly invertebrates, there are few other possibilities given the size and shape of the scat.  

  

Figure 11 Mammalian scat collected during the field survey. Potential Northern Quoll scat approximately 35 mm x 10 mm.   

3.4.2. Non-native Fauna observations 

As the project area is situated on two cattle stations, most observations of non-native fauna (or scats and tracks) were 

of livestock. However, tracks and scats of other non-native fauna were also observed. 

Tracks and scats of feral cats were observed in several areas throughout the project area. Cat signs were found in 

savannah low open forest (Site 1), open Boab woodland (Site 8), riparian open forest (Site 12) and inter-dune swale 

on vehicle track (Figure 12). Cat tracks were observed following vehicle tracks and dry ephemeral creek beds, indicating 

that cats utilise these clear areas to move around in the landscape.  

Camel Scats were observed at one location during the survey (coordinates -18.128394o, 124.866996o), and 

horse/donkey tracks observed at Site 5. Tracks and scats of a dogs and/or dingoes were also recorded at site 14 and 

coordinates -18.128394o, 124.866996o.  
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Figure 12 Cat tracks following vehicle track 

 

Figure 13 Cat scats partially buried  
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4. Potential impacts 

Based on information on the proposed activities available, LES considers the primary environmental impacts which 

may arise as a result of Bennett Resources activities in the project area are: 

 Disturbance to or loss of native vegetation  

 Soil compaction and erosion 

 Disturbance to or loss of native fauna 

These impacts are principally associated with the preparation of seismic lines. To allow trucks to access the seismic 

survey area, Bennett Resources proposes to prepare approximately 2800 hectares of tracks using bulldozers and 

graders. This is the main environmental impact of the project and has the potential to cause direct and indirect 

mortality to flora and fauna.  

BR have prepared a detailed Environmental Risk Assessment Summary which addresses potential impacts including: 

 Disturbance to native vegetation, flora and fauna species and habitat from seismic line preparation, 

generation of vibration and noise during seismic surveys and pollution; 

 Soil compaction, rutting, erosion and alteration to drainage from seismic line preparation and vehicle access 

to sesmic lines during surveys; 

 Failure of native vegetation to recover following sesmic line preparation; 

 Introduction of weeds, plant diseases and feral fauna carried on machinery or camp equipment; 

 Ignition of bushfires from seismic line clearing and vehicle access to sesmic lines during surveys. 

LES has identified additional factors which may impact vegetation, soil and fauna, and these are outlined below:   

Vegetation 

BR intend to use the “raised-blade clearing” for 25 % of the seismic line preparation (approximately 700 hectares), 

which removes the ground cover by pushing over vegetation but does not remove top soil or disturb the root zone of 

larger trees and shrubs. They also intend to avoid large trees through weaving of seismic lines and large termite 

mounds and hand-carry equipment through riparian vegetation. As a result, direct mortality of plants should only 

affect ground covers and small shrubs. Recent research indicates that vegetation cleared on seismic lines in the 

Kimberley recovers within 2-3 years without active remediation, however this is dependent on rainfall and fire 

frequency/intensity (Dawson et al. 2019). There is also potential risk of indirect effects to native vegetation from soil 

compaction, soil erosion and the spread of environmental weeds from vehicle access during the preparation of seismic 

lines and the seismic survey activities.    

Based on the desktop and reconnaissance survey, LES considers the riparian vegetation and sand dune/ swale plant 

communities to be most likely to be impacted by the preparation of seismic lines and access by heavy machinery during 

the seismic survey. Bennett Resources intends to carry recording equipment through some riparian vegetation (along 
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Hardman Creek) rather than clear vegetation for vehicle access which should offer some protection to this vegetation 

community.  

Soil Erosion and Compaction 

While raised-blade clearing for seismic surveys results in less impact to soil than other methods, this will not be 

possible for all areas of the proposed sesmic survey. Areas with both dense Triodia or pindan Acacia will likely require 

a more intensive line preparation with  As a result, some soil disturbance or compaction will occur. A large part of the 

proposed project area is situated on vegetation characterised by low sand dunes interspersed with swales. The 

orientation of seismic lines crossing sand dunes is likely to influence the erosion potential in this area, on soils which 

are prone to displacement from wind and run-off. Repeated access to seismic lines across the project area by heavy 

vehicles during seismic surveys is also likely to cause topsoil compaction and disturbance which could lead to erosion. 

With the project area situated on a commercial cattle grazing operation, cattle are likely to use seismic lines, especially 

where these lines are prepared in proximity to troughs and dams. This will increase the time for vegetation to recover 

post-survey.   

Fauna 

During seismic line preparation, it is likely that some small terrestrial fauna may attempt to hide in vegetation being 

cleared, rather than disperse. Similarly, crucial shelter may be destroyed such as logs and burrows, and as a result 

fauna may suffer direct injury or mortality. After clearing has occurred, the loss of ground cover may indirectly affect 

fauna by facilitating increased predation from feral and native predators (Dawson et al. 2018). Although cats appear 

to already be widely distributed across the project area, creation of additional clear pathways through the landscape 

may assist cats to move around more easily. Use of methods such are raised blade clearing to avoid creation of clear 

earth pathways, will reduce the likelihood that cats would utilise these to their benefit.  

Fauna may also be injured by vehicles traversing seismic lines. Surveys in the last 10 years indicate that this has rarely 

been an issue, as seismic crew limits speed along cleared line to 40kph and operations are only carried out in the day 

time when fauna activity is reduced (T Rudge, Pers Comm). It is also worth noting that all potential impacts to 

vegetation are likely to have indirect effects on native fauna such as reduced food availability, loss of critical shelter 

and reduced ecological function in the short and long term.     

  

Figure 14 The project area is situated in a region with extreme daily and annual climate variation. During the reconnaissance survey fauna were 
often observed sheltering from the heat of the day in mature spinifex (left), boab trees (centre) and large termite mounds (right) 
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5. Conclusions  

The methodology used for this Level 1 assessment adequately addresses the EPA Guidance for Assessment of 

Environmental Factors.  

The desktop survey identified that 235 fauna species had been recorded in the vicinity of the project area (Nature map 

WA), with an additional 11 threatened and 15 listed migratory potentially occurring in the survey area. Of the 

threatened and priority species, LES determined that Gouldian Finches, Greater Bilbies, Largetooth Sawfish and the 

Lakeland Downs Mouse are likely to be present in the project area.  

 Gouldian Finches have been observed near the project area, and savanna woodland with bunch grass (suitable 

foraging habitat for the species) was common across much of the northern section of the proposed project. The 

abundance of other granivorous bird species during the reconnaissance survey also points to abundant resources 

for Gouldian Finches in the survey area. 

 Bilby burrows are very likely to occur in the project area. A Bilby burrow was observed by LES consultants in 2012, 

and two Traditional Owners who accompanied the LES staff during the current reconnaissance survey also 

confirmed Bilby burrows/diggings had been observed in dunes near the Asgard Well in 2013. The dune and swale 

habitat across much of the south eastern part of the project area (including 2D and 3D seismic surveys) provides 

appropriate habitat for Bilbies.  

 Largetooth Sawfish are known from the Fitzroy River and associated tributaries such as Hardman Creek. It is 

possible that juvenile individuals may be present in waterholes in the early dry season.  

 the Lakeland Downs Mouse have previously been observed near the study area, and suitable habitat for this 

species is present in the survey area.  

Additionally, there is potential for the Night Parrot, Princess Parrot and Northern Quoll to be present in the survey 

area.  

 While Night Parrots have not been recorded previously in the project area, vast areas of mature spinifex in the 

southern region of the proposed project provide suitable habitat for the Night Parrot. This species has recently 

been rediscovered in Western Australia, but is difficult to detect even with specialist acoustic recording and 

targeted surveys.   

 Similarly, the Princess Parrot has not been recorded in the project area, but is highly nomadic and suitable 

vegetation and habitat for this species occurs across the south-eastern project area. 

 A scat collected from the project area has been identified as potentially belonging to the Northern Quoll. The 

location and predominantly insectivorous components of the scat is atypical for Northern Quolls, however there 

is a possibility that the survey area could provide suitable habitat for Northern Quolls due to the presence of 

potential den sites in large boabs and termite mounds, and mesic riparian corridors.   
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6. Recommendations 

To avoid impacts to these species, and to the biodiversity values of the project area in general, LES makes the following 

recommendations to complement Bennett Resources existing environmental risk mitigation measures:  

 To reduce likelihood of erosion in sand dune habitat, wherever possible crossings of sand dunes should be 

orientated to reduce slope of crossing (i.e. cross on an angle rather than perpendicular to the dune).  

 To reduce impacts to soil, tyre pressure should be reduced to spread weight of vehicles over as large an area as 

possible. 

 Strict weed hygiene management practices, including vehicle wash or blow down should be implemented during 

the proposed operations when traversing areas of known weed infestations to prevent the introduction of weeds, 

spread of weeds in the area, and transport of weeds off site. 

 Line clearing crews should be provided with a photo identification kit covering any flora of conservation 

significance which may occur in the survey area. 

 Train line clearing crews to identify and avoid rubber bush (Calotropis procera), or clean down vehicles which have 

come into contact with seed as soon as possible. 

 Train crews in identifying both threatened species and invasive species. 

 Be aware of the characteristics of Greater Bilby burrows and Night Parrot roosts during seismic line preparation. 

Vehicles should detour around any known or suspected burrows/ roosts. The knowledge and experience of 

Traditional owners in identifying flora and fauna of conservation significance in their country is particularly 

valuable. 

 Be alert for the presence of cane toads when transporting materials into the site from other locations, but also be 

aware of the similar appearance of some native frogs. 

 All native wildlife including snakes, sawfish and crocodiles are protected and should not be interfered with.  

 Where injury to fauna occurs, wildlife carers are located in Derby and Fitzroy Crossing and can provide advice and 

assistance for injured wildlife.  
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8. Appendices 

A. Plant species recorded in desktop assessment 

Table 8-1 Plant species identified as occuring in a 40 km radius around the project area 

Species Species 

Acacia acradenia Gomphrena brachystylis subsp. pindanensis 

Acacia ancistrocarpa  Gomphrena canescens subsp. canescens 

Acacia bivenosa Gomphrena leptoclada subsp. leptoclada 

Acacia eriopoda  Goodenia armitiana 

Acacia minniritchi Goodenia byrnesii  

Acacia monticola  Goodenia lamprosperma 

Acacia papyrocarpa  Goodenia sp. Dampier Peninsula  

Acacia synchronicia Gossypium australe  

Acalypha pubiflora subsp. australica Gyrocarpus americanus 

Achyranthes aspera  Hakea arborescens  

Ammannia multiflora Heliotropium geocharis  

Aristida hygrometrica  Heliotropium tanythrix 

Aristida ingrata Hibiscus apodus 

Aristida latifolia  Hibiscus austrinus var. austrinus 

Aristida polyclados  Indigofera linifolia 

Atalaya hemiglauca  Ipomoea polymorpha 

Bergia pedicellaris Iseilema vaginiflorum  

Bidens subalternans var. simulans Josephinia papillosa 

Boerhavia sp. Josephinia sp. Northern (T.E.H. Aplin 6360) 

Cajanus marmoratus Lophostemon grandiflorus subsp. riparius 

Cajanus pubescens Melaleuca alsophila 

Calandrinia strophiolata Melaleuca nervosa  

Capparis umbonata  Murdannia graminea  

Cardiospermum halicacabum var. halicacabum Neptunia dimorphantha  

Cassytha filiformis  Panicum seminudum var. cairnsianum 

Centipeda minima subsp. macrocephala Phyllanthus exilis 

Chrysopogon fallax  Pluchea tetranthera 

Chrysopogon latifolius  Polycarpaea corymbosa 

Cleome viscosa  Pseudochaetochloa australiensis 

Corchorus aestuans Pterocaulon sphacelatum  

Corchorus olitorius  Ptilotus lanatus 

Corymbia dichromophloia Ptilotus polystachyus  

Corymbia flavescens Rotala diandra 

Corymbia greeniana Rotala mexicana 

Corymbia zygophylla Senna artemisioides subsp. oligophylla 

Crotalaria brevis Senna barclayana 

Crotalaria medicaginea var. neglecta Senna glutinosa subsp. x luerssenii 

Cymbopogon ambiguus  Sesbania cannabina  

Dichanthium fecundum  Solanum dioicum  

Dichanthium sericeum subsp. polystachyum Solanum lucani 
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Species Species 

Dichrostachys spicata  Swainsona campylantha 

Dinebra neesii Tephrosia rosea var. clementii 

Dolichandrone occidentalis Tinospora smilacina  

Drosera derbyensis Trianthema oxycalyptrum var. oxycalyptrum 

Enneapogon purpurascens  Trianthema portulacastrum  

Eriachne glauca var. glauca Trichodesma zeylanicum  

Eriachne obtusa  Triodia bitextura 

Eucalyptus chlorophylla Triodia caelestialis 

Eulalia aurea Triodia intermedia  

Euphorbia biconvexa Triodia pascoeana  

Euphorbia cinerea Triodia wiseana  

Ficus aculeata var. indecora Ranji Triumfetta micracantha 

Fimbristylis solidifolia Zornia albiflora 

Flueggea virosa subsp. melanthesoides    
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B. Plant Species observed in reconnaissance survey  

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 I* 

Acacia ancistrocarpa X 
 

X X 
 

X 
           

 

Acacia bivenosa 
        

X 
        

 

Acacia colei X 
 

X 
      

X 
       

 

Acacia elachantha 
                 

X 

Acacia eriopoda 
                 

X 

Acacia hemignosta 
  

X 
       

X 
      

 

Acacia holeraceae 
   

X 
        

X 
 

X 
  

 

Acacia platycarpa 
        

X 
        

 

Acacia pyrifolia 
     

X 
           

 

Acacia synchronicia 
                 

X 

Acacia tumida 
                 

 

Adansonia gregorii 
 

X 
  

X 
 

X X 
   

X 
   

X 
 

 

Aerva javanica 
                 

X 

Alstonia linearis 
                 

X 

Amyema villiflora 
                 

X 

Aristida contorta 
             

X 
   

 

Aristida hygrometrica  X X X 
    

X 
   

X 
     

 

Aristida latifolia X 
  

X 
         

X 
   

 

Atalaya hemiglauca 
       

X 
   

X 
 

X 
   

 

Bauhinia cunninghamii 
   

X X 
 

X 
  

X 
  

X X X  
  

 

Bergia henshalli 
                 

X 

Bothriochloa bladhii  
                 

X 

Bulbostylis sp. 
                

X  

Cajanus pubescens 
                 

X 

Cajunus marmeratus 
                

X  

Calotropis procera 
             

X 
   

 

Carissa lanceolata X 
 

X X 
 

X X 
    

X X X 
 

X 
 

 

Cenchrus basedowii 
          

X 
      

 

Chrysopogon fallax 
 

X X 
             

X  

Chrysopogon latifolius 
     

X X X 
         

 

Corchorus sidoides ssp 
sidoides 

X 
   

X 
       

X 
    

 

Corymbia bella 
   

X 
       

X 
  

X 
  

 

Corymbia cadophora 
        

X 
        

 

Corymbia grandifolia 
 

X 
               

 

Corymbia opaca X X X 
 

X 
 

X 
     

X 
    

 

Corymbia zygophylla 
                 

X 

Cucumis argenteus 
        

X 
        

 

Cullen pustulatum 
                

X  

Cymbopogon ambiguus 
     

X 
           

 

Cyperus blakeanus 
                

X  

Cyperus haspan subsp. 
juncoides 

                
x  

Dicanthium fecundum 
                 

X 

Dolichandrone occidentalis 
        

X 
    

X 
   

 

Eragrostis eriopoda X X 
      

X 
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Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 I* 

Eriachne obtusa X X 
 

X 
 

X 
           

 

Erythrophleum 
chlorostachys 

X 
        

X 
  

X X 
  

X  

Eucalyptus camaldulensis 
subsp. obtusa 

          
X 

      
 

Eucalyptus intertexta 
   

X 
  

X 
   

X 
   

X 
  

 

Eucalyptus miniata 
                 

X 

Eucalyptus chlorophylla 
                 

X 

Eulalia aurea 
                 

X 

Euphorbia biconvexa 
      

X 
         

X  

Ficus coronulata 
   

X 
             

X 

Fluggia virosa ssp 
melanthesoides 

                 
X 

Gomphrena canescens 
                 

X 

Goodenia armitiana X 
     

X 
          

 

Grevillea agrifolia 
                 

X 

Grevillea pyrimidalis 
    

X 
        

X 
   

 

Grevillea refracta 
                 

X 

Grevillea striata X 
     

X 
 

X 
        

 

Grevillea wickhamii 
 

X 
  

X 
            

 

Gyrocarpus americanus 
      

X 
  

X 
 

X 
 

X 
  

X  

Hakea aborescens X 
              

X 
 

 

Hakea macrocarpa 
 

X X 
       

X 
  

X X 
  

 

Heliotropum ovalifolium 
                

X  

Hibiscus austrinus 
       

X 
      

X 
  

 

Hibiscus leptocadus 
       

X 
         

 

Iseilema vaginiflorum 
          

X 
   

X 
  

 

Jasminium didymum X 
  

X 
   

X 
   

X 
     

 

Malvaceae sp X 
    

X 
           

 

Melaleuca lasiandra 
                 

X 

Melaleuca nervosa 
   

X 
             

 

Neptunia dimorphantha 
                 

X 

Panicum semidium 
                 

X 

Pluchea tetranthera 
   

X 
 

X 
 

X X 
  

X 
     

 

Psydrax attenuata var. 
tenella 

  
X 

    
X 

         
 

Pterocaulon sphacelatum X 
  

X 
  

X 
          

 

Ptilotus exaltus 
 

X 
               

 

Santalum lanceolatum 
  

X 
      

X 
 

X 
     

 

Schima nervosum 
   

X 
 

X 
           

 

Senna venusta 
 

X 
               

 

Sesbania formosa 
    

X 
            

 

Solanum lucani 
                 

X 

Sorghum stipoideum X 
  

X 
      

X 
      

 

Streptoglossa decurrens 
       

X 
         

 

Tephrosia rosea 
      

X 
          

 

Tephrosia sp 
      

X 
 

X 
        

 

Tephrosia virens 
      

X 
 

X 
        

 

Terminalia platyphylla 
   

X 
       

X 
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Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 I* 

Themeda triandera 
        

X 
        

 

Tinospora smilacina 
   

X 
       

X 
     

 

Trichodesma zeylanicum 
       

X 
         

 

Triodia intermedia  X X X 
 

X 
  

X X X 
   

X 
   

 

Triodia pungens 
               

X 
 

 

Vachellia farnesiana 
  

X 
            

X 
 

 

Ventilago viminalis 
        

X 
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C. Native fauna species recorded in desktop assessment 

Table 8-2 Bird Species Recorded in Nature Map for Coordinates 124° 55' 33'' E,18° 09' 56'' S; with a 40km buffer. Conservation status of species as: 

T -Rare or likely to become extinct, X - Presumed extinct, IA - Protected under international agreement, 1 -Priority 1, 2 -Priority 2, 3 -Priority 3 and 4 
-Priority 4. 

Species  Common Name Cons. 

Stat 

Species  Common Name Cons. 

