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1. INTRODUCTION 

The Eliwana Mine Project (‘the project’) is located in the Pilbara region of Western Australia, 

approximately 120 km West South West of Fortescue’s Solomon Mine and 100km West North 

West of the town of Tom Price, as shown in Figure 1.  The project contains includes two deposits, 

Eliwana and Flying Fish, which span a distance of approximately 50km east to west, along a 

series of similarly oriented valleys, as shown by the indicative project footprint in Figure 2. The 

project includes a series of pits, stockpiles, waste rock landforms and topsoil storage areas that 

form the Eliwana and Flying Fish deposits.  The proposed pits will be linked by conveyor and/or 

haul road alignments to process infrastructure, from which the ore is conveyed to a train load out 

onto the proposed Eliwana railway.  The operation will be supported by non-process 

infrastructure including but not limited to roads, airstrip and camps.  

This report outlines the current hydrological regime in a regional and local content, and presents 

modelling undertaken for present conditions and to quantify the impacts to surface water as a 

result of the proposed action for the project.  The report is supported by the Eliwana Mine Project 

Hydrology Study, which details the development of the hydrologic and hydraulic modelling 

approach used in this impact assessment.   

A proposed rail alignment linking the Eliwana project to FMG’s Hamersley railway (the Eliwana 

Rail Project) is not part of this impact assessment.  
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2. CURRENT HYDROLOGICAL REGIME  

2.1 Catchment Description 

2.1.1 Regional Catchments 

The project is located in the Hamersley Ranges within the Duck Creek catchment, a tributary of 

the Ashburton River. The Ashburton River basin has a total area of 78 777 km2 and is shown in 

Figure 1.  The Duck Creek catchment area is approximately 6800km2 at the confluence with the 

Ashburton River.  

Major tributaries of Duck Creek include Boolgeeda Creek, Caves Creek, with Barnett Creek and 

Wackilina Creek forming the upper section of Caves Creek. These catchments boundaries are 

presented in Figure 2 and areas are summarised in Table 1. The majority of the project 

disturbance (including the vast majority of mine pits and waste rock landforms) are located within 

the Boolgeeda Creek subcatchment. The remainder of disturbance, consisting of process and 

non-process infrastructure and a small number of mine pits and waste rock landforms, is located 

in the the Duck Creek catchment between the Caves Creek confluence and Boolgeeda Creek 

confluence. This distribution of the disturbance across the regional catchment areas is shown in 

Figure 2.  

Table 1: Eliwana Surface Water Catchment Areas 

Catchment Description Area (sq. km) 

Ashburton River Basin 78 777 

Duck Creek (at confluence with Ashburton River) 6800 

Duck Creek (upstream of Boolgeeda Creek confluence)1 3692 

Boolgeeda Creek 1658 

Duck Creek (upstream of Caves Creek confluence)2 578 

Caves Creek 1535 

Barnett Creek 520 

Wackilina Creek 210 

 

The Duck Creek catchment includes a variety of physiographic types.  In the eastern parts of the 

catchment, the upper sections of Caves Creek include parts of the Weelamurra flats and other 

low relief terrain areas north of Tom Price, where banded vegetation types indicative of sheetflow 

                                                

1 This area excludes the Boolgeeda Creek catchment area 
2 This area excludes Caves Creek catchment area 
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and flat cracking clay grasslands are common.  In the central Duck Creek catchment around the 

proposed mine areas, terrain becomes more undulating and channels more confined, with 

numerous gorges in the area.  Pools are common along Duck Creek in this area, suggesting 

regular outcropping of bedrock.  The confluence of Duck Creek and Ashburton River is beyond 

the western extent of Hammersley range where low relief terrain dominates. 

2.1.2 Project Catchments 

The project disturbance is focussed along the catchment divide between Duck Creek and 

Boolgeeda Creek, as shown in Figure 3  Mineralisation occurs within two parallel ridges near the 

catchment divide, with an east-west line of strike orientation and that runs approximately 70km 

measured from Duck Creek to Mt Brockman.  The main valley segments that form between these 

two ridges, (referred to as the strike valley), drain either east to west or west to east, with varying 

channel morphology types controlled either by the valley grade, the width between the two ridges 

or localised instances of bedrock outcropping.   

The strike valley catchments typically traverse the southern ridge and drain southwards to 

Boolgeeda Creek.  This includes Pinarra Creek, a named tributary of Boolgeeda Creek and 

several other catchments informally named as Strike East, Flying Fish 1 and Flying Fish 2.  The 

exception is the western extent of the Eliwana deposit where the strike valley (part of the 

informally named West Creek catchment) drains directly to Duck Creek upstream of the 

Boolgeeda confluence. The project subcatchments are shown in Figure 3 and catchment areas 

are summarised in Table 2, in accordance with their receiving subcatchment.   

Many gorges are present throughout the project area and are associated with the strike valley.  

This includes instances where the northern and southern parallel ridges move close together (as 

seen in West Creek and Pinarra Creek) and where drainage lines cross either or both of the 

parallel ridges.        

Table 2: Eliwana Sub-Catchment Areas – Total Area to Downstream Project Boundary  

Sub-Catchment Area (sq. km) Area (Ha) 

Duck Creek Sub-Catchments    

West Creek 68.9 6885 

Combined Infrastructure Areas  39.8 3981 

Boolgeeda Subcatchments    

Pinarra Creek 60.3 6033 

Strike East 45.7 4569 

Flying Fish 1 60.1 6013 

Flying Fish 2 60.0 5998 

A more detailed description of each of the project subcatchment areas is provided below.   
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West Creek 

The western most section of the project area including 15km of the strike valley is referred to 

(informally) as the West Creek catchment (refer Figure 4). The catchment is typically steep and 

undulating throughout with deeply dissected drainage and hydraulic controls imposed by the 

parallel ridges and other topographic features.   The main branch of West Creek flows 15km 

before crossing through the northern parallel ridge where a gorge has formed.  The creek flows 

2km along the strike valley before entering another gorge where the two parallel ridges have 

moved closer together.  This gorge runs for 2km, is up to 70 metres deep with a typical channel 

width of 25 metres.  West Creek runs a further 7.5km before discharging to Duck Creek. 

Pinarra Creek  

Pinarra Creek, shown in Figure 5, runs east to west through a 19km section of the strike valley.  

The catchment contains the majority of the Eliwana deposit.  From an indistinct divide with the 

Strike East catchment, the valley initially has a wide base with steep slopes associated with the 

parallel ridges.  The channel gains definition as catchment size increases, with alluvial fans and 

colluvium from the parallel ridges reducing the valley floor width further enhancing channelization.   

The watercourse runs 16km east to west before reaching a gorge (informally named Broadway 

Gorge), where the northern and southern parallel ridges move closer together.  At this point, the 

creek is less than 15m wide with the depth of gorge approximately 50 metres. Upstream of 

Broadway Gorge, there are a several other gorges (albeit shorter in length and height) present 

where minor tributaries of Pinarra Creek enter the strike valley through the northern parallel ridge.   

Downstream of Broadway gorge, Pinarra creek turns to the south, exiting the strike valley via a 

second gorge cutting through the southern parallel ridge.  The creek runs for to the south, for 

20km before discharging into Boolgeeda Creek. There are two significant tributaries draining into 

the main reach approximately 5km and 7km downstream of the project disturbance limit, along 

this south drainage part of the reach.  

Strike East Creek  

Strike East Creek mirrors Pinarra Creek, but flows west to east, through the eastern half of the 

Eliwanna deposit (refer Figure 6).  Like Pinarra Creek, the strike valley initially has a wide base 

with steep slopes with the channel gaining definition downstream.  The creek flows west to east 

along a 13km section of the strike valley before turning south through the southern parallel ridge 

and travelling a further 8km before discharging into Boolgeeda Creek.  Unlike Pinarra Creek, no 

gorges are present as Strike East Creek flows through the strike valley or the southern parallel 

ridge, with channels always associated with adjacent floodplains through these reaches.  
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Flying Fish 1 

Flying Fish 1 is split by the northern parallel ridge, with two thirds draining hilly terrain to the north 

and one third associated with the strike valley (refer Figure 6).  The main branch of Flying Fish 1 

creek runs for 13km before forming a large gorge where it crosses through the northern parallel 

ridge.  Runoff from the strike valley tributary flows through the proposed project area for 8km 

before discharging into the main branch of Flying Fish 1 immediately downstream of the gorge.  

The creek runs a further 5km before flowing into Strike East Creek which travels a further 3km to 

discharge into Boolgeeda Creek.        

Flying Fish 2 

Within the Flying Fish 2 catchment, the parallel ridges are aligned south-west to north-east.  

(refer Figure 7).  Two thirds of the catchment drains to the strike valley, where the main branch of 

Flying Fish 2 flows for 9km before discharging to the south through the southern parallel ridge.  

Rio Tinto’s Brockman 4 railway runs parallel to and on the south side of Flying Fish 2 creek.  A 

minor tributary drains a third of the catchment north of the northern parallel ridge.  This 

watercourse crosses the ridge immediately upstream of the catchment boundary shown on 

Figure 7.   

Other Catchments 

A series of small catchments that drain northwards to Duck Creek are where several process and 

non-process infrastructure installations are proposed. This includes the rail loop (this is part of the 

Eliwana Rail Project) and an operations camp.  These catchments are typically steep and 

undulating throughout with deeply dissected drainage lines. Some of these northern draining 

creek lines have pools observable where there is bedrock outcropping. These catchments are 

shown collectively on Figure 8. 

2.2 Stream Flows and Catchment Response  

Pilbara creeks are typically ephemeral, and with the exception of pools and groundwater fed 

springs, are dry for the majority of the year. Pilbara soils typically have high initial infiltration rates 

for dry catchment conditions, i.e. when the antecedent moisture content of the soils is low.   

Significant streamflow usually occurs when antecedent moisture content of the soils is high, 

which is caused by significant rainfall in the days or weeks preceding a storm event.  There are 

typically two different types of climatic events which cause flood response in the Pilbara, namely: 

Cyclonic activity/Tropical Low Pressure Systems and localised diurnal thunderstorms. 

