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1. Introduction 
1.1. Background 
The Santos Gladstone Liquefied Natural Gas (GLNG) Project involves the development of Coal Seam Gas (CSG) 
resources in the Surat and Bowen Basins in Queensland, to supply gas via a 430 kilometre (km) gas transmission 
pipeline (GTP) to the LNG Facility located on Curtis Island.  

Throughout the development of the Santos GLNG Project and in accordance with Santos GLNG Project 
approvals, potentially impacted environmental values are systematically identified and assessed and in order of 
preference are avoided, minimised or mitigated. For a project the size and scale of the Santos GLNG Project, not 
all potential impacts to identified values can be avoided and/or mitigated, resulting in significant residual adverse 
impacts to environmental values. Santos is committed to providing environmental offsets to compensate for 
significant residual impacts on matters of national environmental significance (MNES). 

The Santos GLNG Project requires environmental offsets for significant residual impacts on MNES under five 
separate approvals under the Environment Protection and Biodiversity Conservation Act 1999 (Cth; EPBC Act):  

• EPBC 2008/4057 which relates to the LNG facility and associated onshore facilities. 
• EPBC 2008/4058 which relates to the marine facilities for the LNG facility. 
• EPBC 2008/4059 which relates to the CSG fields. 
• EPBC 2008/4096 which relates to the GTP. 
• EPBC 2012/6615 which relates to the expansion of the CSG fields (the Santos GLNG Gas Field Development 

[GFD] Project). 

1.2. Purpose 
This document has been prepared to demonstrate how Santos will acquit MNES offset obligations associated with 
the Fairview Stage 7 development of the GFD Project under EPBC 2012/6615 (herein referred to as Stage 7).  

Under EPBC 2012/6615, Santos may carry out the action in project stages and deliver environmental offsets for 
residual significant impacts to MNES over time. This offset plan has been prepared for Stage 7 of the GFD 
Project, to address conditions 11-19 under EPBC 2012/6615 (see Section 2).  

1.3. Scope  
This document includes: 

• offset conditions of EPBC 2012/6615 and where each condition is addressed in this document (Section 2) 
• details of the methods for assessing significant residual impacts and a summary of the impacts addressed as 

part of this document for Stage 7 of the GFD Project (Section 3) 
• a reconciliation of impacts and offsets for Stages 1-6 of the GFD Project (Section 4) 
• summary of how the proposed offset area meets the requirements under the EPBC Act Environmental Offsets 

Policy (Section 5) 
• brief overview of the offset properties selected to acquit the MNES offset requirements of Stage 7 of the GFD 

Project, namely Kentucky (Lot 1 WT37), Mt Tabor (Lot 6 CHS25; Offset areas 1 and 2) and Bottle Tree (Lot 7 
TR39) (Section 6) 

• demonstration of how each MNES offset requirement is acquitted (Section 7) 
• offset area management plans (OAMP) for the Kentucky offset area (Appendix A), Mt Tabor offset area 

(Appendix B) and Bottle Tree offset area (Appendix C). 
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3.2. Methods for assessing Stage 7 impacts 

3.2.1. Stage 7 development area 

The Stage 7 development area is located approximately 60 km east-northeast of Injune in south central 
Queensland, sitting entirely within Subregion 24 (Carnarvon Ranges) of the Brigalow Belt Bioregion (Sattler and 
Williams, 1999) and wholly located within the Banana Shire Council area. The Stage 7 development area occurs 
across parts of the Scotia, Arcadia and Fairview gas fields and includes several lot plans: 3FT845130, 28FT313, 
19FT1028, 6FT801, 2SP247967, 4FT835681, 46FTY1813, 55FTY1153, 5TR839674, 8SP261936, 62FTY1809, 
1AB81, 2AB247,1SP290079, 9SP262435, PL91, PL92, PL99, PL100 and PL232 (AECOM 2020; Boobook 2021; 
Boobook 2023a,b,c,d,e; Boobook 2024).  

The development area consisted of a mix of remnant and regrowth vegetation which has a long history as a 
pastoral settlement where vegetation clearing has been extensive for cattle grazing and cropping. 

3.2.2. Ecological surveys and assessments 

Ecological assessments of the Stage 7 development area were undertaken by suitably qualified ecologists 
engaged by Santos to provide baseline ecological data and to inform future offset obligations. The assessment 
included desktop investigations followed by detailed field surveys between September 2019 and May 2024 to 
confirm the vegetation communities, flora/fauna species and habitat values present within the development area 
(AECOM 2020; Boobook 2021; Boobook 2023a,b,c,d,e; Boobook 2024).  

Formal survey sites were established in a number of vegetation assessment units, based on identifiable 
vegetation characteristics across the broader project area (AECOM 2020; Boobook 2021; Boobook 2023a,b,c,d,e; 
Boobook 2024). At each site quaternary vegetation structure and floristics and fauna habitat assessments were 
conducted. A description of the desktop and field survey assessments are summarised in the following sections. 

In-field verification of desktop findings and additional findings of significance were undertaken in general 
accordance with the following: 

• Methodology for Conducting Ecological Assessments – GLNG Areas Rev 4.1 (Santos 2014). 
• Functional Thresholds for Assessing Regional Ecosystem Functionality (Santos 2015). 
• Methodology for Survey and Mapping of Regional Ecosystems and Vegetation Communities in Queensland 

(Neldner et al. 2022). 

Desktop assessment 
A desktop assessment was conducted to inform the field survey. Sources of information utilised during the 
desktop assessment included the following: 

• Queensland government remnant regional ecosystem (RE) and high value regrowth mapping (Department of 
Environment, Science and Innovation [DESI] 2023a; Department of Resources [DoR] 2023a). 

• EPBC Act Protected Matters Search Tool (Department of Climate Change, Energy, the Environment and 
Water [DCCEEW] 2023). 

• Wildlife Online fauna and flora records (DESI 2023b). 
• Protected Plants Flora Survey Trigger Map (DESI 2023c). 
• Wetlands and waterways mapping (DESI 2023d, 2022e; DoR 2023a). 
• Landscape terrestrial and aquatic values (DESI 2023a, 2023d). 
• Regulated vegetation and other Matters of State Conservation Significance (DESI 2023d; DoR 2023a, 

2023b). 
• Atlas of Living Australia (ALA) flora and fauna records within 10 km of the approximate centre of the Site 

(ALA 2023). 
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Regional Ecosystem and Threatened Ecological Community assessment  
Desktop RE mapping was ground-truthed based on quaternary level of data collected across the disturbance area 
in accordance with Neldner et al. (2022). Vegetation community polygons were verified in accordance with 
Queensland RE description and biodiversity status as per the Regional Ecosystem Description Database (REDD) 
(DESI 2023a) and classified as remnant RE, vegetation consistent with RE (regrowth) or non-remnant vegetation. 
For identified regrowth (i.e. vegetation floristically equivalent to a RE but not meeting structural thresholds of 
remnant RE) an ecosystem functionality assessment was conducted.  

For each area of potential threatened ecological community (TEC), an assessment of vegetation survey data was 
made against the Commonwealth Government’s TEC threshold criteria (e.g. Threatened Species Scientific 
Committee 2013). 

BioCondition assessment 
BioCondition assessments were used to evaluate ecological functionality of each vegetation community. These 
assessments were completed at 232 sites, which were selected to include each mapped RE (remnant and 
regrowth status). BioCondition assessments were undertaken in accordance with the BioCondition: A Condition 
Assessment Framework for Terrestrial Biodiversity in Queensland. Assessment Manual (BioCondition Manual) 
(Eyre et al. 2015). Scores for BioCondition sites were calculated in accordance with Eyre et al. (2011, 2015), 
which compares the values obtained at each survey site with values in the benchmark document for that particular 
RE (Queensland Herbarium 2019).  

Threatened species habitat assessment and mapping  
Microhabitat assessments were undertaken in conjunction with vegetation community surveys at each survey plot, 
or as required where significant variation in the type and abundance of habitat features occurred. The results of 
these assessments, combined with published information and ecologist knowledge of fauna distribution and 
habitat use, were used to predict habitat suitability for nominated EPBC Act listed threatened flora and fauna 
confirmed, likely or potentially present within the development area. Identified habitat REs were classified as 
Essential or General Habitat using the definitions provided in the Santos Fauna Habitat model (Aurecon 2014) as 
follows: 

• Essential Habitat - is an area containing resources that are considered essential for the maintenance of 
populations of the species (e.g. potential habitat for breeding, roosting, foraging, shelter, for either migratory or 
non-migratory species). ‘Essential Habitat’ is defined from known records and/or expert advice (including the 
findings of preclearance surveys). 

• General Habitat - consists of areas or locations that are used by transient individuals or where species have 
been recorded but there is insufficient information to assess the area as ‘Essential/core Habitat’. ‘General 
Habitat’ may be defined from known records or habitat that is considered to potentially support a species 
according to expert knowledge of habitat relationships, despite the absence of specimen backed records. 
‘General Habitat’ may include areas of suboptimal habitat for species. 

Incidental records of threatened fauna obtained during vegetation assessments and general property traverses to 
and between sites (on foot and driving) were fully documented including species name, location (with site co-
ordinates or area of extent), habitat and number detected (AECOM 2020, Boobook 2021; Boobook 
2023a,b,c,d,e,; Boobook 2024). 

Microhabitat assessments were conducted at representative sites within each ground-truthed assessment unit 
present within the development area. Though the presence and abundance of microhabitat features (e.g. hollow 
logs) likely varies within and between patches (mapping polygons) of a given RE, for the purposes of predictive 
fauna habitat mapping it is assumed that the results of microhabitat assessment for a RE are applicable 
throughout the area. That is to say, a conservative approach has been taken with regard to mapping of species 
habitat where ground-truthing of the entire RE patch is impractical.  

Where patches have not been ground-truthed, relevant fauna microhabitat features were assumed to be present, 
and patches have been mapped as habitat until further assessments can be undertaken. Similarly, where 
predictive mapping of flora habitat is based on known RE associations it is assumed that suitable habitat exists in 
all patches of the RE at the Site. 
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Targeted flora survey  
Targeted surveys for threatened flora species were informed by the desktop search results and local experience. 
Searches for threatened flora species under the EPBC Act and/or Nature Conservation Act 1992 (Qld) were 
conducted informally with field botanists targeting likely habitats, including remnant and non-remnant vegetation, 
as they were encountered during the vegetation community survey. No EPBC Act listed threatened flora were 
detected during these flora surveys and were deemed unlikely to be present within the impact area (Boobook 
2023a,b,c,d,e; Boobook 2024. 

3.2.3. Significant residual impact assessment 

The Commonwealth Minister for the Environment requires the approval holder to ensure that environmental 
offsets comply with the principles of the EPBC Act Environmental Offsets Policy and secure environmental offsets 
to compensate for residual impacts to MNES for each stage of the GFD Project. 

The EPBC Act Environmental Offsets Policy states that environmental offsets are measures that compensate for 
the residual adverse impacts of an action on the environment and defines residual adverse impacts as those 
impacts that remain after avoidance and mitigation measures have been implemented. The EPBC Act 
Environmental Offsets Policy requires residual adverse impacts to be offset if the impact is considered to be 
‘significant’ as defined by the Matters of National Environmental Significance – Significant Impact Guidelines 
Version 1.1 (Department of the Environment [DotE] 2013). 

Based on the results of the desktop assessment and detailed field surveys described in Section 3.2.2, a likelihood 
of occurrence assessment for EPBC Act listed threatened species, migratory species and ecological communities 
was undertaken within the Stage 7 development area to determine the known or potential presence of MNES 
(AECOM 2020; Boobook 2021; Boobook 2023a,b,c,d,e; Boobook 2024).  

Potential residual impacts were identified for EPBC Act listed threatened species and ecological communities, 
identified in annex 1 to the EPBC 2012/6615 approval, that were confirmed, likely or potentially present within the 
Stage 7 development area.  

The extent of the residual impact for each MNES was determined by assessing a conservative ‘best guess’ 
scenario, i.e. assuming the maximum linear infrastructure corridor widths and larger well layouts on the most likely 
development layout, within the extent of predictive habitat mapping (defined by potentially suitable RE) within the 
Stage 7 development area. This generally results in a significant over-estimate of impacts, as it is rare the 
maximum potential disturbance widths are utilised during all construction. Table 2 summarises the conservative 
‘best guess’ scenario of impacts to EPBC Act listed threatened species and ecological communities based on the 
predictive habitat mapping for each MNES within the Stage 7 development area. 

For EPBC Act listed migratory and marine fauna species a likelihood of occurrence assessment was also 
undertaken, followed by a significant residual impact assessment in accordance with the Matters of National 
Environmental Significance – Significant Impact Guidelines Version 1.1 (DotE 2013) for species identified as 
confirmed, likely or potentially present within the Stage 7 development area. The results of this assessment are 
presented in Table 3 and indicate that there would be no significant residual impacts to EPBC Act listed migratory 
and marine fauna species (Boobook, 2023a).  

Following the results of the significant residual impact assessment described above, Santos proposes to secure 
environmental offsets to compensate for the impacts to EPBC Act listed threatened species identified in Table 2. 
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4. Impact and Offset Reconciliation for 
Stage 1-6 
In accordance with condition 18 (b) of EPBC 2012/6615, a reconciliation of actual and predicted but 
yet to be actualised residual significant impacts to MNES against offsets secured for the commenced 
project stages must be undertaken. Secured offsets in excess of requirements arising from actual 
and predicted but yet to be actualised impacts of any commenced project phases will be subtracted 
from the obligations required for subsequent project phases. Any shortfall in secured offsets relative 
to the requirements arising from actual and predicted but yet to be actualised impacts of any 
commenced project phases will be added to the obligations required for the next project phase.  

Table 4, Table 5 and Table 6 provide a summary of the proposed significant residual impacts on 
MNES required to be offset for Stages 2 through 6 of the GFD Project across the Springwater, Mt 
Tabor, Cobbadah and Kentucky properties, including the offset area secured on each property to 
compensate for the proposed disturbance. The offset areas have been approved in accordance with 
the following under EPBC 2012/6615: 

• Santos GLNG Gas Fields Development Project Stage 1 Offset Plan 2016 – 2021 
(Document Number: 0007-650-PLA-0008), approved on 31 October 2016 and prepared to 
support gas field developments in Scotia Gas Field (PL 176). 

• Santos GLNG Gas Fields Development Project Stage 2 Offset Plan (Document Number: 
0030-650-EMP-0001 [Rev 2]), approved on 29 June 2018 and prepared to support gas field 
developments in Maisey Gas Field (PL 176). 

• Santos GLNG Gas Fields Development Stage 3 Offset Plan (Rev 1, 12 April 2021), 
approved on 17 May 2021 and prepared to support gas field developments in Scotia Gas 
Field (PL 176), and Arcadia Gas Field (PL 90, PL 234 and PL 421). 

• Santos GLNG Gas Fields Development Stage 4 Offset Plan (Rev 0, 21 July 2021), 
approved on 23 September 2021 and prepared to support gas field developments in 
Fairview Gas Field (PL 90, PL 91, PL 92, PL 99, PL 100, PL 232). 

• Santos GLNG Gas Fields Development Stage 5 Offset Plan (Rev 2, 16 March 2022), 
approved on 24 March 2022 and prepared to support gas field developments in Roma East 
Gas Field (PL 281 and PL 282). 

• Santos GLNG Gas Fields Development Stage 6 Offset Plan (Rev 0, 19 July 2023), in 
review and prepared to support gas field developments in Roma Gas Field (PL 281, PL 
313, PL 314, PL 315, PL 317, PL 318, PL 323 and PL 1020). 

Activities comprising Stage 1 of the GFD Project did not incur any significant residual impacts to 
MNES and therefore have not been included in the table below. Activities comprising Stages 2-6 of 
the GFD Project are yet to be completed in full, so an assessment of actual impacts to date is yet to 
be finalised. 
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6. Offset Approach 
Santos will acquit the offset obligations for Stage 7 of the GFD Project under EPBC 2012/6615 on 
the Kentucky, Mt Tabor and Bottle Tree offset areas. The following section provides an overview of 
the properties and Figure 2 spatially presents the location of the proposed offset areas in relation to 
the GFD Project.  

6.1. Kentucky 
Kentucky (Lot 1 WT37) is a 4,368 ha property located approximately 50 km east north-northeast of Injune in south 
central Queensland. The property is owned by Santos and was acquired primarily for its potential environmental 
offset values for the Santos GLNG Project. Kentucky is situated within Subregion 20 (Arcadia) of the Brigalow Belt 
South Bioregion (Sattler and Williams, 1999) within the jurisdiction of the Maranoa Regional Council. Access to 
the property is via the Beilba Road, east of the Carnarvon Developmental Road between Injune and Rolleston. 
Current land uses on the property include cattle grazing, activities associated with CSG exploration and 
production as well as areas dedicated to environmental offsets. The Santos GLNG pipeline also traverses the 
property in a roughly south-north direction; however, has been excluded from all assessment and offset areas.  

The property lies within rugged terrain and contains large vegetation remnants that are contiguous with Expedition 
(Limited Depth) National Park to the east and Lonesome Holding (proposed National Park) to the north. The 
property is located entirely within the Dawson River Catchment, part of the Fitzroy River Basin, with the major 
watercourses being the Dawson River and Baffle Creek. The topography is varied and is comprised mainly of 
hills, ridges, plateaux and steep scarps, with sandstone of the Precipice and Evergreen Formations forming the 
underlying geology. Small alluvial flats occur beside the Dawson River. Baffle Creek and its associated tributaries 
have associated deep gorges. 

Detailed field surveys of the Kentucky offset area were initially undertaken by Boobook in 2010, to determine the 
potential biodiversity offset values and the suitability of the area as an offset for the Santos GLNG Project. 
Specifically, BioCondition surveys, threatened flora survey and mapping, targeted fauna surveys, canopy cover 
analysis and RE and vegetation community assessments/ground-truthing and mapping were conducted.  

An OAMP for the Kentucky offset area was originally approved in December 2021 by the Commonwealth 
Government for EPBC 2008/4096 and 2008/4059. In March 2022 an updated version of the Kentucky OAMP was 
approved for Stage 5 of the GFD Project (EPBC 2012/6615), drawing down on surplus areas of suitable MNES 
habitat within the approved Kentucky offset area. A separate OAMP has been prepared to acquit offset 
requirements for Stage 7 of the GFD Project (EPBC 2012/6615), utilising the remaining surplus offset areas within 
the approved Kentucky offset area (Appendix A). The offset area has been legally secured through a Voluntary 
Declaration under the VM Act, thereby satisfying the legal security requirements under condition 16 of 
EPBC 2012/6615.  

The Kentucky offset area will continue to be managed by Santos to enhance and improve the condition of 
environmental values on the property in accordance with the Kentucky OAMP in Appendix A. 

6.2. Mt Tabor 
Mt Tabor, also known as ‘Goorathuntha’, is a 71,200 ha property located approximately 120 km northeast of 
Augathella, south Central Queensland (Lot 6 CHS25). The property is owned by Goorathuntha Traditional Owners 
Ltd and is currently used for cattle grazing. 

Mt Tabor is situated within Subregion 24 (Carnarvon Ranges) of the Brigalow Belt Bioregion (Sattler and Williams, 
1999) and straddles the boundary between Murweh Shire Council and Maranoa Regional Council. The property is 
located in the north-eastern portion of the Warrego catchment of the Murray-Darling Basin (Boobook, 2021b). 
Numerous streamlines, a branched upper tributary catchment of Tickerabang Creek and several peripheral gullies 
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are present on the Site, allowing temporary pools to occur in streams throughout the Site (Boobook, 2021b). 
Several farm dams are also present, although no permanent streams, springs or wetlands are known to occur 
(Boobook, 2021b).  

Detailed field surveys of the offset area were undertaken by Boobook in Lot 6 CHS25 between December 2020 
and January 2021 with additional field surveys within adjacent areas completed by CO2 Australia in April 2024, to 
determine the potential biodiversity offset values and the suitability of the area as an offset for the Santos GLNG 
Project. Specifically, RE and TEC assessments/ground-truthing and mapping, BioCondition surveys, threatened 
fauna habitat assessment and mapping, targeted fauna surveys and incidental threatened flora surveys were 
conducted.  

An OAMP for the Mt Tabor offset area was approved by the Commonwealth Government on 3 November 2022 for 
Stage 4 of the GFD Project under EPBC 2012/6615 (referred to as Offset area 1). This OAMP has been updated 
to include proposed acquittal of offset requirements for Stage 7 of the GFD Project (EPBC 2012/6615), which 
draws down on surplus areas of suitable MNES habitat within the approved offset area (Offset area 1) as well as 
including an additional new offset area (Offset area 2), adjacent to the approved area, within the Mt Tabor property 
(Appendix B). The Mt Tabor Offset area 1 has been legally secured through a Voluntary Declaration under the VM 
Act, thereby satisfying the legal security requirements under condition 16 of EPBC 2012/6615. Following approval 
of the updated Mt Tabor OAMP, Santos will apply to have Offset area 2 protected via a Voluntary Declaration 
under section 19E and 19F of the VM Act. 

The Mt Tabor offset area will continue to be managed by Santos to enhance and improve the condition of the 
environmental values on the property in accordance with the Mt Tabor OAMP in Appendix B.  

6.3. Bottle Tree  
Bottle Tree (Lot 7 TR39) is a 3,853 ha property located in the Brigalow Belt South Bioregion, approximately 75 km 
north-northeast of Injune in south central Queensland. The Bottle Tree property was acquired by Santos on 12 
December 2012 primarily based on the presence of suitable environmental values to provide offsets for the 
Santos GLNG Project. 

Bottle Tree is located entirely within the Brown River Catchment, part of the Fitzroy River Basin, with the major 
watercourse being Arcadia Creek. Several minor watercourses are present on the eastern side of the property. 
The topography is varied and is comprised of alluvial plains, undulating plains, low hills and a steep scarp of 
Precipice Sandstone. Elevation ranges between approximately 300 and 346 metres (m) on the lower lying areas 
and reaches a maximum of about 630 m at the crest of the Expedition Range. The eastern end of the property 
adjoins Expedition (Limited Depth) National Park (NP). 

Detailed field surveys of the Bottle Tree offset area were initially undertaken by Boobook in 2011, to determine the 
potential biodiversity offset values and the suitability of the area as an offset for the Santos GLNG Project. In 
2020, BioCondition surveys, threatened flora survey and mapping, targeted fauna surveys, canopy cover analysis 
and RE and vegetation community assessments/ground-truthing and mapping were conducted.  

An OAMP for the Bottle Tree offset area was approved by the Commonwealth Government in December 2021 for 
the GLNG Project under EPBC 2008/4096 and 2008/4059. A separate OAMP has been prepared to acquit offset 
requirements for Stage 7 of the GFD Project (EPBC 2012/6615), drawing down on surplus areas of suitable 
MNES habitat within the approved Bottle Tree offset area (Appendix C). The offset area has been legally secured 
through a Voluntary Declaration under the VM Act, thereby satisfying the legal security requirements under 
condition 16 of EPBC 2012/6615.  

The Bottle Tree offset area will continue to be managed by Santos to enhance and improve the condition of the 
environmental values on the property in accordance with the Bottle Tree OAMP in Appendix C.  
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7. Offset Acquittal
Table 8 presents a summary of the offset areas to be secured to acquit offset requirements for Stage 
7 of the GFD Project under EPBC 2012/6615 on Kentucky, Mt Tabor and Bottle Tree, as well the 
area of surplus offset values remaining within the offset areas. For MNES where a surplus is noted, 
Santos proposes to draw down on these to acquit future offset requirements.  

The results of the detailed field assessments including the ground-truthed RE mapping and fauna 
habitat associations were used to inform the suitability and location of the offset areas on Kentucky, 
Mt Tabor and Bottle Tree, and are discussed in detail as part of the OAMPs (see Appendix A, 
Appendix B and Appendix C).  The location of the offset on each property is shown in Appendix A 
Figure 2 p. 6, Appendix B Figure 2 p. 7 and Appendix C Figure 2 p. 7.

The minimum offset area required to be secured for each MNES was determined in accordance with 
the EPBC Act OAG. The OAG inputs and supporting justifications for each of the OAMPs are 
provided in Appendix D. A habitat quality score for each MNES for both the impact and offset area 
has been calculated to inform the OAG.  

The habitat quality of the impact area for each MNES required to be offset (Table 2) was calculated 
as part of the ecological surveys and assessments undertaken across the Stage 7 development 
area (Section 3.2.2). The habitat quality scores for each MNES were determined generally in 
accordance with Queensland Herbarium’s BioCondition Manual and the Guide to Determining 
Terrestrial Habitat Quality (version 1.3; GTDTHQ; DES 2020b). The final habitat quality scores 
calculated as part of the ecological surveys and assessments were taken from each of the relevant 
reports and area weighted, based on the proposed Stage 7 MNES impacts, to calculate an overall 
habitat quality score for input into the OAGs for each MNES. A detailed summary of the impact area 
habitat quality score calculations is provided in Appendix E. 

In the absence of detailed habitat quality assessments within particular development areas for Stage 
7 or for some MNES offset requirements (including Brigalow TEC), a conservative approach has 
been adopted and the habitat quality of the impact area to be offset has been assumed to be 7. This 
approach is based on the rapid assessment process allowed under the GTDTHQ for the impact site 
only. A score of 7 represents an average score of generic remnant REs in Queensland based on 
Queensland Herbarium expert analysis. 

A baseline habitat quality score for each MNES offset value, determined based on the results of the 
detailed field assessments in the offset areas, was used to inform the OAGs and will be used as a 
metric to assess the success of the OAMPs through the interim performance targets and completion 
criteria. A detailed summary of the field assessments, baseline habitat quality scores for each MNES 
and interim performance targets and completion criteria are provided in the OAMPs (see Appendix 
A, Appendix B and Appendix C). 
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Executive Summary 
This offset area management plan (OAMP) has been prepared to address the offset requirements for matters of 
national environmental significance (MNES) associated with Stage 7 of the Gas Fields Development (GFD) 
Project in accordance with the Santos Gladstone Liquefied Natural Gas (GLNG) Project Environment Protection 
and Biodiversity Conservation Act 1999 (Cth; EPBC Act) approval EPBC 2012/6615.  

Santos will draw down on a 435.9 hectare (ha) area of the existing 4,302.3 ha offset area secured on the 
Kentucky property (Lot 1 WT37) to partially acquit MNES offset requirements for Stage 7 of the GFD Project 
under EPBC 2012/6615 (Table ES 1). The remaining 3,866.4 ha of offset area on Kentucky is currently being 
used to acquit offset obligations for the Gas Transmission Pipeline Project (EPBC 2008/4096), GLNG Project 
(EPBC 2008/4059) and Stage 5 and 6 of the GFD Project (EPBC 2012/6615).This OAMP relates to the 435.9 ha 
offset area required to partially acquit Stage 7 of EPBC 2012/6615, as calculated in accordance with the EPBC 
Act Offsets Assessment Guide (OAG) to support the overall conservation gain of the offset area.  

The Kentucky property is located within the Santos GLNG Project tenements approximately 50 kilometres north-
east of Injune and contiguous with Expedition (Limited Depth) National Park to the east and Lonesome Holding 
(proposed National Park) to the north. The property is mapped within a state conservation corridor. Key desktop 
and field surveys of the Kentucky property have been completed to confirm the presence of offset values and 
suitability to satisfy the Project’s offset obligations as follows:  

• 2010 

– Preliminary desktop assessment of biodiversity offset values (Ecofund 2010).  

– Detailed field assessment undertaken by Boobook Ecological Consulting (Boobook), in May 2010, to 
ground truth vegetation and confirm presence of environmental values (Boobook 2011). 

• 2015 

– Further refine ground-truthed and potential regional ecosystem (RE) types and their extent as well as 
confirming location of potential areas to support biodiversity offsets based on examination of high-
resolution aerial photography provided for the property by Santos (Boobook 2015). 

• 2020 (January to May) 

– Update fine-scale RE mapping and BioCondition assessments (Boobook 2020a). 

– Targeted flora and fauna surveys and habitat assessments (Boobook 2020a). 

The outcome of this OAMP is to partially acquit the offset obligations for Stage 7 under EPBC 2012/6615. The 
Kentucky offset area will be managed and monitored, based on an adaptive management framework, to achieve 
the interim performance targets and completion criteria presented in Table ES2.  

The key management actions to be implemented include: 

• restricting access to the offset area, 

• management and restoration of regrowth threatened ecological community, 

• maintenance and upgrades of existing access tracks, fencing and firebreaks, 

• fire management through strategic grazing and fuel hazard reduction burns, 

• weed management, and 

• pest animal management. 

Ongoing monitoring events will be undertaken to assess the effectiveness of the management actions and 
progress of the offset area in achieving the interim performance targets and completion criteria, including: 

• biannual offset area inspections, 

• biomass monitoring, 

• fuel load monitoring, 

• weed monitoring, 

• pest animal monitoring, 
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2.2. Connectivity  
The Kentucky property is mapped within a state conservation corridor (Figure 1). Conservation corridors have 
been mapped as part of the Queensland Government’s Biodiversity Planning Assessments which assess the 
biodiversity significance of land in a bioregion. The mapping of corridors within the Brigalow Belt Bioregion, in 
which the Kentucky property is located, has focused on those corridors that link adjacent bioregions or connect 
wildlife refugia. Corridors identified as of state significance are considered of the greatest importance at the 
bioregional scale. As illustrated in Figure 1, the state conservation corridor runs along the eastern portion of the 
property as part of the contiguous tract of remnant vegetation including Expedition (Limited Depth) National Park.  

2.3. Climate 
The Kentucky property is characterised by a hotter wet season (typically November to March) and a cooler dry 
season (typically April to October) (see Figure 3). Weather records from the Injune weather station (#43015), 
approximately 50 km south-west of Kentucky, show the mean monthly rainfall for the period 1961-1990 ranges 
from 24.9 millimetres (mm) (September) to 94.6 mm (January) (Bureau of Meteorology [BoM] 2024). Mean 
monthly maximum temperatures range from 19.6 degrees Celsius (°C) (July) to 33.7°C (January) and mean 
monthly minimum temperatures range from 3°C (July) to 19.2°C (January) (BoM 2024). 

Figure 3 – Mean monthly temperature and rainfall records  
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2.4. On-ground property assessments 
Santos has dedicated the majority of the Kentucky property for environmental offsets (4,302.3 ha; herein referred 
to as the offset area) with the exception of the area excluded for the Santos GLNG pipeline and associated 
infrastructure (65.6 ha). A combination of desktop and detailed on-ground assessments of the offset area have 
been undertaken to confirm the suitability of the area to satisfy the Project’s offset obligations. The key desktop 
and field surveys of the offset area completed to date are summarised below: 

• 2010 

– Preliminary desktop assessment of biodiversity offset values (Ecofund 2010).  

– Detailed field assessment undertaken by Boobook, in May 2010, to ground truth vegetation and confirm 
presence of environmental values (Boobook 2011). 

• 2015 

– Further refine ground-truthed and potential regional ecosystem (RE) types and their extent as well as 
confirming location of potential areas to support biodiversity offsets based on examination of high-
resolution aerial photography provided for the property by Santos (Boobook 2015). 

• 2020 (January to May) 

– Update large-scale RE mapping across the offset area including verification of presence and extent of 
remnant and regrowth vegetation communities and threatened ecological communities (TECs) (Boobook 
2020a). For each area of potential TEC an assessment of vegetation survey data was made against TEC 
threshold criteria. 

– BioCondition assessments within the offset area in accordance with the BioCondition methodology (Eyre 
et al. 2015). Scores for BioCondition sites were calculated in accordance with Eyre et al. (2015) which 
compares the values obtained at each survey site with values in the benchmark document for that 
particular RE (Queensland Herbarium 2019). Photo monitoring sites were established at all BioCondition 
assessment sites. 

– Updated RE-based predictive habitat mapping for EPBC Act-listed threatened flora and fauna species 
confirmed, likely or potentially present within the offset area based on the results of field surveys including 
microhabitat assessments were conducted at each BioCondition site combined with ecologist knowledge. 

– Targeted fauna surveys to assess fauna species richness for the endangered and vulnerable species as 
summarised in Table 5 below.  

– Incidental searches for threatened flora species listed under the EPBC Act and/or Queensland Nature 
Conservation Act 1992 were carried out at vegetation assessment sites and during meanders in targeted 
habitat types, including remnant and non-remnant vegetation. 

– The timing (season) and duration of the survey period during summer and autumn coincided with good 
conditions for the identification of spring-summer growing and flowering herbaceous plant species. 
However, the recent (and continuing) rainfall events that fostered good conditions for plant growth and 
detectability followed a protracted period of extraordinarily low rainfall which had prevailed over most of 
the previous two years. These conditions were almost certain to have impacted on the detectability of 
fauna: for many groups (e.g. reptiles, birds), animals would have left the property or died, and it is likely 
that this impact continued at least partially into the survey period as animal population responses lag to 
some extent, depending on the taxa involved. For example, it was noted during the survey that small 
ground-dwelling reptiles were scarce (Boobook 2020a). 
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2.5. Ground truthed vegetation and habitat mapping 
Based on the results of detailed ecological field assessments, ground-truthed vegetation (Figure 4) within the 
offset area has been classified as remnant vegetation, vegetation consistent with RE (advanced regrowth) or non-
remnant vegetation (Santos 2014). Within the 4,302.3 ha offset area approximately 3,996.9 ha of vegetation 
(3,305.4 ha of remnant and 691.5 ha of regrowth) was mapped, the remaining is considered non-remnant.  

The suitability of areas of vegetation as fauna habitat was determined by the presence and abundance of 
microhabitat features relevant to the needs of individual species or groups of species (e.g. terrestrial reptiles; 
Boobook 2020a). The results of detailed field assessments were combined with ecologist knowledge to develop 
RE-based predictive habitat mapping for EPBC Act-listed threatened flora and fauna species confirmed, likely or 
potentially present within the offset area. This assessment also considered the habitat mapping rules for the 
Santos GLNG Project area outlined in the Predictive Habitat Mapping Rules for Selected MNES Fauna Species 
within the Roma, Fairview and Arcadia Gas Fields report (Boobook 2020b).  

2.5.1. Vegetation description 

Table 6 provides a summary of the ground-truthed RE mapped on the offset area.  