Stat 

Accipiter cirrocephalus  Collared Sparrowhawk 
 

Geopelia striata  Zebra Dove 
 

Accipiter fasciatus  Brown Goshawk 
 

Geophaps plumifera  Spinifex Pigeon 
 

Actitis hypoleucos  Common Sandpiper  IA Gerygone olivacea  White-throated Gerygone 
 

Aegotheles cristatus  Australian Owlet-nightjar 
 

Grallina cyanoleuca  Magpie-lark 
 

Anas castanea  Chestnut Teal 
 

Grus rubicunda  Brolga 
 

Anas gracilis  Grey Teal 
 

Haliastur sphenurus  Whistling Kite 
 

Anas superciliosa  Pacific Black Duck 
 

Hamirostra isura  Square-tailed Kite 
 

Anhinga novaehollandiae  Australasian Darter 
 

Hamirostra melanosternon  Black-breasted Buzzard 
 

Anseranas semipalmata  Magpie Goose, Pied Goose 
 

Heteromunia pectoralis  Pictorella Mannikin 
 

Anthus australis  Australian Pipit 
 

Hieraaetus morphnoides  Little Eagle 
 

Aprosmictus erythropterus  Red-winged Parrot 
 

Himantopus himantopus  Black-winged Stilt 
 

Apus pacificus  Fork-tailed Swift  IA Lalage tricolor  White-winged Triller 
 

Aquila audax  Wedge-tailed Eagle 
 

Lichmera indistincta  Brown Honeyeater 
 

Ardea ibis  Cattle Egret 
 

Limosa limosa  Black-tailed Godwit  IA 

Ardea intermedia  Intermediate Egret 
 

Malacorhynchus 

membranaceus  

Pink-eared Duck 
 

Ardea modesta  Great egret 
 

Malurus lamberti  Variegated Fairy-wren 
 

Ardea novaehollandiae  White-faced Heron 
 

Malurus leucopterus  White-winged Fairy-wren 
 

Ardea pacifica  White-necked Heron 
 

Malurus melanocephalus  Red-backed Fairy-wren 
 

Ardeotis australis  Australian Bustard 
 

Manorina flavigula  Yellow-throated Miner 
 

Artamus cinereus  Black-faced Woodswallow 
 

Melanodryas cucullata  Hooded Robin 
 

Artamus leucorynchus  White-breasted Woodswallow 
 

Melithreptus albogularis  White-throated Honeyeater 
 

Artamus minor  Little Woodswallow 
 

Melithreptus gularis  Black-chinned Honeyeater 
 

Artamus personatus  Masked Woodswallow 
 

Melithreptus gularis  Black-chinned Honeyeater 
 

Artamus superciliosus  White-browed Woodswallow 
 

Melopsittacus undulatus  Budgerigar 
 

Aythya australis  Hardhead 
 

Merops ornatus  Rainbow Bee-eater 
 

Burhinus grallarius  Bush Stone-curlew 
 

Microcarbo melanoleucos  Little Pied Cormorant 
 

Cacatua galerita  Sulphur-crested Cockatoo 
 

Microeca fascinans  Jacky Winter 
 

Cacatua roseicapilla  Galah 
 

Milvus migrans  Black Kite 
 

Cacatua sanguinea  Little Corella 
 

Mirafra javanica  Horsfield's Bushlark 
 

Cacomantis pallidus  Pallid Cuckoo 
 

Myiagra inquieta  Restless Flycatcher 
 

Cacomantis variolosus  Brush Cuckoo 
 

Neochmia phaeton  Crimson Finch 
 

Calidris acuminata  Sharp-tailed Sandpiper  IA Neochmia ruficauda  Star Finch 
 

Calyptorhynchus banksii  Red-tailed Black-Cockatoo 
 

Nettapus pulchellus  Green Pygmy-goose 
 

Centropus phasianinus  Pheasant Coucal 
 

Nycticorax caledonicus  Rufous Night Heron 
 

Certhionyx variegatus  Pied Honeyeater 
 

Nymphicus hollandicus  Cockatiel 
 

Chenonetta jubata  Australian Wood Duck 
 

Ocyphaps lophotes  Crested Pigeon 
 

Chrysococcyx basalis  Horsfield's Bronze Cuckoo 
 

Oriolus sagittatus  Olive-backed Oriole 
 

Chrysococcyx osculans  Black-eared Cuckoo 
 

Pachycephala rufiventris  Rufous Whistler 
 

Circus assimilis  Spotted Harrier 
 

Pardalotus rubricatus  Red-browed Pardalote 
 

Cissomela pectoralis  Banded Honeyeater 
 

Pardalotus striatus  Striated Pardalote 
 

Cisticola exilis  Golden-headed Cisticola 
 

Pelecanus conspicillatus  Australian Pelican 
 



Bennett Resources –Odin 2D and 3D Seismic Survey – Flora and Fauna impact assessment 

 

46 
Low Ecological Services P/L        January, 2020 

Species  Common Name Cons. 

Stat 

Species  Common Name Cons. 

Stat 

Colluricincla harmonica  Grey Shrike-thrush 
 

Petrochelidon ariel  Fairy Martin 
 

Conopophila rufogularis  Rufous-throated Honeyeater 
 

Petrochelidon nigricans  Tree Martin 
 

Coracina novaehollandiae  Black-faced Cuckoo-shrike 
 

Phalacrocorax carbo  Great Cormorant 
 

Coracina papuensis   White-bellied Cuckoo-shrike 
 

Phalacrocorax sulcirostris  Little Black Cormorant 
 

Corvus Bennettti  Little Crow 
 

Phalacrocorax varius  Pied Cormorant 
 

Corvus orru  Torresian Crow 
 

Philemon argenticeps  Silver-crowned Friarbird 
 

Coturnix ypsilophora  Brown Quail 
 

Philemon citreogularis  Little Friarbird 
 

Cracticus nigrogularis  Pied Butcherbird 
 

Platalea flavipes  Yellow-billed Spoonbill 
 

Cygnus atratus  Black Swan 
 

Platalea regia  Royal Spoonbill 
 

Dacelo leachii  Blue-winged Kookaburra 
 

Plegadis falcinellus  Glossy Ibis  IA 

Dacelo leachii  Blue-winged Kookaburra 
 

Podargus strigoides  Tawny Frogmouth 
 

Daphoenositta chrysoptera  Varied Sittella 
 

Poephila acuticauda  Long-tailed Finch 
 

Daphoenositta chrysoptera  Varied Sittella 
 

Poephila personata  Masked Finch 
 

Dendrocygna arcuata  Wandering Whistling Duck 
 

Poliocephalus 

poliocephalus  

Hoary-headed Grebe 
 

Dendrocygna eytoni  Plumed Whistling Duck 
 

Pomatostomus temporalis  Grey-crowned Babbler 
 

Dicaeum hirundinaceum  Mistletoebird 
 

Psitteuteles versicolor  Varied Lorikeet 
 

Dromaius novaehollandiae  Emu 
 

Ptilonorhynchus nuchalis  Great Bowerbird   

Egretta garzetta  little Egret 
 

Ptilonorhynchus nuchalis  Great Bowerbird 
 

Egretta novaehollandiae  White-faced heron 
 

Ptilotula flavescens  Yellow-tinted Honeyeater 
 

Elanus axillaris  Black-shouldered kite 
 

Rhipidura albiscapa  Grey Fantail 
 

Elseyornis melanops  Black-fronted Dotterel 
 

Rhipidura leucophrys  Willie Wagtail 
 

Eolophus roseicapillus  Galah 
 

Smicrornis brevirostris  Weebill 
 

Ephippiorhynchus asiaticus  Black-necked Stork 
 

Stiltia isabella  Australian Pratincole 
 

Eremiornis carteri  Spinifex-bird 
 

Tachybaptus 

novaehollandiae  

Australasian Grebe 
 

Erythrogonys cinctus  Red-kneed Dotterel 
 

Taeniopygia bichenovii  Double-barred Finch 
 

Erythrura gouldiae  Gouldian Finch  P4 Taeniopygia guttata  Zebra Finch 
 

Eurostopodus argus  Spotted Nightjar 
 

Threskiornis spinicollis  Straw-necked Ibis 
 

Eurystomus orientalis  Dollarbird 
 

Todiramphus pyrrhopygius  Red-backed Kingfisher 
 

Falco berigora  Brown Falcon 
 

Todiramphus sanctus  Sacred Kingfisher 
 

Falco cenchroides  Australian Kestrel 
 

Trichoglossus haematodus  Rainbow Lorikeet 
 

Falco longipennis  Australian Hobby 
 

Tringa glareola  Wood Sandpiper  IA 

Fulica atra  Eurasian Coot 
 

Turnix pyrrhothorax  Red-chested Button-quail 
 

Gelochelidon nilotica  Gull-billed Tern  IA Turnix velox  Little Button-quail 
 

Geopelia cuneata  Diamond Dove 
 

Tyto alba  Barn Owl 
 

Geopelia humeralis  Bar-shouldered Dove 
 

Vanellus miles  Masked Lapwing 
 

Table 8-3 Amphibians 

Species Common Name 
 

Species Common Name 
 

Cyclorana australis  Giant Frog 
 

Litoria watjulumensis  Wotjulum Frog 
 

Cyclorana longipes  Long-footed Frog 
 

Neobatrachus aquilonius  Northern Burrowing Frog 

Litoria caerulea  Green Tree Frog 
 

Notaden nichollsi  Desert Spadefoot 
 

Litoria pallida  Pale Rocket Frog 
 

Platyplectrum ornatum  Ornate Burrowing Frog 

Litoria rubella  Little Red Tree Frog 
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Table 8-4 Mammals 

Species Common Name Cons. 
Stat 

Species Common Name Cons. 
Stat 

Chaerephon jobensis  Northern free-tailed Bat 
 

Pseudomys nanus  Western Chestnut Mouse 
 

Chalinolobus gouldii  Gould's Wattled Bat 
 

Pteropus scapulatus  Little Red Flying-fox 
 

Leggadina lakedownensis  Northern Short-tailed Mouse  P4 Saccolaimus flaviventris  Yellow-bellied Sheath-tailed Bat 
 

Macropus agilis  Agile Wallaby 
 

Scotorepens balstoni  Inland Broad-nosed Bat 
 

Macropus antilopinus  Antilopine Wallaroo 
 

Scotorepens greyii  Little Broad-nosed Bat 
 

Macropus rufus  Red Kangaroo 
 

Sminthopsis macroura  Stripe-faced Dunnart 
 

Miniopterus schreibersii  Common Bentwing-bat 
 

Tachyglossus aculeatus  Short-beaked Echidna 
 

Onychogalea unguifera  Northern Nailtail Wallaby 
 

Taphozous georgianus  Common Sheath-tailed Bat 
 

Pipistrellus westralis  Northern Pipistrelle 
 

Bos taurus  European Cattle Feral 

Pseudomys delicatulus  Delicate Mouse 
 

Felis catus  Cat Feral 

Pseudomys desertor  Desert Mouse 
 

Mus musculus  House Mouse Feral 

Pseudomys 
hermannsburgensis  

Sandy Inland Mouse 
 

Sus scrofa  Pig Feral 

Table 8-5 Reptiles 

Species Common Name Cons. 
Stat 

Species Common Name Cons. 
Stat 

Amphibolurus gilberti  Gilbert's Dragon 
 

Gehyra pilbara 
  

Antaresia childreni  Children's Python 
 

Gehyra punctata 
  

Antaresia stimsoni  Stimson's Python 
 

Gehyra variegata 
  

Aspidites melanocephalus  Black-headed Python 
 

Heteronotia binoei  Bynoe's Gecko 
 

Brachyurophis roperi  Northern Shovel-nosed Snake 
 

Heteronotia planiceps 
  

Carlia munda  Shaded-litter Rainbow Skink 
 

Lerista bipes 
  

Cryptoblepharus ruber 
  

Lerista simillima 
  

Cryptoblepharus tytthos 
  

Lialis burtonis 
  

Ctenophorus isolepis  Military Dragon 
 

Lucasium stenodactylum 
  

Ctenophorus nuchalis  Central Netted Dragon 
 

Menetia greyii 
  

Ctenotus inornatus 
  

Morethia ruficauda 
  

Ctenotus pantherinus  Leopard Ctenotus 
 

Nephrurus sheai 
  

Ctenotus piankai 
  

Notoscincus ornatus 
  

Ctenotus saxatilis  Rock Ctenotus 
 

Pogona minor  Dwarf Bearded Dragon 
 

Ctenotus serventyi 
  

Proablepharus tenuis 
  

Ctenotus uber  Spotted Ctenotus  P2 Pseudechis australis  Mulga Snake 
 

Cyclodomorphus melanops  Slender Blue-tongue 
 

Pseudonaja mengdeni  Western Brown Snake 
 

Delma borea 
  

Pseudonaja nuchalis  Northern Brown Snake 
 

Delma tincta 
  

Strophurus ciliaris 
  

Demansia angusticeps 
  

Suta punctata  Spotted Snake 
 

Demansia olivacea  Olive Whipsnake 
 

Tiliqua multifasciata  Central Blue-tongue 
 

Diporiphora lalliae 
  

Tiliqua scincoides  Common Blue-tongue 
 

Diporiphora magna 
  

Varanus acanthurus  Spiny-tailed Monitor 
 

Diporiphora pindan  Pindan Dragon 
 

Varanus brevicauda  Short-tailed Pygmy Monitor 
 

Furina ornata  Moon Snake 
 

Varanus eremius  Pygmy Desert Monitor 
 

Gehyra australis 
  

Varanus gouldii  Sand Monitor 
 

Gehyra nana 
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D. Native Fauna observed in reconnaissance survey 

Frog Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 In
cid

en
tal 

Green Tree Frog 
                

X 

Northern Snapping Frog 
               

X 
 

Wailing frog 
               

X 
 

 

Bird Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 In
cid

en
tal 

Australasian Grebe 
                

X 

Australasian Pipit 
                 

Australian Bustard 
         

X 
  

X 
 

X X X 

Australian Kestral 
                

X 

Black Kite 
                

X 

Black-breasted buzzard 
                

X 

Black-chinned honeyeater 
   

X 
             

Black-faced woodswallow 
            

X 
 

X 
  

Boobook 
               

X 
 

Brolga 
                

X 

Bronzewing Pigeon 
               

X 
 

Brown Falcon 
             

X 
  

X 

Brown Honeyeater 
              

X 
  

Budgerigar 
        

X 
       

X 

Cockatiels 
                

X 

Corella 
       

X 
        

X 

Crested pigeon 
                

X 
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Bird Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 In
cid

e
n

tal 

Crimson Chat 
             

X 
   

Diamond Dove 
 

X 
         

X 
     

Emu 
   

X 
            

X 

Fairy martin 
             

X 
   

Galah 
                

X 

Grey Shrike-thrush 
   

X 
          

X 
  

Grey-crowned babbler 
              

X 
  

Grey-crowned friarbird 
           

X 
     

Horsfields bushlark 
     

X 
          

X 

Inland Dotteral 
                

X 

Little Crow 
         

X 
  

X 
    

Little friarbird 
   

X 
          

X 
  

Little shrike-thrush 
                 

Little woodswallow X 
                

Masked Lapwing 
                

X 

Mistletoebird 
  

X 
            

X 
 

Mudlark 
         

X 
  

X 
    

Owlet Nightjar 
      

X 
          

Pacific wood duck 
                

X 

Pied butcherbird 
         

X 
       

Pink-eared duck 
                

X 

Plumed Whistling Duck 
                

X 

Rainbow bee-eater X 
                

Red winged parrot 
                

X 

Red-backed fairywren 
   

X 
  

X 
 

X 
  

X 
  

X 
  

Red-backed kingfisher 
         

X 
       

Red-browed pardalote 
          

X 
  

X X 
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Bird Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 In
cid

e
n

tal 

Red-tailed black cockatoos 
            

X 
   

X 

Rufous Songlark 
             

X 
   

Rufous throated honeyeater 
          

X 
   

X 
  

Rufous whistler 
          

X 
   

X 
  

Sacred Kingfisher 
   

X 
       

X 
     

Scaly-breasted lorikeet 
              

X 
  

Singing honeyeater 
             

X 
   

Striated pardalote 
                 

Swamp Harrier 
                

X 

Wedge-tailed eagle 
                

X 

Weebill 
   

X 
      

X 
      

Whistling kite 
                

X 

White winged triller 
             

X 
   

White-breasted woodswallow 
                

X 

Willy wagtail X 
        

X 
   

X 
   

Yellow-throated miner X 
     

X 
  

X X 
    

X 
 

Zebra finch 
             

X 
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Invertebrate Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 In
cid

en
tal 

Trigona sp. (Bush bees) 
  

X 
      

X 
      

X 

Scorpion sp.       X           

 

Mammal Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 In
cid

en
tal 

Agile Wallaby 
   

X 
  

X 
       

X 
  

Nail-tail Wallaby 
                

X 

Red Kangaroo 
   

X 
            

X 

Little broad-nosed bat/*  
Hoary Wattled Bat 

   X  X            

Yellow-bellied sheath-tailed bat*    X  X            

White-striped free-tailed bat/*  
Greater Northern Free-tailed Bat 

   X  X            

Common Sheath-tailed Bat*    X  X            

Northern Free-tailed Bat*    X  X            

Long-eared bat species*    X  X            

Black-tailed Monitor 
                 

Common Blue Tongue 
       

X 
        

X 

Military Dragon 
        

X 
    

X 
   

Sand Goanna 
 

X 
    

X 
         

X 

Yellow-spotted monitor 
                

X 
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E. Habitat descriptions from site surveys 

Site description  Location Flora species richness Fauna species richness Track plot observations 

density1 

Savannah low, open forest Site 1 18 4 NA 

Mixed Eucalypt and Acacia woodland, Site 2 12 2 NA 

Low open woodland over stony ground Site 3 12 3 NA 

Riparian open forest Site 4 17 7 9 

Low open woodland pindan understory Site 5 8 0 14 

Low open spinifex grassland Site 6 9 1 NA 

Low open woodland with pindan understory Site 7 14 5 12 

Open boab woodland  Site 8 12 2 2 

Low open woodland with Box Site 9 13 3 1 

Recently burnt low open woodland Site 10 6 7 21 

Recently burnt open woodland Site 11 7 5 NA 

Riparian open forest Site 12 11 4 14 

Recently burnt open woodland Site 13 6 5 9 

Low woodland on sand dune  Site 14 12 10 8 

Riparian woodland Site 15 7 11 8 

Open boab woodland  Site 16  5 7 8 

Interdune swale Site 17 10 7 NA 

1: Track plot observations density is indicative of density and activity of fauna at the site, but should not be interpreted as actual count of fauna at the site. Numbers presented 

are for native fauna only, feral fauna and cattle track and scat observations are excluded. 
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F. Examples of Bat Calls from Acoustic Analysis 

 

Figure 15 Nyctophilus species (Long-eared bat). This genus is difficult to record acoustically, and cannot be easily identified from recordings 
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Figure 16 Chalinolobus nigrogiseus or Scotorepens greyii (Hoary wattled bat / Little broad-nosed bat). These two species cannot be accurately separated based on echolocation  characteristics 
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Figure 17 Taphozous georgianus (Common sheath-tailed bat) 
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Figure 18 Mormopterus (Ozimops) lumsdenae (Northern Free-tailed Bat) 
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Figure 19 Saccolaimus flaviventris (Yellow-bellied sheath-tailed bat) 
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Figure 20 Chaerophon jobensis or Austronomus australis (Greater Northern Free-tailed Bat/ White-striped Free-tailed Bat). Most likely to be C. jobensis based on known range for both species.  
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 Soil Quality 2012 Baseline Data 
 

Parameter 16 Units 

Asgard 1 drill site 

30 cm below 
Asgard 1 sump site 

30 cm below 

30/07/2012 30/07/2012 

Moisture % 0.65 2.0 

pH 1:5 soil:water pH units 6.8 7.0 

Electrical Conductivity Soil µS/cm 12 10 

Volatile TRH and BTEX in Soil 

vTRH C6 – C9 

mg/kg 

<25 <25 

Benzene <0.2 <0.2 

Toluene <0.5 <0.5 

Ehtylbenzene <1.0 <1.0 

m+p-xylene <2.0 <2.0 

o-xylene <1.0 <1.0 

Surrogate aaa-Trifluorotoluene % 85 76 

Soluble TRH in Soil (C10 – C36) 

TRH C10 – C14 

mg/kg 

<50 <50 

TRH C15 – C28 <100 <100 

TRH C29 – C36 <100 <100 

Surrogate o-Terphenyl % 94 98 

Polycyclic aromatic hydrocarbons in soil 

Naphthalene 

mg/kg 

<0.1 <0.1 

Acenaphthylene <0.1 <0.1 

Acenaphthene <0.1 <0.1 

Fluorene <0.1 <0.1 

Phenanthrene <0.1 <0.1 

Anthracene <0.1 <0.1 

Fluoranthene <0.1 <0.1 

Pyrene <0.1 <0.1 

Benzo(a)anthracene <0.1 <0.1 

Chrysene <0.1 <0.1 

Benzo(b+k+)fluoranthene <0.2 <0.2 

Benzo(a)pyrene <0.05 <0.05 

Indeno(1,2,3-c,d)pyrene <0.1 <0.1 

Dibenzo(a,h)anthracene <0.1 <0.1 

Benzo(g,h,i)pyrene <0.1 <0.1 

 

16 Soil samples analysed at a NATA accredited laboratory. 
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Parameter 16 Units 

Asgard 1 drill site 

30 cm below 
Asgard 1 sump site 

30 cm below 

30/07/2012 30/07/2012 

p-Terphenyl-D14 % 94 98 

Acid-extractable metals in soil 

Arsenic 

mg/kg 

2 4 

Cadmium <1 <1 

Chromium 27 32 

Copper 4 6 

Lead 4 6 

Mercury <0.1 <0.1 

Nickel 4 6 

Zinc 2 3 

Metals in ASLP (reagent water) 

pH of final Leachate pH units 7.35 7.68 

Arsenic in ASLP 

mg/L 

<0.05 <0.05 

Cadmium in ASLP <0.01 <0.01 

Chromium in ASLP 0.02 0.02 

Copper in ASLP <0.01 <0.01 

Lead in ASLP <0.03 <0.03 

Mercury in ASLP <5 x 10-5 <5 x 10-5 

Nickel in ASLP <0.02 <0.02 

Zinc in ASLP <0.02 <0.02 
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 Soil Quality 2016 Monitoring 
 

Parameter  Units 

Ecological / Health 
Investigation Levels for 

soils (mg/kg) (DEC 2010) 

Valhalla North 1 soil 
sample Valhalla 1 soil sample 

28/01/2016 
20/04/2016 17 

25/02/2016 

Moisture %w/w - 8.5 8.0 

pH pH Units - 7.8 8.1 

Conductivity of extract (1:5 as received) µS/cm - 300 3100 

Bicarbonate Alkalinity as HCO3 in Soil 18 

mg/kg 

- <25 200 

Carbonate Alkalinity as CO3 in Soil18 - <5 <5 

Hydroxide Alkalinity as OH in Soil18 - <25 <25 

Total Alkalinity as CaCO3 in Soil18 - 18 160 

Total Dissolved Solids Dried at 180°C18 - 2900 8300 

Chloride (water extractable 1:5)18 - 390 4400 

Sulphate (water extractable)18 - 94 570 

Water Soluble Fluoride - 3.2 2.4 

Total Kjeldahl Nitrogen18 - 190 200 

Total Nitrogen18 - 190 270 

Water Soluble Nitrate Nitrogen, NO₃ as 
N 18 

- 1.9 70 

Water Soluble Nitrate/Nitrite Nitrogen, 
NOx as N 18 

- 2.1 70 

Water Soluble Nitrite Nitrogen, NO₂ as 
N 18 

- 0.17 0.075 

Water Soluble Nitrate as NO3 
18 - 8 310 

Water Soluble Nitrite, NO₂ 18 - <3 <3 

Water Soluble Ammonia Nitrogen, NH₃ 
as N 18 

- <0.1 0.8 

Water Soluble Ammonia Nitrogen, NH₃ 
as NH₃ 18 

- 0.1 1.0 

Reactive Silica, Si 18 - 8.9 5.7 

Reactive Silica, SiO₂ 18 mg/L - 19 12 

Calcium, Ca 

mg/kg 

- 600 1900 

Magnesium, Mg - 340 610 

Sodium. Na - 560 2400 

Potassium, K - 770 1100 

Aluminium, Al - 6800 6500 

Arsenic, As 20 / 100 7 7 

 

17 Soil samples were collected on two dates as hydrocarbons were not included in the initial analysis of soil samples on 28/01/2016. 
18 NATA accreditation does not cover the performance of this service. 
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Parameter  Units 

Ecological / Health 
Investigation Levels for 

soils (mg/kg) (DEC 2010) 

Valhalla North 1 soil 
sample Valhalla 1 soil sample 

28/01/2016 
20/04/2016 17 

25/02/2016 

Barium, Ba 300 / 15,000 170 1300 

Boron, B - / 3,000  <5 <5 

Cadmium, Cd 3 / 20 0.6 0.6 

Chromium, Cr 
Cr III: 400 / 120,000 

Cr VI: 1 / 100 
66 50 

Copper, Cu 100 / 1,000 15 28 

Lead, Pb 600 / 300 45 43 

Manganese, Mn 500 / 1,500 760 990 

Nickel, Ni 60 / 600 20 25 

Selenium, Se - <3 <3 

Zinc, Zn 200 / 7,000 8 15 

Phosphorous, P 2,000 / - 32 43 

Silver, Ag 18 - <1 <1 

Iron, Fe - 62000 56000 

Strontium, Sr - 7.0 47 

Mercury 1 / 15 <0.05 <0.05 
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1. INTRODUCTION

Buru Energy (Buru) is planning the drilling of an additional exploration well at Valhalla

Central, located between the Valhalla and Asgard wells in the Canning Basin. Water will

be needed for drilling and well construction, hydraulic fracturing, and the operation of

camp sites. Approximately 10,000 kL, and possibly up to 34,000 kL of water are required.