Cyclonic activity can result in severe and widespread flooding generally on a river catchment 

scale; this flooding activity can be forecast in advance (albeit with significant uncertainty). This 
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type of flooding typically produces large peak flows and may result in damage to infrastructure 

due to magnitude of flows and total volume of water.  However, not all cyclones will result in 

severe flooding.        

Isolated thunderstorms have the potential to create fast and localised flooding, referred to as 

flash flooding. These events are much harder to predict as they can occur in the upper reaches of 

catchments. These events generally have a lower potential for widespread damage as the extent 

and magnitude of flooding is much smaller than cyclonic events.  

2.2.1 Water Quality  

The streamflow in the ephemeral creeks in the Duck Creek catchment (and wider Pilbara) are 

typically fresh, but highly turbid due to the rapid rise of creek levels in response to rainfall, when 

flooding occurs. The highly variable nature of rainfall and flooding across the Pilbara also results 

in significant variation in the physical parameters across samples within the same basin. To 

illustrate this variation, water samples from the Ashburton River basin from the DWER Water 

Information Reporting database have been analysed and compared against available Pilbara 

wide surface water quality data. Available data from the DWER dataset has been presented in 

Table 3 and includes the range across all Pilbara watercourses as well as the range within the 

Ashburton River basins. Water quality in naturally occurring pools can be highly variable, in part 

due to the individual characteristics of each pool, its water supply(rainfall, creek flow, alluvial 

groundwater or groundwater structure), the preceding climate (drought/flood history, recent 

groundwater recharge etc.), and interaction with livestock.   

Table 3: Surface Water Quality Data 

  Pilbara Wide 

(DWER) 
 Ashburton 

(DWER) 
 

  Minimum Maximum Minimum Maximum 

pH (pH units) 5.2 9.4 6.7 8.8 

EC  (µS/cm) 3 6090 83 6090 

Turbidity (NTU) 0.1 3200 0.5 3200 

Alkalinity 
(mg/L) 

3.6 420 35 274 

TDS (mg/L) 22 3932 70 2618 

Nitrate as N 
(mg/L) 

0.05 32 1 3 

Hardness 
(mg/L) 

3.6 1538 48.9 1539 

Dissolved 
Silica (mg/L) 

1 68 7.7 22 
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The ephemeral creeks of the Pilbara typically have high bed loads in their natural state with many 

instances of significant erosion on existing stream banks and notable areas of instability in the 

natural environment, highlighting that erosion is a naturally occurring process in Pilbara 

watercourses, which is reflected by the range of Turbidity values in the DWER water quality data. 

This range of conditions is illustrated visually in (Appendix 1) with examples at Hamersley Gorge 

(Southern Fortescue River) and Weeli Wolli Creek showing the variation within and between 

events. Sediment transport is discussed further in Section 2.3.  

2.3 Geomorphology 

In order to understand and characterise the geomorphology and sediment transport regime, a 

baseline geomorphology assessment was undertaken and is provided in Appendix 2. This 

assessment included inspection, with a focus on sediment sampling within catchments likely to 

be most affected by mining including Pinarra Creek, West Creek and Flying Fish. The 

subsequent desktop review included catchment and stream order analysis, comparison of 

channel planform and morphology, incipient motion analysis and sediment continuity analysis. 

The conclusions drawn should be read in context of the entire report and as such are not 

summarised in this impact assessment report to avoid misinterpretation.  

2.4 Hydrological Analysis  

The site hydrology was investigated using a variety of techniques including rainfall-runoff routing 

and hydraulic modelling. The focus on this investigation was to determine an appropriate 

methodology for application of rainfall temporal patterns and losses in order to develop 

conceptual hydraulic models for analysis of present hydrologic conditions and potential project 

impacts. This investigation is summarised in the Eliwana Project Hydrology Study, and results 

were used for modelling described in Appendix 3.  

2.4.1 Regional Flow Monitoring  

There are several active Department of Water and Environmental Regulation (DWER) stream 

gauging stations on the Ashburton River, but only one (Nanutarra -706003) located downstream 

of the Eliwana project area (refer Figure 1).  Despite the high quality, long record available at the 

gauge, the contributing area is 30,000km2, significantly larger than the catchment areas of the 

Eliwana project.  The physiographic characteristics of the catchments within the project area are 

also different to the characteristics of the catchments of the DWER gauge.  This results in DWER 

gauges not being suitability representative of the flood response of the project area and as such 

have not been used for model development and validation.   
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2.4.2 Project Monitoring 

A number of creek level monitoring sites were installed in around the Pinarra Creek catchment in 

2016 for monitoring of flows. The sites have been installed at locations with channel cross 

sections best suited to capture of streamflow data for use in hydraulic modelling, for validation of 

site hydrology.  This resulting monitoring data has not been used for concept model development 

and validation due to short length of record and lack of large rainfall events, but is intended to be 

used to refine site hydrology when an appropriate length of record has been established. The 

monitoring network is likely to be expanded over time as site access is improved.  
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3. HYDRAULIC MODELLING – BASELINE AND IMPACT SCENARIOS  

The Eliwana Project Hydrology Study assessed a range of modelling approaches to determine an 

appropriate hydrologic methodology to be applied to two-dimensional hydraulic modelling. This 

exercise was undertaken to ensure that modelling approach and assumptions were consistent 

with guidance of the recent update to Australian Rainfall and Runoff (ARR) (Ball et al. 2016).   

This hydraulic modelling has been undertaken using the TUFLOW software package (Version 

2016-03-AE), using direct rainfall inputs onto a grid developed from LIDAR survey, in order to 

estimate flood patterns for current condition (baseline) and to estimate project impacts (ultimate).   

The adopted hydrological approach includes direct rainfall modelling of the entire catchment 

using: 

• A proportional loss model, which varies with event magnitude, applied to rainfall 

hyetograph with rainfall excess applied across the model domains; and 

• The rangelands west temporal patterns published in ARR (Ball et al. 2016).  

Further details of the rationale behind this approach is provided in Eliwana Mine Project 

Hydrology Study, provided in Appendix 3.   

3.1 Design Rainfall  

The Intensity Frequency Duration (IFD) table, showing the design rainfall depths adopted for 

design events with range of annual exceedance probabilities (AEPs) are provided in Table 4. This 

data has been obtained from the Bureau of Meteorology website 

(http://www.bom.gov.au/water/designRainfalls/ifd/). These IFDs were published in 2016 and 

represent the revision of design rainfall estimates adopted by ARR (Ball et al. 2016). The design 

rainfalls were applied to hydraulic models as event totals for a range of durations and magnitudes 

(corresponding to different AEP events).  
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Table 4: 2016 BOM Design Rainfall Depths (mm) – Location: 22.479S 116.827 E 

 

Annual Exceedance Probability (AEP)  

100%3 50% 20% 10% 5% 2% 1% 

Duration Rainfall Depth (mm) 

1 min 1.7 2.0 2.8 3.3 3.9 4.6 5.2 

2 min 2.7 3.1 4.4 5.2 6.1 7.1 7.9 

3 min 3.9 4.5 6.3 7.5 8.7 10.2 11.4 

4 min 5.0 5.7 8.1 9.6 11.2 13.3 14.8 

5 min 6.0 6.9 9.7 11.7 13.6 16.1 18.1 

10 min 10.0 11.5 16.4 19.7 23.0 27.4 30.8 

15 min 12.8 14.7 21.0 25.2 29.5 35.1 39.4 

30 min 17.9 20.6 29.1 35.0 40.8 48.5 54.4 

1 hour 22.9 26.4 37.3 44.8 52.1 61.9 69.4 

2 hour 28.0 32.3 46.0 55.4 64.7 77.2 86.9 

3 hour 31.1 36.0 51.8 62.7 73.6 88.4 99.9 

6 hour 36.9 43.2 63.7 78.3 93.1 114.0 130.0 

12 hour 43.7 51.7 78.6 98.3 119.0 148.0 171.0 

24 hour 51.1 61.1 95.4 121.0 149.0 188.0 220.0 

                                                
3 One exceedance per year 
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Annual Exceedance Probability (AEP)  

100%3 50% 20% 10% 5% 2% 1% 

48 hour 58.6 70.5 111.0 143.0 176.0 224.0 263.0 

72 hour 63.0 75.7 120.0 153.0 189.0 239.0 280.0 

3.2 Rainfall Losses and Temporal Patterns 

Temporal patterns from ARR (Ball et al. 2016) extracted from the ARR data hub (http://data.arr-

software.org/) were used in the hydraulic modelling. The effect of application of a number of 

different temporal patterns was assessed in the Eliwana Mine Project Hydrology Report 

(Appendix 3).  Following this analysis, the rangelands west temporal patterns from ARR (Ball et 

al. 2016), specifically patterns 8, 16 and 28, were adopted for subsequent hydraulic modelling.   

The adopted model approach assumed proportional rainfall loss, using loss rates recommended 

in Flavell (2012).  This loss rate was varied with event magnitude, where higher losses were 

applied to more frequent rainfall events. This approach was verified through comparison with 

other available methods, as described in Appendix 3.    

3.3 Model Domains 

The adopted modelling approach described above was applied to all project catchments 

discussed in section 2.1.2, including the areas downstream of the project disturbance area. The 

model domains ended at a point of confluence with a similar or larger size watercourse/tributary 

that was outside from the project disturbance.  A total of 6 separate model domains were 

developed including: 

• West Creek (refer Figure 9), 

• Pinarra Creek (Figure 10), 

• Flying Fish (capturing Strike East Creek and Flying Fish 1) – (refer Figure 11), 

• Flying Fish Downstream (from the Flying Fish domain to the Boolgeeda Creek 

Confluence)  - (refer Figure 11), 

• Flying Fish East (capturing Flying Fish 2) – (refer Figure 12),  
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• Infrastructure (capturing a series of small catchments around the proposed infrastructure

areas) – (refer Figure 13).