Soils at the offset area are predominantly sandy loams and duplex soils. These support vegetation communities 
dominated by ironbark (Eucalyptus species [spp.]). Sandy lithosols on plateau crests support shrubby open 
forests and woodlands of Eucalyptus, Corymbia and Acacia spp. Smaller areas of clay loam soils derived from 
fine-grained sediments are present on hill slopes and small valleys: these support Poplar Box (E. populnea), 
Mountain Coolibah (E. orgadophila), Brigalow (A. harpophylla) and semi-evergreen vine thicket (SEVT) 
communities. The Dawson River, at the extreme north of the offset area, features deep sandy to silty loam 
alluvium on riverbanks and associated floodplain which support riparian open forest of Queensland Blue Gum (E. 
tereticornis), Rough-barked Apple (Angophora floribunda) and Weeping Bottlebrush (Melaleuca viminalis); and 
grassy woodlands of Poplar Box and/or Silver-leaved Ironbark (E. melanophloia). There is only limited 
development of these alluvial or riparian communities on Baffle Creek, which for much of its extent at the offset 
area is narrowly bounded by steep sandstone cliffs. Grey Gums (E. major, E. longirostrata) are present on 
escarpment slopes and within gorges (Boobook 2020a). 

2.5.2. Habitat description 

Table 7 summarises the mapping rules and total area of potential habitat for MNES within the offset area based 
on the results of detailed field assessments (Boobook 2020a).  

An additional description of the offset area for each MNES is provided in Section 3. 
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2.6. Offset area 
The offset area is 4,302.3 ha and comprises the majority of the 4,367.9 ha property, as illustrated in Figure 4. The 
Santos GLNG pipeline and associated infrastructure is located within the remaining 65.6 ha and has been 
excluded from the offset area and this OAMP. The offset area includes: 

• 19.79 ha to acquit offset requirements under EPBC 2008/4096 (conditions 15-22) and the GTP SSMP. 

• 2,601.77 ha to acquit offset obligations under EPBC 2008/4059 plus 305.40 ha of future habitat area that will 
support threatened species in the future following appropriate management (approved by the Department of 
Agriculture, Water and the Environment 23 March 2021; however, was provided in addition to acquitting 
MNES offset obligations under EPBC 2008/4059 to support the overall conservation gain of the offset area). 

• 939.50 ha to acquit offset obligations under Stage 5 and 6 of EPBC 2012/6615.  

• 435.86 ha to partially acquit offset obligations under Stage 7 of EPBC 2012/6615.  

Table 8 provides a summary of the offset area to acquit the current MNES offset requirements for Stage 7 under 
EPBC 2012/6615.  

The results of the detailed field assessments including the ground-truthed RE mapping and fauna habitat 
associations discussed in Section 2.5, were used to inform the suitability to acquit the MNES offset requirements.  

The minimum offset area required to be secured for the MNES was determined in accordance with the EPBC Act 
OAG.  

A baseline habitat quality score for the MNES offset value was determined generally in accordance with the Guide 
to Determining Terrestrial Habitat Quality (GTDTHQ) (version 1.2; Department of Environment and Heritage 
Protection [DEHP] 2017) based on the results of the detailed field assessments (Section 2.4). The baseline 
habitat quality score was used to inform the OAG for the MNES under EPBC 2012/6615. The habitat quality score 
will be used as a measure to assess the success of the OAMP through the interim performance targets and 
completion criteria outlined in Section 4. A detailed summary of the baseline habitat quality scores for the MNES 
is provided in Appendix A.  

2.7. Development and land use 
Santos has committed to excluding any development for the Project from the offset area.  

The areas on the Kentucky property outside of the offset area may be utilised for petroleum and/or farming 
infrastructure and facilities; however, no infrastructure will be located within the offset area or impact the offset 
area’s ability to achieve the completion criteria outlined in this OAMP.  

Prior to being acquired by Santos GLNG, the Kentucky property was formerly utilised for grazing purposes. The 
following ancillary infrastructure is still present on the property and will be maintained ongoing without impact to 
the offset area: 

• Cattle yards, and 

• Kentucky house. 
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3. Offset Values 
The following sections provide a description of the offset area that will be managed as part of this 
OAMP for each MNES offset value. Figure 5 and Figure 6 present the MNES offset areas on 
Kentucky.  

3.1. Collared Delma 
Habitat for Collared Delma within the offset area comprises RE 11.3.2, 11.3.39, 11.9.2, 11.9.10, 11.10.7, 
11.10.11, and 11.10.13. 

Habitat for Collared Delma is present over much of the Kentucky property, especially in areas of remnant and 
regrowth vegetation that have not recently been heavily cleared (the northern two thirds of the property).  

Collared Delma is known to occur in REs on land zones 3, 9 and 10 (Brigalow Belt Reptiles Workshop 2010), and 
appears to require rocks, timber, bark or other surface debris for shelter (DCCEEW 2024b). It tends to prefer 
eucalypt woodlands and open forest that provides these suitable microhabitat features (Brigalow Belt Reptiles 
Workshop 2010). Potential habitat within the offset area is widespread throughout the property with many of the 
eucalypt woodlands and forests providing adequate fallen timber, rocks and/or groundcover (Boobook 2020a).  

3.2. Yakka Skink 
Habitat for Yakka Skink within the offset area comprises REs 11.3.2, 11.3.39, 11.9.2, 11.10.7, 11.10.11, 11.9.5, 
11.9.10,11.10.3, and 11.10.13 .  

Habitat for the Yakka Skink on Kentucky extends across most of the property where woodland and scrub 
vegetation are present. The species is commonly found under partly buried rocks and logs or in abandoned 
animal burrows (Brigalow Belt Reptiles Workshop 2010; DCCEEW 2024c). Remnant vegetation along the 
Dawson River in the north and other large tracts of remnant and regrowth vegetation throughout the property 
(particularly Narrow-leaved Ironbark [Eucalyptus crebra] woodland) provide variable cover of woody debris and 
ground litter. Older growth communities contain good structure in the form of developed shrub and ground layers 
and fallen timber and deep leaf litter (Boobook 2020a).  

3.3. Dunmall’s Snake 
Habitat for Dunmall’s Snake within the offset area comprises REs 11.3.2, 11.3.25, 11.3.27, 11.3.39, 11.9.2, 
11.9.4, 11.9.5, 11.9.10, 11.10.3, 11.10.7, 11.10.8, 11.10.11, and 11.10.13.  

Habitat for Dunmall’s Snake can be found over much of the Kentucky property, especially in areas of remnant and 
regrowth vegetation that have not recently been heavily cleared (the northern two thirds of the property).  

Dunmall’s Snake occurs in a variety of open dry sclerophyll woodlands and forests (typically dominated by 
Eucalyptus, Acacia and Callitris spp.) and on a broad range of land zones (Brigalow Belt Reptiles Workshop 2010; 
DCCEEW 2024f). The species is associated with partly buried rocks and boulders, fallen timber and root cavities 
for shelter (DCCEEW 2024f). Areas comprising abundant fallen timber, large rocks and extensive rock crevice 
habitat are particularly prevalent along patches of Brigalow and SEVT understorey. Several eucalypt woodlands 
throughout the property are also associated with suitable microhabitat features. These areas are considered to 
provide suitable foraging and shelter habitat for Dunmall’s Snake. One individual has been recorded within the 
offset area encountered during nocturnal active searching (spotlighting) in regrowth of RE 11.9.2 (Boobook 
2020a). 

3.4. Red Goshawk 
Habitat for Red Goshawk within the offset area comprises REs 11.3.2, 11.3.25, 11.3.27, 11.3.39, 11.9.2, 11.9.4, 
11.9.5, 11.9.10, 11.10.3, 11.10.7, 11.10.8, 11.10.11, and 11.10.13. 

Breeding habitat is intact tall forest associated with major drainage lines; however, the species may often forage 
much further away from these areas (DCCEEW 2024e). General habitat was identified throughout the entirety of 
the offset area, and the site is within the species known range (Boobook 2015). 
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3.5. Squatter Pigeon (southern) 
Habitat for Squatter Pigeon (southern) within the offset area comprises RE 11.3.2, 11.3.25, 11.3.27, 11.3.39, 
11.9.2, 11.9.10, 11.10.7, 11.10.11, 11.10.13. 

Squatter Pigeon (southern) favours open-forests to sparse, open-woodlands and scrub that are mostly dominated 
by Eucalyptus, Corymbia, Acacia or Callitris species and are close to water bodies or watercourses (DCCEEW 
2024f). General habitat for the species has been identified across the majority of the offset area (Boobook 2015). 
The offset area is also within known range of the species, with historical records within the Kentucky property and 
10 km of the site (Boobook 2015).  

3.6. Northern Quoll  
Habitat for Northern Quoll within the offset area comprises REs 11.3.2, 11.3.25, 11.3.39, 11.9.2, 11.9.4, 11.9.5, 
11.9.10, 11.10.3, 11.10.7, 11.10.8, 11.10.11, and 11.10.13. 

This species is dependent on the presence of suitable shelter habitat in the form of caves and deep crevices in 
extensive rock formations (commonly sandstone) and forages in associated woodland and forest habitat 
(DCCEEW 2024b). The offset area is characterised by rugged topography and is comprised mainly of hills, ridges, 
plateaux, and steep scarps (Boobook 2015). General habitat for the species, defined by all remnant and mature 
regrowth vegetation containing potentially suitable den sites, covers the offset area (Boobook 2015). The offset 
area is located within the species historical range (Boobook 2015).  

3.7. Koala 
Habitat for Koala within the offset area comprises RE 11.3.2, 11.3.25, 11.3.27, 11.3.39, 11.9.2, 11.9.10, 11.10.7, 
11.10.11, and 11.10.13. 

Koala habitat is broadly defined as eucalypt forests and woodlands or shrubland with emergent eucalypt species 
and can include both remnant and regrowth communities, provided adequate mature Koala food trees are present 
(DCCEEW 2024i). Potential habitat for Koala within the offset area is widespread. Characteristic scratches were 
detected on the bark of Grey Gums (Eucalyptus major) in RE 11.10.13 and Eucalyptus tereticornis in REs 11.3.25 
and 11.3.27 as part of targeted field surveys from January to May 2020. Scats of this species have also previously 
been reported from the property in RE 11.10.11 (Eucalyptus populnea regrowth) (Boobook 2020a). 

3.8. South-eastern Long-eared Bat 
Habitat for South-eastern Long-eared Bat within the offset area comprises REs 11.3.2, 11.3.25, 11.3.27, 11.3.39, 
11.9.2, 11.9.4, 11.9.5, 11.9.10, 11.10.3, 11.10.7, 11.10.8, 11.10.11, and 11.10.13. 

South-eastern Long-eared Bat is known to occur in a variety of dry forest habitats including River Red Gum 
(Eucalyptus camaldulensis), open woodland, mallee, Brigalow and other arid and semi-arid habitats (DCCEEW 
2024h). The preferred habitat is mallee and Callitris woodlands (Pennay et al. 2011), and habitats that have a 
distinct canopy with a dense, cluttered understorey (Turbill and Ellis 2006). Surveys have suggested the species 
requires large tracts of forest to occur (Turbill et al. 2008). The species typically roosts in dead trees, dead spouts 
of living trees or under bark (New South Wales National Parks and Wildlife Service [NSW NPWS] 2003; DCCEEW 
2024h). The majority of Kentucky is considered to provide suitable habitat for South-eastern Long-eared Bat and 
contains several REs with an understorey of Callitris (Boobook 2020a). 

3.9. Large-eared Pied Bat 
Habitat for Large-eared Pied Bat within the offset area comprises REs 11.3.2, 11.3.25, 11.3.27, 11.3.39, 11.9.2, 
11.9.4, 11.9.5, 11.9.10, 11.10.3, 11.10.7, 11.10.8, 11.10.11, and 11.10.13.  

This species requires a combination of sandstone cliffs/escarpments to provide roosting habitat that is adjacent to 
fertile woodlands, preferably box gum or river/rainforest corridors for foraging (DCCEEW 2024a). The offset is 
characterised by rugged topography and is comprised mainly of hills, ridges, plateaux and steep scarps and is 
within the known range of the species (Boobook 2015). General habitat was identified throughout the entirety of 
the offset area.  
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5. Adaptive Management 
5.1. Adaptive management 
This OAMP is based on an adaptive management approach which involves ‘flexible decision making that can be 
adjusted in the face of uncertainties as outcomes from management actions and other events become better 
understood’ (National Research Council 2004).  

Adaptive management includes two key phases: 

• Establishment of the key components of a management framework including engaging stakeholders, 
developing clear and measurable objectives and performance criteria, identification and selection of potential 
management actions and the development of monitoring protocols which enable the evaluation of progress 
towards achieving objectives, and which will effectively contribute to the adaptive management decision 
making process, and  

• An iterative learning phase which involves utilisation of the management framework to learn about the natural 
resource system and iteratively adapt management strategies and approaches based on what is learned 
(Williams 2011). 

The management of natural systems involves uncertainty which can affect the success of the management 
measures in achieving the objectives and performance criteria. Williams (2011) and Williams and Brown (2016) 
identify four kinds of uncertainty, outlined as follows, with how they have been addressed through the 
development of this OAMP: 

• environmental variation: 

– caused by external factors that act upon natural systems, but which are not influenced by the resource 
conditions and dynamics, for example variation in rainfall or temperature, 

– largely outside of the control of the manager (Williams 2011), and 

– influence is considered in the analysis of the effectiveness of the adaptive management approach, the 
analysis of the ability to achieve and maintain performance criteria and when considering the need for 
corrective actions.  

• partial observability: 

– includes potential uncertainty arising from variation in the collection of data during monitoring events, and 
from being unable to completely observe the natural system in its entirety (Williams and Brown 2016), and 

– addressed in this OAMP through the development of a monitoring program based on scientifically tested 
and repeatable methods.  

• partial controllability: 

– relates to the difference between the intended effect of the management measures to be implemented 
through this OAMP and the actual effect of their implementation on the ground (Williams and Brown 
2016), and 

– addressed through adherence to an adaptive management approach including regular monitoring of 
conformance with performance criteria, assessment of adaptive management triggers, the implementation 
of corrective actions, review and amendments to the OAMP, and reporting to ensure that management 
measures are being effectively implemented on the ground.  

• structural and process uncertainty: 

– concerns a lack of knowledge or understanding regarding biological and ecological processes and 
relationships, and differing views regarding how natural systems respond to management (Williams and 
Brown 2016), and 

– addressed through the adaptive management approach. Following the results of ongoing management, 
monitoring and reporting, the OAMP will be reviewed and updated as required to incorporate learnings, 
updated conservation advice and best practice management techniques. 
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5.2. OAMP adaptive management framework 

5.2.1. Risk assessment  

The adaptive management process for this OAMP is supported by a risk assessment through which the known 
and potential risks for each offset value have been evaluated. The relevant risks were identified based on a 
review of current literature (i.e. conservation advices, recovery plans, etc.) and identification of potential site-
specific risks. As presented in Appendix C, the risk assessment included an assessment of the likelihood and 
consequence for each identified risk, both with and without the implementation of control strategies. The results of 
the risk assessment have informed the adaptive management process including the identification of threats to 
offset values, management objectives, performance criteria, management actions, monitoring programs, adaptive 
management triggers and corrective actions. 

Implementation of the adaptive management process aims to reduce the risk of the identified threats occurring to 
ensure that the overall outcome sought by this OAMP are achieved.  

5.2.2. Adaptive management process 

The adaptive management process for this OAMP includes the following key components: 

• identified threats to offset values – known and potential threats to the offset values have been identified as 
part of the risk assessment process 

• relevant offset values – MNES or other offset matter for which the identified threat is relevant have been 
indicated 

• management objectives – management objectives have been developed to address each identified threat to 
the offset values, and to ensure that the interim performance targets and completion criteria are attained 

• performance criteria – assessable criteria have been defined to measure adherence to the management 
objectives 

• management action – specific management actions have been identified to ensure that the performance 
criteria and management objectives are satisfied, and which will ultimately result in attainment of the interim 
performance targets and completion criteria 

• monitoring – a combination of qualitative and quantitative methodologies has been included to assess 
whether management actions are meeting the performance criteria and management objectives, and 
ultimately, whether the OAMP is supporting the delivery of the interim performance targets and completion 
criteria 

• adaptive management trigger – measurable events or parameters have been identified which, when 
triggered, indicate that a performance criterion has not been satisfied, instigating the implementation of 
contingency plans and corrective actions 

• corrective actions – a two-step process has been established to identify the likely cause of the non-
compliance with the performance criteria and allow for identification of suitable corrective actions. Corrective 
actions include the implementation of a feasible, appropriate and effective action to address the identified 
issue and ensure the performance criteria is satisfied. 

Figure 7 illustrates the ongoing adaptive management cycle of implementation, learning and review, with the aim 
of achieving the interim performance targets and completion criteria. Through the implementation of this adaptive 
management process, it is anticipated that the interim performance targets and completion criteria will be attained 
and maintained for the life of the approval. 

5.2.3. Timing for implementation of the OAMP 

The offset area will be managed and monitored until the interim performance targets and completion criteria are 
achieved. It is anticipated that through the adaptive management approach, interim performance targets and 
completion criteria will be achieved within the proposed 20-year management period. However, if the interim 
performance targets and/or completion criteria for offset values have not been achieved within the anticipated 
timeframes, management and monitoring will continue beyond the 20-year management period in accordance 
with this OAMP until the completion criteria have been achieved. Once attained, completion criteria will be 
maintained for at least the life of the EPBC Act approval relevant to this OAMP. 
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Figure 7 – Process for implementation of the OAMP 

 

 

5.2.4. Risk of offset failure 

Based on the adaptive approach to management and the proposed management and monitoring program, it is 
considered that the management objectives, interim performance targets and completion criteria will be 
successfully achieved. 

In the unlikely event that the interim performance targets are not achieved for one or more offset values by year 5, 
10 or 15 for those offset values, Santos will obtain advice from suitably qualified people/groups with the aim of 
identifying appropriate additional management interventions. 

It should be noted that unavoidable temporary perturbations such as severe drought, or insect/fungal pest 
invasion that may cause a temporary decrease in metrics such as canopy or shrub cover from which the 
community still may recover within the next 5-year period should not preclude assessment of a satisfactory 
increase in ecological condition by the completion date. 

If it is considered that the completion criteria cannot be achieved, Santos will update this OAMP proposing 
alternative offset areas in order to acquit the required offset requirements. The revised OAMP will be submitted to 
the Commonwealth Government. 
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6.2.2. Access tracks 

Existing access tracks will be utilised to facilitate necessary management, maintenance and monitoring activities 
as part of this OAMP. If existing access tracks become impassable (through erosion or vegetation regrowth), 
maintenance activities of these tracks (e.g. grading) will be prioritised over alternative track alignments. Gully 
crossings are likely to be subject to periodic, ongoing maintenance because of erosion following rain events. 

Existing and new access tracks will be no wider than 5 metres (m) and vegetation disturbance will be minimised. 

6.2.3. Fencing 

To assist with management of livestock control for weed and fuel load management, existing fencing will be 
maintained, as presented in Figure 8. 

Any additional fencing required to be installed will comprise of a 4-wire fence consisting of 3 strand 1.57HT barb 
with a plain high tensile wire at the top, wood and/or steel posts at 7 m spacing, a strainer post every 100 m and 1 
gate located every 1 km. This type of fencing is also considered appropriate to facilitate the fauna movement 
across the property. Importantly, the movement of the species being offset will not be impeded by the proposed 
fencing design. 

Any vegetation disturbance associated with new fence construction will be minimised in accordance with 
Table 14. 

Regular inspections of all fencing will be undertaken in accordance with Section 7.1, and repairs to the fences will 
be made as required. 

6.2.4. Fire management 

A planned and co-ordinated fire management strategy will be implemented to: 

• minimise the risk and impacts of unplanned fire (by monitoring and controlling fuel loads, if required) 
especially to fire sensitive Brigalow (Acacia harpophylla dominant and co-dominant) TEC and Semi-evergreen 
vine thickets of the Brigalow Belt (North and South) and Nandewar Bioregions TEC, and 

• improve habitat quality through: 

– controlling weeds and fuel loads, 

– supporting development of structural components of habitat for offset values (e.g. recruitment of native 
plants, establishment of fire sensitive native herbs and groundcover, important microhabitat including 
fallen logs and leaf litter, and increased understorey), and 

– promoting germination and recruitment of Eucalypt species and other species characteristic of the specific 
RE. 

Unplanned fire risk will be managed through: 

• establishment and regular maintenance of firebreaks (Figure 8), 

• monitoring and managing fuel loads primarily through the implementation of a controlled grazing regime 
(Section 6.2.4), and 

• fuel hazard reduction burns (if required; Section 6.2.4). 

Where possible, firebreaks will be established and maintained around the boundary of the offset area, with green 
firebreaks established where the offset area joins native vegetation, see Figure 8. Firebreaks will be maintained at 
least annually in mid / late autumn and, or early spring to remove overhanging trees or fallen debris and dense 
vegetation. Firebreak maintenance will be undertaken to a width of up to 10 m. 
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Strategic grazing 
The Kentucky property has in the past been managed as an open grazing enterprise where the focus has been on 
production and sustaining a viable income from domestic stock.  

Strategic grazing within the offset area will be used to manage fuel loads and control exotic weeds and pasture 
grasses such as Cenchrus ciliaris. As increasing grazing intensity is correlated with an increase in weedy cover 
(Franks 2002), and a decrease in native grass species richness, grazing will be permitted in the offset area on a 
managed and limited basis to control weeds and reduce fuel loads. 

Best practice management for strategic livestock grazing within the offset area will be undertaken as follows: 

• livestock will only be permitted in the offset area to reduce fuel loads, avoid weed seed set and reduce weed 
cover, and 

• within the offset area a minimum of 2,500 kg/ha of biomass will be retained at the end of the dry season. 

To minimise erosion and subsequent impacts on water quality, strategic grazing will be excluded where rainfall 
causes inundated or waterlogged soils. The location and extent of strategic grazing areas will be reviewed 
annually based on the results of management and monitoring events. 

The suitability of conditions for undertaking a grazing event will be informed by biomass monitoring events as 
described in Section 7.2.  

Fuel hazard reduction burns 
The aim of fuel hazard reduction burns is to manage excess fuel loads, to initiate regeneration of eucalypt 
communities and to create habitat with a mosaic of different fire frequencies and times since fire. 

Fire management, through fuel hazard reductions burns will be guided by conservation advice documentation 
(e.g. for MNES) and the REDD (Queensland Herbarium 2023), which provides recommendations for fire 
management for each of the component RE (Table 15), guidelines published in Fire and Biodiversity Monitoring 
Manual published by South East Queensland Fire and Biodiversity Consortium (2002), local regional fire plans, 
regional fire authorities and local knowledge of fire behaviour. 

Hazard reduction burns will be considered if fuel hazard ratings within the offset area are unable to be maintained 
below extreme in accordance with the Overall Fuel Hazard Assessment Guide (Hines et al. 2010; Appendix D) 
through the implementation of strategic grazing and weed control. However, the location and timing for fuel 
hazard reduction burns will be informed by the results of biomass monitoring (Section 7.2) and fuel load 
monitoring (Section 7.2.2) in conjunction with the results of habitat quality assessments and considering the 
REDD fire management guidelines for the vegetation community and MNES conservation advice. 

In general, fire management will be undertaken in a mosaic pattern at the appropriate time of year when:  

• soil and fuel moisture levels are high, ideally following minimum of 40 mm of rainfall, 

• ambient temperature and wind speed are low, 

• atmospheric humidity is high, 

• the risk of long-term impacts/high intensity fire is low, and/or  

• plants approach a more active growing phase. 
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7. Monitoring 
The results of the monitoring program outlined in the following sections will be used to inform 
operational management decisions, including adaptive implementation of this OAMP to ensure the 
performance criteria and management objectives, and ultimately interim performance targets and 
completion criteria are met. 
The monitoring results will also be used to assess adherence to performance criteria, and to 
determine when corrective actions are required to be implemented. The results will also be 
compared to those from previous monitoring events to assess change over time and to inform the 
ongoing implementation of the OAMP. 

7.1. Offset area inspections 
The aim of offset area inspections is to enable a general assessment of the offset area to identify any potential 
issues that may require remedial action to be undertaken. Inspections will be undertaken twice per year for the 
duration of the management period to assess the following:  

• condition of fencing, gates and signs and existing gas field infrastructure, 

• condition of access tracks, 

• condition of firebreaks, 

• compliance with restrictions for vegetation clearing associated with maintenance and establishment of access 
tracks, fencing and firebreaks,  

• incidence of erosion within offset area, particularly around permanent and semi-permanent water bodies or 
areas subject to inundation or waterlogging,  

• damage/degradation resulting from pest animal activity within the offset area, 

• signs of land degradation and over-grazing, 

• presence of weed/invasive species, 

• exclusion of livestock, and  

• incidental fauna observations and any additional risks to offset values (i.e. evidence of vehicle strike). 

7.2. Biomass monitoring 
Biomass monitoring for fire management will be undertaken twice a year, at the end of the wet season and end of 
the dry season, to: 

• determine the risk of fire to the offset site, and  

• inform fire management strategies to control fuel loads.  

Biomass is at its greatest at the end of the wet season (around April) with fire risk greatest towards the end of the 
dry season (October). Biomass will be monitored within the offset areas using appropriate photo standards1 which 
will be used to determine dry matter yields and subsequently fuel loads. Biomass monitoring will be undertaken at 
the same permanent weed monitoring sites established as part of the year 1 monitoring.  

Fuel loads will be managed through strategic grazing events (see Section 6.2.4) if the biomass assessment at the 
end of the wet season shows that biomass is greater than 2,500 kg/ha within the offset area. 

The stocking rate of these strategic grazing events will be determined through a feed budgeting assessment (see 
Section 7.2.1) undertaken prior to a grazing event in the offset area. A feed budgeting assessment is a recognised 
method of determining the stocking rate based on the amount of feed available and the amount of feed desired at 
the end of the grazing event (i.e. >2,500 kg/ha). 
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7.2.1. Feed budgeting assessment 

The process for undertaking a feed budget assessment will include the following sequence of activities: 

• Determine the current amount of feed present (kg/ha) using appropriate photo standards available on the 
Future Beef website1. 

• Determine the amount of feed desired (kg/ha) at the end of the grazing event. 

• Calculate the total useable feed (kg/ha) by subtracting the feed desired from the feed present. 

• Determine utilisation (i.e. the proportion of useable feed that livestock can use). 

• Determine the feed available for the grazing animal (kg/ha) by multiplying the total useable feed by the 
utilisation rate. 

• Calculate the safe stocking rate by: 

– determining the feed consumption per day (kg/day) 

– determining the number of days feed is required (days) 

– calculating the feed requirement per head (kg/hd) by multiplying the feed consumption per day by the 
number of days 

– calculating the stocking rate (ha/hd) by dividing the feed requirement per head by feed available, and 

– calculate the number of stock (head) by dividing the area of the paddock by the stocking rate. 

The amount of feed available prior to the grazing event will be estimated using the appropriate photo standards 
available on the Future Beef website. The “Dry Season Feed Budget” worksheet will then be used to calculate the 
required stocking rate for the grazing event. 

At the completion of the grazing event, photo standards will be used to assess ground cover and ecosystem 
biomass. Should the grazing event be required to be extended (e.g. as a result of additional rainfall and resultant 
grass growth and potential weed flowering), the feed budget assessment will be recalculated using the “Dry 
Season Feed Budget” worksheet. 

7.2.2. Fuel load monitoring 

Fuel load monitoring will be undertaken in accordance with the Overall Fuel Hazard Assessment Guide (Hines et 
al. 2010; Appendix D). Fuel load assessment monitoring will include a baseline survey in year 1 (post wet season; 
April), with ongoing fuel load assessment monitoring conducted every year at the same time and location as 
biomass monitoring post wet season. Monitoring will focus on assessing the key structural layers of the fine fuels 
that burn in bushfires, specifically bark, elevated fuels, near-surface fuels and surface fuels. This will allow for a 
rapid assessment of each fuel layer, which in in turn is given a hazard rating and are then combined to provide an 
overall fuel hazard rating of low, moderate, high, very high or extreme.   

The fuel hazard rating will be monitored to compare any changes from previous assessments. In conjunction with 
results of habitat quality assessments, the results of the fuel load assessments will be used to determine if fuel 
hazard reduction burns are required within the offset area. Weed management and strategic grazing within the 
offset area will also be undertaken to maintain fuel hazard rating below extreme. 

7.3. Weed monitoring 
Weed monitoring sites will be randomly stratified, fixed monitoring sites representative of offset values and 
incorporating natural variability such as aspect (e.g. a mix of north-, east-, south- and west-facing monitoring 
sites) and community type (e.g. woodland, riparian). There will also be fixed monitoring sites at strategic 
trafficable areas (e.g. entry gates, creek crossings, stock watering points) to monitor potential introduction and/or 
irruptions of prohibited and restricted weed species. 

 

 

1 See https://futurebeef.com.au/knowledge-centre/pastures-forage-crops/pasture-photo-standards/. 
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8. Reporting 
8.1. Reporting 
A report detailing the progress of the offset area in achieving the interim performance targets and completion 
criteria will be prepared for each management year. The report will be prepared by the suitably qualified ecologist 
of whom are awarded the scope of works for that monitoring year, and delivered to the approval holder, Santos 
within three months of every 12-month anniversary of the commencement of the action (22/03/2016). In 
compliance with clause 34 and 41 of the approval, Santos will publicly publish all monitoring reports on their 
website, and they will remain published for the lifetime of the approval (expiry 21/03/2066). 

The report will contain, at a minimum:  

• a description of the monitoring conducted, when it was conducted, and by whom, 

• a discussion of the weather in the lead up to and during the monitoring, 

• results of monitoring events conducted, 

• an overview of the management actions implemented since the last report,  

• a description of any performance criteria not met, any triggers that have been exceeded and the corrective 
actions that were implemented, 

• an indication of any risks or potential threats that have become apparent to the management area since the 
development of this management plan, and activities to be undertaken to manage these threats and/or risks, 
and 

• progress towards achieving the interim performance targets and completion criteria. 

Monitoring and progress reports will be stored electronically by each the approval holder and the contractor 
undertaking and completing the scope of work. Field data will be stored as spatial data files (e.g. shapefile) by the 
contractor who is responsible for collecting the raw data, as well as detailed in the contents of the results or 
appendices section of the report. All data and reports pertaining to this OAMP will be stored for the lifetime of the 
approval.  

8.2. Update of OAMP 
The OAMP will be reviewed, audited and updated every 5 years. In addition, the OAMP will be updated in 
accordance with the principles of adaptive management, if required, to incorporate any changes identified through 
management activities, site visits and monitoring activities. This may include the revision of current management 
actions, identification of additional activities (including monitoring activities) and responses to adaptive 
management triggers, other environmental threats to the offset area and information obtained through research 
programs. 
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9. Implementation Schedule 
Table 19 and Table 20 summarise the implementation schedule for the management, monitoring 
and reporting activities presented in this OAMP. Santos will be wholly responsible for the 
implementation of this OAMP and reporting on the performance of the offset area in meeting the 
offset obligations under EPBC Approval 2012/6615 and Section 4 of this OAMP. 
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Appendix A 
Baseline habitat quality score for Kentucky offset area 
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Appendix B 
Kentucky Voluntary Declaration and offset area boundary 
co-ordinates  
 

  



 

Declared Area Notice - 2022/001902 

Department of Resources 

 

 

 

 
1. Details of request 

1.1. Proponent’s name: Santos GLNG Pty Ltd, Papl (Downstream) Pty Ltd, Total GLNG 
Australia and KGLNG Liquefaction Pty Ltd. 

1.2. Date request received: 28 June 2022. 
1.3. Request: Declaration for an area of the land to be an area of high nature conservation 

value. 
1.4. Property description: Lot 1 on WT37.  
1.5. Land tenure: Freehold. 
1.6. Decision reference: 2022/001902. 

2. Declaration information 
2.1. Declaration made:  

2.1.1 The chief executive declares the area, identified on Declared Area Map 
2022/001902, as an area of high nature conservation value in accordance with 
s19F(1)(a) of the Vegetation Management Act 1999. 

2.1.2 The chief executive declares the area to be an area of high nature conservation 
value considering:  
2.1.2.1 Implementation of the management plan for the area will help to conserve 

its’ high nature conservation value (s19G(1)(a) of the Vegetation 
Management Act 1999); and  

2.1.2.2 The area is an area that makes a significant contribution to the 
conservation of biodiversity (s19G(1)(b)(iv) of the Vegetation 
Management Act 1999).  

2.1.3 The documents outlined in item 2.2 form part of this declaration. 

2.2. Declaration documents: 
The following documents form part of this declaration and must be read in conjunction 
with this notice: 

• Declared Area Map DAM and coordinates 2022/001902 
• Declared area management plan, ‘Kentucky Offset Area - Voluntary Declaration 

Management Plan, prepared by Santos GLNG, revision 2, dated 02/03/2022. 
2.3. Property Map of Assessable Vegetation 

In accordance with s20B(1)(a) of the Vegetation Management Act 1999, property map 
of assessable vegetation PMAV 2022/002029 has been made for the declared area.  

2.4. Date of declaration: 09 February 2023 

3. Delegated officer’s signature 

Bernadette Nicotra 
Natural Resource Management Officer (VM2) 
 

  

Declared Area Notice (2022/001902) 
ss19E – 19L of the Vegetation Management Act 1999 
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Table C2 – Likelihood classification and risk matrix 
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Appendix D 
Overall Fuel Hazard Assessment Guide 
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1. About this guide

1.1 Purpose
The main purpose of this guide is to allow people to:
• make a rapid, visual assessment of fuel arrangement, and 
• gain an understanding of how this will affect the chances of controlling a bushfire.

1.2 Audience
This guide has been principally designed to provide information on fuel arrangement to be 
used by:
• firefighters to assess the difficulty of controlling a bushfire.

Information on fuel arrangement may also be used by:
• asset owners and managers to assess potential bushfire risks to assets
• land and fire managers to provide a measurable objective and trigger for fuel 

management in fire management plans
• personnel to identify which key attributes and fuel layers are contributing the most to the 

hazard  
• personnel to plan and conduct planned burns
• personnel to assess the effectiveness of planned burning or mechanical hazard reduction
• fire behaviour analysts to produce fire-spread predictions and community warnings.