Buru’s existing prospects are in the Fitzroy Trough of the northern Canning Basin. They

include Yulleroo, about 80 km east of Broome; Ungani, about 100 km east of Broome and

90 km south-west of Derby; Blina, 105 km east-south-east of Derby; Sundown 26 km

north-west of Blina; and Paradise, Valhalla and Asgard, 150 km south-east of Derby

(Fig. 1).

Rockwater was engaged to prepare this assessment of the hydrogeology of the Paradise–

Valhalla–Asgard area, which includes Valhalla Central; and the results of monitoring

during fracturing of reservoirs at Valhalla North and Asgard. It is an update of a report that

has been prepared since 2013, and will be progressively updated as new projects are

planned and additional data are collected.

Technical terms used in this report are described in Appendix I.

1.1 CLIMATE

The area has a tropical climate with hot wet summers and warm dry winters. Average

rainfalls at Roebuck Plains (BoM Stn. 003023, 1902 to 2010), located 47 km west-south-

west of Yulleroo 1; and at Ellendale (BoM Stn. 003008, 1919 to 2013) located 16 km north

of Valhalla 1; are given in Table 1.

Table 1: Average Rainfalls (mm) at Roebuck Plains and Ellendale

The monthly averages at both sites are remarkably similar, and indicate that about 85 % of

the rain falls from December to March. Annual rainfalls do, however vary considerably,

and at Ellendale have ranged from 212 mm to 1,409 mm.

Average dam evaporation at Camballin (Luke, Burke and O’Brien, 1988), located about

63 km west of Valhalla 1, is given in Table 2. It exceeds average rainfall in all months and

average annual rainfall by a factor of four.

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

Roebuck Plains 186.2 162.9 105.3 29.9 17.0 17.5 4.2 1.7 1.8 2.7 14.4 88.1 637.7

Ellendale 170.6 155.7 106.1 16.7 12.0 5.5 4.8 0.7 2.0 9.3 26.7 91.6 614.8
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Table 2: Average Dam Evaporation (mm) at Camballin

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

229 184 189 203 184 168 187 214 262 281 291 287 2,679

Figure 1: Wellfield Locations

2. HYDROGEOLOGICAL SETTING, CANNING BASIN

The Canning Basin is the second largest groundwater resource (by volume) in Australia

(after the Great Artesian Basin) but there have been few studies carried out of the regional

hydrogeology. Estimates of sustainable yield from the basin are about 615,000 ML/yr

(WRC, 2001) and 827,000 ML/yr (ANRA, 2010). Of that, only 33,134 ML/a (less than

four percent) were being consumed:
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827,000
96,1%

33,134
3,9% Annual Usage and

Sustainable Yield (ML/a)

The sustainable yield is similar to that of the Lower Limestone Coast in South Australia

(756,250 ML/yr) (NWC, 2005). As a comparison, the baseline groundwater allocation for

the Integrated Water Supply Scheme that supplies water to Perth and some regional areas

is 145,000 ML/yr; and the Water Corporation had planned to supplement the water supply

with 45,000 ML/yr from the South-West Yarragadee in the southern Perth Basin where

annual recharge was estimated to be about 350,000 ML/yr.

The geology of the basin has been well defined and described in publications such as

Veevers and Wells (1961), Towner and Gibson (1983), and Middleton (1990).

Most of the demand for groundwater from the basin has been near Broome and Derby; and

recently the western part of the basin has been investigated as a major source of water for

Port Hedland.

Laws (1991a) prepared a hydrogeological map and explanatory notes for the Broome

1:250,000 sheet, and Smith (1992) completed the hydrogeological map and explanatory

notes for the adjoining Derby 1:250,000 sheet. Laws (1991b) also presented a report on the

groundwater resources of the wider basin at an international groundwater conference in

Perth.

Ghassemi, Ferguson and Etminan (1991) used oil well data to describe the hydrogeology

of deep (Permian and older) aquifers of the basin.

Harrington et al. (2011) investigated groundwater/surface water interactions in the Fitzroy

River south and south-east of the Paradise – Valhalla area.
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Searle (2012) produced a groundwater resource review for the Dampier Peninsula – the

first regional review of the groundwater resources in part of the basin. Groundwater use on

the Peninsula is concentrated on the Broome aquifer, with only minor development of the

Superficial, Wallal and Liveringa aquifers. The Grant aquifer is undeveloped.

The DoW (2012) produced a West Canning Basin groundwater allocation limit report

giving information on the hydrogeology of the area to be developed for the Port Hedland

water supply.

The Buru wellfields lie within the Fitzroy Trough (Fig. 1), a major subdivision of the

Canning Basin. The trough (Reeves, 1951) is a north-west trending graben bounded on its

north-eastern side by the Beagle Bay Fault and on its south-western side by the Fenton

Fault system. It is generally about 110 km wide and contains 10,000 m or more of

Ordovician to Cretaceous sediments (mostly Devonian to Permian), with common folding

and faulting of the Triassic and older rocks sub-parallel to the alignment of the trough.

The wellfields are remote from the Broome Public Drinking Water Source Area (PDWSA)

shown in Fig. 1. There is another very small PDWSA at Camballin, 37 km west of

Paradise 1, and several small circular PDWSA’s south-east of Derby around individual

production bores.

3. PARADISE-VALHALLA-ASGARD AREA

3.1 GEOLOGICAL SETTING

The hydrocarbon targets in this area are in the Laurel Formation, which is overlain by the

Anderson and Reeves Formations of Carboniferous age; and the Grant Formation, Poole

Sandstone, and Noonkanbah and Liveringa Formations of Carboniferous to Permian age.

The formation boundaries of the Permian to Carboniferous sediments are at relatively

consistent elevations, indicating only minor folding and faulting. The stratigraphy is

summarised in Table 3.

Table 3: Stratigraphy and Aquifers in Paradise-Valhalla-Asgard Area

A geological section through the area is shown in Figure 2.

Formation Dominant Lithology Classification TDS (mg/L)

Paradise 1 Valhalla 1 Valhalla Central Asgard 1

Ground Level: 63.9 110 130

Liveringa Siltstone/shale/sandstone Minor aquifer, Aquitard NA -84 -171 500 to 12,400

Noonkanbah Shale Aquiclude -321 -441 -579 550 to 800

Poole Sandstone Sandstone and Shale Aquifer or Aquitard -412 -524 -695 300

Grant Sandstone Aquifer -1211 -1332 -1240 800-1000*

Reeves Sandstone Aquifer -1309 -1588 -1606

Anderson sandstone, siltstone, shale Minor aquifer, Aquitard -1898 -1858 -1790 70,000 to 100,000?

Laurel
Limestone, shale, siltstone

& sandstone
Minor aquifer, Aquitard -3330? <-3350 <-3,400 70,000 to 100,000?

* Estimate from Resistivity Logs

Base Elevation (m AHD)



Buru Energy Ltd
Hydrogeological Assessment, Paradise-Valhalla-Asgard Area Page 5



Rockwater Pty Ltd
416.0/16/04b

Figure 2: Geological Section, Paradise-Valhalla-Asgard Area
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3.2 HYDROGEOLOGY

The main aquifers are the Poole Sandstone and Grant Formation (Table 3). The Reeves

Formation is also an aquifer that is generally considered as part of the Grant aquifer.

The Poole Sandstone is generally an aquifer, although the geophysical logs for Paradise 1,

Valhalla North 1, and Asgard 1 indicate there is interbedded shale and sandstone in the

formation in those wells, whereas sandstone dominates the Poole Sandstone in Valhalla 1.

The Poole Sandstone is mainly fine grained with some medium to coarse sandstone

towards the base.

The Grant Formation is much thicker than the Poole Sandstone and so a more substantial

aquifer. It consists of three units (youngest to oldest): fine, and medium to coarse

sandstone of the Carolyn unit; siltstone of the Winifred unit; and fine to coarse sandstone

of the Betty unit (Ghassemi et al., 1991). The yield of the one WIR bore screened in the

Grant Formation (Palm Spring No.1) was reported to be 655 kL/d. There are higher yields

from the Formation of up to 2,400 kL/d at Ellendale. The Grant Formation forms a

substantial aquifer – bore yields commonly depend on the quantity of water required and

the thickness of sandstone screened. The aquifer is described in more detail in Section 4,

below.

The Anderson and Laurel Formations are considered to be aquitards. The sandstone and

limestone of these formations generally have low permeability but can be minor aquifers.

The Liveringa Formation forms a minor aquifer, as fine-grained sediments (siltstone and

shale) dominate, and sandstone beds are less common. Bore yields given in the WIR

database are generally low, and those recorded for the Liveringa and Noonkanbah

Formations are all less than 100 kL/d. Drillers logs for the water bores at Valhalla,

Valhalla North and Asgard 1 sites indicate the bores are screened in shale and/or siltstone

with minor sandstone of the Liveringa Formation, and generally yield about 100 kL/d

(maximum 200 kL/d in one bore at Asgard 1).

There are also some bores screened in the Noonkanbah Formation, which consists mainly

of fine-grained sediments but does have some limestone and fine to medium grained

sandstone interbeds. Those bores (in the Noonkanbah Formation) are mostly near and to

the north of the Valhalla and Valhalla North wells. Two bores near Paradise 1 are reported

to be in the Poole Sandstone, as are several others east of Mount Hardman. Some bores in

the Asgard area, south-east of Valhalla are screened in the Blina Shale and others in the

underlying Liveringa Formation.
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3.2.1 Groundwater Levels

Groundwater levels measured in bores by Buru environmental staff, and in bores recorded

in the WIR database (reduced to m AHD using approximate elevations given by Elevation

Finder) have been used to construct the water level contour plan shown in Figure 3. They

indicate that there is a westerly groundwater flow with some groundwater discharge to the

Fitzroy River.

Recorded water table depths are 30 m (Valhalla North) and 36 m (Valhalla 1), and are

likely to be similar at Valhalla Central.

Figure 3: Groundwater Levels (m AHD) Valhalla Area, Oct. 2012



Buru Energy Ltd
Hydrogeological Assessment, Paradise-Valhalla-Asgard Area Page 8



Rockwater Pty Ltd
416.0/16/04b

3.2.2 Aquifer Parameters

Core data analysed and presented by Buru Energy indicate that permeabilities and

porosities of all potential hydrocarbon reservoirs are highly variable, but in general:

• Most Grant Formation permeabilities range from 100 to 5000 milli-Darcys (mD)

(0.08 to 4 m/d) and porosities 15 to 25 percent. Some higher permeabilities (8 to 20 m/d)

have been measured by test-pumping at Ellendale where the formation crops out.

• Anderson Formation permeabilities range from 10 to 500 mD (0.008 to 0.4 m/d)

and porosities 10 to 20 percent; and

• Laurel Formation permeabilities are mostly less than 1 mD (0.0008 m/d) and

porosities less than 10 percent.

Ghassemi et al. (1991) also analysed data from cores and gave a permeability of 0.075 m/d

and porosity 14 percent for the Poole Sandstone; and permeability of 0.10 m/d and porosity

11 percent for the Grant Formation.

There are no data for the minor aquifers/aquitards/aquicludes – the Blina Shale, and the

Liveringa and Noonkanbah Formations.

3.2.3 Recharge, Flow Directions and Discharge

Groundwater in the shallow formations is recharged by the infiltration of rainfall. Recharge

rates are probably low due to the predominance of fine-grained sediments near ground

surface.

Groundwater in the surficial Blina Shale, and Liveringa and Noonkanbah Formations will

be recharged from local infiltration of rainfall where they outcrop, or by downward

movement from one formation to the other where they are layered. The infiltration will be

retarded by clay, shale and siltstone layers, both above and below the water table. The

water table depth ranges from 7 m at Paradise 1 water bore to 30 m at Valhalla 1 and

Valhalla North water bores. Water is likely to take between 70 and 300 days to travel from

the ground surface to the water table.

Outcrop and potential recharge areas for the Poole Sandstone and Grant Formation are

generally small, such as in the Saint George Ranges to the south. Much of the recharge is

probably by downward leakage from overlying formations and rainfall runoff from the

Devonian Limestone of the Oscar Range to the east.

The water level contours (Fig. 3) indicate that groundwater in the Liveringa and

Noonkanbah Formations generally flows westwards, and this is also expected to be the
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case for the deeper aquifers. There are also indications from the shape of contours which

tend to be parallel to the Fitzroy River, that there is a southerly component to the flow with

some flow towards, and discharge to the Fitzroy River from the shallow formations.

Harrington et al. (2011) found there was a strong connection between groundwater and the

Fitzroy River south and south-east of the Valhalla area, with a calculated groundwater

discharge of 102 ML/d over a 100 km reach of the river.

Assuming a hydraulic conductivity of 1 m/d for permeable beds within the Liveringa and

Noonkanbah Formations, a specific yield of 0.1 and hydraulic gradients of about 0.00185

at Paradise 1 and 0.00058 at Valhalla 1; groundwater would take about 465 years to reach

the closest receptor, Robbins Bore 3.14 km to the west, and about 3,600 years to move

from Paradise 1 to the river. Similarly, the groundwater would take about 105 years to

move from Valhalla 1 to Halfway Bore, 224 m to the south-west, and 16,000 years to

move from Valhalla 1 to the river. The current status of those two station bores is not

known.

Detail of groundwater-level contours near Valhalla Central and the direction of

groundwater flow are shown in Fig. 4.

Figure 4: Groundwater Level Contours (m AHD) Near Valhalla Central
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With a hydraulic gradient of about 0.0017 at Valhalla Central; groundwater would take at

least 4,500 years to reach any waterhole in Hardman Creek, and about 7,300 years to move

from Valhalla Central to the Fitzroy River.

Flow in the deeper formations probably continues to the west beneath the river. The flow

velocities will be very low due to the low permeabilities – at least 150 times lower than in

the shallow formations.

3.2.4 Water Quality

Salinities, where recorded in the WIR database and by Buru Energy, are generally less than

1,000 mg/L TDS in the Liveringa Formation, but range from 500 to 12,400 mg/L TDS.

Salinities for Buru water bores in the Liveringa Formation range from 450 to 1,600 mg/L

TDS. Those for bores screened in the Noonkanbah Formation generally range from 550 to

800 mg/L TDS, but are up to 2,300 mg/L TDS. The three salinities available for the Poole

Sandstone range from 200 to 325 mg/L TDS. The one bore recorded that is screened in the

Grant Formation had a salinity of 860 mg/L TDS.

Crowe and Towner (1981) reported salinity measurements made in 138 station bores and

wells during mapping of the Noonkanbah geological sheet, and related them to the

formations screened. Those for bores/wells on stations in the Paradise-Valhalla-Asgard

area had the following salinity ranges recorded:

 Blina Shale; 10,000 to >15,000 mg/L TDS;

 Liveringa (Hardman) Formation; 220 to 3,900 mg/L TDS (average 1,600);

 Noonkanbah Formation; 340 to 7,000 mg/L TDS (average 2,500);

 Poole Sandstone; 200 to 900 mg/L TDS (average 420); and

 Grant Formation; 200 mg/L TDS (one bore).

Water samples have been taken from 10 bores in the Valhalla-Paradise-Asgard area on a

number of occasions as part of baseline water quality sampling by Buru, and analysed by

ChemCentre or SGS for a wide range of parameters. The results are included on the Buru

website: http://www.buruenergy.com/2015-tight-gas-pilot-exploration-program/

The water samples were generally brackish to saline, with salinities ranging from 560

mg/L TDS (Homestead 1) to 22,000 mg/L TDS (Crossland Bore). With the elevated

salinities, most samples exceeded Australian drinking water guidelines for salinity,

sodium, chloride, sulphate and hardness. Also, boron, iron and manganese guideline values

were exceeded in many of the samples.
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The elevated sulphate concentrations (96 to 752 mg/L) were similar to the chloride levels,

which is unusual.

Field measurements of physico-chemical parameters are also being made on 10 bores in

the area to provide background data. These results are also given in the Buru website.

3.3 IMPACT OF SITE ACTIVITIES, VALHALLA CENTRAL

Bores recorded in the WIR database within about 10 km of the Valhalla Central site are

shown in Fig. 5. There are few details for these bores, but most appear to be coal

exploration holes/bores that extended through the Liveringa Formation into the underlying

Noonkanbah Formation and have probably been abandoned. Most or all of the station

bores have also been abandoned, including Boundary Bore, the closest to the Valhalla

Central site.

Figure 5: WIR Bores near Valhalla Central

It is very unlikely that there are any operating bores or wells that could be impacted by

operations at the Valhalla Central site.

3.3.1 Groundwater Level Changes

A small quantity of groundwater is likely to be needed for camp construction and

exploration well drilling in this area. This water might be available from the Liveringa
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Formation, which can include minor aquifers, although the formation is quite thin at

Valhalla Central.

Low hydraulic conductivity could result in relatively high water-level drawdown in the

pumped bore, but measurable drawdowns would not be transmitted more than a few

hundred metres from the bore, and groundwater levels would recover quickly once the

pumping ceased.

This has been shown by close monitoring at the Valhalla North and Asgard sites, where

extraction from bores with screened intervals at least 100 m deep in the Liveringa

Formation had little or no impact on groundwater levels in nearby monitoring bores

screened at shallow depths in the formation. For example at Valhalla North (Rockwater,

2016) pumping of the production bore caused small, short-term drawdowns of up to 0.07 m

to 0.08 m in monitoring bores located only 27 m to 55 m away. For most of the period of

extraction, no drawdowns were detected.

3.3.2 Water Quality Changes

Chloride concentrations were also closely monitored in bores at the Valhalla North and

Paradise sites before, during and after hydraulic fracturing (HF) operations were

conducted. That ion was selected as a key indicator, as concentrations in the HF fluid and

in the flow-back water were several orders of magnitude higher than in the shallow

groundwater. There were no indications from the monitoring (Figs. 6 and 7) of any impact

from operations at the sites on groundwater quality. The dashed line in the figures (which

were produced by Buru) represents the start of the HF operations.

Figure 6: Chloride Concentrations at Asgard 1 Well Site
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Figure 7: Chloride Concentrations at Valhalla North 1 Well Site

Similarly, it is considered very unlikely that the planned operations at Valhalla Central will

have any impact on groundwater quality.