3.4 Grid Size and Roughness 

The models each applied the direct rainfall approach described above, with a 5m grid built from a 

1m grid of LIDAR survey data as the basis topography, where available. Features such as the 

gorges and general floodplain features were well represented by the model. The selected grid 

size allowed accurate modelling of the site and creek while maintaining manageable model 

simulation run times.  The Flying Fish Downstream model was built to cover a gap in the LiDAR 

coverage.  This model uses a 10 metre grid based on Landgate data obtained from the 

Government of Western Australia. In the area covered by the 10m grid there is appropriate 

representation of flowpaths for comparative analysis of scenarios.    

The Manning’s ‘n’ roughness parameter affects flood velocities, flow paths, flood depths and 

extents. The Western Pilbara is predominantly natural rural landscape, with altered terrain 

typically limited to small town centres, sealed/unsealed roads, minor pastoral disturbance and 

number of mining operations.  The lack of historic flood data for this area and the relative 

homogeneity of the landscape make it difficult to categorise different roughness areas with any 

certainty. For this reason, and from previous experience in nearby catchments, a constant 

manning’s ‘n’ roughness coefficient of 0.05 was selected. Although there is potential for 

roughness/manning’s n variation between hillslopes, channel and floodplain in some areas, the 

impact of the relative uncertainty of rainfall distribution and losses far exceeds that of roughness 

uncertainty. Consequently there is limited value in varying roughness within the domain for this 

comparative modelling assessment, without a suitable catalogue of monitoring data for validation 

of modelling results.      

3.5 Model Scenarios 

Hydraulic modelling was undertaken for a baseline scenario and ultimate scenarios, with 

sensitivity analyses conducted for selected variables. The baseline scenario reflects current 

conditions, where the catchments are largely undisturbed, with some minor alteration arising 

from pastoral uses and current exploration activities.  The ultimate scenario aims to quantify 

the maximum possible impact to surface water flows due to project disturbance.  The 

ultimate scenario assumes the following: 

• All pits are developed to full depth with no in-pit backfill (for worst case impacts); and

• No pit diversions are in place, with runoff allowed to freely enter pit voids;
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In TUFLOW, the ultimate scenario involved altering the model grid by superimposing the ultimate 

pit surfaces over the existing terrain.   

Although some catchment modification may result from other infrastructure such as haul roads 

and waste dumps, this infrastructure has not been included in the modelling as it is all located 

upstream of pits which intercept creek lines. Consequently, modelling of the pits only is sufficient 

to evaluate the impact to surface water flows outside of the disturbance area.  

The ultimate scenario is considered to be a conservative estimate of impacts as it is likely that 

pits would be developed progressively (not concurrently) and overburden/mineral waste from new 

pits would be dumped into adjacent pits in many cases due to a shorter haul distance and better 

environmental outcome.  Where practicable, it would be desirable for creek diversions be put in 

place to limit both environmental and operational impacts, however it is likely topographic (e.g 

gorges) and tenure constraints may preclude creek diversion in a number of instances.  The 

rationale for assessing this ultimate scenario in line with the above assumptions is to set an upper 

bound on the potential level of impact of the project on the reaches of the creek immediately 

downstream of the project disturbance area. 
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4. MODEL RESULTS  

4.1 Model Output Presentation 

The Eliwana Mine Project Hydrology Report (Appendix 3) concluded that the 6 hour storm was 

critical for peak flows and flood extent for a number of catchments in the project area including 

Pinarra Creek at the model outlet. Consequently this event duration was then used to assess 

changes arising from the proposed development for all model domains.  While some locations in 

the upper reaches of the model domains have a different critical duration, the 6 hour storm was 

most representative over cumulative project area, and for areas downstream of the proposed 

disturbance those locations.  

A series of figures have been prepared for each model domain for the 50%, 10% and 1% AEP 

events, which have been selected to represent scenarios of a frequent, rare and very rare flood 

events. The figures show: 

1. Baseline flow depths; 

2. Baseline flow velocities; 

3. Ultimate flow depths and inundation extent comparison; and 

4. Water level difference plots 

The Flying Fish and Flying Fish Downstream domains are shown on the same figures for ease of 

understanding. Note that the Infrastructure domain results only contain baseline scenario figures, 

as no pits are proposed in this area. These figures showing model output for the various domains 

is provided in Appendix 4-8.    

4.2 Model Output Analysis  

4.2.1 Baseline Scenario 

Analysis of model output across the domains provided the following observations for baseline 

conditions (these complement the catchment descriptions provided Section 2.1): 

• Main channel alignments and morphology strongly controlled by the strike valley; 

• Adjacent floodplains active in rare events; 

• Significant gorge features with high depths and velocities at constrictions within the strike 

valley where flows cross the northern ridge with no active floodplain through these reaches; 
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• Channel flow dominated environment with minimal overland or sheetflow even for rare events, 

except where the base of the strike valley coincides with a catchment divide 

4.2.2 Impact Scenario 

Observations from comparison between ultimate scenario and baseline model results were as 

follows: 

• Significant interception of flows in pits, particularly those that intercept lower order creek 

channels (refer Appendix 2 for stream order analysis), resulting in ponded water in pits;  

• Reduction in flow downstream of pit boundaries, as shown by reduction in depth and flood 

extent; and  

• Flood extent reductions are most severe immediately downstream of pits and progressively 

reduce with increasing distance downstream towards the model boundaries, as additional 

catchment area (outside of disturbance footprint) feeds into creek channels.  

Observations specific to each model domain area discussed below. 

West Creek 

The West Creek model domain is shown in Figure 9 and model results are provided in Appendix 

4.    

The most significant change in the West Creek catchment is a large pit (approximately 1km long) 

intersecting the main channel upstream of the gorge. Modelling predicts that this pit will fill in rare-

very rare scenarios, resuming flow to the creek which is terminated by the pit in more frequent 

events. The frequency of resumption of flow will be dependent on detailed pit geometry and event 

duration, so the specific frequency of creek flow resumption is indicative only (shown to be the 

1% AEP event in Appendix 4).  

In the 50% AEP event, large changes in depth (>1 m) primarily are confined to the reaches 

immediately downstream of the pit with the model outlet experiencing reductions typically less 

than 0.5 m.  In the 10% AEP event, large depth reductions (>1 m) extend up to 4 km downstream 

of the pit, although at the outlet are less than 0.5 m in the main channel and 0.25 m on the 

adjacent floodplain.  In the 1% AEP flood where the ultimate scenario shows resumption of creek 

flow at the downstream end of the pit, few depth decreases greater than 1m are predicted and at 

the model outlet, depth reductions are typically 0.5 m. 

.  
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Many other minor pits are located in the West Creek catchment.  These are primarily located on 

the northern flank of the strike valley or on top of the southern ridge.  These pits have no 

significant upstream catchment, intersect local runoff only and do not result in significant change 

to water levels in the main channel. There is likely to be significant other disturbance in this 

catchment by other features such as roads and waste rock landforms, however the impact of 

these features to the receiving catchment is unlikely to be larger than that created by the large pit 

that is intercepting the main west creek line.  

Pinarra Creek 

The Pinarra Creek model domain is shown in Figure 10 and model results are provided in 

Appendix 5.     

Pinarra Creek contains more pits than any of the other local catchments and as a result, has the 

largest extent of change within the catchment, as predicted by modelling.  Pits are located 

primarily on the southern flank of the strike valley or on the valley floor.  Several of the smaller 

pits intersect minor catchments, but greatest change arises from pits which intersect the main 

channel of Pinarra Creek.  The frequency of resumption of creek flow across these pits will be 

dependent on detailed pit geometry and event duration, so the specific frequency of creek flow 

resumption is indicative only.  The modelling does not predict creek flow resumption in the 1% 

AEP (refer Appendix 5), for the 6 hour duration event. Consequently, the events resulting in 

resumption of creek flow across pits is likely to be occurring with frequency deemed very rare or 

extreme by ARR (Ball et al. 2016).   

It should be noted that all pits were assessed as part of the ultimate scenario. The frequency of 

creek flow resumption is likely to increase if rare floods occur prior to development of ultimate 

footprint, or if there is in-pit backfill or conversely is likely to decrease if there are diversions 

implemented.  

Flood extents predicted by the model are significantly different between the ultimate scenario and 

baseline scenarios. Ultimate scenario flows are typically confined to the main channel for all 

events whereas in the baseline scenario, the 10% and 1% AEP events spread across the width of 

the adjacent floodplain (apart from the gorge sections, where a staged channel/floodplain 

morphology is not present).  The ultimate scenario flood extents are typically a third to a quarter 

of that in the baseline scenario.  Estimated reductions in flow depth typically exceed 0.25 m along 

this section with larger changes (>1 m) immediately downstream of the pits and approaching 

Broadway gorge. 

The tributary flowing into Pinarra Creek just upstream of the model outlet appears to have a 

limiting effect to the changes arising from the proposed disturbance.  In the final 1 km reach of 

the creek within the model domain, flow extents are only slightly reduced from the baseline 
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scenario.  Decreases in flow depths predicted in the model range from 0.4 m in the 50% AEP 

event to 0.8 m in the 1% AEP event.  

There is likely to be significant other disturbance in this catchment by other features such as 

roads and waste rock landforms, however the impact of these features to the receiving catchment 

is unlikely to be larger than that created by the interception in pit across the catchment.  

Flying Fish 

The Flying Fish and Flying Fish Downstream model domains are shown in Figure 11 and model 

results are provided in Appendix 6.     

The Flying Fish model domain pit area includes Strike East Creek and Flying Fish 1 Creek.  The 

Flying Fish Downstream domain captures the area around the confluence of these two 

watercourses.  Both domains are shown in the model result figures.  Several pits are proposed 

within the strike valley part of each catchment.  This includes pits which intersect the main branch 

of Strike East Creek and Flying Fish 1.   

The largest pit affecting Strike East Creek is approximately halfway between the western 

catchment boundary and the Flying Fish 1 confluence. The effect on flow depth is relatively 

minor, with reductions exceeding 0.5 m immediately downstream of the pit but less than 0.15 m 

at the model boundary in the 50% AEP event.  Changes to the flood extents for the 50% AEP 

event are also relatively minor.  The 1% AEP event is significantly altered with the baseline 

scenario showing flows across the width of the floodplain whereas the ultimate scenario shows 

flows confined to the channel. 