Those who use the guide for these other purposes need to be mindful of its limitations and 
how the results are applied and interpreted.      

1.3 What fuel is assessed
This guide is for assessing fine fuels that burn in bushfires. Fine fuels are the fuels that burn 
in the continuous flaming zone at the fire’s edge. They contribute the most to the fire’s rate 
of spread and flame height. Typically, they are dead plant material, such as leaves, grass, bark 
and twigs thinner than 6mm thick, and live plant material thinner than 3mm thick. Once 
ignited, these fine fuels generally burn out within two minutes.

This guide focuses on assessing the key structural layers of the fine fuel complex, in particular 
those of bark, elevated, near-surface and surface fuels.

1.4 How the fuel is assessed
Each fuel layer is assessed simply and visually. Assessing the fuel takes only a few minutes 
and is based on the premise that the eye is better able to integrate local variations in fuel 
than systematic measurement. Each fuel layer is assessed in turn and given a hazard rating. 
Particular emphasis is placed on how the fuel is arranged within each of these layers. The 
hazard ratings are then combined to produce an Overall Fuel Hazard Rating that ranges from 
Low to Extreme.



3

1.5 Why fuel arrangement is more important than fuel load
The image below highlights the effect that changing the arrangement of the fuel can have 
on fire behaviour. Both fires were ignited at the same time in the same way. Both fires are 
burning in the same fuel load, approximately two broadsheets of newspaper over a 20cm 
diameter area. The fuel on the right was laid flat and has little vertical orientation. The fuel 
on the left was crumpled up, which gave it more vertical orientation and exposed more of 
the surface to the air. As a result, the fire on the left shows significantly greater flame height 
and the fuel is consumed much faster.

The simple difference in the arrangement of the fuel significantly affects the resulting fire 
behaviour. The effect would not be discerned if the fuel assessment was based purely on fuel 
load. An assessment of fuel hazard takes into account the fuel arrangement. It gives a better 
indication of potential fire behaviour and suppression difficulty.

1.6 Suppression difficulty is not just about fire behaviour
This guide has been mainly developed to allow people to assess the impact of fuel 
arrangement on suppression difficulty. An assessment of suppression difficulty (how hard 
it is to control a bushfire) is not based solely on the anticipated fire behaviour. Many other 
factors affect the chances of a firefighting operation succeeding, including resources, fire 
size and terrain.

In order to consider the impact of fuels, the other factors need to be treated as if they are 
constant. The factors that have been held constant are referred to as the Reference Extended 
First Attack Conditions. Further detail on these conditions is contained in Appendix 1.

1
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1.7 Basis of the Overall Fuel Hazard classification
A comprehensive explanation of this guide is contained in DSE’s Overall fuel hazard 
assessment guide: a rationale report – fire and adaptive management report no. 83 
(in prep.).

This assessment guide updates and builds on work previously published by Wilson  
(1992a, 1992b, 1993), McCarthy et al. (1998a, 1998b, 1998c, 1999, 2001), 
the Department of Environment and Heritage (2006) and Gould et al. (2007a, 2007b).

Classifying Overall Fuel Hazard is complex, with few available measurements. Therefore, we 
have relied on the perceptions of experienced fire personnel (e.g. fire behaviour specialists, 
fire managers and firefighters). The collective experience of these personnel is vast, with a 
broad geographic base across Australia.

1.8 Need for continual learning and development   
Although our knowledge about fuels has many gaps, this guide is based on the best 
available information and experience. The authors acknowledge that this guide will need  
to change and improve as more information is obtained.

Observers of firefighting operations can improve future editions of this guide by carefully 
recording what they see. Observations, comments and feedback can be emailed to  
fire.monitoring@dse.vic.gov.au. 

 

1
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2. How to use the guide

This guide has been kept concise and should not be considered as a standalone document. 
To produce reliable and consistent results requires extra knowledge which may be gained 
through local hands-on training in fuel assessment.    

2.1 Application
This guide is a tool for rapidly assessing fuel arrangement and its effect on the chances of 
controlling a bushfire. It may also be used for a range of other fire management purposes, as 
shown in the table below. Users of this guide should understand the underlying assumptions 
and limitations before applying it, particularly if applying it for purposes other than the 
assessment of suppression difficulty.  

Application Methodology

Assess suppression difficulty Assess the fuels in which the fire may occur or is actually 
occurring. 

Assess fuels for predicting 
potential risk to assets

Assess the fuels immediately adjacent to the asset as 
part of an assessment of possible radiant heat loads and 
defendable space.

Assess the fuels further away from the asset; paying 
particular attention to areas that may generate spotting, 
such as ridges. Assessments should be focused, particularly 
in the direction of likely fire attack. 

Assess the need for, or success 
of, fuel management activities

Assess the average fuels across the nominated area by 
sampling within major vegetation types, slopes and aspects.

Plan and conduct planned burns Assess the variability in fuels across the nominated area by 
sampling within major vegetation types, slopes and aspects. 
Pay particular attention to areas where the burn may 
escape, such as the tops of gullies, ridge tops and areas 
adjacent to planned burn boundaries. 

Assess fuels for predicting fire 
behaviour

Assess the fuel values needed as inputs for the appropriate 
fire behaviour model.
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Use the following descriptions to determine how to separate vegetation into fuel layers. 

Layer Description

Contribution 
to suppression 

difficulty

Canopy • Crowns of the tallest layer of trees.
• Under some conditions canopy fuels can play a significant role in fire 

behaviour and suppression difficulty. Currently, however, these fuels are not 
assessed as part of Overall Fuel Hazard.

Bark fuel • Bark on tree trunks and branches, from ground 
level to canopy.

Spotting

Elevated fuel • Fuels are mainly upright in orientation.
• Generally most of the plant material is closer to the 

top of this fuel layer.
• Sometimes contains suspended leaves, bark or 

twigs.
• Fuels that have a clear gap between them and the 

surface fuels.
• Can be highly variable in ground coverage.
• Low-intensity fire (flame height of less than 0.5m) 

may pass beneath this layer without consuming 
much, if any, of it.

Influences the flame 
height and rate of 
spread of a fire. 

Near-surface 
fuel

• Live and dead fuels, effectively in touch with the 
ground, but not lying on it.

• Fuel has a mixture of vertical and horizontal 
orientation.

• Bulk of the fuels are closer to the ground than to 
the top of this layer, or are distributed fairly evenly 
from the ground up.

• Sometimes contains suspended leaves, bark or 
twigs.

• Coverage may range from continuous to having 
gaps many times the size of the fuel patch.

• Low-intensity fire (flame height of less than 0.5m) 
will consume most or all of this fuel.  

• Fuel in this layer will always burn when the 
surface fuel layer burns. 

Influences the rate 
of spread and flame 

height of a fire.

Surface fuel 
(litter)

• Leaves, twigs, bark and other fine fuel lying on the 
ground.

• Predominantly horizontal in orientation.  

Influences the rate of 
spread of a fire.

This guide is for assessing fine fuels only.  Coarse fuels including logs are not considered.  
See Section 1.3 for further details.  

The descriptions of the fuel layers exclude references to species’ names or common 
vegetation forms, such as shrubs. During a plant’s life it may transition back and forth 
between different layers. For example, juvenile bracken fern can be classified as near-surface 
fuel before becoming elevated fuel as it matures. Once it dies and collapses it may become 
near-surface fuel again.

2



2.3 Assessment based on key attributes of fuel hazard
A fuel hazard rating of Low, Moderate, High, Very High or Extreme is assigned to each fuel 
layer by assessing it against the key attributes listed below.

Key attribute

Horizontal continuity 
of the layer

Determines how readily a piece of burning fuel may ignite the fuel 
beside it.

Identifies which of surface, near-surface or elevated fuels will 
determine the average flame height.

Vertical continuity of 
the layer

Determines how readily a piece of burning fuel may ignite the fuel 
above it. 

Amount of dead 
material in the layer

Determines how much dead material is present to burn and thus help 
with igniting the live (green) fuels. 

Thickness of the fuel 
pieces

Determines whether the fuel pieces will burn in the flaming front of 
the fire.

Total weight of fine 
fuel

Determines the weight of fine fuel contributing to the flaming front of 
the fire.

The descriptions in the hazard assessment tables do not cover all possible combinations of 
the key attributes. Users will need to exercise judgement and make an assessment using all 
key attributes when actual conditions fit between the descriptions.

2.4 Using the descriptions and photographs
This is not a photographic guide for assessing fuels. The descriptions for each of the key 
attributes should be used as the basis for determining the fuel hazard rating. Photographs 
cannot adequately show all of the key attributes that are important in determining fuel 
hazard. The photographs are provided to illustrate some of the key attributes for each fuel 
hazard rating. They do not represent all possible variations of that particular hazard rating.

2.5 Area of assessment 
Within an area of interest fuels are assessed in small patches or plots. The size and number 
of plots depends on the reason for assessing the fuels. Some applications (such as for 
input into fire behaviour models) may require a more rigorous and systematic approach to 
sampling. Other applications (such as assessing fuel hazard during firefighting operations) 
will necessitate a more rapid informal approach. For whatever purpose the guide is being 
used it is recommended that the following principles be applied:         
• Any assessment of fuels should try to assess the variability in fuels across an area by 

assessing the fuels at multiple plots.  
• The size and number of plots should reflect the level of reliability required of the results.  
• For surface, near-surface and elevated fuel layers the result of assessing the plot should 

reflect the average state of that fuel layer.     
• For bark hazard the result of assessing the plot should be based on the trees with the 

highest rating. 
• Always record with the result the name and the version of the guide used.    

8
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2.6 Tips for assessing fuel hazard
The process of assessing fuel hazard using this guide is largely subjective. Implementing the 
following techniques will help to improve accuracy and reliability:
• Identify and agree on examples of the highest rating of fuel hazard for each layer that 

occur locally. These examples should be used as benchmarks.
• Conduct assessments in pairs of observers and regularly change assessment pairs.
• Assessors should be no more than one hazard rating apart when assessing each layer 

(e.g. Low or Medium, not Low or High).
• Use different assessors to re-assess completed work and provide feedback.

2.7 Vesta fire behaviour predictions
In dry eucalypt forest with a litter and shrub understorey the Field guide – fuel assessment 
and fire behaviour prediction in dry eucalypt forest (Gould et al. 2007b) provides a 
systematic method for assessing fuel and predicting fire behaviour (rate of spread, flame 
height, and spotting). The Project Vesta fuel hazard scoring system is similar to the Victorian 
system developed by Wilson (1992a, 1992b, 1993) and revised by McCarthy et al. (1999). 
The scale that underlies the Vesta fuel hazard scores is directly related to fire behaviour. 
These scores, along with height measurements of various fuel layers, are needed as inputs 
into the fire behaviour prediction tables in Gould et al. (2007b). Section 9.3 contains a table 
for translating the fuel hazard rating for each fuel layer into Vesta fuel hazard scores.   

2.8 Effect on fire behaviour
Each table for assessing fuel hazard contains information on the effect that the fuel 
arrangement is likely to have on fire behaviour. This effect is for weather conditions 
equivalent to a Forest Fire Danger Index (FFDI) of 25 (McArthur 1973). An FFDI of 25 can be 
achieved in many ways.  For the purposes of this guide the specific conditions required to 
achieve this are:

Temperature: 33°C Relative Humidity: 25% Wind Speed: 20km/h

Drought Factor: 10 Slope: 0°

If weather conditions vary from those listed above the effect on fire behaviour will also vary. 

2.9 Fuel assessment data sheet
Appendix 2 contains a sample field data sheet that can be used when assessing fuels.
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3.1 Identification
Bark fuel is the bark on tree trunks and branches. Bark lying on or near the ground or 
draped over understorey plants is considered to be surface, near-surface or elevated fuel.

3.2 Identifying bark types
The key attributes for assessing the effect of bark on suppression difficulty are shown below: 

Key attribute Determines How it is assessed

Ease of ignition • How readily the bark will ignite.
• Whether the fire will burn up the trunk 

and into the branches of the tree.

Thickness, size and 
shape of bark pieces.

How bark is attached • How likely the bark is to break off the tree. How easily the bark 
breaks off the tree.

Quantity of 
combustible bark

• Volume of potential embers that a fire may 
generate.

Relative quantity of 
combustible bark.

Size-to-weight ratio 
of the bark pieces 

• How far the wind is likely to carry bark 
pieces once they break off the tree.

Thickness, size and 
shape of bark pieces.

Burn out time • Length of time a piece of bark will stay 
ignited once it breaks off the tree. 

Thickness, size and 
shape of bark pieces.

Descriptions of trees have been separated into three broad bark types using three of these 
key attributes – ease of ignition, burn out time and size-to-weight ratio: 

1. Fine fibrous barks, including stringybarks
2. Ribbon or candle barks
3. Other bark types, including smooth, platy, papery and coarsely fibrous. The reason for 

describing these types in some detail is to help observers distinguish them from the above 
two types.

10

3. Bark fine fuel 









14

3





16

Table 3.3 Assessing the hazard of ribbon or candle bark types

If more than 10% of the trees in a forest are fine fibrous bark trees use Table 3.1 (Assessing 
the hazard of fine fibrous bark types) to determine the bark hazard for a site. 

Key attribute

Hazard rating
Effect on fire behaviour 

(at FFDI 25)2

Amount of  
combustible bark

This hazard rating cannot occur 
when only this bark type is present. 

Low

No long ribbons of bark present.

Trunk and branches of trees almost 
entirely smooth. 

Moderate

Spotting generally does not hinder fire 
control.

Fires will not climb these trees.

Long ribbons of bark present on 
upper trunk (>4m above ground) 
and in head of trees.

Lower trunk mainly smooth. 

High
Infrequent spotting.

Fires will climb some of these trees.  

Long ribbons of bark in the head 
and upper trunk with:   
• ribbons hanging down to ground 

level or, 
• flammable bark covers trunk.  

Very High
Substantial spotting.

Fires will climb most of these trees. 

This hazard rating cannot occur 
when only this bark type is present. 

Extreme

Assess bark hazard over a plot 20m in radius. Assessing multiple plots will give better results. 
Trunk is defined as the part of the tree between the ground and the branches.

See Section 9.3 for application of bark hazard ratings for the Vesta fire behaviour tables.

2 Refer to Section 2.8 for the specific weather conditions used to achieve this FFDI.

3
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Table 3.5 Assessing the hazard of other bark types

If more than 10% of the trees in a forest are fine fibrous bark trees use Table 3.1 (Assessing 
the hazard of fine fibrous bark types) to determine the bark hazard for a site. To achieve 
a given hazard rating a best fit of both key attributes should be sought.  Choices for the 
hazard rating of fuels that fit across several descriptions may be informed by the effect that 
different levels of key attributes have on fire behaviour.

Key attributes

Hazard 
rating

Effect on fire behaviour  
(at FFDI 25)3

How bark is 
attached

Quantity of 
combustible bark

No trees present.

or 

Trunk and branches of tree entirely smooth 
or free from loose bark.

Low
No bark present that could 
contribute to fire behaviour.

Bark rubs off by 
hand with firm 
pressure. 

Limited amount of 
combustible bark.

Moderate

Spotting generally does not hinder 
fire control.

Fires will climb some of these trees.

Light hand 
pressure will 
break bark off. 

Large amounts of 
combustible bark.

High
Infrequent spotting.

Fires will climb most of these trees.

This hazard rating cannot occur when only 
this bark type is present. 

Very High

This hazard rating cannot occur when only 
this bark type is present. 

Extreme

Assess bark hazard over a plot 20m in radius. Assessing multiple plots will give better results. 
Trunk is defined as the part of the tree between the ground and the branches.

See Section 9.3 for application of bark hazard ratings for the Vesta fire behaviour tables.

3 Refer to Section 2.8 for the specific weather conditions used to achieve this FFDI.

3
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4. Elevated fine fuel

Elevated fuel

4.1 Identification
• Fuels are mainly upright in orientation
• Generally most of the plant material is closer to the top of this layer
• Sometimes contains suspended leaves, bark or twigs
• Fuels that have a clear gap between them and the surface fuels
• Elevated fuel can be highly variable in ground coverage
• A low intensity fire (flame height of less than 0.5m) may pass beneath this layer without 

consuming much, if any, of it.

4.2 Assessment
The elevated fuel hazard is highest when the: 
• foliage, twigs and other fuel particles are very fine (maximum thickness 1–2mm)
• proportion of dead material is high
• fuels are arranged with a high level of density and/or horizontal and vertical continuity that 

promotes the spread of flames
• live foliage has low fuel moisture content.
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Table 4.1 Assessing elevated fine fuel hazard 

To achieve a given hazard rating a best fit of all key attributes should be sought.  Choices for 
the hazard rating of fuels that fit across several descriptions may be informed by the effect 
that different levels of key attributes have on fire behaviour.

Key attributes Fuel 
hazard 
rating

Effect on fire 
behaviour  

(at FFDI 25)4Plant Cover
% 

dead 
Vertical 

continuity
Vegetation 

density
Thickness of 
fuel pieces

<20%

or low 
flammability 
species

<20%

Easy to walk in 
any direction 
without needing 
to choose a path 
between shrubs.

Low Little or no effect.

20–30% <20%

Most of the 
fine fuel is at 
the top of the 
layer.

Easy to choose 
a path through 
but brush against 
vegetation 
occasionally. 

Moderate Does not sustain 
flames readily.

30–50% <20%

Most of the 
fine fuel is at 
the top of the 
layer.

Moderately easy 
to choose a path 
through, but 
brush against 
vegetation most 
of the time.

High

Causes some 
patchy increases in 
the flame height 
and/or rate of 
spread of a fire.

50–80% 20–
30%

Continuous 
fine fuel from 
the bottom to 
the top of the 
layer. 

Need to carefully 
select path 
through. 

Mostly less 
than 1–2mm 
thick.

Very High

Elevated fuels 
mostly dictate 
flame height and 
rate of spread of 
a fire.

>70% >30%

Continuous 
fine fuel from 
the bottom to 
the top of the 
layer.

Very difficult to 
select a path 
through. Need 
to push through 
vegetation. 

Large 
amounts of 
fuel <2mm 
thick.

Extreme

Elevated fuels 
almost entirely 
determine the 
flame height and 
rate of spread of 
a fire. 

Assessing plant cover
For the purpose of this guide, plant cover is defined as the amount of ground blocked out 
by that fuel layer if viewed while looking straight down from above. Each plant is considered 
opaque – any ground within the perimeter of the plant cannot be seen.  The following visual 
guide can be used to assist in assessing plant cover. Each quarter of any one square has the 
same percent cover.

4

 20% 30% 50% 80%

4 Refer to Section 2.8 for the specific weather conditions used to achieve this FFDI.
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5. Near-surface fine fuel 

5.1 Identification  
• Live and dead fuels effectively in touch with the ground but not lying on it
• Fuel has a mixture of vertical and horizontal orientation
• Either the bulk of the fuels is closer to the ground than the top of this layer, or is 

distributed fairly evenly from the ground up
• Sometimes contains suspended leaves, bark or twigs
• Coverage may range from continuous to having gaps many times the size of the fuel 

patch
• A low intensity fire (flame height of less than 0.5m) will consume most or all of this fuel
• Fuel in this layer will always burn when the surface fuel layer burns. 

5.2 Assessment 
The near-surface fuel hazard is highest when the: 
• foliage, twigs and other fine fuel particles are very fine (maximum thickness 1–2mm)
• proportion of dead material is high
• fuels are arranged with a high level of density and /or horizontal and vertical continuity, 

that promotes the spread of flames
• live foliage has low fuel-moisture content.

Near-surface fuel
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Table 5.1 Assessing near-surface fine fuel hazard

To achieve a given hazard rating a best fit of all key attributes should be sought.  Choices for the 
hazard rating of fuels that fit across several descriptions may be informed by the effect that different 
levels of key attributes have on fire behaviour.

Key attributes Fuel  
hazard 
rating

Effect on fire behaviour 
(at FFDI 25)5

Plant 
cover % dead

Horizontal 
connectivity

<10% <10% 
Near-surface fuel is 
absent or virtually 
absent. 

Low Little or no effect. 

10–20% <20% Gaps many times the size 
of fuel patches. Moderate Occasionally increases flame height. 

20–40% >20%

Gaps between fuel 
patches are greater than 
the size of fuel patches.

Starting to obscure logs 
and rocks.

High Contributes to surface fire spread and 
causes patchy increase to flame height.

40–60% >30% 

Fuel patches are equal 
to or larger than the 
gaps between the fuel 
patches. 

Very High

Contributes significantly to fire spread 
and flame height.

A fire will spread readily in this layer 
without having to consume the surface 
layer.

>60% >50%
Very small gaps between 
fuel patches.

Logs and rocks obscured. 
Extreme

Contributes significantly to fire spread 
and flame height.

A fire will spread readily in this layer 
without having to consume the surface 
layer.

Assessing plant cover
For the purpose of this guide, plant cover is defined as the amount of ground blocked out 
by that fuel layer if viewed while looking straight down from above. Each plant is considered 
opaque – any ground within the perimeter of the plant cannot be seen.  The following visual 
guide can be used to assist in assessing plant cover. Each quarter of any one square has the 
same percent cover. 
 20% 30% 50% 80%

5 Refer to Section 2.8 for the specific weather conditions used to achieve this FFDI.

5
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Table 6.1 Assessing surface fine fuel hazard

To achieve a given hazard rating a best fit of all key attributes should be sought.  Choices for 
the hazard rating of fuels that fit across several descriptions may be informed by the effect that 
different levels of key attributes have on fire behaviour.

Key attributes
Fuel 

hazard 
rating

Effect on fire behaviour  
(at FFDI 25)6Horizontal connectivity

Surface 
litter 
cover Litter-bed depth 

Litter poorly 
interconnected.
Large areas of bare soil or 
rock. More soil than litter.  
Soil surface readily visible 
through litter bed.

<60%
Very thin litter layer
<10mm

Low Surface fires will not 
spread.

Litter well connected.
Some areas of bare soil or 
rock.
Soil surface occasionally 
visible through litter bed.

60–80%
Thin litter layer
10–25mm

Moderate

Litter connected well 
enough to allow fire 
spread to overcome bare 
patches. 

Litter well connected.
Little bare soil. 

80–90%

Established litter 
with layers of leaves 
ranging from freshly 
fallen to decomposing.
20–30mm

High
Surface fires spread easily 
with a continuous fire 
edge. 

Litter completely 
connected. >90%

Thick litter layer
25–45mm

Very High
Surface fires spread easily.
Increasing flame depth and 
residence time. 

Litter completely 
connected. >95%

Very thick layer of litter
>35mm

Extreme
Surface fires spread easily.
Increasing flame depth 
and residence time. 

Assess surface hazard over a plot 10m in radius. Assessing multiple plots will give better results. For 
each plot litter bed depth should be an average of five measurements (McCarthy 2004) or more.

See Section 9.3 for application of surface fuel hazard ratings for the Vesta fire behaviour tables. 

The following visual guide can be used to assist in assessing surface litter cover. Each quarter of 
any one square has the same percent cover. 

 20% 30% 50% 80%

6 Refer to Section 2.8 for the specific weather conditions used to achieve this FFDI.

6





34

7. Determining the combined surface and  
near-surface fine fuel hazard rating    

Assessments of surface and near-surface fuels must be combined together before an Overall 
Fuel Hazard rating can be determined.  The near-surface fuel rating is used to adjust the 
surface fine fuel hazard rating, according to Table 7.1.

To determine the effect of near-surface fine fuel hazard:
1. Select the surface fuel hazard rating from column Q
2. Select the near-surface fuel hazard rating from column W
3. Select the resulting combined rating value E
4. Use this value to determine the Overall Fuel Hazard rating using the Table 8.1.

Table 7.1 Determining the combined surface and near-surface fine fuel hazard 
rating

Q

Surface fine  
fuel hazard  

rating

W Near-surface fine fuel hazard rating

Low Moderate High Very High Extreme

E Combined surface and near-surface fine fuel hazard rating

Low L L M H VH

Moderate M M H VH E

High H VH VH VH E

Very High VH VH E E E

Extreme E E E E E
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9.3 Determining Vesta fuel hazard scores
The following table translates fuel hazard ratings for each fuel layer into Project Vesta 
fuel hazard scores.  These scores can be used with the fire behaviour prediction tables in 
publications such as Gould et al. (2007b).  

To determine the Vesta fuel hazard score:
1. Select the row that corresponds to the fuel hazard rating for required fuel layer Q 
2. Select the Vesta fuel hazard score column that corresponds to the same layer W 
3. Identify where these two intersect and this will provide you with the corresponding Vesta 

fuel hazard score.

Table 9.3 Determining Vesta fuel hazard scores

Vesta fuel hazard score W

Fuel hazard rating Q Surface Near-surface Elevated Bark

Low 1 1 1 0

Moderate 2 2 2 1

High 3 3 3 2

Very High 3.5 3.5 3.5 3

Extreme 4 4 4 4

Notes: 
• Surface and near-surface hazard score and near-surface height (cm) is required for fire spread 

prediction.
• Rate of spread and elevated fuel height (m) is required for flame height prediction.
• Rate of spread, surface and bark fuel hazard scores are required for prediction of spotting distance.
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This Fuel Hazard Assessment Guide updates and continues to develop work previously 
conducted by a number of authors. Andrew Wilson laid the foundations for this guide, 
with the conceptual framework presented in Research Report No. 31; and the visual 
guides for assessing the influence of bark and elevated fuels on suppression difficulty in 
the Eucalypt Bark Hazard Guide and Elevated Fuel Guide (Reports 32 and 35, respectively). 
Greg McCarthy (2004) detailed a method for rapidly assessing surface fine fuels in Research 
Report No. 44.

These three techniques were brought together in the first three editions of the Overall 
Fuel Hazard Guide (McCarthy, Tolhurst and Chatto, 1998b, 1998c, 1999). A subsequent 
unpublished edition of the guide, produced by Kevin Tolhurst (2005), provided greater detail 
on the assessment of near-surface fuels. In 2006, Mike Wouters adapted the guide for South 
Australian conditions, and incorporated the preliminary results from Project Vesta (CSIRO and 
Department of Conservation and Environment, Western Australia). Further information and 
results from the final Project Vesta report (Gould et al. 2007a) have also been incorporated.

Thanks to Lachie McCaw (Department of Environment and Conservation, Western Australia), 
Mike Wouters (Department of Environment and Heritage, South Australia), Jim Gould 
and Miguel Cruz (CSIRO) for their advice and comments during the production of this 
guide.  Thanks must also go to the many other people across Australia who have provided 
comments and feedback during the production of the guide.  
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Appendix 1. Reference extended first attack conditions

This guide assesses the impact of fuels in suppressing a fire during extended first attack, 
using local resources. Several factors affect the success of an extended first attack. Therefore, 
to consider the impact of fuels alone, the other factors must be treated as if they were 
constant. Table A1 below adapted from Wilson (1993) summarises reference extended first 
attack conditions for four fuel types.     

Table A1. Revised reference extended first attack conditions

Fuel type Forest fuels Grass fuels Mallee and 
scrub fuels

Heath fuels

Examples 
of typical 
resources (on 
scene within 
the designated 
arrival time)

Small dozer (D4)

1 to 2 small 
4WD tankers 
(400l)

6 firefighters

5 x 4WD heavy 
tankers (4000l) 
each with 5 
firefighters

Small dozer (D4) 
or tractor with 
scrub roller

1 to 2 small 
4WD tankers 
(400l)

6 firefighters

Small dozer (D4)

1 to 2 small 
4WD tankers 
(400l)

6 firefighters

Extended 
attack 
resources

Potential additional resources deployed to the fire during extended first 
attack may include heavy tankers, large plant (dozers, graders or tractors) 

and fire bombing aircraft.  

Arrival time Within 60 minutes of detection

Suppression 
workload A single fire

Topography 
and terrain Burning on level ground with good access

Fuel 
availability1

MDF is 10 or  
AFF is 1.0

100% grass 
curing

MDF is 10 or  
AFF is 1.0

Wind speed2 20km/h 30km/h 20km/h

Fire danger 
rating system3 McArthur FFDI McArthur GFDI McArthur FFDI

Notes: 

1. MDF (McArthur Drought Factor) is calculated using the Forest Fire Danger Meter (McArthur 
1973) and is a measure of the short-term availability of forest fuels. AFF (Available Fuel 
Factor) is used in Western Australia to define the proportion of litter fuel available for burning 
(Sneeuwjagt & Peet 1998).

2. Wind speed is measured at 10m height in the open above ground level.

3. FFDI is the McArthur Forest Fire Danger Index, GFDI is the McArthur Grass Fire Danger Index.  

The rationale for the reference first attack conditions is documented in DSE’s Overall fuel 
hazard assessment guide: a rationale report – fire and adaptive management report no. 83 
(in prep). 



Appendix 2. Sample fuel assessment field work form v3

Date Assessed:   Assessors:

Sampling Location: Veg Type:

Plot Information
Plot No. 

Zone: 

Easting (GDA94 MGA UTM):

Northing (GDA94 MGA UTM):

Canopy height (Assess over a 20m radius)
Average Height to Top of Canopy: m m m

Average Height to Base of Canopy: m m m

Bark fuel (Assess over a 20m radius)
Stringybark Fuel Hazard: NP M H VH E NP M H VH E NP M H VH E

Ribbon Bark Fuel Hazard: NP M H VH NP M H VH NP M H VH

Other Bark Fuel Hazard: L M H L M H L M H

Select the Bark Hazard rating from above that will be used to determine Overall Fuel Hazard. (Only use the Stringybark 
hazard rating if more than 10% of the trees are Stringybark AND it has the highest rating. Otherwise use the bark with 
next highest rating.)

Bark Fuel Hazard: L M H VH E L M H VH E L M H VH E

Elevated fuel layer (Assess over a 10m radius)
Elevated % Cover: % % %

Elevated % Dead % % %

Elevated Fuel Ave Height (m) m m m

Elevated Fuel Hazard: L M H VH E L M H VH E L M H VH E

Near-surface fuel layer (Assess over a 10m radius)
Near-surface % Cover: % % %

Near-surface % Dead % % %

NS Average Height (cm): cm cm cm

NS Fuel Hazard: L M H VH E L M H VH E L M H VH E

Surface fuel layer (Assess over a 10m radius)
Surface Litter % Cover: % % %

Average Litter Depth (mm): mm mm mm

Surface Fuel Hazard  L M H VH E L M H VH E L M H VH E

Combined Surface and Near-surface Fine Fuel Hazard calculation (refer Section 7)
Combined Hazard L M H VH E L M H VH E L M H VH E

Overall Fuel Hazard calculation (refer Section 8)
Overall Fuel Hazard L M H VH E L M H VH E L M H VH E

Are the plots representative of the average fuels across the sampling location? Yes No

If no, explain any significant difference between plots. For example, wet gully runs through the sampling area, no plots 
were located in this gully. 
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Appendix E 
MNES habitat quality score method  
Calculation of a habitat quality score for each MNES considers three attributes: 

• site condition 

• site context 

• species stocking rate. 

Site condition 

The site condition score for each MNES is calculated generally in accordance with the site condition assessment 
method outlined in Section 5 of the GTDTHQ (version 1.2; DEHP 2017). Site condition is determined through a 
field-based assessment of 13 ecological attributes to describe the structure and function of the vegetation 
community, compared to the expected range for a relatively undisturbed community (i.e. RE benchmark).  

The results of the field-based assessment are scored based on the scoring guide provided in the GTDTHQ to 
determine the site condition score for each MNES at each relevant monitoring site out of 80. 

Site context 

The method to calculate site context for a site is based on the site context assessment method provided in the 
GTDTHQ. The following components were assessed through a GIS desktop analysis at each relevant monitoring 
site for each MNES:  

• Patch size: the size of the patch/assessment unit being assessed and any directly connecting suitable/known 
habitat and remnant vegetation. To calculate the patch size score: 

– Measure the area of vegetation in which the assessment unit is contained and add on all other directly 
connecting areas of suitable or known habitat for the threatened species or community and remnant 
vegetation. Suitable or known habitat will be based on mapped vegetation comprising regional 
ecosystems known or likely to support the MNES value based on the conservation advice or other 
species-specific sources endorsed by Queensland and/or Commonwealth Governments. Where the 
connecting patch comprises an RE that is known or suitable habitat, then 100% of the area of that RE is 
attributed to the total patch size area. Where the connecting RE is not considered known or suitable 
habitat (i.e. non-compliant RE); however, is a remnant RE, only 10% of the area of that RE is attributed to 
the total patch size area sum. The reduced weighting for non-compliant REs acknowledges the 
importance of these REs in contributing to the overall patch size through its contribution to potential 
dispersal of species, and the supporting role of these REs for maintaining connectivity to potential source 
meta-populations.  

– Determine the score for this attribute by matching with the class ranges in Table E1. 

• Connectedness: measure the proportion of the assessment unit’s boundary which is connected to 
suitable/known habitat and remnant vegetation. To calculate the connectedness score: 

– Measure the percentage of suitable/known habitat and remnant vegetation along the boundary of the 
assessment unit. 

– Determine the score for this attribute by matching with the class ranges in Table E1. 
• Context: measure the percentage of suitable/known habitat and remnant vegetation within a 1 km buffer around 

the site/assessment unit. To calculate the context score: 

– Create a 1 km buffer around the monitoring site. 

– Measure the percentage cover of remnant vegetation within the buffer area. 

– Determine the score for this attribute by matching with the thresholds Table E1. 

– Ecological corridors: to calculate the ecological corridor score: 

– Determine the proximity of the site to state, bioregional, regional or sub-regional corridors (terrestrial 
or riparian). 
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Mt Tabor Offset Area Management Plan   
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Executive summary 
This offset area management plan (OAMP) was originally prepared to address the offset requirements for matters 
of national environmental significance (MNES) associated with Stage 4 of the Gas Fields Development Project 
(GFD Project) in accordance with EPBC 2012/6615. Original approval for the OAMP was received from the 
Department of Agriculture, Water and the Environment (now the Department of Climate Change, Energy, the 
Environment and Water) in November 2022. It has since been updated (this document) to include an additional 
offset area on the Mt Tabor property, expanding on the original offset area approved in November 2022, as well 
as address predicted offset requirements for MNES associated with Stage 7 of the GFD Project in accordance 
with the staged approach to offsets under EPBC 2012/6615. 

