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1 Introduction 

Gladstone Ports Corporation (GPC) completed the Clinton Vessel Interaction Project in August 2020, during which 
796,555 m³ of seabed material was dredged using a backhoe dredge and placed within the Western Basin Reclamation 
Area. The project was executed under an Environmental Protection and Biodiversity Conservation Act 1999 (EPBC) 
approval (2017/7976), which required that fine sediment returned to the marine environment as a result of dredging 
be calculated and validated in accordance with a Fine-Grained Sediment Validation Monitoring Plan. It was estimated 
that 2,010 tonnes of fine-grained sediment were released to the environment because of the dredging activity. As 
required under Condition 7 of the EPBC approval, GPC must deliver a fine-grained sediment offset strategy to the 
satisfaction of the Department of Climate Change, Energy, the Environment and Water (DCCEEW). 

The condition States:  
 
The approval holder must submit an Offset Plan (OP) to the Minister for approval by 31 January 2022. If the Minister 
approves the OP, the approved OP must be implemented within six months of approval of the OP. The OP must 
include, but is not limited to: 
  

a) details of offset(s) to compensate for impacts of the amount of fine-grained sediment returned to the 
marine environment that was not previously available for resuspension before commencement of the 
dredging activities, calculated and validated in accordance with the Fine-grained Sediment Validation 
Monitoring Plan;  

b) timeframes for delivery and completion of the offset(s);  

c) details of how the offset(s) align with the broader strategies and programs for the Great Barrier Reef, 
including but not limited to the Reef 2050 Long-Term Sustainability Plan;  

d) a description of the management measures (including timing, frequency and longevity) that will be 
implemented to deliver the offset(s);  

e) performance and completion criteria for evaluating the success of the management measures and 
criteria for triggering remedial action (if necessary);  

f) a program, including timelines to monitor and report on the effectiveness of the management measures, 
and progress against the performance and completion criteria; and  

g) a description of potential risks to the successful implementation of the management measures and a 
description of the contingency measures that would be implemented to mitigate against these risks and 
residual risk ratings. 

Fitzroy Basin Association (FBA) have been engaged by GPC to develop the Fine Sediment Offset Plan to meet the 
requirements of the EPBC approval.  FBA have worked with Alluvium Consulting Australia (Alluvium) to develop this 
plan.  

Fine sediment offset project 
The overall offset project can be looked at as three key stages including: 

1. Stage 1: Fine-grained sediment validation monitoring plan (complete) 

2. Stage 2: Development of Fine Sediment Offset Plan (this report) 

3. Stage 3: Implementation of Fine Sediment Offset Plan (to be completed) 

The stages, key steps required within each stage and approximate time to complete the stage is provided 
schematically below in Figure 1. 
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2 Report structure 

There are two main components presented in this report – Site selection and Fine sediment offset management plan. 
Sections include:  
 

• Site selection 

o Section 3 provides the system understanding and background to the sediment offset site selection 

• Fine sediment offset management strategy 

o Section 4 provides details of the bank stabilisation works to be undertaken at the preferred fine 
sediment offset site.  

o Section 5 Provides details on the fine sediment offset calculations used in the plan  

o Section 6 Outlines the monitoring and reporting requirements for the offset plan including key 
performance indicators 

o Section 7 Provides cost estimates to implement and monitor the offset plan  

o Section 8 Details the risk assessment undertaken for the fine sediment offset site 

o Section 9 Provides estimated timelines for implementation of the Fine sediment offset plan  

o Appendix A Detailed revegetation design.  

 

3 Site selection 

3.1 System understanding 

Overview 
The Great Barrier Reef is at risk due to run-off carrying sediment from the catchments, making its way to the coast and 
ultimately into the Great Barrier Reef (GBR) lagoon. Fine sediment lost through stream bank and gully erosion poses 
the highest threat to GBR ecosystems and has been identified as a major contributor to the decline in water quality 
across the GBR catchments. Degradation of riparian areas through the removal of vegetation, loss of riparian 
connectivity and grazing on stream banks has reduced biodiversity and increased delivery of fine sediment to streams. 
 
Stream channels are the primary conduits for the delivery of catchment derived sediments and nutrients to the coast 
and into the GBR lagoon. Sediments can be derived from hillslopes, gullies and channel erosion. Monitoring and 
scientific modelling have shown the main source of sediments from the Great Barrier Reef catchments is from 
agricultural land use, with grazing including gully and hillslope erosion accounting for nearly half of the fine sediment 
generated by human activity. The second biggest contributor is streambank erosion.  
 
Vegetation plays an important role in these processes. Although erosion is a natural and essential process in alluvial 
systems, across the Fitzroy, Boyne and Calliope catchments (and the broader Fitzroy Basin) rates of stream bank and 
gully erosion have increased as a result of land clearing, removal of riparian vegetation and grazing pressure. 

Sediment source review 
The Dynamic SedNet model is currently used within the GBR Source Catchment Modelling framework to assess end of 
catchment loads and to estimate pollutant load reductions due to adopted improved management practices. The 
Dynamic SedNet model is also used to run scenarios to assess efficacy of other proposed practices. The model, and 
the data inputs currently utilised, is a reasonable tool for estimating the relative contribution of sediment from 
streambank erosion, gully erosion and hillslope erosion at large whole of catchment scales.   

We have undertaken a high-level review of the Dynamic SedNet modelling outputs (used in The Reef Water Quality 
Report Card - 2019) in the Calliope River, Boyne River and Fitzroy River catchments to provide an understanding of the 
key contributing processes driving fine sediment generation in each catchment.  
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One of the key components of the modelling is the delivery ratio which is used to estimate the proportion of fine 
sediment derived from catchment that is likely to make it out to the GBR receiving waters (Figure 2). The delivery ratio 
will be an important factor in estimating the fine sediment offset for the strategy. The highest delivery ratios typically 
occur nearest to the coastal outlet. In the upper Boyne River catchment, the delivery ratios are between 10 - 17 % 
which is due to the influence of Awoonga Lake. Delivery ratios for the Calliope River catchment and lower Fitzroy River 
catchment are significantly higher, typically ranging from 60 % to 100 %.  

The modelling also indicates that in the Fitzroy River catchment most of the fine sediment generated comes from 
streambank and gully erosion, while in the Boyne River catchment and Calliope River catchment most of the erosion 
comes from hillslopes and streambanks (reportcard.reefplan.qld.gov.au). Based on this information and other factors 
such as likely costs and timing and discussions with GPC it was determined that we would identify potential sediment 
offset opportunities from either streambank or gully erosion.  

 

Figure 2. Dynamic SedNet modelling results showing fine sediment delivery ratio  

Multi-temporal analysis  
Within the study area there is partial coverage of publicly available LiDAR data, typically captured in 2008, 2009 or 
2014. FBA also has some more recent coverage from 2019 that covers some areas of interest within the Fitzroy River 
catchment (Figure 3). Where multiple years of LiDAR was available for one location a DEM of Difference (DoD) was 
created. A DoD identifies changes in ground surface elevation from two LiDAR datasets captured at various temporal 
scales. From the DoD the volume of sediment eroded from the banks and the dominant erosional process can be 
assessed (i.e. meander migration, channel widening etc.). Where only a single year of LiDAR data is available, 
sediment mobilization volumes can be estimated from bank heights derived from LiDAR data and changes to channel 
alignment assessed from high resolution aerial imagery. Where only one year of LiDAR data was available, erosion 
volume estimates between each temporal period were estimated by delineating the channel top of banks based on 
aerial imagery and determining the eroded area of the associated geomorphic unit.  
The height of geomorphic units was then estimated from the LiDAR data (note this approach assumes limited 
adjustment in bed level across the assessment period). The volume was estimated based on the product of the eroded 
area and the height of eroding geomorphic unit. Where there is no LiDAR data available it is problematic to estimate 
sediment loss from erosion as it is difficult to determine bank height and morphology.  
 
High resolution aerial imagery availability is highly variable across the three catchments. There is typically more recent 
imagery available around the coastal areas and regional centres of Gladstone, Calliope and Rockhampton as well as 
2019 imagery captured in the ‘FBA LiDAR coverage’ areas (see Figure 3). Aerial imagery analysis has been used to 
develop a high-level understanding of the potential areas of erosion where there is no LiDAR coverage, or in 
conjunction with LiDAR data were available to help further understand landscape features, vegetation 
extent/condition, and geomorphic process and trajectory.  



 

Fine Sediment Offset Strategy for Gladstone Ports Corporation  7 

The multi temporal analysis enabled a first pass identification of sites of significant change through streambank or 
gully erosion. The erosion sites identified are shown below in Figure 4. It should be noted that analysis of the Fitzroy 
River catchment has been undertaken in other FBA projects. For the purposes of this project, the analysis identified 
some potential sites closer to the Gladstone Port catchments in the lower Fitzroy catchment, including Raglan Creek 
catchment, that may be suitable for offset projects.  
 
