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Executive Summary  
The purpose of this report is to provide a surface water impact assessment for the BHP Mitsui Coal (BMC) 
proposed South Walker Creek Mine Mulgrave Resource Access, Stage 2C (MRA2C) Project (the Project). The 
Project is a controlled action under the Environment Protection and Biodiversity Conservation Act 1999 (EPBC 
Act) (EPBC 2017/7957). 

Under the EPBC Act, an action which involves a coal seam gas (CSG) development or a large coal mining 
development  requires approval from the Minister for the Environment and Energy (the Minister) if the action 
has, will have, or is likely to have a significant impact on a water resource. The “Significant impact guidelines 
1.3: Coal seam gas and large coal mining developments – impacts on water resources” (Australian Government 
Department of Environment, 2013) were developed to assist proponents to decide whether the action has or 
is likely to have a significant impact on a water resource. This report provides an assessment of the 
significance of impact to users, including environmental function and features (identified in the environmental 
values) of the surface water resources in accordance with the EPBC Act and its guidelines. A ‘significant impact’ 
is an impact which is important, notable, or of consequence, having regard to its context or intensity. Whether 
or not an action is likely to have a significant impact depends upon the sensitivity, value, and quality of the 
water resource which is impacted, and upon the intensity, duration, magnitude and geographic extent of the 
impacts. 

E 1.1 Significance of the MRA2C Project on hydrology of Walker Creek and Bee Creek 

Hydrology of Walker and Bee Creeks 
The maximum impact on flows in Walker Creek as a direct result of the increasing catchment areas of F, G & H 
and H & I Pits is a decrease of 0.47% and 0.08% of the Bee Creek catchment as measured downstream at 
Dipperu National Park by 2049. This estimate does not consider any compliant flows released from storage (in 
F Pit and/or two new proposed Northern and Southern Dams) under Environmental Authority (EA) conditions 
and can therefore be considered as the maximum catchment areas that could contribute to a decrease in 
flows. It is reasonable to consider this as a conservative (maximum upper limit) scenario as at pit closure the 
catchments and voids of F, G & H and H & I Pits will have no pumping and will not contribute any runoff to 
Walker Creek. Whilst final mine closure pit void and landform is not yet fully designed it is considered to be a 
reasonable scenario at this time to assess the expected magnitude of impacts. This percentage reduction in 
catchment area and flows is well within any margin of error in calculations and is not considered to represent 
any significant impact on the hydrology of Walker and Bee Creeks and is therefore considered to have no 
significant impacts to users. 

Highwall drain catchments 
The catchments on the western side of the pit progression that will continue to drain towards the highwall 
(highwall drain catchments) require consideration. Runoff will initially drain to the remnant Walker Creek 
channel from where it must be pumped out. This catchment will remain unaffected by mining activity and so 
runoff can be pumped directly to Walker Creek under existing EA conditions. As the mine develops between 
2019 and 2065 the highwall drain catchments reduce as the pits progress. The remnant Walker Creek channel 
will be mined through and a number of subcatchments will be created, which can be joined by constructed 
drainage or managed separately. By 2065 the highwall drain catchment area will be minimal and the remaining 
catchments topography can be graded and/or built up to prevent ponding behind levees. 

This water will be clean runoff, released to Walker Creek under EA conditions and with no identified significant 
impacts to users. 

Flood flows and extents 
Changes to flood flows and extents are localised to the diversion and the immediate reaches of Walker and 
Carborough Creeks upstream and downstream from the diversion. Changes will remain on lease or on BMC 
owned land and as such there are no significant impacts to users.  
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E1.2 Significance of the MRA2C Project on water quality 
The catchment areas of the pits within the MRA2C Project have been determined and how they are predicted 
to change over the mine life. From commencement of the Project in 2019 until 2034 there is predicted to be 
very little change in the catchment areas and land use (spoil and pit void) compared to the current base case. 
Rehabilitated areas change over time as the pits progress but those areas drain away from the pit voids and 
runoff is treated prior to discharge. The sites’ water management system including release of mine affected 
water operates effectively under current EA conditions – given that the catchment areas of the pits changes 
little over the period 2019 to 2034 it can be expected that the mine can continue to operate effectively 
without the need for changed EA conditions. From 2034 to 2049 the catchment area increases by 163.4 Ha 
(40% greater than the current base case); however, whilst the catchment areas of the pits increase, resulting in 
a greater volume of water being required to be removed from the pits to alternative storage (two new 
proposed Northern and Southern Dams) prior to discharge, water quality can be expected to be the same as 
the base case whilst annual volume increases. Never-the-less it is expected that with appropriate modified 
storage and discharge infrastructure (Northern Dam and Southern Dam) that discharges can continue to be 
undertaken in line with current EA conditions with no change in water quality to the downstream 
environment. 

E1.3 Summary of significance of impacts 
Under the definitions detailed in “Significant impact guidelines 1.3: Coal seam gas and large coal mining 
developments – impacts on water resources” and described in Section 10.2 of this report, the development of 
the Project will not result in any identifiable significant impacts to users. 
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1 Background and context 

South Walker Creek Mine (SWC) is a BHP Billiton Mitsui Coal (BMC) owned and operated coal mining operation 
in Central Queensland, approximately 125 kilometres from Mackay. The mine operates under Queensland 
Environmental Authority (EA) – South Walker Creek Mine (Permit No. EPML00712313) (DEHP September 2016) 
and several project specific Federal Environment Protection and Biodiversity Conservation Act (EPBC) 
approvals. A copy of the EA is provided in Appendix A.  

The SWC operation interacts with the Walker and Carborough Creek systems which overlie low strip ratio coal 
measures. Previous creek diversions have been constructed at SWC to provide access to these coal measures. 
The Mulgrave Pit now has three strips of coal left before being constrained from further mining by these creek 
systems. The mine planning process has identified the need for progression of the Mulgrave Pit, which will add 
significant value to the SWC operation.  

BHP have conducted a study on creek diversion options for the Mulgrave Resource Access Project, which has 
resulted in preferred options known as Stage 2A and Stage 2C and shown in Figure 1.  

Stage 2A of the project became operational in 2016.  Stage 2C (referred to as the MRA2C Project, the Project), 
the focus of this report, has been subject to functional and detailed design and impact assessment and is 
scheduled to commence construction in 2019, subject to receipt of all approvals. The impact assessment is 
based on the Project disturbance footprint identified in Figure 2. 

 

Figure 1. Stages 2A and 2C of the Walker Creek Diversion 

This report details the findings of an assessment, which identifies and qualifies impacts from the Project to 
surface water resource users, including third parties and the environment. The primary assessment is of 
potential impacts to the quality and quantity of water for receiving users; including environmental function 
and features. 
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Figure 2. MRA2C EPCB area and disturbance area
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2 Scope and purpose of the assessment  

The purpose of this report is to provide a surface water impact assessment for the Project. The Project is a 
controlled action under the EPBC Act (EPBC 2017/7957). It provides surface water impact information that 
supports the Preliminary Documentation required for assessment under the EPBC Act.  

A number of surface water surveys, monitoring and reports have previously been undertaken across SWC, 
including the following reports, which collectively provide much of the background information detailed in this 
report:  

x Kemmis II – Impacts on water quality and hydrology (Texel Solutions, 2013) 
x Mulgrave Pit – Surface Water Aspects (Texel Solutions,2013) 
x MRA2A EPBC referral 
x South Walker Creek and Poitrel Mines – salt assimilation studies – environmental values and water 

quality objectives (BMT WBM, 2011) 
x Functional Design Report: Mulgrave Resource Access Walker Creek Diversion – Stage 2C  (Alluvium, 

2016) 
x Summary Design Report: Mulgrave Resource Access Walker Creek Diversion – Stage 2C Detailed 

Design (Alluvium, 2016) 
 
This report provides: 

x Section 1 - Background and context of the Project 
x Section 2 - Scope and purpose of the assessment 
x Section 3 - Progression of mining - a description of the progress of the Project 
x Section 4 -  Hydrological setting - a description of the hydrological setting (catchments) within which 

the Project is located  
x Section 5 - Condition of surface waters - a determination of the condition and value of surface water 

resources present  
x Section 6 - Users and environmental values – relevant to the water resource 
x Section 7 - Changes to hydrology as a result of the Project - an assessment of changes to the 

hydrology as described in Section 4. 
x Section 8 - Changes to water quality as a result of the Project - an assessment of any changes, if any 
x Section 9 - Significance of impact to the surface water resources - this is an assessment in accordance 

with the EPBC Act and its guidelines. 

Under the EPBC Act, an action which involves a CSG development or a large coal mining development now 
requires approval from the Australian Government Environment Minister (the Minister) if the action has, 
will have, or is likely to have a significant impact on a water resource. The “Significant impact guidelines 1.3: 
Coal seam gas and large coal mining developments – impacts on water resources” (Australian Government 
Department of Environment, 2013) were developed to assist proponents to decide whether the action has or 
is likely to have a significant impact on a water resource. Section 9 of this report provides an assessment of the 
significance of impact to the surface water resources in accordance with the EPBC Act and these guidelines. 
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3 Progression of mining 

3.1 Current mine plan 
The current mine plan progression of mining strips for the Project from 2016 to 2065 is shown in Figure 3 
together with current subcatchments and water management system storages relevant to the Project. Over 
that period, four areas of interest to the study are identified as follows: 

x Active pit – the area between the top of the high wall and the toe of the low wall – the area where 
direct rainfall and potential groundwater seepage will drain to. The active pit includes pre-strip areas. 

x Spoil areas – the area of spoil from the crest of the low wall to the toe of the low wall – the 
unrehabilitated, active spoil area, where water runoff drains to the pit. 

x Rehabilitated area – the area draining away from the crest of the low wall and pit where the spoil is 
rehabilitated to final landform or is in the process of rehabilitation. Runoff from this area is 
considered to be clean water runoff as it is sourced from either fully rehabilitated areas or has been 
treated by sediment control structures prior to discharge. 

x Unmined areas – where clean water runoff drains directly or via drainage to Walker Creek. This 
includes all areas between the high wall and the western lease boundary, which may include capture 
and drainage (or pumping) of runoff between the highwall and diversion levees (referred to hereafter 
as the highwall drain catchments). All runoff from this area is assumed to be non-mine affected and 
will be directed to Walker Creek and not to the pit.  

3.2 Base case 
A base case for the Project study area has been established as at early 2016 as shown in Figure 2 with the 
following assumptions: 

x The Project study area is 1,412 Ha, plus minor overlap with the previously approved MRA2A area  
x Apart from minor overlap with the developed MRA2A Project area, all land surfaces are in a pre-

disturbance condition. There are no current pit interceptions of the Project study area and all runoff 
flows to surface waterways and discharges from the study area via Walker Creek. 

x The approximate average width of the base of the working pit is 150m and the approximate average 
width of the spoil area is 300m. These widths have been used as the basis for modelling the advancing 
pit over the 7 modelled blocks of time. 

x There are three main subcatchments that define the area draining to the pits: F Pit; G & H Pit; and H & 
I Pit. 

x There is a fourth group of subcatchments in the Project area that are of interest to the study; the area 
between the highwall and the Project diversion. This group of subcatchments are referred to as the 
highwall drain catchments. It is comprised of areas that are clean water runoff from undisturbed 
ground (and may include rehabilitated spoil areas from construction of the Project diversion and so 
will still be considered clean water runoff ), drain to terminal catchments due to levee and plug 
construction (i.e. they do not discharge directly from site via Walker Creek). The terminal catchments 
will require active pumping or a one way valve to remove ponded water, or in some cases, grading 
along contours to divert water to Walker Creek. This catchment area will decrease over the lifespan of 
the Project as the pits advance. These catchments will require their own management system to 
ensure clean water continues into Walker Creek. 

x There is a fifth area, to the west of the diversion, which is within the study area but is not considered 
as part of this assessment as it currently drains to Walker Creek and will continue to do so and will be 
undisturbed by the project. 

3.3 Pit advancement 
From the base case, advancement of the pits has been considered in logical blocks of years rather than 
annually due to scale of the project and minor variations at the annual scale.  The following blocks provide the 
basis of a fit for purpose analysis of potential impacts and are based on mine planning as it is currently known. 
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x 2016-19 - The base case with existing pit, spoil and rehabilitation areas. This also includes the first 
pre-strips prior to interception with the Project study area. 

x 2019-24 - This 5 year period is the first time that mining will intercept the Project study area. 
x 2025-29 - This 5 year block is the first major advancement into the Project study area. 
x 2030-34 - The 2nd 5 year block. 
x 2035-39 - The 3rd 5 year block. 
x 2040-49 - A ten year block. 
x 2050-65 - The final block, 15 years. This will be the final configuration at pit closure. 

For each of these blocks of time, areas have been calculated for each of the four areas of interest: active pit; 
spoil; rehabilitated areas; and unmined areas and for each of the catchments of F Pit; G & H Pit; and H & I Pit. 
From 2025 the rehabilitated areas are included with the natural (unmined) areas as all runoff from those areas 
is directed away from the pits, treated as clean water, and discharged as per EA conditions. 

Figures 4 to 11 show these changing areas for each of the seven blocks of time. By the end of the 2050-65 
block, the final pit void and spoil areas reduce as the area of rehabilitation, which drains external to the pit, is 
finalised. At that point the highwall catchments are minimal and remaining highwall drain catchments 
topography can be graded and/or built up to prevent ponding behind levees. As is shown in Table 1, the total 
area of internally draining catchment increases from the base case of 412 Ha in 2019 to a maximum of 579 Ha 
in 2049 before declining at closure to 395 Ha in 2065, a decrease of 20 Ha over the base case. 

Table 1. Land use and catchment areas for F Pit; G & H Pit; and H & I Pit 2016 to 2065 

Years Pit (Ha) Rehab/natural (Ha) Spoil (Ha) TOTAL (Ha) % of Base  Case 
2016 100.6 73.1 241.0 414.7 

 2016-19 91.8 50.8 269.5 412.0 99.3 
2020-24 105.8 27.4 188.5 321.7 77.6 
2025-29 130.6 

 
256.4 387.0 93.3 

2030-34 156.3 
 

263.9 420.2 101.3 
2035-39 199.9 

 
360.5 560.5 135.1 

2040-49 174.9 
 

404.5 579.4 139.7 
2050-65 101.6 

 
293. 394.6 95.1 
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Figure 3. MRA2C Project Mine Plan 2016-65 
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Figure 4. MRA2C Project Pit Catchments and land use as at 2016 
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Figure 5. MRA2C Project Pit Catchments and land use as at 2019 
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Figure 6. MRA2C Project Pit Catchments and land use as at 2024 
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Figure 7. MRA2C Project Pit Catchments and land use as at 2029 
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Figure 8. MRA2C Project Pit Catchments and land use as at 2034 
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Figure 9. MRA2C Project Pit Catchments and land use as at 2039 
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Figure 10. MRA2C Project Pit Catchments and land use as at 2049 
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Figure 11. MRA2C Project Pit Catchments and land use as at 2065 
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Storage capacity and water management 

At the time of preparing this report, the site water management system utilises the inactive void of F Pit as a 
water storage. Water from F Pit is periodically pumped to C Dam or F Dam from where it is used for site water 
requirements or released to Walker Creek under current EA conditions. Once the MRA projects are developed, 
F Pit will no longer be available as a water storage. A number of alternative arrangements have been 
considered by BHP. The selected option is to replace F Pit as a storage by constructing two new dams: the 500 
ML Northern Dam and 2 GL Southern Dam (the locations of which are shown in Figure 3), these will then act as 
water storage with sufficient capacity to hold mine affected water for site water use and for release to Walker 
Creek under EA conditions. 

The modified option of decommissioning storage in F, G, H & I Pits and constructing the Northern and 
Southern Dams are also shown as the future storage volume in Table 1. For this study the site water balance 
model was initially reconfigured to assess the option of removing F Pit as a storage and modifying C Dam to 
increase its capacity by 1.5 GL. That option was replaced with a new option of constructing the Northern and 
Southern Dams (with an increased combined capacity as the initial C Dam modification option) as a 
replacement for storage in F Pit. The model shows that the combined volumes peak in 2049 with the 1% 
exceedance probability equivalent to 1.232 GL.  These figures do not allow for controlled and accidental 
releases (estimated to be very small). However, assuming those two variables remain unchanged, this 
demonstrates that constructing the Northern and Southern Dams with a combine storage of 2.5 GL should 
provide sufficient storage so that in any particular year there is less than a 1% chance of the volume being 
inadequate. 

Table 1: Current and future water storage capacity relevant to the MRA2C Project 

Dam Storage Capacity (ML) Scenario 1: Southern Dam 
Capacity (ML) 

Scenario 2: Northern and 
Southern Dam Capacity (ML) 

F Pit 1,700 None due to mining of the 
Project 

None due to mining of the 
Project 

Northern Dam Not constructed Not constructed 500 

Southern Dam Not constructed 2,000 2,000 

F Dam - Estimated 150 - - 
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4 Hydrological setting of the Project  

The location of the Project study area within the Walker Creek catchment, Bee Creek catchment and broader 
Fitzroy River catchment is shown in Figure 12. These local and regional catchments areas are presented in 
Table 2. 

 

Figure 12. Location of Project study area within local and regional catchments 
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Table 2. Catchment areas 

Sub-catchment level 1 Sub-catchment level 2 

Bee Creek to Dipperu National Park: 1,945.4 km2 

Walker Creek to the confluence with Bee Creek 
(excluding Carborough Creek) 185.9 km2 

Carborough Creek 163.6 km2 

Bee Creek excluding Walker and Carborough Creeks 
1,595.9 km2 
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5 Condition of the surface water resources  

The receiving waterways have been described previously in “South Walker Creek and Poitrel Mines – Salt 
Assimilation Studies: Environmental Values and Water Quality Objectives” (BMT WBM 2011). Additional 
descriptions are available for Walker Creek within the mine site in diversion monitoring reporting, the most 
recently available being 2017 (Neilly Group Engineering, 2017). 

Bee Creek 
Bee Creek extends from its headwaters, located approximately 40 km north of SWC, to Funnel Creek, which 
eventually flows into the Connors River. Hail Creek Mine and SWC are both located in the Bee Creek 
catchment. At a waterway distance of approximately 39 km south-east of SWC, Bee Creek forms the western 
border of Dipperu National Park.  The east bank of Bee Creek forms the boundary of Dipperu National Park 
with the west bank being an operational grazing property. Both banks were identified in 2011 as being 
disturbed by cattle access tracks to a similar extent of the banks observed farther upstream, beyond the 
National Park.  