3.3.3 Numerical Modelling to Predict Impacts, Valhalla Central

A simple numerical groundwater model was constructed to predict potential groundwater-

level drawdowns around a production bore at the planned Valhalla Central site. It consists

of a rectangular grid of 57 rows, 57 columns and two layers covering an area of 5 km by

5 km centred on a production bore. Layer 1 extends to 50 m depth, and Layer 2 to 170 m

depth. Model cell sizes range from 25 m by 25 m near the production bore, to 100 m by

100 m in peripheral areas. It utilises Processing Modflow Pro version 8.0.45, which

incorporates MODFLOW, groundwater modelling software designed by the US Geological

Survey (McDonald and Harbaugh, 1988).

The model was set up initially with parameters that are typical of a minor aquifer such as

the Liveringa Formation, and then parameters were adjusted to calibrate the model to

drawdowns observed in the two (relatively) deep monitoring bores at Valhalla North from

3 July to 8 July 2015, after which groundwater levels recovered rapidly to pre-pumping

levels.

Water meter readings indicate that a total of 1,955 kL were pumped to 26 July – if all that

was pumped over the five day period that would be an average of 390 kL/d, and that rate

was simulated in the model. Drawdowns increased to 0.08 m in bore VNB1D located 55 m
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west of the production bore, and to 0.07 m in VNB4D, 27 m east of the bore. The

production bore was modelled in Layer 2, and the monitoring bores in Layer 1.

A close correspondence (within 0.01 m) was achieved between measured and model-

calculated drawdowns with the parameters given in Table 4.

Table 4: Parameters Adopted in Model Calibration

The model was then run to predict groundwater-level drawdowns arising from pumping a

bore over a six-month period (as at Valhalla North) at the average rate required to produce

the total allocation for Valhalla North (33,400 kL), i.e. 183 kL/d. The calculated

drawdowns after six months of extraction are shown for each model layer in Fig. 8.

Figure 8: Model-Calculated Drawdowns (m) after Six Months of Pumping 183 kL/d

They indicate that drawdowns of 1 m or more could extend up to 410 m from a production

bore at the (deep) level of the screens in the production bore, but that there would be

smaller drawdowns in the top 50 m of the Formation: 1.2 m close to the bore decreasing to

1 m at a distance of about 56 m from the bore, and 0.1 m at 690 m distance. Although the

Parameter: Unit Layer 1 Layer 2

Horiz. Hydraulic Conductivity m/d 0.05 0.12

Vert. Hydraulic Conductivity m/d 0.005 0.01

Specific Yield v/v 0.05 NA

Storage Coefficient v/v NA 0.0003
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modelling is based on assumed parameters and the results are not unique, the calculated

drawdowns are consistent with monitoring at Valhalla North and Asgard, where

drawdowns at shallow depths (albeit with lower pumping rates) have been very small, and

difficult to distinguish from normal seasonal fluctuations of about 0.2 to 1 m (depending

on the frequency and magnitude of recharge events).

Sensitivity Analysis

As a sensitivity analysis, the modelling was repeated for pumping over six months to

produce a volume of 10,000 kL (the quantity used in the last exploration programme); and

for 100,000 kL, the likely volume that would be needed for a commercial field. The results

are summarised with those for the licensed allocation (given above), in Table 5.

Table 5: Results of Sensitivity Analysis

Even with pumping for the maximum volume, groundwater levels would be expected to

recover to within 0.2 m of the static water level within hours of the cessation of pumping,

and to fully recover within weeks.

3.3.4 Potential for Impacting Stygofauna and Troglofauna

Likelihood of Occurrence, Valhalla Central

A brief desktop study was undertaken to assess the potential risk to stygofauna and

troglofauna at the Valhalla Central project. As part of the desktop study, various literature

and data were reviewed, including previous subterranean fauna studies in the region,

WA Museum data, available hydrogeological reports, and project-specific data supplied by

Buru.

The Liveringa Formation forms the upper-most aquifer in the Project area and consists of

mainly fine-grained sediments (siltstone and shale) with more-permeable sandstone beds

being less common. The shallow shale and siltstone sediments of the formation provide a

potential habitat for stygofauna, although bore yields in the area suggest that permeability

is low, and so it is less likely that stygofauna will be present.

Groundwater salinity is within a range that stygofauna are known to occur, with salinities

of local bores ranging from 450 to 1,600 mg/L TDS.

Model Scenario

(Water Vol., kL) Layer 1 Layer 2 Layer 1 Layer 2

10,000 0.35 2.8 N/A 106

33,400 1.2 9.5 56 410

100,000 3.5 28 340 780

Distance from Bore of 1 m Drawdown (m)Max. Drawdown at Bore (m)
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Groundwater extraction is seen to be the principal activity that could potentially affect

stygofauna at Valhalla Central. Any drawdown of groundwater level in surficial aquifers

could reduce the habitat available for stygofauna. Indirect impacts such as groundwater

contamination, changes to hydrology, and nutrient balances also have the potential to affect

subterranean habitats.

The absence of caves or significant voids in the fine-grained sediments at Valhalla Central

indicates that there is unlikely to be suitable habitat for troglofauna. Given the nature of

disturbance of the Valhalla Central exploration proposal, there is unlikely to be a direct

impact to any troglofauna habitat (if present).

Recorded Occurrence Elsewhere

Stygofauna

There are few published studies of stygofauna in the Kimberley and only one record of

stygofauna sampling within 50 km of Valhalla. The results of published studies in the

region are summarised below.

Nine species of stygofauna have been identified within rocks at the Ellendale Diamond

Mine (Ellendale), 45 km north-east of Valhalla (Rockwater, 2015). At Ellendale, the

diamond-bearing ore consists of olivine lamproite with tuffaceous margins. Groundwater

occurs in shallow aquifers comprising weathered, calcified or calcretised lamproite; and in

deep aquifers of tuffaceous sandstone and fractured lamproite, particularly along

geological contacts. The stygofauna community at Ellendale included five species of

copepod, three species of ostracod and an isopod. After consultation with DER, a

stygofauna monitoring plan was adopted for the project and annual samples were taken

from a number of reference sites to assess the long-term impacts of mining and dewatering.

Ongoing sampling confirmed that the project was unlikely to have a negative impact on the

local community, and the species collected were unlikely to be restricted.

A comprehensive stygofauna sampling programme was undertaken to assess the

stygofauna values of the Browse LNG Development on the Dampier Peninsula, 60 km

north of Broome (Rockwater 2012). The survey targeted shallow sandstone within the

unconfined Broome aquifer. The Broome aquifer typically consists of unconsolidated

coarse-grained sandstone and conglomerate with minor lenses of siltstone and claystone,

and thin coal seams (Laws 1991a). The survey recorded 18 stygofauna species in total,

although only nine occurred within the impact area of the Browse LNG Precinct. This

represented a relatively rich stygofauna community and the first such community reported

on the Dampier Peninsula. Regional sampling demonstrated that five of the nine species

collected in the Precinct also occur at several regional locations, up to 75 km from the
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Precinct. Regional stygofauna communities were identified at Barred Creek, Coconut

Well, Broome townsite, Nita Downs Station, Beagle Bay and Kilto Station.

Two potential stygofauna species were collected at Nicolson’s Find, a gold deposit

approximately 280 km south-east of Valhalla. A widespread tubificid worm (Pristina

longiseta) and a potential new species of Strandesia (Ostracoda) were collected from

mineral exploration holes, drilled into metasediment (Rockwater, 2012b). Other taxa

within the genus Strandesia are often found in surface water and it was considered unlikely

that the Nicolson’s Find species would be confined to the project area. It was determined

that the stygofauna species recorded within the project area were stygophiles, having

opportunistically colonized the local aquifers via passive dispersal.

The alluvial aquifers of the Ord River Irrigation Area (ORIA) are known to contain unique

stygofauna communities in the north-east Kimberley. Humphreys (1999) and Ecowise

(2005) identified stygofauna in areas of the Stage 2 (M2) ORIA development,

approximately 500 km north-east of Valhalla. The studies identified syncarids, copepods,

ostracods, oligochaetes and oribatid mites from alluvial sediments within the ORIA.

Stygofauna sampling for the Argyle Diamond Mine in the north-east Kimberley identified

at least 15 species of stygofauna (EPA 2005). Cho, Park and Humphreys (2005) described

six species of Parabathynellidae from the Kimberley region, including taxa recorded at

Argyle and from the ORIA.

Sampling at Sorby Hills (550 km north-east of Valhalla) yielded ten species from six

orders or higher level groups (Bennelongia, 2012). These included nematodes, an

oligochate worm (order Tubificida) and four orders of crustacean – (Ostracoda, Copepoda,

Syncarida and Isopoda). Sampling targeted river flood plains, as well as low sandstone

hills and eroded limestone reefs.

Troglofauna

There are very few published records or results of troglofauna sampling in the Kimberley

region. The Western Australian Museum lists records of troglofauna in the Kimberley,

primarily from cave complexes. Three species of spider (Myrmopopaea ‘lipposa’,

Wandella pallida and Opopaea phineus) were collected from caves in the Ningbing

Ranges north of Kununurra, with nearby caves recording pseudoscorpions (Indohya

gollum, Lagynochthonius sp.), diplurans (Cocytocampa humphreysi) and cockroaches

(Nocticola brooksi). Caves within the Oscar Ranges also recorded troglobitic

pseudoscorpions (Cheiridium sp.nov) and schizomids (Bamazomus hunti). Napier Range

caves recorded similar faunal groups, with pseudoscorpions (Indohya napierensis) and

schizomids (Apozomus eberhardi). Two of the described schizomids (Apozomus eberhardi

and Bamazomus hunti) have been categorised as troglobitic, although the specimens
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possess eye spots and it is likely that they are troglophiles, inhabiting sheltered

environments within the gorges (Harvey, 2001).

Museum records also list troglobitic pseudoscorpions at the Argyle Diamond Mine in the

north-east Kimberley. Indohya ‘sp.Argyle Mine’ was collected from one site during a 2005

sampling programme.

An extensive sampling programme was undertaken for the Brown Range Project, near the

WA–NT boarder (Outback Ecology, 2014). Sampling targeted the widesread and

contiguous regolith, and weathered fractured rock. Over 160 samples were collected over

five sampling rounds, yielding only two troglobitic species. Both species were also

collected outside the project area and it was concluded that because of the continuity and

extent of the subsurface habitiat, any species present were unlikely to be restricted.

A desktop assessment at Nicolson’s Find, located approximately 280 km south-east of

Valhalla, focused on strongly weathered oxidised metasediment (Rockwater, 2012b). The

assessment concluded that the geological units within the project area and in the immediate

area surrounding the deposits did not provide suitable subterranean habitat for troglofauna.

None of the listed studies represent sampling in comparable habitats to those at Valhalla

Central.

Concluding Comments

Based on results of previous sampling, it appears that sandstone aquifers of the Kimberley

contain moderately diverse stygofauna communities with very few stygofauna species

restricted at small (project level) scales. The range of groundwater salinities recorded at

Valhalla are within the tolerance levels recorded for stygofauna, and the shale and siltstone

of the Liveringa Formation could potentially provide habitats for stygofauna. However, the

reported low yields from bores screened in this formation suggest that suitable voids within

sediments may be limited. The absence of more permeable sandstone lithologies

previously reported to support stygofauna communities in the Kimberley may indicate that

the potential for stygofauna is moderate to low. The regional extent of aquifers in the

project area and absence of any geological barriers that may prevent dispersal suggest that

any stygofauna community at Valhalla is unlikely have a restricted distribution.

Given the relatively small impact areas (drawdowns of at least one metre over a 400 m

radius) surrounding production bores, it is unlikely that the project will have a significant

impact on the stygofauna values of the area or that the disturbance of potential habitat at

Valhalla would result in a level of impact that would result in unacceptable risks to the

conservation status of any stygofauna community.
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Based on results of the risk assessment, it is likely that low intensity sampling in

accordance with relevant EPA guidelines would be appropriate for scenarios where

approximately 100,000 kL of groundwater may be extracted from a bore over a six-month

period. This would correspond to a commercial well pad which would likely be subject to

an EPA assessment under the Environmental Protection Act 1986, in which case

stygofauna may be considered as a relevant environmental factor.

Troglofauna records of the Kimberley are all associated either with cave complexes or

subterranean habitats within ranges and gorges that are vastly different to those at Valhalla

Central. The fine-grained sediments within the project area do not appear to provide

suitable habitat for troglofauna.

4. GRANT AQUIFER

4.1 BACKGROUND

The Betty unit of the Grant aquifer is likely to be the deepest aquifer that could potentially

be impacted by Buru’s activities. That unit and the shallower Carolyn unit form the Grant

aquifer. Buru is to conduct a risk assessment on the Grant aquifer, and so Rockwater was

requested to review the available hydrogeological data for the aquifer to provide baseline

information to be used in the risk assessment.

4.2 OCCURRENCE

The Grant Formation extends over most of the Canning Basin, including the Fitzroy

Trough, and in the northern Canning Basin comprises three units – the Carolyn, Winifred

and Betty (Ghassemi et al., 1991).

The depth and thickness of the Grant Formation generally increases from west to east

through the Buru wellfields, although the base elevation and thickness are less at the

eastern Asgard 1 bore (Table 6).

Table 6: Top and Base Elevations, Grant Formation, Buru Wells

Well
Ground Level Elevation of Grant Fm Thickness

(m AHD)
Top

(mAHD)
Base

(mAHD)
(m)

Yulleroo 4

Yulleroo 2 57 -376 -677 301

Ungani 1 78 -766 -1259 493

Paradise 1 64 -412 -1211 799

Valhalla North 109 -715 -1499 784

Valhalla 1 110 -524 -1332 808

Asgard 1 123 -695 -1246 551
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Also, the Formation outcrops between Ungani 1 and Paradise 1 on the eastern side of the

Fitzroy River in the Grant Range; and south-west of Ellendale it thickens from north-east

to south-west.

The main area of outcrop is near the northern edge of the Canning Basin, along a south-

easterly line extending from about 65 km east-north-east of Derby to south-east of Fitzroy

Crossing. This area is about 40 km north-east of Valhalla and 30 km north-east of Asgard.

The width of outcrop is up to 23 km.

The Grant Formation also outcrops 45 km south of Asgard in the Saint George Ranges.

Both the Saint George and Grant Ranges are eroded anticlines within the Fitzroy Trough.

The top of the formation is shallowest at Yulleroo 2 (433 m below ground level) and

deepest at Valhalla North (824 m below ground level). The base of the formation is also

deepest at Valhalla North (1,609 m below ground level); and the formation is thickest at

Valhalla 1 (808 m).

The Grant Formation, where saturated, is known as the Grant aquifer, which is one of the

major aquifers of the Canning Basin, producing substantial quantities of water at Fitzroy

Crossing and at the Ellendale diamond mine.

4.3 GEOLOGY

The Grant Formation is of Carboniferous to early Permian in age and unconformably

overlies the Reeves Formation at Ungani; and the Anderson Formation in the Yulleroo and

Valhalla –Paradise-Asgard areas. It is unconformably overlain by the Poole Sandstone at

Ungani and in the Valhalla-Paradise-Asgard area, and by the Wallal Sandstone at Yulleroo,

and so is in direct hydraulic connection with those aquifers.

The Formation is marine to lagoonal in origin and comprises massive fine to coarse

grained sandstone, with minor siltstone and shale.

The Grant Formation in the northern Canning Basin consists of three units (youngest to

oldest): fine to coarse grained sandstone with some conglomerate and shale of the Carolyn

unit; siltstone of the Winifred unit; and fine to coarse sandstone of the Betty unit

(Ghassemi et al., 1991, Smith, 1992). The youngest and oldest units are aquifers, and the

middle unit is an aquiclude or aquitard.
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4.4 HYDROGEOLOGY

4.4.1 Groundwater in Storage

Laws (1991b) estimated that the volume of groundwater stored in the Grant Formation in

the Canning Basin is about 35,000 x 109 m3 (35 million gigalitres (GL)). This compares

with a volume of 1.1 million GL of water stored in the Yarragadee aquifer south of

Bunbury in Western Australia (Water Corporation, 2005).

4.4.2 Aquifer Parameters

Ghassemi et al. (1991) analysed data from drill core and side-wall cores from petroleum

wells and gave a permeability of 0.10 m/d and porosity of 11 percent for the Grant

Formation. Core data analysed by Buru Energy indicate that Grant Formation

permeabilities average 0.43 m/d and porosity averages 18 percent.

Hydrogeological information on the Grant Formation is available from bores at the

Ellendale mine-site, 50 km north of Valhalla, where the Formation outcrops. There the

aquifer has a saturated thickness of 110 to 250 m or more, and hydraulic conductivities

range from 1.2 to 20 m/d and average about 8 m/d.

At Fitzroy Crossing sandstone of the aquifer is strongly cemented and generally of low

permeability – successful bores intersect fractures and joints (DoW, 2008). Elsewhere such

as at Ellendale, the permeability is mostly associated with primary porosity.

4.4.3 Recharge, Flow Directions and Discharge

The Grant aquifer is recharged directly by rainfall, and from flow in the Fitzroy River and

other creeks, in outcrop areas such as along the northern edge of the basin and in the Saint

George Ranges to the south. These areas are relatively small and so recharge volumes are

probably low. The relationship with the overlying Poole and Wallal Sandstones is not

known (Laws, 1991b) – there is likely to be recharge from them to the Grant aquifer in

some areas, and discharge from the aquifer to them in other areas. Runoff from the

Devonian limestone of the Oscar Range probably enhances the recharge in some areas such

as at Ellendale.

Groundwater in the Grant aquifer generally flows westward from the main outcrop areas

towards the coast in Roebuck Bay and King Sound, to discharge to the ocean off-shore.
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Based on groundwater depths given in DoW (2008) and levels shown on the Derby

Hydrogeological Sheet (Smith, 1992), heads in the aquifer fall from about 100 m AHD at

Fitzroy Crossing to 50 m AHD on the Grant Range and would be about 5 m AHD near the

coast.

4.4.4 Aquifer Development

The aquifer is poorly utilised at present but it has been developed in areas of outcrop or

subcrop including the Fitzroy Crossing town borefield, bores on Gogo Station, and the

borefield at the Ellendale diamond mine.

Potential bore yields for the aquifer in the Buru wellfield areas are not known, however

bore yields of 600 to 2,400 m3/d have been achieved at Ellendale, and up to 500 m3/d from

bores in the Fitzroy Crossing town water supply borefield (Lindsay and Commander,

2006). Palm Spring No. 1, located 30 km north-north-east of Valhalla 1 and not far from

the outcrop area, intersected the Grant Formation at 142 m depth, and had a reported yield

of 655 m3/d (WIR database).

Yields are likely to be lower where the aquifer is deep, as there could be fewer open

fractures and joints, and lower primary porosity.

4.4.5 Groundwater Quality

Groundwater salinity generally increases with distance from the recharge areas, and

probably with depth in the aquifer.

The groundwater at Ellendale has salinity of about 300 mg/L TDS, and salinities are

usually in the range 500 to 2,000 mg/L TDS elsewhere, i.e. fresh to brackish (Lindsay and

Commander, 2006). The low salinity at Ellendale is attributed to runoff from the Devonian

ranges nearby and consequent high rates of recharge. The water from the Fitzroy Crossing

borefield is also fresh, with salinity of about 250 mg/L TDS based on the electrical

conductivity values reported in DoW (2008).

In the Valhalla-Paradise area groundwater in the aquifer is likely to be fresh to brackish

with salinity in the range 800 to 2,300 mg/L TDS, and one possible salinity of about

14,000 mg/L TDS, all estimated from the resistivity logs.

At Ungani, groundwater in the Grant Formation is estimated to have a salinity of 6,600

mg/L TDS, also from the resistivity logs. North of the Ungani area, Smith (1992) reports

salinities for the basal Betty unit of 2,700 to 6,400 mg/L TDS, increasing up to 70,000

mg/L TDS on the Dampier Peninsula. The uppermost Carolyn unit and Poole Sandstone
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have salinities of 250 to 2,600 mg/L TDS north of Ungani near the outcrop area and up to

25,000 mg/L TDS on the Dampier Peninsula (Smith, 1992).

Groundwater salinity in the Yulleroo area is indicated from the resistivity and conductivity

logs to be about 14,000 mg/L TDS.

The concentrations of other water-quality parameters for the aquifer are not known, except

in the recharge areas at Ellendale and Fitzroy Crossing where the groundwater is fresh. For

example, water from the Fitzroy Crossing bores is circum-neutral with pH 6.8 to 7.1;

barium, boron, dieldrin, fluoride, nitrate, nitrite and uranium were all well within ADWG

values (NH&MRC, 2011); and aluminium, iron and manganese were also low although in

one sample iron just exceeded the aesthetic guideline value with a concentration of 0.34

mg/L (DoW, 2008).

Dated: 28 September 2016 Rockwater Pty Ltd

P H Wharton
Principal
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APPENDIX I

DEFINITIONS OF TECHNICAL TERMS USED
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Term Meaning

AHD Australian Height Datum

Anticline A structural fold that is convex upward

Aquiclude Rock units of very low permeability that form barriers to fluid flow.