Outside of the Fitzroy River catchment, the Calliope River catchment had the highest number of erosion sites 
identified. These sites included streambank erosion primarily located within the tidal reaches of the Calliope River and 
Clyde Creek, and gully erosion adjacent to Double Creek and Gravel Creek. Due to the impact of Awoonga Lake on 
sediment delivery ratios, the Boyne catchment downstream of the lake was the focus. As a result of this, fewer sites 
were identified in the Boyne catchment, however erosion was identified primarily in the tidal reaches, on the Boyne 
River and Station Creek, and outside of the tidal area on Coomal Creek.  
An example of combined historical aerial imagery and LiDAR analysis from Calliope River catchment, Boyne River 
catchment and Fitzroy River catchment is provided in Figure 5, Figure 6 and Figure 7 respectively.  

 
Figure 3. LiDAR coverage across the study area 
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Figure 4. Erosion sites identified in the multi-temporal analysis 

 
Figure 5. Multi-temporal imagery and LiDAR analysis example on the Calliope River approximately 10 km upstream of 
Gladstone 
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Figure 6. Multi-temporal imagery and LiDAR analysis example on a Boyne River tributary in Benaraby approximately 10 
km upstream of ocean outlet at Tannum Sands

 

Figure 7. Multi-temporal imagery and LiDAR analysis example on Six Mile Creek, (Fitzroy River catchment) 
app.roximately 70 km upstream of ocean outlet 

Sediment offset opportunities  
Based on the multi-temporal analysis six potential sites were identified as potential fine sediment offset sites for 
further investigation. The following section provides a summary of the preliminary sites identified for further 
investigation. Locations of the sites are shown in Figure 8, and site maps showing the multi-temporal analysis are 
provided in Figure 9 to Figure 14. A summary of these sites and their potential offset opportunity is provided in Table 
2. An initial prioritisation based on several factors including costs, proximity to port, complexity of likely approvals, 
potential site constraints and preliminary offset potential was also included.  
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Figure 8. Potential site location locality map 

 
Figure 9. Multi-temporal analysis at Site A - Six Mile Creek - Streambank erosion (meander migration) 
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Figure 10. Multi-temporal analysis at Site B- Langmorn Creek - Streambank erosion (meander migration) 

 
Figure 11. Multi-temporal analysis at Site C - Six Mile Creek - Gully erosion 

 
Figure 12. Multi-temporal analysis at Site D - Calliope River - Streambank erosion (meander migration) 
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Figure 13. Multi-temporal analysis at Site E - Clyde Creek - Streambank erosion (meander migration) 

 
Figure 14. Multi-temporal analysis at Site F - Machine Creek - Streambank erosion (meander migration) 
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Table 2. Initial summary of potential fine sediment offset sites 

Site 
ID 

Stream 
name Catchment Data availability 

Historic 
comparison 
method 

Estimated 
fine sediment 
abatement 
(tonnes/year) Proposed works Tidal Other considerations 

Initial 
Proposed 
priority 

A Six Mile 
Creek 

Raglan 
Creek 

2019 LiDAR, 2019 
imagery, 2014 
imagery  

LiDAR/aerial 
(2019/2014) 

2100 Bank reprofiling, pile 
fields, stock exclusion, 
revegetation 

no - Stock exclusion may be limited to 
immediate works area  

1 

B Langmorn 
Creek 

Raglan 
Creek 

2019 LiDAR, 2019 
imagery, 2014 
imagery  

LiDAR/aerial 
(2019/2014) 

300 Bank reprofiling, pile 
fields, stock exclusion, 
revegetation 

no - Stock exclusion may be limited to 
immediate works area.  
- Limited surrounding riparian vegetation 

2 

C Calliope 
River 

Calliope 
River 

2014 LiDAR, 2009 
LiDAR, 2012 – 
2021 imagery 
(nearmaps) 

DoD 
(2014/2009) 

1074 Gully reprofiling, rock 
chutes, soil 
amelioration, 
revegetation  

no -limited recent data available 3 

D Calliope 
River 

Calliope  2014 LiDAR, 2009 
LiDAR, 2012 – 
2021 imagery 
(nearmaps) 

DoD 
(2014/2009) 

517  Bank reprofiling, pile 
fields, stock exclusion, 
revegetation 

Yes, Fish 
habitat 
type B 

- Large potential sediment reductions but 
likely complex approvals issues etc. 
-Potential acid sulfate soils 

4 

E Clyde 
Creek 

Calliope 2014 LiDAR, 2009 
LiDAR, 2012 – 
2021 imagery 
(nearmaps) 

DoD 
(2014/2009) 

524 Bank reprofiling, pile 
fields, large rootball 
logs, revegetation 

Yes, Fish 
habitat 
type B 

- Close to town/port, next to boat ramp, 
highly visible project  
- Good surrounding veg,  
- Potential Acid Sulfate Soil risk 
- 

5 

F Machine 
Creek 

Boyne 2014 LiDAR, 2009 
LiDAR, 2012 – 
2021 imagery 
(nearmaps) 

DoD 
(2014/2009) 

368 Bank reprofiling, pile 
fields, large rootball 
logs, revegetation 

Yes, no fish 
habitat 

- Close to town/port 
- Good surrounding vegetation 
- Fish habitat enhancement 
- Low sediment offset potential 

6 
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3.2 Land manager engagement 
From our initial list of proposed offset sites, Site A, B, C and D were chosen to progress into the initial land manager 
engagement stage. Land managers were contacted in order to gauge their level of interest and arrange site visits to 
enable a more detailed site assessment. Land managers were provided with a summary of the project, the aim of 
works and what would likely be involved for future on ground works.  

From this initial contact, land managers from Site B, C and D were willing to progress to the next stage. Of these 
properties only Site B and D were available for onsite visits. Site C land managers do not reside on property and were 
unavailable until 2022. These visits enabled a more detailed discussion with land managers, addressing any concerns 
and questions they had, whilst enabling them to communicate what they envisage as a successful long-term outcome 
for a project on their property.  

3.3 Site visits 
Site visits were undertaken by Alluvium and FBA staff on the 2nd and 3rd of December 2021 at two sites, Site D on the 
Calliope River and Site B on Langmorn Creek (Figure 15). The purpose of site visits was to: 

• Understand existing conditions such as bank morphology, bed and bank substrate, vegetation condition, site 
access, spoil disposal locations and erosional processes 

• Detect any infrastructure in the vicinity of the proposed project sites to inform initial land manager and 
stakeholder discussions  

• Determine any other constraints or opportunities to inform land manager and stakeholder discussions, the 
engagement of site survey and geotechnical investigations and environmental approvals assessments (these 
are likely to be required as a part of the detailed design process following the development of the Offset 
Plan). 

A summary of the key observations from the site visits is provided below. A high-level concept design for Site D has 
been included as a part of the summary. Site B was identified as the preferred option for the fine sediment offset plan 
and as a result the conceptual design and more detailed analysis is provided in Section 4.  
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Figure 15. Potential fine sediment offset site locations with sites inspected in field visits highlighted in red boxes 

3.4 Site D - Calliope River 

Site description and offset opportunity 
Site D is located on the lower estuarine reaches of the Calliope River approximately 17 km upstream of the Gladstone 
Port (Figure 16). The site includes an eroding section of the left bank approximately 350 m in length and 11 m high. 
The banks have experienced significant erosion as a result of meander migration processes. Multi-temporal aerial 
imagery analysis indicates that the bank has retreated up to 15 m since 2009. Multi-temporal LiDAR analysis indicates 
that between 2009 and 2014 approximately 27, 000 tonnes was mobilised from the bank during that period (see 
above in Figure 12). Some key observations from the site visit include: 

• Vertical to near vertical banks, undercut in some sections 

• The banks are comprised of exposed alluvial sands, of loose to medium density, and clays of soft to firm 
consistency 

• Several trees at the top of bank with exposed roots are likely to fall in the near future which could instigate 
further bank failure 

• Erosion likely a result of a combination of fluvial scour and geotechnical failure  

• Accelerated rates of bank retreat are occurring due to loss of deep-rooted floodplain vegetation which 
provides root reinforcement of the bank which is able to resist mass failure of bank material 

• Wave action due to boat wash results in entrainment of bank sediments and limits vegetation recruitment 
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• Intertidal bench approximately 5 - 10 m wide has formed and mangroves are beginning to establish at the toe 
of bank 

• Upstream of site has significant colonisation of mature mangroves along the bank toe  

• Access to site requires crossing a small creek and water storage overflow, would require some works to 
provide appropriate access for machinery 

• Sandy nature of bank material may require a gentle batter to achieve appropriate slope stability (1V:4H) 
resulting in significant volume of spoil to be removed 

• Limited areas for onsite spoil disposal 

• Land manager happy to exclude stock from site during vegetation establishment period. Cattle to be allowed 
back into the site for short periods to control grass growth and reduce fire risk as necessary after the 
vegetation establishment period.  