Stream sediments are typically comprised of coarse sand, although boulders and cobble are present in places, 
with occasional bedrock exposures. Several of the sites on Bee Creek, surveyed in 2011, had moderate levels 
of instream micro-habitat diversity, mostly in the form of log jams and scour holes around tree roots. There 
was little leaf litter and small woody debris, with most instream habitat consisting of tree roots and scours, 
large woody debris and sandy banks. 

Some of the larger scour holes are up to 2 m deep in places, and may represent dry season refugia for fish and 
macroinvertebrates during non-flow periods. These more complex habitats typically occur at river bends. The 
straighter sections of Bee Creek are relatively shallow and contain more simplified and homogenous instream 
run type habitats. In 2011, these areas did not contain waterholes and are unlikely to support water during 
non-flow periods. The riparian upper story vegetation of Bee Creek is mostly intact (confirmed by analysis in 
2016 of aerial photography) and composed of large eucalypts, Casuriana and occasional Callistemon. Dawson 
River gums and forest red gums sometimes exceeded 30 m in height. The creek banks are benched in places, 
and typically have a tow of unconsolidated sandy sediment. Cattle access tracks constitute bank disturbance 
although steeper banks are free of cattle access tracks and typically have a high cover of grass and shrubs. 

In 2011, rapid fish surveys were undertaken in Bee Creek at the junction of Harry Brandt Creek near Dipperu 
National Park. The most abundant species were Agassizii’s glassfish (Ambassis agassizii), eastern rainbowfish 
(Melanotaenia splendida splendida) and spangled perch (Leiopotherapon unicolor), which are all common and 
widely distributed species. It was identified as highly likely that greater survey effort would reveal more fish 
species. However, given the lack of permanency of waterholes between MRA2C and Dipperu National Park, 
any fish habitat in those reaches would only be temporary. 

Based on the instream and riparian habitat conditions, Bee Creek is considered to be in a slightly to 
moderately disturbed condition (BMT WBM 2011). 

Walker Creek 
The headwaters of Walker Creek begin approximately 25 km north-west of SWC. Within the mine site, reaches 
of Walker Creek have previously been diverted to accommodate SWC mining activities, the most recent being 
MRA stage 2A, which creates a new confluence with Carborough Creek and became operational in 2016. 
Under strict flow and quality conditions as set out the EA, SWC may release mine-affected discharge into 
Walker Creek via controlled release processes from C-dam or F dam. The distance from the release points to 
Walkers Creeks’ confluence with Bee Creek is 8.1 km.  Dipperu National Park is a further 30 km channel length 
downstream with an additional 1,596 km2 of catchment, a 457% increase in catchment area. 

Walker Creek is a sand dominated waterway with little instream aquatic habitat, intermittent seasonal flows 
and few pools, none of which approach permanency.  The riparian upper story vegetation of Walker Creek is 
mostly intact in the non-diverted reaches of the creek and composed of large eucalypts, casuarinas and 
occasional Callistemon, and eucalypts occasionally exceeding 30 m in height. The upper banks are benched 
with slight to near vertical grade on the lower banks. Cattle grazing occurs upstream and downstream from the 
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mine site. Banks generally have a high cover of grasses and occasional shrubs. There is some notable bank 
erosion on Walker Creek on cleared agricultural land just upstream from the confluence with Bee Creek as 
shown in Figure 13 and in many other locations in the catchment such as in Figure 14. 

 

Figure 13. Bank erosion on Walker Creek upstream from the confluence with Bee Creek (ESRI imagery) 

 

Figure 14. Common bank erosion on Walker Creek upstream of SWC, unaffected by mining activity (Alluvium) 
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Based on the degree of modification to its catchment, quality of aquatic habitat, and overall stream condition, 
Walker Creek is considered to be in slightly to moderately disturbed condition (BMT WBM 2011).   

Carborough Creek 
BMT WBM (2011) stated that “based on the likely regularity of inundation, modification to its catchment, 
quality of aquatic habitat and overall stream condition, Carborough Creek is considered to be in a moderately 
disturbed condition”. 
 
With the completion of the MRA2A project diversion of Walker Creek, the confluence with Carborough Creek 
was moved upstream, just outside the MRA2C Project area. Consequently impacts to Carborough Creek are 
restricted to limited changes in flood extents and depths as discussed in Section 7. There are no expected 
impacts to the condition of Carborough Creek resulting from the MRA2C Project and as such it is not 
considered further.  The current condition (as shown in Figure 15) of Carborough Creek and its influence on 
the MRA2C diversion has been considered in its design. 

 

Figure 15. Severe alluvial gully erosion in the Carborough Creek terrace, upstream of SWC, unaffected by mining 
(Alluvium) 
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6 Users/environmental values of the water resource 

Under the EPBC Act, an action which involves a large coal mining development now requires approval from the 
Australian Government Environment Minister if the action has, will have, or is likely to have a significant 
impact on a water resource. This includes a coal mine in its own right or when considered with other 
developments, whether past, present or reasonably foreseeable developments. This section of the report 
identifies the users (including third party and environmental values) of the water resource as they relate to the 
EPBC Act, including their condition and their reliance upon the water resource that may be impacted. 
Particular reference is made to the “Significant impact guidelines 1.3: Coal seam gas and large coal mining 
developments – impacts on water resources” (Australian Government Department of Environment, 2013). 
These guidelines were developed to assist proponents to decide whether the action has or is likely to have a 
significant impact on a water resource 

The following assessment has been done as a desktop assessment of: existing data and water quality 
objectives; and receiving water values. 

6.1 Matters of National Environmental Significance 
Matters of National Environmental Significance (MNES) identified as occurring or likely to occur within the 
Project study area are described in Eco Logical Australia (2017), Mulgrave Stage 2C Ecological Impact Study. Of 
relevance to this surface water study are:  

x Black Ironbox (Eucalyptus raveretiana), which is listed as a threatened species, and  
x Marginal migratory species habitat, including a highly disturbed ephemeral wetland. 

Black Ironbox 
Black Ironbox occurs in patches along Walker Creek, including in the project area and in areas further 
downstream. The density of mature Black Ironbox individuals along Walker Creek is approximately 76 
individuals / km, which is significantly lower than Bee Creek at 165 individuals / km. The large and denser 
population along Bee Creek provides a greater source a reproductive output (pollen) and plays a critical role in 
maintaining genetic diversity. At a catchment level scale, the Walker Creek Black Ironbox population is a 
localised occurrence of the species on a more minor tributary system, with the Bee Creek population being the 
main source population for the drainage system (Eco Logical Australia, 2017).  

Migratory species 
Wetland  migratory species habitat in the vicinity of the Project area includes an ephemeral wetland that has 
been heavily disturbed by the current grazing land use and riparian areas along Carborough Creek and Walker 
Creek.  Habitats are not considered important as similar quality habitat and habitat resources is abundantly 
available in the surrounding area.  Better quality breeding habitat also occurs outside but in close proximity to 
the study area, including Pink Lagoon, Funnel Creek and the Connors and Isaac River.  Due to this, the study 
area is also not considered to support an ecological significant proportion of the migratory species, which are 
locally common throughout the region (Eco Logical Australia, 2017).  

It is noted that EPBC Act controlling provision Section 20 & 20A for Listed Migratory Species is not nominated 
as a controlling provision for the MRA2C Project (EPBC 2017/7957).  

6.2 Consideration of Environmental Values as per the “Significant impact guidelines 1.3” 
The key factor considered relevant in determining the environmental value (EV) of a water resource is its utility 
for all third party uses, including third party uses and environmental and other public benefit outcomes. Such 
outcomes include:  

x provisioning services (e.g. use by other industries and use as drinking water)  
x regulating services (such as the climate regulation or the stabilisation of coastal systems)  
x cultural services (including recreation and tourism, science and education)  
x supporting services (e.g. maintenance of ecosystem function).  
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The ecosystem function of a water resource includes the ecosystem components, processes and benefits or 
services that characterise the water resource, including support for the biological diversity or species 
composition of the water resource.  

The guidelines state that “If there is evidence, based on data, modelling and engagement with potentially 
affected stakeholders, that the action would not materially affect (either by increasing or decreasing) the 
availability and quality of water for all third party users, including environmental and other public benefit 
outcomes and including at a future time or in another place, then that would reduce the likelihood of the 
action having a significant impact”.  

6.3 Defining EVs for the surface water resources potentially impacted by MRA2C 

Support documents 
The definition of Environmental Values is primarily provided from “South Walker Creek and Poitrel Mines – 
Salt Assimilation Studies: Environmental Values and Water Quality Objectives” (WBM, October 2011) and 
updated with additional reference to the “Significant impact guidelines 1.3”, which post-date the WBM report. 
Consideration is also given to: 

x “Environmental Values for the Fitzroy: Community Consultation” (Prepared by Fitzroy Basin 
Association Incorporated June 2010, updated July 2011) in which EVs are identified for the Northern 
Connors Range Tributaries, which include Bee Creek and its tributaries, Walker and Carborough 
Creeks, although these watercourses are not specifically referred to. In that report Environmental 
Values are identified as “all Human uses have EVs.  Farm use and Stock Watering have high values 
whilst Aquaculture is low. Industrial uses occur near the town of Nebo”.  Stock watering is 
acknowledged as a use downstream of the mine and there are no known aquaculture developments 
planned and as such EVs for aquaculture and industry are not considered further. 

x Kemmis II – impacts on water quality and hydrology (Texel Solutions, August 2013), which identifies 
High Environmental Value (HEV) waters for Bee Creek. 

Surface water usage 
Surface water uses are identified as: 

x Ecosystem function 
x Stock watering 
x Anecdotal reports of non-regulated surface water extraction (illegal) for drinking throughout the 

region (BMT WBM 2011) 

Waterways may provide temporary habitat and aquatic fauna movement corridors during flow events. Deeper 
waterholes, if present, may persist for extended periods into the dry season but there are no permanent 
waterholes on Walker Creek between the mine and the Bee Creek confluence, approximately 10 kms 
waterway length from the Project area. The catchment area of Walker Creek (including Carborough Creek) is 
approximately 349.5 km2. The deep scours at bends in Bee Creek are likely to approach permanency in wetter 
years, but probably dry out in periods of drought (WBM 2011).  The first observable waterholes that may 
approach permanency, on Bee Creek downstream of the mine, are at Dipperu National Park, approximately 39 
km waterway length downstream of the Project area. The catchment area of Bee Creek to the National Park is 
approximately 1,945 km2as shown in Figure 12. 
 
Surface water is also a primary necessity for riparian ecosystem function and values. Such values include but 
are not limited to: channel stability, nutrient and sediment trapping, habitat, aesthetic and cultural values. 

Areas of conservation significance 
A review of WBM (2011) identifies that the key feature of conservation significance is Dipperu National Park 
located approximately 39 kms waterway length downstream of SWC (see Figure 12), which is identified as High 
Environmental Value (HEV) under the Environment Protection (Water) Policy  Act 2009. The NP has been 
classified as a slightly to moderately disturbed (SMD) ecosystem based on ANZECC/ARMCANZ (2000) criteria. It 
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should also be noted that cattle grazing has previously been identified as occurring in the National Park (WBM 
2011), which supports its classification of a SMD ecosystem.  However, its status as a National Park suggests it 
requires a higher level of protection than other waterways in and adjacent to the mine.  

Wetlands of national or international significance were considered as part of this assessment, however, no 
wetlands of national significance as listed by the Directory of Important Wetlands in Australia (DIWA) 
(Environment Australia 2001) occur within the waterways in or adjacent to SWC, or the wider study region. 
The closest of DIWA wetlands include Fitzroy River Floodplain wetlands and Fitzroy River Delta wetlands, 
which are located in the lower Fitzroy River catchment near Rockhampton. Furthermore, no wetlands of 
international significance (also known as Ramsar sites) occur in the Fitzroy River basin. Therefore, no further 
consideration is given in this report to impacts on wetlands of national or international significance.  

The Fitzroy River, into which the Connors River flows, ultimately discharges into the Great Barrier Reef World 
Heritage Area (GBRWHA) and Marine Park (GBRMP). Both GBRWHA and GBRMP are protected matters of 
national environmental significance under the EPBC Act 1999. The Project is located approximately 335 km 
waterway distance from the Fitzroy River mouth and, due to the conclusions of no  water quality impacts over 
the current situation (see section 9.3), impacts to the GBRWHA and GBRMP are not likely and are not 
considered further. 

Other areas identified, through review of the environmental values and water quality objectives for the Fitzroy 
Basin (DERM 2010), to have important ecological characteristics include Eungy (77 km south-east of SWC), 
Yatton waterholes (116 km south-east of SWC) and Lake Plattaway (83 km south-east of SWC). These areas are 
remote from the activities of SWC and are not considered further.  

Environmental Values 
DERM (2010) set out Draft Environmental Values (EVs) for the Fitzroy River Basin, which were refined by WBM 
(2011) based on more detailed site-specific information. Those previously identified values are shown 
alongside the values identified for the broader sub-region in “Environmental Values for the Fitzroy: Community 
Consultation” (Fitzroy Basin Association, July 2011)  in which Environmental Values are identified for the 
Northern Connors Range Tributaries (sub-region 10a), which include Bee Creek and its tributaries, Walker and 
Carborough Creeks as shown in Table 3. 

Given that the scale of the potential impacts would at most be confined to Walker and Carborough Creeks it is 
considered that the EVs identified in WBM (2011) for Walker and Bee Creeks are the most appropriate to use. 
However, the EVs for the Connors River and Northern Connors Range tributaries are also provided to show 
that they have been considered, given that the Fitzroy Basin Association (July 2011) EVs were published after 
the WBM 2011 EVs.  
 
Table 3. Human uses and environmental value SWC Mine receiving waters 

Environmental Value 

EVs from WBM (2011) EVs from FBA (July 2011) 

Walker 
Creek 

Bee 
Creek 

Connors 
River 

Northern Connors Range 
Tributaries (sub-region 

10a) 

Protection of ecosystem 
 

9 9 9 9 

Suitability for crop irrigation 
 

x x 9 9 

Suitability for farm supply/use 
 

9 9 9 9(H) 

Suitability for stock water 
 

9 9 9(H) 9(H) 

Suitability for aquaculture 
 

x x x 9(L) 
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Environmental Value 

EVs from WBM (2011) EVs from FBA (July 2011) 

Walker 
Creek 

Bee 
Creek 

Connors 
River 

Northern Connors Range 
Tributaries (sub-region 

10a) 
Suitability for human 
consumers of wild or stocked 
fish, shellfish or crustaceans 

 x x 9 9 

Suitability for primary contact 
recreation (i.e. swimming)  

x x 9 9 

Suitability for secondary recreation 
(i.e.) boating)  

x x 9 9 

Suitability for visual recreation (i.e. no 
contact) 

 
x 9 9 9 

Suitability for drinking water 
 

x 9 x 9 

Suitability for industrial use (including 
manufacturing, plants, mining and 
power generation)  

9 9 9 9 

Protection of cultural and spiritual 
values, including traditional owner 
values of water  

9 9 9 9 

Users 
For Walker Creek and Bee Creek the users identified in the EVs are: 

x Aquatic and riparian ecosystem 
x Farms (for water supply) (However, it should be noted that there are no identified extraction points 

directly from Bee or Walker Creek downstream from the Project) 
x Stock (drinking water) (It should also be noted that there are no identified stock watering points 

directly from Walker Creek downstream from the Project and that alternative off stream stock 
watering is used, which is supplied with water by South Walker Creek mine from the Braeside 
borefield, approximately 60 km distant) 

x General public (visual recreation) 
x Limited local drinking water supply (none known on Walker Creek or Bee Creek in the study area to 

Dipperu National Park) 
x Industrial use (mining) (Whilst this is theoretically possible, there is however no known mining 

extractive use from Bee or Walker Creeks) 
x Cultural custodians/users (including traditional owners). 

The assessment in this report considers to what extent any “significant” impacts to users may be expected.   
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7 Change to hydrology resulting from the Project  

As discussed in Section 4, the maximum change in catchment area to Walker Creek as a result of the Project 
development is a reduction of 1.65km2, which is -0.47% of the 349.54km2 Walker Creek catchment (Walker 
Creek including Carborough Creek) and -0.08% of the 1,945.39 km2 Bee Creek catchment to Dipperu National 
Park. 

7.1 Hydrological analysis of Walker and Carborough Creeks 
Hydrological analysis for this site has been undertaken for previous studies conducted by Alluvium (2014 and 
2015) and the functional design of the MRA2C diversion (Alluvium 2016). Peak discharge estimates for 2 year 
and 50 year ARI events of the 2A diversion, Carborough Creek and the reach downstream of the confluence 
used in hydraulic modelling to assess existing conditions are presented in Table 4. 

Table 4. Peak discharge estimates and catchment areas for Walker and Carborough Creeks 

 Walker Creek 
upstream (excludes 
that component of 

Walker Creek 
catchment 

downstream from the 
start of the diversion) 

Carborough Creek 
upstream 

Confluence 

Catchment area (km2) ~130km2 ~160km2 ~300km2 

2 year ARI peak 
discharge (m3/s) 

100 121 217 

50 year ARI peak 
discharge (m3/s) 

442 554 998 

 

The maximum impact on flows in Walker Creek as a direct result of the increasing catchment areas of F, G & H 
and H & I Pits is a decrease of 0.47% and 0.08% of the Bee Creek catchment at Dipperu National Park by 2049. 
This is a conservative estimate that does not consider any flows released from storage under EA conditions, 
which are minor compared to discharges form the upstream catchment. It is reasonable to consider the 
conservative scenario as at pit closure the catchments of F, G & H and H & I Pits will become terminal (i.e. 
there will be no pumping from the pits and they will not contribute any runoff to Walker Creek). 

7.2 Changes in flood extent 
There will be changes to the extent of floodplain inundation as a result of the development of the Project. The 
primary change is the result of the replacement of a reach of Walker Creek channel with a diversion. This will 
result in the loss of channel and floodplain in one area and its replacement in another. Changes have been 
modelled as part of the MRA2C Diversion Functional Design (Alluvium, 2016) from which the following is 
summarised.  

Hydrodynamic modelling was undertaken to assess the flood behaviour of the 2 and 50 year ARI, and the 1% 
and 0.1% AEP design events for the existing and diverted scenarios for Walker Creek.  The model outfalls on 
Walker Creek, approximately 2km downstream of the confluence on the diversion tie in to Walker Creek, and 
extends upstream past the limit of the mining activities (refer Figure 16).   