Aquifer A geological formation able to receive, store and transmit significant quantities of
water

Aquitard A saturated unit of low hydraulic conductivity that can store and slowly transmit
groundwater either upward or downward depending on the vertical hydraulic
gradient

Brackish Water Water containing between 1,000 and 3,000 mg/L of total dissolved solids, tasting
slightly salty

Confining Layer A bed of significantly lower hydraulic conductivity which retards the vertical
movement of water

Discharge The release or extraction of water from an aquifer. Typical mechanisms of natural
discharge are evapotranspiration by phreatophytes, springs, and drainage to
surface water bodies

DST Drill Stem Test is a procedure for isolating and testing the pressure, permeability
and productive capacity of a geological formation during the drilling of a
petroleum well.

Electrical Conductivity
(EC)

The measure of a solution's (or rock’s) ability to conduct electricity. EC units are
used to express salinity levels in water.

Fresh Water Water containing less than 500 to 1,000 mg/L of total dissolved solids, and
generally suitable for drinking

GPS Global Positioning System: a satellite navigation system that provides location
and time

Groundwater Water occurring below the land surface in pores or fissures, generally in motion
and part of the hydrological cycle

Graben An elongated block that has been down-thrown along bounding faults

Hydraulic Conductivity The capacity of a porous medium to transmit water through a unit cross-sectional
area. Hydraulic conductivity is dependent upon the physical properties of the
porous medium and the viscosity of the water

Hypersaline Water of salinity greater than that of sea water (35,000 mg/L Total Dissolved
Solids)

Outcrop The exposure of rock or sediment at ground surface

Permeability The ability of a porous medium to transmit water under a given hydraulic
gradient. Similar to hydraulic conductivity

Pindan A red soil composed of silty and clayey fine to medium sand typical of the south-
western Kimberley

Porosity A measure of the void or pore space within rocks and sediments (the ratio of the
volume of void spaces to the total volume)

Resistivity The measure of a solution or rock to resist the transmission of electricity. The
inverse of electrical conductivity

Saline Water Water containing more than about 3,000 mg/L of dissolved salts

Slug Test An aquifer permeability test in which a slug, typically a volume of water, is
instantaneously placed in a bore, displacing the water upward. Measurements of
the falling water levels are used to estimate permeability

Sustainable Yield Commonly the quantity of water that can be pumped from an aquifer without
depleting the volume in storage and without causing deleterious environmental
impacts. Definition is subject to debate.

Total Dissolved Solids
(TDS), or Salinity

The total amount of mobile charged ions, including minerals, salts or metals
dissolved in a given volume of water, typically expressed in units of milligrams
per litre of water (mg/L)

Water Table The surface of the groundwater in an unconfined aquifer

Wetland An area saturated with water either permanently or seasonally. Typically supports
a distinct ecosystem. Can be an expression of the water table

Yield The rate at which water can be pumped from a bore
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Introduction 
Between 14 June and 24 November 2012 (163 Days) a total of eight surface seismic monitoring 
stations were deployed in two arrays of four stations each at the Yulleroo and Valhalla sites in 
Western Australia.  These two arrays were deployed at each site to provide basic background micro-
seismic monitoring of the sites and to see if any local events could be detected.  Over 28,600 hours 
of waveform data files were recorded by the eight stations and over 1920 triggered "events" were 
detected.  Of these triggered events several hundred were due to noise, either lightning, animal, 
drilling, trucks, etc. and the rest were determined to be actual seismic events, either earthquakes or 
explosions.   
 
During the deployment over 200 teleseismic (greater than 800km) and +100 regional (between 
100km and 800km) seismic events were detected and recorded by the stations.  These events are 
too far away to be located and as such were not phased picked for this report.  Over this time period 
19 regional events were detected that were less than 100km from either of the arrays and 7 more 
local events with distances less than 25km from the stations.  Of the local events two were located 
near the Yulleroo site and five near the Valhalla site.  Several of the regional events near the Valhalla 
array were also determined to be explosions/blasts associated with mining activity to the north as 
these events occurred within the same hour each day and almost to the minute, and located near 
the mine site.  However the precise location of these events was not possible due to the distance 
from the array but we were able to obtain the mine's blasting schedule and the date and times 
coincide.   
 
This report will cover some of the basic information obtained from the array deployments and will 
include examples of the various waveform data recorded.  Examples of several types of noise 
sources will be shown as well as waveform data for some of the local events, as well as explosion 
data. 
 

Hardware 
At each site four stations were deployed.  These stations consisted of three basic parts, Sensor, Data 
Logger and Power.   
 

Sensor 
For the sensor a standard surface Geospace Mini-SeisMonitor 2Hz, three component seismometer 
was used.  These sensors were buried to a depth of about 1m below surface and attached through 
an analog data cable to a digital data logger.   
 

Data Logger 
A Refraction Technologies model 130 three channel, 24 bit data logger was used to digitize the 
analog output of the seismometer and the data stored on internal compact flash drives.  Timing for 
the data loggers is provided through an active GPS antenna that turns on every hour and acquires a 
GPS fix on the location and then determines the time.  The data loggers compare the GPS time and if 
needed slews the internal clock to update the time stamps of the digital data.   
 

Power 
Power for the stations was provided through solar panels and deep cycle solar batteries.  The solar 
panels and batteries were attached to a "charge controller" that provides proper charging of the 
batteries.  Additionally the charge controllers used have a low voltage protection such that in the 
event of low sun and the battery becomes depleted it will disconnect the load until the battery is 
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recharged, either manually or when there is sufficient sun again.  For this project all stations stayed 
fully charged throughout the deployment with the only exception being one station at Valhalla 
where a cow chewed through the solar cable.  
 

Triggering and Event Locations 
 
Triggering 
For triggering each data logger produces about 3900 one hour waveform records.  Due to the loss of 
one station during the deployment, a total of 28,623 hour files were recorded by the two arrays.  
After receiving the waveform data HMSC processed the raw waveform data through a custom 
trigging algorithm that computes the short term and long term averages, STA and LTA respectively.  
For this project a STA of 0.1 seconds and LTA of 20 seconds were used for the triggering algorithm 
and if the STA to LTA ratio reaches a predetermined level a trigger is declared.  For this project a STA 
to LTA ratio of five was used, meaning that the STA must be five times the LTA in order to declare a 
trigger.  The times of these triggers were then written to a "Trigger" file for later event association.  
This process was repeated for each hour of data and for each station in the two arrays. 
 

Event Association  
After the triggering algorithm was finished running the STA/LTA calculations the trigger files were 
run through an "event association" algorithm to declare an event and then extract and convert the 
raw data into P-SEGY waveform event files for later phase picking.  The association of an event does 
not necessarily mean that an actual earthquake has occurred, just that the triggers meet the 
predetermined levels of a possible seismic events.  There are many types of noise sources that can 
cause false triggers and as such false event associations; these will be discussed later in this report.    
 
For this project it was required that if three of the stations declared a trigger within a five second 
window an "event" would be declared.  Once an event was declared the program extract records of 
150 seconds in length for each of the array data and 300 seconds when both data sets were 
combined so as not to miss any phase arrivals on Teleseismic and Regional events.  A total of 1923 
"event" were associated from the triggered data that met both the triggering and association 
parameters.  Additionally both the triggering and association algorithms were run on each array 
individually and with the combined data.  This was done to make sure no events were missed and 
that for regional events the waveform data would be combined into one single event file instead of 
having two files with different starting times.   
 

Phase Picking 
After events were declared and waveform event files were generated each event file was visually 
inspected to determine if it were an actual event, explosion or noise.  If an event was visually 
determined to be within about 100km of the arrays, by looking at the P and S phase arrivals, then 
they were phased picked for both P and S wave arrivals.  Figure 1 shows an example of such a phase 
pick.  These phase pick times were then written to a phase file, know as a "P" file, and was used later 
for locating the event with a program called Hypoinverse.  Table 1 shows an example of a phase pick 
file used by Hypoinverse. 
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Figure 1, Example Phase Pick, Valhalla Station V02 

 
T 2012 178 09:06:49.000 

 V01  p    28.930  0.100   

 V01  s    36.400  0.400   

 V02  p    29.740  0.100   

 V02  s    38.060  0.400   

 V03  p    29.810  0.670   

 V03  s    39.000  0.400   

 V04  p    29.000  0.100   

 V04  s    37.580  0.400 
Table 1, Example of a "P" Phase Pick File.  First line is the is the start time of the file, the first column 
is the station ID, second phase type (either P or S), third is the time after the start of the file for the 
phase arrival, and the fourth is the time weighting or error of the pick in seconds, the larger the 
number the worst the pick. 

 
Locating Events 
After events have been phase picked the pick files were run through a standard ray tracing program 
that calculates the location of the event based on various input parameters by adjusting the location 
in 3D until a match is determined between the location and the phase arrival times.  The first of 
these input parameters required is the station files.  Appendix A show the standard Hypoinverse 
station file used for this project.  The second file needed for locating events is a velocity model so 
the program can calculate the travel time curves for locating the event.  Since we do not have a large 
array at either site we used a generic velocity model for locating the events recorded by the arrays.  
Table 2 shows the starting model used for this report.  Other parameters needed for locating events 
are the Vp/Vs ratio, i.e. the velocity of the P wave and the S wave, weighting of the S phases, 
distance weighting and so on.  Table 3 shows the standard input parameters used but the main ones 
required are the Vp/Vs which was set to 1.76 (standard) and a weighting of 0.60 (60%) for the S 
phases.  There are many other parameters needed but these are the most important for the purpose 
of this report.   
 
Once the phase files are read by Hypoinverse and the event located we take the phase horizontal 
data and run it through a magnitude calculator that performs a FFT on the S phase arrival and 
computers the frequency and amplitude of the signal.  This information is then converted into 
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ground motion and averaged over the total number of S phase arrivals to compute the moment 
magnitude.  When this is completed a "D" file is generated that has all the phase arrival times, 
locations information and the magnitude in it.  Table 4 shows an example of one such file. 
 

Buru model1                  

2.00  0.00 

3.00  1.00 

4.00  2.00 

5.00  3.00 

6.00  5.00 

7.00  10.00 

8.00  15.00 

Table 2, Basic Velocity Model, first column is velocity in KM/S, second is depth from surface in KM.  
For this example we use 2km/s from surface to 1km, then 3km/s between 1km and 2km and so on. 
 
* startup file for hypoinverse 

h71 2 2 3 

200 F 2000 0 

sta 'Buru_stations.txt' 

cre 1 'Buru_vel.txt' 0.07 T 

phs 'temp.hz1' 

sum 'HypoFiles\Buru-2012-New.hypo71' 

prt 'Buru_loc.txt' 

lst  0 

kpr  1 

dis  4 1.5 1.5 6 

rms  4 0.04 1 3 

swt  0.6 

pos  1.76 

err  0.05 

min  4 

rep  F  F 

loc 

sto 

Table 3, Startup Input Parameter for Hypoinverse 
 

120626 0907  7.48 17S34.75 124E35.23   4.71   2.25  6 354 51.7 0.13  7.6  0.7 D           0 

V01 P  17.93   0.00  51.7  162   59 

V01 S  25.40  -0.47  51.7  162   59 

V04 P  18.00  -0.26  53.9  157   38 

V04 S  26.58   0.13  53.9  157   38 

V02 P  18.74   0.06  57.4  160   38 

V02 S  27.06  -0.13  57.4  160   38 

V03 P  18.81   0.11  57.5  163   38 

V03 S  28.00   0.77  57.5  163   38 
Table 4, Example "D" Event Phase File Output 
First row is read as YYMMDD HHMM SS.SS LAT  LONG DEPTH, MAG, then some other numbers 
dealing with the quality of the event. 
 

Waveform Data 
Over 200hrs were used to visually inspect all the raw waveform data recorded by the data loggers to 
make sure no local or regional events were missed.  Following is a breakdown on the results 
obtained by both the visual inspection of the data and the triggering results. 

Noise Data 
As noted above there were many events recorded and declared by the two arrays.  As such each 
event had to be examined to determine if it were noise, or a false event declaration, or actual 
seismic data.  The bulk of these false events came in the form of lightning strikes where the 
electromagnetic burst from the lightning triggered the STA/LTA and associations parameters.  They 
are typically noted by a burst of noise where all the stations have a trigger at "exactly" the same 
time, not typical for an earthquake due to the station spacing, and then followed by the thunder.  
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Figure 2 shows an example of one of these types of noise events.  During lightning storms hundreds 
of these can be recorded each hour as the sensors and data loggers are very sensitive to 
electromagnetic noise sources. 
 

 
Figure 2, Lightning Strike near Valhalla Array, note thunder arrival after lightning strike. 

 
Other types of noise sources that caused false event triggering are cultural noise sources.  In this 
case many were due to drilling operations, trucks and other noise sources in the area.  Drilling noise 
can normally be determined due to the regular burst of noise and a slow surface wave move out on 
the stations.  Figures 3 and 4 show examples of this type of noise sources at both Valhalla and 
Yulleroo. 
 

 
Figure 3, Possible Drilling Noise near Valhalla 
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Figure 4, Possible Drilling Noise near Yulleroo 

 
Other noise sources are harder to explain.  Figure 5 shows one such noise source that shows regular 
spiking on three of the four stations at Yulleroo as well as one station from Valhalla.  This appears to 
be something to do with the data loggers and nothing to do with drilling activities in the area as it is 
seen on the two arrays at the same time.  As of this report Refraction Technologies, manufactures of 
the data loggers, has not seen this type of noise on any other data logger and has not been reported 
by anyone else.  This type of noise was only seen for a few hours on day 269 (25 Sept 2012).  
Investigation of the data loggers State of Health files indicate that at the time these spikes were 
occurring the data loggers were logging GPS time.  Stations now showing the spikes were not logging 
GPS time.   As such one engineer from Refraction Technologies thinks, but cannot prove, these 
spikes may have been due to a GPS EPOC, an event created by the GPS satellite, and may have 
caused the spiking until the GPS module rebooted.  However we can clearly say that these spikes 
were not due to drilling activities, lightning or animals, but appear to be electrical in nature.  
Additionally the size of these spikes are very small, only a few hundred counts, while even a Mw 1.0 
event will have counts well over ten thousand in size.   
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Figure 5, Unknown Noise Source at Yulleroo. 

 
Event Data 
Event data has be broken down in to four main types for this report, Teleseismic where events are 
occurring more than 800km from the array, Regional Distant where events are between 100 and 800 
km from the array, Regional where events are between 25 and 100 km of the array and Local events 
that are within 25km of either array. 
 
Teleseismic and Regional Distant Data 
As noted in the introduction there were many Teleseismic events recorded by the two arrays that 
caused triggering.  Many of these events only show the first direct phase arrivals as they were too 
far away to see the surface waves.  Additionally the sensors deployed are tuned for recording local 
events, not Teleseismic events.  For proper recording of Teleseismic events a broadband sensor 
should be deployed and a much lower sampling rate used.  Many of the Teleseismic events occurred 
to the north of the array in the area of Indonesia and to the east and northeast in areas such as 
Papua New Guinea, Solomon Islands, New Zealand and Tonga along the subduction zones.  Figure 6 
shows an example of an event estimated to be over 1,000 km from the arrays.  Figure 7 shows an 
example of two events occurring approximately  50 seconds apart and again occurring about 
1,000km from the arrays and in the same area.  
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Figure 6, Teleseismic Example 

 
Figure 7, Double Event Example 

   
There were many Regional Distant events that occurred during the deployment.  One of these types 
of events is shown in Figure 8.  This event is again too far away for any type of locations but you can 
see in figure 8 the event must be nearer to Yulleroo as the signals arrive there first.  Additionally the 
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event appears to be in the Mw 4 to 4.5 range based on its distance and the amplitude of the phase 
data. 
 

 
Figure 8, Regional Distant Example, note clear first arrivals at Yulleroo then over 30 seconds until it 
arrives at Valhalla. 
 
 
Regional and Local Data 
As noted in the introduction 19 Regional events were recorded and located between 25 and 100  km 
from the two arrays.  Figure 9 Shows a Google image with all these, as well as the local events.  Due 
to the distance and the small aperture of the two arrays the locations on these are only a best guess.  
All we can say is that they are at an approximate azimuth and a distance range with a 10 to 20 km 
error between the array and the event.  There were another 7 local event recorded by the arrays, 
two at Yulleroo and 5 at Valhalla.  In the following section we will discuss the basic results for each 
array. 
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Figure 9, Google Image, Yellow Numbers Indicate Their Approximate Magnitude.  Red Circle Show 

Location of Mine..... 
 
 
 

Valhalla 
At Valhalla 13 events were detected and recorded, 5 local and 8 regional.  Figure 10 shows a Google 
image of the estimated event locations.  Several of these regional events are clearly explosions and 
occurred mostly to the North of the array at a distance of about 50km.  We were able to compare 
the times of the explosions provided by the mine with seismic signals to confirm that these were 
indeed events caused by the mining activity north of the Valhalla site.  Figure 11 shows a closer view 
of this area and you can clearly see a mine located in the red circle.  Given that we only have three or 
four stations to work with the locations of the explosions are only approximations and actually 
occurred at the mine site and not where plotted.  The magnitudes that were estimated for these 
events would indicate that approximately 2 to 4 metric tons of explosives were used, typical for a 
mine of this size and confirmed by email with the mine operator.  We can also tell these are 
explosions as there is little to no S waves signals associated with these events, however we do see 
converted P to S waves that help provide distance and azimuth between the array and the event 
locations.  Additionally these events occurred at nearly the same time of day, almost to the minute, 
at about 5pm local time, typical of mining blasts that occur at or near shift changes, and again 
confirmed with emails between the mini operator and Buru Energy.  Figure 12 shows an example of 
the waveforms for two such explosion events from this area.  The event on the left occurred on day 
206 (24 July 2012), the one on the right on day 213 (31 July 2012).  Both events occurred at 9:02 
GMT or 17:02 (5:02pm) local time. 
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Figure 10, Google Image of Regional View around Valhalla 

 

 
Figure 11, Explosion Events North of Valhalla, red circle indicates location of mine 
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Figure 12, Waveforms for Two Explosions North of Valhalla, Day 206 on Left, Day 213 on Right 

 
We recorded five local events in the area of the Valhalla array.  Figure 13 shows a close up view of 
Figure 10 for the area around the site.  The events ranged in depth of between 4 and 10 km below 
surface.  Figures 14, 15 and 16 shows example waveform data for one of the Regional earthquake 
events recorded by the array at Valhalla at a distance of about 32km from the array.  Figure 17 and 
18 shows an example of a very small Local event as recorded by the Valhalla array.  Of the five local 
events two may be due to direct phase arrivals from Teleseismic events that look like local events 
with P and S phase arrivals, but are really the Pn (refracted arrival) and the Pg (direct arrival).  This is 
typical of very small arrays using short period sensors as we cannot see the surface waves in the 
recording as the frequency is below the passband of the sensors.  Given that we do see evidence of 
clear earthquake activity in the area there is active faulting taking place, though at a very low level. 
 

 
Figure 13, Google Image of Valhalla Local Seismic Events. 
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Figure 14, Regional Event near Valhalla, Shows both Valhalla and Yulleroo arrays 

 

 
Figure 15, Regional Event near Valhalla 
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Figure 16, Pick Data for Regional Event, Note S-P time of about 4 seconds indicating a distance of 

about 32km from the station. 
 

 
Figure 17, Local Event near Valhalla, Mw 2.5 
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Figure 18, Phase Arrival Data for Local Event near Valhalla 

 
  
Yulleroo 
At Yulleroo the array recorded five regional and two local events.  Figures 19 and 20 show Google 
images of the area around the Yulleroo site for both the regional and local views respectively.  One 
of the local events appears to be a very small earthquake that occurred north of the Yulleroo-3 well 
but not during any drilling operations.  This event will be discussed in more detail below.  The second 
local event does not appear to be an actual earthquake as there is very little shear waves associated 
with this event.  Further investigations of local activity in the area of the event location may help 
yield the source of the noise, but as it is well north of the Yulleroo site it is not due to Buru activities.  
It could be related to road work along the highway north of the site.   Figures 21 and 22 show the 
waveforms for this event.  The location plotted is only an approximation and should not be 
considered absolute.  Additionally the estimated size of the event was on the order of Magnitude 
1.01 in size, so could be due to local construction works.   
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Figure 19, Google Image of the Regional View near the Yulleroo Site 

 

 
Figure 20, Google Image of the Local Area near the Yulleroo Site 
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Figure 21, Unknown Noise Source near the Yulleroo Site, note absence of S waves 

 
 

Figure 22, Close up of Y02 phase data, and note lack of S wave as compared with Figure 24 below. 
 
 
During the deployment of the Yulleroo array we found only one actual local earthquake, which 
measured about Mw 0.61 on the Richter scale.  With the advances in technology and the 
deployment of small focused arrays for background seismic monitoring these types of events are 
routinely being seen in areas where not activity has been detected before, due mostly to poor 
station coverage by regional seismic networks.  This was a very small event but can clearly be seen in 
figures 23 and 24 and is located just north of the Yulleroo-3 well with an epicentral distance of about 
4.2km north of the well.  The nearest station to this event is only about 1.3km epicentral distance 
from the event so good clear phase arrivals were recorded.  This location should not be considered 
absolute as the model and location parameters used were preliminary and as such with a better 
model and station corrections the location could move by a few kilometers.  Additionally as there 
was no drilling activity in the area this event was not caused by Buru and as such not significant.  
However this does show that the surface array deployed at this site was capable of detecting and 
recording events smaller than Mw 1.0 on the Richter scale. Given the lack of events detected and/or 
recorded it is clear that the area near the Yulleroo site is very A-seismic in nature.  However, given 
that we did record a single event this would indicate that there could be active faults in the area.  