 

 
Figure 16. Eroding section of bank at Site D - Calliope River (Photos taken December 2021) 

Proposed bank stabilisation works 
The recommended works for Site D includes bank reprofiling, pile fields, large wood installation and vegetation 
establishment. The proposed works to stabilize the eroding bank are presented in Figure 17. The recommended works 
include: 

• Reprofiling the near vertical bank to a gradient of between 1V:3H - 1V:4H (depending on results of 
geotechnical investigations) which can achieve slope stability and allow the establishment of native riparian 
vegetation  
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• Installation of pile fields at the toe of bank to reduce near bank velocity and shear stress 

• Installation of large wood, including rootball logs to reduce near bank velocity and enhance fish habitat 
values 

• Establishment of riparian vegetation along the reprofiled bank and overbank zone 

• Stock exclusion fencing 

These works will provide immediate protection against erosion and help support the establishment of riparian 
vegetation.  

 
Figure 17. Conceptual site layout of potential streambank stabilisation works at Site D - Calliope River 

3.5 Site B - Langmorn Creek 

Site description and offset opportunity 
Site B is located on the upper reaches of Langmorn Creek in the lower Fitzroy River catchment (Figure 15). The site 
includes an eroding section of the left bank approximately 170 m in length and 5 m high, and an eroding section of the 
right bank immediately downstream approximately 100 m in length and 5 m high. The banks have experienced 
significant erosion as a result of meander migration processes. Multi-temporal analysis indicates that the bank 
retreated up to 50 m between 1999 and 2022 resulting in the mobilisation of approximately 41,500 m3 of sediment 
during that period (Fine sediment calculations discussed in more detail in Section 5). Some key observations from the 
site visit include: 

• Vertical to near vertical banks, undercut in some sections 

• Bed material largely cobbles gravels and sands 

• High variability in bank substrate including sands, sandy clays, clay loams and sandy silty clays 

• Presence of a gravel lens at the toe of bank and sections of interspersed gravels through the bank profile 

• Several trees at the top of bank with exposed roots, likely to be felled in near future which could instigate 
further bank failure 

• Dominant erosional process is meander migration resulting in erosion of floodplain units 

• Erosion likely a result of a combination of fluvial scour and geotechnical failure of undercut banks 
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• Enough area in the overbank zone to allow for bank reprofiling and significant vegetated buffer 

• Closest access via a track directly off Langmorn Road - approximately 2 km from site - track relatively hard 
given how much rain was received. – Access track discussed in further detail in 4.4 

• Land manager happy to exclude stock from site during vegetation establishment period. Cattle to be allowed 
back into the site for short periods to control grass growth and reduce fire risk as necessary after the 
vegetation establishment period.  

• Appropriate spoil disposal locations identified – Discussed in further detail in Section 4.2 

 

 
Figure 18. Exposed eroding banks at Site B on Langmorn Creek (Photos taken December 2021) 

3.6 Preferred offset opportunity 
A summary of potential offset sites inspected including offset opportunity, proposed works, costs, advantages and 
disadvantages is provided in Table 3. The estimated fine sediment abatement has been calculated using the 
methodology outlined in the Reef Trust Gully and Stream Bank Toolbox 3rd Edition (Wilkinson et. al, 2022) and 
supporting guidelines provided in the Stream bank Erosion Control Assessment Tool (SECAT) Survey User Guide, 
Paddock to Reef Integrated Monitoring, Modelling and Reporting Program (Humphreys and Wilkinson, 2021). Further 
details on the estimated fine sediment abatement calculations are provided below in Section 5 page 38 and 39. Based 
on this information and discussions with GPC, Site B on Langmorn Creek was identified as the preferred fine sediment 
offset site, with site D as a potential alternative. A fine sediment offset management plan including details on the bank 
stabilisation works for Site B are provided in the following section.    
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Table 3. Summary of potential offset sites inspected including offset opportunity, proposed works, costs, advantages and disadvantages  

Site 

Estimated fine 
sediment 
abatement (over 
9 year project 
period - tonnes) 

Proposed 
works Advantages Disadvantages 

Site B - 
Langmorn 
Creek 

3,114 Bank 
reprofiling, 
timber pile field 
toe protection, 
revegetation 
and stock 
fencing 

- Land manager is engaged and positive about 
proposed works, including limiting stock access 
and providing vegetated buffer in overbank zone 

- Likely much less complex environmental 
approvals process 

- Several areas for onsite spoil disposal  

- Other potential sites on property for potential 
future offset works  

- Most direct and plausible access to site via a 2 km track over the foothills of 
property. Some track works will likely need to be undertaken before 
construction works such as grading 

-Lantana camara (Weed of National Significance) present on both sides of bank 
and will likely require treatment.   

-Welcome Swallow Hirundo neoxena (Marine) nests have been found within the 
site. A species management plan will need to be implemented to ensure 
minimum impact on the species in line with legislation requirements.  

Site D - 
Calliope 
River 

3,617 Bank 
reprofiling, 
timber pile field 
toe protection, 
large wood 
installation, 
revegetation 
and stock 
fencing 

- Close to port  

- Land manager is engaged and generally positive 
about proposed works 

- Land manager is willing to collaborate with local 
indigenous group for long term monitoring of site.  

 

- Within tidal area, fish habitat area and dugong protection area 

- Complex environmental approvals process, very difficult to get estuarine works 
approvals for sediment offset works 

- Potential for presence of Acid Sulfate Soils (ASS), if found an ASS management 
plan would be required and treatment of all spoil would be required before 
disposal which adds costs 

- Given the height of the bank and sandy nature of substrate, bank reprofiling to 
stable gradient will result in significant volume of spoil (approximately 36,000 
m3). Limited appropriate areas for onsite disposal of spoil material, some offsite 
disposal therefore likely which adds costs and becomes difficult for permitting. 

- Access track will need to be built to divert machinery away from house and 
some works will be required to improve a creek crossing access.  

- More costly than Site B  
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Fine sediment offset management plan 

The following sections (Section 4 – Section 9) details the fine sediment offset management plan for ‘Site B’ 
situated on Langmorn Creek.  

4 Bank stabilisation design 

4.1 Design principles 
The establishment of remnant standard riparian vegetation will be an essential element in any program to 
reduce rates of bank erosion on Langmorn Creek. The works aim to create an environment suitable for 
vegetation to re-establish, to provide natural bank stability and erosion protection in the future.  

Vegetation will take time to reach a level of maturity, structural diversity and robustness that allows it to 
perform its desired erosion control (and other) functions. The change in the function provided by vegetation 
(e.g. erosion resistance) through time is referred to as its trajectory of change, or trajectory, and is illustrated 
conceptually in Figure 19. The critical shear stress of the bank surface will increase over time as the vegetation 
establishes. Initially after the planting works you would expect good groundcover after one year and structural 
diverse mature vegetation after approximately 10 years.  
 
Based on the geomorphic assessment, there is a risk of failure in the vegetation establishment period, 
particularly at the toe of the bank, where the hydraulic forces are largest. This risk is minimised through the 
use of structural protection works. 

 
Figure 19. Progressive long-term improvement in river health and erosion resistance with gradual reduction in 
rehabilitation effort (source: Department of Sustainability and Environment (2004) 

The structural toe protection works to be utilised at Site B to protect the bank revegetation works during the 
establishment period are pile field groynes. The pile fields will provide short-term erosion protection by 
reducing near bank velocity and shear stress which provides an environmental suitable for vegetation 
establishment. As the piles decay (over 10-15 years) the vegetation and associated root networks can help 
reduce rates of bank erosion through a range of mechanisms: 

• The root networks of riparian trees strengthen bank substrate through structural reinforcement and 
tend to resist mass failure. 
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• Vegetation increases hydraulic roughness, which reduces near bank velocities. The shear force 
exerted against the bank is thus reduced.  

• Groundcovers are flattened during flood events which protects the underlying sediments from 
hydraulic forces. 

The current bank erosion processes and trajectory following the implementation of the pile fields and 
revegetation is shown in Figure 20.  
 
An overview of the bank stabilisation works to be undertaken at Site B on Langmorn Creek are outlined in the 
following sections.  

Current bank erosion processes 

 

Trajectory following remediation 

 
Figure 20. The current bank erosion processes are shown on the left side, the trajectory of the site following 
restoration works are shown on the right side  

4.2 Bank stabilisation works 
The bank stabilisation works to be undertaken at Site B include bank reprofiling, pile field toe protection, and 
vegetation establishment. The works are presented in plan view in Figure 21 and conceptual cross section 
views in Figure 22. The recommended works include: 

• Reprofiling the near vertical bank to a gradient of 1V:3H which can achieve slope stability and allow 
the establishment of native vegetation  

• Installation of pile fields at the toe of bank to reduce near bank velocity and shear stress 

• Establishment of riparian vegetation along the reprofiled bank and overbank zone, including 
immediately upstream of reprofiling works to link with upstream corridor of good vegetation 
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• Facilitated revegetation through the extended reach corridor adjacent to the structural bank 
stabilisation works (total reach length ≈ 1.5 km). The extended revegetation works aims to reinstate a 
biodiverse riparian zone that is much more resilient to future flood events providing long term 
stability to the reach.  