Design hydrographs were input into the model at the locations shown in Figure 16 to represent inputs from 
both the catchments (Walker and Carborough) external to the area.  Some nodes used for existing conditions 
were removed from the diverted scenario model to reflect the reduction in contributing area resulting from 
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planned pit progression. These areas will be terminal catchments or will discharge downstream from the 
diversion following construction.  
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Figure 16. 2D hydrodynamic 0.1% AEP model set up (existing conditions) (Alluvium, 2016) 



 

MRA2C Surface Water Impact Assessment 28 

2D hydrodynamic modelling results 
This section presents the hydrodynamic modelling results for depth and extent for existing and post diversion 
scenarios. As can be seen, there is a geographical change in the location and extents of flows following 
development of MRA2C. Flows through the diversion become confined between high ground and constructed 
levees before returning to the original channel and floodplain. All impacts will be limited to the SWC Mine 
lease and other BHP owned land to the south east. There or no expected impacts upstream or downstream of 
the diversion to third party users, including environmental and other public benefit outcomes.
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Figure 17. Existing conditions 0.1% AEP maximum flood depths (Alluvium, 2016) Figure 18. Post diversion 0.1% AEP maximum flood depths (Alluvium, 2016) 

  
Figure 19. Post diversion 2 year ARI maximum flood depths (Alluvium, 2016) Figure 20. Post diversion 50 year ARI maximum flood depths (Alluvium, 2016) 



 

MRA2C Surface Water Impact Assessment 30 

8 Change to water quality resulting from the Project  

The assessment of potential impacts to water quality has been undertaken with reference to: 

x Environmental Authority – South Walker Creek Mine (Permit No. EPML00712313) (DEHP August 
2015) (provided as Attachment A of this report) 

x BMC South Walker Creek Mine: Receiving Environmental Monitoring Program Design Document 
(GHD, November 2012) 

x Report for South Walker Creek Mine - Receiving Environment Monitoring Report (GHD, August 2012) 
x South Walker Creek and Poitrel Mines – Salt Assimilation Studies: Environmental Values and Water 

Quality Objectives (BTM WBM, October 2011) 
x South Walker Creek Mine: Receiving Environment Monitoring Program 2015 (FRC Environmental, 

2015) 
x South Walker Creek Mine: Receiving Environment Monitoring Program 2016 (FRC Environmental, 

2016) 
x South Walker Creek Mine: Receiving Environment Monitoring Program 2017 (FRC Environmental, 

2017) 
x South Walker Creek Mine Calculation of Maximum Affected Waters Release Discharge (BMT WBM, 

October 2011) 
x Water quality data obtained from the Queensland Government Water Monitoring Portal for Bee 

Creek (and for Nebo Creek and Connors River for comparison purposes) 
x Water quality monitoring data provided by BMC for the existing C Dam. 

The primary focus of this assessment has been on the need for SWC to periodically return water (collected 
from the catchments of F, G & H and H & I Pits which are currently collected in F Pit) back into the natural 
system. As discussed previously, F Pit will be reactivated for mining as part of the development of the Project, 
which requires, dewatering of F Pit, use and/or disposal of that water, and in the future the need for a 
replacement storage capacity, which is expected to be the construction of one or two new dams: Northern and 
Southern (refer Section 3.3). 

In addition, consideration is also given to surface water collected on site from areas disturbed by mining that 
generate stormwater runoff and associated sediment generation and transport. These areas will be treated in 
accordance with EA conditions and the Erosion and Sediment Control Plan (ESCP).  It is not expected that the 
current EA conditions will need to be revised as they already adequately cover the treatment and discharge of 
stormwater runoff. The ESCP will require updating over the project lifespan to reflect the changing site 
configuration. 

8.1 Background 
There are two sources of water that will be discharged from site: stormwater released after treatment in 
accordance with the ESCP; and mine water collected from the catchments of F, G & H and H & I Pits, which are 
currently collected in F Pit. 

The controlled release of mine-affected water from site is only permissible in accordance with strict conditions 
outlined in the EA. These release conditions have been carefully and scientifically determined, and are in 
accordance with Queensland Government requirements, so as to protect downstream environmental values.  
The release conditions are based on the ability to dilute discharges with natural flow rates to ensure that the 
constituent concentrations of dissolved salts are not likely to produce a downstream environmental impact.  
These have been determined in relation to typical runoff flow rates experienced at the discharge points. 

Under the EA conditions, monitoring is required of the quality of receiving waters at specific locations (EA 
Table 6), and for various parameters, different frequencies (EA Table 5). All monitoring is undertaken under 
the umbrella of the site Receiving Environment Monitoring Program (REMP), which under EA condition W20 
“must include monitoring the effects of the mine on the receiving environment periodically (under natural flow 
conditions) and while mine affected water is being released. For the purposes of the REMP, the receiving 
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environment is the waters of Bee Creek and connected or surrounding waterways with 15km downstream of 
the release…” 

The design of the REMP was completed in 2012 and revised in 2015. The REMP requires: 

x monitoring of stream flow, water quality, sediment quality, aquatic habitat and macroinvertebrates 
during natural flow conditions and when mine-affected water is being discharged 

x an assessment of monitoring components at potentially impacted (i.e. receiving environment) sites 
and background sites (i.e. sites that are not affected by the release of mine-affected water), and 
comparison of monitoring results against guidelines levels as defined in the REMP, and 

x an assessment of the potential impact of releases of mine-affected water on the environmental 
values of the receiving environment, including discussion regarding the suitability of current discharge 
limits for protecting the environmental values of the receiving environment. 

A copy of the REMP design document is provided as Attachment F. 

8.2 Findings of 2017 REMP reporting 
REMP reporting has been completed annually, the most recently available of which is 2017 (FRC 
Environmental) (provided as Attachment F), which reported findings with reference to the current 
requirements of EA - EPML00712313.. The suitability of current discharge limits to protect downstream 
environmental values was also discussed. 

REMP 2017 conclusions and recommendations 
As there was no evidence of an impact on the macroinvertebrate communities, it is considered very unlikely 
that any changes in water quality associated with the discharge of mine-affected water resulted in 
environmental harm. Based on these results, the current discharge limits appear suitable to protect 
downstream environmental values. However, the limits for some parameters were often exceeded at 
reference sites in 2016–2017, which suggests they may be more stringent than required. 
 
Recommendations based on the outcomes of the 2016–2017 REMP (FRC Environmental 2017) include: 

x reviewing all water quality data collected from reference sites to set more applicable local guidelines 
for water quality and macroinvertebrates.  

 
Potential changes to water quality due to the development of MRA2C 
As discussed in Section 7, The maximum change in catchment area to Walker Creek as a result of the Project 
development is 1.65km2, which is 0.47% of the 349.54km2 Walker Creek catchment (Walker Creek including 
Carborough Creek) and 0.08% of the 1,945.39 km2 Bee Creek catchment to Dipperu National Park. Potential 
changes to water quality over current conditions are considered to be very limited due to the limited increase 
in the scale of the project. As the Project develops the land previously mined will be progressively rehabilitated 
resulting in a limited overall increase in disturbed ground or pit extent. Consequently, the potential for 
significant changes to water quality over the current mining configuration is considered to be very low given 
that the 2017 REMP report (FRC) has not identified any evidence of  impacts from mine water releases (which 
include F Pit,) under current EA conditions and states that “it is considered very unlikely that any changes in 
water quality associated with the discharge of mine-affected water resulted in environmental harm. Based on 
these results, the current discharge limits appear suitable to protect downstream environmental values”.  

Consideration of what, if any, impacts to water quality there may be from the development of the Project is 
discussed in Section 9. 
 
The water quality results from the REMP program for the period 2016-2017 is reproduced below (FRC 2017) 
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Table 5. Reproduced table 4.1 from REMP 2016-2017 
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8.3 Existing water quality within surface waters relevant to SWC 
There are no current gauges in Carborough, Walker or Bee Creeks however a gauge was previously situated in 
Bee Creek just downstream of the confluence with Walker Creek which provides an indication of surface water 
response and quality.  The gauge was opened between 1972 and 1988 prior to any significant mining 
operations in the catchment and therefore indicative of baseline water quality.  Table 6 below shows water 
quality monitoring data for this gauge in addition the nearby Nebo Creek gauge and the nearest downstream 
gauge from SWC on the Connors River. 

Table 6. Water quality monitoring data for comparative purposes 

Variable (location) Minimum Median Maximum Mean Start Date End Date 

Bee Ck (130411A closed station)       

Conductivity @ 25C (uS/cm)   93 245 840 306.6  17/02/1972  13/04/1988 

Turbidity (NTU)       69 − 100 94.8  15/12/1983  13/04/1988 

pH (pH units)  6.8 7.6 8.2 7.5  17/02/1972  13/04/1988 

Sulphate as SO4 (mg/L)       2 − 6 3.2  17/12/1975  13/04/1988 

       

Nebo Ck (130407A open station)       

Conductivity @ 25C (uS/cm)   66 414 982 413.1  30/10/1962  11/07/2017 

Turbidity (NTU)       1 3 100 11.4  30/07/1981  11/07/2017 

pH (pH units)  6.7 7.8 8.5 7.8  30/10/1962  11/07/2017 

Sulphate as SO4 (mg/L)       1 2 30 3.8  23/06/1967  11/07/2017 

       

Connors R (130404A open station)       

Conductivity @ 25C (uS/cm)   82 334 752 353.0  09/07/1963  05/07/2017 

Turbidity (NTU)       1 7 4850 70.3  31/07/1981  05/07/2017 

pH (pH units)  6.9 7.7 9.3 7.7  09/07/1963  05/07/2017 

Sulphate as SO4 (mg/L)       0 3 19 3.4  09/07/1963  05/07/2017 

 

What is very obvious from the above data and the 2017 REMP results is that there is little difference in the 
mean values for all of the constituents relevant to the EA though there is some variability in maximum 
concentrations between the historical Bee Creek data and the Connors River data for turbidity only.  Both 
Nebo Creek and the historical Bee Creek results are indicative of areas undisturbed by significant mining 
activities and when compared to the Connors River data there is good agreement with all values except the 
maximum turbidity results.  From the conclusions in the REMP and this data, it would suggest that 
downstream impacts from areas disturbed by mining are likely to be more strongly related to good erosion 
and sediment controls, however with the lack of vegetation cover in the overall catchments outside of mining 
areas, it would be expected that high turbidity values would occur during significant runoff events in any of 
these catchments. 
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9 Conditions of the final void post closure 

9.1 Final Void water balance modelling 
An assessment of the water balance and water quality conditions in the final void likely to remain in F pit has 
been examined through hydrologic modelling.  A water balance model was created by considering rainfall, 
evaporation, contributing catchment area and hydrogeologic characteristics of the area. 

In undertaking this assessment, the assumption is that the current disturbance areas are indicative of the final 
form of the site, albeit with rehabilitation and some internal reconfiguration of the drainage.  Ultimately, the 
form of the final void post mining is therefore likely to be similar to the existing void and we have used the 
characteristics of the existing void and surrounding catchment to develop the model.  The model was 
developed with the following inputs: 

x Daily rainfall - Nebo Station 033054 from 01/01/1900 – 31/12/2017 
x Mean monthly pan evaporation – Nebo Station 33054 
x F Pit Catchment area – 54.23 ha (measured through GIS of final proposed pit area) 
x F Pit final void area – 13.45 ha (measured through GIS based on existing pit area to void area ratio) 
x Volumetric runoff coefficient for surface waters 0.35 
x Depth 175m (from Golders 2018) 
x Recharge rate 0.5% of rainfall (from Golders 2018) 

The model was developed in Excel building on previous water balance studies for lakes, ponds and wetlands 
which have been conducted by Alluvium staff over the past 16 years.  The model uses the inputs noted above 
to calculate inflows from surface and groundwaters and subtract losses through evaporation and 
leakage/exfiltration.  Nebo station climatic data was used as it was the longest continuous record available 
closest to the subject site.  This climate is indicative of that at South Walker Creek and shows the significant 
surplus of evaporation over rainfall that is characteristic of the area. 

 

Figure 21. Mean monthly values for rainfall and evaporation at Nebo (033054) 

To simulate the impacts on water quality, the salt concentration was derived by accounting for the initial salt 
concentration in the void, a runoff salt concentration, recharge salt concentration and salt from direct rainfall.  
The values chosen were relatively arbitrary but set to typical conditions noted in runoff studies (Duncan 1999, 
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Fletcher et al 2004) and from previous modelling (ACARP 2017).  These parameters were set as per the 
following: 

x Rainfall salt concentration – 10mg/L 
x Runoff salt concentration – 100 mg/L 
x Recharge salt concentration – 5,000 mg/L 
x Initial void salt concentration – 1,000 mg/L 

The model was run over the 117 year climatic period available to gauge the trends of water balance and water 
quality from these ranges of inputs.  It was assumed that the pit would be full at the commencement of the 
analysis to view the overall trend in the results.  Given that the workings are likely to be active immediately 
prior to closure, this is a conservative assumption, as the void would likely be dry, but this wouldn't show 
trends easily. The results are presented graphically below. 

 

Figure 22. Water balance and salt concentration for simulation of F Pit void post closure 

This shows that over the period modelled, the general trend is for the water volume to reduce to less than 
50% of the current volume, with a consequential increase in salinity to an end concentration of 2.5 times the 
existing concentration.  This is expected given that the evaporation rate is significantly greater than the rainfall 
rate, such that even with recharge, the inflows never exceed the losses from the system and it is therefore 
expected that the final void, if similar in characteristics to the current F pit void in area, depth and contributing 
catchment, will never overtop, but continue to concentrate salt and other associated water quality criteria. 

Sensitivity analysis was also undertaken to investigate the reasonable range of parameters around both 
hydrology and water quality to see which parameters may have the greatest influence on void conditons.  Each 
parameter set was varied within a range of plausible values.  The results of this analysis are presented below:
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Figure 23. Infiltration rate (varied 1 order of magnitude) 
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Figure 24. Recharge rate (varied 1 order of magnitude) 
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Figure 25. Runoff coefficient (0.55 – 0.15) 
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Figure 26. Inflow salt concentrations (1 order of magnitude) 
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This analysis shows is that the results are relatively insensitive to recharge rate, and salt concentrations, with 
some sensitivity to runoff coefficients and high sensitivity to leakage/infiltration loss.  In all cases however, the 
model shows a decreasing trend in volume and increasing trend in salt concentration, suggesting that the likely 
condition of the void post closure is that volumes are not ever likely to overtop but water quality 
concentrations will increase over time.  This means that the default condition of the final void is one that 
would tend to dry out or be completely dry most of the time, depending on the starting level of the void.  
Further modelling of the final configuration would be needed to confirm this, but it is highly likely that these 
conditions would be indicative of most final configurations. 

A further variation was conducted to examine the impacts of additional catchment area on the void water 
balance and water quality.  This is shown in the figure below. 

 

Figure 27. Increased surface water catchment area (100ha rather than 54.23ha) 

This result shows that it may be possible to achieve a relatively stable waterbody by increasing the catchment 
area to void area ratio, but this is based on the assumption of a full void at the time of closure.  This is typical 
of most waterbodies in that there is an optimal size (depending on climate) where inflows can match losses 
and outflows to achieve consistent volumes and levels.  The above chart also shows that the salt concentration 
may also remain relatively stable in such circumstances.  From this, we can therefore anticipate that the final 
void post closure can be designed to achieve a relatively stable form if the configuration is cognisant of the 
relationship of runoff and evaporation on the water balance and water quality of the waterbody. 

All of this analysis shows that the catchment area draining to the final void is one of the most influential 
factors on whether a waterbody would exist post closure, as all modelling demonstrates that the most likely 
scenario is a void where the losses significantly exceed the inflows and hence the system would tend to 
dryness or be completely dry if the starting condition was also an empty void. 

9.2 Final void configuration 
Final void would be relinquished in a safe, stable, and sustainable manner, in accordance with Queensland 
Govt requirements. The high wall would be battered back to a safe angle and the high wall and end walls 
would include a berm and trench design for safety purposes. 
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Where beneficial use to post-mining land use is not viable, storage structures would be decommissioned so as 
to minimise post-mining management requirements.  Decommissioning would be in accordance with standard 
industry practice and legislative requirements. Within this, dams would have mud removed, walls breached 
and recontoured to a safe grade. 
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10 Significance of impacts upon water resources 

10.1 Definition under Significant impact guidelines 1.3 
A ‘significant impact’ is an impact which is important, notable, or of consequence, having regard to its context 
or intensity. Whether or not an action is likely to have a significant impact depends upon the sensitivity, value, 
and quality of the water resource which is impacted, and upon the intensity, duration, magnitude and 
geographic extent of the impacts. 

To be ‘likely’, it is not necessary for a significant impact to have a greater than 50 per cent chance of 
happening. Under the guidelines an action is likely to have a significant impact on a water resource if  

“there is a real or not remote chance or possibility that it will directly or indirectly result in a 
change to:  

x the hydrology of a water resource 
x the water quality of a water resource 

that is of sufficient scale or intensity as to reduce the current or future utility of the water 
resource for third party users, including environmental and other public benefit outcomes, or to 
create a material risk of such reduction in utility occurring.  

For further information on the utility of a water resource for third party uses, see section 5.2.1 on 
value of a water resource”. 

Hydrology 
A significant impact on the hydrological characteristics of a water resource may occur where there are, as a 
result of the action:  

a) changes in the water quantity, including the timing of variations in water quantity   
b) changes in the integrity of hydrological or hydrogeological connections, including substantial 

structural damage (e.g. large scale subsidence)   
c) changes in the area or extent of a water resource. 

Where these changes are of sufficient scale or intensity as to significantly reduce the current or future utility 
of the water resource for third party users, including environmental and other public benefit outcomes. The 
following aspects have been considered when assessing changes in hydrological characteristics related to 
surface water resources related to the Project:  

x flow regimes (volume, timing, duration and frequency of surface water flows)  
x river-floodplain connectivity. 

Water quality 
Consideration of a “significant impact on a water resource” was undertaken with reference to actions from the 
development of the Project where it could result in: 

a) a risk to the ability to achieve relevant local or regional water quality objectives would be 
materially compromised, and as a result the action:  
i. the change in water quality creates risks to human or animal health or to the condition of the 

natural environment as a result of  the change in water quality 
ii. substantially reduces the amount of water available for human consumptive uses, 

including environmental uses, which are dependent on water of the appropriate quality   
iii. causes persistent organic chemicals, heavy metals, salt or other potentially harmful 

substances to accumulate in the environment 
iv. seriously affects the habitat or lifecycle of a native species dependent on a water resource, 

or   
v. causes the establishment of an invasive species (or the spread of an existing invasive species) 

that is harmful to the ecosystem function of the water resource, or 
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b) there is a significant worsening of local water quality (where current local water quality is superior to 
local or regional water quality objectives), or 

c) high quality water is released into an ecosystem which is adapted to a lower quality of water. 
 