 

Day 296 
Yulleroo 

Local 
Noise 
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Figure 23, Local Earthquake near Yulleroo, Magnitude 0.61 

 

 
Figure 24, Phase Data for Earthquake near Yulleroo, distance about 9.6km.  P wave arrival is noted 

by the Red Vertical Line and the S wave by the Green Vertical Line.  Not the difference between 
these waveforms and those in Figure 22. 

 
As noted there were five Regional events detected by the Yulleroo array.  Figures 25 and 26 show an 
example of one of the regional events near the Yulleroo array.  Four of these events locate to the 
north of the array while one is located to the south.  As in the Valhalla array the distance between 
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the events and the small size of the array make it hard to determine the actual locations so these are 
only a best guess at this time.  The magnitudes estimations for these events rang in size from Mw 1.7 
to 2.2 in size. 
 

 
Figure 25, Regional Event near Yulleroo, Mw ~1.6 

 

 
Figure 26, Phase Date for Mw 1.6 Event near Yulleroo, Distance about 56km from array 
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Summary 
Between 4 June and 24 November 2012 a total of 19 Regional and 7 Local events were detected by 
the two arrays.  As noted above one of the local events near the Yulleroo site is of unknown origins 
and could be related to construction and/or road works north of the site along the highway.  Several 
of the regional events near the Valhalla site were determined to be due to explosions associated 
with the mining activity approximately 50km to the North of the array.  Accurate locations for these 
explosions events are not possible due to the size of the arrays deployed and the distance between 
the energy source and the stations. 
 
Of the local events recorded near the Yulleroo site by the array only one event was detected that 
was an actual earthquake with a Magnitude of approximately Mw 0.6 in size.  This event occurred 
about 4km north of the Yulleroo-3 well, and was not due to drilling activity as the rig was released 
well before this event occurred.  Additionally the location of the event is several kilometers from the 
well, so again it is not due to drilling activity.  At the Valhalla array five local events were detected in 
the area but only three appear to be actual earthquakes.  The other two appear to be noise burst or 
strong direct wave arrivals from Teleseismic events.  The three events detected near the Valhalla site 
all had magnitudes in the Mw 2.0 range and do not appear to be associated with any drilling activity. 
 
Overall the two arrays performed as expected and if local events on the order of Mw 1.0 and larger 
had occurred we would have seen them.  This can clearly be determined due to the fact that we 
were able to record Mw 2 sized events that were over 25km form the arrays and Mw 3.0 sized event 
that were over 100km from the arrays.  We were also able to see event in the Mw 5.0 range and 
larger out to distances of over 1,000km from the arrays.  Additionally as shown in this report we 
were able to record very small local events at each site.   
  
It is clear in the data presented that earthquake activity is occurring at both sites, but at very low 
rates.  This is not an untypical results as other surveys of this type also shows local seismic activity 
being detected by very small aperture arrays in areas previously determined to be seismically 
inactive.  The primary reason for this is that these arrays are capable of picking up very small events 
that would normally go unnoticed by regional and national seismic networks as they are well below 
their detection threshold.  Additionally the size of these events are so small as to go unnoticed at the 
surface by humans and pose no risk to structures or causing structural damage.   
 
It is the estimation of the author of this report that the results of the passive background seismic 
survey alone does not indicate an increase in seismic risk at either site, just that during any hydraulic 
stimulation a suitable micro-seismic monitoring network should be established to locate events 
outside the area of interest.  While we do see some activity in the area most of the events are well 
away from the area of proposed hydraulic stimulation and as such pose no risks to operations. 
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Appendix A Station File 
V01   XX  SHZ  18 01.5420S124 43.8330E 1120.0     0.00  0.00  0.00  0.00    0.00XX 
V02   XX  SHZ  18 04.0775S124 46.1284E  920.0     0.00  0.00  0.00  0.00    0.00XX 
V03   XX  SHZ  18 04.6655S124 44.4424E 1060.0     0.00  0.00  0.00  0.00    0.00XX 
V04   XX  SHZ  18 01.7479S124 46.8241E 1300.0     0.00  0.00  0.00  0.00    0.00XX 
Y01   XX  SHZ  17 49.6260S122 54.0400E  490.0     0.00  0.00  0.00  0.00    0.00XX 
Y02   XX  SHZ  17 51.1940S122 51.1940E  490.0     0.00  0.00  0.00  0.00    0.00XX 
Y03   XX  SHZ  17 52.4820S122 52.5670E  560.0     0.00  0.00  0.00  0.00    0.00XX 
Y04   XX  SHZ  17 49.4970S122 51.7910E  550.0     0.00  0.00  0.00  0.00    0.00XX 
 

Appendix B  Event Catalog 

Data Hr Min Sec 
Lat 

(Degrees) 
Long 

(Degrees) Depth Mag Phases Azimuth 

Nearest 
Station 

(km) RMS 
Error 

XY 
Error 

Z Quality 

6/26/2012 9 7 7.33 -17.556000 124.621333 4.96 2.31 6 355 53.2 0.12 8.7 6.8 D 

6/28/2012 15 43 39.01 -17.405833 122.826833 5.16 2.23 5 354 46.5 0.14 7.2 10.5 D 

7/7/2012 17 43 21.8 -18.007333 124.709500 5.66 2.39 6 310 3 0.03 0.4 0.6 C 

7/13/2012 14 27 31.77 -17.987500 124.785167 11.15 2.55 6 313 4.6 0.06 0.8 0.8 C 

7/16/2012 14 0 38.37 -17.304500 123.519000 5.53 1.8 7 357 87.5 0.11 8.8 6.3 D 

7/17/2012 14 6 24.24 -18.136000 122.903333 12.33 1.79 6 351 29.1 0.02 1.4 3.7 C 

7/24/2012 9 2 27.64 -17.572167 124.828667 4.69 2.74 7 354 50.8 0.03 2 0.4 C 

7/29/2012 19 41 20.74 -18.071167 124.808000 15.36 2.62 6 297 4.2 0.01 1 0.4 C 

7/31/2012 9 3 7.74 -17.583833 124.580333 6.22 2.33 6 354 51.4 0.03 3.8 3 D 

8/5/2012 16 39 36.95 -18.932667 122.577167 2.46 2.05 7 358 121.3 0.22 16.3 9.3 D 

8/17/2012 14 43 1.63 -18.261500 125.825167 2.4 4.1 5 357 113.8 0.15 11.3 6.4 D 

8/21/2012 20 49 16.19 -18.038667 124.585333 27.29 3.01 6 340 15.4 0.01 2 1.5 C 

9/8/2012 8 57 9.68 -18.139167 124.949667 6 3.35 5 349 20.7 0.17 7.6 13 D 

9/13/2012 19 51 53.14 -18.241333 125.247167 5 3.54 5 355 54.1 0.16 11.2 8.8 D 

9/14/2012 9 0 46.41 -17.669833 124.438667 7.25 2.43 5 357 50.1 0.03 4.4 3.6 D 

9/30/2012 9 2 33.83 -17.578333 124.677500 6.16 2.84 5 356 49.8 0.06 5.1 1 D 

10/16/2012 10 48 2.57 -17.553333 122.788167 4.39 1.72 6 350 32.6 0.03 2.5 4.2 C 

10/16/2012 13 8 44.24 -17.523500 122.866833 20.49 1.84 7 350 33.4 0.09 3.4 6.6 D 

10/16/2012 21 45 24.35 -17.814833 122.869667 1.93 0.61 7 260 1.3 0.03 0.4 0.1 C 

10/22/2012 8 40 19.14 -17.786500 122.848000 3.38 1.01 5 313 7.2 0.12 1 9.3 D 

11/10/2012 13 56 44.35 -18.304000 124.429500 4.97 1.98 5 351 41.4 0.05 3.1 5.2 D 

11/23/2012 11 0 32.76 -17.668000 122.729167 39.19 2.04 6 347 24.4 0.04 2.8 2.2 D 
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Appendix C Key Points In Plots 
 
Long  Lat  Elev Name 
122.247818 -17.953327 0.002 Broome 
123.654008 -17.729009 0.017 Willare 
123.629876 -17.303840 0.012 Derby 
124.853665 -17.962852 0.140 Mount-Hardman 
125.568667 -18.193868 0.112 Fitzroy-Crossing 
123.828298 -17.581222 0.084 Carroll 
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 Laurel Formation Water Characterisation  

 

  
Asgard 1 pond 
pre-well test 
(bore water) 

Asgard 1 pond 
post-well test 

Valhalla North 
1 pond pre-well 
test (bore 
water) 

Valhalla North 
1 pond post-
well test 

 Date 09/2015 09/2015-
10/2015 09/2015 09/2015-

10/2015 

Analyte 
Unit 

Onsite 
management 
levels (mg/L) 

    

Arsenic mg/L 0.5 19 <0.02 <0.02 <0.02 <0.02 

Barium mg/L 2 20 3.8 20 0.054 12 

Boron mg/L 4 20 0.88 9.4 0.43 14 

Cadmium mg/L 0.002 20 <0.001 <0.002 <0.001 <0.002 

Chloride mg/L 30,000 570 16,000 400 17,000 

Chromium VI mg/L 0.05 20 <0.02 <0.02 <0.005 <0.02 

Copper mg/L 1 19 <0.005 <0.02 <0.005 <0.02 

Lead mg/L 0.1 19 <0.02 <0.02 <0.02 <0.02 

Manganese mg/L 0.5 20 0.2 0.15 0.01 0.51 

Mercury mg/L 0.002 19 <0.0001 <0.0001 <0.0001 <0.0001 

Nickel mg/L 1 19 0.018 <0.02 0.006 <0.02 

Selenium mg/L 0.01 20 <0.05 <0.02 <0.05 <0.02 

Zinc mg/L 20 19 0.12 <0.1 0.01 <0.1 

 

 

 

 

 

19 Stock water: Australian and New Zealand guidelines for fresh and marine water quality (ANZECC and ARMCANZ 2000). 
20 Health values: Australian Drinking Water Guidelines 6, Version 3.5 (NHMRC and NRMMC 2011). 
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Date Unit 

Radionuclides 

Unit 

Metals 

Uranium Series Thorium Series 

Uranium Thorium 
Sample Number Uranium-238 Radium-226 Lead-210 Thorium-232 Radium-228 Thorium-228 

Valhalla North 1 #8 09/09/2015 Bq/L 0.14 ±0.01 1.38 ±0.2 <0.57 <0.005 1.55 ±0.26 <0.16 mg/L 0.011 ±0.001 <0.001 

Valhalla North 1 #118 26/11/2015 Bq/L <0.02 1.37 ±0.13 <0.75 <0.005 1.44 ±0.15 <0.12 mg/L <0.001 <0.001 

Valhalla North 1 #136 13/12/2015 Bq/L <0.02 0.257 ±0.07 <1.1 <0.005 0.31 ±0.13 <0.17 mg/L <0.001 <0.001 

Asgard 1 #5 31/08/2015 Bq/L 0.02 ±0.01 0.80 ±0.10 <0.54 <0.005 0.79 ±0.15 <0.11 mg/L 0.002 ±0.001 <0.001 

Asgard 1 #122 30/11/2015 Bq/L <0.02 3.44 ±0.29 <1.4 <0.005 4.5 ±0.4 <0.23 mg/L <0.001 <0.001 

Asgard 1 #160 02/01/2016 Bq/L <0.02 3.76 ±0.29 <0.29 <0.005 5.18 ±0.39 <0.053 mg/L <0.001 <0.001 

Asgard 1 Flowback 
Pond 

25/02/2016 Bq/L 0.01 ±0.01 1.113 ±0.093 <0.22 <0.005 1.35 ±0.12 <0.034 mg/L 0.001 ±0.001 <0.001 

Valhalla North 1 
Flowback Pond 

28/01/16 Bq/L <0.02 1.046 ±0.085 <0.14 <0.005 1.32 ±0.11 <0.025 mg/L <0.001 <0.001 
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NatureMap Species Report 

Created By Guest user on 30/05/2020 

 
 

Current Names Only 
 Core Datasets Only 

Method 
 Centre 
 Buffer 

Yes 
Yes 
'By Circle' 
124° 54' 50'' E,18° 09' 33'' S 
23km 

 

Name ID Species Name Naturalised Conservation Code 1Endemic To Query
Area

1. 3198 Acacia acradenia

2. 3214 Acacia ancistrocarpa (Fitzroy Wattle)

3. 3241 Acacia bivenosa

4. 3326 Acacia eriopoda (Broome Pindan Wattle)

5. 3447 Acacia monticola (Gawar, Lilwardi)

6. 13070 Acacia synchronicia

7. 2645 Achyranthes aspera (Chaff Flower)

8. 25544 Aegotheles cristatus (Australian Owlet-nightjar)

9. 25317 Antaresia childreni (Children's Python)

10. 24719 Aprosmictus erythropterus (Red-winged Parrot)

11. 24610 Ardeotis australis (Australian Bustard)

12. 213 Aristida ingrata

13. 25566 Artamus cinereus (Black-faced Woodswallow)

14. 25567 Artamus leucorynchus (White-breasted Woodswallow)

15. 24356 Artamus personatus (Masked Woodswallow)

16. 46338 Bidens subalternans var. simulans Y

17. 25715 Cacatua roseicapilla (Galah)

18. 25716 Cacatua sanguinea (Little Corella)

19. 11150 Cajanus pubescens

20. 25717 Calyptorhynchus banksii (Red-tailed Black-Cockatoo)

21. 24289 Circus assimilis (Spotted Harrier)

22. 24565 Cissomela pectoralis (Banded Honeyeater)

23. 25675 Colluricincla harmonica (Grey Shrike-thrush)

24. 24566 Conopophila rufogularis (Rufous-throated Honeyeater)

25. 25568 Coracina novaehollandiae (Black-faced Cuckoo-shrike)

26. 4861 Corchorus olitorius (Jute) Y

27. 14650 Corymbia flavescens

28. 17089 Corymbia greeniana

29. 24420 Cracticus nigrogularis (Pied Butcherbird)

30. 13466 Crotalaria brevis

31. 30891 Cryptoblepharus tytthos

32. 25459 Ctenophorus isolepis (Crested Dragon, Military Dragon)

33. 25073 Ctenotus saxatilis (Rock Ctenotus)

34. 25371 Cyclorana australis (Giant Frog)

35. 25673 Daphoenositta chrysoptera (Varied Sittella)

36. 25607 Dicaeum hirundinaceum (Mistletoebird)

37. 48377 Dinebra neesii

38. 48390 Dolichandrone occidentalis

39. Eolophus roseicapillus

40. 5590 Eucalyptus chlorophylla

41. 11011 Eulalia aurea

42. 4619 Euphorbia biconvexa

43. 4621 Euphorbia cinerea

44. 25621 Falco berigora (Brown Falcon)

45. 25622 Falco cenchroides (Australian Kestrel, Nankeen Kestrel)

46. 31578 Ficus aculeata var. indecora (Ranji)

47. 24956 Gehyra pilbara

48. 24958 Gehyra punctata

49. 24401 Geopelia cuneata (Diamond Dove)

50. 25585 Geopelia striata (Zebra Dove)

51. 18363 Gomphrena canescens subsp. canescens

52. 18257 Gomphrena leptoclada subsp. leptoclada

53. 12514 Goodenia byrnesii P3

NatureMap is a collaborative project of the Department of Biodiversity, Conservation and Attractions and the Western Australian Museum.
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Name ID Species Name Naturalised Conservation Code 1Endemic To Query
Area

54. 7521 Goodenia lamprosperma

55. 4910 Gossypium australe (Native Cotton)

56. 24443 Grallina cyanoleuca (Magpie-lark)

57. 24484 Grus rubicunda (Brolga)

58. 2960 Gyrocarpus americanus (Helicopter Tree, Bilangkamar)

59. 24295 Haliastur sphenurus (Whistling Kite)

60. 24961 Heteronotia binoei (Bynoe's Gecko)

61. 7120 Josephinia papillosa

62. 24367 Lalage tricolor (White-winged Triller)

63. 25125 Lerista bipes

64. 25171 Lerista simillima

65. 25661 Lichmera indistincta (Brown Honeyeater)

66. 25380 Litoria caerulea (Green Tree Frog)

67. 24136 Macropus rufus (Red Kangaroo, Marlu)

68. 25653 Malurus melanocephalus (Red-backed Fairy-wren)

69. 24583 Manorina flavigula (Yellow-throated Miner)

70. 47997 Melanodryas cucullata (Hooded Robin)

71. 24736 Melopsittacus undulatus (Budgerigar)

72. 25184 Menetia greyii

73. 24598 Merops ornatus (Rainbow Bee-eater)

74. 25542 Milvus migrans (Black Kite)

75. 24298 Milvus migrans subsp. affinis (Black Kite)

76. 25493 Miniopterus schreibersii (Common Bentwing-bat)

77. 25545 Mirafra javanica (Horsfield's Bushlark, Singing Bushlark)

78. 25495 Morethia ruficauda

79. 24964 Nephrurus sheai

80. 24407 Ocyphaps lophotes (Crested Pigeon)

81. 24138 Onychogalea unguifera (Northern Nailtail Wallaby, Karrabul)

82. 25680 Pachycephala rufiventris (Rufous Whistler)

83. 24627 Pardalotus rubricatus (Red-browed Pardalote)

84. 25668 Philemon citreogularis (Little Friarbird)

85. 8170 Pluchea tetranthera

86. 25706 Pomatostomus temporalis (Grey-crowned Babbler)

87. 42416 Pseudonaja mengdeni (Western Brown Snake)

88. 8192 Pterocaulon sphacelatum (Apple Bush, Fruit Salad Plant)

89. 2751 Ptilotus polystachyus (Prince of Wales Feather)

90. 25614 Rhipidura leucophrys (Willie Wagtail)

91. 12280 Senna artemisioides subsp. oligophylla

92. 30948 Smicrornis brevirostris (Weebill)

93. 24175 Taphozous georgianus (Common Sheath-tailed Bat)

94. 2942 Tinospora smilacina (Snakevine, Oondala)

95. 2830 Trianthema portulacastrum (Giant Pigweed) Y

96. 6727 Trichodesma zeylanicum (Camel Bush, Kumbalin)

97. 25723 Trichoglossus haematodus (Rainbow Lorikeet)

98. 17889 Triodia bitextura

99. 25526 Varanus tristis (Racehorse Monitor)

100. 4326 Zornia albiflora

Conservation Codes
T - Rare or likely to become extinct
X - Presumed extinct
IA - Protected under international agreement
S - Other specially protected fauna
1 - Priority 1
2 - Priority 2
3 - Priority 3
4 - Priority 4
5 - Priority 5

1
 For NatureMap's purposes, species flagged as endemic are those whose records are wholely contained within the search area. Note that only those records complying with the search criterion are included in the

calculation. For example, if you limit records to those from a specific datasource, only records from that datasource are used to determine if a species is restricted to the query area.

NatureMap is a collaborative project of the Department of Biodiversity, Conservation and Attractions and the Western Australian Museum.



EPBC Act Protected Matters Report

This report provides general guidance on matters of national environmental significance and other matters
protected by the EPBC Act in the area you have selected.

Information on the coverage of this report and qualifications on data supporting this report are contained in the
caveat at the end of the report.

Information is available about Environment Assessments and the EPBC Act including significance guidelines,
forms and application process details.

Other Matters Protected by the EPBC Act

Acknowledgements
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Report created: 30/05/20 16:58:24

Coordinates

This map may contain data which are
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Caveat
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Details
Summary

http://www.environment.gov.au/protection/environment-assessments


Summary

This part of the report summarises the matters of national environmental significance that may occur in, or may
relate to, the area you nominated. Further information is available in the detail part of the report, which can be
accessed by scrolling or following the links below. If you are proposing to undertake an activity that may have a
significant impact on one or more matters of national environmental significance then you should consider the
Administrative Guidelines on Significance.

Matters of National Environmental Significance

Listed Threatened Ecological Communities:

Listed Migratory Species:

None

Great Barrier Reef Marine Park:

Wetlands of International Importance:

Listed Threatened Species:

None

9

1

None

National Heritage Places:

Commonwealth Marine Area:

World Heritage Properties:

None

None

14

The EPBC Act protects the environment on Commonwealth land, the environment from the actions taken on
Commonwealth land, and the environment from actions taken by Commonwealth agencies. As heritage values of a
place are part of the 'environment', these aspects of the EPBC Act protect the Commonwealth Heritage values of a
Commonwealth Heritage place. Information on the new heritage laws can be found at
http://www.environment.gov.au/heritage

This part of the report summarises other matters protected under the Act that may relate to the area you nominated.
Approval may be required for a proposed activity that significantly affects the environment on Commonwealth land,
when the action is outside the Commonwealth land, or the environment anywhere when the action is taken on
Commonwealth land. Approval may also be required for the Commonwealth or Commonwealth agencies proposing to
take an action that is likely to have a significant impact on the environment anywhere.

A permit may be required for activities in or on a Commonwealth area that may affect a member of a listed threatened
species or ecological community, a member of a listed migratory species, whales and other cetaceans, or a member of
a listed marine species.