Pits developments are confined to the one-third of the Flying Fish 1 catchment located within the 

strike valley.  At a number of locations, pits intercept the strike valley tributary channel, meaning 

the strike valley section of the catchment is highly altered with greatly reduced flood extents and 

contributes no downstream flows in the ultimate scenario.  

The two thirds of Flying Fish 1 catchment draining the area north of the strike valley is intercepted 

by a shallow pit located 2.5km upstream of the model outlet. The frequency of resumption of flow 

will be dependent on detailed pit geometry and event duration, so the specific frequency of creek 

flow resumption is indicative only (shown to be the 1% AEP event in Appendix 6). The indicative 

resumption of creek flow in the 1% AEP event results in a smaller changes between the pit and 

the model outlet, with a relatively minor reduction in flood extents, compared to the 50% and 10% 

AEP events, where flood extents are reduced to between a quarter and half that of the baseline 

scenario.  

The combined effect of the changes in the Strike East and Flying Fish 1 catchments are 

illustrated in the Flying Fish Downstream model domain.  This domain is entirely outside the 
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strike valley and no pits are proposed in this area.  Some “internal” boundary affects are evident 

where the Flying Fish domain overlaps with the Flying Fish Downstream domain.  Also evident is 

the reduced grid resolution and vertical accuracy in the downstream domain, however the results 

appear to be satisfactory for a comparative scenario assessment.  

The reach between the confluence of Flying Fish 1 and Strike East Creek and the model outlet 

(and the confluence with Boolgeeda Creek) is 3km long.  In this section, the upstream pit 

developments result in water level depth reductions of less than 0.5 m in the 50% AEP event and 

less than 1 m in the 1% AEP case.  These depth reductions do not translate to major flood extent 

reductions, with flow widths in the ultimate scenario being typically at least 75% of that of the 

baseline scenario.  There may be some loss in definition due to coarser resolution and vertical 

accuracy of the topographic data, where the distinction between channel and floodplain is not as 

clear is in the areas where LiDAR data is available, so the main creek valley through this area 

may have slightly larger impacts to depth and extent than shown by modelling and this should be 

taken into account for assessment of indirect impacts.  

There is likely to be significant other disturbance in this catchment by other features such as 

roads and waste rock landforms, however the impact of these features to the receiving catchment 

will not be larger than that created by the large pit that in intercepting the main creek lines.  

Flying Fish East 

The Pinarra Creek model domain is shown in Figure 12 and model results are provided in 

Appendix 7.     

The Flying Fish East domain marks the point where the strike valley trends more to the north east 

than the east.  The main watercourse in this modelled is referred to as Flying Fish 2 and includes 

a third of the catchment north of and two thirds within, the main strike valley.  A prominent feature 

of the model is Rio Tinto’s Brockman 4 railway.  Waterway crossings of the railway have not been 

modelled for consideration of worst case scenario, resulting in over predictions of upstream 

ponding.   

The largest changes in flood depth and extent in the Flying Fish East model domain are caused 

by two small pits near the southern end of the model.  These pits intercept flows in the main 

channel, 1.3km and 3km upstream of the model outlet.  The 50% AEP event is partially 

intercepted by the upstream pit and completely captured by the downstream pit.  As a result, 

water levels are reduced by up to 1 m while the flood extent between the two pits is dramatically 

reduced.  This impact extends along the main channel from the upstream pit to a point 500m from 

the model outlet, where flows from the western third of the catchment join the main channel.  

Below the confluence, changes to flood depths and extents are relatively minor, as is the case 

further upstream in the 10% and 1% AEP events, where creek flows are indicated to resume 
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through the modelled scenarios (although as with above domains, the frequency of resumption of 

creek flow across these pits will be dependent on detailed pit geometry and event duration, so is 

indicative only). 

As the railway culverts have not been included, this has resulted in conservatively estimating the 

changes the pits impose on downstream flows.  If runoff from upstream of the railway, were to 

reach the downstream pit areas, creek flow resumption is expected to be more frequent, reducing 

the potential downstream shadow effect. 

There is likely to be significant other disturbance in this catchment by other features such as 

roads and waste rock landforms, however the impact of these features to the receiving catchment 

will not be larger than that created by the interception of flows in the pits in this domain.   
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5. DISCUSSION OF POTENTIAL IMPACTS 

5.1 Changes to Hydrologic Regime due to Catchment Modifications 

Through modelling of baseline and ultimate scenarios, areas likely to be affected by the project 

have been identified in order to understand impacts to the hydrologic regime and to enable 

investigation of potential indirect impacts to flora and fauna survey. Areas located outside of the 

project disturbance footprint with significant reductions to surface water flows have been 

identified have been highlighted in Figure 14.  

During operations, if large volumes of surface water are intercepted by pits during flood events, it 

will be discharged back to the watercourse after the event via pumps and pipe infrastructure in 

accordance with licence conditions and/or industry guidelines (such as the Water Quality 

Protection Guidelines for Mining and Mineral Processing Guidelines). Consequently, it is likely 

that the majority of intercepted surface water will be discharged to watercourses and there will not 

be a significant change of volume in these cases, although sediment content and floodplain 

connectivity associated with peak discharge rates may be affected.  

However, on closure, catchment changes will be permanent and reductions in flows will persist. 

In this case, the greatest potential for impacts created by the mining activities are likely to be 

related to frequent events, as these provide a more regular source of flow and inundation. The 

focus of the impact assessment has been on the 50% AEP event. The assessment also includes 

broader consideration of larger events, but the impacts shown in these scenarios should be 

carefully considered against the relative frequency of the event.    

It should be noted that the flood mapping shows maximum inundation.  This inundation extent 

only occurs for a short duration at the peak of the flood, which is an important consideration given 

the location of the project at in the upper reaches of the local and regional catchments  Upper 

catchment flooding is associated with a shorter duration. Furthermore, areas located downstream 

that are impacted by reduction in stream flows will still receive surface water runoff from direct 

rainfall and local catchment contribution. 

5.2 Geomorphology Impacts 

Geomorphology impact as discussed in the memo provided in Appendix 9.    
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6. CONCLUSION

This report presents the hydrologic and geomorphic characteristics of the Eliwana Project area 

and describes the process by which the potential impacts of the development on the hydrological 

regime were estimated.  A hydraulic model was used to describe the local catchments around the 

Eliwana Project under existing conditions (the baseline scenario) and what could be considered 

an upper bound on potential impact arising from the development (the ultimate scenario) based 

on no diversion of flows around pits or backfilling of pits.  The model results illustrated the impact 

of the project where pits intercepted catchment runoff reducing the downstream flood footprint 

and flow depths.  In describing the impact arising from the changes to the hydrologic regime, it 

was concluded that: 

• Changes to frequent events are most significant and results from the 50% AEP event

were used to describe potential impacts;

• Within the model domains, pits intercepting the main channel of the local catchments

were shown to impact several areas downstream of the proposed disturbance; and

• Impacts arising from the ultimate scenario were not significant at the model boundaries

and were not expected to extend beyond the model boundaries due to the confluence

with a similar size or larger tributary/creek.
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8. FIGURES  

Figure 1: Eliwana Regional Catchments 

Figure 2: Eliwana Subcatchments 

Figure 3: Duck Creek Catchment and Project Layout 

Figure 4: West Creek Catchment Area 

Figure 5: Pinarra Creek Catchment Area 

Figure 6: Flying Fish Catchment Area 

Figure 7: Flying Fish East Catchment Area 

Figure 8: Infrastructure Catchments Area 

Figure 9: West Creek TUFLOW Model Domain 

Figure 10: Pinarra Creek TUFLOW Model Domain 

Figure 11: Flying Fish TUFLOW Model Domain 

Figure 12: Flying Fish East TUFLOW Model Domain 

Figure 13: Infrastructure TUFLOW Model Domain 

Figure 14: Eliwana Project Impact Area 
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1. INTRODUCTION
Fortescue Metals Group (FMG) is investigating the development of its Eliwana (Brockman Iron
Formation) and Flying Fish (Mara Mamba Iron Formation) deposits to establish the "Western Hub"
in the West Pilbara region southwest of its existing Solomon Hub (Figure 1). This will involve mine
development both at and above the valley floor, development of mine infrastructure on the valley
floor and hillsides and construction of a railway transportation corridor that crosses a number of both
well and poorly-defined channels and drainages and potentially crosses over Rio Tinto's existing
railway in the vicinity of Hamersley Station prior to linking into FMG's existing Hamersley railway.
The mining is to be located in the sub-drainages of the Ashburton River catchment (Pinarra and
Boolgeda Creeks and their tributaries and an informally named Western Channel). The
approximately 140 km-long railway corridor is likely to be located in the Duck and Cave Creeks
catchments that drain to the Ashburton River and in the Weelamurra and Zalamea Creek catchments
that drain to the Fortescue River (Figure 2). In the vicinity of the Rio Tinto railway, the hydrology is
extremely complex, the result of both natural and man-made (Rio Tinto railway embankment)
diversions of primarily sheet floods to both Caves Creek and Weelamurra Creek.

The objective of this reconnaissance-level study was to develop a baseline geomorphic
characterization of the project. The study has involved a desktop assessment based on information
(pit shells, infrastructure locations, aerial photography, still and video photography) and data
[topographic, overburden depths, hydrologic, hydraulic (TUFLOW output)] provided by FMG, a 3-day
field based site assessment that included sampling of both surface and subsurface bed materials,
and a preliminary analysis of sediment transport processes. Site hydrology is based on a preliminary
assessment conducted by MWH (2011) for FMG and subsequent refinements by FMG that were
used in the TUFLOW modelling and the site geology and groundwater conditions are based on an
assessment conducted by Golder Associates (2017) for FMG.

2. SITE RECONNAISSANCE
A 3-day field reconnaissance of the Western Hub area was conducted between April 25 and April
27, 2017 by Dr. Mike Harvey (Tetra Tech), Mr. Ryan Warrington (FMG), Mr. Phil Bussemaker (PSM)
and Mr. Gary Lazarov (FMG). During the site visit of the Western Hub, sections of Pinarra Creek,
Western Channel, Boolgeeda Creek and tributaries were inspected and bed material sediment
samples were collected. In addition, portions of the proposed railway corridor in the vicinity of the
Caves Creek and Weelamurra Creek crossings were visited. Site visit photographs are included in
Appendix A and referenced in the report.