For water-dependent ecosystems, a significant impact is likely if the predicted change in water quality is 
greater than that required for ‘moderately to slightly disturbed’ systems as described in the relevant local or 
regional water quality objectives (typically the 80% to 95% ecosystem protection guideline values listed in the 
Australian Water Quality Guidelines ). Note that other thresholds may apply where changes in water quality 
may impact on other matters of national environmental significance, such as threatened species or ecological 
communities. 

Local or regional water quality objectives that have been considered include:  

x the Queensland Water Quality Guidelines (DEHP, 2009)  
x the ‘Australian and New Zealand Guidelines for Fresh and Marine Water Quality’, as outlined in the 

National Water Quality Management Strategy (ANZECC/ARMCANZ, 2000). These guidelines are used 
where an action may impact on a water resource for which there are no relevant local or regional 
water quality objectives. 

The proponent may propose water quality objectives for the impacted water resource in accordance with the 
appropriate guidelines under the National Water Quality Management Strategy and in consultation 
with a relevant local authority.  

Other considerations 
Consideration has also been given to: 

x Cumulative impacts - ‘when considered with other developments, whether past, present or 
reasonably foreseeable developments’. Where a significant impact on water resources may be caused 
by one large coal mining development, or the cumulative impact of other developments in the area. 

x Timing - on hydrology and water quality with regard to duration flows and timing of releases 
x Scale - distance downstream and impact on local and regional catchment.  

10.2 Significance of the Project on hydrology of Walker Creek and Bee Creek 

Hydrology of Walker and Bee Creeks 
The maximum impact on flows in Walker Creek as a direct result of the increasing catchment areas of F, G & H 
and H & I Pits is a decrease of 0.08% of the Bee Creek catchment at Dipperu National Park by 2049. This is 
considered to be a conservative estimate as it does not include any flows returned to the natural system from 
storages (in F Pit and/or the new Northern and Southern Dams) under EA conditions. It is reasonable to 
consider the conservative scenario as at pit closure the catchments of F, G & H and H & I Pits will become 
terminal i.e. there is no pumping planned from the pits and they will not contribute any runoff to Walker 
Creek. 

This percentage reduction in catchment area and flows is well within any margin of error in calculations and is 
not considered to represent any significant impact on the hydrology of Walker and Carborough Creeks and is 
therefore considered to have no significant impacts to users. 

Highwall drain catchments 
The highwall drain catchments will generate runoff that will initially drain to the remnant Walker Creek 
channel from where it must be pumped out due to impoundment by the downstream diversion plug, or 
drained via a one-way valve. This is considered ‘clean’ water and can be pumped/drained directly to Walker 
Creek under EA conditions. As the mine develops between 2019 and 2065 the highwall drain catchments 
reduce as the pits progress. The remnant Walker Creek channel will be cut and a number of subcatchments 
will be created, which can be joined by drainage or managed separately. By the time the development is 
completed in 2065 the highwall drain catchments will be minimal and the remaining catchments’ topography 
can be graded and/or built up to prevent ponding behind levees. 
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This will be clean water runoff, released to Walker Creek under EA conditions and with no identified significant 
impacts to users. 

Flood flows and extents 
There will be changes to flood flows and extents as described in Section 7.2, however, those changes are 
localised to the diversion and the immediate reaches of Walker and Carborough Creeks upstream and 
downstream from the diversion on the SWC mine lease and recently purchased (by BHP) adjacent land. There 
are no identified significant impacts to users.  

10.3 Significance of the Project on water quality 
The catchment areas of the pits comprising the Project have been identified and how they are predicted to 
change over the mine life. From commencement of mining in 2019 until 2034 there is predicted to be very 
little change in the catchment areas and land use (spoil and pit void) compared to the current, base case. The 
site’s water management system including release of mine affected water operates effectively under current 
EA conditions. Given that the catchment areas of the pits changes little over the period 2019 to 2034 it can be 
expected that it can continue to operate effectively under the current EA without the need for amended water 
quality release conditions.  

From 2034 to 2049 the catchment area increases by 163.4 Ha (40% greater than the current base case), which 
will result in a greater volume of water being required to be removed from the pits to alternative storage 
dam/s prior to discharge. SWC will need to ensure that appropriate storage and discharge infrastructure is 
constructed to enable discharges to continue to be undertaken in line with EA conditions. This will require 
periodic reviews of the mine water management system and water balance model.  

10.4 Significance of the Project on groundwater supply 
No affected bores are located off BMC owned land. Where BMC has entered into agistment licences, these 
include make good agreements for loss of water access. 

10.5 Cumulative impacts 
The major landuses that could affect the quantity and quality of water within the Bee Creek catchment above 
Dipperu National Park are:  

x Grazing – the predominant landuse, which contributes to land disturbance and the generation of 
elevated sediment loads via reduced vegetation cover catchment-wide but particularly in riparian 
zones. Grazing also contributes to nutrient input from livestock. 

x Mining at Hail Creek Mine – located in the upper catchment of Bee Creek. 
x Mining at Coppabella Mine – located on Harrybrandt Creek, which discharges to Bee Creek 

immediately upstream from Dipperu National Park. 
x Mining at South Walker Creek Mine. 

The location of the mines is shown in Figure 28.  

Given the existing catchment wide disturbance from grazing and the existing mines of Hail Creek, Coppabella 
and South Walker Creek, the Project can be considered to have a very minor additional potential cumulative 
impact. As has been stated previously in this report, the limited additional increase in disturbed area over the 
base case and management of water discharges under existing EA conditions will result in no significant 
impacts to users. 

10.6 Summary of significance of impacts 
Under the definitions detailed in “Significant impact guidelines 1.3: Coal seam gas and large coal mining 
developments – impacts on water resources” and described in Section 10.2 of this report, the development of 
MRA2C will not result in any significant impacts to users. 
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Figure 28. Location of Mines within Bee Creek catchment above Dipperu National Park  
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11 Responses to request for additional information 

The following sections detail responses to request for additional information. 

11.1 Information and monitoring results of previous stream diversions that may provide 
details of the effectiveness of the 'proposed diversion or potential impacts 

The performance of stream diversions in the Bowen Basin has been the subject of a number of research 
projects through the Australian Coal Association Research Program (ACARP).  The initial research projects from 
1999-2002 (ACARP projects C8030 and C9068) established the condition and performance issues in response 
to a moratorium imposed by the Queensland Government on new diversions.  Once condition and 
performance issues were understood, the development of design and rehabilitation criteria for diversions 
were developed.  Those criteria have formed the basis of Queensland Government approval of diversions since 
2004.   

An evaluation of the performance of diversions built to the criteria developed in ACARP C9068 was undertaken 
in Criteria for functioning river landscape units in mining and post mining landscapes (ACARP C20017, Alluvium, 
2014).  This project demonstrated that the performance of those diversions built in accordance with the 
criteria of C9068 was substantially better than those constructed prior.  In addition to better performance, the 
condition trajectory of those diversions was trending toward a suitable state for mine closure at a rate that 
should be expected.  The older diversions were generally not on an improving condition trajectory.   

Following ACARP project C20017 and in conjunction with ACARP project C23030 (Collaborative performance 
trajectories for diversion approvals relinquishment, Alluvium, 2015) it has been demonstrated that from a 
sample set of over 50 diversions, the diversions constructed and operated in accordance with ACARP C9068 
can reach a condition suitable for mine closure/approvals relinquishment within 15 years of construction (as 
shown in Figure 29.   

The results of monitoring of MRA2A diversion (Neilly Group Engineering, 2017) (provided ass attachment E) 
also supports the effectiveness of the diversion design, whilst early in the monitoring regime of that diversion 
it shows an early increase in Index of Diversion Condition score, with a range of management actions to 
improve condition.  
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Figure 29. Diversion considered suitable for relinquishment 15 years after rehabilitation to current criteria (Alluvium) 

11.2 Details of the diversion design and how it adheres to the Queensland Guidelines on 
watercourse diversions 

The MRA2C diversion has been designed to meet Queensland Government Guidelines on watercourse 
diversions as per its approval through the Queensland Water Act.  The diversion has also been designed to be 
in accordance with improvements identified in ACARP C20017. The diversion was authorised by the 
Queensland Government under an amendment to Water Licence (613491) (refer Attachment D). 

11.3 Monitoring programs that will be undertaken in relation to erosion and/or 
sedimentation of watercourses 

The development of a monitoring program specific to diversions in the Bowen Basin was developed as part of 
ACARP C9068.  This monitoring program has formed part of licence conditions for diversions for over a decade 
and is common practice across all diversions in the area.  The monitoring program includes a semi-quantitative 
condition assessment scoring system known as Index of Diversion Condition.  This is made up of geomorphic 
and riparian vegetation indices.  The geomorphic index will assess erosion and/or sedimentation of the 
watercourse.   
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This monitoring program has been in place on the diversions at SWC for 10 years and will be further adapted 
to suit MRA2C as per Monitoring Program: Mulgrave Resource Access Walker Creek Diversion Stage 2C 
(Alluvium, 2017) (refer Attachment E). 

Monitoring sites are already established on Walker and Carborough Creeks upstream and downstream of the 
diversions that reflect the condition of the waterway as influenced by agricultural activity in the area that has 
produced very high sediment loads in the waterways. 

11.4 Agency responsible for endorsing or approving each mitigation measure or 
monitoring program 

The monitoring program is an explicit component of the Queensland Water Act 2000 approval granted by the 
Department of Natural Resources, Mines and Energy. 

11.5 Mitigation measures that will be implemented to minimise impact to the controlling 
provisions during mining activities 

The diversion will be constructed some distance from the active operations.  A minimum stand off of ultimate 
high wall position is also imposed as part of the design.  The diversion will have minimal interaction with 
mining activities. 

The diversion has a comprehensive revegetation program (Revegetation Plan: Mulgrave Resource Access 
Walker Creek Diversion – Stage 2C, Alluvium, 2017) designed that will be implemented immediately following 
construction, with scheduled maintenance during establishment phase.  Such revegetation programs have 
demonstrated successful performance on diversions at other mine sites in the area.  
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Environmental Authority – South Walker Creek Mine 
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Attachment B 
Cross reference table addressing “Appendix A: Additional 

information for assessment by preliminary documentation” 
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Table 7. Cross references for additional information required for assessment by preliminary documentation – relevant to 
surface water impacts 

Additional information required Section 
number 

1: Impact assessment  

Groundwater/surface water interactions  
Detailed descriptions of what structures are likely to remain post operation. Details on the 
infrastructure, long term stability, and potential interactions with surface and groundwater 
from the dams and final void are required. 

9 (this report) 
and  
Golders 
Associates 
(2018) 

Undertake and provide details of assessment of long term water levels and quality within 
voids - using a combination of water balances, surface water models, water quality models, 
groundwater models and long-term climate variability models. 

9 

Provide an estimate of ongoing annual water loss from voids (due to evaporation) and 
describe and proposed offset measures associated with this perpetual take. 

9 & 10.4 

Discuss the management of final voids post-mining. 9 (this report) 
and  
Golders 
Associates 
(2018) 

Surface water  
Details and results of studies of the predicted groundwater and surface water interactions 
that are likely to result from the creek diversion. 

Golders 
Associates 
(2018) 

Information and monitoring results of previous stream diversions that may provide details 
of the effectiveness of the 'proposed diversion or potential impacts. 

10.1 

Details of the diversion design and how it adheres to the Queensland Guidelines on 
watercourse diversions. 

10.2 

Details on the baseline data and modelling to appropriately identify, quantify and therefore 
manage likely impacts to surface and groundwater resources. 

8.3 

Discussion of cumulative impacts to surface waters including Bee Creek and Walker 
Creek. 

9.4 

An assessment of the likely impacts of mine affected water on surface water as a result of 
proposed treated water management measures. 

9.3 

An assessment of the likely impacts of the proposed action on groundwater dependent 
species and ecosystems within the project site, including from groundwater drawdown and 
the creek diversion. 

Groundwater 
report 

Detailed mapping of the known and potential suitable habitat for Black lronbox (Eucalyptus 
raveretiana) within and downstream of the project site to determine possible impacts from 
the proposed action, including removal of the alluvial aquifer, changes to the availability of 
groundwater and impacts associated with the final void. 

Eco Logical 
Australia 
(2018) 

Details of the mitigation and monitoring measures that will be implemented to ensure that 
the impacts of the proposed action on species and ecosystems are appropriately 
managed. 

Eco Logical 
Australia 
(2018) 

Mitigation measures  

Details of thresholds or triggers for the implementation of management responses Section 8 & 
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Attachment F 

An assessment of the expected or predicted effectiveness of the mitigation measures. Section 8 & 
Attachment F 

Details of the mitigation and monitoring measures that will be implemented to ensure that 
impacts from mine affected water on receiving waters are appropriately managed. 

Section 8 & 
Attachment F 

Referral to the IESC  

IESC INFORMATION GUIDELINES (IESC, 2015) have been considered when compiling this 
report and responses developed as appropriate. 

This report 

2: Avoidance, safeguards and mitigation measures  
Details of any monitoring programs that will be undertaken in relation to surface water and 
groundwater quality and quantity. 

Attachment F 

Details of any monitoring programs that will be undertaken in relation to erosion and/or 
sedimentation of watercourses. 

11.3 & 
Attachment E 

The name of the agency responsible for endorsing or approving each mitigation measure or 
monitoring program. 

11.4 

Details of the mitigation measures that will be implemented to minimise impact to the 
controlling provisions during mining activities. 

10. 
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Summary  

BHPB Coal Projects (BHPBCP) are undertaking a selection phase study for proposed diversion of Walker Creek 
at the South Walker Creek Mine (SWCM) site as part of the Mulgrave Resource Access (MRA) Project. The 
Mulgrave pit will soon be constrained by the Walker and Carborough Creek systems and therefore diversion is 
required. 

There are two existing diversions of Walker Creek at SWCM: Walker Creek Mulgrave Pit diversion; and Walker 
Creek Walker Pit diversion. Coal reserves made accessible by the Mulgrave Pit diversion will soon be consumed 
and hence further diversion is required. This is being undertaken in stages:  

 2A, which has received regulatory approval, and 

 2C, which is being brought forward in the SWCM mine plan.  

At the time of preparing this report, stage 2A was in the final stages of construction, with the upstream 
diversion plug being removed, and once complete will supersede the existing Walker Creek Mulgrave Pit 
diversion and hence forms the existing conditions (or base case) considered for Stage 2C. Stage 2C is now 
planned to follow on from Stage 2A and is the subject of this report. A functional level design of the preferred 
conceptual alignment option for Stage 2C has been undertaken to: 

 demonstrate the technical feasibility of diverting the watercourse 

 provide for regulatory approvals application  

 provide earthworks quantity estimates for development of capital cost estimates by BHPBCP.  

The proposed diversion has been developed in consultation with BHPBCP and has been designed to be a 
permanently functioning and sustainable diversion that meets regulatory requirements, utilises the latest 
research undertaken into diversion design in Queensland, limits impacts to adjoining waterways, ensures no 
adverse environmental impacts beyond the life of mine and is likely to achieve stakeholder acceptance of the 
landforms. A summary of proposed channel geometry is provided in Table S1-1 and levee geometry in Table 
S1-2. 

Table S1-1. Summary of proposed channel geometry 

Diversion Geometry item Stage 2C 

Channel length (m) 8010 

Average channel grade (m/m) 0.00152 

Bed width (m) 35 

Maximum top width (m) 195 

Maximum depth of cut (m) 13 

Cut volume (m
3
) 5,043,610 

 

Table S1-2. Summary of proposed levee geometry 

Diversion Geometry item Levee 1 Levee 2 Levee 3 

Length (m) 3,000 3,112 1,395 

Crest width (m) 5 5 5 

Batter slopes (m:m) 1v:4h 1v:4h 1v:4h 

Maximum height (m) 11 8 7.4 

Fill volume (m
3
) (above surface) 110,224 183,755 55,636 
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In accordance with the Bureau of Meteorology guidance, the Annual Exceedance Probability (AEP) has been 
used in this report in preference to Average Recurrence Interval (ARI) wherever possible.  However, as ARI is 
used throughout the ACARP criteria for assessing hydraulic parameters of channels, it is necessary to use ARI 
for this component of work.   

As shown in Table A-1-3, ARIs of greater than 10 years are very closely approximated by the reciprocal of the 
AEP.  However, for higher probability events (eg. The 2 year ARI) the corresponding AEP is an awkward 
percentage. 

To try to reduce confusion, the following approach has been adopted when using ARI and AEP: 

 ARI has been used for the smaller (higher probability) storm and flood events up to the 50 year, which 

are considered in the hydraulic assessment of stream parameters. 

 For higher magnitude (lower probability) events the AEP has been adopted for the discussion of flood 

risk. 

Table A-1-3.  ARI to AEP conversion table 

ARI (years) AEP AEP expressed as percentage (%) 

2 0.393 39 

5 0.181 18 

10 0.095 10 

20 0.049 5 

50 0.020 2 
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200 0.005 0.5 

500 0.002 0.2 

1000 0.001 0.1 

2000 0.0005 0.05 
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1 Introduction 

South Walker Creek Mine (SWCM) is an open cut coal mining operation owned by BHP Billiton Mitsui Coal 
(BMC). It is located approximately 35km west of the Nebo Township in the Bowen Basin, approximately 125km 
south-west of Mackay in Central Queensland. 

There are two existing diversions at SWCM: Walker Creek Mulgrave Pit diversion; and Walker Creek Walker Pit 
diversion (or ‘old diversion) (see Figure 1-2). The Walker Creek Mulgrave Pit diversion was the first to be 
constructed at SWCM in the mid 1990’s and was required to enable development of Walker Pit. The Walker 
Creek Mulgrave Pit diversion was the second diversion of Walker Creek, which was constructed in 2006 as a 
temporary diversion to enable expansion of Mulgrave Pit.  This diversion at the time of design was considered 
to be a temporary short term option, due to be superseded by a further diversion upstream and to the west 
(nearly completed). 

To enable further access to the Mulgrave Pit resource, BHPB Coal Projects conducted a study on creek 
diversion options and identified that further diversion of Walker Creek adds significant value to the SWCM 
operation. Two creek diversions are proposed and are being undertaken in two stages known as Stage 2A and 
Stage 2C. Historically, these have been termed: 

 Mulgrave Resource Access (MRA) Walker Creek Diversion Stage 2A 

 Mulgrave Resource Access (MRA) Walker Creek Diversion Stage 2C 

From heron they will be referred to as Stage 2A and Stage 2C in this report. 

Stage 2A is currently in the final stages of construction and once complete will replace the temporary 
Mulgrave Pit diversion. The inclusion of the completed Stage 2A forms the base case (existing conditions) for 
this assessment of Stage 2C. 