A consolidated offset area of 7,473 ha will be secured, managed and monitored on the Mt Tabor property (Lot 6 
CHS25) in accordance with this OAMP. While the consolidated offset will be managed as one area, for the 
purposes of reconciling offset requirements for Stage 7 of the GFD Project and assigning appropriate completion 
criteria based on the EPBC Offsets Assessment Guide (OAG), throughout this OAMP the offset area will be 
referred to as the following: 

• Offset area 1 (5,124 ha) – this offset area was originally approved in November 2022 to acquit MNES offset 
requirements associated with Stage 4 of the GFD Project. The original approved offset area also included 
areas of surplus MNES habitat, to be drawn down on by Santos to acquit future offset requirements. Santos 
has been actively managing and monitoring offset area 1 following approval of the OAMP in November 2022. 
As presented in Table ES1, offset area 1 will partially acquit offset requirements for Stage 7 of the GFD 
Project.   

• Offset area 2 (2,349 ha) – this additional offset area has been included, as part of this updated version of the 
OAMP, to expand on the original approved offset area in November 2022. Offset area 2 is located adjacent to 
offset area 1 and will partially acquit offset requirements for Stage 7 of the GFD Project and include surplus to 
be drawn down on by Santos to acquit future offset requirements (Table ES1). Following approval of this 
OAMP, Santos will include offset area 2 as part of the current management and monitoring regime 
implemented across the property considering any additional requirements of the updated OAMP. 

Desktop and field surveys of the Mt Tabor property were completed from December 2020 to January 2021 and in 
October 2023 to confirm the presence of offset values and suitability to satisfy the GFD Project’s offset obligations 
as follows:   

• Preliminary desktop assessment of biodiversity offset values (Boobook 2021a) 

• Detailed field assessment to confirm presence of environmental values within the offset area including: 

– Ground-truthing of vegetation mapping  

– BioCondition assessments in accordance with the BioCondition methodology (Eyre et al. 2015) 

– Targeted fauna surveys  

– Incidental flora surveys. 

The outcome of this OAMP will partially acquit the Stage 7 offset obligations for the GFD Project under EPBC 
2012/6615 in accordance with the EPBC Act Environmental Offsets Policy. The Mt Tabor offset area will be 
managed and monitored as a consolidated area, based on an adaptive management framework, to achieve the 
interim performance targets and completion criteria presented in Table ES2. The performance target and 
completion criteria have been assigned for offset areas 1 and 2 separately, to effectively monitor the time until 
ecological benefit and achieving these scores, since management of offset area 1 begun in 2022.   

The key management actions to be implemented include: 

• restricting access to the offset area 

• maintenance and upgrades of existing access tracks, fencing and firebreaks 

• fire management through strategic grazing and fuel hazard reduction burns 

• weed management 

• pest animal management. 
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Ongoing monitoring events will be undertaken to assess the effectiveness of the management actions and 
progress of the offset area in achieving the interim performance targets and completion criteria, including: 

• biannual offset area inspections 

• biomass monitoring 

• fuel load monitoring 

• weed monitoring 

• pest animal monitoring 

• rapid monitoring events 

• habitat quality assessments 

• photo monitoring. 

Annual reports will be prepared to detail progress of the offset area in achieving the interim performance targets 
and completion criteria for each management year including the results of management and monitoring activities 
completed.  

Offset area 1 was legally secured via a Voluntary Declaration under Section 19E and 19F of the Vegetation 
Management Act 1999 (Qld; VM Act) on 04 January 2023 and will remain in place for the life of EPBC 2012/6615. 
Within 12 months following approval of this OAMP, Santos will apply to have Offset area 2 protected via a 
Voluntary Declaration under Section 19E and 19F of the VM Act. 
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A consolidated offset area of 7,473 ha will be secured, managed and monitored on the Mt Tabor property (Lot 6 
CHS25) in accordance with this OAMP (Figure 1). While the consolidated offset will be managed as one area, for 
the purposes of reconciling offset requirements for Stage 7 of the GFD Project and assigning appropriate 
completion criteria based on the EPBC Offsets Assessment Guide (OAG), throughout this OAMP the offset area 
will be referred to as the following: 

• Offset area 1 – a 5,329.4 ha area was originally approved in November 2022 to acquit MNES offset 
requirements associated with Stage 4 of the GFD Project. The original approved offset area also included 
areas of surplus MNES habitat, to be drawn down on by Santos to acquit future offset requirements. Santos 
has been actively managing and monitoring offset area 1 following approval of the OAMP in November 2022 
and as part of management the offset area has been fenced to restrict access by livestock (see Sections 2.2 
and 6.2.3). This resulted in a variation to the extent of offset area 1 managed as part of this OAMP, now 
totalling 5,124.5 ha. Section 2.6 provides a summary of the updated available habitat for MNES within offset 
area 1. As presented in Section 2.7, offset area 1 will partially acquit offset requirements for Stage 7 of the 
GFD Project.   

• Offset area 2 – this version of the OAMP includes an additional 2,348.8 ha area, located adjacent to offset 
area 1, increasing the extent of protected MNES habitat on the Mt Tabor property. Offset area 2 has been 
secured to acquit offset requirements for Stage 7 of the GFD Project and provide surplus areas to be drawn 
down on by Santos to acquit future offset requirements (Section 2.7). Following approval of this OAMP, 
Santos will include offset area 2 as part of the current management and monitoring regime implemented 
across the property considering any additional requirements of the updated OAMP. 

1.1. Purpose 
This OAMP is written in conjunction with the Environmental Management Plan (EMP) Guidelines (DCCEEW 
2024c) and provides a detailed management and monitoring framework for the Mt Tabor offset area in 
accordance with the requirements of EPBC 2012/6615 as presented in Table 2 below. The following table 
(Table 3) details how this OAMP satisfies the requirements of a comprehensive EMP, and how the following 
information in this OAMP aligns with the EMP Guidelines set by DCCEEW (2024c).  
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2.3. Connectivity  
The Mt Tabor property is part of a vast area of remnant vegetation covering the Carnarvon and Chesterton 
Ranges. This is an area considered of national significance on account of the extent of remnant vegetation, one 
which includes the headwaters of all major rivers of inland central Queensland (Boobook 2021a). The Attica State 
Forest is located adjacent to the south-west boundary of the property and the Mount Moffatt section of Carnarvon 
National Park adjoins the north-east corner of the property (Figure 1). 

Conservation corridors mapped as part of the Queensland Government’s Biodiversity Planning Assessments 
(BPA) assess the biodiversity significance of land in a bioregion. The mapping of state and regional corridors 
within the Brigalow Belt Bioregion has focussed on those corridors that link adjacent bioregions or connect wildlife 
refugia (Department of Environment and Science [DES] 2021). Regional riparian corridors mapped as part of the 
BPA extend through the offset area with mapped state conservation corridors located within proximity to the 
property corresponding with nearby Carnarvon National Park (Figure 1). 

2.4. Climate 
The Mt Tabor property is characterised by a hotter wet season (typically November to March) and a cooler dry 
season (typically April to October) (Figure 3). Temperature records from the Injune weather station (#43015), 
approximately 117 km south-east of Mt Tabor, show mean monthly maximum temperatures range from ~21°C 
(July) to ~34°C (January) and mean monthly minimum temperatures range from ~3°C (July) to ~20°C (January) 
(Bureau of Meteorology [BoM] 2024a, b). Rainfall records from the Injune Post Office weather station (#43015), 
also show the mean monthly rainfall for the period 2000-2023 ranges from ~20 mm (May) to ~89 mm (February) 
(BoM 2024c). 

Figure 3 – Mean monthly temperature and rainfall records 
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2.5. On-ground property assessments 
Within the Mt Tabor property, Santos has identified a 7,473.3 ha area for environmental offsets, comprising offset 
area 1 (5,124.5 ha) and Offset area 2 (2,348.8 ha). A combination of desktop and detailed on-ground 
assessments of the offset area have been undertaken within the offset areas and broader property to confirm the 
suitability of the area to satisfy the project’s offset obligations. The key desktop and field surveys of the offset area 
completed to date are summarised below:  

• Preliminary desktop assessment of biodiversity offset values (Boobook 2021a).

• Detailed field assessment were undertaken to ground-truth vegetation and confirm presence of environmental 
values by Boobook from December 2020 to January 2021 within offset area 1 (Boobook 2021a) and by CO2 
Australia within offset area 2 in April 2024 (CO2 Australia 2024).

• BioCondition assessments were undertaken, during the above-mentioned surveys, in accordance with the 
BioCondition methodology (Eyre et al. 2015). The condition of each site was compared to the benchmark data 
provided for each RE. Photo monitoring sites were established at all BioCondition assessment sites.

• Targeted fauna surveys using the following methods to assess the presence of fauna for the endangered and 
vulnerable species also listed below within the Mt Tabor offset area:

– Collared delma

– Yakka skink

– Dunmall’s snake

– Red goshawk

– Squatter pigeon (southern)

– Northern quoll

– Koala

– South-eastern long-eared bat

– Large-eared pied bat

• Survey methods:

– Camera traps

– Harp trapping

– Ultrasonic bat call detection

– Active daytime habitat searching

– Driven and on foot spotlighting searches

– Active koala searches and scat analysis.
• Incidental searches for threatened flora species listed under the EPBC Act and/or Nature Conservation Act 

1992 (Qld) were carried out at vegetation assessment sites and during meanders in targeted habitat types.

2.6. Ground-truthed vegetation and habitat mapping 
Based on the results of detailed ecological field assessments, ground-truthed vegetation (Figure 4) within the 
offset area has been classified as remnant vegetation. Remnant woody dominated vegetation is defined as 
vegetation that has not been cleared or that has been cleared but where the dominant canopy has greater than 
70% of the height and greater than 50% of the cover relative to the undisturbed height and cover of that stratum 
and is dominated by species characteristic of the vegetation's undisturbed canopy (Neldner et al. 2023).  

The results of detailed field assessments were subsequently used to confirm the suitability of the mapped ground-
truthed regional ecosystems (RE) on the offset to support habitat for the project’s MNES offset requirements. 
Known habitat requirements for each conservation significant species were assessed against on-ground 
microhabitat observations within each vegetation type of the offset area. These assessments, combined with 
ecologist knowledge, was used to develop RE-based predictive habitat mapping for EPBC Act-listed threatened 
fauna species confirmed likely or potentially present in the offset area (Boobook 2021a).   
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2.7. Offset area 
The total consolidated offset area to be secured on Mt Tabor is 7,473.3 ha, which includes 5,124.5 ha in offset area 
1 and 2,348.8 ha in offset area 2 as illustrated in Figure 4. The Mt Tabor offset area includes: 

• 4,173.0 ha to acquit offset requirements associated with Stage 4 of the GFD Project under EPBC 2012/6615, 
all located within offset area 1. 

• 2,988.0 ha to acquit offset requirements associated with Stage 7 of the GFD Project under EPBC 2012/6615, 
located across offset area 1 (951.5 ha) and offset area 2 (2,036.5 ha). The 951.5 ha within offset area 1 draws 
down on the surplus areas identified as part of the approved version of this OAMP in November 2022. 

• 312.3 ha, within offset area 2, identified as surplus areas, to be managed and monitored as part of this 
OAMP, comprising habitat for MNES that will be used by Santos to acquit future project offset requirements. 

Table 7 provides a summary of the Mt Tabor offset area, including the offset areas to be secured under Stage 7 of 
EPBC 2012/6615 and the area of surplus habitat. Figure 4 spatially presents the Mt Tabor offset areas and the 
ground-truthed vegetation communities.  

The results of the detailed field assessments including the ground-truthed RE mapping and fauna habitat 
associations discussed in Section 2.6 were used to inform the suitability to acquit the MNES offset requirements. 
The minimum offset area required to be secured for the MNES was determined in accordance with the EPBC Act 
OAG, presented as part of Santos GLNG Offset Plan and Acquittal Summary: EPBC Act Approval 2012/6615, 
Stage 7 (Santos 2024).  

Baseline habitat quality scores for the MNES offset values were determined generally in accordance with the 
Guide to Determining Terrestrial Habitat Quality (GTDTHQ; version 1.3; DES 2020) based on the results of the 
detailed field assessments (Section 2.5). The baseline habitat quality score was used to inform the OAG for the 
MNES under EPBC 2012/6615. The habitat quality scores will be used as a measure to assess the success of the 
OAMP through the interim performance targets and completion criteria outlined in Section 4. A detailed summary 
of the baseline habitat quality scores for the MNES is provided in Appendix A.  

Santos is committed to providing the required area of suitable habitat to acquit MNES offset requirements for 
Stage 7 of the GFD Project in accordance with the EPBC Act Environmental Offsets Policy and OAG; however, 
the final boundary of the Mt Tabor offset area is subject to change following consultation with Traditional Owners 
and in consideration of cultural heritage values present on site.  

 

 

 

 
  











 

Page 18 

Document Number: 0007-650-EMP-0020 

3. Offset Values 
The following sections provide a description of habitat for each MNES offset value. Figure 5 
illustrates the location of suitable habitat for MNES within the Mt Tabor offset area. 

3.1. Collared delma  
Habitat for collared delma within the offset areas comprises areas of RE 11.3.2, 11.3.39, 11.10.4, 11.10.6, 
11.10.7, 11.10.11 and 11.10.13.  

Collared delma is known to occur in REs on land zones 3, 9 and 10 (DCCEEW 2024b), with all REs in the offset 
area comprising of these land zones (Boobook 2021a; CO2 Australia 2024). The species occupies a range of 
eucalypt woodlands and open forests; and requires rocks, timber bark and other large woody debris for shelter 
(Wilson 2015; DCCEEW 2024b). General habitat for the collared delma was identified through the entirety of the 
offset area, including eucalypt woodland supporting potentially suitable shelter sites (e.g. small rocks, woody 
debris). There are scattered occurrences of this species from inland southern Queensland, with the closest record 
being from Carnarvon Station around 40 km north-northeast (Boobook 2021a). 

3.2. Yakka skink 
Habitat for yakka skink within the Mt Tabor offset areas comprises areas of RE 11.3.2, 11.3.39, 11.10.4, 11.10.7, 
11.10.11 and 11.10.13.  

Yakka skink is known to occur in open dry sclerophyll forest, woodland and scrub and a within a wide variety of 
vegetation types within land zones 3, 4, 5, 7, 9 and 10 (DCCEEW 2024d). The species is commonly found under 
partly buried rocks, logs, root cavities or in abandoned animal burrows (DCCEEW 2024d). Suitable habitat for the 
species was identified across the offset area comprising of eucalypt-dominant woodlands with occasional shelter 
sites (e.g. large logs) (Boobook 2021a; CO2 Australia 2024). 

3.3. Dunmall’s snake 
Habitat for Dunmall’s snake within the offset areas comprises areas of RE 11.3.2, 11.3.39, 11.10.4, 11.10.6, 
11.10.7, 11.10.11 and 11.10.13.  

Dunmall’s snake occurs in a variety of habitats including forests and woodlands (including those dominated by 
brigalow, bull-oak and other Acacia, Eucalyptus and Callitris species) on clay loam, cracking clay soils and 
sandstone derived soil (DCCEEW 2024d). Rare observations have been made on the edge of dry vine scrub and 
in hard ironstone country (DCCEEW 2024d). The offset area is comprised of eucalypt and Callitris-dominated REs 
providing suitable general habitat for the species (Boobook 2021a; CO2 Australia 2024).  

3.4. Red goshawk 
Habitat for red goshawk within the offset areas comprises areas of RE 11.3.2, 11.3.39, 11.10.4, 11.10.6, 11.10.7, 
11.10.11 and 11.10.13.  

Breeding habitat is intact tall forest associated with major drainage lines; however, the species may often forage 
much further away from these areas (DCCEEW 2024f). The offset area is considered to comprise of suitable 
foraging habitat for the species with open areas near water, forests and woodlands of the mentioned REs likely 
supporting a diversity of prey (Boobook 2021a; CO2 Australia 2024). 
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3.5. Squatter pigeon (southern) 
Habitat for squatter pigeon within the offset areas comprises areas of RE 11.3.2, 11.3.39, 11.10.4, 11.10.6, 
11.10.7, 11.10.11 and 11.10.13.  

Squatter pigeon (southern) favours open-forests to sparse, open-woodlands and scrub that are mostly dominated 
by Eucalyptus, Corymbia, Acacia or Callitris species and are close to water bodies or watercourses (DCCEEW 
2024g). Although there are no known permanent streams, springs or wetlands within the offset, it does 
encompass numerous watercourses and farm dams (Boobook 2021a; CO2 Australia, 2024). The above REs, 
which are distributed across the offset area, are dominated by Eucalyptus, Corymbia, Acacia and Callitris species. 
As such, general habitat for the squatter pigeon (southern) was identified across the entirety of the offset. This 
species was observed across the offset area during Boobook’s assessment, with 11 locations recorded, and 
subsequently during CO2 Australia’s assessments in 2024 (Figure 5). 

3.6. Northern quoll 
Habitat for northern quoll within the offset areas comprises areas of RE 11.3.2, 11.3.39, 11.10.4, 11.10.6, 11.10.7, 
11.10.11 and 11.10.13.  

This species is dependent on the presence of suitable shelter habitat in the form of caves and deep crevices in 
extensive rock formations (commonly sandstone) and forages in associated woodland and forest habitat (Hill and 
Ward 2010). The offset area is characterised by rugged topography from remnant eroded sandstone, bounded by 
scarps and cliffs with numerous narrow gorges, with the above REs found across the offset area (Boobook 2021a; 
CO2 Australia 2024). Primarily essential habitat for the species, defined by all of the mentioned REs within 1 km 
of potentially suitable shelter habitat, covers a majority of the offset area (Boobook 2021a; CO2 Australia 2024). A 
small area of general habitat, defined as >1 km from potentially suitable shelter habitat, is also present (Boobook 
2021a; CO2 Australia 2024). The offset area is located within the species historical range, with recent records for 
the species from the nearby Carnarvon Range (Boobook 2021a).  

3.7. Koala 
Habitat for koala within the offset area comprises areas of RE 11.3.2, 11.3.39, 11.10.4, 11.10.6, 11.10.7, 11.10.11 
and 11.10.13.  

Koala habitat can be broadly defined as any forest or woodland containing known koala food trees, which are 
naturally abundant on fertile clay soils (DCCEEW 2024h). Koalas predominantly feed on Eucalyptus spp.; 
however, they are also known to consume other Myrtaceae species (DCCEEW 2024h). Suitable habitat (eucalypt-
dominated woodlands and open forests) was identified across the offset area with potential food trees, including 
Eucalyptus populnea, E. chloroclada, E. major, E. grisea, E. microcarpa, E. melanophloia, E. fibrosa and E. 
crebra, present (Boobook 2021a; CO2 Australia 2024). Several koala observations were made during assessment 
in the southern section of the site, including scratch marks on trees, with the largest cluster around the centre of 
the southern border (Figure 5; Boobook 2021a; CO2 Australia 2024).  

3.8. South-eastern long-eared bat 
Habitat on the Mt Tabor offset areas for south-eastern long-eared bat comprises areas of RE 11.3.2, 11.3.39, 
11.10.4, 11.10.6, 11.10.7, 11.10.11 and 11.10.13.  

The species is known to occur in a variety of dry forest habitats including those dominated by river red gum, open 
woodland, mallee, brigalow and other arid and semi-arid habitats, although the preferred habitat is mallee and 
Callitris woodlands (Pennay et al. 2011), and habitats that have a distinct canopy with a dense, cluttered 
understorey (Turbill and Ellis 2006). The species roosts in tree hollows or under bark (NSW NPWS 2003). 
Surveys suggest the species requires large tracts of forest to occur (Turbill et al. 2008). 

The entirety of the offset area was identified as suitable general habitat for foraging and roosting (CO2 Australia 
2024). One observation of this species was made during assessment, close to the south-west border (Figure 5; 
Boobook 2021a).  
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3.9. Large-eared pied bat 
Habitat for large-eared pied bat within the offset areas comprises areas of RE 11.3.2, 11.3.39, 11.10.4, 11.10.6, 
11.10.7, 11.10.11 and 11.10.13.  

This species requires a combination of sandstone cliffs/escarpments to provide roosting habitat that is adjacent to 
fertile woodlands, preferably box gum or river/rainforest corridors for foraging (TSSC 2012; DCCEEW 2024e). The 
offset is characterised by eroded sandstone plateaus, bounded by scraps and cliffs and is within the known range 
of the species (Boobook 2021a; CO2 Australia 2024). The large-eared pied bat is known to occur from nearby 
Mount Moffatt within Carnarvon National Park (Boobook 2021a). Essential habitat was identified throughout the 
entirety of the offset area defined as all areas of remnant vegetation within 5 km of potentially suitable shelter 
habitat (extensive areas of dissected sandstone with deep crevices and caves) (Boobook 2021a; CO2 Australia 
2024).   
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5. Adaptive Management 
5.1. Adaptive management 
This OAMP is based on an adaptive management approach which involves ‘flexible decision making that can be 
adjusted in the face of uncertainties as outcomes from management actions and other events become better 
understood’ (National Research Council 2004).  

Adaptive management includes two key phases: 

• Establishment of the key components of a management framework including engaging stakeholders, 
developing clear and measurable objectives and performance criteria, identification and selection of potential 
management actions and the development of monitoring protocols which enable the evaluation of progress 
towards achieving objectives, and which will effectively contribute to the adaptive management decision 
making process.  

• An iterative learning phase which involves utilisation of the management framework to learn about the natural 
resource system and iteratively adapt management strategies and approaches based on what is learned 
(Williams 2011). 

The management of natural systems involves uncertainty which can affect the success of the management 
measures in achieving the objectives and performance criteria. Williams (2011) and Williams and Brown (2016) 
identify four kinds of uncertainty, outlined as follows, with how they have been addressed through the development 
of this OAMP: 

• environmental variation: 

– caused by external factors that act upon natural systems, but which are not influenced by the resource 
conditions and dynamics, for example variation in rainfall or temperature, 

– largely outside of the control of the manager (Williams 2011), and 

– influence is considered in the analysis of the effectiveness of the adaptive management approach, the 
analysis of the ability to achieve and maintain performance criteria and when considering the need for 
corrective actions.  

• partial observability: 

– includes potential uncertainty arising from variation in the collection of data during monitoring events, and 
from being unable to completely observe the natural system in its entirety (Williams and Brown 2016), and 

– addressed in this OAMP through the development of a monitoring program based on scientifically tested 
and repeatable methods.  

• partial controllability: 

– relates to the difference between the intended effect of the management measures to be implemented 
through this OAMP and the actual effect of their implementation on the ground (Williams and Brown 
2016), and 

– address through adherence to an adaptive management approach including regular monitoring of 
conformance with performance criteria, assessment of adaptive management triggers, the implementation 
of corrective actions, review and amendments to the OAMP, and reporting to ensure that management 
measures are being effectively implemented on the ground.  

• structural and process uncertainty: 

– concerns a lack of knowledge or understanding regarding biological and ecological processes and 
relationships, and differing views regarding how natural systems respond to management (Williams and 
Brown 2016), and 

– addressed through the adaptive management approach. Following the results of ongoing management, 
monitoring and reporting, the OAMP will be reviewed and updated as required to incorporate learnings, 
updated conservation advice and best practice management techniques. 
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5.2. OAMP adaptive management framework 

5.2.1. Risk assessment  

The adaptive management process for this OAMP is supported by a risk assessment through which the known 
and potential risks for each offset value have been evaluated. The relevant risks were identified based on a 
review of current literature (i.e. conservation advices, recovery plans etc) and identification of potential site-
specific risks. As presented in Appendix C, the risk assessment included an assessment of the likelihood and 
consequence for each identified risk, both with and without the implementation of control strategies. The results of 
the risk assessment have informed the adaptive management process including the identification of threats to 
offset values, management objectives, performance criteria, management actions, monitoring programs, adaptive 
management triggers and corrective actions. 

Implementation of the adaptive management process aims to reduce the risk of the identified threats occurring to 
ensure that the overall outcome sought by this OAMP are achieved.  

5.2.2. Adaptive management process 

The adaptive management process for this OAMP includes the following key components: 

• identified threats to offset values – known and potential threats to the offset values have been identified as 
part of the risk assessment process 

• relevant offset values – MNES or other offset matter for which the identified threat is relevant have been 
indicated 

• management objectives – management objectives have been developed to address each identified threat to 
the offset values, and to ensure that the interim performance targets and completion criteria are attained 

• performance criteria – assessable criteria have been defined to measure adherence to the management 
objectives 

• management action – specific management actions have been identified to ensure that the performance 
criteria and management objectives are satisfied, and which will ultimately result in attainment of the interim 
performance targets and completion criteria 

• monitoring – a combination of qualitative and quantitative methodologies has been included to assess 
whether management actions are meeting the performance criteria and management objectives, and 
ultimately, whether the OAMP is supporting the delivery of the interim performance targets and completion 
criteria 

• adaptive management trigger – measurable events or parameters have been identified which, when 
triggered, indicate that a performance criterion has not been satisfied, instigating the implementation of 
contingency plans and corrective actions 

• corrective actions – a two-step process has been established to identify the likely cause of the non-
compliance with the performance criteria and allow for identification of suitable corrective actions. Corrective 
actions include the implementation of a feasible, appropriate and effective action to address the identified 
issue and ensure the performance criteria is satisfied.  

Figure 6 illustrates the ongoing adaptive management cycle of implementation, learning and review, with the aim 
of achieving the interim performance targets and completion criteria. Through the implementation of this adaptive 
management process, it is anticipated that the interim performance targets and completion criteria will be attained 
and maintained for the life of the approval. 

5.2.3. Timing for implementation of the OAMP 

The offset area will be managed and monitored until the interim performance targets and completion criteria are 
achieved. It is anticipated that through the adaptive management approach, interim performance targets and 
completion criteria will be achieved within the proposed 20-year management period. However, if the interim 
performance targets and/or completion criteria for offset values have not been achieved within the anticipated 
timeframes, management and monitoring will continue beyond the 20-year management period in accordance 
with this OAMP until the completion criteria have been achieved. Once attained, completion criteria will be 
maintained for at least the life of the EPBC Act approval relevant to this OAMP. 
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Figure 6 – Process for implementation of the OAMP 

 

 

5.2.4. Risk of offset failure 

Based on the adaptive approach to management and the proposed management and monitoring program, it is 
considered that the management objectives, interim performance targets and completion criteria will be 
successfully achieved. 

In the unlikely event that the interim performance targets are not achieved for one or more offset values by year 5, 
10 or 15 for those offset values, Santos will obtain advice from suitably qualified people/groups with the aim of 
identifying appropriate additional management interventions. 

It should be noted that unavoidable temporary perturbations such as severe drought, or insect/fungal pest 
invasion that may cause a temporary decrease in metrics such as canopy or shrub cover from which the 
community still may recover within the next 5-year period should not preclude assessment of a satisfactory 
increase in ecological condition by the completion date. 

If it is considered that the completion criteria cannot be achieved, Santos will update this OAMP proposing 
alternative offset areas in order to acquit the required offset requirements. The revised OAMP will be submitted to 
the Commonwealth Government. 
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6.2.2. Access tracks 

Existing access tracks will be utilised to facilitate necessary management, maintenance and monitoring activities 
as part of this OAMP. If existing access tracks become impassable (through erosion or vegetation regrowth), 
maintenance activities of these tracks (e.g. grading) will be prioritised over alternative track alignments. Gully 
crossings are likely to be subject to periodic, ongoing maintenance because of erosion following rain events. 

Existing and new access tracks will be no wider than 5 metres (m) and vegetation disturbance will be minimised. 

6.2.3. Fencing 

Fencing has been installed around the boundary of offset area 1 to assist with management of livestock control for 
weed and fuel load management (Figure 7). Following approval of this OAMP the final location for fencing around 
offset area 2 will be scouted with the Traditional Owners as part of on-ground cultural heritage surveys and will be 
provided to the Commonwealth Government following completion.  

Fencing will comprise of a 4-wire fence consisting of 3 strand 1.57HT barb with a plain high tensile wire at the top, 
wood and/or steel posts at 7 m spacing, a strainer post every 100 m and 1 gate located every kilometre. This type 
of fencing is also considered appropriate to facilitate the fauna movement across the property. Importantly, the 
movement of the species being offset will not be impeded by the proposed fencing design. 

Any vegetation disturbance associated with new fence construction will be minimised in accordance with 
Table 13. 

Regular inspections of all fencing will be undertaken in accordance with Section 7.1, and repairs to the fences will 
be made as required. 

6.2.4. Fire management 

The Mt Tabor property has previously been subject to severe fire, particularly within the last five years (Boobook 
2021a). A planned and co-ordinated fire management strategy will be implemented to 

• improve habitat quality through: 

– controlling weeds, biomass levels and fuel loads, 

– supporting development of structural components of habitat for offset values (e.g. recruitment of native 
plants, establishment of fire sensitive native herbs and groundcover, important microhabitat including 
fallen logs and leaf litter, and increased understorey), and 

– promoting germination and recruitment of eucalypt species and other species characteristic of the specific 
RE. 

Unplanned fire risk will be managed through: 

• establishment and regular maintenance of firebreaks (Figure 7), 

• monitoring and managing fuel loads primarily through the implementation of a controlled grazing regime 
(Section 6.2.4), and 

• fuel hazard reduction burns (if required; Section 6.2.4). 

Firebreaks will be established and maintained around the boundary of the offset area, with green firebreaks 
established where the offset area joins native vegetation. Firebreaks will be maintained at least annually to 
remove overhanging trees or fallen debris and dense vegetation. Firebreak maintenance will be undertaken to a 
width of up to 10 m. 
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Strategic grazing 
The current and historic land use of the Mt Tabor property includes cattle grazing supported by tracks, fencing 
and dams, with limited clearing around this infrastructure. Strategic grazing within the offset area will be used to 
manage fuel loads and control exotic weeds and pasture grasses. As increasing grazing intensity is correlated 
with an increase in weedy cover (Franks 2002), and a decrease in native grass species richness, grazing will be 
permitted in the offset area on a managed and limited basis to control weeds and reduce fuel loads. 

Best practice management for strategic livestock grazing within the Mt Tabor offset area will be undertaken as 
follows: 

• livestock will only be permitted in the offset area to reduce fuel loads, avoid weed seed set and reduce weed 
cover 

• within the offset area a minimum of 2,500 kg/ha of biomass will be retained at the end of the dry season. 

To minimise erosion and subsequent impacts on water quality, strategic grazing will be excluded where rainfall 
causes inundated or waterlogged soils. The location and extent of grazing exclusion areas will be reviewed 
annually based on the results of management and monitoring events. 

The suitability of conditions for undertaking a grazing event will be informed by biomass monitoring events as 
described in Section 7.2.  

Fuel hazard reduction burns 
The aim of fuel hazard reduction burns is to manage excess fuel loads, to initiate regeneration of eucalypt 
communities and to create habitat with a mosaic of different fire frequencies and times since fire. 

Fire management, through fuel hazard reductions burns will be guided by conservation advice documentation 
(e.g. for MNES) and the REDD (Queensland Herbarium 2024), which provides recommendations for fire 
management for each of the component RE (Table 14), guidelines published in Fire and Biodiversity Monitoring 
Manual published by South East Queensland Fire and Biodiversity Consortium (2002), local regional fire plans, 
regional fire authorities and local knowledge of fire behaviour. 

Hazard reduction burns will be considered if fuel hazard ratings within the offset area are unable to be maintained 
below extreme in accordance with the Overall Fuel Hazard Assessment Guide (Hines et al. 2010; Appendix D) 
through the implementation of strategic grazing and weed control. However, the location and timing for fuel 
hazard reduction burns will be informed by the results of biomass monitoring (Section 7.2) and fuel load 
monitoring (Section 7.3) in conjunction with the results of habitat quality assessments and considering the REDD 
fire management guidelines for the vegetation community and MNES conservation advices. 

In addition to the above conservation and ecological advice, fire management through fuel hazard reductions 
burns will also be undertaken in consultation with the Traditional Owners taking into account any cultural burning 
practices. 

In general, fire management will be undertaken in a mosaic pattern at the appropriate time of year when there is:  

• high soil and fuel moisture levels, ideally following minimum of 40 mm of rainfall, 

• low ambient temperature and wind speed, 

• high atmospheric humidity, 

• the risk of long-term impacts/high intensity fire is low, and/or  

• when plants approach a more active growing phase. 
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7. Monitoring 
The results of the monitoring program outlined in the following sections will be used to inform 
operational management decisions, including adaptive implementation of this OAMP to ensure the 
performance criteria and management objectives, and ultimately interim performance targets and 
completion criteria are met. 
The monitoring results will also be used to assess adherence to performance criteria, and to 
determine when corrective actions are required to be implemented. The results will also be 
compared to those from previous monitoring events to assess change over time and to inform the 
ongoing implementation of the OAMP. 

7.1. Offset area inspections 
The aim of offset area inspections is to enable a general assessment of the offset area to identify any potential 
issues that may require remedial action to be undertaken. Inspections will be undertaken twice per year for the 
duration of the management period to assess the following:  

• condition of fencing, gates and signs, 

• condition of access tracks, 

• condition of firebreaks, 

• compliance with restrictions for vegetation clearing associated with maintenance and establishment of access 
tracks, fencing and firebreaks,  

• incidence of erosion within offset area, particularly around permanent and semi-permanent water bodies or 
areas subject to inundation or waterlogging, 

• damage/degradation resulting from pest animal activity within the offset area, 

• signs of land degradation and over-grazing, 

• presence of weed/invasive species, 

• exclusion of livestock, and  

• incidental fauna observations and any additional risks to offset values (i.e. evidence of vehicle strike). 

7.2. Biomass monitoring 
Biomass monitoring for fire management will be undertaken twice a year, at the end of the wet season and end of 
the dry season, to: 

• determine the risk of fire to the offset site, and  

• inform fire management strategies to control fuel loads.  