2.1. Background

In general terms, the site visit confirmed that the channels within the Western Hub are similar to
those in other regions of the western Pilbara where geomorphic processes tend to be driven by
infrequent, high intensity and short duration hydrologic events (Lesleighter, 2012 ; Harvey et al, 2014;
Fortescue, 2015b; Tetra Tech, 2016). Based on the extensive presence of high-water-mark (HWM)
indicators (primarily large woody debris piles) and large imbricate boulders in the channels, it is highly
likely that the channels in the area have been subjected to high flows by one or more Tropical
Cyclones (TC) including the more recent ones, TC Carlos (2011), TC Heidi (2012), TC Peta (2013)
and TC Christine (2014).
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Figure 1. Site location map.
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Figure 2. Proposed railway alignment.
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The morphology of the alluvial sections of the ephemeral-flow creeks tends to be a relic of the last
major flow event (Graf, 1988) and as a result there will always be a wide range of channel conditions
distributed over both time and space (Tooth and Nanson, 2004).

Given the geologic setting of the Western Hub, which is located on the northern flank of the steeply
dipping (to the south) Brockman Syncline, the creeks tend to be located within east-west running
strike valleys underlain by the less erosion resistant, shale-dominated, Members (West Angelas,
Paraburdoo, Bee Gorge) of the Wittenoom Formation that are flanked by the Marra Mamba Iron
Formation that forms the northern ridge and the Brockman Iron Formation that forms the southern
ridge (Golder Associates, 2017). Numerous, generally NW-SE trending dolerite dikes and strike-slip
faults cross the E-W trending strike valleys and are probably responsible for the extensive presence
of valley floor-spanning bedrock outcrops that provide local grade control in some of the creeks as
well as being a local source of coarse (cobble and boulder) sediments within the channels.
Hydrogeological interpretation (Golder Associates, 2017) indicates that the faults and dikes are
responsible for a highly compartmentalized groundwater system. It is possible that cemented
calcretes and silcretes are present in what has been identified as overburden (Golder Associates,
2017) and these also could be creating shallow perched alluvial aquifers (Harvey et al, 2014). Based
on the available boring logs (Golder Associates, 2017) and field observations, the overburden
underlying the creeks in the Western Hub includes modern alluvial and colluvial deposits, clayey
detritals, cemented detritals, hardcap detritals as well as silcrete and calcrete layers.

In the Pilbara, groundwater-dependent riparian vegetation (GDE) associations (Eucalyptus
camaldulensis, Melaleuca argentea) tend to indicate where the depth to groundwater is less than
about 10m (Department of Water, 2010; McLean, 2014). However, neither species is located in the
Western Hub area. In the more eastern Flying Fish area (Boolgeeda Creek), potential GDE
association includes Eucalyptus xerothermica, Corymbia hamerslayana and Acacia aptaneura
woodlands while in the more western Eliwana area (Pinarra Creek and Western Channel), the
potential GDE association includes Eucalyptus victrix and Eucalyptus xerothermica woodlands
(FMG, 2017 cited in Golder Associates, 2017). These potential GDE associations may be dependent
on ephemeral recharge of perched alluvial aquifers under the creek beds. The location and impact
to the potential GDE’s will be discussed further in a Hydrogeological Impacts Assessment that will
be completed in late 2017 (FMG personal communication).

Depending on the strength of the rocks, the gorges that are located where the creeks flow down-dip
out of the strike valleys are, either very narrow and contain extensive bedrock outcrop and large
colluvial boulders or are wider and contain finer alluvium. The former situation creates significant
local base level controls for the upstream channels (Figure 3). In common with many of the
catchments within the Hamersley Range, the contribution of sediment from the hillslopes underlain
by the harder, ridge forming lithologies, under undisturbed conditions is very low, the result of the
presence of extensive bedrock outcrop and gravel-armored hillslopes. Under these circumstances
the majority of the bed material sediments being transported during the infrequent flow events are
derived from reworking of in-channel storage and remobilization of sediments from the extensive
alluvial fans that flank the channels (Harvey et al., 2014; Tetra Tech, 2016). However, the extensive
presence of less erosion resistant lithologies (Jeerinah Fm.), primarily in the area to the north of the
Eliwana and Flying Fish deposits, may indicate that the sediment yields to the higher order channels
from the south-flowing tributaries may be higher.

2.2. Field Observations

Observations made during the field inspection of the Western Hub area as well as review of aerial
imagery, data and reports made available by FMG were used as a basis for this section of the report.
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Figure 3. Longitudinal channel profiles (the origin is the confluence of Boolgeeda and Duck Creeks).
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2.2.1. Pinarra Creek

Pinarra Creek is a 43-km long, west-flowing stream that has its confluence with Boolgeeda Creek
(a tributary to Duck Creek) about 21km downstream of the Broadway Gorge. The approximately
22-km long reach that extends from the downstream end of the Broadway Gorge to the headwaters
(Upper Pinarra Creek) and occupies the strike valley was subdivided into 6 subreaches (P1 is the
upstream subreach) based on the existing channel morphology (single channel, braided, poorly
defined) and the width of the valley floor as determined by bedrock outcrop, pediments or marginal
alluvial fans (Figure 4). Valley floor-spanning cross sections derived from TUFLOW model output
(flow depths) for each of the subreaches are provided in Figures 5a (P1, P2, P3) and 5b (P4, P5,
P6). The locations of the selected cross sections are highlighted on Figure 4. The cross sections
were all reduced to a common scale in order to show the relative sizes (bankfull depths and widths)
and morphologies of the Pinarra Creek channel in each of the subreaches. Figure 6 provides a
longitudinal profile of Upper Pinarra Creek. Included on the profile are the subreach boundaries, the
locations of sediment samples, the locations of the pits that directly intersect the channel, the
locations of the major tributaries, the locations of the generally NW-SE trending faults and dikes and
the depths of the overburden. Surface and sub-surface bed material gradations determined from
pebble counts and laboratory sieving, respectively are provided in Figure 7 and Figure 8.

Pinarra Creek in Subreach (SR) P1 is about 3.3 km long and is laterally confined on both sides by
alluvial fans and as such the channel tends to be single thread, relatively narrow (about 15m) and
shallow (bankfull depth <1m) and is bounded by vegetation (Figure 6a). Overburden depths on the
order of 10m in the lower portion of the subreach (Figure 7) appear to be correlated with relatively
dense riparian tree stands, which may indicate the presence of shallow groundwater in a perched
alluvial aquifer (FMG mapping of potential GDE as reported in Golder Associates, 2017) in the reach
located immediately upstream of the mapped fault in SR P2. In contrast, overburden depths in
excess of 40m in the upstream, flatter gradient portion of the SR (Figure 7), may actually represent
the thickness of the bounding alluvial fans that have prograded out onto the valley floor and do not
appear to support potential GDE riparian vegetation.

Pinarra Creek in SR P2 is about 4.8 km long and is less confined by the flanking alluvial fans and as
a result the channel tends to be multi-thread and braided, probably the result of historic sediment
deposition from the more confined upstream reach. A number of channels occupy the valley floor at
different elevations and at some locations are indistinct among the woodland vegetation (Figure A.1)
but the primary channel (Figure A.2) has similar dimensions to that in SR P1 (Figure 6a). The bed
material recently in transport in the main channel (Figure A.3) tends to be finer than that observed
in the less well developed channels (Figure A.4). Based on Sample S3 that was collected in the
main channel, the median (D50) size of the recently transported material is on the order of 12 mm
(Figure 8). Based on pebble counts of the surface sediments in other reaches of Pinarra Creek, the
D50 of the bed material is on the order of 35mm (Figure 7). In the upper portion of the subreach,
overburden depths between the 2 mapped faults exceed 60m and may represent alluvial fill within a
graben structure (Figure 6). The general paucity of riparian tree species along this portion of the
creek would tend to suggest that there is no shallow perched alluvial aquifer in this part of the
subreach In contrast, in the lower portion of the subreach, the overburden depths are generally very
shallow, possibly the result of faulting, and the presence of potential GDE riparian tree species tends
to suggest the presence of a perched alluvial aquifer.
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Figure 4. Pinarra Creek subreach and cross-section locations.
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Figure 5a. Representative cross-sections for the sub-reaches P-1, P-2 and P-3 along Pinarra
Creek.

Figure 5b. Representative cross-sections for the sub-reaches P-4, P-5 and P-6 along Pinarra
Creek.
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Figure 6. Pinarra Creek channel and overburden profiles.
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Figure 7. Sediment gradation curves from Pebble Counts.
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Figure 8. Sediment gradation curves from bulk sediment samples.
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Pinarra Creek in SR P3 is about 5.2km long and contains both single thread and multi-thread channel
segments. The single thread channel segments (Figure A.5) tend to be located where the valley
width is more constrained by marginal alluvial fans and the multi-channel segments are located in
the less laterally constrained reaches (Figure A.6). Single channel width is on the order of 50m and
the depth is about 1.5m (Figure 5a). For most of the subreach the depth of the overburden is relatively
shallow on the order of about 10m which correlates quite well with the presence of potential GDE
riparian vegetation (Figure 6). Closer to the downstream boundary of the subreach overburden
depths increase to over 25m which may be tied to the presence of a relatively large tributary on the
north side of the valley. Based on the pebble count of the surface sediments (PC2) and associated
bulk sample of the subsurface sediments (S4) the D50’s are 40 mm (Figure 7) and 18 mm (Figure 8),
respectively.

The unnamed, south flowing tributary just upstream of the P3/P4 subreach boundary (Figure 4)
conveys a reasonable amount of both gravel (Figure A.7) and sand-sized (Figure A.8) sediment,
the bulk of which has a low iron content because of the extensive presence of shales and sandstones
of the Jeerinah Fm. (Golder Associates, 2017) in the contributing watershed. The relatively weak
rocks that form the northern ridge through which the tributary drains do not significantly constrict the
channel but the shallow depth to bedrock beneath the creek bed appears to be supporting potential
GDE riparian tree species (Figure A.9).