BHPBCP have commissioned Alluvium Consulting Australia Pty Ltd (Alluvium) to develop the preferred 
conceptual option for Stage 2C to a functional design level enabling generation of a capital cost estimate and 
application for regulatory approvals. The proposed alignment commences at the confluence of Stage 2A and 
Carborough Creek, diverting flows to the south-east through hillslope and connecting back in to Walker Creek. 

1.1 MRA development overview 
The MRA development at SWCM involves a progression of existing open cut mining operations of the 
Mulgrave Resource in a general south-westerly direction over an estimated 50 year time period, with the 
planned pit progression intercepting Walker Creek.  Alternative mining methodologies/approaches were 
considered to avoid a diversion, but these options were considered less favourable and offered no overall 
improvement in reducing environmental impact. The option of leaving Walker Creek in situ and mining either 
side was a higher risk of failure over the long term with a greater risk of environmental harm than a diversion. 
Hence the identification of the Stage 2C diversion as the preferred approach. 

1.2 Functional design objectives 
The objectives for this functional design are to develop a diversion for Stage 2C through the SWCM lease that: 

 is sustainable in the long term (safe, stable and non-polluting) 

 is wholly contained on lease 

 is acceptable to the relevant regulatory authorities 

 where possible and economically viable, avoids areas of both environmental and cultural heritage 
significance 

 can be safely constructed where possible with conventional earthmoving equipment 
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 does not pose a mine closure liability. 

The functional design provides estimates of quantities and costs involved and will aid in any regulatory 
approvals process that may be required and allow for engagement with any affected stakeholders. 

1.3 Scope of works 
The scope of works for this project is to undertake functional level diversion design of the preferred Stage 2C 
alignment option at SWCM. Functional design includes a number of tasks: 

1. Program logic, review and risk analysis 

2. Review of previous design and hydrological analysis for site 

3. Undertake hydraulic and sediment transport assessment for existing conditions 

4. Functional design of diversion channel for Stage 2C 

5. Functional design of associated arrangements including flood protection levees and overland flow 
measures 

6. Undertake hydraulic and sediment transport assessment for design conditions 

7. Undertake 2D hydrodynamic flood modelling of existing and functional design arrangements 

8. Development of diversion revegetation plan (provided in a separate report) 

9. Design diversion operational monitoring program (provided in a separate report) 

1.4 Data management and design limitations 
Data for this functional design project was supplied by BHPB Coal Projects staff. A summary of data used to 
undertake the project is provided in Table 1-1.  

Accuracy of design assessments, modelling and quantity estimates are limited to the accuracy and level of 
detail provided by the survey data used. Overland flow design considerations are quite sensitive to data detail 
and accuracy. The data used is considered appropriate for functional level assessments however new data will 
be required for detailed design. 

Table 1-1. Data supplied and used for the SWCM MRA Stage 2C diversion project 

Data Provider Details 

Aerial imagery BHPB Coal 
Projects 

Format: ECW. Filename: 
South_Walker_50cm_Ortho_20160326.ecw  

Aerial LiDAR survey data BHPB Coal 
Projects 

Filename: 

C_D_Pit_LiDAR_20160326_SWC84z55.xyz 

Kemmis_Pit_LiDAR_20160326_SWC84z55.xyz 

Mulgrave_Pit_East_LiDAR_20160326_SWC84z55.xyz 

Mulgrave_Pit_Extension_LiDAR_20160326_SWC84z55.xyz 

Mulgrave_Pit_LiDAR_20160326_SWC84z55.xyz 

 

A number of data sets previously supplied by SWCM were also 
used to create a DTM of the project area. 

Mining lease SWCM ML used for previous projects since 2013. 

Proposed pit and spoil dump outlines BHPB Coal 
Projects 

Digital boundaries for possible open cut mining and spoil dumps 
in .dxf format. 
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Data Provider Details 

Tertiary/Permian boundary SWCM Boundary model supplied for the feasibility study. 

Geological data BHPB Coal 
Projects 

A data base of geological drilling records in the project area in .xls 
format. 

NASA Shuttle Radar Topography 
Mission (SRTM) 1 arcsec data 

Geosciences 
Australia 

This 30m cell size grid data Digital Elevation Model (DEM) was 
used for hydrological modelling.  

 

 

 

Figure 1-1. South Walker Creek Mine location map
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Figure 1-2. Overview of site watercourses and proposed infrastructure 
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2 Regulatory and legislative requirements 

This section provides a brief summary of the potential approvals requirements associated with the proposed 
MRA Walker Creek Diversion Stage 2C. Alluvium is aware SWCM will be seeking approvals through the 
following legislation:: 

 watercourse diversions regulated through the Water Act 2000 and the Sustainable Planning Act 2009 
(SPA) 

 levees regulated through the Environmental Protection Act 1994. 

A description of the regulatory requirements for diversions and levees is included below in section 2.1 and 2.2 
respectively. 

Separate to the requirements for watercourse diversions and levees, there may be other regulatory approvals 
SWCM needs to obtain. 

2.1 Watercourse diversions 
SWCM hold a water licence for the MRA Walker Creek Diversion Stage 2A (currently under construction) and 
will be seeking to amend the water licence to include the proposed Stage 2C diversion.  An alternative 
approval process through the Environmental Protection Act is also available but will not be used for this 
diversion. 

Regardless of whether approvals are sought through the EA or Water Licence process, the diversion design is 
to be prepared in accordance with Guideline: Works that interfere with water in a watercourse – watercourse 
diversions, DNRM (2014), which states the following key objectives: 

 be self-sustaining and include geomorphic and vegetation features of regional watercourses and the 
surrounding landscape; and  

 where possible, positively contribute to river health values for the system; and  

 not impose liability on the State, the proponent or the community to maintain the watercourse 
diversion and its associated components.  

The design and construction of diversions are to be developed to incorporate the following outcome 
requirements in reference to DNRM (2014): 

 Outcome 1: The permanent watercourse diversion incorporates natural features (including 
geomorphic and vegetation) present in the landscape and in local watercourses.  

 Outcome 2: The permanent watercourse diversion maintains the existing hydrologic characteristics of 
surface water and groundwater systems.  

 Outcome 3: The hydraulic characteristics of the permanent watercourse diversion are comparable 
with other local watercourses and are suitable for the region in which the watercourse diversion is 
located.  

 Outcome 4: The permanent watercourse diversion maintains sediment transport and water quality 
regimes that allow the watercourse diversion to be self-sustaining, while minimising any impacts to 
upstream and downstream reaches.  

 Outcome 5: The permanent watercourse diversion and associated structures maintain equilibrium 
and functionality and are appropriate for all substrate conditions they encounter. 
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These outcome requirements reflect the content of conditions for inclusion in the Water Licence , relevant to 
watercourse diversions, for the design, construction, operation and maintenance of the diversion prior to 
surrender of the Water Licence. 

For functional design, DNRM (2014) states that the design is to provide sufficient detail to demonstrate that 
the final design will meet the stated outcomes above. The functional design documentation is to conceptually 
show how the outcomes will be achieved, by inclusion of the following: 

 geomorphic and vegetation assessment of the existing watercourse  

 hydrologic conditions of the existing watercourse  

 the proposed watercourse diversion route  

 details of any temporary diversions that may be required as part of a staged process towards the final 
permanent watercourse diversion.  

 hydraulic conditions of the existing watercourse and proposed watercourse diversion  

 details of the substrate on which the watercourse diversion will be constructed  

 a statement of how the watercourse diversion meets the outcomes.  

Certification of the diversion design is to be made by a suitably qualified and experienced person (SQEP). The 
certifier is also required to be a Registered Professional Engineer of Queensland (RPEQ) under the provisions of 
the Professional Engineers Act 2002, with appropriate qualifications and levels of expertise. 

2.2 Levees 
This section provides a brief summary of the legislative requirements for levees associated with the proposed 
diversions. 

Levees that are constructed as part of environmentally relevant activities pursuant to the Environmental 
Protection Act 1994 require authorisation from the administering authority prior to operation of the structure.  

At the design stage a consequence category assessment must be conducted to determine if the structure is a 
‘regulated structure’ for the purpose of the administering authority. This consequence category assessment 
must be undertaken by a ‘suitably qualified and experienced person’ (SQEP) in conjunction with the Manual 
for Assessing Consequence Categories and Hydraulic Performance of Structures (DEHP, 2013). Regulated 
structures require certified design plans to be submitted to the administering authority and are subject to 
annual inspection and reporting by a SQEP.  

It should be noted that where the levee is intended to protect mining operations from ingress of flood waters 
originating from a waterway declared to be a watercourse according to the definitions of the Water Act 2000 
and Water Regulation 2002, and as determined by an officer of the Queensland Government, the levee is to be 
classified as a regulated structure. 

A certified design plan for a regulated structure must address the following: 

 the consequence scenario that has been used in undertaking consequence assessment 

 the hydrology and hydraulics used to estimate and deal with flood events, internal and external to the 
regulated structure, at probabilities appropriate to address identified consequence scenarios 

 seepage and stability issues 

 any assumptions relating to the design and safety of the regulated structure. 

A levee that is a regulated structure must provide the following minimum requirements: 
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 flood ingress protection to a flood level of a 1:1000 AEP 

 in at least one place in the levee crest, there must be a restricted length of lower crest, limiting the 
freeboard at that point, such that a flood exceeding the design protection level of the levee will be 
directed to a planned area or areas within the zone to be protected.  

Commissioning of a new levee into operation (i.e. construction) cannot occur until the consequence category 
and design plan are certified, and in some cases an EA amendment has been submitted to DEHP. However, for 
SWCM amendment of the EA will not be required. SWCM will simply need to update the site register of 
regulated structures. 

2.3 Regional planning interest act and regulation 2014 
This legislation does not apply to SWCM because according to the DA Mapping System on the Department of 
Infrastructure, Planning and Local Governments website, SWCM is not located within any designated areas of 
regional interest under this legislation. 

2.4 Federal requirements 
The project will also require assessment for Matters of National Environmental Significance (MNES) under the 
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) and if required refer the matter to 
the Australian Government Department of the Environment for approval. 
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3 Waterway diversion design practice 

This section provides an outline of watercourse diversion design practice in the state of Queensland, providing 
brief historical comments, details of the current criteria adopted by the Queensland Government and provides 
findings of the latest research. The latest research presented here has been applied to the proposed MRA 
Walker Creek Diversion Stage 2C. 

3.1 Alluvium’s waterway diversion design principles 
When undertaking designs for new or rehabilitation of old diversions it is our aim to demonstrate current 
leading practice for design, construction, rehabilitation and management of waterway diversions. This is 
achieved, wherever practical, by adhering to a number of fundamental principles: 

 inclusion of natural locally and/or regionally occurring geomorphic and habitat features 

 creation of a stream where the diversion and adjoining reaches establish a state of dynamic 
equilibrium 

 creation of a diversion that operates as part of a self-sustaining stream system and promotes nutrient 
processing, ecological connectivity and facilitates sediment storage and transport 

 whenever practical, avoid the use of artificial grade control structures or other structures that are 
likely to require maintenance beyond life of mine. 

Alluvium understands that use of these principles will create a stable stream requiring minimal management in 
the short and medium term, with no on-going management in the extended term beyond mining operations. 
Diversions adhering to these principles will also, over time, replace the geomorphic and ecological features lost 
from the original creek as a result of mining activity. 

3.2 Current design hydraulic criteria adopted by the Queensland Government for 
waterway diversions 

The Australian Coal Association Research Program (ACARP) has funded a series of projects (initially projects 
C8030 and C9068) related to river diversions. This research was undertaken in the Bowen Basin in Central 
Queensland and culminated in a set of design and rehabilitation criteria that has since been adopted by the 
Queensland Government. The key hydraulic parameters for which values were derived in this study are: 

Stream Power 
Stream power is a product of channel slope and discharge that represents the excess energy available to do 
work in and on the channel. Equilibrium and/or recovery usually involve a balance of deposition and erosion. If 
the flow is too powerful then the channel would typically erode. Alternatively, if the stream power is too low, 
aggradation will occur. 

Stream Power (ω) 
W

gQS
  

ρ = density of water (kg/m
3
) 

g = gravitational acceleration constant (m
2
/s) 

Q = discharge (m
3
/s) 

S = hydraulic gradient (m/m) 

W = water surface top width (m) 

Stream Velocity 
Velocity is the speed at which water flows through the stream. It is a product of discharge and cross-sectional 
area. 
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Velocity (v) 
A

Q
  

Q = discharge (m
3
/s) 

A = cross sectional area (m
2
) 

Shear Stress 
Shear stress, otherwise known as tractive force, is described as the force exerted on the channel bed and 
banks by the action of flowing water. It is also a function of channel slope and discharge. 

Shear Stress (τ)  gds  

ρ = density of water (kg/m
3
) 

g = gravitational acceleration constant (m
2
/s) 

d = depth of water (m) 

s = water surface slope (m/m) 

The diversion design hydraulic criteria currently adopted by the Queensland Government are shown in Table 
3-1. They represent the upper limits (average over a reach) within which natural stable streams of the Bowen 
Basin operate.   

Table 3-1.  Watercourse diversion hydraulic criteria currently adopted by the Queensland Government (DNRM, 2014) 

Parameter Units ARI ACARP criteria for Bowen Basin 
diversions (reach average) 

Shear Stress N/m2 
2 year <40 

50 year <80 

Stream Power N/m.s 
2 year 

No vegetation <35               

with vegetation <60 

50 year <150* 

Velocity m/s 
2 year 

No vegetation <1.0             

with vegetation <1.5 

50 year <2.5 

3.3 Current research for watercourse diversion design guidelines 
There are two recently completely ACARP projects undertaken by Alluvium that update and extend guidance in 
relation to waterway diversion design, performance evaluation and relinquishment management: 

 Criteria for functioning river landscape units in mining and post mining landscapes (project C20017) 
(Alluvium 2014) 

 Collaborative performance trajectories for diversion approvals relinquishment (project C23030) 
(Alluvium 2015) 

One of the outcomes of project C20017 is an updated approach to diversion design and development of design 
parameters for alluvial and threshold channel design. Note these design parameters represent current leading 
practice and have not yet been incorporated into any government guidelines or legislation. 

In addition to the existing design guidelines adopted by the Queensland Government (see Section 3.2), 
Alluvium has applied outcomes from the current research to functional level design of the MRA Walker Creek 
Diversion Stage 2C. This will increase the likelihood of positive outcomes from this project for BHPBCP at 
SWCM. 



 

 10 

Alluvial channel design parameters: Alluvial channel design parameters based on systems with high and low 
sediment supply are presented in Table 3-2.  A key update in these design numbers is the explicit 
differentiation between systems with high bedload sediment supply (transport limited) and those that have 
low bedload but still may have high suspended load (supply limited).   Based on geomorphic assessment of the 
two waterways, Walker Creek and Carborough Creek fall into the transport limited category presented in Table 
3-2. 

Table 3-2.  Alluvial channel design parameters 

Stream type Sediment transport group Stream power (W/m
2
) 

  2 year ARI 50 year ARI 

Alluvial Supply limited 15 – 35 50 – 100 

 Transport limited 35 – 60 80 – 150 

Bedrock controlled n/a 50 – 100  100 – 350  

 
In addition, the research specifies the following for stream power: 

 cross sections within a constructed waterway are not to vary by greater than 50% of the mean reach 
stream power 

 the 25th to 75th percentile range of stream power is to be within the range shown in Table 3-2. No 
stream power value shall be more than 30% greater than the maximum value shown in Table 3.2. 

Shear stress thresholds for vegetation: shear stress thresholds for vegetation types and communities used in 
constructed watercourse diversions in Central Queensland are presented in Table 3-3.  

Table 3-3.  Design shear stress thresholds for constructed watercourses in the Bowen Basin, Queensland 

Vegetation type Design shear stress (N/m
2
) for constructed waterways in Bowen Basin Qld 

Buffel grass 40 

Structurally diverse suite of established 
native vegetation 

120 

 

Design flood events for long term performance: Design flood events for long term stability against extreme 
floods (e.g. protection of levees from scour) are presented in Table 3-4. 

Table 3-4.  Threshold design events  

Consequence of channel scour Proposed design event 

 During mine life Post mining 

Scour that threatens mine 
infrastructure 

To be determined by mine operator NA 

Scour that threatens public 
infrastructure 

To be determined in consultation with 
relevant stakeholder (asset owner) 

To be determined in consultation with 
relevant stakeholder (asset owner) 

Scour that threatens capture of 
watercourse into open cut pit 

1 in 1000  Probable Maximum Flood 
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4 Overview of Walker Creek existing conditions 

4.1 Geomorphic character, behaviour and condition 

Walker Creek upstream of 2A 
The reach of Walker Creek upstream of 2A diversion is in moderate to poor condition (at the reach scale) 
applying the standard stream health metrics used for diversion monitoring at mine sites (this is different to the 
assignment of environmental values at the broad catchment scale).  To date this reach is largely unaffected by 
mining activity, land use in the catchment is dominated by cattle grazing.  The catchment is bounded to the 
west by sandstone escarpment that will naturally contribute elevated sand loads to the waterway.  Land use 
activities have increased sediment contributions, resulting in the infilling of pools on resistant strata controlled 
bends as shown in Figure 4-1.   

The channel is partly confined by low hill slopes in this reach with discontinuous floodplain pockets which have 
been cleared for grazing.  In those floodplain pockets accelerated bank erosion is prevalent.  Highly weathered 
bedrock outcrops in lower banks mean channel planform is reasonably fixed at the reach scale.  The impacts 
on the stream in this reach are primarily associated with heavy grazing activity on inherently unstable soils.   

 

Straight section at 
impingement on bedrock 
(lower right).  Excess sediment 
inputs from upstream 
agricultural land uses smother 
all bed forms. 
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Substantial existing bank 
erosion in alluvial sections with 
very limited riparian 
vegetation under cattle grazing 
land use. 

 

Excess sediment from 
upstream agricultural land 
uses has infilled a pool on a 
bend that impinges on 
resistant terrace sediments 

Figure 4-1. Walker Creek upstream of 2A diversion 

Stage 2A diversion 
Walker Creek Stage 2A diversion has not yet been commissioned, however 90% of the diversion reached 
practical completion prior to the 2015-16 wet season, allowing establishment of a cover crop to assist with 
initial batter stabilisation.  Figure 4-2 provides an example of similar geometric form that will be adopted for 
Stage 2C. 
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Figure 4-2. Walker Creek 2A diversion 

Carborough Creek upstream of the proposed 2C off take 
The reach of Carborough Creek upstream of the proposed 2C diversion has similar character and behaviour to 
the upstream Walker Creek reach and the reaches to be diverted.  The waterway is transport limited due to 
oversupply from natural conditions and upstream land use induced gully erosion.  This sediment smothers 
nearly all bed forms and infills pools.  Conditions are typified by the photos in Figure 4-3. 