Other Matters Protected by the EPBC Act

None

None

None

Listed Marine Species:

Whales and Other Cetaceans:

21

Commonwealth Heritage Places:

None

None

Critical Habitats:

Commonwealth Land:

Commonwealth Reserves Terrestrial:

NoneAustralian Marine Parks:

Extra Information

This part of the report provides information that may also be relevant to the area you have nominated.

None

NoneState and Territory Reserves:

Nationally Important Wetlands:

NoneRegional Forest Agreements:

Invasive Species: 10

NoneKey Ecological Features (Marine)

http://www.environment.gov.au/protection/environment-assessments
http://www.environment.gov.au/epbc/permits-and-application-forms


Details

Listed Threatened Species [ Resource Information ]
Name Status Type of Presence
Birds

Curlew Sandpiper [856] Critically Endangered Species or species habitat
may occur within area

Calidris ferruginea

Gouldian Finch [413] Endangered Species or species habitat
may occur within area

Erythrura gouldiae

Night Parrot [59350] Endangered Species or species habitat
may occur within area

Pezoporus occidentalis

Princess Parrot, Alexandra's Parrot [758] Vulnerable Species or species habitat
may occur within area

Polytelis alexandrae

Australian Painted Snipe [77037] Endangered Species or species habitat
may occur within area

Rostratula australis

Mammals

Northern Quoll, Digul [Gogo-Yimidir], Wijingadda
[Dambimangari], Wiminji [Martu] [331]

Endangered Species or species habitat
may occur within area

Dasyurus hallucatus

Ghost Bat [174] Vulnerable Species or species habitat
likely to occur within area

Macroderma gigas

Greater Bilby [282] Vulnerable Species or species habitat
may occur within area

Macrotis lagotis

Sharks

Freshwater Sawfish, Largetooth Sawfish, River
Sawfish, Leichhardt's Sawfish, Northern Sawfish
[60756]

Vulnerable Species or species habitat
known to occur within area

Pristis pristis

Listed Migratory Species [ Resource Information ]
* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.
Name Threatened Type of Presence
Migratory Marine Birds

Fork-tailed Swift [678] Species or species habitat
likely to occur

Apus pacificus

National Heritage Properties [ Resource Information ]
Name StatusState
Natural
The West Kimberley Listed placeWA

Matters of National Environmental Significance



Name Threatened Type of Presence
within area

Migratory Marine Species

Salt-water Crocodile, Estuarine Crocodile [1774] Species or species habitat
likely to occur within area

Crocodylus porosus

Freshwater Sawfish, Largetooth Sawfish, River
Sawfish, Leichhardt's Sawfish, Northern Sawfish
[60756]

Vulnerable Species or species habitat
known to occur within area

Pristis pristis

Migratory Terrestrial Species

Red-rumped Swallow [80610] Species or species habitat
may occur within area

Cecropis daurica

Barn Swallow [662] Species or species habitat
may occur within area

Hirundo rustica

Grey Wagtail [642] Species or species habitat
may occur within area

Motacilla cinerea

Yellow Wagtail [644] Species or species habitat
may occur within area

Motacilla flava

Migratory Wetlands Species

Common Sandpiper [59309] Species or species habitat
may occur within area

Actitis hypoleucos

Sharp-tailed Sandpiper [874] Species or species habitat
may occur within area

Calidris acuminata

Curlew Sandpiper [856] Critically Endangered Species or species habitat
may occur within area

Calidris ferruginea

Pectoral Sandpiper [858] Species or species habitat
may occur within area

Calidris melanotos

Oriental Plover, Oriental Dotterel [882] Species or species habitat
may occur within area

Charadrius veredus

Oriental Pratincole [840] Species or species habitat
may occur within area

Glareola maldivarum

Osprey [952] Species or species habitat
may occur within area

Pandion haliaetus

Listed Marine Species [ Resource Information ]
* Species is listed under a different scientific name on the EPBC Act - Threatened Species list.
Name Threatened Type of Presence
Birds

Common Sandpiper [59309] Species or species habitat
may occur within area

Actitis hypoleucos

Other Matters Protected by the EPBC Act



Name Threatened Type of Presence

Magpie Goose [978] Species or species habitat
may occur within area

Anseranas semipalmata

Fork-tailed Swift [678] Species or species habitat
likely to occur within area

Apus pacificus

Great Egret, White Egret [59541] Species or species habitat
likely to occur within area

Ardea alba

Cattle Egret [59542] Species or species habitat
may occur within area

Ardea ibis

Sharp-tailed Sandpiper [874] Species or species habitat
may occur within area

Calidris acuminata

Curlew Sandpiper [856] Critically Endangered Species or species habitat
may occur within area

Calidris ferruginea

Pectoral Sandpiper [858] Species or species habitat
may occur within area

Calidris melanotos

Oriental Plover, Oriental Dotterel [882] Species or species habitat
may occur within area

Charadrius veredus

Black-eared Cuckoo [705] Species or species habitat
may occur within area

Chrysococcyx osculans

Oriental Pratincole [840] Species or species habitat
may occur within area

Glareola maldivarum

White-bellied Sea-Eagle [943] Species or species habitat
may occur within area

Haliaeetus leucogaster

Red-rumped Swallow [59480] Species or species habitat
may occur within area

Hirundo daurica

Barn Swallow [662] Species or species habitat
may occur within area

Hirundo rustica

Rainbow Bee-eater [670] Species or species habitat
may occur within area

Merops ornatus

Grey Wagtail [642] Species or species habitat
may occur within area

Motacilla cinerea

Yellow Wagtail [644] Species or species habitat
may occur within area

Motacilla flava

Osprey [952] Species or species habitat
may occur within area

Pandion haliaetus

Painted Snipe [889] Endangered* Species or species habitat
may occur within area

Rostratula benghalensis (sensu lato)

Reptiles



Name Threatened Type of Presence

Freshwater Crocodile, Johnston's Crocodile,
Johnston's River Crocodile [1773]

Species or species habitat
may occur within area

Crocodylus johnstoni

Salt-water Crocodile, Estuarine Crocodile [1774] Species or species habitat
likely to occur within area

Crocodylus porosus

Extra Information

Invasive Species [ Resource Information ]
Weeds reported here are the 20 species of national significance (WoNS), along with other introduced plants
that are considered by the States and Territories to pose a particularly significant threat to biodiversity. The
following feral animals are reported: Goat, Red Fox, Cat, Rabbit, Pig, Water Buffalo and Cane Toad. Maps from
Landscape Health Project, National Land and Water Resouces Audit, 2001.

Name Status Type of Presence
Frogs

Cane Toad [83218] Species or species habitat
may occur within area

Rhinella marina

Mammals

Domestic Dog [82654] Species or species habitat
likely to occur within area

Canis lupus  familiaris

Donkey, Ass [4] Species or species habitat
likely to occur within area

Equus asinus

Horse [5] Species or species habitat
likely to occur within area

Equus caballus

Cat, House Cat, Domestic Cat [19] Species or species habitat
likely to occur within area

Felis catus

Pig [6] Species or species habitat
likely to occur within area

Sus scrofa

Red Fox, Fox [18] Species or species habitat
likely to occur within area

Vulpes vulpes

Plants

Buffel-grass, Black Buffel-grass [20213] Species or species habitat
may occur within area

Cenchrus ciliaris

Cotton-leaved Physic-Nut, Bellyache Bush, Cotton-leaf
Physic Nut, Cotton-leaf Jatropha, Black Physic Nut
[7507]

Species or species habitat
likely to occur within area

Jatropha gossypifolia

Parkinsonia, Jerusalem Thorn, Jelly Bean Tree, Horse
Bean [12301]

Species or species habitat
likely to occur

Parkinsonia aculeata



Name Status Type of Presence
within area



- non-threatened seabirds which have only been mapped for recorded breeding sites

- migratory species that are very widespread, vagrant, or only occur in small numbers

- some species and ecological communities that have only recently been listed

Not all species listed under the EPBC Act have been mapped (see below) and therefore a report is a general guide only. Where available data
supports mapping, the type of presence that can be determined from the data is indicated in general terms. People using this information in making
a referral may need to consider the qualifications below and may need to seek and consider other information sources.

For threatened ecological communities where the distribution is well known, maps are derived from recovery plans, State vegetation maps, remote
sensing imagery and other sources. Where threatened ecological community distributions are less well known, existing vegetation maps and point
location data are used to produce indicative distribution maps.

- seals which have only been mapped for breeding sites near the Australian continent

Such breeding sites may be important for the protection of the Commonwealth Marine environment.

Threatened, migratory and marine species distributions have been derived through a variety of methods.  Where distributions are well known and if
time permits, maps are derived using either thematic spatial data (i.e. vegetation, soils, geology, elevation, aspect, terrain, etc) together with point
locations and described habitat; or environmental modelling (MAXENT or BIOCLIM habitat modelling) using point locations and environmental data
layers.

The information presented in this report has been provided by a range of data sources as acknowledged at the end of the report.
Caveat

- migratory and

The following species and ecological communities have not been mapped and do not appear in reports produced from this database:

- marine

This report is designed to assist in identifying the locations of places which may be relevant in determining obligations under the Environment
Protection and Biodiversity Conservation Act 1999. It holds mapped locations of World and National Heritage properties, Wetlands of International
and National Importance, Commonwealth and State/Territory reserves, listed threatened, migratory and marine species and listed threatened
ecological communities. Mapping of Commonwealth land is not complete at this stage. Maps have been collated from a range of sources at various
resolutions.

- threatened species listed as extinct or considered as vagrants

- some terrestrial species that overfly the Commonwealth marine area

The following groups have been mapped, but may not cover the complete distribution of the species:

Only selected species covered by the following provisions of the EPBC Act have been mapped:

Where very little information is available for species or large number of maps are required in a short time-frame, maps are derived either from 0.04
or 0.02 decimal degree cells; by an automated process using polygon capture techniques (static two kilometre grid cells, alpha-hull and convex hull);
or captured manually or by using topographic features (national park boundaries, islands, etc).  In the early stages of the distribution mapping
process (1999-early 2000s) distributions were defined by degree blocks, 100K or 250K map sheets to rapidly create distribution maps. More reliable
distribution mapping methods are used to update these distributions as time permits.

-17.99866 124.75128,-17.99866 124.75937,-18.00728 124.77024,-18.00728 124.99756,-17.99965 125.01691,-18.01658 125.08458,-18.33194
125.08458,-18.33194 124.75126,-17.99866 124.75128
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http://www.aims.gov.au/
https://www.environment.gov.au/science/nerp
https://www.ath.org.au/
https://data.aad.gov.au/
http://www.qvmag.tas.gov.au/qvmag/
http://ebird.org/content/australia/
http://www.amnh.org/
http://www.environment.gov.au/copyright-statement
http://www.environment.gov.au/about-us/contact-us
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 Liveringa Group Water Quality  

 

B
or

e AB1
S 

AB1
D 

AB2
S 

AB2
D 

AB3
S 

AB4
S 

AB2
D 

VNB
1S 

VNB
1D 

VNB
2S 

VNB
3S 

VNB
4S 

VNB
4D 

D
at

e 

25/06 25/06 25/06 25/06 25/06 25/06 29/11 26/06 26/06 26/06 26/06 26/06 26/06 

Analyte Unit              

EC µS/c
m 4,800 4,800 1,100 4,800 5,500 2,900 4,800 2,300 2,000 1,600 1,800 2,300 1,900 

Chloride mg/
L 920 920 42 940 920 260 950 280 300 110 170 290 300 

Fluoride mg/
L 0.8 0.7 1.8 0.7 0.9 1.1 - 1.0 0.3 0.8 0.9 1.0 0.3 

Silica mg/
L 20 20 25 23 23 23 - 30 26 30 32 31 25 

SO4 mg/
L 660 650 18 650 1,200 560 660 310 280 130 210 320 250 

NO3 mg/
L 0.14 0.08 2 0.06 0.13 0.05 - 0.05 <0.05 <0.05 <0.05 0.06 0.44 

Ca mg/
L 70 69 20 75 160 57 71 95 58 62 76 110 58 

K mg/
L 49 49 19 50 64 38 45 26 15 18 19 22 15 

Mg mg/
L 95 95 14 94 160 69 87 70 54 46 57 73 52 

Na mg/
L 770 780 200 790 780 500 720 300 280 240 260 290 290 

Ag mg/
L 0.004 0.003 <0.00

1 0.002 0.001 <0.00
1 - <0.00

1 
<0.00
1 

<0.00
1 

<0.00
1 

<0.00
1 

<0.00
1 

Al mg/
L 0.34 0.020 0.042 0.019 0.59 0.12 0.096 1.2 0.016 0.078 0.56 0.25 0.33 

As mg/
L 0.002 <0.00

1 0.002 <0.00
1 0.006 0.005 0.002 0.002 0.006 0.005 0.002 0.010 0.002 

Ba mg/
L 0.036 0.024 0.075 0.078 0.053 0.068 0.078 0.081 0.13 0.15 0.11 0.084 0.17 

B mg/
L 0.94 0.96 0.45 0.81 1.0 0.84 0.89 0.28 0.34 0.30 0.28 0.29 0.33 
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B
or

e AB1
S 

AB1
D 

AB2
S 

AB2
D 

AB3
S 

AB4
S 

AB2
D 

VNB
1S 

VNB
1D 

VNB
2S 

VNB
3S 

VNB
4S 

VNB
4D 

D
at

e 

25/06 25/06 25/06 25/06 25/06 25/06 29/11 26/06 26/06 26/06 26/06 26/06 26/06 

Analyte Unit              

Cd mg/
L 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

Cu mg/
L 0.001 <0.00

1 0.004 <0.00
1 

<0.00
1 

<0.00
1 0.004 0.002 <0.00

1 
<0.00
1 

<0.00
1 

<0.00
1 0.001 

Cr mg/
L 0.004 <0.00

1 0.001 0.001 0.007 0.002 0.021 0.006 <0.00
1 0.001 0.004 0.004 0.009 

Fe mg/
L 2.2 0.18 0.33 0.15 2.2 1.2 - 2.3 1.6 1.6 0.92 2.0 0.46 

Hg mg/
L 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

<0.00
01 

Mn mg/
L 0.080 0.006 0.16 0.63 1.6 0.67 0.73 0.34 0.18 0.87 0.72 0.77 0.88 

Ni mg/
L 0.002 <0.00

1 0.001 <0.00
1 0.013 0.001 0.015 0.004 <0.00

1 0.001 0.003 0.003 0.006 

Pb mg/
L 

<0.00
1 

<0.00
1 

<0.00
1 

<0.00
1 

<0.00
1 

<0.00
1 

<0.00
1 0.001 <0.00

1 
<0.00
1 

<0.00
1 

<0.00
1 

<0.00
1 

Se mg/
L 

<0.00
1 

<0.00
1 0.001 <0.00

1 
<0.00
1 

<0.00
1 

<0.00
1 

<0.00
1 

<0.00
1 

<0.00
1 

<0.00
1 

<0.00
1 

<0.00
1 

Sr mg/
L 2.2 2.4 0.28 2.7 3.8 0.97 - 0.99 1.7 0.82 1.0 1.3 1.5 

Zn mg/
L 0.009 0.006 0.009 <0.00

5 0.006 0.006 0.014 0.008 <0.00
5 

<0.00
5 

<0.00
5 0.008 0.010 

Benzene ug/L <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Ethylben
zene ug/L <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

m,p-
Xylene ug/L <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 

ortho 
xylene ug/L <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

Toluene ug/L <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

TRH C6-
C9 ug/L <40 <40 <40 <40 <40 <40 <40 <40 <40 <40 <40 <40 <40 
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B
or

e AB1
S 

AB1
D 

AB2
S 

AB2
D 

AB3
S 

AB4
S 

AB2
D 

VNB
1S 

VNB
1D 

VNB
2S 

VNB
3S 

VNB
4S 

VNB
4D 

D
at

e 

25/06 25/06 25/06 25/06 25/06 25/06 29/11 26/06 26/06 26/06 26/06 26/06 26/06 

Analyte Unit              

TRH C10-
C14 ug/L <50 <50 50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 

TRH C15-
C28 ug/L <200 <200 210 210 450 <200 <200 210 <200 210 <200 <200 <200 

TRH C29-
C36 ug/L <200 <200 220 250 450 510 <200 200 390 <200 <200 <200 <200 

Dissolve
d ethane 

mg/
L 

<0.00
5 

<0.00
5 

<0.00
5 

<0.00
5 

<0.00
5 

<0.00
5 - <0.00

5 
<0.00
5 

<0.00
5 

<0.00
5 

<0.00
5 

<0.00
5 

Dissolve
d 
methane 

mg/
L 0.028 0.010 0.022 0.020 0.018 0.038 - 0.026 0.008 0.032 0.011 0.021 0.050 

Dissolve
d 
propane 

mg/
L 

<0.00
5 

<0.00
5 

<0.00
5 

<0.00
5 

<0.00
5 

<0.00
5 - <0.00

5 
<0.00
5 

<0.00
5 

<0.00
5 

<0.00
5 

<0.00
5 
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Product Name Purpose Product in system fluid 
(%) 

Toxicity and Ecotoxicity Information 

Water  93.98564% No Hazard 

Water in products  1.67% No Hazard 

Acetic Acid - 60% Buffer 0.00802% CONSTITUENT 1 (≤100%): 

Acute Fish Toxicity 96h LC50: 75 mg/L (Lepomis macrochirus)  

Acute Crustacean Toxicity 24h LC50: 47 mg/L (Daphnia magna)  

Acute Algae Toxicity 24h EC50: 156 mg/L (Chlorococcales)  

Biodegradation: Readily Biodegradable (99% degradation in 7d)  

Bioaccumulation: Not Bioaccumulative (based on Log Kow: -0.17)  

CONSTITUENT 2 (≤60%): No Hazard - Water makes up the remainder of this product 

BE-9 Biocide 0.00842% CONSTITUENT 1 (≤10%): 

Acute Fish Toxicity of degradation product 96h LC50: <700 mg/L (goldfish, zebrafish)Test: Closed Bottle 
(OECD 301D)  

Biodegradability/Bioaccumulation: Duration: 28 day  

Procedure: Ready biodegradability. Ref. LOLI Desktop Component is classified by Korea MOE using GHS 
Criteria "Hazardous to the Aquatic Environment - Acute: Category 1" and "Hazardous to the Aquatic 
Environment - Chronic: Category 1". 

CONSTITUENT 2 (≤100%): No Hazard-Water makes up the remainder of this product 

CLBXTAU121 High Temp Breaker 0.00935% Acute Toxicity: 

Acute Fish Toxicity 48h LC50: 450 mg/L (Leuciscus idus) 

Fish: Leuciscus idus: EC50=2300-2700 mg/L; LD 50 ORAL (RAT): 5900 mg/kg 

LD 50 INTRAPERITONEAL (RAT): 4000 mg/kg 
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Product Name Purpose Product in system fluid 
(%) 

Toxicity and Ecotoxicity Information 

LD 50 SUBCUTANEOUS (RAT): 6600 mg/kg 

LD 50 INTRAPERITONEAL (MOUSE): 1750 mg/kg 

Listed as a permitted food additive in multiple jurisdictions (including Australia).  

Component is defined by Germany's Federal Environment Agency as "Hazard Class 1 - Low Hazards to 
Waters" (Water Classification Annex 3). 