Pinarra Creek in SR P4 is about 5km long and is primarily a single thread channel (Figure A.10) that
is flanked on the north side by bedrock outcrop (Figure A.11) and on the south side by gently sloping
gravel-capped pediments that have been cut into softer bedrock (Figure A.12). Depending on local
aggradation or degradation in the channel, the bankfull depths range from about 0.5m to in excess
of 1.5 m (Figure A.13) (Figure 5b). Except for the short reach immediately downstream of the P3/P4
boundary, the overburden depths are generally very shallow in this subreach (Figure 6) and as a
result the depth to any perched groundwater is likely to be shallow which supports the potential GDE
riparian trees (Figure A.14). Approximately 1000m upstream of the downstream boundary of
subreach P4, a south flowing tributary (ROM tributary) enters Pinarra Creek (Figure 4). The tributary
traverses a very narrow bedrock gorge formed in the erosion resistant Marra Mamba Iron Formation
(Figure A.15). During low to moderate flows relatively fine sands and gravels are conveyed down
into Pinarra Creek (Figure A.16). However, during larger flood events (Figure A.17) boulder sized
sediments are transported in the very steep and confined channel (Figure A.18) and as a result
cobble to boulder size sediments have formed a lag deposit in Pinarra Creek at and downstream of
the confluence that creates a local grade control in the channel (Figure A.19). Surface and
subsurface bed material gradations were determined for the lower portion of the subreach. Because
of backwater from a very sharp bend downstream during high flow events the D50 of the surface
gradation of the bed material (PC3) is about 12mm (Figure 7), whereas the D50 of the subsurface
(S5) gradation is 20 mm (Figure 8).

Subreach P5 includes the about 1.4km long Broadway Gorge section of Pinarra Creek that is
controlled both vertically (Figure A.20) and laterally by bedrock outcrop (Figure A.21). The bedrock
controlled gorge is the base level control for Upper Pinarra Creek (Figure 6). The single thread
channel is about 30m wide and infinitely deep (Figure 5b). The bed material is a mixture of gravel-
cobble fluvially transported sediments and colluvially derived boulders (Figure A.22). Overburden
depths through the gorge are very shallow (Figure 6) and it is likely that the groundwater is also
shallow and supports the potential GDE riparian vegetation. High water marks in the upstream part
of the gorge are over 2m above the bed (Figure A.23).
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Subreach P6 is about 1.8 km long and includes the section of Pinarra Creek that flows south and
down-dip across the Brockman ridge. The single-thread, gravel bed channel is wider than in the
upstream gorge section (50m) and the bankfull depth is about 1.3m (Figure 6b). The wider valley
bottom that includes a floodplain (Figure A.24) is likely due to the presence of less erosion resistant
rocks in the valley walls (Figure A.25). The presence of potential GDE riparian vegetation on the
channel margins indicates that perched groundwater is likely located at a shallow depth above
bedrock (Figure A.26) which is consistent with the steepening of the channel gradient in the
subreach (Figure 6).

2.2.2. Western Channel

The informally named Western Channel is an approximately 47 km long, west—south-west flowing
stream that has its confluence with Duck Creek about 9km upstream of the Duck Creek-Boolgeeda
Creek confluence. Its headwaters are underlain by the Jeerinah Fm., and as such are unlikely to be
affected by any mining. However, for the purposes of this investigation the upper approximately
25 km of the channel have been included and has been subdivided into 5 subreaches (W1 is the
upstream subreach) (Figure 9). At the downstream end of subreach W5 the channel enters into a
bedrock gorge that appears to contain what may be perennial pools. Overburden depths were not
available for the Western Channel. The locations of the representative cross sections are shown on
Figure 9.

Subreaches W1, W2 and W3 are all underlain by the shale and sandstone units that comprise the
Jeerinah Fm. Steeper portions of the channel in W2 probably reflect the presence of more erosion
resistant rock units (Figure 10). The dimensions of the channel increase in the expected manner in
the downstream direction with the channel width increasing from about 25 m in subreach W1 to about
50m in subreach W3 and the bankfull depth increasing from about 0.8m to nearly 2m in the same
two subreaches (Figure 11a). Review of 2006 (18/6/2006) aerial imagery (Google Earth) indicates
that that the channel is single thread through most of the subreaches which tends to suggest that
the sediment delivery to the channels is quite low or possibly very fine grained. Of potential interest
is the presence of numerous pools within the channel in subreach W3 (Google Earth imagery dated
June 18, 2006) which might be the result of faulting. A NW-SE trending fault has been mapped
across Pinarra Creek (Golder Associates, 2017) that presumably extends into W3 near the upstream
end of the subreach and it is more than likely that subreach W4, where the channel flows south
through a gorge bounded by the Marra Mamba Iron Fm. is also fault controlled based on topography
immediately to the south and the presence of dense potential GDE vegetation species (including
Melaleuca sp.) where the inferred fault crosses the small west-flowing Access Road tributary along
the access road to Broadway Gorge (Figure 9). Through the gorge, the channel is about 60 m wide
and about 2m deep at bankfull stage (Figure 11b) and is bounded by potential GDE riparian
vegetation.

Subreach W5 flows west within the strike valley that is bounded to the north and south by the Marra
Mamba and Brockman ridges, respectively (Figure 9). In general, the channel is single thread with
a width of about 25m bounded by a floodplain and a bankfull depth of about 1.5m (Figure 11b)
(Figure A.27). However, locally along the channel bedrock crops out and forms a local base level
control and coarsens the bed material (Figure A.28). Approximately 30cm high sand/gravel bars
were observed in the well-defined reaches of the channel and indicate that during high flow events
there is significant bed material transport in the channel (Figure A.29). Where the channel is more
constricted by bedrock outcrop the bed material tends to be coarser, the result of local supply of
coarser sediments and locally higher energy due to increased flow depths (Figure A.30).
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Figure 9. Western Channel subreach and cross-section locations.
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Figure 10. Western Channel longitudinal profile. (Stationing is distance upstream of the Duck Creek-Boolgeeda Creek confluence
which is about 9000m downstream of the actual Confluence of Western Channel and Duck Creek)
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Figure 11a. Representative cross-sections for the sub-reaches W-1, W-2 and W-3 along the
Western Channel.

Figure 11b. Representative cross-sections for the sub-reaches W-4 and W-5 along the Western
Channel.
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High-water marks up to 2m above the bed of the channel were observed in the more constricted
reaches (Figure A.30). The presence of potential GDE riparian vegetation species along the channel
margins (Figure A.27) suggests that there may be shallow groundwater available to the plants at
various times of the year. Surficial (PC1) (Figure 7) and subsurface (S1) (Figure 8) bed material
samples indicated that the D50’s are 30 mm and 8 mm, respectively.

A south-flowing, unnamed tributary (Figure 9), delivers flow and sediment to the Western Channel
about 2km upstream of the downstream boundary of subreach W5. The tributary delivers both coarse
(Figure A.31) and fine (Figure A.32) sediment to the mainstem. Bedrock outcrop and large
colluvially-derived boulders provide grade control within the fairly narrow gorge (Figure A.33).
Accumulations of coarse bed material that is infrequently fluvially transported also provides a stable
substrate for potential GDE riparian trees species that are able to access any shallow groundwater
and spread across the entire channel (Figure A.34) in contrast to where the bed material is more
frequently mobilized in the mainstem Western Channel and the trees are restricted to the channel
margins (Figure A.27).

2.2.3. Boolgeeda Creek and Tributaries

The upstream reaches of Boolgeeda Creek and 3 tributaries form the Flying Fish component of the
Western Hub where the Marra Mamba Iron Fm. is proposed to be mined from a current total of
18 pits.

The upstream 20km long reach of Boolgeeda Creek is an east flowing stream that occupies a
relatively narrow strike valley before flowing south through the Brockman Ridge (Figure 12). The
reach was subdivided into 6 subreaches (B1-B6). The locations of the representative cross sections
are shown on Figure 12 and Figure 15. In general, the channel is indistinct in the upper subreaches
but single thread over most of the lower subreaches and as expected the dimensions of the channel
increase in the downstream direction. In subreaches B1 and B2 the channel is poorly defined within
the limits of the available mapping and sheet flooding across the valley floor is most likely to occur
during flow events (Figure 13a). In subreach B3 the channel is multi-threaded with the main channel
having a width of about 10m and a bankfull depth of about 0.5m. In subreaches B4, B5 and B6 the
channel is single thread and flanked by a floodplain and much better defined with widths of about
30m and bankfull depths on the order of 2m (Figure 13b). In SR B1 the overburden depth exceeds
35m (Figure 14) but potential GDE riparian species are located on the valley floor which suggests
that groundwater might be perched at shallower depths. In the remainder of the subreaches the
overburden depths are in general less than 10m which could be due to the presence of mapped
dolerite dikes and this appears to correlate with the extensive presence of potential GDE riparian
species along the channel (Figure 14).

2.2.3.1.1 Boolgeeda Creek Tributary

Only a single pit is proposed in the vicinity of an unnamed south-flowing tributary to Boolgeeda Creek
(Figure 15). However, this relatively large drainage does provide important information on the highly
variable characteristics and dynamics of the channels in the non-strike valley portions of the Flying
Fish area. The channel geometry in the vicinity of the proposed pit is included as a subreach (U1-4)
on Figure 16. At the confluence with Unnamed 1 Tributary, the single channel is about 20m wide
and about 3m deep at bankfull stage (Figure 19) with a low width-depth ratio of about 6.5
(Figure A.35), the result of fine-grained and root-reinforced banks.
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Figure 12. Boolgeeda Creek subreach and cross-section locations.
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Figure 13a. Representative cross-sections for the sub-reaches B-1, B-2 and B3 along
Boolgeeda Creek.

Figure 13b. Representative cross-sections for the sub-reaches B-4, B-5 and B-6 along
Boolgeeda Creek.
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Figure 14. Boolgeeda Creek channel and overburden profiles.
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Figure 15. Unnamed 1 Tributary subreach and cross-section locations.
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Figure 16. Representative cross-sections for the sub-reaches along the Unnamed 1 Tributary.