• Installation of stock exclusion fencing 

These works will provide immediate protection against erosion and help support the establishment of riparian 
vegetation. The aimed trajectory of the works is shown in Figure 21.  

Each component of the works is discussed below.  
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Figure 21. Stabilisation design plan view – Bank reprofiling, revegetation and pile fields
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Figure 22. The current bank, typical section and trajectory following the implementation of the proposed works 
- Left bank (left) right bank (right) 

Bank reprofiling 
Bank reprofiling works are to be undertaken where the existing bank slope is near vertical, exposed and 
actively eroding. On the left bank, the length of bank reprofiling required is approximately 170 m and 
approximately 110 m on the right bank (Figure 23). The reprofiled bank has been designed at a slope of 1V:3H 
which is likely to achieve slope stability and allow the establishment of native vegetation.  
 
An example of a typical reprofiling cross section is presented in Figure 25. It is estimated that a total of 6,760 
m³ of material will be produced as a result of the earthworks from both banks. A suitable location for the 
disposal of this material has been identified in consultation with the land manager. The spoil is to be placed in 
a depression either side of an access track that runs east-west approximately 200 m north of the site. The 
disposal area is approximately 980 m in length and fill will be spread approximately 10 m either side of the 
track at a depth of approximately 0.3 m (see Figure 24). The existing vegetation in this location is limited to 
isolated trees that will not be disturbed by the spreading of material The spoil zone will then be grassed. 
Extensive desktop and field surveys have been completed on site to assess any potential impacts to threatened 
species and Matters of National Significance (MNES). Whilst squatter pigeons were a potential concern from 
desktop analysis, field surveys showed no squatter pigeons resided within the project impact area. Further 
details of these surveys can be found in section 4.6. 
 
Topsoil will be separated and stockpiled during the earthworks. A 300 mm layer of topsoil will then be placed 
on the reprofiled bank prior to the installation of erosion matting. It is estimated that topsoil demand at 
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300mm across the reprofiled surface is 1,100 m3. There is approximately 4,000 m2 of intact topsoil within the 
designed disturbance footprint at an average depth of 200mm. Ripping and stripping of this topsoil will yield 
approximately 800 m3 of the required demand. The balance required to meet the demand will be sourced 
from the upper 150 mm of subsoil. Soils analysis indicates nutrient deficiencies, and it is therefore 
recommended a fertilizer blend be incorporated into the topsoil following placement (refer to Section 3.2 in 
Appendix A for fertilizer blend requirements and application rates).  
 
During and immediately after the clearing and earthworks stages of construction there is risk of short-term 
erosion of the exposed banks either from overland flow or high channel flows. The first way to manage this risk 
is through appropriate sediment and erosion control measures and undertaking construction at the 
appropriate time of year where the risk of significant rainfall is at its lowest. The ‘Best Practice Erosion and 
Sediment Control.’ Guidelines developed by the International Erosion Control Association (IECA, 2008) provides 
an erosion risk rating procedure for ephemeral channels where flow is directly related to rainfall (such as Site 
B) based on average monthly rainfall. Rainfall data accessed from the Bureau of Meteorology (BOM) at the 
nearby rainfall gauge at Bajool (39002, gauge data from 1912 - 2021) was used to provide an erosion risk rating 
for the site. Based on these results (Table 4 and Table 5) and experience in constructing similar works in the 
region the lowest risk months to undertake the construction phase will be between July and September. 
 
The earthworks will ensure drainage from the local catchment is not conveyed across the reprofiled bank. 
This may require small earth bunds to redirect runoff to the river away from the proposed works (i.e. 
downstream of the works). No ponding of water is allowed within 15 m of the top of the reprofiled bank. Once 
topsoil is laid, erosion matting such as coir mesh or equivalent will be installed to the manufacturer 
specifications prior to revegetation works (example shown in Figure 26) to further reduce risk of short-term 
erosion.   

 

 
Figure 23. Approximate extent of proposed bank reprofiling works 
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Figure 24. Spoil disposal location  

 
Figure 25. An example of a typical cross section of the bank reprofiling works required at Site B 

 
Figure 26. Example of coir mesh installation on the Mary River 
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Once the piles have been installed a 1 m wide, 900 mm deep layer of rock protection will be placed on both 
sides of each of the first four pile fields to protect against scour. The scour risk is greatest for these upstream 
pile fields, beyond the fourth pile field the shear stress will be reduced sufficiently to limit the scour risk. For 
the subsequent pile fields, scour protection rock will be installed at 1m wide on both sides to a depth of 300 
mm.  
 
The piles will have a short life span (approximately 10 years) however within 10 years they will have allowed 
vegetation establishment along the lower bank which can provide the long-term protection against erosion. An 
example of the typical pile field arrangement is presented in Figure 28. 

 
Figure 28. Typical pile field arrangement and cross section 

4.3 Revegetation works  
Revegetation of the reprofiled surface, between the pile fields and along the top of bank is a key component to 
ensure the long-term success of the works at all sites. The reprofiling and revegetation will further reduce the 
risk of outflanking of the pile fields and hence increase the likelihood of success of the works. A gradient of 
1V:3H is a suitable slope for the establishment of native vegetation including groundcovers, shrubs, and large 
trees.  
 
A detailed revegetation design/plan has been developed for the site is included in Appendix A and is 
summarised below. The revegetation aims to encourage the rapid establishment of a vegetation community 
that contributes to bank stability, and a stable landscape that can tolerate creek flows and periodic inundation 
from Langmorn Creek and is representative of the surrounding riparian community.  Revegetation planting 
works will proceed as soon as practical after civil works are completed. However, the revegetation 
contractor/project manager will work with the civil works contractors in the revegetation planning (including 
soil management and amelioration), procurement (of seed, seedlings etc.) and management to ensure 
effective delivery of revegetation works.   
 
Revegetation management zones have been delineated into seven discrete zones as outlined below in Figure 
29, Figure 30 and Table 6. The soil preparation and management, fertilizing requirements, seeding and 
planting species/rates/methods and watering requirements have been developed for each zone and are 
outlined in detail in Appendix A.  
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Figure 29. Revegetation management zones 
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Figure 30. Typical section schematic showing the revegetation management zones 

Table 6. Revegetation management zone areas 

Zone ≈ Area (m2) 

1 – Lower bank (reprofiled surface – gradient 1V:3H) 1,300 

1a – Lower bank (existing surface) 400 

2 – Mid bank (reprofiled surface - gradient 1V:3H) 1,300 

2a - Mid bank (existing surface) 100 

3 – Upper bank and overbank (reprofiled surface – gradient 1V:3H) 1,300 

3a – Upper bank and overbank (existing surface) 5,300 

4a – Facilitated revegetation 56,700 

 

 
The intent is to reinstate a biodiverse riparian zone that is resilient to future flood events. A detailed 
revegetation maintenance and monitoring program has been developed and is outlined in Appendix A and is 
included in the overall monitoring strategy provided in Section 6. With implementation of the maintenance 
program a good coverage of the bank would be expected in the first one or two-years following establishment. 
Stock exclusion will also be enacted to allow for successful establishment of vegetation. Discussions with the 
land manager indicate no issues with stock exclusion from the site during and potentially beyond the project 
life (9 years following construction). When vegetation is well‑established, and there is no longer a risk to the 
engineering structures, short periods of dry‑season grazing may occur within the fenced area to manage fire 
risk or vegetation composition. Stock exclusion conditions will be included within formalised agreements with 
the land managers. These agreements are formal contracts outlining duration of the agreement specified by 
GPC and DCCEEW, land manager responsibilities and site conditions needed to uphold for river stablisation 
work to be funded on the property. A copy of the approved fine sediment offset plan will be provided to the 
land manager and included within the signed contract document.  
 

4.4 Site access 
The most direct and appropriate site access for further site assessments and construction extends from the 
western extent of the property boundary at Langmorn Road and is approximately 2 km to the site (Figure 31). 
A site inspection and constructability assessment was undertaken by FBA and Alluvium staff, and civil works 
contractor on the 30th of August, 2022.  The track appears to be largely in a moderate to good condition, site 
visits coincided with a significant rainfall event and the track base remained firm (examples of track condition 
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are presented in Figure 32). The access track is suitable for access of all the required equipment in and out of 
the site with some minor maintenance work to be undertaken including: 

• Light grading for daily use during construction 

• Line the main hill (highlighted in blue) with fresh gravel to reduce risk of light vehicles getting stuck if 
heavy rain occurs 

• Installation of ‘Whoa-boys’ on the main hill at completion of project to divert road runoff to stable 
location 

 
Figure 31. Existing access to site from Langmorn Road  

 
Figure 32. Photos showing the condition of the existing access track to the site from Langmorn Road 

4.5 Construction management  
The works have been designed to limit hazards during construction and post implementation works. The works 
can be constructed safely providing the risks of working adjacent to a shear bank and working in and near 
water are accounted for. This includes limiting slopes to those which are safe to operate machinery and 
monitor and maintain vegetation. Minimum safety standards for working within these site conditions include:  
 

• A recommendation that no personnel or plant work within 5 m of the crests of the riverbanks. It is 
envisaged that any material required as fill would likely to be ‘pushed’ to the toe from above, with all 
spoil ‘pulled’ back. 