Biomass is at its greatest at the end of the wet season (April) with fire risk greatest towards the end of the dry 
season (October). Biomass will be monitored within the offset areas using appropriate photo standards which will 
be used to determine dry matter yields and subsequently fuel loads. Biomass monitoring will be undertaken at the 
same permanent weed monitoring sites established as part of the year 1 monitoring. 

Fuel loads will be managed through strategic grazing events (see Section 6.2.4) if the biomass assessment at the 
end of the wet season shows that biomass is greater than 2,500 kg/ha within the offset area. 

The stocking rate of these strategic grazing events will be determined through a feed budgeting assessment (see 
Section 7.2.1) undertaken prior to a grazing event in the offset area. A feed budgeting assessment is a recognised 
method of determining the stocking rate based on the amount of feed available and the amount of feed desired at 
the end of the grazing event (i.e. >2,500 kg/ha). 

7.2.1. Feed budgeting assessment 

The process for undertaking a feed budget assessment will include the following sequence of activities: 
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• Determine the current amount of feed present (kg/ha) using appropriate photo standards available on the 
Future Beef website 1. 

• Determine the amount of feed desired (kg/ha) at the end of the grazing event. 

• Calculate the total useable feed (kg/ha) by subtracting the feed desired from the feed present. 

• Determine utilisation (i.e. the proportion of useable feed that livestock can use). 

• Determine the feed available for the grazing animal (kg/ha) by multiplying the total useable feed by the 
utilisation rate. 

• Calculate the safe stocking rate by: 

– determining the feed consumption per day (kg/day), 

– determining the number of days feed is required (days), 

– calculating the feed requirement per head (kg/hd) by multiplying the feed consumption per day by the 
number of days, 

– calculating the stocking rate (ha/hd) by dividing the feed requirement per head by feed available, and 

– calculate the number of stock (head) by dividing the area of the paddock by the stocking rate. 

The amount of feed available prior to the grazing event will be estimated using the appropriate photo standards 
available on the Future Beef website. The “Dry Season Feed Budget” worksheet will then be used to calculate the 
required stocking rate for the grazing event. 

At the completion of the grazing event, photo standards will be used to assess ground cover and ecosystem 
biomass. Should the grazing event be required to be extended (e.g. as a result of additional rainfall and resultant 
grass growth and potential weed flowering), the feed budget assessment will be recalculated using the “Dry 
Season Feed Budget” worksheet. 

7.3. Fuel load monitoring 
Fuel load monitoring will be undertaken in accordance with the Overall Fuel Hazard Assessment Guide (Hines et 
al. 2010; Appendix D). Fuel load assessment monitoring will include a baseline survey in year 1 (post-wet season; 
April), with ongoing fuel load assessment monitoring conducted every year at the same time and location as 
biomass monitoring post wet season. Monitoring will focus on assessing the key structural layers of the fine fuels 
that burn in bushfires, specifically bark, elevated fuels, near-surface fuels and surface fuels. This will allow for a 
rapid assessment of each fuel layer, which in in turn is given a hazard rating and are then combined to provide an 
overall fuel hazard rating of low, moderate, high, very high or extreme.   

The fuel hazard rating will be monitored to compare any changes from previous assessments. In conjunction with 
results of habitat quality assessments, the results of the fuel load assessments will be used to determine if fuel 
hazard reduction burns are required within the offset area. Weed management and strategic grazing within the 
offset area will also be undertaken to maintain fuel hazard rating below extreme. 

7.4. Weed monitoring 
Weed monitoring sites will be randomly stratified, fixed monitoring sites representative of offset values and 
incorporating natural variability such as aspect (e.g. a mix of north-, east-, south- and west-facing monitoring 
sites), community type – (e.g. woodland, riparian). There will also be fixed monitoring sites at strategic trafficable 
areas (e.g. entry gates, creek crossings, stock watering points) to monitor potential introduction and/or irruptions 
of prohibited and restricted weed species. 

The offset area will be monitored for weeds every two years (post-wet season) to determine the species richness 
and abundance, for the duration of the management period. The results of this monitoring will inform the methods 
for weed treatment and control (see Section 6.2.5). 

Non-native plant cover is also assessed as part of the habitat quality assessments detailed in Section 7.6.2, and 
the presence of weed species will also be recorded as part of the general offset area inspections (see 
Section 7.1), where noted. 

 
1 See https://futurebeef.com.au/knowledge-centre/pastures-forage-crops/pasture-photo-standards/. 
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7.6. Offset value assessments 

7.6.1. Rapid monitoring event 

Rapid monitoring events will be carried out each year monitoring events are not completed for habitat quality 
assessments (Section 7.6.2) and targeted fauna survey (Section 7.6.4) 

These will be aligned with the offset area inspections (see Section 7.1) and carried out by suitably qualified 
ecologists during spring and early summer (October to January) to coincide with the optimal time of year for fauna 
in the Brigalow Belt Bioregion (Eyre et al. 2018).   

During each rapid monitoring field assessment, the following will be conducted: 

• Incidental fauna surveys including early morning and late evening bird surveys and other MNES species will 
be conducted throughout the day by the ecologists. 

• Photos will be taken at designated and fixed photo monitoring points as outlined in Section 7.6.3. The 
locations of the fixed photo monitoring points are shown in Figure 8. 

7.6.2. Habitat quality assessment  

Vegetation condition and habitat quality for each MNES will be assessed generally in accordance with the 
GTDTHQ and the methods outlined in Appendix E. In order to be consistent with the requirements under the 
EPBC Act guideline for the OAG, the species habitat index component of the habitat quality score will be 
calculated based on the results of the targeted fauna surveys detailed in Section 7.6.4. 

A detailed baseline assessment of habitat quality was completed between December 2020 and January 2021 for 
offset area 1, including establishment of BioCondition sites in all major vegetation communities. Fixed transect 
sites have been established within offset area 1 as part of baseline assessments and ongoing monitoring events 
(Figure 8).  

Fixed transects were established and assessed as part of the baseline in 2024 for Offset area 2, with additional 
transects proposed to be established as part of the year one habitat quality assessments to meet the minimum 
requirement for sites in accordance with the GTDTHQ (see Figure 8).  

BioCondition assessments will be undertaken at each of the transects in year one and then every two years for 
the first six years, and then every three years thereafter. As part of year one monitoring activities, monitoring 
points will be marked with a capped stake and a GPS location will be recorded. 

The results of habitat quality assessments for subsequent years will include summary data from previous 
reporting years, presented to allow trend analysis of each of the measured attributes and assess progress 
towards achieving the interim performance targets and completion criteria. 

7.6.3. Photo monitoring 

Photo monitoring is a qualitative analysis technique that provides the opportunity for visual time series analysis of 
changes in vegetation composition, structure and integrity. In areas where active management is being 
undertaken, photo monitoring offers a simple and effective visual means by which to capture the response of the 
vegetation to management actions. Photo monitoring will be conducted at all habitat quality assessment sites 
presented in Figure 8, based on best practice photo monitoring techniques, see Appendix 4 of BioCondition: A 
Condition Assessment Framework for Terrestrial Biodiversity in Queensland. Assessment Manual. Version 2.2. 
(Eyre et al. 2015). 

Photo monitoring will be undertaken as part of habitat quality assessments (Section 7.6.2) and rapid monitoring 
events (Section 7.6.1).  
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8. Reporting 
8.1. Reporting 
A report detailing the progress of the offset area in achieving the interim performance targets and completion 
criteria will be prepared for each management year. The report will be prepared by the suitably qualified 
ecologists who are awarded the scope of works for that monitoring year, and delivered to the approval holder, 
Santos, within three months of every 12-month anniversary of the commencement of the action (22/03/2016). In 
compliance with clause 34 and 41 of the approval, Santos will publicly publish all monitoring reports on their 
website, and they will remain published for the lifetime of the approval (expiry 21/03/2066). 

The report will contain, at a minimum:  

• a description of the monitoring conducted, when it was conducted, and by whom, 

• a discussion of the weather in the lead up to and during the monitoring, 

• results of monitoring events conducted, 

• an overview of the management actions implemented since the last report,  

• a description of the performance criteria not met any triggers that have been exceeded and the corrective 
actions that were implemented, 

• an indication of any risks or potential threats that have become apparent to the management area since the 
development of this management plan, and activities to be undertaken to manage these threats and/or risks, 
and 

• progress towards achieving the interim performance targets and completion criteria. 

Monitoring and progress reports will be stored electronically by each the approval holder and the contractor 
undertaking and completing the scope of work. Field data will be stored as spatial data files (e.g. shapefile) by the 
contractor who is responsible for collecting the raw data, as well as detailed in the contents of the results or 
appendices section of the report. All data and reports pertaining to this OAMP will be stored for the lifetime of the 
approval. 

8.2. Update of OAMP 
The OAMP will be reviewed, audited and updated every 5 years. In addition, the OAMP will be updated in 
accordance with the principles of adaptive management, if required, to incorporate any changes identified through 
management activities, site visits and monitoring activities. This may include the revision of current management 
actions, identification of additional activities (including monitoring activities) and responses to adaptive 
management triggers, other environmental threats to the offset area, information obtained through research 
programs. 
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9. Implementation Schedule 
Table 18 and Table 19 summarise the implementation schedule for the management, monitoring 
and reporting activities presented in this OAMP. Santos will be wholly responsible for the 
implementation of this OAMP and reporting on the performance of the offset area in meeting the 
offset obligations under EPBC Approval 2012/6615 and Section 4 of this OAMP. 
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Appendix A 
Baseline habitat quality score for the Mt Tabor offset 
areas 
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Appendix B 
Mt Tabor Voluntary Declaration and offset area boundary 
coordinates  
  





 

 

 

2.3. Property Map of Assessable Vegetation 

In accordance with s20B of the Vegetation Management Act 1999, the following 
Property Map of Assessable Vegetation has been prepared for the declared area. 

• Declared area PMAV 2022/003112 

2.4. Date of declaration: 4 January 2023 

3. Delegated officer’s signature 

 

 

 

 

 

Jason Countryman  

Natural Resource Management Officer (VM2) 

4 January 2023 

 



 

 

DECLARATION NOTICE 
Declaration Notice issued pursuant to section 19F of the Vegetation Management Act 1999 

Introduction 

This notice is to inform you of the decision of the Department of Resources for a declaration 
2022/003111 over lot 6 CHS25 - Maranoa Regional Council, Murweh Shire Council under 
sections 19E to 19L of the Vegetation Management Act 1999 (VMA).  These sections allow the 
Department of Resources to make a declaration over an area that is an area of high nature 
conservation value. 

Reasons for the decision 

 
The Mount Tabor Offset Area Management Plan (Mt Tabor OAMP) was developed to satisfy the 
conditions under the EPBC approval 2012/6615 and to satisfy the conditions under EPBC 
approval 2012/6615 Santos is seeking legal security of the designated offset through a 
Declaration under the Vegetation Management Act 1999 (VMA). 
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Table C2 – Likelihood classification and risk matrix 
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Appendix D 
Overall Fuel Hazard Assessment Guide 
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1. About this guide

1.1 Purpose
The main purpose of this guide is to allow people to:
• make a rapid, visual assessment of fuel arrangement, and 
• gain an understanding of how this will affect the chances of controlling a bushfire.

1.2 Audience
This guide has been principally designed to provide information on fuel arrangement to be 
used by:
• firefighters to assess the difficulty of controlling a bushfire.

Information on fuel arrangement may also be used by:
• asset owners and managers to assess potential bushfire risks to assets
• land and fire managers to provide a measurable objective and trigger for fuel 

management in fire management plans
• personnel to identify which key attributes and fuel layers are contributing the most to the 

hazard  
• personnel to plan and conduct planned burns
• personnel to assess the effectiveness of planned burning or mechanical hazard reduction
• fire behaviour analysts to produce fire-spread predictions and community warnings.

Those who use the guide for these other purposes need to be mindful of its limitations and 
how the results are applied and interpreted.      

1.3 What fuel is assessed
This guide is for assessing fine fuels that burn in bushfires. Fine fuels are the fuels that burn 
in the continuous flaming zone at the fire’s edge. They contribute the most to the fire’s rate 
of spread and flame height. Typically, they are dead plant material, such as leaves, grass, bark 
and twigs thinner than 6mm thick, and live plant material thinner than 3mm thick. Once 
ignited, these fine fuels generally burn out within two minutes.

This guide focuses on assessing the key structural layers of the fine fuel complex, in particular 
those of bark, elevated, near-surface and surface fuels.

1.4 How the fuel is assessed
Each fuel layer is assessed simply and visually. Assessing the fuel takes only a few minutes 
and is based on the premise that the eye is better able to integrate local variations in fuel 
than systematic measurement. Each fuel layer is assessed in turn and given a hazard rating. 
Particular emphasis is placed on how the fuel is arranged within each of these layers. The 
hazard ratings are then combined to produce an Overall Fuel Hazard Rating that ranges from 
Low to Extreme.
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1.5 Why fuel arrangement is more important than fuel load
The image below highlights the effect that changing the arrangement of the fuel can have 
on fire behaviour. Both fires were ignited at the same time in the same way. Both fires are 
burning in the same fuel load, approximately two broadsheets of newspaper over a 20cm 
diameter area. The fuel on the right was laid flat and has little vertical orientation. The fuel 
on the left was crumpled up, which gave it more vertical orientation and exposed more of 
the surface to the air. As a result, the fire on the left shows significantly greater flame height 
and the fuel is consumed much faster.

The simple difference in the arrangement of the fuel significantly affects the resulting fire 
behaviour. The effect would not be discerned if the fuel assessment was based purely on fuel 
load. An assessment of fuel hazard takes into account the fuel arrangement. It gives a better 
indication of potential fire behaviour and suppression difficulty.

1.6 Suppression difficulty is not just about fire behaviour
This guide has been mainly developed to allow people to assess the impact of fuel 
arrangement on suppression difficulty. An assessment of suppression difficulty (how hard 
it is to control a bushfire) is not based solely on the anticipated fire behaviour. Many other 
factors affect the chances of a firefighting operation succeeding, including resources, fire 
size and terrain.

In order to consider the impact of fuels, the other factors need to be treated as if they are 
constant. The factors that have been held constant are referred to as the Reference Extended 
First Attack Conditions. Further detail on these conditions is contained in Appendix 1.

1
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1.7 Basis of the Overall Fuel Hazard classification
A comprehensive explanation of this guide is contained in DSE’s Overall fuel hazard 
assessment guide: a rationale report – fire and adaptive management report no. 83 
(in prep.).

This assessment guide updates and builds on work previously published by Wilson  
(1992a, 1992b, 1993), McCarthy et al. (1998a, 1998b, 1998c, 1999, 2001), 
the Department of Environment and Heritage (2006) and Gould et al. (2007a, 2007b).

Classifying Overall Fuel Hazard is complex, with few available measurements. Therefore, we 
have relied on the perceptions of experienced fire personnel (e.g. fire behaviour specialists, 
fire managers and firefighters). The collective experience of these personnel is vast, with a 
broad geographic base across Australia.

1.8 Need for continual learning and development   
Although our knowledge about fuels has many gaps, this guide is based on the best 
available information and experience. The authors acknowledge that this guide will need  
to change and improve as more information is obtained.

Observers of firefighting operations can improve future editions of this guide by carefully 
recording what they see. Observations, comments and feedback can be emailed to  
fire.monitoring@dse.vic.gov.au. 

 

1
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2. How to use the guide

This guide has been kept concise and should not be considered as a standalone document. 
To produce reliable and consistent results requires extra knowledge which may be gained 
through local hands-on training in fuel assessment.    

2.1 Application
This guide is a tool for rapidly assessing fuel arrangement and its effect on the chances of 
controlling a bushfire. It may also be used for a range of other fire management purposes, as 
shown in the table below. Users of this guide should understand the underlying assumptions 
and limitations before applying it, particularly if applying it for purposes other than the 
assessment of suppression difficulty.  

Application Methodology

Assess suppression difficulty Assess the fuels in which the fire may occur or is actually 
occurring. 

Assess fuels for predicting 
potential risk to assets

Assess the fuels immediately adjacent to the asset as 
part of an assessment of possible radiant heat loads and 
defendable space.

Assess the fuels further away from the asset; paying 
particular attention to areas that may generate spotting, 
such as ridges. Assessments should be focused, particularly 
in the direction of likely fire attack. 

Assess the need for, or success 
of, fuel management activities

Assess the average fuels across the nominated area by 
sampling within major vegetation types, slopes and aspects.

Plan and conduct planned burns Assess the variability in fuels across the nominated area by 
sampling within major vegetation types, slopes and aspects. 
Pay particular attention to areas where the burn may 
escape, such as the tops of gullies, ridge tops and areas 
adjacent to planned burn boundaries. 

Assess fuels for predicting fire 
behaviour

Assess the fuel values needed as inputs for the appropriate 
fire behaviour model.
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Use the following descriptions to determine how to separate vegetation into fuel layers. 

Layer Description

Contribution 
to suppression 

difficulty

Canopy • Crowns of the tallest layer of trees.
• Under some conditions canopy fuels can play a significant role in fire 

behaviour and suppression difficulty. Currently, however, these fuels are not 
assessed as part of Overall Fuel Hazard.

Bark fuel • Bark on tree trunks and branches, from ground 
level to canopy.

Spotting

Elevated fuel • Fuels are mainly upright in orientation.
• Generally most of the plant material is closer to the 

top of this fuel layer.
• Sometimes contains suspended leaves, bark or 

twigs.
• Fuels that have a clear gap between them and the 

surface fuels.
• Can be highly variable in ground coverage.
• Low-intensity fire (flame height of less than 0.5m) 

may pass beneath this layer without consuming 
much, if any, of it.

Influences the flame 
height and rate of 
spread of a fire. 

Near-surface 
fuel

• Live and dead fuels, effectively in touch with the 
ground, but not lying on it.

• Fuel has a mixture of vertical and horizontal 
orientation.

• Bulk of the fuels are closer to the ground than to 
the top of this layer, or are distributed fairly evenly 
from the ground up.

• Sometimes contains suspended leaves, bark or 
twigs.

• Coverage may range from continuous to having 
gaps many times the size of the fuel patch.

• Low-intensity fire (flame height of less than 0.5m) 
will consume most or all of this fuel.  

• Fuel in this layer will always burn when the 
surface fuel layer burns. 

Influences the rate 
of spread and flame 

height of a fire.

Surface fuel 
(litter)

• Leaves, twigs, bark and other fine fuel lying on the 
ground.

• Predominantly horizontal in orientation.  

Influences the rate of 
spread of a fire.

This guide is for assessing fine fuels only.  Coarse fuels including logs are not considered.  
See Section 1.3 for further details.  

The descriptions of the fuel layers exclude references to species’ names or common 
vegetation forms, such as shrubs. During a plant’s life it may transition back and forth 
between different layers. For example, juvenile bracken fern can be classified as near-surface 
fuel before becoming elevated fuel as it matures. Once it dies and collapses it may become 
near-surface fuel again.

2



2.3 Assessment based on key attributes of fuel hazard
A fuel hazard rating of Low, Moderate, High, Very High or Extreme is assigned to each fuel 
layer by assessing it against the key attributes listed below.

Key attribute

Horizontal continuity 
of the layer

Determines how readily a piece of burning fuel may ignite the fuel 
beside it.

Identifies which of surface, near-surface or elevated fuels will 
determine the average flame height.

Vertical continuity of 
the layer

Determines how readily a piece of burning fuel may ignite the fuel 
above it. 

Amount of dead 
material in the layer

Determines how much dead material is present to burn and thus help 
with igniting the live (green) fuels. 

Thickness of the fuel 
pieces

Determines whether the fuel pieces will burn in the flaming front of 
the fire.

Total weight of fine 
fuel

Determines the weight of fine fuel contributing to the flaming front of 
the fire.

The descriptions in the hazard assessment tables do not cover all possible combinations of 
the key attributes. Users will need to exercise judgement and make an assessment using all 
key attributes when actual conditions fit between the descriptions.

2.4 Using the descriptions and photographs
This is not a photographic guide for assessing fuels. The descriptions for each of the key 
attributes should be used as the basis for determining the fuel hazard rating. Photographs 
cannot adequately show all of the key attributes that are important in determining fuel 
hazard. The photographs are provided to illustrate some of the key attributes for each fuel 
hazard rating. They do not represent all possible variations of that particular hazard rating.

2.5 Area of assessment 
Within an area of interest fuels are assessed in small patches or plots. The size and number 
of plots depends on the reason for assessing the fuels. Some applications (such as for 
input into fire behaviour models) may require a more rigorous and systematic approach to 
sampling. Other applications (such as assessing fuel hazard during firefighting operations) 
will necessitate a more rapid informal approach. For whatever purpose the guide is being 
used it is recommended that the following principles be applied:         
• Any assessment of fuels should try to assess the variability in fuels across an area by 

assessing the fuels at multiple plots.  
• The size and number of plots should reflect the level of reliability required of the results.  
• For surface, near-surface and elevated fuel layers the result of assessing the plot should 

reflect the average state of that fuel layer.     
• For bark hazard the result of assessing the plot should be based on the trees with the 

highest rating. 
• Always record with the result the name and the version of the guide used.    

8
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2.6 Tips for assessing fuel hazard
The process of assessing fuel hazard using this guide is largely subjective. Implementing the 
following techniques will help to improve accuracy and reliability:
• Identify and agree on examples of the highest rating of fuel hazard for each layer that 

occur locally. These examples should be used as benchmarks.
• Conduct assessments in pairs of observers and regularly change assessment pairs.
• Assessors should be no more than one hazard rating apart when assessing each layer 

(e.g. Low or Medium, not Low or High).
• Use different assessors to re-assess completed work and provide feedback.

2.7 Vesta fire behaviour predictions
In dry eucalypt forest with a litter and shrub understorey the Field guide – fuel assessment 
and fire behaviour prediction in dry eucalypt forest (Gould et al. 2007b) provides a 
systematic method for assessing fuel and predicting fire behaviour (rate of spread, flame 
height, and spotting). The Project Vesta fuel hazard scoring system is similar to the Victorian 
system developed by Wilson (1992a, 1992b, 1993) and revised by McCarthy et al. (1999). 
The scale that underlies the Vesta fuel hazard scores is directly related to fire behaviour. 
These scores, along with height measurements of various fuel layers, are needed as inputs 
into the fire behaviour prediction tables in Gould et al. (2007b). Section 9.3 contains a table 
for translating the fuel hazard rating for each fuel layer into Vesta fuel hazard scores.   

2.8 Effect on fire behaviour
Each table for assessing fuel hazard contains information on the effect that the fuel 
arrangement is likely to have on fire behaviour. This effect is for weather conditions 
equivalent to a Forest Fire Danger Index (FFDI) of 25 (McArthur 1973). An FFDI of 25 can be 
achieved in many ways.  For the purposes of this guide the specific conditions required to 
achieve this are:

Temperature: 33°C Relative Humidity: 25% Wind Speed: 20km/h

Drought Factor: 10 Slope: 0°

If weather conditions vary from those listed above the effect on fire behaviour will also vary. 

2.9 Fuel assessment data sheet
Appendix 2 contains a sample field data sheet that can be used when assessing fuels.
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3.1 Identification
Bark fuel is the bark on tree trunks and branches. Bark lying on or near the ground or 
draped over understorey plants is considered to be surface, near-surface or elevated fuel.

3.2 Identifying bark types
The key attributes for assessing the effect of bark on suppression difficulty are shown below: 

Key attribute Determines How it is assessed

Ease of ignition • How readily the bark will ignite.
• Whether the fire will burn up the trunk 

and into the branches of the tree.

Thickness, size and 
shape of bark pieces.

How bark is attached • How likely the bark is to break off the tree. How easily the bark 
breaks off the tree.

Quantity of 
combustible bark

• Volume of potential embers that a fire may 
generate.

Relative quantity of 
combustible bark.

Size-to-weight ratio 
of the bark pieces 

• How far the wind is likely to carry bark 
pieces once they break off the tree.

Thickness, size and 
shape of bark pieces.

Burn out time • Length of time a piece of bark will stay 
ignited once it breaks off the tree. 

Thickness, size and 
shape of bark pieces.

Descriptions of trees have been separated into three broad bark types using three of these 
key attributes – ease of ignition, burn out time and size-to-weight ratio: 

1. Fine fibrous barks, including stringybarks
2. Ribbon or candle barks
3. Other bark types, including smooth, platy, papery and coarsely fibrous. The reason for 

describing these types in some detail is to help observers distinguish them from the above 
two types.

10
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Table 3.3 Assessing the hazard of ribbon or candle bark types

If more than 10% of the trees in a forest are fine fibrous bark trees use Table 3.1 (Assessing 
the hazard of fine fibrous bark types) to determine the bark hazard for a site. 

Key attribute

Hazard rating
Effect on fire behaviour 

(at FFDI 25)2

Amount of  
combustible bark

This hazard rating cannot occur 
when only this bark type is present. 

Low

No long ribbons of bark present.

Trunk and branches of trees almost 
entirely smooth. 

Moderate

Spotting generally does not hinder fire 
control.

Fires will not climb these trees.

Long ribbons of bark present on 
upper trunk (>4m above ground) 
and in head of trees.

Lower trunk mainly smooth. 

High
Infrequent spotting.

Fires will climb some of these trees.  

Long ribbons of bark in the head 
and upper trunk with:   
• ribbons hanging down to ground 

level or, 
• flammable bark covers trunk.  

Very High
Substantial spotting.

Fires will climb most of these trees. 

This hazard rating cannot occur 
when only this bark type is present. 

Extreme

Assess bark hazard over a plot 20m in radius. Assessing multiple plots will give better results. 
Trunk is defined as the part of the tree between the ground and the branches.

See Section 9.3 for application of bark hazard ratings for the Vesta fire behaviour tables.

2 Refer to Section 2.8 for the specific weather conditions used to achieve this FFDI.

3
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Table 3.5 Assessing the hazard of other bark types

If more than 10% of the trees in a forest are fine fibrous bark trees use Table 3.1 (Assessing 
the hazard of fine fibrous bark types) to determine the bark hazard for a site. To achieve 
a given hazard rating a best fit of both key attributes should be sought.  Choices for the 
hazard rating of fuels that fit across several descriptions may be informed by the effect that 
different levels of key attributes have on fire behaviour.

Key attributes

Hazard 
rating

Effect on fire behaviour  
(at FFDI 25)3

How bark is 
attached

Quantity of 
combustible bark

No trees present.

or 

Trunk and branches of tree entirely smooth 
or free from loose bark.

Low
No bark present that could 
contribute to fire behaviour.

Bark rubs off by 
hand with firm 
pressure. 

Limited amount of 
combustible bark.

Moderate

Spotting generally does not hinder 
fire control.

Fires will climb some of these trees.

Light hand 
pressure will 
break bark off. 

Large amounts of 
combustible bark.

High
Infrequent spotting.

Fires will climb most of these trees.

This hazard rating cannot occur when only 
this bark type is present. 

Very High

This hazard rating cannot occur when only 
this bark type is present. 

Extreme

Assess bark hazard over a plot 20m in radius. Assessing multiple plots will give better results. 
Trunk is defined as the part of the tree between the ground and the branches.

See Section 9.3 for application of bark hazard ratings for the Vesta fire behaviour tables.

3 Refer to Section 2.8 for the specific weather conditions used to achieve this FFDI.

3
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4. Elevated fine fuel

Elevated fuel

4.1 Identification
• Fuels are mainly upright in orientation
• Generally most of the plant material is closer to the top of this layer
• Sometimes contains suspended leaves, bark or twigs
• Fuels that have a clear gap between them and the surface fuels
• Elevated fuel can be highly variable in ground coverage
• A low intensity fire (flame height of less than 0.5m) may pass beneath this layer without 

consuming much, if any, of it.

4.2 Assessment
The elevated fuel hazard is highest when the: 
• foliage, twigs and other fuel particles are very fine (maximum thickness 1–2mm)
• proportion of dead material is high
• fuels are arranged with a high level of density and/or horizontal and vertical continuity that 

promotes the spread of flames
• live foliage has low fuel moisture content.
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Table 4.1 Assessing elevated fine fuel hazard 

To achieve a given hazard rating a best fit of all key attributes should be sought.  Choices for 
the hazard rating of fuels that fit across several descriptions may be informed by the effect 
that different levels of key attributes have on fire behaviour.

Key attributes Fuel 
hazard 
rating

Effect on fire 
behaviour  

(at FFDI 25)4Plant Cover
% 

dead 
Vertical 

continuity
Vegetation 

density
Thickness of 
fuel pieces

<20%

or low 
flammability 
species

<20%

Easy to walk in 
any direction 
without needing 
to choose a path 
between shrubs.

Low Little or no effect.

20–30% <20%

Most of the 
fine fuel is at 
the top of the 
layer.

Easy to choose 
a path through 
but brush against 
vegetation 
occasionally. 

Moderate Does not sustain 
flames readily.

30–50% <20%

Most of the 
fine fuel is at 
the top of the 
layer.

Moderately easy 
to choose a path 
through, but 
brush against 
vegetation most 
of the time.

High

Causes some 
patchy increases in 
the flame height 
and/or rate of 
spread of a fire.

50–80% 20–
30%

Continuous 
fine fuel from 
the bottom to 
the top of the 
layer. 

Need to carefully 
select path 
through. 

Mostly less 
than 1–2mm 
thick.

Very High

Elevated fuels 
mostly dictate 
flame height and 
rate of spread of 
a fire.

>70% >30%

Continuous 
fine fuel from 
the bottom to 
the top of the 
layer.

Very difficult to 
select a path 
through. Need 
to push through 
vegetation. 

Large 
amounts of 
fuel <2mm 
thick.

Extreme

Elevated fuels 
almost entirely 
determine the 
flame height and 
rate of spread of 
a fire. 

Assessing plant cover
For the purpose of this guide, plant cover is defined as the amount of ground blocked out 
by that fuel layer if viewed while looking straight down from above. Each plant is considered 
opaque – any ground within the perimeter of the plant cannot be seen.  The following visual 
guide can be used to assist in assessing plant cover. Each quarter of any one square has the 
same percent cover.

4

 20% 30% 50% 80%

4 Refer to Section 2.8 for the specific weather conditions used to achieve this FFDI.
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5. Near-surface fine fuel 

5.1 Identification  
• Live and dead fuels effectively in touch with the ground but not lying on it
• Fuel has a mixture of vertical and horizontal orientation
• Either the bulk of the fuels is closer to the ground than the top of this layer, or is 

distributed fairly evenly from the ground up
• Sometimes contains suspended leaves, bark or twigs
• Coverage may range from continuous to having gaps many times the size of the fuel 

patch
• A low intensity fire (flame height of less than 0.5m) will consume most or all of this fuel
• Fuel in this layer will always burn when the surface fuel layer burns. 

5.2 Assessment 
The near-surface fuel hazard is highest when the: 
• foliage, twigs and other fine fuel particles are very fine (maximum thickness 1–2mm)
• proportion of dead material is high
• fuels are arranged with a high level of density and /or horizontal and vertical continuity, 

that promotes the spread of flames
• live foliage has low fuel-moisture content.

Near-surface fuel
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Table 5.1 Assessing near-surface fine fuel hazard

To achieve a given hazard rating a best fit of all key attributes should be sought.  Choices for the 
hazard rating of fuels that fit across several descriptions may be informed by the effect that different 
levels of key attributes have on fire behaviour.

Key attributes Fuel  
hazard 
rating

Effect on fire behaviour 
(at FFDI 25)5

Plant 
cover % dead

Horizontal 
connectivity

<10% <10% 
Near-surface fuel is 
absent or virtually 
absent. 

Low Little or no effect. 

10–20% <20% Gaps many times the size 
of fuel patches. Moderate Occasionally increases flame height. 

20–40% >20%

Gaps between fuel 
patches are greater than 
the size of fuel patches.

Starting to obscure logs 
and rocks.

High Contributes to surface fire spread and 
causes patchy increase to flame height.

40–60% >30% 

Fuel patches are equal 
to or larger than the 
gaps between the fuel 
patches. 

Very High

Contributes significantly to fire spread 
and flame height.

A fire will spread readily in this layer 
without having to consume the surface 
layer.

>60% >50%
Very small gaps between 
fuel patches.

Logs and rocks obscured. 
Extreme

Contributes significantly to fire spread 
and flame height.

A fire will spread readily in this layer 
without having to consume the surface 
layer.

Assessing plant cover
For the purpose of this guide, plant cover is defined as the amount of ground blocked out 
by that fuel layer if viewed while looking straight down from above. Each plant is considered 
opaque – any ground within the perimeter of the plant cannot be seen.  The following visual 
guide can be used to assist in assessing plant cover. Each quarter of any one square has the 
same percent cover. 
 20% 30% 50% 80%

5 Refer to Section 2.8 for the specific weather conditions used to achieve this FFDI.

5
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Table 6.1 Assessing surface fine fuel hazard

To achieve a given hazard rating a best fit of all key attributes should be sought.  Choices for 
the hazard rating of fuels that fit across several descriptions may be informed by the effect that 
different levels of key attributes have on fire behaviour.

Key attributes
Fuel 

hazard 
rating

Effect on fire behaviour  
(at FFDI 25)6Horizontal connectivity

Surface 
litter 
cover Litter-bed depth 

Litter poorly 
interconnected.
Large areas of bare soil or 
rock. More soil than litter.  
Soil surface readily visible 
through litter bed.

<60%
Very thin litter layer
<10mm

Low Surface fires will not 
spread.

Litter well connected.
Some areas of bare soil or 
rock.
Soil surface occasionally 
visible through litter bed.

60–80%
Thin litter layer
10–25mm

Moderate

Litter connected well 
enough to allow fire 
spread to overcome bare 
patches. 

Litter well connected.
Little bare soil. 

80–90%

Established litter 
with layers of leaves 
ranging from freshly 
fallen to decomposing.
20–30mm

High
Surface fires spread easily 
with a continuous fire 
edge. 

Litter completely 
connected. >90%

Thick litter layer
25–45mm

Very High
Surface fires spread easily.
Increasing flame depth and 
residence time. 

Litter completely 
connected. >95%

Very thick layer of litter
>35mm

Extreme
Surface fires spread easily.
Increasing flame depth 
and residence time. 

Assess surface hazard over a plot 10m in radius. Assessing multiple plots will give better results. For 
each plot litter bed depth should be an average of five measurements (McCarthy 2004) or more.

See Section 9.3 for application of surface fuel hazard ratings for the Vesta fire behaviour tables. 