Approximately 100m upstream, the channel bifurcates around a vegetated island, most likely initiated
by a large flood event (Figure A.36). Upstream of the split flow reach the channel is again deep
(~2m) and narrow (~8m) and the bed material is much coarser and the cobble-size sediments exhibit
imbrication indicating fluvial transport (Figure A.37). Approximately 50 m upstream of the narrow
reach, the channel widens considerably (~20m) but has well defined banks that are about 1m high
(with-depth ratio 20) with much finer bed material (Figure A.38). About 150m downstream of the
gorge the channel becomes very poorly defined with multiple small channels incised into very coarse
(cobble-boulder) bed material on a heavily vegetated valley floor fan (Fischer and Harvey, 1990) that
has formed where the flood flows expanded downstream of the gorge and deposited the coarse
material (Figure A.39). The fan tends to self-reinforce since flow depths tend to be low during flood
flows and the hydraulic roughness is high due to the extensive presence of woody vegetation and
this leads to a stepped-channel profile. Within the confines of the gorge, the channel tends to be
well-defined and is capable of transporting a wide range of sediment sizes (Figure A.40). Within the
gorge, impact scars on riparian trees indicate that a fairly recent flow was on the order of 1.5m deep
but older scars at higher elevations indicate flow depths in excess of 2m during historic events
(Figure A.41).

2.2.3.1.2 Unnamed 1 Tributary

Unnamed 1 Tributary is about 8km long and flows west in a strike valley to its confluence with the
south-flowing Tributary to Boolgeeda Creek (Figure 14). The reach was subdivided into 3 subreaches
(SR U1-1, U1-2, U1-3) and a section of the tributary channel was added as the fourth subreach
(U1-4). In SR U1-1 the channel is multi-thread and poorly defined. In SR U1-2 the channel is also
multi-thread but the main channel is better defined and about 1 m deep (Figure 16) in a wider section
of valley. In SR U1-3 the channel is primarily single-thread, about 20m wide and about 1m deep
(Figure A.42), and is confined by pediments in a narrower valley (Figure 16). At the downstream
end of SR U1-3, the channel is incised and headcutting upstream (Figure A.43) due to a fairly recent
avulsion of the channel and discharge of overbank flows into the deep channel of Boolgeeda
Tributary (Figure 16). In SR U1-1 the depth of the overburden is highly variable and ranges from
2-3m to over 30m which probably correlates with the general absence of potential GDE vegetation
in the subreach (Figure 17).
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Figure 17. Unnamed 1 Tributary to Boolgeeda Creek channel and overburden profiles.
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In SR U1-2 the overburden depths are less variable and along most of the subreach the depth is in
the range of 10m or less, which also appears to correlate with the presence of potential GDE riparian
vegetation along the channel. Shallow overburden depths in SR U1-3 correlate well with the
presence of potential GDE riparian vegetation along the channel (Figure 17).

2.2.3.1.3 Unnamed 2 Tributary

Unnamed 2 Tributary flows about 11 km in a southwest direction though a linear strike valley before
cutting south through the Brockman Ridge (Figure 14). Currently, there is no hydraulic modeling of
this tributary and consequently the reach was not subdivided. However, review of 8/9/2005 Google
Earth Imagery indicates that at the upstream end of the catchment the channel is very poorly defined
in a narrow valley bottom flanked by pediments. Farther downstream the channel is also poorly
defined but in a much wider valley bottom. Based on the apparent morphology of the channel and
valley floor it is likely that fairly shallow sheet flooding occurs during flood events. Upstream of where
the mapped dolerite dikes cross the channel the overburden depths exceed 20m (Figure 18) and
there does not appear to be much riparian vegetation along the channel. In the reach where the
3 mapped dikes cross the creek, the overburden depths are generally less than 10m (Figure 18) and
there is evidence of potential GDE riparian vegetation along the creek. Similarly, relatively shallow
overburden depths are present above the gorge and there is ample evidence of potential GDE
riparian vegetation (Figure 18).

2.2.4. Railway Transportation Corridor

The railway transportation corridor crosses a number of small tributaries in the headwaters of Duck
Creek north of the Flying Fish area as well as the upper reaches of Caves Creek west of the existing
Rio Tinto railway line. At the Caves Creek crossing, the channel is well defined with a width of about
15m and a bankfull depth of 1.5m and is flanked by potential GDE riparian trees (Figure A.44). Local
erosion and deposition in the channel is controlled by woody debris and riparian trees (Figure A.45).
Higher elevation terraces are subject to erosion by the creek (Figure A.46). The bed material with
an estimated D50 of about 25mm is mobilized by 20% to 50% AEP flows farther downstream in the
Silvergrass area (Harvey et al., 2014). Just upstream of the proposed crossing of Caves Creek by
the FMG railway is the confluence with a west flowing upper basin tributary that is crossed by the
Rio Tinto railway line and access road that traverses the cracking clay Themeda grasslands
(Figure A.47). The tributary flows are conveyed under the railway and road by 15 1500mm culverts
set in concrete (Figure A.48). Installation of the culverts exposed calcrete in or under the bed of the
creek and review of aerial photography indicates that the discrete channels that traverse the
grasslands are very shallow and have very even width which suggests they are flowing in very similar
materials. This suggests that the cracking clay grasslands are underlain by calcrete at shallow depth
and are formed and maintained by sheet flooding (Harvey et al, 2014). Regional geologic mapping
indicates the extensive presence of the Oakover Fm. (calcrete) in the area (FMG, 2015b). Clearly,
the presence of the Rio Tinto railway line and access road has affected the distribution of sheet
flooding upstream of the embankment. Downstream of the embankment where the same tributary
discharges to the lower elevation woodlands it is clear that the channel is formed in alluvium and that
the channel morphology is highly irregular (Figures A.49, A.50, A.51).
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Figure 18. Unnamed 2 Tributary to Boolgeeda Creek channel and overburden profiles.
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Farther downstream of the proposed FMG railway crossing, the channel of Caves Creek has been
shown to be inset into calcrete and silcrete with a thin (<10m) layer of alluvium and a perched alluvial
groundwater table (Harvey et al., 2014).

As proposed, the FMG railway corridor will have to cross over Rio Tinto's existing railway in the
vicinity of Hamersley Station prior to linking into FMG's existing Hamersley railway (Figure 2). To the
east of the Rio Tinto railway, the FMG railway corridor will have to cross over Weelamurra Creek
that currently receives more flow than it did historically because of diversion of flow by the Rio Tinto
railway embankment. Potentially the FMG embankment will further modify the flow splits between
Caves Creek and Weelamurra Creek. However, Weelamurra Creek is inset into calcrete
(Figure A.52) that is more than likely to prevent any channel adjustment in response to increased
flows and any increase in the flows is likely to be beneficial for the permanent pools (FMG, 2015b)
located about 20km downstream in Weelamurra Creek. The primary hydrological issue is the
potential for third party impacts on the existing Rio Tinto railway. The magnitude of the potential
impacts will depend to a large extent on refining the hydrology of the area since it is currently unclear
as to how much flow may be diverted naturally from what appears to be a common floodplain with
the South Fortescue River on the eastern side of the basin.

3. STREAM ORDER EVALUATION
The Strahler stream order numbers (Horton, 1945; Strahler, 1952; Strahler, 1957) are used to define
stream size based on a hierarchy of tributaries. In the application of the Strahler stream order to
hydrology, each segment of a stream or river within a river network is treated as a node in a tree,
with the next segment downstream as its parent. When two first-order streams come together, they
form a second-order stream. When two second-order streams come together, they form a third-order
stream. Streams of lower order joining a higher order stream do not change the order of the higher
stream. Thus, if a first-order stream joins a second-order stream, it remains a second-order stream.
It is not until a second-order stream combines with another second-order stream that it becomes a
third-order stream.

The available topography within the Western Hub (10m Landgate DEM) was used in conjunction
with ESRI ArcMap 10.2 (ESRI, 2012) and the Spatial Analyst add-on software to define the stream
orders. The stream-ordering process involved development of a series of raster files, including flow
direction and flow accumulation rasters, that were conditionally formatted for the Strahler Method as
applied by the Spatial Analyst Hydrology tool. Once developed, the stream ordering was screened
to eliminate disconnected or intermittent rill channels. It is important to note that the evaluation is
limited by the extents of the available topography (10m DEM), so the actual magnitude of the stream
orders may be somewhat different than reported; however, the relative stream orders nevertheless
provide insight to the drainage characteristics of the primary channels. It is also important to note
that the Strahler stream order is typically applied to perennial streams, and not to ephemeral
channels such as those within the Western Hub area, where defining stream channels is more
difficult.

3.1. Pinarra Creek

The stream ordering evaluation of the Pinarra Creek catchment is shown in Figure 19. Pinarra Creek
in SR P1 is mainly a 4th order stream, in SR P2 and P3 it is a 5th order stream and in SR P4, P5 and
P6 it is a 6th order stream. The major south-flowing tributaries to Pinarra Creek range from 3rd order
to 5th order streams. The north flowing tributaries are generally 2nd and 3rd order streams.
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3.2. Western Channel

The stream ordering evaluation of the Western Channel catchment is shown in Figure 20. The creek
in SR W1 is primarily a 3rd order stream, in SR W2 it is a 4th order stream and in SR W3, W4 and W5
it is a 5th order stream.

3.3. Boolgeeda Creek

The stream ordering evaluation of the upper Boolgeeda Creek catchment is shown in Figure 21.
The creek in SR B1 is a 3rd order stream, in SR B2, SR B3 and SR B4 it is a 4th order stream and in
SR B5 and B6 it is a 5th order stream.