 

FINAL: Fine Sediment Offset Strategy for Gladstone Ports Corporation  32 

• Excavations within the natural soils are expected to be achievable using conventional earth moving 
equipment such as tracked excavators with toothed buckets or small dozers. The proposed 
permanent bank batters of 1V:3H need to be confirmed as acceptable from a geotechnical viewpoint 
as a part of detailed designs.  

The development and implementation of a safe work method statement will ensure the safety of contractors 
during the construction phase. It is recommended that the contactors and the engineer agree on a safe work 
method statement prior to commencement of the works. A Safety in Design report will be prepared for the 
works as a part of the detailed design. In addition, guidance by the design engineer will be provided during the 
construction of the proposed works. Note that it is the contractor’s responsibility to ensure all underground 
services have been located prior to the commencement of works.  

4.6 Additional Stakeholder and traditional custodian engagement 
Additional stakeholders identified as necessary for project engagement in the initial planning stage were the 
Port Curtis Coast Trust (PCCC) and Gladstone Regional Council (GRC).  

PCCC represents the traditional owners of the First Nations Bailai, Gurang, Gooreng Gooreng, Taribelang 
People Native Title Claim Group and provides administrative and operational support for the Registered Native 
Title Prescribed Body Corporate (RNTPBC or PBC). Their region includes traditional country spanning across the 
Bundaberg, Gladstone and North Burnett regions, and covers all properties identified as offset opportunities in 
this plan. Engagement with PCCC took place to discuss cultural values present on potential offset sites, provide 
the opportunity for the Traditional Custodians to gain an understanding of the project, and convey need for 
their involvement in future on-ground cultural assessments.  

GRC is the relevant local government authority body for the proposed area of sediment offset works. FBA 
provided council with an overview of the project, to ensure project awareness and knowledge of the 
environmental benefits. The opportunity was also provided for council to raise any issues they felt may impact 
offset works. Involving as many relevant stakeholder groups as possible in the early planning stage of the 
offset builds foundations for strong relationships that aid in achieving sustainability, longevity, quality, and 
effectiveness of project outcomes. It also provides the opportunity for offset project works to be considered 
from a variety of social, cultural, and legislative angles, decreasing likelihood of issues that could impact works 
being overlooked. 
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4.7 Approvals 
All environmental approvals necessary for on ground works will need to be determined through the State 
Assessment Referral Agency (SARA) of the Queensland Government. This will require the project to be lodged 
on their online system with approvals potentially taking up to 6 months.  

Information required for this approval process will be location and description of works, and evidence of any 
potential impacts to; 

• Stream connectivity (i.e barriers in fish habitats)  

• Protected Wetlands and watercourses 

• Threatened species  

• Essential habitat of native species (e.g removal of nests or trees with hollows) 

• Regulated vegetation (Category B, C, R and Riverine)  

• Critical fish habitat  

• Any other Matters of State or National Significance 

• Sites of Cultural Heritage 

A desktop analysis was performed to check for any impacts to those listed above. The desktop assessment 
included a cultural heritage database assessment (See Appendix C), reviews of State and Commonwealth 
databases and map layers to identify records or potential occurrences of species of conservation significance 
including Least concern and special Least concern animals, vegetation type, areas of remnant vegetation, 
threatened ecological communities, wildlife habitat and any other biodiversity value. From desktop analysis 
the likelihood of vulnerable squatter pigeon Geophaps scripta scripta occurrence promoted site environmental 
assessments to determine any potential impacts (full survey methodology can be found in Appendix B). On-
ground cultural heritage surveys were also completed, to provide as evidence in preparation for the 
lodgement with SARA. 

No Squatter Pigeons were identified as present on the project site and all other species were listed as Least 
Concern. Welcome Swallows Hirundo neoxena listed as Marine were found within the site and their nests 
found within the bank of the eroding riverbank wall in two sections on the construction site (Figure 33). Due to 
this species being listed as Special Least concern and a colonial breeder, specific actions (outlined in Table 7) 
will need to be implemented to ensure as minimal as possible disturbance to the species and/or safe 
relocation of active nests.  The location and position of the nests on an undercut of the bank wall suggests that 
if remediation activities did not occur these nests would likely be lost during the next high rainfall event. It is 
therefore highly likely that the nests may no longer be present on the riverbank when construction activities 
are to take place. No other MNES were identified during field surveys.  
 
Cultural Heritage assessments were completed on the 20th of September 2022 by PCCC’s Senior Cultural 
Heritage Field Officer. No objects or places of cultural heritage significance were located during the inspection 
of the project area streambank and streambed (Langmorn Creek, Lots 11 and 42 DT40168) (See Appendix C).  
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Figure 33: Location and Images of Welcome Swallow Hirundo neoxena nests taken during fauna surveys completed on 
the 15th (top left) and 29th (top right) of September. Mud structures were found on the northern bank with large 
undercutting bank walls predicted to collapse with the next high rainfall event. Nests dug into the side of the southern 
bank were not present at the beginning of fauna surveys but appeared within the week between the fifth and final survey. 
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Figure 34. multi-temporal analysis used for historic erosion rate calculations 

The current bank condition at the site consists of steep, near vertical outside meander banks with exposed 
sandy loams to sandy clay alluvial sediments. As a result, in the absence of management intervention, ongoing 
bank retreat would be expected through a process of toe scour and subsequent gravitational mass failure.  

Baseline erosion rate 
The baseline erosion rate is defined as the rate of erosion that would likely occur in future years in the absence 
of any management intervention (Humphreys and Wilkinson, 2021). The baseline erosion rate is derived from 
the historic erosion rate and a suitable adjustment for climate variability using a climate correction factor. The 
climate correction factor for stream bank erosion is derived by considering the ratio between long term 
average streamflow conditions and the average streamflow conditions over the historic erosion period used in 
calculating the historic erosion rate.  

To calculate the climate correction factor two erosivity measures based on streamflow metrics were 
considered based on the nearest available stream gauge recording station.  

1. The Mean-annual discharge (m³/s) : Climate correction factor = Long-term mean annual 
discharge/historic erosion period mean annual discharge 

2. Rate of events above a threshold discharge : Climate correction factor = Number of events with peak 
discharge > 3 yr ARI for long term record/ Number of events with peak discharge > 3 yr ARI for historic 
erosion period record 

The closest stream gauge to Site B is the Raglan Creek at Old Station gauge (130004A), which is approximately 
17 km downstream on Raglan Creek (Langmorn Creek is a major tributary of Raglan Creek). The stream gauge 
has streamflow data dating back to 1963 – 59 years of record. Climate correction factor calculated using the 
mean annual discharge method and rate of events above threshold method was 1.04 and 0.57 respectively. A 
climate correction factor of 0.8 was used at Site B based on the average of these two erosivity measures.  
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Fine sediment yield 
The fine sediment yield is an estimate of the amount of fine sediment generated from the erosion site and the 
expected abatement resulting from bank stabiilisation works. The proportion of fine sediment is calculated 
based on the estimated silt/clay content and bulk density.  The efficacy of works is based on the effectiveness 
of common erosion control activities listed in Table 1 (pg.23)  of the Gully toolbox 3rd edition (Wilkinson et. al, 
2022). 
The following ratios were applied to the baseline erosion rate to determine the fine sediment yield: 

• Bulk density of soil – Soil properties obtained from the Australian Soil Resource Information System, 
ASRIS (http://www.asris.csiro.au)(As outlined Pg 16 of SECAT user guide) – value: 1.4 mg/m3 

• Percentage of fine sediment – The total fine proportion of soil (clay+silt) was estimated based on the 
soil sampling and lab analysis provided in Appendix 2 of Attachment A – Revegetation plan. will be 
~10% higher than the clay content (as outlined Pg 16 of SECAT user guide). – value: 37 % 

• Efficacy of works – The effectiveness of the works at reducing fine sediment volumes is estimated at 
70% based on Erosion control treatment 10 and the implementation of 9 years of monitoring and 
maintenance of the site. “Engineered stream bank protection and revegetation” from Table 1 (Pg 23) 
in the Gully toolbox 3rd edition (Wilkinson et. al, 2022). Value – 70 %  

Fine sediment reduction at the coast 
The fine sediment reduction at the coast is calculated by multiplying the Total fine sediment yield at site (t/y) 
by the Fine sediment delivery efficiency to coast (Delivery ratio). The delivery ratio to GBR Lagoon –is 
determined from values adopted within the Source - Paddock to Reef catchment modelling - Data provided in 
June 2021 by Robin Ellis (Paddock to Reef catchment modelling, DES). Site B is in Source modelling sub-
catchment SC#1772 which has a delivery ration of 66%.  

A summary of the fine sediment offset calculations due to the proposed project activities is presented below in 
Table 8. It is estimated that following the implementation of the works at Site B - Langmorn Creek an annual 
fine sediment saving of 300 tonnes/year will be achieved. Over a proposed nine-year project period it is 
estimated that the proposed works could result in a fine sediment offset of 3,114 tonnes.  