Riparian overstorey vegetation in the reach appears in good condition with near continuous coverage and the 
dominant riparian species present that are expected.   

 

Aggraded straight section with 
near continuous riparian 
overstorey coverage 
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High angle bend at bedrock 
impingement that would 
inherently maintain a deep pool.  
The pools is infilled with the high 
sediment inputs from upstream. 

 

Gully and bank erosion of 
dispersive Tertiary terrace 
sediments 

Figure 4-3. Carborough Creek upstream of 2C 

Walker/Carborough Creek to be diverted 
The extent of Walker and formerly Carborough Creek (upstream of the confluence prior to the existing 
diversion and 2A diversion) that will be abandoned by the diversion and which is on mine lease is in moderate 
to good condition. Excess sediment loads from upstream limit morphologic diversity through bed aggradation 
which is the main detractor from condition.  Isolated meander migration processes are occurring where banks 
are alluvial, however at the reach scale the channel planform is controlled by bedrock.  Several high angle 
bends are directly controlled by bedrock.   

Ground cover vegetation is dense though predominantly exotic, riparian overstorey remains generally in good 
condition while mid storey is limited, likely a result of prior grazing and the density of exotic grasses. 
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Good riparian vegetation, 
stable banks and sand bed 
infilled with excess inputs from 
upstream 

 

Good riparian vegetation, 
stable banks and sand bed 
infilled with excess inputs from 
upstream 

Figure 4-4. Walker/Carborough Creek reach to be diverted 

Walker Creek downstream of 2C 
Downstream of the proposed 2C diversion tie-in to Walker Creek geomorphic and riparian condition is very 
similar to that in the reach that will be abandoned by the diversion.  Several kilometres downstream of the 
proposed 2C tie-in is the Walker Pit diversion of Walker Creek constructed in the mid-1990’s.  This diversion is 
subject to ongoing adjustment due to its configuration with a positive trajectory following recent works in the 
creek.   
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Good riparian vegetation, 
stable banks and sand bed 
infilled with excess inputs from 
upstream 

Figure 4-5. Walker/Carborough Creek reach to be diverted 
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Figure 4-6. Walker and Carborough Creek reach breakdown 
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4.2 Catchment hydrology 
Hydrological analysis for this site has been undertaken for previous studies conducted by Alluvium (2014 and 
2015). A review of that analysis has been conducted and has resulted in slight modification of the previous 
hydrologic outputs to include additional output locations for this study. Details of the hydrological analyses are 
provided in Alluvium, 2014 and Alluvium, 2015. 

Peak discharge estimates for 2 year and 50 year ARI events of the 2A diversion, Carborough Creek and the 
reach downstream of the confluence used in hydraulic modelling to assess existing conditions are presented in 
Table 4-1. 

Table 4-1. Peak discharge estimates and catchment areas for Walker and Carborough Creeks used in hydraulic modelling 

 Walker Creek upstream and 
Diversion 2A 

Carborough Creek upstream Confluence 

Catchment area (km
2
) ~130km

2
 ~160km

2
 ~300km

2
 

2 year ARI peak discharge 
(m

3
/s) 

100 121 217 

50 year ARI peak discharge 
(m

3
/s) 

442 554 998 

 

4.3 Existing conditions 1D hydraulic assessment 
1D steady-state hydraulic modelling using HEC-RAS was undertaken to assess existing in-channel conditions in 
Walker and Carborough Creek. A single model was made starting approximately 1.5km downstream of the 
Walker Pit diversion, extending approximately 13.5 km upstream along Walker Creek to the confluence of 
Carborough Creek and MRA WCD S2A. The model also extends approximately 3.4 km through MRA WCD S2A 
and 1.5 km upstream along Walker Creek, and, approximately 0.8 km of Carborough Creek. The model consists 
of a series of cross-sections which extend across the channel and onto the floodplain. Although existing 
conditions hydraulics has been assessed previously, this project is using new survey of the site and this update 
of existing conditions is required to enable a meaningful pre and post diversion comparison. 

Downstream boundary conditions were set as the existing bed grade immediately downstream of the model. 
Channel roughness, represented by Manning’s n value, was set as 0.05 in the remnant channels  for both 
streams, and 0.035 in the diversion channels. Peak flow rate estimates presented in Section 4.2 were used to 
evaluate flow conditions in comparison to ACARP diversion guidelines (Section 3). 

Hydraulic conditions are summarised for the seven reaches of the study area. Results are presented in 
comparison to ACARP criteria to provide a means of comparing pre- and post-diversion conditions when 
evaluating diversion designs against design criteria. 

It should be noted that the accuracy of hydraulic modelling is dependent on the accuracy of the DTM provided 
and the hydrologic estimates. The general relationship between channel shape and hydraulics should not be 
greatly affected by limited accuracy; however, the magnitude of hydraulic parameters may be significantly 
influenced. The data used is considered adequate for this assessment. 

A summary of the geometric characteristics of the existing Walker Creek and Carborough Creek is detailed in 
Table 4-2. 
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Table 4-2. Estimate of channel variables for existing Walker and Carborough Creek 

Reach Average Channel Grade 
(m/m) 

Channel length (m) Approximate Bed Width 
(metres) 

Carborough Creek 0.00203 900 20-30 

Walker Creek upstream 
reach 

0.00174 1533 15-20 

Walker Creek Stage 2A 
diversion 

0.00109 3756 10 

Walker Creek reach to be 
replaced 

0.00142 8160 20-30 

Walker Creek downstream of 
Stage 2C 

0.00191 3133 20-30 

 

Results 
Hydraulic conditions vary throughout the system with energy conditions broadly increasing in a downstream 
direction. Parameters are generally below threshold values of the 2001 and 2014 ACARP criteria (Table 4-3) for 
all reaches upstream of and including the Walker Creek reach to be diverted. However, downstream of this 
many parameters are above threshold values. Graphs of hydraulic parameters and water surface profiles for 
existing conditions are provided in Attachment A and reach average values are presented in Table 4-3. 

The graphs of each parameter must be understood in context of local and reach scale geomorphic 
characteristics due to the dramatic appearance of spikes that exceed threshold levels. If these spikes are 
localised and not in consecutive cross sections then they do not necessarily represent an area of potential 
instability. In addition to locations of high parameter values there are a similar number of cross-sections where 
the parameter values drop below threshold values. 
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Table 4-3. Walker and Carborough Creek 1D hydraulic modelling results  

Hydraulic 
Parameter 

Units ARI 

2001 ACARP 
Criteria 

(reach 
average) 

2014 
ACARP 
Criteria 

(reach 
average) 

Carborough Ck 
Walker Creek 

Upstream 
MRA WCD S2A 

Walker Creek to be 
diverted 

Walker Creek 
downstream of 2C 

Shear Stress (N/m
2
) 

2 year <40 <40 18.14 21.88 20.02 35.04 44.79 

50 
year 

<80 <80 30.78 29.60 32.79 64.56 55.36 

Stream Power (W/m
2
) 

2 year 

No 
vegetation

 <35 

With 
vegetation

 <60 

35-60 18.18 23.83 29.03 51.02 78.38 

50 
year 

<150 80-150 46.32 42.59 66.91 146.18 129.35 

Velocity (m/s) 

2 year 

No 
vegetation 

 <1.
0 

With 
vegetation 

 <1.
5 

<1.5 0.95 1.03 1.43 1.36 1.58 

50 
year 

<2.5 <2.5 1.4 1.31 2.02 2.01 1.94 
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4.4 Sediment supply, transport and fate assessment 
Sediment transport modelling included in diversion design represents one element of current leading practice 
for design. Sediment transport modelling has been undertaken for existing conditions of the modelled reaches 
using HEC-RAS for the purposes of comparison with post diversion conditions.  

Sediment supply 
Walker and Carborough Creeks have high supply of both sand and finer sediment from upstream catchment 
areas.  There are two temporally distinct sources of sediment.  The first is the geologic units of the catchment 
upstream and the second is the contemporary erosional adjustments occurring due to post European 
catchment disturbance overlying the geologic evolution of the catchment. Over geologic time scales and 
independent of human influences in the catchment, the waterways will have inherently elevated sand loads 
from the Triassic sandstones which form the Carborough Range to the west of SWCM (Figure 4-7) in which the 
headwaters of both Walker and Carborough Creeks originate. 

The Permian coal bearing sedimentary bedrock units which underlie the Triassic Sandstone and are dominant 
throughout the Bowen Basin have deeply weathered and developed a variable depth Tertiary horizon with 
substantial dispersive clay at the land surface.  It is these clay dominated horizons that provide a further 
elevation in sediment supply to the waterways due to contemporary human disturbance in the catchment.  
These horizons are extremely sensitive to alterations in overland flow conditions such as concentration of flow 
energy.  Concentration of flow energy by a small track or cattle pad can lead to large gully network 
development (Figure 4-8).  The same types of disturbance can also trigger large terrace scarp erosion (Figure 
4-9).  These erosion mechanisms have not reached the bottom of their condition trajectory and are likely to 
continue to input elevated sediment loads to the waterways.  At some point in the future they will reach the 
bottom of their condition trajectory and start a recovery process when sediment exports may reduce.  The 
time to the bottom of condition trajectory or any management intervention to reduce the elevated sediment 
exports is not known. Understanding these sediment supply characteristics of the system[s] informs diversion 
design considerations and is important for successful stream diversions. 
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Figure 4-7. Triassic sandstone range (Carborough Range) through catchment 
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Figure 4-8. Contemporary gully erosion network development in Walker Creek catchment 

 

Figure 4-9. Contemporary terrace scarp erosion in Carborough Creek catchment 
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Sediment Transport Modelling 

Modelling enables a prediction of sediment transport capacity based on the existing hydraulic parameters and 
known bed sediment properties.  Sediment transport capacity does not take into account sediment inflow, 
erosion or deposition in the computations; however the results can be used to determine reach average 
sediment transport capacities, which assist in understanding the fluvial processes occurring now and 
predicting future conditions.  

There are five different total load functions for estimating transport capacity incorporated into HEC-RAS. The 
use of these functions can give a wide range of results, depending on the characteristics of the waterway. 
Ackers-White and Toffaletti are the preferred functions for sand bed streams. This assessment has used the 
Ackers-White function as it has been successfully utilised for other studies on sand bed streams in the region, 
in particular, the Isaac River Cumulative Impact Assessment of Mine Developments (Alluvium, 2008). 

Sediment gradation information is entered into HECRAS as particle sizes with an associated percentage value 
that indicates the amount of material within the sediment mixture that is finer by volume.  Sediment transport 
rates are computed on the basis of the hydraulic parameters for each grain size as if it comprised 100% of the 
sediment load.  The transport capacity for that size group is then multiplied by the fraction of the total 
sediment that it represents.  It follows, that the total sediment transport capacity is the sum of the transport 
capacities calculated for each particle size fraction. In the absence of particle size data specific to Walker 
Creek, the particle size data for Bee Creek, of which Walker Creek is a tributary, was utilised as its bed has 
similar characteristics (Table 4-4). 

Table 4-4. Sediment gradation of Bee Creek (ACARP, 2002) 

Particle diameter (mm) Percent finer (%) 

4.75 100 

2.36 99 

1.18 95 

0.600 77 

0.425 26 

0.300 5 

0.150 3 

0.075 2 

 

To obtain an estimate of the sediment transport capacity for the five reaches described in Section 4.1, the 
sediment transport capacity was computed for each cross-section of the HEC-RAS model for the 2 and 50 year 
ARI events detailed in Section 4.2. The reach average sediment transport capacity for each reach was then 
calculated for each flow. 

Values for reach average sediment transport capacity for existing conditions of Walker and Carborough Creek 
reaches were calculated for the 2 and 50 year ARI events and are presented in Table 4-5. 

Table 4-5. Reach average sediment transport capacity for existing conditions 

Reach Reach average sediment transport capacity (m
3
/s) 

2 year ARI 50 year ARI 

Carborough Creek 0.02 0.10 

Walker Creek upstream 0.02 0.09 

Stage 2A 0.03 0.20 

Walker Creek to be diverted 0.08 0.72 

Walker Creek downstream of 2C 0.12 0.42 
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Based on geomorphic assessment and modelling results, both Walker and Carborough Creeks can be classified 
as ‘transport limited’ systems. In contemporary times this has led to both channel bed aggradation and oblique 
accretion of the channel banks. Under these conditions the waterway generally shows limited capacity for 
fluvial erosion where there is established riparian vegetation and the oblique accretion, which deposits a ‘mud 
drape’ of fine sediments on banks, has had chance to occur.  Examples of mud drape deposition in a successful 
diversion under similar sediment supply conditions are provided in Figure 4-10 and Figure 4-11. 

 

Figure 4-10. Mud drape deposition layers and bench development in Cherwell Creek diversion ~12 years post 
construction 

 

Figure 4-11. Cherwell Creek diversion conditions ~12 years post construction 

4.5 2D hydrodynamic modelling 
2D hydrodynamic modelling has been undertaken of the estimated 0.1% AEP flood event of existing conditions 
for Walker and Carborough Creeks at the SWC site for the purposes of comparing pre and post diversion 
conditions. Alluvium has undertaken modelling of this event at SWC in the past for design of the Stage 2A 
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diversion. However, the area requiring modelling for the Stage 2C diversion is larger and this project is using a 
new LiDAR survey for some areas of the mine. Details of the modelling method and results are provided in 
Attachment B. Results of maximum flood depth is provided in Figure 4-12 (and Attachment B) and maximum 
shear stress is also in Attachment B. 
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Figure 4-12. Existing conditions 0.1% AEP maximum flood depths
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5 Functional diversion design 

This section provides details of the functional design of the MRA Stage 2C diversion of Walker Creek and 
associated requirements, including flood protection levees and overland flow measures, an assessment of 
hydraulic and sediment transport characteristics and a physical impact assessment.  

The proposed diversion is a refinement of the preferred concept alignment chosen by BHPBCP. The key design 
features have been developed to accommodate, as much is as possible, proposed open cut mine plan extents 
while keeping the diversion within the mine lease. Key features of the diversion alignment include the 
diversion take-off from the downstream end of the Stage 2A diversion, meanders between proposed mine 
plans and the ML boundary before following an existing drainage path for the majority of the diversion length 
before tying back into Walker Creek. Following the existing drainage path substantially reduces the required 
excavation volumes for the channel (Alluvium 2015). An overview of the diversion alignment is provided in 
Figure 5-1. 

Other features include three flood protection levees to direct out of channel flows into the diversion at the 
take-off, to prevent flows from backwatering up the abandoned Walker Creek channel and to provide flood 
mitigation measures for open cut pits during mine site operations; and a number of overland flow drainage 
measures to intercept and direct overland flow to the base of the diversion channel via rock lined batter 
drains. 

The levees have been designed to meet operational flood immunity requirements (i.e. 0.1% AEP event 
immunity) and as much as is possible mine planning infrastructure requirements.  

The proposed diversion developed to a functional level design as detailed in this report satisfies the 
Queensland Government’s guidelines for watercourse diversions (DNRM, 2014) and incorporates, wherever 
practical, Alluvium’s fundamental design principles outlined in Section 3.1 and the program logic approach 
below. 

5.1 Program logic 
A program logic approach was developed for stream diversions as part of Alluvium (2014) and although not 
included in any government guidelines, represents current leading practice for diversion design. Development 
of the diversion presented has considered the framework of the diversion program logic (Alluvium, 2014), as 
illustrated in Figure 5-2. Part of that framework is the development of a program logic approach to determine 
objectives for the diversions performance, the activities required to set a diversion on trajectory toward those 
objectives and the outcomes expected at certain points in time. The program logic is founded on the diversion 
objectives: 

 Diversion enables safe and efficient mine operation 

 Diversion meets expected environmental and social outcomes during mine operations 

o Diversion is self-sustaining 

o Diversion does not adversely impact on upstream and downstream reaches 

 Diversion can be relinquished at the end of mine life  

o Diversion does not require ongoing management.  

The program logic then sets out the foundational and immediate activities that should be performed and the 
expected short term and intermediate outcomes of these activities that lead to the overall diversion objectives 
being met. The functional design of the diversion in this report has been developed within this program logic 
approach and includes all of the elements of the foundational activities: flood analysis; design using current 
recommended design parameters as per ACARP and Queensland Government guidelines (DNRM 2014); design 
including explicit threshold channel analysis; and design consideration of geotechnical analysis / pit stability 
and final void. Further refinement of the design will be undertaken during the detailed design stage.
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Figure 5-1. MRA Walker Creek Diversion – Stage 2C functional design alignment 
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Figure 5-2. Program logic diagram for diversion objectives (current leading practice, not regulatory requirement)
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5.2 Functional design features 
The proposed Stage 2C diversion and levee designs have been developed in consultation with BHPBCP and 
where possible are within the corridor defined by BHPBCP. All diversion infrastructure must not be within 15m 
of the mine lease (ML) and where possible are to be no closer than 70m from the proposed open cut pits to 
allow for an infrastructure corridor for mining operations and potential closure landforms. Details of the 
proposed diversion are provided below. 

Diversion channel 
The diversion design consists of a single bed gradient from take-off to tie-tie. The diversion take-off 
commences atthe downstream end of the Stage 2A diversion and extends in a general south easterly direction, 
cut through hillslope, meandering between the ML and proposed mining infrastructure before following the 
alignment of an existing drainage path in a general east-south-east direction. Along the drainage path the 
depth of cut becomes progressively less and practically matches the existing drainage path invert elevation 
before the alignment deviates from this path to make an additional meander before tying back into Walker 
Creek.  

Table 5-1 provides an overview of the diversion channel geometric features in comparison to relevant existing 
reaches. Details of the proposed diversion are presented graphically in the functional design drawings of 
Attachment D. 