The following visual guide can be used to assist in assessing surface litter cover. Each quarter of 
any one square has the same percent cover. 

 20% 30% 50% 80%

6 Refer to Section 2.8 for the specific weather conditions used to achieve this FFDI.

6
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7. Determining the combined surface and  
near-surface fine fuel hazard rating    

Assessments of surface and near-surface fuels must be combined together before an Overall 
Fuel Hazard rating can be determined.  The near-surface fuel rating is used to adjust the 
surface fine fuel hazard rating, according to Table 7.1.

To determine the effect of near-surface fine fuel hazard:
1. Select the surface fuel hazard rating from column Q
2. Select the near-surface fuel hazard rating from column W
3. Select the resulting combined rating value E
4. Use this value to determine the Overall Fuel Hazard rating using the Table 8.1.

Table 7.1 Determining the combined surface and near-surface fine fuel hazard 
rating

Q

Surface fine  
fuel hazard  

rating

W Near-surface fine fuel hazard rating

Low Moderate High Very High Extreme

E Combined surface and near-surface fine fuel hazard rating

Low L L M H VH

Moderate M M H VH E

High H VH VH VH E

Very High VH VH E E E

Extreme E E E E E
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9.3 Determining Vesta fuel hazard scores
The following table translates fuel hazard ratings for each fuel layer into Project Vesta 
fuel hazard scores.  These scores can be used with the fire behaviour prediction tables in 
publications such as Gould et al. (2007b).  

To determine the Vesta fuel hazard score:
1. Select the row that corresponds to the fuel hazard rating for required fuel layer Q 
2. Select the Vesta fuel hazard score column that corresponds to the same layer W 
3. Identify where these two intersect and this will provide you with the corresponding Vesta 

fuel hazard score.

Table 9.3 Determining Vesta fuel hazard scores

Vesta fuel hazard score W

Fuel hazard rating Q Surface Near-surface Elevated Bark

Low 1 1 1 0

Moderate 2 2 2 1

High 3 3 3 2

Very High 3.5 3.5 3.5 3

Extreme 4 4 4 4

Notes: 
• Surface and near-surface hazard score and near-surface height (cm) is required for fire spread 

prediction.
• Rate of spread and elevated fuel height (m) is required for flame height prediction.
• Rate of spread, surface and bark fuel hazard scores are required for prediction of spotting distance.
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This Fuel Hazard Assessment Guide updates and continues to develop work previously 
conducted by a number of authors. Andrew Wilson laid the foundations for this guide, 
with the conceptual framework presented in Research Report No. 31; and the visual 
guides for assessing the influence of bark and elevated fuels on suppression difficulty in 
the Eucalypt Bark Hazard Guide and Elevated Fuel Guide (Reports 32 and 35, respectively). 
Greg McCarthy (2004) detailed a method for rapidly assessing surface fine fuels in Research 
Report No. 44.

These three techniques were brought together in the first three editions of the Overall 
Fuel Hazard Guide (McCarthy, Tolhurst and Chatto, 1998b, 1998c, 1999). A subsequent 
unpublished edition of the guide, produced by Kevin Tolhurst (2005), provided greater detail 
on the assessment of near-surface fuels. In 2006, Mike Wouters adapted the guide for South 
Australian conditions, and incorporated the preliminary results from Project Vesta (CSIRO and 
Department of Conservation and Environment, Western Australia). Further information and 
results from the final Project Vesta report (Gould et al. 2007a) have also been incorporated.

Thanks to Lachie McCaw (Department of Environment and Conservation, Western Australia), 
Mike Wouters (Department of Environment and Heritage, South Australia), Jim Gould 
and Miguel Cruz (CSIRO) for their advice and comments during the production of this 
guide.  Thanks must also go to the many other people across Australia who have provided 
comments and feedback during the production of the guide.  
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Appendix 1. Reference extended first attack conditions

This guide assesses the impact of fuels in suppressing a fire during extended first attack, 
using local resources. Several factors affect the success of an extended first attack. Therefore, 
to consider the impact of fuels alone, the other factors must be treated as if they were 
constant. Table A1 below adapted from Wilson (1993) summarises reference extended first 
attack conditions for four fuel types.     

Table A1. Revised reference extended first attack conditions

Fuel type Forest fuels Grass fuels Mallee and 
scrub fuels

Heath fuels

Examples 
of typical 
resources (on 
scene within 
the designated 
arrival time)

Small dozer (D4)

1 to 2 small 
4WD tankers 
(400l)

6 firefighters

5 x 4WD heavy 
tankers (4000l) 
each with 5 
firefighters

Small dozer (D4) 
or tractor with 
scrub roller

1 to 2 small 
4WD tankers 
(400l)

6 firefighters

Small dozer (D4)

1 to 2 small 
4WD tankers 
(400l)

6 firefighters

Extended 
attack 
resources

Potential additional resources deployed to the fire during extended first 
attack may include heavy tankers, large plant (dozers, graders or tractors) 

and fire bombing aircraft.  

Arrival time Within 60 minutes of detection

Suppression 
workload A single fire

Topography 
and terrain Burning on level ground with good access

Fuel 
availability1

MDF is 10 or  
AFF is 1.0

100% grass 
curing

MDF is 10 or  
AFF is 1.0

Wind speed2 20km/h 30km/h 20km/h

Fire danger 
rating system3 McArthur FFDI McArthur GFDI McArthur FFDI

Notes: 

1. MDF (McArthur Drought Factor) is calculated using the Forest Fire Danger Meter (McArthur 
1973) and is a measure of the short-term availability of forest fuels. AFF (Available Fuel 
Factor) is used in Western Australia to define the proportion of litter fuel available for burning 
(Sneeuwjagt & Peet 1998).

2. Wind speed is measured at 10m height in the open above ground level.

3. FFDI is the McArthur Forest Fire Danger Index, GFDI is the McArthur Grass Fire Danger Index.  

The rationale for the reference first attack conditions is documented in DSE’s Overall fuel 
hazard assessment guide: a rationale report – fire and adaptive management report no. 83 
(in prep). 



Appendix 2. Sample fuel assessment field work form v3

Date Assessed:   Assessors:

Sampling Location: Veg Type:

Plot Information
Plot No. 

Zone: 

Easting (GDA94 MGA UTM):

Northing (GDA94 MGA UTM):

Canopy height (Assess over a 20m radius)
Average Height to Top of Canopy: m m m

Average Height to Base of Canopy: m m m

Bark fuel (Assess over a 20m radius)
Stringybark Fuel Hazard: NP M H VH E NP M H VH E NP M H VH E

Ribbon Bark Fuel Hazard: NP M H VH NP M H VH NP M H VH

Other Bark Fuel Hazard: L M H L M H L M H

Select the Bark Hazard rating from above that will be used to determine Overall Fuel Hazard. (Only use the Stringybark 
hazard rating if more than 10% of the trees are Stringybark AND it has the highest rating. Otherwise use the bark with 
next highest rating.)

Bark Fuel Hazard: L M H VH E L M H VH E L M H VH E

Elevated fuel layer (Assess over a 10m radius)
Elevated % Cover: % % %

Elevated % Dead % % %

Elevated Fuel Ave Height (m) m m m

Elevated Fuel Hazard: L M H VH E L M H VH E L M H VH E

Near-surface fuel layer (Assess over a 10m radius)
Near-surface % Cover: % % %

Near-surface % Dead % % %

NS Average Height (cm): cm cm cm

NS Fuel Hazard: L M H VH E L M H VH E L M H VH E

Surface fuel layer (Assess over a 10m radius)
Surface Litter % Cover: % % %

Average Litter Depth (mm): mm mm mm

Surface Fuel Hazard  L M H VH E L M H VH E L M H VH E

Combined Surface and Near-surface Fine Fuel Hazard calculation (refer Section 7)
Combined Hazard L M H VH E L M H VH E L M H VH E

Overall Fuel Hazard calculation (refer Section 8)
Overall Fuel Hazard L M H VH E L M H VH E L M H VH E

Are the plots representative of the average fuels across the sampling location? Yes No

If no, explain any significant difference between plots. For example, wet gully runs through the sampling area, no plots 
were located in this gully. 
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Appendix E 
MNES habitat quality score method 

 

Summary  
The habitat quality score for each MNES will be assessed based on a combination of assessment methods 
outlined in the BioCondition Assessment Manual, the GTDTHQ and the methods outlined below in order to be 
consistent with the requirements under the EPBC Act guideline for the OAG. 

MNES habitat quality score method  
The habitat quality for each MNES for use in the OAG, is required to consider three attributes: 

• site condition 

• site context 

• species stocking rate. 

The following sections provide an overview of the methodology used to calculate habitat quality. All three 
components will be assessed for threatened fauna and flora; however, for threatened ecological communities (i.e. 
Brigalow TEC) only site condition and site context components will form the habitat quality score. 

Site Condition  
Method  

The site condition score for each MNES will be calculated generally in accordance with the site-based attribute 
assessment methodology of the BioCondition Assessment Manual, outlined in the GTDTHQ. Site condition is 
determined through a site-based assessment of 13 ecological attributes to describe the structure and function of 
the vegetation community, compared to the expected range for a relatively undisturbed (intact) community (i.e. RE 
benchmark).  

The results of site-based assessment are scored based on the scoring guide provided in the BioCondition 
Assessment Manual to determine the site condition score for each MNES at each relevant monitoring site, out of 
80. 

Offset assessment guide requirements  

In accordance with the OAG the condition of a site is considered in relation to the ecological requirements of a 
threatened species or ecological community including:  

• What is the structure and condition of the vegetation on the site?  

• What is the diversity of relevant habitat species present (including both endemic and non-endemic)?  

• What relevant habitat features are on the site? 

Table E1 summarises how each of the requirements of the OAG are considered as part of determining the site 
condition score for an offset value.  
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Appendix C 

Bottle Tree Offset Area Management Plan  
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Executive summary 
This offset area management plan (OAMP) has been prepared to address the offset requirements for matters of 
national environmental significance (MNES) associated with Stage 7 of the Gas Fields Development (GFD) 
Project in accordance with the Santos Gladstone Liquefied Natural Gas (GLNG) Project Environment Protection 
and Biodiversity Conservation Act 1999 (Cth; EPBC Act) approval EPBC 2012/6615.  

Santos will draw down on a 19.7 hectare (ha) area of the existing 2,768.5 ha of offset area secured on the Bottle 
Tree property (Lot 7 TR39), to partially acquit MNES offset requirements for Stage 7 of the GFD Project under 
EPBC 2012/6615 (Table ES 1). The remaining 2,748.8 ha of offset area on Bottle Tree is currently being used to 
acquit offset obligations for the Gas Transmission Pipeline Project (EPBC 2008/4096) and GLNG Project 
(EPBC 2008/4059) and includes 153.42 ha of surplus areas of suitable MNES habitat for Santos to drawdown on 
for future project offset acquittals. This OAMP relates to the 19.7 ha offset area required to partially acquit Stage 7 
of EPBC 2012/6615, as calculated in accordance with the EPBC Act Offsets Assessment Guide (OAG) to support 
the overall conservation gain of the offset area.  

The Bottle Tree property is located within the Santos GLNG Project tenements approximately 75 kilometres north-
east of Injune and adjacent to the Expedition (Limited Depth) National Park. The property is mapped within a state 
conservation corridor. Desktop and field surveys of the Bottle Tree property have been completed to confirm the 
presence of offset values and suitability to satisfy the Project’s offset obligations as follows: 

• 2011 

– Preliminary desktop assessment of biodiversity offset values.   

– Detailed field assessment to ground truth vegetation and confirm presence of environmental values.  

• 2015 

– Further refine ground-truthed and potential Regional Ecosystem (RE) types and their extent as well as 
confirming location of potential areas to support biodiversity offsets.  

• 2020 

– Update fine-scale RE mapping and BioCondition assessments.  

– Targeted flora and fauna surveys and habitat assessments. 

• 2021 

– BioCondition assessments. 

– Targeted flora and fauna surveys and habitat assessments. 

The outcome of this OAMP is to partially acquit the offset obligations for Stage 7 under EPBC 2012/6615. The 
Bottle Tree offset area will be managed and monitored, based on an adaptive management framework, to achieve 
the interim performance targets and completion criteria presented in Table ES 2.  

The key management actions to be implemented include: 

• restricting access to the offset area, 

• management and restoration of regrowth Threatened Ecological Community (TEC), 

• maintenance and upgrades of existing access tracks, fencing and firebreaks, 

• fire management through strategic grazing and fuel hazard reduction burns, 

• weed management, and 

• pest animal management. 

Ongoing monitoring events will be undertaken to assess the effectiveness of the management actions and 
progress of the offset area in achieving the interim performance targets and completion criteria, including: 

• biannual offset area inspections, 

• biomass monitoring, 

• fuel load monitoring, 
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• weed monitoring, 

• pest animal monitoring, 

• rapid monitoring events, 

• habitat quality assessments, 

• Brigalow stem counts, and 

• photo monitoring. 

Annual reports will be prepared to detail progress of the offset area in achieving the interim performance targets 
and completion criteria for each management year including the results of management and monitoring activities 
completed.  

The offset area is protected via a Voluntary Declaration under Sections 19E and 19F of the Queensland 
Vegetation Management Act 1999 (including surplus areas identified in Table ES 1). The Voluntary Declaration 
will remain in place for the life of EPBC 2012/6615. 

 

 

















 

Page 6 

Document Number: 0007-650-EMP-0018 

2.2. Connectivity  
The Bottle Tree property is mapped within a state conservation corridor (Figure 1). Conservation corridors have 
been mapped as part of the Queensland Government’s Biodiversity Planning Assessments (BPA) which assess 
the biodiversity significance of land in a bioregion. The mapping of corridors within the Brigalow Belt Bioregion, in 
which the Bottle Tree property is located, has focussed on those corridors that link adjacent bioregions or connect 
wildlife refugia. Corridors identified as of state significance are considered of the greatest importance at the 
bioregional scale. As illustrated in Figure 1 the state conservation corridor runs along the eastern portion of the 
property as part of the contiguous tract of remnant vegetation including Expedition (Limited Depth) National Park 
(NP).  

More detail on BPAs can be found at https://www.qld.gov.au/environment/plants-animals/biodiversity/ planning. 

2.3. Existing threatened flora offsets 
Santos has satisfied offset obligations for Ooline (Cadellia pentastylis) and Xerothamnella herbacea under EPBC 
2008/4096 through the propagation and translocation of individuals on two planting sites (existing offset area) on 
the Bottle Tree offset area (see Figure 2).  

Two individual offset areas for Ooline and Xerothamnella herbacea, respectively, have been legally secured 
through a Voluntary Declaration under the Queensland Vegetation Management Act 1999 (VM Act). These offset 
areas are currently being managed, monitored and reported on in accordance with dedicated management plans 
for the sites, also attached to the Voluntary Declarations.  

The offset area to be secured as part of this OAMP exclude areas already legally secured for the Ooline and 
Xerothamnella herbacea. This OAMP has been prepared to align with the management actions detailed in the 
individual management plans for the Ooline and Xerothamnella herbacea offset areas and will be implemented 
concurrently.  
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2.4. Climate 
The Bottle Tree property is characterised by a hotter wet season (typically November to March) and a cooler dry 
season (typically April to October) (see Figure 3). Weather records from the Injune weather station (#43015), 
approximately 75 km south-west of Bottle Tree, show the mean monthly rainfall for the period 1961-1990 ranges 
from 24.9 millimetres (mm) (September) to 94.6 mm (January) (Bureau of Meteorology [BoM] 2024). Mean 
monthly maximum temperatures range from 19.6 degrees Celsius (°C) (July) to 33.7°C (January) and mean 
monthly minimum temperatures range from 3°C (July) to 19.2°C (January) (BoM 2024). 

Figure 3 – Mean monthly temperature and rainfall records 

 

2.5. On-ground property assessments 
Santos has dedicated 2,768.5 ha for environmental offsets within the Bottle Tree property (herein referred to as 
the offset area) (Figure 2).  

A combination of desktop and detailed on-ground assessments of the offset area have been undertaken to 
confirm the suitability of the area to satisfy the Project’s offset obligations. The key desktop and field surveys of 
the offset area completed to date are summarised below: 

• 2011 

– Preliminary desktop assessment of biodiversity offset values (Ecofund 2011).  

– Detailed field assessment undertaken by Boobook to ground truth vegetation and confirm presence of 
environmental values (Boobook 2011). 
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• 2015 

– Further refine ground-truthed and potential Regional Ecosystem (RE) types and their extent as well as 
confirming location of potential areas to support biodiversity offsets based on examination of high-
resolution aerial photography provided for the property by Santos (Boobook 2015).  

• 2020 

– Update large-scale RE mapping across the offset area (Terrestria 2020). 

– BioCondition assessments within the Bottle Tree offset area in accordance with the BioCondition 
methodology (Eyre et al. 2015). The number of assessments sites per unit was guided by the Guide to 
Determining Terrestrial Habitat quality (version 1.2, Department of Environment and Heritage Protection 
[DEHP] 2017). The condition of each site was compared to the benchmark data provided for each RE. 
Benchmarks were obtained from either Santos’ internal BioCondition results (Boobook 2015) or from the 
DEHP website at http://www.qld.gov.au/environment/plants-
animals/biodiversity/benchmarks/#benchmarks. Photo monitoring sites were established at all 
BioCondition assessment sites.  

– Targeted flora surveys and habitat assessments, including unbounded meander flora surveys were 
conducted in line with the timed meander survey methodology contained within the DEHP Flora Survey 
Guidelines (2016).  

– Targeted fauna surveys using the following methods to assess fauna species richness for the endangered 
and vulnerable species listed below within the Bottle Tree offset area: 

– Northern quoll – Yakka skink 

– Large-eared pied bat – Dunmall’s snake 

– Black-breasted button-quail – South-eastern long-eared bat 

– Red goshawk – Australasian bittern 

– Australian painted snipe – Koala 

– Collared delma – Southern greater glider 

– Ornamental snake – Powerful owl 

– Squatter pigeon (southern)  

– Survey methods: 

– Camera traps focused on bait stations, 

– Elliott B trapping, 

– Funnel trapping, 

– Ultrasonic bat call detection, 

– Active daytime habitat searching, 

– Spotlighting habitat searches, and 

– Active koala searches and scat analysis. 

– Unbounded fauna surveys were conducted to assess the presence and abundance of native and pest 
fauna and threatening processes. General assessments were carried out across the entirety of the offset 
area including passive recording techniques such as sightings, recognition of characteristic vocalisations, 
and/or identification of animal signs. 

– Fauna surveys were conducted from 06 – 11 January 2020. Weather conditions were very hot and very 
dry, with only 71 mm of rainfall in the 6 months preceding. The average maximum daily temperature for 
the preceding 3 months was 35°C. Subsequent active searches and camera trapping was employed 
between 24th March and 3rd April 2020. A total of 254 mm of rainfall had fallen between the 11 January 
and 10 March 2020 and conditions for reptiles had improved markedly. However insufficient time had 
passed in order for population numbers to have recovered. Never-the-less the chances of finding 
threatened reptiles had increased for those individuals that had survived the drought. It is expected that 
reptile activity and diversity on the site will increase during improved seasonal conditions and as the offset 
habitats mature. 
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• 2021 

– BioCondition assessments within the Bottle Tree offset area in accordance with the BioCondition 
methodology (Eyre et al. 2015).  

– Targeted flora surveys and habitat assessments, including unbounded meander flora surveys were 
conducted in line with the timed meander survey methodology contained within the DEHP Flora Survey 
Guidelines (2016).   

– Targeted fauna surveys for the endangered and vulnerable species listed above to assess ongoing fauna 
species richness within the Bottle Tree offset area.  

2.6. Ground-truthed vegetation and habitat mapping 
Based on the results of detailed ecological field assessments ground-truthed vegetation (Figure 4) within the 
offset area has been classified into four categories remnant, advanced regrowth, young regrowth and future offset 
commitment (Boobook 2015; Terrestria 2020). 

• Remnant: woody vegetation that has not been cleared or vegetation that has been cleared but where the 
dominant canopy has greater than 70% of the height and greater than 50% of the cover relative to the 
undisturbed height and cover of that stratum and is dominated by species characteristic of the vegetation's 
undisturbed canopy (Neldner et al. 2012).  

• Advanced regrowth: areas previously cleared or disturbed (e.g. by wildfire) and containing well advanced 
woody vegetation floristically and structurally consistent with the RE but typically <70% of the height and 
<50% density of the RE. Such regrowth with appropriate management will likely achieve remnant status 
(potentially <30 years). 

• Young regrowth: areas previously cleared or disturbed (e.g. by wildfire) and containing varying densities of 
woody vegetation floristically consistent with the RE type. Such regrowth lacks structural elements typical of 
the RE but with appropriate management may eventually achieve remnant status (likely >30 years).  

• Future Offset Commitment (future habitat): areas previously cleared or otherwise significantly disturbed which 
have little woody vegetation present and are currently unsuitable as biodiversity offsets. It is envisioned that 
as natural regeneration occurs within these areas native shrub and canopy layers will develop to the point 
where they can be designated as viable habitat offset areas. 

The results of detailed field assessments were subsequently used to confirm the suitability of the mapped ground-
truthed RE on the offset area to support habitat for the Project’s MNES offset requirements also taking into 
account the habitat mapping rules for the Santos GLNG Project area outlined in the Predictive Habitat Mapping 
Rules for Selected MNES Fauna Species within the Roma, Fairview and Arcadia Gas Fields report (Boobook 
2020).  

Known habitat requirements for each conservation significant species were assessed against on-ground 
microhabitat observations within each vegetation type of the offset area. The assessments were used to map the 
extent of habitat for MNES within the offset area defined as habitat containing potentially suitable vegetation and 
microhabitat features and/or that may currently be occupied by or utilised by the species on a 
seasonal/opportunistic basis. 

2.6.1. Vegetation description 

Table 5 provides a summary of the ground-truthed RE mapped on the Bottle Tree offset area. 

The offset area is bookended by well-connected, good quality remnant vegetation, to the west by riparian 
woodlands associated with Brown’s Creek and to the east by woodland and open forest of Brigalow (Acacia 
harpophylla), Gum-top ironbark (Eucalyptus decorticans) and semi-evergreen vine thickets (SEVT) associated 
with the base of the Expedition Range escarpment. These communities are in relatively good condition and little 
impacted by ecosystem altering weeds. The contrasting substrates of the alluvial creek system and the rocky 
rudosols of the Expedition Range provide a broad range of habitat types that can potentially support a wide range 
of threatened flora and fauna species. 
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The middle of the offset area is dominated by relatively flat clay plains derived from fine-grained sandstones that 
support regenerating woodlands and open forest dominated by Brigalow. These communities are regenerating on 
lands previously cleared for cattle grazing and consequently much of this land supports relatively young low 
canopies with low species diversity, lacking fallen woody material and supporting exotic pasture grasses within 
the ground layer. These communities are developing and will, over time, develop taller canopies with mature 
shrub layers that will shade out exotic pasture grasses and produce litter layers.   

Non-remnant grassland across the offset area have been identified as future commitment offset areas. These 
areas are often dominated by introduced pasture grasses, including buffel grass. In the lower areas this habitat 
appears to be subject to regeneration with immature woodland shrubs and trees occurring in varying densities. 
With limited structural and floristic diversity, non-remnant grassland habitats support limited fauna diversity in 
comparison to the other habitats present. These areas were very dry at the time of survey providing very little 
feeding resources for granivores or herbivores. The potential for these areas to support threatened fauna species 
will increase over time as these areas will be managed to increase native flora diversity and reduce the 
prevalence of exotic pasture grasses.  

2.6.2. Habitat description 

Following the results of detailed field assessments known habitat requirements for each fauna species surveyed 
for were assessed against on-ground microhabitat observations within each habitat type to categorise the quality 
of habitat present into good quality habitat, lesser quality habitat and future habitat (Terrestria 2020). This 
assessment also considered the habitat mapping rules for the Santos GLNG Project area outlined in the 
Predictive Habitat Mapping Rules for Selected MNES Fauna Species within the Roma, Fairview and Arcadia Gas 
Fields report (Boobook 2020). 

• High quality habitat is defined as habitat containing sufficient suitable microhabitat features to be occupied or 
utilised by a threatened species. These habitat types are generally found within remnant vegetation and 
advanced regrowth.  

• Moderate quality habitat is defined as habitat containing some areas of suitable microhabitat features that 
provide patches that threatened species could periodically occupy on a seasonal or opportunistic basis and is 
progressing toward good quality habitat. These areas are generally found within young regrowth.  

• Future habitat includes those areas known to previously support habitat for threatened species and may 
potentially support threatened species in the future following appropriate management. 

Table 6 provides a summary of the extent of suitable habitat available on the Bottle Tree offset area for MNES 
offset requirements based on the results of detailed field assessments and subsequent analysis based on habitat 
associations (Terrestria 2020). An additional description of the offset area for each MNES is provided in Section 3. 
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2.7. Offset area 
The offset area is 2,768.5 ha and located across most of the Bottle Tree property, as illustrated in Figure 4. The 
offset area includes: 

• 1,143.6 ha to acquit offset requirements under EPBC 2008/4096 (conditions 15-22) and the GTP Significant 
Species Management Plan (GTP SSMP; 3380-GLNG-4-1.3-0104 Rev W). 

• 1,432.9 ha to acquit offset requirements under Phase 1 and 2 of the EPBC 2008/4059 including 494.9 ha of 
future habitat area that will support threatened species in the future following appropriate management 
(approved by DCCEEW 25 October 2021; however, was provided in addition to acquitting MNES offset 
obligations under EPBC 2008/4059 to support the overall conservation gain of the offset area). 

• 19.7 ha to acquit offset requirements under EPBC 2012/6615. 

• 153.4 ha of the remaining surplus offset value comprising moderate quality habitat for MNES and will be used 
by Santos to acquit future project offset requirements. 

• 18.8 ha of non-remnant vegetation or existing infrastructure with no offset value. This area was included to 
maintain useful land management practices such as existing fence lines. 

Table 7 provides a summary of the Bottle Tree offset area including the offset area allocated to acquit the MNES 
offset requirements under EPBC 2012/6615, EPBC 2008/4096, EPBC 2008/4059 and the remaining area of 
surplus offset values available within the Bottle Tree offset area. For MNES where a surplus is noted, Santos 
proposes to draw down on these to acquit future offset requirements under related approvals.  

The results of the detailed field assessments including the ground-truthed RE mapping and fauna habitat 
associations discussed in Section 2.6, were used to inform the suitability and location of the offset area on the 
Bottle Tree property.  

The quantum of offset area required to be secured for each MNES for Stage 7 under EPBC 2012/6615 was 
determined in accordance with the EPBC Act OAG. 

A baseline habitat quality score for each MNES offset value was determined generally in accordance with the 
GTDTHQ (version 1.2; DEHP 2017) based on the results of the detailed field assessments (Section 2.5). The 
baseline habitat quality score will be used as a measure to assess the success of the OAMP through the interim 
performance targets and completion criteria outlined in Section 4. A detailed summary of the baseline habitat 
quality scores for each MNES is provided in Appendix A.  

2.8. Development and land use 
Santos has comitted to excluding any development for the Project from the Bottle Tree offset area.  

The areas on the Bottle Tree property outside of the offset area may be utilised for petroleum and/or farming 
infrastructure and facilities; however, no infrastructure will be located within the offset area or impact the offset 
area’s ability to achieve the completion criteria outlined in this OAMP.  

Prior to being acquired by Santos, the Bottle Tree property was formerly utilised for grazing purposes. The 
following ancillary infrastructure is still present on the property and will be maintained ongoing without impact to 
the offset area: 

• Cattle Yards, and 

• Bottle Tree house and workshop. 
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3. Offset Values 
The following sections provide a description of the offset area that will be managed as part of this 
OAMP for each MNES offset value. Figure 5 and Figure 6 presents the MNES offset areas on Bottle 
Tree.  

3.1. Brigalow TEC 
Brigalow TEC within the offset area comprises areas of remnant and mature regrowth RE 11.9.5 and 11.9.5a.  

Extensive tracts of Brigalow-dominated open forest occur across most of the centre of the offset area. Significant 
patches of mature Brigalow occur within the central north of the offset area with some significant patches of 
Brigalow with bottle trees and SEVT. Areas of remnant and mature regrowth are in relatively good condition and 
meet the requirements for Brigalow TEC (as listed under the EPBC Act). Canopy cover is relatively closed, weed 
cover is negligible and abundant fallen timber is generally present. There are scattered shrubs, often of SEVT 
species. This habitat provides suitable foraging values for a variety of forest bird species that prefer a closed 
canopy. There is abundant shelter for ground fauna (particularly reptiles) in the form of fallen logs and low shrubs. 
Peeling bark is common in this habitat providing refuge for arboreal reptiles. The balance of Brigalow communities 
across much of the centre of the offset area are characterised by immature Brigalow regrowth. These 
communities have low disjunct canopies ranging from dense to very sparse, little to no shrub layer development 
and ground layers devoid of fallen woody material and litter being dominated by exotic grasses and bare earth. 
These areas currently provide little in the way of habitat for threatened species, with the possible exception of the 
ornamental snake in areas of cracking clays and gilgais and yakka skink where concentrated patches of fallen 
woody material may provide sufficient habitat for a colony to persist. The mature regrowth patches offer increased 
habitat values in comparison to the immature regrowth areas (Terrestria 2020). 

3.2. Collared Delma  
Habitat for collared delma within the offset area comprises areas of RE 11.3.2, 11.3.17, 11.9.4, 11.9.5, 11.9.5a, 
11.10.3,11.10.4, and 11.10.7. 

Collared delma is known to occur in REs on land zones 3, 9 and 10 including 11.3.2, 11.9.10, 11.10.1 and 11.10.4 
all of which identified in the offset area (DCCEEW 2024b). The species appears to require rocks, timber, bark or 
other surface debris for shelter (DCCEEW 2024b). Riparian vegetation communities flanking Brown’s creek were 
confirmed to be in good condition including the presence of fallen woody material and leaf litter providing suitable 
foraging and shelter habitat for the species. The patches of Brigalow and SEVT understorey along the 
escarpments also provides significant value in the form of potential shelter sites including areas comparing 
abundant fallen timber and thick leaf litter layer in addition to presence of large rocks and extensive rock crevice 
habitat.  

3.3. Yakka Skink 
Habitat for yakka skink within the Bottle Tree offset area consists of REs 11.3.2, 11.3.17, 11.9.5, 11.9.5a, 11.10.3, 
11.10.4, 11.10.7 and extends across the majority of the property where Brigalow and Belah woodland and scrub 
vegetation is present. 

The species is commonly found under partly buried rocks and logs or in abandoned animal burrows. The large 
well-connected expanses of remnant and mature regrowth vegetation along Brown’s Creek and at the base of the 
Expedition Range provide good habitat. Older growth communities contain good structure in the form of 
developed shrub and ground layers and fallen timber and deep leaf litter. Fallen timber is abundant along Brown’s 
Creek and fallen timber and rock crevices are abundant along the base of the expedition range, providing 
potential shelter (Terrestria 2020). 

Discrete patches of Gum-top ironbark (Eucalyptus decorticans) woodland occur on the lower slopes of the 
Expedition range escarpment in the west of the offset area. These communities are in relatively good condition 
with large individual canopy trees with small hollows and some exfoliating bark (Terrestria 2020). Fallen woody 
material is common in this community and large boulders providing potential shelter opportunities. 
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3.4. Dunmall’s Snake 
Habitat for Dunmall’s snake within the offset area comprises RE 11.3.2, 11.3.17, 11.9.5, 11.9.5a, 11.10.3, 
11.10.4, and 11.10.7. 

The species occurs in a variety of habitats including forests to woodlands (including Eucalyptus, Acacia Callitris 
spp.) on sandy soils, cracking clay soils with Brigalow scrub, and dry vine scrub (Terrestria 2020). Areas of 
remnant and mature regrowth REs on land zones 3, 9 and 10 are considered suitable foraging and shelter. Areas 
comprising abundant fallen timber, large rocks and extensive rock crevice habitat are located along the riparian 
vegetation communities flanking Brown’s creek, and patches of Brigalow understorey along the Expedition range 
escarpment. These areas are all considered to provide significant foraging and shelter habitat for Dunmall’s 
snake. 

3.5. Red Goshawk 
Habitat for red goshawk within the offset area comprise RE 11.3.2, 11.3.17, 11.3.25, 11.3.27, 11.9.4, 11.9.5, 
11.9.5a ,11.10.4, 11.10.3 and 11.10.7. 

Suitable habitat for red goshawk includes vegetation along and adjacent to the steep cliffs of the Expedition range 
combined with tall open forests of Brown’s Creek and tall ironbark woodlands at the base of the escarpment. Red 
goshawk is a highly mobile species with a large home range. Breeding habitat is in intact tall forest associated 
with major drainage lines; however, the species may often forage much further away from these areas (DCCEEW 
2024f). 

3.6. South-eastern Long-eared Bat 
Habitat on the Bottle Tree offset area for south-eastern long-eared bat includes RE 11.3.2, 11.3.17, 11.3.25, 
11.3.27, 11.9.4, 11.9.5, 11.9.5a, 11.10.3, 11.10.4, 11.10.7.  

The species is known to occur in a variety of dry forest habitats including River Red Gum, open woodland, mallee, 
Brigalow and other arid and semi-arid habitats. The preferred habitat is mallee and Callitris woodlands (Pennay et 
al. 2011), and habitats that have a distinct canopy with a dense, cluttered understorey (Turbill and Ellis 2006). It 
roosts in tree hollows or under bark (NSW NPWS 2003). Surveys suggest the species requires large tracts of 
forest to occur (Turbill et al. 2008). 