Table 8. Fine sediment abatement calculations due to project activities at Site B – Langmorn Creek 

Parameter Site B - Langmorn Creek 

Total sediment loss (between 1999 - 2022)(m3) 41,595  

Annual average sediment loss - Historic erosion rate (m3/yr) 1,808  

Climate correction factor  0.8 

Baseline erosion rate (m3/yr) 1,462  

Bulk density (ASRIS soil mapping) (g/cm3) 1.4  

Percentage fine fraction (Source: Soil sampling analysis) 37% 

Efficacy of works (Gully toolbox Table 1 pg 23) 70% 

Fine sediment yield at site (tonnes/yr) 525 

Delivery ratio (Source: Paddock to Reef) 66% 

Fine sediment reduction at the coast (tonnes/yr) 346 

Fine sediment reduction at the coast over 9 yr project period 
(tonnes/yr) 

3,114 
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6 Monitoring and reporting 

Monitoring and maintenance of the stream stabilisation works is required to evaluate and ensure the success of the 
works. Monitoring of these stream stabilisation works requires an assessment of riparian condition, including 
structural works and vegetation works, and sediment loss. The monitoring and evaluation of works is required not 
only to enable sediment abatement (and associated fine sediment offset) calculations but also to evaluate and ensure 
the success of the works.  

An overview of each component, triggers for remediation and relevant performance criteria is summarised below.  

Structural works monitoring 
Structural works including bank reprofiling, pile fields and associated rock will be routinely inspected following RPEQ 
sign off of construction works. Structural monitoring will occur every six months and following high flow events 
(described below) during the vegetation establishment period (24 months). Following this stage, an inspection will 
also be undertaken at the end of each subsequent wet season (between March and May) and following any specific 
high flow events. A high flow event that would trigger an inspection will be determined by:    
 

1. Stream gauge monitoring from the Raglan Creek at Old Station stream Gauge (#130004A) located 
approximately 15 km downstream. When a flow exceeds a 2 yr event then that triggers monitoring (Figure 
35). Assessment of stream gauge data will occur every three months during the vegetation establishment 
period and every 6 months following.   

2. Anecdotal evidence from the property owner that significant flows have occurred (where water levels exceed 
the top of pile field height) will also be used as a secondary supplementary measure.    

 

 
Figure 33. Flood frequency analysis from the Raglan Creek stream gauge highlighting the flow that will trigger an 
event driven inspection (Source: Water Data Online: Water Information: Bureau of Meteorology (bom.gov.au)) 

Structural works inspections will assess the key criteria described below. Remediation measures are also included in 
these descriptions. The performance criteria, including whether remediation works are required are outlined in Table 
9. Maintenance/rectification measures will be carried out as required for the project life (9years).    
 

1. Indications of scouring, rilling or tunnelling of the bank batter surface. If significant (i.e., deeper than 0.3m for 
greater than 2 m) then determine cause of erosion and remediate accordingly. If remediation works are 
required, an engineering inspection will be undertaken to determine required works. Works may require 
preventing runoff concentration through contouring or diversion or installation of batter chute if there are no 
alternative flow paths. If tunnel erosion is found (unlikely at this site due to non-dispersive soils) then dig out, 
fill, and compact to surrounding soil bulk density.  

2. Indications of toe of bank scour. Some minor scour of the toe in between the pile fields is acceptable, if scour 
has resulted in a near vertical toe scarp and has retreated more than 1 m then remediation may be required. 
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This will require an engineering inspection to determine appropriate remedial action (i.e., additional toe 
protection).   

3. Any indication of stock entry to site (i.e., cattle tracks or broken fencing. If stock getting in determine the 
cause and rectify (i.e., fix broken fencing etc.)) 

4. Significant voids, surface irregularities or loose rock around the pile fields. If required additional or existing 
rock can be placed where necessary to repair works. 

5. Whether debris has become lodged in pile fields or whether any vegetation has become established on the 
works in a location which may cause flow to accelerate around it or cause damage to the works if it is 
dragged out during a high flow event. Debris and/or inappropriate vegetation will be carefully removed. 

Table 9. Structural works monitoring performance indicators 

Performance indicator Successful Moderately successful Unsuccessful (Remediation 
required) 

1. Bank surface erosion 
(rilling, tunnelling etc) 

Minimal to no signs of 
erosion 

Sediment saving estimations 
are achieved within the 
predicted time period 

Moderate surface erosion 
typically < 0.3m in depth or 
very isolated 

Erosion >0.3m deep and >2m 
in length 

2. Toe scour Minimal to no signs of toe 
scour 

Moderate toe scour <1m Significant scour – vertical 
scarp with >1m toe retreat 

3. Stock entry Stock entry is controlled to 
ensure soil and vegetation 
disturbance is not impacting 
offset site, 

Stock entered but have since 
been excluded (i.e., fence 
fixed) 

Site accessible to stock 

4. Rock movement Limited to no signs of 
irregularities in rock 
movement 

Isolated rock movement  Voids in rock or significant 
movement 

5. Debris in pile fields Limited to zero debris found 
in pile fields 

Isolated small debris caught 
in ways that still impact flow 

Large or widespread small 
debris lodged – likely to 
influence flow 

 

Photo point monitoring will also be adopted as a broad and easy to interpret indicator of site condition and to assist 
reporting and communication. The bank end of each pile field can serve as a standard photo point location and one 
photo is to be taken looking upstream, looking downstream, looking toward top of bank, and looking toward the toe 
of bank (see Figure 36). Along with fixed photo points, other photos relating to the inspection and performance 
criteria listed above will be taken at the point of interest.  
 
The structural works monitoring frequency is outlined in Table 10. Monitoring is more frequent during the vegetation 
establishment period (first 12-24 months), after which the risk of erosion is lower.  
 
Table 10. Structural works monitoring program 

  

 
* Additional event based monitoring may be required – Stream gauge assessment to occur every quarter during year 1 and 2 and biannually through 

to yr 9.  

Monitoring type Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Structural works monitoring

Year 7 Year 8 Year 9Year 1 Year 2 Year 3 Year 4 Year 5 Year 6
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Figure 36. Fixed photo monitoring point locations for structural assessments 

Vegetation monitoring 
The monitoring approach and key performance indicators are described below. A vegetation maintenance program 
has been developed for the site and is outlined in the detailed revegetation plan in Appendix A. The monitoring 
program is designed to quantify success and identify actions to be implemented for the project life (9 yrs) to track 
progress and inform timely mitigation interventions.  
 
A summary of the key monitoring terms used are outlined in Table 11. 
 

Table 11. Monitoring terms 

Term Definition 

Groundcover  All grass, shrub, legume, and pasture less than 1m height.  

Seedlings  Planted native tree and shrub species 0-6m.  

Trees  Native species greater than 6m.  

Weeds  All species listed in the Biosecurity Act 2014 plus local environmental weeds.  

Litter  Any dead “on-ground” vegetation matter (including spread mulch).  

Rock  Observed surface stone, gravel, or rock.  

Bare ground Land that is free of live vegetation and includes Rock and Litter.  

 

Monitoring approach 
The revegetation monitoring considers each of the vegetation management zones independently.  

Vegetation Management Zones 1- 3 are narrow linear shapes by design. The following linear transect sampling 
approach will be adopted to monitor species for these Zones.  

Timber pickets will be installed every 60m along the Zone’s central axis and a GPS location recorded for each picket. 
Commencing from the picket at 0m, walk 10m recording each planted seedling 2.5m either side of the centreline. At 
10m install a temporary 1m x 1m sample and assess ground cover percentage for all vegetation <1m high. Repeat the 
process for successive 10m sectors until 30m is completed. Step up to the next timber picket and repeat the 
procedure until the zone has been traversed. The linear sample format is demonstrated conceptually in Figure  37. 
Photos are to be taken in North, East, South and West directions at the centre of each quadrat. 
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Figure 37. Linear transect sampling approach 

Sampling of the overbank zone (Zone 3a and Zone 4A) is likely to include areas of non-cleared vegetation and large 
individual trees, linear sampling is less likely to be appropriate. A traverse (an informal, unmarked route along which 
data is collected) can be adopted for gathering vegetation performance data. This method allows for meandering 
amongst remnant vegetation, surveying 5m either side of the traverse centreline. 

It is suggested that a traverse running for the full length of Zone 3A and Zone 4A be undertaken, with quadrats 
surveyed at 25 m intervals. Groundcover below 1 m height will be recorded as a percentage in 1 x 1m quadrats. 
Photos are to be taken in North, East, South and West directions at the centre of each quadrat. Seedling survival, 
seedling species, seedling height and regeneration (natural regrowth of tree species) will be recorded along the full 
length of the traverse. 

The following parameters will be captured in the two subplots: 

• 5m x 30m transect plot 

o Seedling survival 

o Seedling species 

o Seedling height 

o Regeneration (natural regrowth of tree species) 

• Three 1x1m quadrats - Reported ground cover percentage will be the average of: 

o Grass & Pasture% 

o Legume% 

o Litter%. 