Table 5-1. Diversion channel features and comparison to existing 

Reach Average 
channel grade 

(m/m) 

Channel 
length (m) 

Bed 
width 

(m) 

Channel 
top 

width 

(m) 

Batter slope Bench 
width 

(m) 

Bench 
height (m 

above 
bed) 

Depth 
of cut 

(m) 

Proposed 
Stage 2C 
diversion 

0.00152 8010 

 

35 Approx. 
40 to 
Max 
195 

Upper 
batters 
1V:3.5H 

Lower batter 
1V:2.5H  

30 
(lower 
bench) 

10 
(upper 
bench) 

1  

(lower 
bench) 

4  

(upper 
bench) 

 

0 – 13 

 

2* 

Walker Creek 
to be 
replaced  

0.00142 8160 20-30 100 - 
150 

Varies  

1V:2H - 

1V:3H 

0 - 40 0 - 4 NA 

Walker Creek 
(downstream 
of diversion 
tie-in) 

0.00191 3133 20-30 90 - 140 Varies  

1V:2H - 

1V:3Hc 

0 - 40 0 - 4 NA 

*Additional 2m of cut to base of hyporheic zone 

Diversion cross-sectional geometry 

The diversion cross-section form provides features that are characteristic of incised alluvial/partly confined 
streams within the Bowen Basin and includes benches that are inundated by flows around the 2 year and 50 
year ARI events. There is a prevalent riparian vegetation association with these hydro-geomorphic features. 
The diversion replicates this by the inclusion of lower benches that are inundated by the 2 year ARI flows and 
where deeply cut through hillslope, an upper bench that is inundated by the 50 year ARI flows. The benches 
will act as inset floodplains and facilitate ongoing riparian zone regeneration of dominant species for that zone 
and provide for longitudinal continuity through the system. 

In the downstream end where the depth of cut is shallow the diversion utilises and engages the shape and 
form of the existing terrain which replicates a floodplain. Where the depth of cut allows, the low level bench 
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continues and is engaged by the 2 year ARI and the existing terrain beyond is engaged by the 50 year ARI 
event. Levees are used to protect mine infrastructure. 

The cross-sectional geometry of the diversion is shown in Attachment D and Figure 5-3 and details of the form 
are shown in Table 5-1. Features of the design include: 

 Bed with of 35m 

 Low and higher level benches with 3% cross-fall 

 batter slopes of 1v:2.5h below low level bench 

 batter slopes of 1v:3.5h elsewhere 

 creation of a hyporheic zone below sand bed level to allow for continuity of sediment transport and 
hyporheic flow 

Hydraulic conditions at the diversion take-off require a transitioning of the channel to reduce high energy 
conditions immediately upstream in Carborough Creek and the Stage 2A diversion. Functional level 
transitioning has been undertaken and has been successful in reducing elevated energy conditions upstream of 
the take-off. However, this currently results in increased hydraulic parameter values through the first 600m of 
the diversion channel and will be subject to further design assessment during detailed design once the 
geological conditions in this area are known (see Sections 5.4, 5.7 and 5.9 and Attachment C for more 
information).  

 

Figure 5-3. Diversion typical section (not shown at a scale of 1:1) 

Flood protection levees 
Three flood protection levees will be required to prevent the ingress of flood waters into the proposed 
Mulgrave pit development and existing and proposed Carborough pit developments. The three levees have 
been designated levee 1, 2 and 3 and are shown in Figure 5-1 and Attachment D. 

In cross-section the levees are all the same with a 5m wide crest and side slopes at 1v:4h. The crest elevation is 
set such that a minimum 0.5m freeboard margin above the 1000 year ARI (0.1% AEP) water surface estimated 
from 2D hydrodynamic flood modelling.  
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At this stage it is proposed the levee embankments will be constructed using suitable clayey fill won from 
diversion channel excavations. Identification of suitable materials will form a key element of a geotechnical 
investigation required as input to the detailed design. 

Levee 1 

Levee 1 is a continuation of the Earthen Embankment (combined with a waste rock dump) formed during the 
Stage 2A project and extends across Walker Creek (located on top of the plug) to maintain flood flows within 
the Stage 2C diversion corridor. Current modelling indicates the existing earthen embankment may need to be 
raised slightly, this will be subject to review during detailed design. The length of the new portion of levee is 
approximately 1,630 m extending in a generally south-easterly direction and where possible is located beyond 
the 70m offset from proposed pit developments as requested by BHPBCP. It is also located a minimum of 20m 
from the top of diversion excavation batter. 

Where the levee overlies the plug across the existing Walker Creek channel it is proposed that general fill be 
placed between levee/plug face and diversion channel to manage hydraulic conditions associated with 
confluence zone expansion and ensure free draining conditions following a flow event. 

Levee 2 

Levee 2 is located at the downstream end of the proposed diversion and wraps around the proposed Mulgrave 
pit developments for a length of approximately 3,120 m, between the diversion channel and proposed open 
cut pits. Due to the diversion alignment following the existing drainage path and the need to maintain a 
minimum 20m offset between the diversion channel top of bank and levee toe (for stability and access 
requirements), a relatively short length of the levee extends into the requested 70m offset from proposed 
mining pits.  

Levee 2 crosses the existing Walker Creek overlying the downstream plug across the channel and prevents 
flows backwatering into the abandoned channel and ultimately proposed open cut pit developments. In the 
early phases of pit development surface water runoff derived from undisturbed lands between the diversion 
and mining pits will collect in the abandoned channel against the rear face of the levee. It is not likely that the 
levee embankment design will allow for water to pool for long periods against the levee for stability reasons. 
Therefore, this will require a management solution to be implemented by SWCM. Surface water runoff on the 
rear face of the levee[s] is beyond the scope of this functional design project and is to be discussed further in 
the surface water management plan being developed by SWCM. Possible solutions could include pumping, 
drainage valves and/or channels and combinations thereof. 

The levee alignment also crosses a smaller tributary near to and north-east of the plug. A spoil dump is 
proposed to be built over the tributary but until that occurs SWCM will need to manage water that collects on 
the rear face of the levee. This could be managed separately or in conjunction with the site described above 
and possible solutions would be similar.  

Levee 3 

Levee 3 is also located at the downstream end of the proposed Stage 2C diversion but on the opposite side of 
the channel and wraps around the existing and proposed Carborough Pit developments for a length of 
approximately 1,340 m. The area for the proposed levee appears to be highly modified as it follows alongside 
pit ramp infrastructure and consequently the levee embankment cross section will significantly vary along the 
proposed alignment.  

Specialist geotechnical advice will be required to determine if the substrate conditions of the proposed 
alignment are suitable for providing flood protection, or, if the proposed alignment should be altered. 
Specialist geotechnical advice will also be required for determining ‘secure ground’ for the levee tie-in to the 
pit access ramp. 

Where the levee is adjacent proposed Carborough Pit developments the requested 70m offset is deliberately 
not maintained so that the levee is built on higher ground to reduce the risk to levee stability and integrity 
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posed by diversion flows. This also reduces the required earthworks volumes and hence cost to build the 
levee. 

Where the levee wraps around existing pit ramp infrastructure it is situated between this and an existing 
tributary channel of Walker Creek (the same drainage feature utilised by much of the proposed Stage 2C 
diversion alignment but not used in this location). As part of the design arrangement this channel is proposed 
to  be filled to top of bank levels to the extent required to reduce the risk of meander cut-off to suitable levels. 
Further design assessment will be undertaken during detailed design to optimise the extent of filling required. 

The levee also intercepts some overland flow paths to the south-west of the existing Carborough Pit which will 
collect on the rear face of the levee until such time as the catchment is mined out. In the interim this will 
require management by SWCM and/or further design assessment during detailed design.  

Overland flow measures 
The proposed Stage 2C diversion channel alignment intercepts a number of minor tributaries and overland 
flow catchments originating in the low relief hillslopes to the south of the diversion. Without management 
intervention, runoff from these catchments would cause instabilities on the diversion batters and back 
upstream on the flow paths. There is also one catchment on the northern side (mining side) of the diversion 
channel requiring management. 

To manage this surface water runoff a series of low level earthen bunds and rock lined batter drains are 
proposed to intercept and convey surface water flows to the base of the diversion channel. In total, eight 
batter drains and five earthen bunds are proposed. The design intent of a batter drain is to use rock beaching 
to provide an erosion resistant passage for concentrated overland flow. During life of the drain vegetation will 
become established on all surfaces and ongoing monitoring will be required during mining operations. .   

The batter drains will typically have a trapezoidal cross-section with 1v:2.5h abutment batters and 1v:3.5h 
upper batters. Rock beaching will be required, which must be placed over a layer of granular filter material.  
The larger rock provides resistance to flows and the granular filter material helps to prevent slaking of 
underlying material out through the larger rock. The loose interface provides more stability for rock placement 
with less chance of slippage occurring in comparison with a geotextile fabric layer which can act more like a 
rigid boundary. 

It should be noted that the earthen bunds and batter drains have been designed to a functional level and 
further refinement of the configuration will be required at the detail design stage. This includes consideration 
on the amount of the batter drain[s] that would be on Tertiary sediments and the amount on Permian 
bedrock.  The Tertiary-Permian boundary within the diversion channel will be an important output from a 
geotechnical ground investigation required as input to the detailed design. 

Volume estimates for the batter drain excavation and rock beaching are detailed in Section 6. 

Filling locations 
There are locations in the downstream zone of the proposed diversion where general fill is proposed to 
manage risk of potential meander cut-off. One area involves filling approximately 850 m of the tributary to 
Walker Creek commencing from where the proposed diversion alignment departs the tributary alignment, 
downstream to the confluence with Walker Creek. It is proposed to fill this to near top of bank levels. 

The second area proposed for filling involves raising the existing terrain along and adjacent the dragline walk 
road, the area that is situated in front of Levee 2 and extends between the large meander of the proposed 
diversion. The aim with this is to reduce the frequency of overtopping of this area and therefore reduce the 
risk of a meander cut-off developing. 

The design of these areas will be subject to refinement during detailed design. 
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5.3 Design flow estimates 
The peak design flow estimates adopted for diversion design are the same as those provided in Section 4.2 for 
existing conditions. This is largely the result of the majority of the contributing catchment being located 
upstream of the site for diversion and therefore realignment of the creek via the Stage 2C diversion does not 
change the peak flows of the system. 

5.4 1D hydraulic assessment 
Hydraulic assessment of the proposed diversion arrangement has been undertaken using 1D steady state 
hydraulic modelling. A HEC-RAS model was set up, similar to that used for existing conditions assessment, with 
flows now passing through the proposed diversion. Results of the diverted scenario are shown alongside pre-
diversion (existing conditions) results for the adjoining upstream and downstream reaches. 

Results 
Results show that DNRM (2014) criteria are satisfied for both flow events through the diversion (Table 5-2). 
The reach averaged hydraulic parameter values for the diversion typically fall within the reach average for the 
adjoining upstream reaches and the reach average of the adjoining downstream reach for the 2 year and 50 
year ARI flows. This is a good outcome as the existing conditions show a general increase in energy of the 
downstream reaches compared with those upstream, so the diversion reach average fits into this trend. 

At the diversion take-off, all hydraulic parameter values are elevated for a distance of approximately 600m 
which is associated with a transition zone. The development of the transition zone at a functional level aimed 
to reduce the increase in hydraulic parameter values through the upstream reaches to acceptable levels, this 
has been achieved. However, the resulting elevated hydraulic parameters values through the diversion 
transition zone will be subject to further refinement during detailed design. Geotechnical investigation is being 
undertaken to determine robustness of existing material and provide input to assessment of final design 
solutions. 

The hydraulic parameter values are generally constant throughout the majority of the section that is cut 
through hillslope. Moving downstream as the diversion enters the existing drainage feature, from approximate 
chainage 10,000 m (hydraulic model chainage) the 50 year ARI flow begins to engage the existing terrain like a 
floodplain as the capacity of the channel reduces. So, downstream through this area there is some variability 
of hydraulic parameter values that directly relates to the natural variability of the existing terrain. In the very 
downstream end of the diversion the hydraulic energy is quite low which is attributable to a backwater effect 
from the downstream reaches. 

The introduction of the current diversion design slightly increases hydraulic parameter values in the adjacent 
upstream reaches, however the increases are relatively small and the reach averaged values all remain below 
threshold criteria values. In the case of Carborough Creek, this is a positive result as Carborough Creek is very 
much transport limited, i.e. it has an over-supply of bed load sediments and increases in hydraulic energy will 
help to redistribute sediment. In the case of the Stage 2A diversion, only the 2 year ARI velocity begins to 
exceed the threshold criteria value towards the downstream end. Work done at this functional design level has 
partially addressed this issue and it is expected that further design assessment during detailed design will 
produce satisfactory design conditions. There is no change to hydraulic values upstream of the Stage 2A 
diversion. 

Downstream of the proposed Stage 2C diversion, hydraulic parameter values are virtually unchanged as 
expected due to no net change in peak flow rates. There is a very small change in values immediately 
downstream of the diversion tie-in location due to the introduction of the levee into the landscape which 
slightly reduces the available flow area in this zone. 

Table 5-2 presents reach average values of hydraulic parameter values and graphs of hydraulic parameters and 
water surface profiles for pre- and post-diversion are provided in Attachment C.  
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Table 5-2. 1D hydraulic modelling results of the proposed Stage 2C diversion 

Hydraulic 
Parameter 

Units ARI 
2001 ACARP Criteria 

(reach average) 

2014 ACARP 
Criteria 

(reach 
average) 

Carborough 
pre 

diversion 

Carborough 
post 

diversion 

Stage 2A 
pre 

diversion 

Stage 2A 
post 

diversion 
DIV 

D/S of 2C 
pre 

diversion 

D/S of 2C 
post 

diversion 

Shear Stress (N/m
2
) 

2 year <40 <40 18.14 23.30 20.02 20.62 20.65 44.79 45.00 

50 year <80 <80 30.78 44.6 32.79 36.75 41.42 55.36 56.68 

Stream Power (W/m
2
) 

2 year 
No vegetation <35 

With vegetation <60 
35-60 18.18 26.05 29.03 30.34 30.27 78.38 78.81 

50 year <150 80-150 46.32 79.19 66.91 79.13 99.00 129.35 131.69 

Velocity (m/s) 
2 year 

No vegetation  <1.0 

With vegetation  <1.5 
<1.5 0.95 1.05 1.43 1.45 1.38 1.58 1.59 

50 year <2.5 <2.5 1.4 1.65 2.02 2.12 2.19 1.94 1.97 
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5.5 Sediment supply, transport and fate assessment 
This section provides a brief summary of the likely sediment dynamics and implications for diversion functional 
design and potential modifications to be made during the detailed design.  Existing conditions with regard to 
sediment supply are summarised in Section 4.4. 

Sediment transport modelling 
Sediment transport modelling has been undertaken for the Stage 2C diversion and adjoining reaches as per the 
project reach breakdown using HEC-RAS.   

As HEC-RAS is a backwater model, the downstream reach results for existing conditions and post-diversion 
conditions are similar and only the existing conditions results are shown. 

Values for reach average sediment transport capacity for existing conditions and the diversion reaches were 
calculated for the 2 and 50 year ARI events and are presented in Table 5-3. 

Table 5-3. Reach average sediment transport capacity for existing and design conditions 

Reach Reach average sediment transport capacity (m
3
/s) 

2 year ARI 50 year ARI 

 Existing Design Existing Design 

Carborough Creek 0.02 0.02 0.10 0.14 

Walker Creek upstream 0.02 0.02 0.09 0.10 

Stage 2A 0.03 0.03 0.20 0.25 

Walker Creek to be diverted / 
Stage 2C 0.08 0.10 0.72 0.83 

Walker Creek downstream of 
2C 0.12 0.12 0.42 0.43 

 

Broadly, sediment supply and transport conditions for the diversion will be the same as for existing conditions 
(Figure 4-8 and Figure 4-9). Even if the highly elevated contemporary sediment supply reduces through 
recovery of gully erosion in the catchment (which is likely to take more than half a century), there is inherently 
elevated sand inputs to the waterways from the geology throughout the catchment, hence it is possible that 
Carborough and Walker Creeks, including the diversion, will remain ‘transport limited’ (receiving more 
sediment than it is able to transfer) for decades or centuries to come. Suspended sediment will continue to be 
supplied at elevated levels to the diversion, increasing the prospects of mud drape development and oblique 
accretion which will, over decades, create bank profiles similar to the existing waterway. Such a process is 
noted for Cherwell Creek diversion at Peak Downs Mine (Figure 4-10). Cherwell Creek has similar sediment 
supply conditions and geomorphic characteristics to Walker Creek (Figure 4-11). 

5.6 2D hydrodynamic modelling assessment 
2D hydrodynamic modelling has been undertaken of the estimated 0.1% AEP flood event for the proposed 
diversion and levee arrangement for this study to satisfy the regulatory requirements of the Queensland 
Government for levees constructed as part of environmentally relevant activities. Figures of results for 
maximum flood depths, shear stress and depth afflux (compared to existing conditions) are provided in 
Attachment B. The modelling results have been used to set the elevation of the proposed levees. 

From the results it is apparent there are two zones where bed shear stress is at elevated levels through the 
proposed diversion: through the off-take zone and the expansion zone where the diversion transitions from 
being confined through hillslope to utilising the existing drainage path. This aligns with the 1D hydraulic 
modelling results and will be subject to further design assessment during the detailed design phase to 
understand all the variables at a detailed level and design suitable solutions. Geotechnical investigation along 
the alignment with regard to the nature of substrate will provide an important input to those assessments. 
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Pre and post diversion comparisons for the 0.1% AEP event show only minor changes to depth with practically 
no change downstream and a slight increase in depth upstream, in the order of plus 300 mm. This correlates 
with a slight reduction in shear stress upstream. And downstream of the diversion there is some variance with 
both positive and negative changes in shear stress that can be mostly attributed to changes in flow direction 
for the large flow event. 

Further design refinements will be made during the detailed design phase. 2D hydrodynamic modelling of the 
design, combined with results of the geotechnical investigation will allow decisions to be made around use of 
rock beaching. This will be particularly important through the identified areas of high shears stress and the 
diversion confluence zones. 

It is also evident from the post diversion conditions results that the inclusion of the two filling areas at the 
downstream end has been effective, at a functional level, at reducing shear stress between the meanders and 
therefore reducing the likelihood of meander cut-offs developing. 

5.7 Geotechnical considerations 
Useful geological investigation data has been provided for the broader MRA project area in the form of 
borehole data. This assessment utilises those sites that fall on or near to the proposed diversion alignment for 
Stage 2C. 

The main elements requiring consideration at a functional level includes the substrate likely to be encountered 
within the diversion channel and substrate below the proposed levee alignments. 

Diversion channel 
Based on the information provided the diversion is likely to be built through a range of substrate types at 
varying depths and plan locations, eg, Permian rock (siltstone, mudstone and sandstone) and Tertiary 
sediments with variation in magnitude of weathering. These substrate types will require assessment based on 
their properties and location within the diversion.  

The upstream zone of the diversion is likely to contain Permian bedrock materials. This may be beneficial for 
the design of the take-off zone. If Permian bedrock is prevalent this may be used to manage possible elevated 
hydraulic energy through this area. The current information suggests the Permian/Tertiary interface is quite 
variable in elevation through this area and should be better defined through geotechnical investigation for 
detailed design. 