The majority of the offset area is considered to provide suitable foraging habitat comprising habitat with a patchy 
lower storey including Callitris. In eastern portion of the offset area comprises large well connect expanses of 
remnant and mature regrowth vegetation along Brown’s creek and at the base of Expedition Range. Older growth 
communities contain good structure in the form of developed shrub and ground layers and fallen timber and deep 
leaf litter. Rock crevices and caves along the base and edge of the escarpment also provide roosting habitat for 
south-eastern long-eared bat. The Bottle Tree offset area is located adjacent to extended tracts of woodlands 
associated with the Expedition Range (Terrestria 2020).  
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4. Environmental Outcomes to be 
Achieved 
The outcome of this OAMP will partially acquit the Stage 7 offset obligations for the GFD Project 
under EPBC 2012/6615 in accordance with the EPBC Act Environmental Offsets Policy.   
The specific environmental outcomes to be achieved for the offset on Bottle Tree are defined as 
interim performance targets and completion criteria, detailed in Table 9, based on the proposed 
habitat quality score to be achieved for each MNES in the OAGs (Santos 2024). 
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5. Adaptive Management 
5.1. Adaptive management 
This OAMP is based on an adaptive management approach which involves ‘flexible decision making that can be 
adjusted in the face of uncertainties as outcomes from management actions and other events become better 
understood’ (National Research Council 2004).  

Adaptive management includes two key phases: 

• Establishment of the key components of a management framework including engaging stakeholders, 
developing clear and measurable objectives and performance criteria, identification and selection of potential 
management actions and the development of monitoring protocols which enable the evaluation of progress 
towards achieving objectives, and which will effectively contribute to the adaptive management decision 
making process.  

• An iterative learning phase which involves utilisation of the management framework to learn about the natural 
resource system and iteratively adapt management strategies and approaches based on what is learned 
(Williams 2011). 

The management of natural systems involves uncertainty which can affect the success of the management 
measures in achieving the objectives and performance criteria. Williams (2011) and Williams and Brown (2016) 
identify four kinds of uncertainty, outlined as follows, with how they have been addressed through the 
development of this OAMP: 

• environmental variation: 

– caused by external factors that act upon natural systems, but which are not influenced by the resource 
conditions and dynamics, for example variation in rainfall or temperature, 

– largely outside of the control of the manager (Williams 2011), and 

– influence is considered in the analysis of the effectiveness of the adaptive management approach, the 
analysis of the ability to achieve and maintain performance criteria and when considering the need for 
corrective actions.  

• partial observability: 

– includes potential uncertainty arising from variation in the collection of data during monitoring events, and 
from being unable to completely observe the natural system in its entirety (Williams and Brown 2016), and 

– addressed in this OAMP through the development of a monitoring program based on scientifically tested 
and repeatable methods.  

• partial controllability: 

– relates to the difference between the intended effect of the management measures to be implemented 
through this OAMP and the actual effect of their implementation on the ground (Williams and Brown 
2016), and 

– address through adherence to an adaptive management approach including regular monitoring of 
conformance with performance criteria, assessment of adaptive management triggers, the implementation 
of corrective actions, review and amendments to the OAMP, and reporting to ensure that management 
measures are being effectively implemented on the ground.  

• structural and process uncertainty: 

– concerns a lack of knowledge or understanding regarding biological and ecological processes and 
relationships, and differing views regarding how natural systems respond to management (Williams and 
Brown 2016), and 

– addressed through the adaptive management approach. Following the results of ongoing management, 
monitoring and reporting, the OAMP will be reviewed and updated as required to incorporate learnings, 
updated conservation advice and best practice management techniques. 
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5.2. OAMP adaptive management framework 

5.2.1. Risk assessment  

The adaptive management process for this OAMP is supported by a risk assessment through which the known 
and potential risks for each offset value have been evaluated. The relevant risks were identified based on a 
review of current literature (i.e. conservation advices, recovery plans etc) and identification of potential site-
specific risks. As presented in Appendix C, the risk assessment included an assessment of the likelihood and 
consequence for each identified risk, both with and without the implementation of control strategies. The results of 
the risk assessment have informed the adaptive management process including the identification of threats to 
offset values, management objectives, performance criteria, management actions, monitoring programs, adaptive 
management triggers and corrective actions. 

Implementation of the adaptive management process aims to reduce the risk of the identified threats occurring to 
ensure that the overall outcome sought by this OAMP are achieved.  

5.2.2. Adaptive management process 

The adaptive management process for this OAMP includes the following key components: 

• identified threats to offset values – known and potential threats to the offset values have been identified as 
part of the risk assessment process 

• relevant offset values – MNES or other offset matter for which the identified threat is relevant have been 
indicated 

• management objectives – management objectives have been developed to address each identified threat to 
the offset values, and to ensure that the interim performance targets and completion criteria are attained 

• performance criteria – assessable criteria have been defined to measure adherence to the management 
objectives 

• management action – specific management actions have been identified to ensure that the performance 
criteria and management objectives are satisfied, and which will ultimately result in attainment of the interim 
performance targets and completion criteria 

• monitoring – a combination of qualitative and quantitative methodologies has been included to assess 
whether management actions are meeting the performance criteria and management objectives, and 
ultimately, whether the OAMP is supporting the delivery of the interim performance targets and completion 
criteria 

• adaptive management trigger – measurable events or parameters have been identified which, when 
triggered, indicate that a performance criterion has not been satisfied, instigating the implementation of 
contingency plans and corrective actions 

• corrective actions – a two-step process has been established to identify the likely cause of the non-
compliance with the performance criteria and allow for identification of suitable corrective actions. Corrective 
actions include the implementation of a feasible, appropriate and effective action to address the identified 
issue and ensure the performance criteria is satisfied.  

Figure 7 illustrates the ongoing adaptive management cycle of implementation, learning and review, with the aim 
of achieving the interim performance targets and completion criteria. Through the implementation of this adaptive 
management process, it is anticipated that the interim performance targets and completion criteria will be attained 
and maintained for the life of the approval. 

5.2.3. Timing for implementation of the OAMP 

The offset area will be managed and monitored until the interim performance targets and completion criteria are 
achieved. It is anticipated that through the adaptive management approach, interim performance targets and 
completion criteria will be achieved within the proposed 20-year management period. However, if the interim 
performance targets and/or completion criteria for offset values have not been achieved within the anticipated 
timeframes, management and monitoring will continue beyond the 20-year management period in accordance 
with this OAMP until the completion criteria have been achieved. Once attained, completion criteria will be 
maintained for at least the life of the EPBC Act approval relevant to this OAMP. 
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Figure 7 – Process for implementation of the OAMP 

 

 

5.2.4. Risk of offset failure 

Based on the adaptive approach to management and the proposed management and monitoring program, it is 
considered that the management objectives, interim performance targets and completion criteria will be 
successfully achieved. 

In the unlikely event that the interim performance targets are not achieved for one or more offset values by year 5, 
10 or 15 for those offset values, Santos will obtain advice from suitably qualified people/groups with the aim of 
identifying appropriate additional management interventions. 

It should be noted that unavoidable temporary perturbations such as severe drought, or insect/fungal pest 
invasion that may cause a temporary decrease in metrics such as canopy or shrub cover from which the 
community still may recover within the next 5-year period should not preclude assessment of a satisfactory 
increase in ecological condition by the completion date. 

If it is considered that the completion criteria cannot be achieved, Santos will update this OAMP proposing 
alternative offset areas in order to acquit the required offset requirements. The revised OAMP will be submitted to 
the Commonwealth Government. 
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6.2.2. Access tracks 

Existing access tracks will be utilised to facilitate necessary management, maintenance and monitoring activities 
as part of this OAMP. If existing access tracks become impassable (through erosion or vegetation regrowth), 
maintenance activities of these tracks (e.g. grading) will be prioritised over alternative track alignments. Gully 
crossings are likely to be subject to periodic, ongoing maintenance because of erosion following rain events. 

Existing and new access tracks will be no wider than 5 m and vegetation disturbance will be minimised. 

6.2.3. Brigalow regrowth restoration 

The dominant vegetation community on Bottle Tree consists of regrowth Brigalow with exotic pasture 
(predominately Buffel grass) understory.  

Through the implementation of this OAMP these areas will be restored to establish self-sustaining functional 
remnant vegetation communities analogous to Brigalow TEC. Regrowth Brigalow within the offset area has been 
mapped as mature regrowth and immature regrowth, as previously described in Section 3.1. To achieve remnant 
status the areas of regrowth Brigalow need to demonstrate that the dominant canopy has greater than 70% of the 
height and greater than 50% of the cover relative to the undisturbed height and cover of that stratum and is 
dominated by species characteristic of the vegetation's undisturbed canopy.  

Thinning randomly selected stems of the dominant species in a Brigalow regrowth community has been found to 
accelerate: 

• growth of retained stems, 

• recovery of forest structure, and 

• recruitment of some native shrub species (Dwyer and Mason 2017). 

Selective regrowth thinning will occur where regrowth of Brigalow vegetation (RE 11.9.5) occurs at >10,000 stems 
per hectare and the density of stems is considered to be affecting the sites capacity to return to remnant status. 

It is recommended that Brigalow be selectively thinned when stem densities are very high (e.g. >10,000 stems per 
hectare). To be effective, thinning has to utilise methods that cause slow stem death (e.g. ringbarking, selective 
herbicide application) and reduce secondary suckering (these are time and labour-intensive (Peeters and Butler 
2014; Dwyer and Mason 2017). 

Where thinning does occur, the vegetation must not be thinned less than the density of a benchmark site for 
equivalent community. Benchmark sites will be obtained from the Queensland Government database or from 
nearby remnant vegetation of the same community. 

The requirement for management by mechanical thinning will be informed by monitoring events (see 
Section 7.5.5). 

6.2.4. Fencing 

To assist with management of livestock control for weed and fuel load management and exclusion of livestock 
from specific areas of the offset, fencing will be installed as presented in Figure 8. Fencing will be installed to 
manage livestock access to the wetland and riparian area on the western side of the Bottle Tree offset area. 
Existing fencing is located around the boundary of the Ooline and Xerothamnella herbacea offset areas to exclude 
stock at all times.  

Fencing will comprise of a 4-wire fence consisting of 3 strand 1.57HT barb with a plain high tensile wire at the top, 
wood and/or steel posts at 7 m spacing, a strainer post every 100 m and 1 gate located every 1 km. This type of 
fencing is also considered appropriate to facilitate the fauna movement across the property. Importantly, the 
movement of the species being offset will not be impeded by the proposed fencing design. 

Any vegetation disturbance associated with new fence construction will be minimised in accordance with 
Table 13. 

Regular inspections of all fencing will be undertaken in accordance with Section 7.1, and repairs to the fences will 
be made as required. 
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6.2.5. Fire management 

A planned and co-ordinated fire management strategy will be implemented to: 

• minimise the risk and impacts of unplanned fire especially to fire sensitive Brigalow and Semi-evergreen vine 
thickets of the Brigalow Belt (North and South) and Nandewar Bioregions Threatened Ecological Community 
(SEVT TEC), and 

• improve habitat quality through: 

– controlling weeds, biomass levels and fuel loads, 

– supporting development of structural components of habitat for offset values (e.g. recruitment of native 
plants, establishment of fire sensitive native herbs and groundcover, important microhabitat including 
fallen logs and leaf litter, and increased understorey), and 

– promoting germination and recruitment of Eucalypt species and other species characteristic of the specific 
RE. 

Unplanned fire risk will be managed through: 

• establishment and regular maintenance of firebreaks (Figure 8), 

• monitoring and managing fuel loads primarily through the implementation of a controlled grazing regime 
(Section 6.2.5), and 

• fuel hazard reduction burns (if required; Section 6.2.5). 

Firebreaks will be established and maintained around the boundary of the offset area, with green firebreaks 
established where the offset area joins native vegetation, see Figure 8. Firebreaks will be maintained at least 
annually in mid / late autumn and, or early spring to remove overhanging trees or fallen debris and dense 
vegetation. Firebreak maintenance will be undertaken to a width of up to 10 m. 

Strategic grazing 
The Bottle Tree property has in the past been managed as an open grazing enterprise where the focus has been 
on production and sustaining a viable income from domestic stock.  

Strategic grazing within the offset area will be used to manage fuel loads and control exotic weeds and pasture 
grasses such as Cenchrus ciliaris. As increasing grazing intensity is correlated with an increase in weedy cover 
(Franks 2002), and a decrease in native grass species richness, grazing will be permitted in the offset area on a 
managed and limited basis to control weeds and reduce fuel loads. 

Best practice management for strategic livestock grazing within the Bottle Tree offset area will be undertaken as 
follows: 

• Livestock will only be permitted in the offset area to reduce fuel loads, avoid weed seed set and reduce weed 
cover. 

• Within the offset area a minimum of 2,500 kg/ha of biomass will be retained at the end of the dry season. 

• Additional fencing will be installed to manage livestock access to the riparian and wetland areas (RE 11.3.27) 
on the western side of the offset area (Figure 8). 

• Livestock will be excluded at all times from the Ooline and Xerothamnella herbacea offset areas (Figure 2 and 
Figure 8). 

To minimise erosion and subsequent impacts on water quality, strategic grazing will be excluded where rainfall 
causes inundated or waterlogged soils. The location and extent of grazing exclusion areas will be reviewed 
annually based on the results of management and monitoring events. 

The suitability of conditions for undertaking a grazing event will be informed by biomass monitoring events as 
described in Section 7.2.  

  



 

Page 43 

Document Number: 0007-650-EMP-0018 

Fuel hazard reduction burns 
The aim of fuel hazard reduction burns is to manage excess fuel loads, to initiate regeneration of Eucalypt 
communities and to create habitat with a mosaic of different fire frequencies and times since fire. 

Fire management, through fuel hazard reductions burns will be guided by conservation advice documentation 
(e.g. for MNES) and the Regional Ecosystem Description Database (REDD; Queensland Herbarium 2021), which 
provides recommendations for fire management for each of the component RE (Table 14), guidelines published in 
Fire and Biodiversity Monitoring Manual published by South East Queensland Fire and Biodiversity Consortium 
(2002), local regional fire plans, regional fire authorities and local knowledge of fire behaviour. 

Based on this advice, fire is to be excluded from areas of Brigalow TEC and SEVT TEC in the offset area. To 
reduce the risk of fire occurring within Brigalow TEC and SEVT TEC in the offset area, very cool fuel hazard 
reduction burns (trickle burns) in a rotational mosaic pattern may be conducted in adjacent areas. 

Hazard reduction burns will be considered if fuel hazard ratings within the offset area are unable to be maintained 
below extreme in accordance with the Overall Fuel Hazard Assessment Guide (Hines et al. 2010; Appendix D) 
through the implementation of strategic grazing and weed control. However, the location and timing for fuel 
hazard reduction burns will be informed by the results of biomass monitoring (Section 7.2) and fuel load 
monitoring (Section 7.2.2) in conjunction with the results of habitat quality assessments and considering the 
REDD fire management guidelines for the vegetation community and MNES conservation advices. 

In general, fire management will be undertaken in a mosaic pattern at the appropriate time of year when there is:  

• high soil and fuel moisture levels, ideally following minimum of 40 mm of rainfall, 

• low ambient temperature and wind speed, 

• high atmospheric humidity, and 

• the risk of long-term impacts/high intensity fire is low, and/or when plants approach a more active growing 
phase. 

 













 

Page 49 

Document Number: 0007-650-EMP-0018 

7. Monitoring 
The results of the monitoring program outlined in the following sections will be used to inform 
operational management decisions, including adaptive implementation of this OAMP to ensure the 
performance criteria and management objectives, and ultimately interim performance targets and 
completion criteria are met. 
The monitoring results will also be used to assess adherence to performance criteria, and to 
determine when corrective actions are required to be implemented. The results will also be 
compared to those from previous monitoring events to assess change over time and to inform the 
ongoing implementation of the OAMP. 

7.1. Offset area inspections 
The aim of offset area inspections is to enable a general assessment of the offset area to identify any potential 
issues that may require remedial action to be undertaken. Inspections will be undertaken twice per year for the 
duration of the management period to assess the following:  

• condition of fencing, gates and signs and existing gas field infrastructure, 

• condition of access tracks, 

• condition of firebreaks, 

• compliance with restrictions for vegetation clearing associated with maintenance and establishment of access 
tracks, fencing and firebreaks, 

• incidence of erosion within offset area, particularly around permanent and semi-permanent water bodies or 
areas subject to inundation or waterlogging,  

• damage/degradation resulting from pest animal activity within the offset area, 

• signs of land degradation and over-grazing, 

• presence of weed/invasive species, 

• exclusion of livestock, 

• incidental fauna observations and any additional risks to offset values (i.e. evidence of vehicle strike), and 

• within Brigalow regrowth, observations for excessive regrowth Brigalow that may require thinning. 

7.2. Biomass monitoring 
Biomass monitoring for fire management will be undertaken twice a year, at the end of the wet season and end of 
the dry season, to: 

• determine the risk of fire to the offset site, and  

• inform fire management strategies to control fuel loads.  

Biomass is at its greatest at the end of the wet season (April) with fire risk greatest towards the end of the dry 
season (October). Biomass will be monitored within the offset areas using appropriate photo standards which will 
be used to determine dry matter yields and subsequently fuel loads. Biomass monitoring will be undertaken at the 
same permanent weed monitoring sites established as part of the year 1 monitoring. 

Fuel loads will be managed through strategic grazing events (see Section 6.2.5) if the biomass assessment at the 
end of the wet season shows that biomass is greater than 2,500 kg/ha within the offset area. 

The stocking rate of these strategic grazing events will be determined through a feed budgeting assessment (see 
Section 7.2.1) undertaken prior to a grazing event in the offset area. A feed budgeting assessment is a recognised 
method of determining the stocking rate based on the amount of feed available and the amount of feed desired at 
the end of the grazing event (i.e. >2,500 kg/ha). 
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7.2.1. Feed budgeting assessment 

The process for undertaking a feed budget assessment will include the following sequence of activities: 

• Determine the current amount of feed present (kg/ha) using appropriate photo standards available on the 
Future Beef website1. 

• Determine the amount of feed desired (kg/ha) at the end of the grazing event. 

• Calculate the total useable feed (kg/ha) by subtracting the feed desired from the feed present. 

• Determine utilisation (i.e. the proportion of useable feed that livestock can use). 

• Determine the feed available for the grazing animal (kg/ha) by multiplying the total useable feed by the 
utilisation rate. 

• Calculate the safe stocking rate by: 

– determining the feed consumption per day (kg/day), 

– determining the number of days feed is required (days), 

– calculating the feed requirement per head (kg/hd) by multiplying the feed consumption per day by the 
number of days, 

– calculating the stocking rate (ha/hd) by dividing the feed requirement per head by feed available, and 

– calculate the number of stock (head) by dividing the area of the paddock by the stocking rate. 

The amount of feed available prior to the grazing event will be estimated using the appropriate photo standards 
available on the Future Beef website. The “Dry Season Feed Budget” worksheet will then be used to calculate the 
required stocking rate for the grazing event. 

At the completion of the grazing event, photo standards will be used to assess ground cover and ecosystem 
biomass. Should the grazing event be required to be extended (e.g. as a result of additional rainfall and resultant 
grass growth and potential weed flowering), the feed budget assessment will be recalculated using the “Dry 
Season Feed Budget” worksheet. 

7.2.2. Fuel load monitoring 

Fuel load monitoring will be undertaken in accordance with the Overall Fuel Hazard Assessment Guide (Hines et 
al. 2010; Appendix D). Fuel load assessment monitoring will include a baseline survey in year 1 (post-wet season; 
April), with ongoing fuel load assessment monitoring conducted every year at the same time and location as 
biomass monitoring post wet season. Monitoring will focus on assessing the key structural layers of the fine fuels 
that burn in bushfires, specifically bark, elevated fuels, near-surface fuels and surface fuels. This will allow for a 
rapid assessment of each fuel layer, which in in turn is given a hazard rating and are then combined to provide an 
overall fuel hazard rating of low, moderate, high, very high or extreme.   

The fuel hazard rating will be monitored to compare any changes from previous assessments. In conjunction with 
results of habitat quality assessments, the results of the fuel load assessments will be used to determine if fuel 
hazard reduction burns are required within the offset area. Weed management and strategic grazing within the 
offset area will also be undertaken to maintain fuel hazard rating below extreme. 

7.3. Weed monitoring 
Weed monitoring sites will be randomly stratified, fixed monitoring sites representative of offset values and 
incorporating natural variability such as aspect (e.g. a mix of north-, east-, south- and west-facing monitoring 
sites), community type – (e.g. woodland, riparian). There will also be fixed monitoring sites at strategic trafficable 
areas (e.g. entry gates, creek crossings, stock watering points) to monitor potential introduction and/or irruptions 
of prohibited and restricted weed species. 

 

1 See https://futurebeef.com.au/knowledge-centre/pastures-forage-crops/pasture-photo-standards/. 
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8. Reporting 
8.1. Reporting 
A report detailing the progress of the offset area in achieving the interim performance targets and completion 
criteria will be prepared for each management year by the suitably qualified ecologist responsible for conducting 
the monitoring.  

The report will contain, at a minimum:  

• a description of the monitoring conducted, when it was conducted, and by whom, 

• a discussion of the weather in the lead up to and during the monitoring, 

• results of monitoring events conducted, 

• an overview of the management actions implemented since the last report,  

• a description of the performance criteria not met, any triggers that have been exceeded and the corrective 
actions that were implemented, 

• an indication of any risks or potential threats that have become apparent to the management area since the 
development of this management plan, and activities to be undertaken to manage these threats and/or risks, 
and 

• progress towards achieving the interim performance targets and completion criteria. 

8.2. Update of OAMP 
The OAMP will be reviewed, audited and updated every 5 years. In addition, the OAMP will be updated in 
accordance with the principles of adaptive management, if required, to incorporate any changes identified through 
management activities, site visits and monitoring activities. This may include the revision of current management 
actions, identification of additional activities (including monitoring activities) and responses to adaptive 
management triggers, other environmental threats to the offset area, information obtained through research 
programs. 
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9. Implementation Schedule 
Table 18 and Table 19 summarise the implementation schedule for the management, monitoring 
and reporting activities presented in this OAMP. Santos will be wholly responsible for the 
implementation of this OAMP and reporting on the performance of the offset area in meeting the 
offset obligations under EPBC Approval 2012/6615 and Section 4 of this OAMP. 
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Appendix A 
Baseline habitat quality score for Bottle Tree offset area 
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Appendix B 
Bottle Tree Voluntary Declaration and offset area 
boundary co-ordinates  
 
  



 

 

Department of Resources 

 

 
Notice of Declaration (2022/001929) 
Sections 19E to 19L of the Vegetation Management Act 1999 
 

1. Details of request 

1.1. Proponent’s name: Santos GLNG Pty Ltd – ACN 131 271 648, 

 PAPL (Downstream) Pty Ltd – ACN 147 649 205, 

 Total GLNG Australia – ARBN 146 680 524, 

 KGLNG Liquefaction Pty Ltd – ACN 146 143 311. 

1.2. Date request received: 28 June 2022 

1.3. Request: declare stated land as an area of high nature conservation value 

1.4. Property description:  part of lot 7 on plan TR39 - Central Highlands RC 

1.5. Land tenure: Freehold 

1.6. Decision reference: 2022/001929 

2. Declaration information 

2.1. Declaration made:  

The chief executive of the Department of Resources declares the area identified on 
Declared Area Map DAM 2022/001929 as an area of high nature conservation value in 
accordance with section 19F of the Vegetation Management Act 1999. 

The chief executive considers the declared area to meet the following criteria under 
section 19G of the Vegetation Management Act 1999— 

The declared area is an area of high nature conservation value under section 19G(1)(b), 
as the area is: an area containing a vegetation clump or corridor that contributes to the 
maintenance of biodiversity; and another area that contributes to the conservation of the 
environment.  

The documents outlined in 2.2 form part of this declaration. 

2.2. Declaration documents: 

The following documents are part of this declaration, and must be read in conjunction 
with this notice: 

• Declared area map (DAM 2022/001929) and attachment 

• Santos GLNG Bottle Tree Offset Area Voluntary Declaration Management 
Plan, Rev 2, dated 02 March 2022  



2.3. Property Map of Assessable Vegetation 

In accordance with s20B of the Vegetation Management Act 1999, Property Map of 
Assessable Vegetation PMAV 2022/002224 has been prepared for the declared area. 

  

Date of declaration: 12 September 2022 

3. Delegated officer’s signature 

 
Sandra Witheyman  
Senior Natural Resource Management Officer 
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Table C2 – Likelihood classification and risk matrix 
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Appendix D 
Overall Fuel Hazard Assessment Guide 
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1. About this guide

1.1 Purpose
The main purpose of this guide is to allow people to:
• make a rapid, visual assessment of fuel arrangement, and 
• gain an understanding of how this will affect the chances of controlling a bushfire.

1.2 Audience
This guide has been principally designed to provide information on fuel arrangement to be 
used by:
• firefighters to assess the difficulty of controlling a bushfire.

Information on fuel arrangement may also be used by:
• asset owners and managers to assess potential bushfire risks to assets
• land and fire managers to provide a measurable objective and trigger for fuel 

management in fire management plans
• personnel to identify which key attributes and fuel layers are contributing the most to the 

hazard  
• personnel to plan and conduct planned burns
• personnel to assess the effectiveness of planned burning or mechanical hazard reduction
• fire behaviour analysts to produce fire-spread predictions and community warnings.

Those who use the guide for these other purposes need to be mindful of its limitations and 
how the results are applied and interpreted.      

1.3 What fuel is assessed
This guide is for assessing fine fuels that burn in bushfires. Fine fuels are the fuels that burn 
in the continuous flaming zone at the fire’s edge. They contribute the most to the fire’s rate 
of spread and flame height. Typically, they are dead plant material, such as leaves, grass, bark 
and twigs thinner than 6mm thick, and live plant material thinner than 3mm thick. Once 
ignited, these fine fuels generally burn out within two minutes.

This guide focuses on assessing the key structural layers of the fine fuel complex, in particular 
those of bark, elevated, near-surface and surface fuels.

1.4 How the fuel is assessed
Each fuel layer is assessed simply and visually. Assessing the fuel takes only a few minutes 
and is based on the premise that the eye is better able to integrate local variations in fuel 
than systematic measurement. Each fuel layer is assessed in turn and given a hazard rating. 
Particular emphasis is placed on how the fuel is arranged within each of these layers. The 
hazard ratings are then combined to produce an Overall Fuel Hazard Rating that ranges from 
Low to Extreme.
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1.5 Why fuel arrangement is more important than fuel load
The image below highlights the effect that changing the arrangement of the fuel can have 
on fire behaviour. Both fires were ignited at the same time in the same way. Both fires are 
burning in the same fuel load, approximately two broadsheets of newspaper over a 20cm 
diameter area. The fuel on the right was laid flat and has little vertical orientation. The fuel 
on the left was crumpled up, which gave it more vertical orientation and exposed more of 
the surface to the air. As a result, the fire on the left shows significantly greater flame height 
and the fuel is consumed much faster.

The simple difference in the arrangement of the fuel significantly affects the resulting fire 
behaviour. The effect would not be discerned if the fuel assessment was based purely on fuel 
load. An assessment of fuel hazard takes into account the fuel arrangement. It gives a better 
indication of potential fire behaviour and suppression difficulty.

1.6 Suppression difficulty is not just about fire behaviour
This guide has been mainly developed to allow people to assess the impact of fuel 
arrangement on suppression difficulty. An assessment of suppression difficulty (how hard 
it is to control a bushfire) is not based solely on the anticipated fire behaviour. Many other 
factors affect the chances of a firefighting operation succeeding, including resources, fire 
size and terrain.

In order to consider the impact of fuels, the other factors need to be treated as if they are 
constant. The factors that have been held constant are referred to as the Reference Extended 
First Attack Conditions. Further detail on these conditions is contained in Appendix 1.

1
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1.7 Basis of the Overall Fuel Hazard classification
A comprehensive explanation of this guide is contained in DSE’s Overall fuel hazard 
assessment guide: a rationale report – fire and adaptive management report no. 83 
(in prep.).

This assessment guide updates and builds on work previously published by Wilson  
(1992a, 1992b, 1993), McCarthy et al. (1998a, 1998b, 1998c, 1999, 2001), 
the Department of Environment and Heritage (2006) and Gould et al. (2007a, 2007b).

Classifying Overall Fuel Hazard is complex, with few available measurements. Therefore, we 
have relied on the perceptions of experienced fire personnel (e.g. fire behaviour specialists, 
fire managers and firefighters). The collective experience of these personnel is vast, with a 
broad geographic base across Australia.

1.8 Need for continual learning and development   
Although our knowledge about fuels has many gaps, this guide is based on the best 
available information and experience. The authors acknowledge that this guide will need  
to change and improve as more information is obtained.

Observers of firefighting operations can improve future editions of this guide by carefully 
recording what they see. Observations, comments and feedback can be emailed to  
fire.monitoring@dse.vic.gov.au. 

 

1
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2. How to use the guide

This guide has been kept concise and should not be considered as a standalone document. 
To produce reliable and consistent results requires extra knowledge which may be gained 
through local hands-on training in fuel assessment.    

2.1 Application
This guide is a tool for rapidly assessing fuel arrangement and its effect on the chances of 
controlling a bushfire. It may also be used for a range of other fire management purposes, as 
shown in the table below. Users of this guide should understand the underlying assumptions 
and limitations before applying it, particularly if applying it for purposes other than the 
assessment of suppression difficulty.  

Application Methodology

Assess suppression difficulty Assess the fuels in which the fire may occur or is actually 
occurring. 

Assess fuels for predicting 
potential risk to assets

Assess the fuels immediately adjacent to the asset as 
part of an assessment of possible radiant heat loads and 
defendable space.

Assess the fuels further away from the asset; paying 
particular attention to areas that may generate spotting, 
such as ridges. Assessments should be focused, particularly 
in the direction of likely fire attack. 

Assess the need for, or success 
of, fuel management activities

Assess the average fuels across the nominated area by 
sampling within major vegetation types, slopes and aspects.

Plan and conduct planned burns Assess the variability in fuels across the nominated area by 
sampling within major vegetation types, slopes and aspects. 
Pay particular attention to areas where the burn may 
escape, such as the tops of gullies, ridge tops and areas 
adjacent to planned burn boundaries. 

Assess fuels for predicting fire 
behaviour

Assess the fuel values needed as inputs for the appropriate 
fire behaviour model.
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Use the following descriptions to determine how to separate vegetation into fuel layers. 

Layer Description

Contribution 
to suppression 

difficulty

Canopy • Crowns of the tallest layer of trees.
• Under some conditions canopy fuels can play a significant role in fire 

behaviour and suppression difficulty. Currently, however, these fuels are not 
assessed as part of Overall Fuel Hazard.

Bark fuel • Bark on tree trunks and branches, from ground 
level to canopy.

Spotting

Elevated fuel • Fuels are mainly upright in orientation.
• Generally most of the plant material is closer to the 

top of this fuel layer.
• Sometimes contains suspended leaves, bark or 

twigs.
• Fuels that have a clear gap between them and the 

surface fuels.
• Can be highly variable in ground coverage.
• Low-intensity fire (flame height of less than 0.5m) 

may pass beneath this layer without consuming 
much, if any, of it.

Influences the flame 
height and rate of 
spread of a fire. 

Near-surface 
fuel

• Live and dead fuels, effectively in touch with the 
ground, but not lying on it.

• Fuel has a mixture of vertical and horizontal 
orientation.

• Bulk of the fuels are closer to the ground than to 
the top of this layer, or are distributed fairly evenly 
from the ground up.

• Sometimes contains suspended leaves, bark or 
twigs.

• Coverage may range from continuous to having 
gaps many times the size of the fuel patch.

• Low-intensity fire (flame height of less than 0.5m) 
will consume most or all of this fuel.  

• Fuel in this layer will always burn when the 
surface fuel layer burns. 

Influences the rate 
of spread and flame 

height of a fire.

Surface fuel 
(litter)

• Leaves, twigs, bark and other fine fuel lying on the 
ground.

• Predominantly horizontal in orientation.  

Influences the rate of 
spread of a fire.

This guide is for assessing fine fuels only.  Coarse fuels including logs are not considered.  
See Section 1.3 for further details.  

The descriptions of the fuel layers exclude references to species’ names or common 
vegetation forms, such as shrubs. During a plant’s life it may transition back and forth 
between different layers. For example, juvenile bracken fern can be classified as near-surface 
fuel before becoming elevated fuel as it matures. Once it dies and collapses it may become 
near-surface fuel again.

2



2.3 Assessment based on key attributes of fuel hazard
A fuel hazard rating of Low, Moderate, High, Very High or Extreme is assigned to each fuel 
layer by assessing it against the key attributes listed below.

Key attribute

Horizontal continuity 
of the layer

Determines how readily a piece of burning fuel may ignite the fuel 
beside it.

Identifies which of surface, near-surface or elevated fuels will 
determine the average flame height.

Vertical continuity of 
the layer

Determines how readily a piece of burning fuel may ignite the fuel 
above it. 

Amount of dead 
material in the layer

Determines how much dead material is present to burn and thus help 
with igniting the live (green) fuels. 

Thickness of the fuel 
pieces

Determines whether the fuel pieces will burn in the flaming front of 
the fire.

Total weight of fine 
fuel

Determines the weight of fine fuel contributing to the flaming front of 
the fire.

The descriptions in the hazard assessment tables do not cover all possible combinations of 
the key attributes. Users will need to exercise judgement and make an assessment using all 
key attributes when actual conditions fit between the descriptions.

2.4 Using the descriptions and photographs
This is not a photographic guide for assessing fuels. The descriptions for each of the key 
attributes should be used as the basis for determining the fuel hazard rating. Photographs 
cannot adequately show all of the key attributes that are important in determining fuel 
hazard. The photographs are provided to illustrate some of the key attributes for each fuel 
hazard rating. They do not represent all possible variations of that particular hazard rating.

2.5 Area of assessment 
Within an area of interest fuels are assessed in small patches or plots. The size and number 
of plots depends on the reason for assessing the fuels. Some applications (such as for 
input into fire behaviour models) may require a more rigorous and systematic approach to 
sampling. Other applications (such as assessing fuel hazard during firefighting operations) 
will necessitate a more rapid informal approach. For whatever purpose the guide is being 
used it is recommended that the following principles be applied:         
• Any assessment of fuels should try to assess the variability in fuels across an area by 

assessing the fuels at multiple plots.  
• The size and number of plots should reflect the level of reliability required of the results.  
• For surface, near-surface and elevated fuel layers the result of assessing the plot should 

reflect the average state of that fuel layer.     
• For bark hazard the result of assessing the plot should be based on the trees with the 

highest rating. 
• Always record with the result the name and the version of the guide used.    