Indications of any stock access will also be assessed and reported during all monitoring and maintenance visits.  

Performance criteria and monitoring frequency 
The vegetation monitoring frequency is outlined in Table 12. Monitoring is more frequent during the establishment 
period (first 12 – 24 months). It should be noted that while monitoring may tie in with the scheduled maintenance 
program, the monitoring frequency varies from the maintenance frequency which is outlined in Appendix A. The 
vegetation maintenance will occur as described in the revegetation plan (Section 8.2 of Appendix A) for the project life 
(9 yrs).  

Table 12. Vegetation monitoring program 

 

 

Monitoring type Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Vegetation monitoring

Year 7 Year 8 Year 9Year 1 Year 2 Year 3 Year 4 Year 5 Year 6
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key performance criteria to be assessed during the monitoring program have been developed for each vegetation 
management zone and is outlined in Table 13.  

  

Table 13. Key vegetation performance indicators  

Vegetation management zone Monitoring period Ground cover Seedling survival 

Zone 1 and 1a - Lower bank, and 
Zone 2 and 2a - Mid bank 

Yr 1 - Week 1 Sowing complete 
Seedlings planted at prescribed rate 
1,000 sph trees 
2,000 sph sedges 

Yr 1 - Week 12 70% 95% survival 

Yr 1 -Month 12 85% 
85% survival 
Average tree height 0.8m 

Yr 2 - Month 18 85% 
85% survival 
(tree survival becomes key indicator) 

Yr 2 - Month 24 85% 
85% survival 
(tree survival becomes key indicator) 

Yr 3 - Month 36 85% 
85% survival 
(tree survival becomes key indicator) 

Yr 4 - Month 48 85% 
85% survival 
(tree survival becomes key indicator) 

Yr 5 - Month 50 85% 
85% survival 
(tree survival becomes key indicator) 

Yr 6 – Month 62 85% 
85% survival 
(tree survival becomes key indicator) 

Yr 7 – Month 74 85% 
85% survival 
(tree survival becomes key indicator) 

Yr 8 – Month 86 85% 
85% survival 
(tree survival becomes key indicator) 

Yr 9 – Month 98 85% 
85% survival 
(tree survival becomes key indicator) 

Zone 3 and3a - Upper bank and 
over bank 

Yr 1 - Week 1 Sowing complete 
Seedlings planted at prescribed rate 
750 sph trees 
750 sph sedges 

Yr 1 - Week 12 70% 95% survival 

Yr 1 -Month 12 85% 
85% survival 
Average tree height 0.8m 

Yr 2 - Month 18 85% 
85% survival 
(tree survival becomes key indicator) 

Yr 2 - Month 24 85% 
85% survival 
(tree survival becomes key indicator) 
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Yr 3 - Month 36 85% 
85% survival 
(tree survival becomes key indicator) 

Yr 4 - Month 48 85% 
85% survival 
(tree survival becomes key indicator) 

Yr 5 - Month 50 85% 
85% survival 
(tree survival becomes key indicator) 

Yr 6 - Month 62 85% 
85% survival 
(tree survival becomes key indicator) 

Yr 7 - Month 74 85% 
85% survival 
(tree survival becomes key indicator) 

Yr 8 – Month 86 85% 
85% survival 
(tree survival becomes key indicator) 

Yr 9 – Month 98 85% 
85% survival 
(tree survival becomes key indicator) 

Zone 4A 

Yr 1 - Week 1 nil 

Seedlings planted at prescribed rate 

334 sph trees 

166 sph sedges 

Yr 1 - Week 12 nil 95% survival 

Yr 1 -Month 12 nil 
85% survival 
Average tree height 0.8m 

Yr 2 - Month 18 nil 
85% survival 
(tree survival becomes key indicator) 

Yr 2 - Month 24 nil 
85% survival 
(tree survival becomes key indicator) 

Yr 3 - Month 36 nil 
85% survival 
(tree survival becomes key indicator) 

Yr 4 - Month 48 nil 
85% survival 
(tree survival becomes key indicator) 

Yr 5 - Month 50 nil 
85% survival 
(tree survival becomes key indicator) 

Yr 6 - Month 62 nil 
85% survival 
(tree survival becomes key indicator) 

Yr 7 - Month 74 nil 
85% survival 
(tree survival becomes key indicator) 

Yr 8 – Month 86 nil 
85% survival 
(tree survival becomes key indicator) 

Yr 9 – Month 98 nil 
85% survival 
(tree survival becomes key indicator) 
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Independent of any monitoring survey outcomes, seedling refill and seed re-sow will be required on all planted areas 
up to the end of Revegetation Maintenance Year 1 within any Zone when the following conditions exist: 

• Any bare area greater than 5m2 (for zones 1-3) and 10m2 (for Zone 4A) 

• Any contiguous area of 20m2 with less than 50% groundcover. 

• Any row length of planted seedlings greater than 15 m where seedlings have failed. 

The above thresholds provide guidance for vegetation management on all Zones. If these requirements are not met, it 
will be considered failed, and will undergo remedial revegetation to achieve: 

• A minimum ground cover of 80%; and/or 

• A minimum tree survival in line with Table 13 above. 

. 

Topographic monitoring 
Successful vegetation establishment will be the key indicator of project success. Topographic monitoring will be used 
in conjunction with the structural works and vegetation monitoring to identify any erosion issues that may not have 
been picked up due to dense vegetation coverage, and help ensure project success. 

By comparing two digital elevation models (DEM) over a period of time a DEM of Difference (DoD) can be developed. 
A DoD identifies changes in ground surface elevation from two DEMs captured at various temporal scales. From the 
DoD the volume of sediment eroded from the bank can be assessed. Topographic survey is to be undertaken using 
repeat high-resolution aerial LiDAR survey (minimum 50 points/m2) – a drone LiDAR survey is appropriate for capture 
across the site.    

A limit of detection will also be applied to the DoD to account for uncertainty in the accuracy of the DEMs due to 
potential vertical accuracy errors, misalignment, surface roughness and vegetation differences. The limit of detection 
will be set to a level where there is no erosion shown outside of the streambank or channel. Typically values between 
-0.15 m and 0.15 m will be excluded from the DoD analysis, although this will vary depending on the data quality. A 
histogram of volume loss can be utilized to justify the limit of detection applied in any case. 

The DoD will pick up any significant surface changes due to erosion and will trigger a response as per performance 
indicators provided above in Table 9.  

Topographic monitoring will need to occur immediately after the completion of the bank stabilisation works to 
establish the baseline for monitoring. Repeat surveys will be undertaken each year following the wet season (March to 
May) and then compared with the baseline survey (DoD).   

Where significant repair/maintenance works are undertaken (i.e. earthworks were required to reshape bank or repair 
tunnelling) additional topographic surveys will be done immediately following the repair as this will act as the updated 
baseline surface for future monitoring.  

Successful vegetation establishment will be the key indicator of project success. This will be monitored and 
maintained as described above (structural works monitoring and vegetation monitoring) to ensure success.   

The Topographic monitoring frequency is outlined in Table 14. 

Table 14. Topographic monitoring program 

 

 

 

Monitoring type Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Topographic monitoring*

Year 7 Year 8 Year 9Year 1 Year 2 Year 3 Year 4 Year 5 Year 6
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Reporting 
A milestone reporting program has been developed for the site and is required to ensure the plan achieves the 
erosion control and revegetation outcomes identified. Performance Reports should be submitted by the contractor for 
the duration of the nine (9) year monitoring program following each monitoring event and summarised in a yearly 
progress update report. The information to be provided in the monitoring reports is summarised below. A report 
should be provided following each monitoring event and a yearly progress update report.  
 
A completion report will be provided to the department at the end of the project detailing the results, learnings and 
overall outcome of the project. This report will include all performance and monitoring reports mentioned above.  
 

Structural monitoring report: 

• Photo records from fixed monitoring sites and other areas of interest 

• Performance against key performance indicators 

• Any remedial actions required including further engineering inspections 

• Other issues/recommendations 

Vegetation monitoring report: 

• Photo records from fixed monitoring sites and other areas of interest 

• Sampling results summary including ground cover percentages, seedling/tree heights, survival rates etc.  

• Performance against key performance indicators 

• Any recommended remedial actions 

• Identification of other potential issues and recommendations 

Topographic monitoring report: 

• Data capture information including date, resolution, vertical and horizontal accuracy, any alignment shifts 
required, limit of detection applied 

• Mapping of DoD completed for comparison period 

• Any recommended remedial actions 

• Performance against key performance indicators 

Progress update report: 

• Summary of the overall offset site performance based on monitoring reports 

• Trajectory of sediment offset project (i.e., is it on target to meet required fine sediment savings) 

• Identification of any issues that may result in inability to achieve offset and any associated recommendations  

A summary table outlining the required monitoring timing/frequency for each type of monitoring is provided in Table 
15.  