The middle and downstream thirds of the diversion are not as likely to encounter Permian bedrock material 
(based on information provided to date) and are more likely to be built through weathered Tertiary sediments. 
And the downstream portion of the diversion (in the vicinity of the dragline walk road) will be situated in 
sand/clayey-sand deposited by Walker Creek as it has meandered around this area over long time scales. 
Careful design consideration will be required in this area and issues of constructability are likely to feature in 
design assessments. Previous experience suggests a rock mulching treatment on soft sandy batters will be 
required for construction traffic and suitability for vegetation establishment. Design of these considerations 
are to be undertaken at detailed design. 

Levee alignments 
Identification of suitable levee building material to be won from the diversion channel excavation will form a 
large component of the geotechnical ground investigation to be undertaken for detailed design. 

Levee 1 

Levee 1 is situated at the take-off for the proposed Stage 2C diversion. Geological information provided for this 
study did not include any locations of information along or near to this levee. However, we already know from 
previous investigations for the Stage 2A diversion project deep sands are likely to be encountered between the 
earthen embankment built for Stage 2A and where the levee crosses the existing creek channel. To the south-
east of the existing channel the substrate conditions at this stage are somewhat unknown. However, a field 
inspection identified Permian rock expressing at surface levels in some locations. 
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Levee 1 also currently extends along the alignment of the earthen embankment built for Stage 2A.  Decisions 
around whether this embankment needs to be raised to function as a levee as a result of the 2C diversion are 
expected to be made during detailed design. It is also expected that design and QA records from construction 
would provide enough geotechnical information for design purposes. 

Levee 2 

Levee 2 is located at the downstream end of the proposed Stage 2C diversion and on the northern side of 
Stage 2C. From the geological and DTM information provided it is likely the substrate will consist of deep sands 
for the majority of the alignment. In some locations this could be as deep as 15 m from surface elevation. 
Geotechnical investigation and detailed design will need to take this into account. 

Levee 3 

The proposed location for Levee 3 is alongside Carborough Pit ramp infrastructure. The aim of the alignment is 
to minimise required fill volumes for the levee. However, much of the alignment is on previously disturbed 
ground. and specialist geotechnical ground investigation and assessment is required to determine if this is in 
fact a suitable alignment for the proposed levee. 

A geotechnical assessment of ‘secure ground’ will also be required to inform suitable tie-in locations for the 
levee. 

Geochemical considerations 

Commentary on geochemical considerations is provided in the revegetation report (Alluvium 2016a). 

5.8 Assessment of potential physical impacts 

Flow regime 
The proposed diversion arrangement for MRA Stage 2C will not alter total flow volumes through the system.  
The proposed arrangement is also not expected to result in any meaningful levels of flow attenuation as is 
evident by pre and post diversion peak flow estimates being practically the same for the 2 year and 50 year ARI 
events. Some attenuation associated with low levels of backwater upstream of the take-off for a short time 
during extreme flow events may occur.  This is likely to have negligible impacts on the form and function of the 
waterways downstream of the site and will not have any impact upon users of the adjacent land.   

The proposed open cut mining footprint will provide a slight reduction in catchment area contributing to the 
watercourse, however this is insignificant at the catchment and sub catchment level. 

Geomorphic character and behaviour 
The proposed diversion arrangement for MRA Stage 2C is consistent with that of MRA Stage 2A, which 
provides for characteristics and behaviour that are similar to the partly confined sections of existing 
Carborough and Walker Creeks with no significant impacts expected to upstream or downstream reaches.   

Lower channel boundaries are frequently bedrock controlled and steeper.  Alluvial benches may develop in 
these areas through mud drape deposition.  Upper channel banks are lower angle and generally within stiffer 
Tertiary terrace sediments. Where these conditions aren’t met through excavation, re-use of materials won 
from excavation can reproduce the desired conditions, such as the blending of Permain rubble with 
uncohesvie sediments in upper batters.   

The diversions will provide conditions for similar sediment transport capacity, hence continuity of bedload.  
This is important for hyporheic flow connectivity and the vegetation that depends on this small alluvial aquifer. 
There will be an interruption in this process while the zone fills through the diversion, the duration of which is 
totally dependent on the timing, magnitude and duration of flow events. Analogies can be drawn from 
subsidence of sand bed streams in the region such as the Isaac River where multiple longwall panel subsidence 
troughs, in the order of 300m long, 3m deep and 50m wide each can be infilled in a single large (>10 year ARI) 
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flow event.  Established climate cycles of wet or dry dominated periods of 5 to 7 years prevail in the Isaac-
Connors catchment based on hydrologic records.  Probability of infilling may also then be linked to timing of 
construction relative to that cycle.  During this period the natural process of infilling may reduce seidment 
being transported to reaches downstream of the diversion until levels equalise.  Further assessment of the 
risks of this response is required during detail design.  One possible mitigation measure is to ‘seed’ the 
diversion with bedload from the reaches to be abandoned.   

Riparian corridor 
Creation of the diversion will provide a temporary discontinuity in the riparian corridor while revegetation 
works establish. The design creates conditions that are suitable for re-establishment of the riparian vegetation 
currently found in the existing channel.   

5.9 Potential design modifications and recommendations for detailed design stage 
The proposed diversion presented in this report provides a design for a functioning waterway that meets the 
Queensland Government guidelines. The design also provides a diversion reach that has the potential over 
time to replicate regional environmental values and not adversely impact on the adjoining reaches. 

There are a number of elements of functional design that will require further assessment and refinement prior 
to or during the detailed design phase. 

Mining 

The location of proposed levees and diversion channels is dictated firstly by the ML boundary, and secondly by 
locations and offsets of proposed operational mining infrastructure (such as pits and dumps) and thirdly by 
suitable offset distances. At the functional design level these offset distances (70 m from pit crests) have been 
provided by BHPBCP to allow sufficient room for mining operations infrastructure between proposed 
levees/diversion and pit crests.  

Longer term pit wall stability and flood considerations for final voids are likely to dictate these offset distances 
and they may be different to operational requirements. Given the alignment of the diversion is confined 
between proposed pits and the ML boundary and follows an existing drainage feature to minimise impacts and 
costs, it is not likely the diversion would be realigned for closure requirements.  

Continued use and interaction of the dragline walk road with Levee 1 and Levee 2 will require further 
consideration during detailed design of the diversion and levees. 

Geotechnical investigations 

It is understood that a detailed geotechnical investigation of preferred diversion and levee alignments has 
been undertaken to inform the detailed design of proposed levees and diversion and allow for more detailed 
and improved confidence of cost estimates and reduce the risk of construction cost overruns for SWCM. 

Stage 2C diversion 

Analysis of the functional level design hydraulics show elevated parameter values through the diversion take-
off zone and to a lesser extent through the confined to unconfined transition zone. Through the take-off zone, 
functional level design channel transitioning has been undertaken to reduce the risks associated with elevated 
hydraulic parameter values upstream of Stage 2C, through Carborough Creek and Stage 2A. Further design 
iteration and assessment will be undertaken during detailed design. Similarly, this will also be required through 
the confined to unconfined channel transition zone.  It is expected that the detail design will overcome any 
potential issues with elevations in parameter values identified through the functional design. 

Both Walker and Carborough Creek contain bed load sediments that may provide for important ecologic 
functions by retention of moisture and hyporheic zone flows during dry seasons, hence a hyporheic zone has 
been deliberately built into the diversion design. This consists of an additional depth of excavation (2 m) in the 
bed of the diversion that is below the current design and existing bed surface levels. This feature is also 
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necessary to allow for continuity of sediment transport and subsurface water flow processes throughout the 
system. This approach is consistent with Stage 2A and could be modified during detailed design if ecological 
assessments determine it necessary.  

Flood protection landforms 

The flood protection levees produced for this functional design are for operational requirements only at 
SWCM and are designed to provide immunity for the estimated 0.1% AEP flood event for the diversion and 
levee arrangement provided herein. Changes to diversion channel features during detailed design may 
influence estimated elevations of low probability high flow events and influence the required elevation of the 
levees. Therefore, this will require re-modelling and estimation during detailed design. 

Levee 3 

The proposed location for Levee 3 is alongside Carborough Pit ramp infrastructure. The aim of the alignment is 
to minimise required fill volumes for the levee. However, it is noted that it appears the alignment is on 
‘modified’ ground that has been modified by mining activities. Specialist geotechnical ground investigation and 
assessment is required to determine this is in fact a suitable alignment for the proposed levee. 

A geotechnical assessment of ‘secure ground’ will also be required to inform suitable tie-in locations for the 
levee. 

Surface water behind levee 2 and 3 

There are a number of locations where surface water is likely to accumulate on the rear face of levees 2 and 3. 
Accumulation of surface water behind levee 2 is being considered as part of the surface water impact study 
(Alluvium, 2016) and may require further consideration during detailed design. 

At Levee 3 it may be possible to divert some of the contributing catchment along contour around the proposed 
levee and into a batter drain. This also requires further consideration by SWCM and levee designer. 

Overland flow bunds and batter drains 

Functional level design of overland flow bunds and batter drains has been undertaken for this project. Further 
refinement of these and associated features will be undertaken during detailed design. Depending on results 
of the geotechnical investigation, an opportunity may exist to alter the design of these elements to utilise 
suitable Permian bedrock (if/where it exists) and reduce the cost of these features.  
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6 Earthworks volume estimates 

Functional design level estimates of earthworks volumes have been undertaken for the proposed Stage 2C 
diversion and the associated levees. The estimates are provided in Table 6-1. At this stage of the design 
process the estimates should be treated as indicative for input to the project feasibility assessments. A more 
accurate and detailed breakdown of volumes would be issued upon completion of the detailed design of the 
preferred arrangement. 

At this time estimates have not been made for other items that may be required such as varying surface 
treatments for batters (rock mulching, topsoil blending, etc), revegetation and habitat enhancement. 
Geotechnical and geochemical investigations and assessments will be required to inform detailed design of 
these elements. 

Calculated quantities are between the design surfaces and the existing surface digital terrain model provided 
by SWCM. Estimation of quantities for levee construction does not include subsurface requirements such as 
removal of material to reach foundation levels and filling from foundation levels back up to existing surface 
levels. This component will be undertaken during detailed design. 

For estimation of excavation volumes for Tertiary and Permian materials, a Permian/Tertiary interface 
provided by SWCM for earlier diversion projects has been utilised. It should be noted that additional geology 
information was provided by SWCM for this study, however the information provided was not sufficient to 
create a new Permian/Tertiary interface suitable for design volume estimation. The geotechnical investigation 
program recently undertaken is expected to provide this information and a more accurate estimate will be 
provided at that time. 
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Table 6-1. Estimate of earthworks quantities for the proposed Stage 2C diversion 

  

Item Description Unit Qty Estimate

1 MRA Stage 2C diversion
1.1 Clear and grub divers ion channel  footprint m2 1,076,812     

1.2 Topsoi l  s trip (nom. 200mm) and cart to s tockpi le 1 m3 216,224        

1.3 Excavate divers ion to des ign level  and cart to s tockpi le/spoi l
4 m3 5,043,610     

  - Excavate tertiary m3 4,738,616     

  - Excavate permian m3 304,994        

1.4 Supply and place approved earth fi l l  materia l m3 28,675          

1.5 Topsoi l  placement (nom. 300mm) and ripping (min. 600mm) of divers ion benches  and batters m3 246,134        

2 Levee 1
2.1 Clear and grub levee footprint m2 54,902          

2.2 Topsoi l  s trip (nom. 200mm) and cart to s tockpi le
1,4 m3 10,991          

2.3 Excavate to foundation level  and prepare foundation
4 m3 Rate only

2.4 Supply and place approved engineerd earth fi l l  materia l m3 110,224        

2.5 Topsoi l  placement (nom. 300mm) m3 16,842          

3 Levee 2
3.1 Clear and grub levee footprint m2 86,258          

3.2 Topsoi l  s trip (nom. 200mm) and cart to s tockpi le 1 m3 17,245          

3.3 Excavate to foundation level  and prepare foundation 4 m3 Rate only

3.4 Supply and place approved engineerd earth fi l l  materia l m3 183,755        

3.5 Topsoi l  placement (nom. 300mm) m3 26,535          

4 Levee 3
4.1 Clear and grub levee footprint m2 29,311          

4.2 Topsoi l  s trip (nom. 200mm) and cart to s tockpi le 1 m3 5,874            

4.3 Excavate to foundation level  and prepare foundation 4 m3 Rate only

4.4 Supply and place approved engineerd earth fi l l  materia l m3 55,636          

4.5 Topsoi l  placement (nom. 300mm) m3 8,993            

5 Overland flow bunds
5.1 Clear and grub bund footprint m2 121,493        

5.2 Topsoi l  s trip (nom. 200mm) and cart to s tockpi le
1 m3 24,325          

5.3 Supply and place approved earthfi l l  materia l m3 83,313          

5.4 Topsoi l  placement (nom. 300mm) m3 36,716          

6 Batter drains 1-8
6.1 Clear and grub batter dra in footprint m2 13,367          

6.2 Topsoi l  s trip (nom. 200mm) and cart to s tockpi le
1 m3 2,673            

6.3 Excavate to des ign foundation profi le and cart to s tockpi le/spoi l 4 m3 21,569          

6.4 Supply and place geofabric materia l m2 280               

6.5 Supply and place granular fi l ter (d50 25mm) m3 590               

6.6 Supply and place rock rip-rap (d50 200,300,350mm) 2,3 m3 3,590            

7 General fill
7.1 Clear and grub footprint m2 221,540        

7.2 Topsoi l  s trip (nom. 200mm) and cart to s tockpi le 1 m3 44,310          

7.3 Supply and place approved earthfi l l  materia l m3 413,310        

7.4 Topsoi l  placement (nom. 300mm) and ripping (min. 600mm) m3 66,470          

1
 Assumes  200mm of topsoi l  present throughout enti re s i te 

2
 Volumes  do not account for bulking.

3
 Hard rock with minimum speci fic gravi ty 2.5

4 Remove and replace unsuitable foundation materia l  as  di rected
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Attachment A 
Existing conditions 1D hydraulic modelling results 
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Figure 7-1. Walker Creek existing water surface elevation longitudinal profile for 2 year and 50 year ARI events 
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Figure 7-2. Walker Creek existing hydraulic parameter results for the 2 year ARI event  
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Figure 7-3. Walker Creek existing hydraulic parameter results for the 50 year ARI event  
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Figure 7-4. Carborough Creek existing hydraulic parameter results for the 2 year ARI event  
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Figure 7-5. Carborough Creek existing hydraulic parameter results for the 50 year ARI event  
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Attachment B 
2D hydrodynamic modelling 
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8 2D hydrodynamic modelling 

8.1 2D hydrodynamic modelling overview 
Hydrodynamic modelling was undertaken to assess the flood behaviour of the 2 and 50 year ARI, and the 1% 
and 0.1% AEP design events for the existing and diverted scenarios for Walker Creek. 

The model was updated and modified from earlier studies undertaken by Alluvium for SWCM, particularly the 
modelling undertaken in 2015 for the feasibility study.   

8.2 2D hydrodynamic model set-up 
The 2D hydrodynamic model of the catchment within and adjacent to the project area was updated using 
XPSWMM (v2016), a hydrodynamic modelling software package which couples together the SWMM 1D model 
and the 2D finite difference model TUFLOW.  

The hydrodynamic model outfalls on Walker Creek, approximately 2km downstream of the confluence on the 
diversion tie in to Walker Creek.  The model extends upstream past the limit of the mining activities.  See 
Figure 8-1. 

The model was configured using an 8m cell size.   

Manning’s n roughness coefficients for the model were left unchanged from earlier modelling, with the 
exception of the provision for the diverted channel.  The values adopted for the different land uses are 
presented in Table 8-1. 

Table 8-1. Manning’s n roughness values for 2D model 

Land use/Vegetation Type Roughness value 

Diversions 0.05 

High Density Vegetation 0.09 

Medium Density Vegetation 0.06 

Low Density Vegetation 0.04 

Extra Low Density Vegetation 0.03 

Sand bed, no vegetation 0.025 

Mining areas 0.025 

 

Design hydrographs were input into the model at the locations shown in Figure 8-1 to represent inputs from 
both the catchments external to the area.  Some nodes used for existing conditions were removed from the 
diverted scenario model to reflect the reduction in contributing area resulting from planned pit progression.  

It should be noted that the XPSWMM hydrodynamic model does not predict erosion and sediment transport 
impacts. Dam and other embankment failure scenarios have not been modelled in this assessment and 
therefore results are based on stable topography over the full length of the modelled events.  
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Figure 8-1. 2D hydrodynamic 0.1% AEP model set up (existing conditions) 
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8.3 2D hydrodynamic modelling results 
This section presents the hydrodynamic modelling results for post diversion scenarios. Results presented 

include depth, shear stress and depth and shear stress afflux. 
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Figure 8-2. Existing conditions 0.1% AEP maximum flood depths 
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Figure 8-3. Existing conditions 0.1% AEP bed shear stress 
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Figure 8-4. Post diversion 2 year ARI maximum flood depths 
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Figure 8-5. Post diversion 50 year ARI maximum flood depths 
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Figure 8-6. Post diversion 1% AEP maximum flood depths 
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Figure 8-7. Post diversion 0.1% AEP maximum flood depths 
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Figure 8-8. Post diversion 2 year ARI bed shear stress 
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Figure 8-9. Post diversion 50 year ARI bed shear stress 
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Figure 8-10. Post diversion 1% AEP bed shear stress 
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Figure 8-11. Post diversion 0.1% AEP bed shear stress 
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Figure 8-12. Post diversion 0.1% AEP maximum flood depth afflux 
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Figure 8-13. Post diversion 0.1% AEP maximum shear stress afflux 
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Attachment C 
Post diversion conditions 1D hydraulic modelling results 
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Figure 8-14. MRA Walker Creek Diversion Stage 2C water surface elevation longitudinal profile for 2 year and 50 year ARI events 
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Figure 8-15. MRA Walker Creek Diversion Stage 2C hydraulic parameter results for the 2 year ARI event  
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Figure 8-16. MRA Walker Creek Diversion Stage 2C hydraulic parameter results for the 50 year ARI event  
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Figure 8-17. MRA Walker Creek Diversion Stage 2C – Carborough Creek hydraulic parameter results for the 2 year ARI event  
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Figure 8-18. MRA Walker Creek Diversion Stage 2C – Carborough Creek hydraulic parameter results for the 50 year ARI event  
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Attachment D 
Functional design drawings 
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