8
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2.6 Tips for assessing fuel hazard
The process of assessing fuel hazard using this guide is largely subjective. Implementing the 
following techniques will help to improve accuracy and reliability:
• Identify and agree on examples of the highest rating of fuel hazard for each layer that 

occur locally. These examples should be used as benchmarks.
• Conduct assessments in pairs of observers and regularly change assessment pairs.
• Assessors should be no more than one hazard rating apart when assessing each layer 

(e.g. Low or Medium, not Low or High).
• Use different assessors to re-assess completed work and provide feedback.

2.7 Vesta fire behaviour predictions
In dry eucalypt forest with a litter and shrub understorey the Field guide – fuel assessment 
and fire behaviour prediction in dry eucalypt forest (Gould et al. 2007b) provides a 
systematic method for assessing fuel and predicting fire behaviour (rate of spread, flame 
height, and spotting). The Project Vesta fuel hazard scoring system is similar to the Victorian 
system developed by Wilson (1992a, 1992b, 1993) and revised by McCarthy et al. (1999). 
The scale that underlies the Vesta fuel hazard scores is directly related to fire behaviour. 
These scores, along with height measurements of various fuel layers, are needed as inputs 
into the fire behaviour prediction tables in Gould et al. (2007b). Section 9.3 contains a table 
for translating the fuel hazard rating for each fuel layer into Vesta fuel hazard scores.   

2.8 Effect on fire behaviour
Each table for assessing fuel hazard contains information on the effect that the fuel 
arrangement is likely to have on fire behaviour. This effect is for weather conditions 
equivalent to a Forest Fire Danger Index (FFDI) of 25 (McArthur 1973). An FFDI of 25 can be 
achieved in many ways.  For the purposes of this guide the specific conditions required to 
achieve this are:

Temperature: 33°C Relative Humidity: 25% Wind Speed: 20km/h

Drought Factor: 10 Slope: 0°

If weather conditions vary from those listed above the effect on fire behaviour will also vary. 

2.9 Fuel assessment data sheet
Appendix 2 contains a sample field data sheet that can be used when assessing fuels.
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3.1 Identification
Bark fuel is the bark on tree trunks and branches. Bark lying on or near the ground or 
draped over understorey plants is considered to be surface, near-surface or elevated fuel.

3.2 Identifying bark types
The key attributes for assessing the effect of bark on suppression difficulty are shown below: 

Key attribute Determines How it is assessed

Ease of ignition • How readily the bark will ignite.
• Whether the fire will burn up the trunk 

and into the branches of the tree.

Thickness, size and 
shape of bark pieces.

How bark is attached • How likely the bark is to break off the tree. How easily the bark 
breaks off the tree.

Quantity of 
combustible bark

• Volume of potential embers that a fire may 
generate.

Relative quantity of 
combustible bark.

Size-to-weight ratio 
of the bark pieces 

• How far the wind is likely to carry bark 
pieces once they break off the tree.

Thickness, size and 
shape of bark pieces.

Burn out time • Length of time a piece of bark will stay 
ignited once it breaks off the tree. 

Thickness, size and 
shape of bark pieces.

Descriptions of trees have been separated into three broad bark types using three of these 
key attributes – ease of ignition, burn out time and size-to-weight ratio: 

1. Fine fibrous barks, including stringybarks
2. Ribbon or candle barks
3. Other bark types, including smooth, platy, papery and coarsely fibrous. The reason for 

describing these types in some detail is to help observers distinguish them from the above 
two types.

10

3. Bark fine fuel 
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Table 3.3 Assessing the hazard of ribbon or candle bark types

If more than 10% of the trees in a forest are fine fibrous bark trees use Table 3.1 (Assessing 
the hazard of fine fibrous bark types) to determine the bark hazard for a site. 

Key attribute

Hazard rating
Effect on fire behaviour 

(at FFDI 25)2

Amount of  
combustible bark

This hazard rating cannot occur 
when only this bark type is present. 

Low

No long ribbons of bark present.

Trunk and branches of trees almost 
entirely smooth. 

Moderate

Spotting generally does not hinder fire 
control.

Fires will not climb these trees.

Long ribbons of bark present on 
upper trunk (>4m above ground) 
and in head of trees.

Lower trunk mainly smooth. 

High
Infrequent spotting.

Fires will climb some of these trees.  

Long ribbons of bark in the head 
and upper trunk with:   
• ribbons hanging down to ground 

level or, 
• flammable bark covers trunk.  

Very High
Substantial spotting.

Fires will climb most of these trees. 

This hazard rating cannot occur 
when only this bark type is present. 

Extreme

Assess bark hazard over a plot 20m in radius. Assessing multiple plots will give better results. 
Trunk is defined as the part of the tree between the ground and the branches.

See Section 9.3 for application of bark hazard ratings for the Vesta fire behaviour tables.

2 Refer to Section 2.8 for the specific weather conditions used to achieve this FFDI.

3
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Table 3.5 Assessing the hazard of other bark types

If more than 10% of the trees in a forest are fine fibrous bark trees use Table 3.1 (Assessing 
the hazard of fine fibrous bark types) to determine the bark hazard for a site. To achieve 
a given hazard rating a best fit of both key attributes should be sought.  Choices for the 
hazard rating of fuels that fit across several descriptions may be informed by the effect that 
different levels of key attributes have on fire behaviour.

Key attributes

Hazard 
rating

Effect on fire behaviour  
(at FFDI 25)3

How bark is 
attached

Quantity of 
combustible bark

No trees present.

or 

Trunk and branches of tree entirely smooth 
or free from loose bark.

Low
No bark present that could 
contribute to fire behaviour.

Bark rubs off by 
hand with firm 
pressure. 

Limited amount of 
combustible bark.

Moderate

Spotting generally does not hinder 
fire control.

Fires will climb some of these trees.

Light hand 
pressure will 
break bark off. 

Large amounts of 
combustible bark.

High
Infrequent spotting.

Fires will climb most of these trees.

This hazard rating cannot occur when only 
this bark type is present. 

Very High

This hazard rating cannot occur when only 
this bark type is present. 

Extreme

Assess bark hazard over a plot 20m in radius. Assessing multiple plots will give better results. 
Trunk is defined as the part of the tree between the ground and the branches.

See Section 9.3 for application of bark hazard ratings for the Vesta fire behaviour tables.

3 Refer to Section 2.8 for the specific weather conditions used to achieve this FFDI.

3
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4. Elevated fine fuel

Elevated fuel

4.1 Identification
• Fuels are mainly upright in orientation
• Generally most of the plant material is closer to the top of this layer
• Sometimes contains suspended leaves, bark or twigs
• Fuels that have a clear gap between them and the surface fuels
• Elevated fuel can be highly variable in ground coverage
• A low intensity fire (flame height of less than 0.5m) may pass beneath this layer without 

consuming much, if any, of it.

4.2 Assessment
The elevated fuel hazard is highest when the: 
• foliage, twigs and other fuel particles are very fine (maximum thickness 1–2mm)
• proportion of dead material is high
• fuels are arranged with a high level of density and/or horizontal and vertical continuity that 

promotes the spread of flames
• live foliage has low fuel moisture content.
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Table 4.1 Assessing elevated fine fuel hazard 

To achieve a given hazard rating a best fit of all key attributes should be sought.  Choices for 
the hazard rating of fuels that fit across several descriptions may be informed by the effect 
that different levels of key attributes have on fire behaviour.

Key attributes Fuel 
hazard 
rating

Effect on fire 
behaviour  

(at FFDI 25)4Plant Cover
% 

dead 
Vertical 

continuity
Vegetation 

density
Thickness of 
fuel pieces

<20%

or low 
flammability 
species

<20%

Easy to walk in 
any direction 
without needing 
to choose a path 
between shrubs.

Low Little or no effect.

20–30% <20%

Most of the 
fine fuel is at 
the top of the 
layer.

Easy to choose 
a path through 
but brush against 
vegetation 
occasionally. 

Moderate Does not sustain 
flames readily.

30–50% <20%

Most of the 
fine fuel is at 
the top of the 
layer.

Moderately easy 
to choose a path 
through, but 
brush against 
vegetation most 
of the time.

High

Causes some 
patchy increases in 
the flame height 
and/or rate of 
spread of a fire.

50–80% 20–
30%

Continuous 
fine fuel from 
the bottom to 
the top of the 
layer. 

Need to carefully 
select path 
through. 

Mostly less 
than 1–2mm 
thick.

Very High

Elevated fuels 
mostly dictate 
flame height and 
rate of spread of 
a fire.

>70% >30%

Continuous 
fine fuel from 
the bottom to 
the top of the 
layer.

Very difficult to 
select a path 
through. Need 
to push through 
vegetation. 

Large 
amounts of 
fuel <2mm 
thick.

Extreme

Elevated fuels 
almost entirely 
determine the 
flame height and 
rate of spread of 
a fire. 

Assessing plant cover
For the purpose of this guide, plant cover is defined as the amount of ground blocked out 
by that fuel layer if viewed while looking straight down from above. Each plant is considered 
opaque – any ground within the perimeter of the plant cannot be seen.  The following visual 
guide can be used to assist in assessing plant cover. Each quarter of any one square has the 
same percent cover.

4

 20% 30% 50% 80%

4 Refer to Section 2.8 for the specific weather conditions used to achieve this FFDI.
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5. Near-surface fine fuel 

5.1 Identification  
• Live and dead fuels effectively in touch with the ground but not lying on it
• Fuel has a mixture of vertical and horizontal orientation
• Either the bulk of the fuels is closer to the ground than the top of this layer, or is 

distributed fairly evenly from the ground up
• Sometimes contains suspended leaves, bark or twigs
• Coverage may range from continuous to having gaps many times the size of the fuel 

patch
• A low intensity fire (flame height of less than 0.5m) will consume most or all of this fuel
• Fuel in this layer will always burn when the surface fuel layer burns. 

5.2 Assessment 
The near-surface fuel hazard is highest when the: 
• foliage, twigs and other fine fuel particles are very fine (maximum thickness 1–2mm)
• proportion of dead material is high
• fuels are arranged with a high level of density and /or horizontal and vertical continuity, 

that promotes the spread of flames
• live foliage has low fuel-moisture content.

Near-surface fuel
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Table 5.1 Assessing near-surface fine fuel hazard

To achieve a given hazard rating a best fit of all key attributes should be sought.  Choices for the 
hazard rating of fuels that fit across several descriptions may be informed by the effect that different 
levels of key attributes have on fire behaviour.

Key attributes Fuel  
hazard 
rating

Effect on fire behaviour 
(at FFDI 25)5

Plant 
cover % dead

Horizontal 
connectivity

<10% <10% 
Near-surface fuel is 
absent or virtually 
absent. 

Low Little or no effect. 

10–20% <20% Gaps many times the size 
of fuel patches. Moderate Occasionally increases flame height. 

20–40% >20%

Gaps between fuel 
patches are greater than 
the size of fuel patches.

Starting to obscure logs 
and rocks.

High Contributes to surface fire spread and 
causes patchy increase to flame height.

40–60% >30% 

Fuel patches are equal 
to or larger than the 
gaps between the fuel 
patches. 

Very High

Contributes significantly to fire spread 
and flame height.

A fire will spread readily in this layer 
without having to consume the surface 
layer.

>60% >50%
Very small gaps between 
fuel patches.

Logs and rocks obscured. 
Extreme

Contributes significantly to fire spread 
and flame height.

A fire will spread readily in this layer 
without having to consume the surface 
layer.

Assessing plant cover
For the purpose of this guide, plant cover is defined as the amount of ground blocked out 
by that fuel layer if viewed while looking straight down from above. Each plant is considered 
opaque – any ground within the perimeter of the plant cannot be seen.  The following visual 
guide can be used to assist in assessing plant cover. Each quarter of any one square has the 
same percent cover. 
 20% 30% 50% 80%

5 Refer to Section 2.8 for the specific weather conditions used to achieve this FFDI.

5
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Table 6.1 Assessing surface fine fuel hazard

To achieve a given hazard rating a best fit of all key attributes should be sought.  Choices for 
the hazard rating of fuels that fit across several descriptions may be informed by the effect that 
different levels of key attributes have on fire behaviour.

Key attributes
Fuel 

hazard 
rating

Effect on fire behaviour  
(at FFDI 25)6Horizontal connectivity

Surface 
litter 
cover Litter-bed depth 

Litter poorly 
interconnected.
Large areas of bare soil or 
rock. More soil than litter.  
Soil surface readily visible 
through litter bed.

<60%
Very thin litter layer
<10mm

Low Surface fires will not 
spread.

Litter well connected.
Some areas of bare soil or 
rock.
Soil surface occasionally 
visible through litter bed.

60–80%
Thin litter layer
10–25mm

Moderate

Litter connected well 
enough to allow fire 
spread to overcome bare 
patches. 

Litter well connected.
Little bare soil. 

80–90%

Established litter 
with layers of leaves 
ranging from freshly 
fallen to decomposing.
20–30mm

High
Surface fires spread easily 
with a continuous fire 
edge. 

Litter completely 
connected. >90%

Thick litter layer
25–45mm

Very High
Surface fires spread easily.
Increasing flame depth and 
residence time. 

Litter completely 
connected. >95%

Very thick layer of litter
>35mm

Extreme
Surface fires spread easily.
Increasing flame depth 
and residence time. 

Assess surface hazard over a plot 10m in radius. Assessing multiple plots will give better results. For 
each plot litter bed depth should be an average of five measurements (McCarthy 2004) or more.

See Section 9.3 for application of surface fuel hazard ratings for the Vesta fire behaviour tables. 

The following visual guide can be used to assist in assessing surface litter cover. Each quarter of 
any one square has the same percent cover. 

 20% 30% 50% 80%

6 Refer to Section 2.8 for the specific weather conditions used to achieve this FFDI.

6
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7. Determining the combined surface and  
near-surface fine fuel hazard rating    

Assessments of surface and near-surface fuels must be combined together before an Overall 
Fuel Hazard rating can be determined.  The near-surface fuel rating is used to adjust the 
surface fine fuel hazard rating, according to Table 7.1.

To determine the effect of near-surface fine fuel hazard:
1. Select the surface fuel hazard rating from column Q
2. Select the near-surface fuel hazard rating from column W
3. Select the resulting combined rating value E
4. Use this value to determine the Overall Fuel Hazard rating using the Table 8.1.

Table 7.1 Determining the combined surface and near-surface fine fuel hazard 
rating

Q

Surface fine  
fuel hazard  

rating

W Near-surface fine fuel hazard rating

Low Moderate High Very High Extreme

E Combined surface and near-surface fine fuel hazard rating

Low L L M H VH

Moderate M M H VH E

High H VH VH VH E

Very High VH VH E E E

Extreme E E E E E
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9.3 Determining Vesta fuel hazard scores
The following table translates fuel hazard ratings for each fuel layer into Project Vesta 
fuel hazard scores.  These scores can be used with the fire behaviour prediction tables in 
publications such as Gould et al. (2007b).  

To determine the Vesta fuel hazard score:
1. Select the row that corresponds to the fuel hazard rating for required fuel layer Q 
2. Select the Vesta fuel hazard score column that corresponds to the same layer W 
3. Identify where these two intersect and this will provide you with the corresponding Vesta 

fuel hazard score.

Table 9.3 Determining Vesta fuel hazard scores

Vesta fuel hazard score W

Fuel hazard rating Q Surface Near-surface Elevated Bark

Low 1 1 1 0

Moderate 2 2 2 1

High 3 3 3 2

Very High 3.5 3.5 3.5 3

Extreme 4 4 4 4

Notes: 
• Surface and near-surface hazard score and near-surface height (cm) is required for fire spread 

prediction.
• Rate of spread and elevated fuel height (m) is required for flame height prediction.
• Rate of spread, surface and bark fuel hazard scores are required for prediction of spotting distance.
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This Fuel Hazard Assessment Guide updates and continues to develop work previously 
conducted by a number of authors. Andrew Wilson laid the foundations for this guide, 
with the conceptual framework presented in Research Report No. 31; and the visual 
guides for assessing the influence of bark and elevated fuels on suppression difficulty in 
the Eucalypt Bark Hazard Guide and Elevated Fuel Guide (Reports 32 and 35, respectively). 
Greg McCarthy (2004) detailed a method for rapidly assessing surface fine fuels in Research 
Report No. 44.

These three techniques were brought together in the first three editions of the Overall 
Fuel Hazard Guide (McCarthy, Tolhurst and Chatto, 1998b, 1998c, 1999). A subsequent 
unpublished edition of the guide, produced by Kevin Tolhurst (2005), provided greater detail 
on the assessment of near-surface fuels. In 2006, Mike Wouters adapted the guide for South 
Australian conditions, and incorporated the preliminary results from Project Vesta (CSIRO and 
Department of Conservation and Environment, Western Australia). Further information and 
results from the final Project Vesta report (Gould et al. 2007a) have also been incorporated.

Thanks to Lachie McCaw (Department of Environment and Conservation, Western Australia), 
Mike Wouters (Department of Environment and Heritage, South Australia), Jim Gould 
and Miguel Cruz (CSIRO) for their advice and comments during the production of this 
guide.  Thanks must also go to the many other people across Australia who have provided 
comments and feedback during the production of the guide.  
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Appendix 1. Reference extended first attack conditions

This guide assesses the impact of fuels in suppressing a fire during extended first attack, 
using local resources. Several factors affect the success of an extended first attack. Therefore, 
to consider the impact of fuels alone, the other factors must be treated as if they were 
constant. Table A1 below adapted from Wilson (1993) summarises reference extended first 
attack conditions for four fuel types.     

Table A1. Revised reference extended first attack conditions

Fuel type Forest fuels Grass fuels Mallee and 
scrub fuels

Heath fuels

Examples 
of typical 
resources (on 
scene within 
the designated 
arrival time)

Small dozer (D4)

1 to 2 small 
4WD tankers 
(400l)

6 firefighters

5 x 4WD heavy 
tankers (4000l) 
each with 5 
firefighters

Small dozer (D4) 
or tractor with 
scrub roller

1 to 2 small 
4WD tankers 
(400l)

6 firefighters

Small dozer (D4)

1 to 2 small 
4WD tankers 
(400l)

6 firefighters

Extended 
attack 
resources

Potential additional resources deployed to the fire during extended first 
attack may include heavy tankers, large plant (dozers, graders or tractors) 

and fire bombing aircraft.  

Arrival time Within 60 minutes of detection

Suppression 
workload A single fire

Topography 
and terrain Burning on level ground with good access

Fuel 
availability1

MDF is 10 or  
AFF is 1.0

100% grass 
curing

MDF is 10 or  
AFF is 1.0

Wind speed2 20km/h 30km/h 20km/h

Fire danger 
rating system3 McArthur FFDI McArthur GFDI McArthur FFDI

Notes: 

1. MDF (McArthur Drought Factor) is calculated using the Forest Fire Danger Meter (McArthur 
1973) and is a measure of the short-term availability of forest fuels. AFF (Available Fuel 
Factor) is used in Western Australia to define the proportion of litter fuel available for burning 
(Sneeuwjagt & Peet 1998).

2. Wind speed is measured at 10m height in the open above ground level.

3. FFDI is the McArthur Forest Fire Danger Index, GFDI is the McArthur Grass Fire Danger Index.  

The rationale for the reference first attack conditions is documented in DSE’s Overall fuel 
hazard assessment guide: a rationale report – fire and adaptive management report no. 83 
(in prep). 



Appendix 2. Sample fuel assessment field work form v3

Date Assessed:   Assessors:

Sampling Location: Veg Type:

Plot Information
Plot No. 

Zone: 

Easting (GDA94 MGA UTM):

Northing (GDA94 MGA UTM):

Canopy height (Assess over a 20m radius)
Average Height to Top of Canopy: m m m

Average Height to Base of Canopy: m m m

Bark fuel (Assess over a 20m radius)
Stringybark Fuel Hazard: NP M H VH E NP M H VH E NP M H VH E

Ribbon Bark Fuel Hazard: NP M H VH NP M H VH NP M H VH

Other Bark Fuel Hazard: L M H L M H L M H

Select the Bark Hazard rating from above that will be used to determine Overall Fuel Hazard. (Only use the Stringybark 
hazard rating if more than 10% of the trees are Stringybark AND it has the highest rating. Otherwise use the bark with 
next highest rating.)

Bark Fuel Hazard: L M H VH E L M H VH E L M H VH E

Elevated fuel layer (Assess over a 10m radius)
Elevated % Cover: % % %

Elevated % Dead % % %

Elevated Fuel Ave Height (m) m m m

Elevated Fuel Hazard: L M H VH E L M H VH E L M H VH E

Near-surface fuel layer (Assess over a 10m radius)
Near-surface % Cover: % % %

Near-surface % Dead % % %

NS Average Height (cm): cm cm cm

NS Fuel Hazard: L M H VH E L M H VH E L M H VH E

Surface fuel layer (Assess over a 10m radius)
Surface Litter % Cover: % % %

Average Litter Depth (mm): mm mm mm

Surface Fuel Hazard  L M H VH E L M H VH E L M H VH E

Combined Surface and Near-surface Fine Fuel Hazard calculation (refer Section 7)
Combined Hazard L M H VH E L M H VH E L M H VH E

Overall Fuel Hazard calculation (refer Section 8)
Overall Fuel Hazard L M H VH E L M H VH E L M H VH E

Are the plots representative of the average fuels across the sampling location? Yes No

If no, explain any significant difference between plots. For example, wet gully runs through the sampling area, no plots 
were located in this gully. 
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Appendix E 
MNES habitat quality score method  
Calculation of a habitat quality score for each MNES considers three attributes:  

• site condition  

• site context  

• species stocking rate.  

Site condition  

The site condition score for each MNES is calculated generally in accordance with the site condition assessment 
method outlined in Section 5 of the GTDTHQ (version 1.2; DEHP 2017). Site condition is determined through a 
field-based assessment of 13 ecological attributes to describe the structure and function of the vegetation 
community, compared to the expected range for a relatively undisturbed community (i.e. RE benchmark).   

The results of the field-based assessment are scored based on the scoring guide provided in the GTDTHQ to 
determine the site condition score for each MNES at each relevant monitoring site out of 80.  

Site context  
The method to calculate site context for a site is based on the site context assessment method provided in the 
GTDTHQ.  The following components were assessed through a GIS desktop analysis at each relevant monitoring 
site for each MNES:   

• Patch size: the size of the patch/assessment unit being assessed and any directly connecting suitable/known 
habitat and remnant vegetation. To calculate the patch size score:  

– Measure the area of vegetation in which the assessment unit is contained and add on all other directly 
connecting areas of suitable or known habitat for the threatened species or community and remnant 
vegetation. Suitable or known habitat will be based on mapped vegetation comprising regional 
ecosystems known or likely to support the MNES value based on the conservation advice or other 
species-specific sources endorsed by Queensland and/or Commonwealth Governments. Where the 
connecting patch comprises an RE that is known or suitable habitat, then 100% of the area of that RE is 
attributed to the total patch size area. Where the connecting RE is not considered known or suitable 
habitat (i.e. non-compliant RE); however, is a remnant RE, only 10% of the area of that RE is attributed to 
the total patch size area sum. The reduced weighting for non-compliant REs acknowledges the 
importance of these REs in contributing to the overall patch size through its contribution to potential 
dispersal of species, and the supporting role of these REs for maintaining connectivity to potential source 
meta-populations.   

– Determine the score for this attribute by matching with the class ranges in Table E1.  

• Connectedness: measure the proportion of the assessment unit’s boundary which is connected to 
suitable/known habitat and remnant vegetation. To calculate the connectedness score:  

– Measure the percentage of suitable/known habitat and remnant vegetation along the boundary of the 
assessment unit.  

– Determine the score for this attribute by matching with the class ranges in Table E1.  

• Context: measure the percentage of suitable/known habitat and remnant vegetation within a 1 km buffer 
around the site/assessment unit. To calculate the context score:  

– Create a 1 km buffer around the monitoring site.  

– Measure the percentage cover of remnant vegetation within the buffer area.  

– Determine the score for this attribute by matching with the thresholds Table E1.  

– Ecological corridors: to calculate the ecological corridor score:  

– Determine the proximity of the site to state, bioregional, regional or sub-regional corridors (terrestrial or 
riparian).  
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Appendix D 

Offsets Assessment Guides for the Kentucky, Mt Tabor 
and Bottle Tree offset areas 
Table D1 summarises the OAG inputs for the MNES to be offset on Kentucky, Mt Tabor and Bottle 
Tree. The inputs included are based on the following justifications. 

Quality of impact area 

The habitat quality of the impact area for each MNES was calculated as part of the ecological surveys and 
assessments undertaken across the Stage 7 development area (AECOM 2020; Boobook 2021; Boobook 
2023a,b,c,d,e; Boobook 2024). The habitat quality scores for each MNES were determined generally in 
accordance with Queensland Herbarium’s BioCondition Manual and the Guide to Determining Terrestrial Habitat 
Quality (version 1.3; GTDTHQ; DES 2020).  

Area weighted habitat quality scores for each of the Stage 7 MNES impacts were calculated based on the final 
habitat quality scores calculated as part of the ecological surveys and assessments, taken from each of the 
relevant reports. 

Appendix E presents a summary of the area weighted MNES impact quality scores used to inform the OAG input. 
The quality of Brigalow TEC within the impact area for each MNES was assumed to be 7, based on the rapid 
assessment process allowed under the GTDTHQ (version 1.3; DES 2020). 

Quality of offset area 

A baseline habitat quality score for each MNES offset value was determined generally in accordance with the 
GTDTHQ (version 1.2; Department of Environment and Heritage Protection 2017 [Kentucky and Bottle Tree] and 
version 1.3; DES 2020 [Mt Tabor]) based on the results of the detailed field assessments of the offset area: 

• Kentucky OAMP: Section 2.4, Appendix A.  
• Mt Tabor OAMP: Section 2.5, Appendix A. 
• Bottle Tree OAMP: Section 2.5, Appendix A. 
The offset areas for each MNES are based on areas of remnant and regrowth vegetation identified as suitable 
habitat as part of detailed field assessments and presented in the OAMPs: 

• Kentucky OAMP: Section 2.5.  
• Mt Tabor OAMP: Section 2.6. 
• Bottle Tree OAMP: Section 2.6. 
Future quality without offset management 

Kentucky 
Kentucky is wholly located across two Petroleum Leases (PL) operated by Santos (PL 90 and PL 91) and 
occupies approximately 12% of the land surface of PL 90. From 2015 to 2019 Santos GLNG proposed the 
following two different development scenarios for the Kentucky property to allow for gas field development and the 
provision of offsets: 

• A flexible offset concept where a certain percentage of offset area was excised from the total property area 
and development would proceed anywhere within the property up to the percentage excised.  

• Infrastructure would be scouted throughout the offset, as per the usual practice, and then these areas would 
be excised and the remainder of the areas of vegetation between the infrastructure would be secured as 
offsets.  



 

Page 33 
Document number: 0007-650-EMP-0041 

When presented with this proposal, the Commonwealth advised that such a development within the offset areas 
on both properties was unacceptable. The two uses were considered incompatible due to the potential for adverse 
impacts on the offset areas, including edge effects, habitat alteration and increased pest animal activity. 

Based on the above, in early 2020, Santos made the decision to exclude petroleum activities from the proposed 
offset areas on Kentucky property. Santos’ long term supply plan included an appraisal program on Kentucky 
planned for 2021, to support a broader production program to follow. The Kentucky subproject would develop and 
realise an estimated 30 petajoules for an estimated value exceeding $4M. Gas value would be realised by a well 
spacing of approximately 1,000 m with an associated network of gas flowlines and access tracks. Steep 
topography across this property would result in larger than average disturbances to support safe and stable 
infrastructure. The decision not to proceed with the gas field development at Kentucky has been enacted using a 
Santos formal decision sheet process that has been endorsed by accountable persons within Santos.   

The decision not to proceed with development comes at a cost to Santos, and without the legal security of these 
vegetated areas afforded through an approved offset plan and a Voluntary Declaration under the VM Act, 
development could proceed, leading to a direct loss of existing and potential MNES values and a decreased level 
of condition across areas remaining. Research in central Queensland has shown vegetation within 1 km of an 
edge was degraded as a result of edge effects and habitat fragmentation associated with linear infrastructure 
(Neldner et al. 2017). Therefore, approval of offsets have resulted in avoidance of significant impacts to MNES 
values consistent with the first step of the mitigation hierarchy. 

The Kentucky property was previously grazed by DOCE Pty Ltd, a wholly owned subsidiary of Santos. If the offset 
area on Kentucky was not approved and secured Santos was planning to continue cattle grazing and the 
maximum return for grazing would be sought by DOCE Pty Ltd. 

Eyre et al. (2009) identified the significant changes that grazing can cause in Brigalow Belt ecosystems. As these 
areas are now being used as offsets, grazing will only be used strategically and on a limited basis to manage fuel 
loads and control exotic weeds and pasture grasses – consequently, through the management of strategic grazing 
potential impacts on MNES, particularly those comprising regrowth communities, will be avoided.  

Based on a business-as-usual scenario without offset management, habitat quality scores on Kentucky are 
proposed to remain unchanged despite the petroleum and grazing activities that would occur should the offset 
have not been secured.  

Mt Tabor 
Based on a business-as-usual scenario without offset management, habitat quality scores on Mt Tabor are not 
expected to change. 

Bottle Tree 
Prior to being acquired by Santos, the Bottle Tree property was formerly utilised for grazing purposes, with 
ancillary infrastructure (i.e. cattle yards, Bottle Tree house and workshop) still present on the property. Additionally, 
Santos holds a Coal Exploration Permit and a Petroleum and Gas Exploration Permit across the Bottle Tree 
property. With the potential for both petroleum and agricultural development, and without the legal security of 
these vegetated areas afforded through an approved offset plan and a Voluntary Declaration under the VM Act, 
development could proceed, leading to a direct loss of existing and potential MNES values and a decreased level 
of condition across areas remaining. 

Based on a business-as-usual scenario without offset management, habitat quality scores on Bottle Tree are 
proposed to remain unchanged despite the petroleum and grazing activities that would occur should the offset 
have not been secured. 
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Future quality with offset management 

Santos has committed to excluding all development activities from the offset areas. 

The Kentucky, Mt Tabor and Bottle Tree offset areas will be secured and managed, to improve the quality of 
vegetation communities and habitat for MNES. The OAMPs will be implemented and include specific 
management actions aimed at reducing the impact of threatening processes and improving the quality of MNES 
habitat within the offset areas, including: 

• Pest animal control 
• Livestock management 
• Weed control 
• Fire management 
• Regrowth restoration management. 
Confidence in result – future quality 

The Kentucky, Mt Tabor and Bottle Tree OAMPs have been developed in accordance with approved conservation 
advice, recovery plans and recommended threat abatement and management advice for the species, and 
negotiations with the landholders. The OAMPs detail specific management outcomes aimed at improving the 
quality of MNES habitat. Ongoing monitoring of the offset areas will also be undertaken to regularly assess the 
progress of the offsets and ensure the OAMPs achieve the required outcomes. The OAMPs will support an 
efficient, effective, timely, transparent, scientifically robust and reasonable approach to managing and monitoring 
the offset areas. 

Risk of loss without offset 

Risk of loss without offset is 0%. 

Risk of loss with offset 

The offset areas have been or will be secured through declaration as an area of high nature conservation value 
under section 19F of the VM Act, therefore the risk of loss is 0%. 

Confidence in result – risk of loss 

The legally binding mechanism is registered on the land title and binds all current and future landowners to ensure 
that the offset is protected. 

Time over which loss is averted (years) 

The offset areas have been or will be protected by a legally binding mechanism which will remain in effect as 
required by the applicable Commonwealth legislative requirements, therefore, the time over which loss is averted 
is considered to be the maximum allowable time of 20 years. 

Time until ecological benefit (years) 

The implementation of site-specific land management actions through the development and application of the 
OAMPs is expected to increase the quality of the offset areas by improving vegetation condition and reducing 
potential threats to MNES. An ecological benefit is expected to be realised in 20 years. 
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Appendix E 
Impact area habitat quality scoring method for MNES 
Summary 

The habitat quality of the impact area for each MNES required to be offset was calculated as part of the ecological 
surveys and assessments undertaken across the Stage 7 development area (AECOM 2020; Boobook 2021; 
Boobook 2023a,b,c,d,e; Boobook 2024). The habitat quality scores for each MNES were determined generally in 
accordance with Queensland Herbarium’s BioCondition Manual and the Guide to Determining Terrestrial Habitat 
Quality (version 1.3; GTDTHQ; DES 2020). 

To determine a suitable impact habitat quality score that captures the varying quality of MNES habitat across the 
different development areas for Stage 7 of the GFD Project, the collective habitat quality scores for each MNES 
were area weighted based on the proposed impact for each MNES within the different project areas. Impact 
habitat quality scores in the following listed reports were used: 

• Santos Scotia Ecology Report (AECOM 2020). 
• Ecological Assessment Report: Ecological Assessment of Fairview Eastern Expedition Project (Boobook 

2023b). 
• Broad-scale Ecological Assessment Report: Parts of Expedition Resources Reserve (Lot 5 on Plan 

TR839674), Lot 8 on Plan SP261936, Lot 1 on Plan AB81 and Lot 2 on Plan AB247 within tenements PL100 
and PL232 (Boobook 2023a). 

• Ecological Assessment Report: Ecological Assessment of Fairview Eastern Gas Expansion Project (Boobook 
2024). 

• Broad-scale Ecological Assessment Report: Fairview Infield Wells Project (Boobook 2023c). 
Whilst other studies within the Stage 7 development area were undertaken and have been referred to throughout 
this Offset Plan, habitat quality scores were not calculated as part of these reports (Boobook 2021, 2023d,e). In 
the absence of detailed habitat quality assessments within particular development areas or for some MNES offset 
requirements (including Brigalow TEC), a conservative approach has been adopted and the habitat quality of the 
impact area to be offset has been assumed to be 7. This approach is based on the rapid assessment process 
allowed under the GTDTHQ for the impact site only. A score of 7 represents an average score of generic remnant 
REs in Queensland based on Queensland Herbarium expert analysis. 

The following table provides an overview of the final area weighted habitat quality scores for each MNES including 
details of how each habitat quality score was calculated.  