Table 15. Summary of required monitoring frequency 

 
*1 Additional event-based monitoring may be required; *2Additional topographic survey may be required if remediation works requiring earthworks 

is required on site. 

Monitoring type Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Structural works monitoring*

Vegetation monitoring

Topographic monitoring*

Year 7 Year 8 Year 9Year 1 Year 2 Year 3 Year 4 Year 5 Year 6
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9 Timelines for delivery 

As identified in Section 1, the overall offset project is comprised of three key stages: 

5. Stage 1: Fine-grained sediment validation monitoring plan (Complete) 

6. Stage 2: Development of Fine Sediment Offset Plan (This project) 

7. Stage 3: Implementation of Fine Sediment Offset Plan (to be completed) 

The stages, key steps required within each stage and approximate time to complete the stage are provided in Figure 
30. It should be noted that as a part of our risk management strategy the civil construction phase will only take place 
during the dry season, ideally between July and September which also aligns well with recommended seeding timing 
of September/October. A schematic representation of the overall fine sediment offset project is shown in Figure . A 
Gant chart including the key project components and monitoring timing for the project life (9 years following 
construction) is also provided in Table 18. Note there is also a detailed maintenance schedule provided in Sect 8.2 of 
Appendix A.  

 
Figure 38. Schematic representation of the overall Fine Sediment Offset project 
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Table 18. Key project components and timing 

 

 

*1 Additional event-based monitoring may be required; *2Additional topographic survey may be required if remediation works requiring earthworks 

is required on site. 

 

Construction 

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Detail design to tender

Detailed design

Approvals

Tender process

Construction

Civil construction works

Reegetation works (including procurements)

Monitoring 

Structural works monitoring*

Vegetation monitoring

Topographic monitoring*

Year 7 Year 8 Year 9Contract  Tender Year 1 Year 2 Year 3 Year 4 Year 5 Year 6
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Appendix B: Site B survey methods for Species Management Plan 
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1.3 Legislative framework 

The Acts that are considered in this SMP are those that are directly applicable to the management of wildlife in 

the project area. These are:  

 

Nature Conservation (NC) Act 1992  

 

The object of the NC Act 1992 is the conservation of nature while allowing for the involvement of indigenous 

people in the management of protected areas in which they have an interest under Aboriginal tradition or Island 

custom. This is to be achieved by an integrated and comprehensive conservation for the whole state that includes; 

gathering of information and community education, dedication and declaration of protected areas, management of 

protected areas, protection of native wildlife and its habitat, use of protected wildlife and areas to be ecologically 

sustainable, recognition of interest of Aborigines and Torres Strait Islanders in nature and their cooperative 

involvement in its conservation and cooperative involvement of landholders (Queensland Government 

downloaded March 2020).  

 

Nature Conservation (Wildlife) Regulation 1996 (NCR) 

 

The NCR prescribes native wildlife as extinct in the wild, endangered, vulnerable, near threatened, least concern 

wildlife and other wildlife international wildlife and prohibited wildlife. It states the declared management intent 

and the principles observed in any taking of or destruction for each group.  

Nature Conservation (Wildlife) Regulation 2006. 

 

Under section 332 of the NCR any activity that will tamper (e.g., remove, damage, impair, degrade) with the 

confirmed breeding place of a native animal that is extinct in the wild, endangered, vulnerable, near threatened or 

least concern wildlife requires authorisation under a Species Management Program. Dependent on the species 

which will be affected on of the two following SMPs is required:  

1) Species Management Program for tampering with animal breeding places (low risk of impacts). This applies 

to least concern animals, excluding special least concern animals or colonial breeders.  

2) Species Management Program for tampering with animal breeding places (high risk of impacts). This 

includes all other protected animals including special least concern animals, colonial breeders.  

 

An animal breeding place is defined as a bower, burrow, cave, hollow, nest or other thing that is commonly used 

by the animal to incubate or rear the animal’s offspring.  

 

Environment Protection and Biodiversity Conservation Act 1999  

 

The EPBC Act provides a legal framework to protect and manage nationally and internationally important flora, 

fauna, ecological communities and heritage places—defined in the EPBC Act as matters of national environmental 

significance (DEE 2019).  

 

Under the EPBC Act, any action that has or is likely to have a significant impact on a Matter of National 

Environmental Significance may only progress with the approval from the Minister of Environment under part 9 of 

the EPBC Act.  

 

The EPBC Act identifies nine Matter of National Environmental Significance: 

(i) World Heritage Properties  

(ii) National Heritage Places  

(iii) Wetlands of International Importance (Ramsar wetlands)  

(iv) Nationally listed threatened species and ecological communities  

(v) Listed migratory species  

(vi) Commonwealth marine areas  
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(vii) Great Barrier Reef Marine Park  

(viii) Nuclear actions (including uranium mining)  

(ix) Protection of water resources from coal seam gas development or large coal mining development  

 

The EPBC Act is relevant to this SMP because species listed as critically endangered, vulnerable and listed 

migratory species are also listed under the Nature Conservation Act as Least Concern Species and Special Least 

Concern species. Under this clause the EPBC Act would only be applicable if EPBC act listed species are recorded 

within the site in further survey work. 

 

1.3.1 Applicable species 

The SMP for this project details management measures to avoid or mitigate any impacts from the proposed 

construction activity on Least Concern, Vulnerable and Endangered wildlife. The SMP addresses the potential 

impacts of construction, any potential post construction impacts, and the management actions necessary to 

reduce these impacts on the breeding places of these species under the Nature Conservation Act 1992.  

 

The SMP identifies:  

• Potential impacts on native fauna breeding places  

• Proposed management actions to avoid/mitigate impacts  

• Roles and responsibilities  

• Monitoring and reporting requirements  

1.4 Terms of approval 

This species management plan is to remain valid for the duration of all phases of the project.  

 

The following parties are to be approved to operate under this program:  

 

• Gladstone Ports Corporation 

• Fitzroy Basin Association  

• Site construction contractors and sub-contractors (TBC) 

• Site environmental representative (FBA Ecologist TBC) 

 

2. Assessments 

2.1 Survey methodologies 

Desktop and field assessments were undertaken between December 2021 and October 2022.  

 

2.1.1 Desktop assessment  

A desktop assessment was conducted to identify records of occurrence or the potential occurrences of species 

of conservation significance and threatened ecological communities (under the EPBC or Nature Conservation 

(Wildlife) Regulation 1996) within the study areas defined in section 2.1. The desktop assessment included 

reviews of State and Commonwealth databases and map layers to identify records or potential occurrences of 

species of conservation significance including least concern and special least concern animals, vegetation type, 

areas of remnant vegetation, threatened ecological communities, wildlife habitat and any other biodiversity values.  

 

The following is the list of map layers, databases and search tools used. 
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Map layers  

• WildNet wildlife records Queensland  

WildNet is a Queensland wildlife database which contains recorded sightings of native and naturalised 

wildlife particularly plants, protists, fungi, mammals, birds, reptiles, amphibians, freshwater and cartilaginous 

fishes, butterflies and some other priority invertebrates.  

 

• Matters of state environmental significance – Wildlife habitat - threatened and special least concern animal  

This map layer shows Threatened Wildlife and Special Least Concern Animal habitat that are matters of 

state environmental significance.  

 

• Matters of state environmental significance - Regulated vegetation - essential habitat - Queensland  

This map layer shows Regulated Vegetation (essential habitat). These are areas of essential habitat on the 

essential habitat map for an animal that is endangered wildlife or vulnerable wildlife or a plant that is 

endangered wildlife or vulnerable wildlife.  

 

• Matters of state environmental significance – Regulated vegetation – under the Vegetation Management Act 

1999 including categories B, C and R and regulated vegetation defined watercourse.  

Regulated vegetation - category B endangered or of concern  

Regulated vegetation - category C endangered or of concern  

Regulated vegetation - category R GBR riverine  

 

• Wetland protection area - high ecological significance wetland  

Wetlands of high ecological significance (HES) identify areas where policies apply under the State Planning 

Policy 4/11: Protecting Wetlands of High Ecological Significance in Great Barrier Reef Catchments.  

 

• Regulated vegetation - 100m from wetland  

This map layer shows regulated vegetation that is within 100m of a wetland. 

Data bases and search tools  

• Protected Matters Search Tool  

Search tool to generate a report that help determine whether matters of national environmental 

significance or other matters protected by the Environment Protection and Biodiversity Conservation Act 

1999 are likely to occur in the area of interest.  

 

• Birds Australia Atlas Database  

List of bird species recorded in the project area.  
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5.2 Contingency planning 

Should breeding places of animals not described in this SMP be identified during construction all works should 

cease and contingency measures including any additional species management actions will be determined in 

consultation with the Department of Environment and Science.  

Only designated and trained personal will be allowed to handle fauna under a limited range of circumstances. This 

may include assisting any native animal trapped/stranded within the construction area. If any animal requires care 

or treatment a veterinarian or licenced wildlife carer will be contacted. Suitable records of any incidents with 

native wildlife will be kept by FBA (Project Ecologist). 
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Appendix C: Cultural heritage assessment results 

 