Readily Biodegradable 

CLLAU301 Crosslinker 0.09354% CONSTITUENT 1 (≤10%): 

Acute Fish Toxicity 96h LC50: 3.6 mg/L (Salvelinus fontinalis);  

Acute Crustacean Toxicity 48h EC50: 3.2 mg/L (Daphnia magna);  

Acute Algae Toxicity 22h EC50: >25 mg/L (Aphanizomenon flos- aquae); 

Biodegradation: Not Applicable (Inorganic); CONSTITUENT 2 (≤10%): 

Acute Fish Toxicity 96h LC50: 42 mg/L (Gambusia affinis); 

Acute Crustacean Toxicity 24h EC50: 29 mg/L (Daphnia magna);  

Acute Algae Toxicity: No Data Available; 

Biodegradation: Not Applicable (Inorganic); Bioaccumulation: Not Applicable (Inorganic) CONSTITUENT 3 
(≤100%): 

No Hazard- Water makes up the remainder of this product 

CLWGAU421 Gelling Agent 0.02804% Acute Toxicity: 

Acute Fish Toxicity 96h LC50: 20,000 mg/L (Oncorhynchus mykiss);  

Acute Crustacean Toxicity 48h EC50: 87.26 mg/L (Ceriodaphnia dubia) 

DCA 30001 (FDP-S1085-13) Scale Inhibitor 0.04677% CONSTITUENT 1 (≤30%): 
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Product Name Purpose Product in system fluid 
(%) 

Toxicity and Ecotoxicity Information 

Acute Toxicity: 

48h LC50: >200 mg/L (Daphnia Magna) 

96 h LC50: >1000 mg/L (Brachydanio)  

28d LC50: > 450 mg/L (Brachydanio rerio)  

21d EC50: = 450 mg/L (Daphnia Magna) 

96h EC50: =180 mg/L (Selenastrum capricornutum) 

Component is defined by Germany's Federal Environment Agency as "Hazard Class 1, Low Hazards to Water" 
(Water Classification Annex 1).;  

Component is classified by Cosmetic Ingredient Review as a "Safe Ingredient With Qualifications"; 

Component is classified by the US EPA - FIFRA as a "Inert Ingredient Permitted for Use in Nonfood Use 
Pesticide Products";  

Component is classified by the US EPA - Design for the Environment (DfE) as part of the "Safer Chemical 
Ingredients List - Polymer";  

Component is classified by the US FDA as a "Direct Food Additive" and an "Indirect Food Additive". 
Component was classified (out of 229 notifiers) by one notifier as an Aquatic Chronic Cat. 3 

CONSTITUENT 2 (≤10%): 

Acute Toxicity: 

48h LC50: 1.94 mg/L (Ceriodaphnia dubia) 

96h LC50: 26.2 mg/L (Pimephales promelas) 

CONSTITUENT 3 (≤1%): 

Acute Toxicity: 

96h LC50: 45.4 mg/L (Oncorhynchus mykiss) 

48h EC50: 40.38 mg/L (Ceriodaphnia dubia) 
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Product Name Purpose Product in system fluid 
(%) 

Toxicity and Ecotoxicity Information 

Biodegradation: Not Applicable (Inorganic) 

Bioaccumulation: Not Applicable (Inorganic) 

CONSTITUENT 4 (≤100%): 

No Hazard- Water makes up the remainder of this product 

96h EC50: =180 mg/L (Selenastrum capricornutum) 

Component is defined by Germany's Federal Environment Agency as "Hazard Class 1, Low Hazards to Water" 
(Water Classification Annex 1).;  

Component is classified by Cosmetic Ingredient Review as a "Safe Ingredient With Qualifications";  

Component is classified by the US EPA - FIFRA as a "Inert Ingredient Permitted for Use in Nonfood Use 
Pesticide Products";  

Component is classified by the US EPA - Design for the Environment (DfE) as part of the "Safer Chemical 
Ingredients List - Polymer";  

Component is classified by the US FDA as a "Direct Food Additive" and an "Indirect Food Additive".  

Component was classified (out of 229 notifiers) by one notifier as an Aquatic Chronic Cat. 3 

CONSTITUENT 2 (≤10%): 

Acute Toxicity: 

48h LC50: 1.94 mg/L (Ceriodaphnia dubia)  

96h LC50: 26.2 mg/L (Pimephales promelas)  

CONSTITUENT 3 (≤1%): 

Acute Toxicity: 

96h LC50: 45.4 mg/L (Oncorhynchus mykiss)  

48h EC50: 40.38 mg/L (Ceriodaphnia dubia)  

Biodegradation: Not Applicable (Inorganic)  
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Product Name Purpose Product in system fluid 
(%) 

Toxicity and Ecotoxicity Information 

Bioaccumulation: Not Applicable (Inorganic)  

CONSTITUENT 4 (≤100%): 

No Hazard- Water makes up the remainder of this product 

FE-2 Buffer 0.00118% Acute Toxicity: 

96h LC50: 440 mg/L (Leuciscus idus)  

24h EC50: 85 mg/L (Daphnia magna) 

Biodegradation: Readily Biodegradable (98% degradation in 48 (OECD 302B)) 

Bioaccumulation: Not Bioaccumulative (based on Log Pow: -1.72) 

DCA-23001 (FR-50D) Friction Reducer 0.01371% CONSTITUENT 1 (≤30%): 

Acute Toxicity: 

48h LC50: =218.1 mg/L (Ceriodaphnia dubia)  

48h LC50: < 1 mg/L (Daphnia Magna) 

72h EC50: = 4310 mg/L (Skeletonema Costatum)  

48h LC50: = 2202 mg/L (Acartia Tonsa) 

96h LC50: =9051 mg/L (Scophthalmus Maximus) 

Component is classified by the US FDA as a "Direct Food Additive" and an "Indirect Food Additive". 

CONSTITUENT 2 (≤1%): 

Acute Toxicity: 

96h LC50: 4.96 mg/L (Ctenopharyngodon idella)  

48h LC50: 7.4 mg/L (Daphnia magna) 

Biodegradation: Persistent (<10% degradation in 28d (OECD 301D)) 
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Product Name Purpose Product in system fluid 
(%) 

Toxicity and Ecotoxicity Information 

Bioaccumulation: Not Bioaccumulative (based on BCF = 48)  

CONSTITUENT 3 (≤100%): 

Acute Toxicity: 

96h LC50: 1000 mg/L (Morone saxatilis)  

48h EC50: 402.6 mg/L (Daphnia magna)  

96h EC50: 2430 mg/L (Navicula seminulum)  

Biodegradation: Not Applicable (Inorganic) 

Bioaccumulation: Not Applicable (Inorganic) 

DCA-17004 (HAI-150E) Corrosion Inhibitor 0.000537% No Hazard - natural product 

REACH ANNEX V: Exempt for OSPAR OCNS Group  

CEFAS Registration Number 25119 

Component is naturally-occurring and is generally not classified by notifiers. 

Hydrochloric Acid - 32% Acid 0.10200% CONSTITUENT 1 (≤60%): 

Acute Toxicity: 

96h LC50: 4.92 mg/L (Cyprinus carpio)  

48h EC50: 0.492 mg/L (Daphnia magna) 

72h EC50: 0.097 mg/L (Selenastrum capricornutum);  

Biodegradation: Not Applicable (Inorganic);  

Bioaccumulation: Not Applicable (Inorganic);  

CONSTITUENT 2 (≤100%): 

No Hazard-Water makes up the remainder of this product. 
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Product Name Purpose Product in system fluid 
(%) 

Toxicity and Ecotoxicity Information 

48 h LC50: > 430 mg/L – (Marine Copepod Acartia tonsa) 

Oral, mouse: LD50 = 300 mg/kg;  

Oral, rabbit: LD50 = 3200 mg/kg;  

Oral, rat: LD50 = 980 mg/kg. 

Carcinogenicity: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.)  

CONSTITUENT 2 (>60%): 

No Hazard-Water makes up the remainder of this product. 

Sodium Chloride Clay Stabilizer 0.86515% Acute Toxicity: 

96h LC50: 1000 mg/L (Morone saxatilis)  

48h EC50: 402.6 mg/L (Daphnia magna)  

96h EC50: 2430 mg/L (Navicula seminulum)  

Biodegradation: Not Applicable (Inorganic) 

Bioaccumulation: Not Applicable (Inorganic) 

100 Mesh Sand Proppant 0.28216% No Hazard – Natural Product 

40/70 Sand Proppant 2.88206% No Hazard – Natural Product 

Water Dissolution medium 

+ flush fluid 

0.000008357% No Hazard – Natural Product 

T-140a Chemical Water Tracer 0.0000000348% CONSTITUENT 1 (10-30%): 

sodium 2-fluorobenzoate Acute Toxicity: 

96h LC50 440mg/L – Marine Fish Scophthalmus maximus 
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Product Name Purpose Product in system fluid 
(%) 

Toxicity and Ecotoxicity Information 

Oral, Mouse: LD50 = 300 mg/kg;  

Oral, rabbit: LD50 = 3200 mg/kg;  

Oral, rat: LD50 = 980 mg/kg. 

Carcinogenicity: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  

CONSTITUENT 2 (>60%): 

No Hazard-Water makes up the remainder of this product. 

T-140b Chemical Water Tracer 0.0000000348% CONSTITUENT 1 (1-10%): 

sodium 3-fluorobenzoate Acute Toxicity: 

48 h LC50: > 298 mg/L – (Marine Copepod Acartia tonsa) 

EC50: 934 mg/L – (Fish toxicity marine fish Cryrinodon variegatus)  

EC50: > 10000 mg/L – (Algal toxicity marine unicellular algae Skeletonema costatum) 

EC50: 9344 mg/L (Marine Acartia tonsa) 

EC50 > 14185 mg/L – (Marine crustacean Corophium volutator)  

CONSTITUENT 2 (>60%): 

No Hazard-Water makes up the remainder of this product. 

T-140c Chemical Water Tracer 0.0000000348% CONSTITUENT 1 (1-10%): 

sodium 4-fluorobenzoate Acute Toxicity: 

48 h LC50: > 430 mg/L – (Marine Copepod Acartia tonsa) 

Oral, mouse: LD50 = 300 mg/kg; Oral, rabbit: LD50 = 3200 mg/kg; 

Oral, rat: LD50 = 980 mg/kg. 

Carcinogenicity: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.) 
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Product Name Purpose Product in system fluid 
(%) 

Toxicity and Ecotoxicity Information 

CONSTITUENT 2 (>60%): 

No Hazard-Water makes up the remainder of this product. 

T-158a Chemical Water Tracer 0.0000000348% CONSTITUENT 1 (1-10%): 

sodium 2,4-fluorobenzoate Acute Toxicity: 

48 h LC50: > 460 mg/L – (Marine Copepod Acartia tonsa)  

Oral, mouse: LD50 = 830 mg/kg; .  

Other: oral rat LD50 > 5000 

Carcinogenicity: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  

CONSTITUENT 2 (>60%): 

No Hazard-Water makes up the remainder of this product. 

T-158b Chemical Water Tracer 0.0000000348% CONSTITUENT 1 (10-30%): 

sodium 2,5-fluorobenzoate Acute Toxicity: 

48 h LC50: > 460 mg/L – (Marine Copepod Acartia tonsa)  

Oral, mouse: LD50 = 830 mg/kg;  

Other: oral rat LD50 > 5000 

Carcinogenicity: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  

CONSTITUENT 2 (>60%): 

No Hazard-Water makes up the remainder of this product. 

T-158c Chemical Water Tracer 0.0000000348% CONSTITUENT 1 (10-30%): 

sodium 2,6-fluorobenzoate Acute Toxicity: 
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Product Name Purpose Product in system fluid 
(%) 

Toxicity and Ecotoxicity Information 

48 h LC50: > 1521 mg/L – (Marine Copepod Acartia tonsa) 

Oral, mouse: LD50 >1000 mg/kg;  

Other: oral rat LD50 > 5000 Carcinogenicity: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  

CONSTITUENT 2 (>60%): 

No Hazard-Water makes up the remainder of this product. 

T-158d Chemical Water Tracer 0.0000000348% CONSTITUENT 1 (10-30%): 

sodium 3,4-fluorobenzoate Acute Toxicity: 

48 h LC50: > 1521 mg/L – (Marine Copepod Acartia tonsa) 

Oral, mouse: LD50 >1000 mg/kg;  

Other: oral rat LD50 > 5000 Carcinogenicity: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  

CONSTITUENT 2 (>60%): 

No Hazard-Water makes up the remainder of this product. 

T-176c Chemical Water Tracer 0.0000000348% CONSTITUENT 1 (10-30%): 

sodium 3,4-fluorobenzoate Acute Toxicity: 

48 h LC50: > 254 mg/L – (Marine Copepod Acartia tonsa) 

Oral, mouse: LD50 >1000 mg/kg;  

Other: oral rat LD50 > 5000 Carcinogenicity: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  

CONSTITUENT 2 (>60%): 

No Hazard-Water makes up the remainder of this product. 

T-190a Chemical Water Tracer 0.0000000348% CONSTITUENT 1 (10-30%): 
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Product Name Purpose Product in system fluid 
(%) 
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sodium 2 (trifluoromethyl) benzoate Acute Toxicity: 

48 h LC50: > 443 mg/L – (Marine Copepod Acartia tonsa)  

LD 50 > 3000 mg/kg (oral rat) 

Carcinogenicity: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  

CONSTITUENT 2 (>60%): 

No Hazard-Water makes up the remainder of this product. 

T-190b Chemical Water Tracer 0.0000000348% CONSTITUENT 1 (10-30%): 

sodium 3 (trifluoromethyl) benzoate Acute Toxicity: 

48 h LC50: > 167 mg/L – (Marine Copepod Acartia tonsa)  

LD 50 > 3000 mg/kg (oral rat) 

Carcinogenicity: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  

CONSTITUENT 2 (>60%): 

No Hazard-Water makes up the remainder of this product. 

T-190c Chemical Water Tracer 0.0000000348% CONSTITUENT 1 (10-30%): 

sodium 4 (trifluoromethyl) benzoate Acute Toxicity: 

48 h LC50: > 134 mg/L – (Marine Copepod Acartia tonsa) 

10d LC 50: 283 mg/L – (Marine crustacean Corophium volutator)  

72h EC50 >695 mg/L – (Algal toxicity marine unicellularn algae Skeletonema costatum) 

96h LC50 >3200 mg/L – (Marine Fish Scophthalmus Maximus) 

Carcinogenicity: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  

CONSTITUENT 2 (>60%): 
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No Hazard-Water makes up the remainder of this product. 

T-194a Chemical Water Tracer 0.0000000348% CONSTITUENT 1 (10-30%): 

sodium 2,3,4,5 tetrafluoro benzoic acid Acute Toxicity: 

48h LC50: >305 mg/L – (Marine Copepod Acartia tonsa) 

10d LC50: 407 mg/L – (Marine crustacean Corophium volutator)  

72h EC50 >2075 mg/L – (Algal toxicity marine unicellular algae Skeletonema costatum) 

96h LC50 440 mg/L – (Marine Fish Scophthalmus Maximus)  

Carcinogenicity: Not listed by ACGIH, IARC, NIOSH, NTP, or OSHA.  

CONSTITUENT 2 (>60%): 

No Hazard-Water makes up the remainder of this product. 

T-300 Chemical Gas Tracer 0.000001175% Acute Toxicity: 

48h LC50: >10,000 mg/L – (Marine Copepod Acartia tonsa) 

96h LC50 >5600 mg/L – (Fish Scophthalmus maximus unicellular)  

72h LC50 >10000 mg/L – ( Algae Skeletonema costatum) 

10d LC50 >12710 mg/L (Marine crustacean Corophium volutator) 

T-300a Chemical Gas Tracer 0.000001175% Acute Toxicity: 

48h LC50: >10,000 mg/L – (Marine Copepod Acartia tonsa) 

96h LC50 >5600 mg/L – (Fish Scophthalmus maximus unicellular)  

72h LC50 >10000 mg/L – ( Algae Skeletonema costatum) 

10d LC50 >12710 mg/L (Marine crustacean Corophium volutator) 
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T-350 Chemical Gas Tracer 0.000001175% Acute Toxicity: 

48h LC50: >10,000 mg/L – (Marine Copepod Acartia tonsa) 

96h LC50 >5600 mg/L – (Fish Scophthalmus maximus unicellular)  

72h LC50 >10000 mg/L – ( Algae Skeletonema costatum) 

10d LC50 >12710 mg/L (Marine crustacean Corophium volutator) 

T-400b Chemical Gas Tracer 0.000001175% Acute Toxicity: 

48h LC50: >10,000 mg/L – (Marine Copepod Acartia tonsa) 

96h LC50 >5600 mg/L – (Fish Scophthalmus maximus unicellular)  

72h LC50 >10000 mg/L – ( Algae Skeletonema costatum) 

10d LC50 >12710 mg/L (Marine crustacean Corophium volutator) 

T-400c Chemical Gas Tracer 0.000001175% Acute Toxicity: 

48h LC50: >10,000 mg/L – (Marine Copepod Acartia tonsa) 

96h LC50 >5600 mg/L – (Fish Scophthalmus maximus unicellular)  

72h LC50 >10000 mg/L – ( Algae Skeletonema costatum) 

10d LC50 >12710 mg/L (Marine crustacean Corophium volutator) 

T-400d Chemical Gas Tracer 0.000001175% Acute Toxicity: 

48h LC50: >10,000 mg/L – (Marine Copepod Acartia tonsa) 

96h LC50 >5600 mg/L – (Fish Scophthalmus maximus unicellular)  

72h LC50 >10000 mg/L – ( Algae Skeletonema costatum) 

10d LC50 >12710 mg/L (Marine crustacean Corophium volutator) 
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T-412 Chemical Gas Tracer 0.000001175% Acute Toxicity: 

48h LC50: >10,000 mg/L – (Marine Copepod Acartia tonsa) 

96h LC50 >5600 mg/L – (Fish Scophthalmus maximus unicellular)  

72h LC50 >10000 mg/L – ( Algae Skeletonema costatum) 

10d LC50 >12710 mg/L (Marine crustacean Corophium volutator) 

T-438 Chemical Gas Tracer 0.000001175% Acute Toxicity: 

48h LC50: >10,000 mg/L – (Marine Copepod Acartia tonsa) 

96h LC50 >5600 mg/L – (Fish Scophthalmus maximus unicellular)  

72h LC50 >10000 mg/L – ( Algae Skeletonema costatum) 

10d LC50 >12710 mg/L (Marine crustacean Corophium volutator) 

T-450a Chemical Gas Tracer 0.000001175% Acute Toxicity: 

48h LC50: >10,000 mg/L – (Marine Copepod Acartia tonsa) 

96h LC50 >5600 mg/L – (Fish Scophthalmus maximus unicellular)  

72h LC50 >10000 mg/L – ( Algae Skeletonema costatum) 

10d LC50 >12710 mg/L (Marine crustacean Corophium volutator) 

T-450b Chemical Gas Tracer 0.000001175% Acute Toxicity: 

48h LC50: >10,000 mg/L – (Marine Copepod Acartia tonsa) 

96h LC50 >5600 mg/L – (Fish Scophthalmus maximus unicellular)  

72h LC50 >10000 mg/L – ( Algae Skeletonema costatum) 

10d LC50 >12710 mg/L (Marine crustacean Corophium volutator) 
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T-450c Chemical Gas Tracer 0.000001175% Acute Toxicity: 

48h LC50: >10,000 mg/L – (Marine Copepod Acartia tonsa) 

96h LC50 >5600 mg/L – (Fish Scophthalmus maximus unicellular)  

72h LC50 >10000 mg/L – ( Algae Skeletonema costatum) 

10d LC50 >12710 mg/L (Marine crustacean Corophium volutator) 

T-462a Chemical Gas Tracer 0.000001175% Acute Toxicity: 

48h LC50: >10,000 mg/L – (Marine Copepod Acartia tonsa) 

96h LC50 >5600 mg/L – (Fish Scophthalmus maximus unicellular)  

72h LC50 >10000 mg/L – ( Algae Skeletonema costatum) 

10d LC50 >12710 mg/L (Marine crustacean Corophium volutator) 

Iridium Zero Wash Bead Tracer Proppant Tracer 0.0000000139% CONSTITUENT 1 > 5% : Silicon Dioxide & Aluminium Oxide; Acute Toxicity: 

Oral, mouse: LD50 >8000 mg/kg;  

Oral, rabbit: LD50 > 5000 mg/kg;  

Oral, rat: LD50 > 10000 mg/kg. 

CONSTITUENT 2  

<5% : Iridium 192 Oxide; Titanium Oxide; Potassium Oxide; Iron Oxide; Calcium Oxide; Sodium Oxide  

Acute Toxicity: 

Oral LD50 Rat: >10000 mg/kg. 

CONSTITUENT 3  

<5% : Methanol; Dipropylene glycol methyl ether; Xanthanum gum 
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Acute Toxicity: 

Oral, rat: LD50 >5000 mg/kg 

Biodegradation: Not Applicable (Inorganic); 

CONSTITUENT 4 

>90 %: No Hazard-Water makes up the remainder of this product. 

Antimony Zero Wash Bead Tracer Proppant Tracer 0.0000000139% CONSTITUENT 1  

> 5% : Silicon Dioxide & Aluminium Oxide;  

Acute Toxicity: 

Oral, mouse: LD50 >8000 mg/kg;  

Oral, rabbit: LD50 > 5000 mg/kg;  

Oral, rat: LD50 > 10000 mg/kg. 

CONSTITUENT 2  

<5% : Antimony124 Oxide ; Titanium Oxide; Potassium Oxide; Iron Oxide; Calcium Oxide; Sodium Oxide 
Biodegradation: Not Applicable (Inorganic); 

Acute Toxicity: 

Oral LD50 Rat: >10000 mg/kg. 

CONSTITUENT 3  

<5% : Methanol; Dipropylene glycol methyl ether; Xanthanum gum  

Acute Toxicity: 

Oral, rat: LD50 >5000 mg/kg 

CONSTITUENT 4 

>90 %: No Hazard-Water makes up the remainder  of this product. 
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Scandium Zero Wash Bead Tracer Proppant Tracer 0.0000000139% CONSTITUENT 1  

> 5% : Silicon Dioxide & Aluminium Oxide; Acute Toxicity: 

Oral, mouse: LD50 >8000 mg/kg; 

Oral, rabbit: LD50 > 5000 mg/kg;  

Oral, rat: LD50 > 10000 mg/kg. 

CONSTITUENT 2  

<5% : Scandium46 Oxide ; Titanium Oxide; Potassium Oxide; Iron Oxide; Calcium Oxide; Sodium Oxide 
Biodegradation: Not Applicable (Inorganic); 

Acute Toxicity: 

Oral LD50 Rat: >10000 mg/kg. 

CONSTITUENT 3  

<5% : Methanol; Dipropylene glycol methyl ether; Xanthanum gum 

Acute Toxicity: 

Oral, rat: LD50 >5000 mg/kg 

CONSTITUENT 4 

>90 %: No Hazard-Water makes up the remainder of this product. 

 