3.4. Boolgeeda Creek Tributary and Unnamed 1 and 2 Tributaries

The stream ordering evaluation of the Boolgeeda Creek Tributary, Unnamed 1 Tributary and
Unnamed 2 Tributary catchments are shown in Figure 22. The creek in the Boolgeeda Creek
Tributary is a 5th order segment. The Unnamed 1 Tributary is a 3rd order stream in SR U1-1 and a
4th order stream in SR U1-2 and SR U1-3 (Figure 25). The lower reaches of the Unnamed 2 Tributary
is located in a 5th order stream segment.
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Figure 19. Stream ordering of the Pinarra Creek Catchment.
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Figure 20. Stream ordering of the Western Channel Catchment.
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Figure 21. Stream ordering of the Boolgeeda Creek Tributary Catchments.
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Figure 22. Stream ordering of the Boolgeeda Creek Tributary Catchments.
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4. INCIPIENT MOTION ANALYSIS
An incipient-motion analysis (i.e., an evaluation of flows required to mobilize the bed material) was
performed for each of the channels that were included in the TUFLOW modeling (conducted by
Fortescue) by evaluating the effective shear stress on the channel bed in relation to the amount of
shear stress that is required to move the surface particles on the beds of the channels. Because of
the general similarity of the surface bed materials an average gradation was developed from PC-1
and PC-2 for use in the reconnaissance level incipient motion analysis of the Western Hub channels
(Figure 7). The D50 of the average gradation is 35 mm and the D84 is 60 mm.

4.1. Basic Theory

The shear stress required for bed mobilization was estimated from the standard Shields (1936)
relation, given by:

τc = τ*c (γs - γ) D50 (1)

where τc = critical shear stress for particle motion,

τ*c = dimensionless critical shear stress (often referred to as the Shields
parameter),

γs = unit weight of sediment (~2,650 kg/m3),

γ = unit weight of water (1,000 kg/m3), and

D50 = median particle size of the bed material.

In gravel-bed streams, when the critical shear stress for the median (D50) particle size is exceeded,
the bed is mobilized and all sizes up to about 4.5 times the median size can be transported by the
flow (Parker et al., 1982; Andrews, 1984).

Reported values for the Shields parameter range from 0.03 (Neill, 1968; Andrews, 1984) to 0.06
(Shields, 1936). A value of 0.047 is commonly used in engineering practice, based on the point at
which the Meyer-Peter, Müller (MPM) bed-load equation indicates no transport (MPM, 1948).
Detailed evaluation of the MPM data and other data (Parker et al., 1982; Andrews, 1984) indicate
that true incipient motion occurs at a value of about 0.03 in gravel- and cobble-bed streams. Neil
(1968) concluded that the dimensionless shear value of 0.03 corresponds to true incipient motion of
the bed-material matrix while 0.047 corresponds to a low, but measurable transport rate. A value of
0.03 was used in this analysis.

In performing an incipient-motion analysis, the bed shear stress due to grain resistance (τ′) is used
rather than the total shear stress, because τ′ is a better descriptor of the near-bed hydraulic
conditions that are responsible for sediment movement. The grain shear stress is computed from the
following relation:

(2)

where Y’ = the portion of the total hydraulic stress associated with grain resistance

(Einstein, 1950), and

S = the energy slope at the cross section.
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The value of Y’ is computed by iteratively solving the semi-logarithmic velocity profile equation:

(3)

where V = mean velocity at the cross section,

Ks = characteristic roughness of the bed, and

V*’ = shear velocity due to grain resistance given by:

(4)

The characteristic roughness height of the bed (Ks) was assumed to be 3.5 D84 (Hey, 1979).
Normalized grain shear stress (φ′) is the ratio of the grain shear stress (τ′) to the critical shear stress
for particle mobilization (τc). When φ′ is equal to 1, the bed material begins to mobilize (point of
incipient motion), and substantial sediment transport occurs when φ′>1.5 (Mussetter et al., 2001).
The concept of equal-mobility, as advanced by Parker et al. (1982) and Andrews (1984), shows that,
at φ′>1.5, all material up to about five times the median size can be transported by the flow, and
measureable transport rates would be expected.

The incipient motion analysis was conducted to evaluate the flows required to mobilize the sampled
surface bed material. The hydraulic input to the incipient motion calculations was based on the
TUFLOW model results from the 50-, 20-, 10- 5- 2- and 1-percent Annual Exceedance Probability
(AEP) simulations (Table 1). To extract this information, representative cross sections were identified
for each of the channels where TUFLOW model results were available.

Table 1. Summary of AEP flows for each of the modeled reaches used in incipient motion and
sediment continuity analyses.

Reach

Discharge (cms)

1%
AEP

2%
AEP

5%
AEP

10%
AEP

20%
AEP

50%
AEP

P1 18.6 13.6 8.7 6.2 4.0 2.2

P2 44.0 35.2 12.7 13.2 7.0 3.1

P3 84.5 68.6 46.0 33.7 20.9 10.4

P4 127.5 81.6 64.0 47.5 28.2 13.3

P5 191.5 137.6 80.7 51.6 29.7 14.5

P6 199.0 142.2 80.8 51.4 29.7 14.4
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Reach

Discharge (cms)

1%
AEP

2%
AEP

5%
AEP

10%
AEP

20%
AEP

50%
AEP

W1 12.7 9.7 6.5 4.6 3.0 1.7

W2 32.4 24.1 13.3 10.8 5.6 2.8

W3 61.7 53.1 33.6 25.5 15.5 7.5

W4 107.9 85.4 53.7 37.1 22.9 11.4

W5 134.8 104.3 63.4 45.1 26.8 13.0

B1 10.4 7.7 4.8 3.4 1.8 1.0

B2 38.9 29.2 18.2 12.4 7.4 3.6

B3 70.3 51.6 31.1 20.7 11.9 4.8

B4 110.7 81.9 49.9 33.5 20.2 9.5

B5 115.4 86.6 51.8 34.3 19.6 8.5

B6 113.8 80.9 45.7 29.1 16.7 6.9

U1 15.8 12.6 6.1 6.5 4.6 3.1

U2 42.6 32.8 17.7 12.3 8.0 4.2

U3 61.9 46.6 28.5 20.1 12.8 6.7

U4 222.5 166.0 96.0 63.9 37.9 19.0

4.2. Incipient Motion Results

The results of the incipient motion analyses for the individual channels in the Western Hub are
provided in the following sections.

4.2.1. Pinarra Creek

The results of the incipient motion analysis for the 6 subreaches of Pinarra Creek are shown in
Figure 23. Based on the average surface gradation the bed material is not mobilized by flows up to
and including the 1%AEP in SR P1, most likely the result of the poorly defined channels in the
subreach (Figure 5a). In SR P2, the bed material is just mobilized by about the 5%AEP flow and
significant sediment transport takes place at about the 1%AEP flow. In SR P3, the bed material is
just mobilized between the 20%AEP and 10%AEP flows and significant sediment transport occurs
at the 2%AEP flow. In SR P4, the bed material is just mobilized at about the 10%AEP flow and
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significant sediment transport occurs between the 2%AEP and 1% AEP flows. Where the channel
is confined in the Broadway Gorge (SR P5), the bed material is just mobilized by less than the 50%
AEP flow and significant sediment transport occurs at the 20% AEP flow. Less confinement in SR P6
means that the bed material is just mobilized at the 50% AEP flow and significant sediment transport
occurs at the 10% AEP flow. Within the limitations imposed by the assumed bed material gradation,
the results of the analysis indicate that bed material mobilization takes place roughly at the 10% AEP
flows but significant sediment transport is infrequent in the alluvial subreaches (P1-P4) but relatively
frequent in the bedrock confined subreaches (P5, P6) which is consistent with what occurs in other
channels in the western Pilbara where sediment transport is driven by infrequent, short duration,
flood events (Harvey et al., 2014; Tetra Tech 2016).

4.2.2. Western Channel

The results of the incipient motion analysis for the 5 subreaches of the Western Channel are shown
in Figure 24. Based on the assumed bed material gradation, the bed material in SR W1 is just
mobilized at the 5% AEP flow and significant sediment transport requires in excess of the 1% AEP
flow. In SR W2, the bed material is just mobilized at the 10% AEP flow and significand sediment
transport occurs at about the 1% AEP flow. In SR W3, the bed material is just mobilized at the
2% AEP flow and significant sediment transport requires in excess of the 1% AEP flow. Where the
channel is more confined in SR W4, the bed material is just mobilized at the 10% AEP flow and
significant sediment transport occurs at the 2% AEP flow. Within the better defined channel in SR
W5, the bed material is just mobilized at the 20% AEP flow and significant sediment transport occurs
at the 10% AEP flow. Again, within the limitations imposed by the assumed bed material gradation,
the results of the analysis indicate that bed material mobilization takes place roughly at the 10% AEP
flows but significant sediment transport is infrequent in the less confined subreaches (W1-W3) but
more frequent in the more confined subreaches (W4, W5).

4.2.3. Boolgeeda Creek

The results of the incipient motion analysis for the 5 subreaches of Boolgeeda Creek are shown in
Figure 25. Based on the assumed bed material gradation, it is apparent that very little sediment
transport occurs in SR B1, B2 and B3, which is very consistent with the poorly defined cross sections
in these subreaches (Figure 13a). However, it is more than likely that some transport of finer material
does occur in the upper subreaches of Boolgeeda Creek. Where the channels are better defined in
SR B4, B5 and B6 (Figure 13b) the bed material is just mobilized at about the 10 % AEP flows and
significant sediment transport occurs at the 1% to 2% AEP flows which is consistent with the other
channels in the Western Hub area.

4.2.4. Unnamed 1 Tributary

The results of the incipient motion analysis for the 4 subreaches of Unnamed 1 Tributary are shown
in Figure 26. Based on the assumed bed material gradation, bed material is just mobilized at the
10% AEP flow and significand sediment transport occurs at the 2% AEP flow in SR U1-1. However,
in SR U1-2 the bed material is very infrequently mobilized (>1%AEP flow) and this is probably due
to the less confined channel configuration (Figure 15). Where the channel is confined in SR U1-3,
the bed material is just mobilized at less than the 50% AEP event and significant sediment transport
occurs at all flows in excess of the 50% AEP flow. Similarly, because of the very confined channel
in SR U1-4, the bed material is very frequently mobilized and significant sediment transport occurs
at all flows in excess of the 50% AEP flow. The results of the analysis tend to suggest that the bed
material is more mobile in this tributary than in the other channels of the Western Hub, probably
because the slope of the channel (0.0069) is steeper than the other channels that have slopes on
the order of 0.0045.
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Figure 23. Results from the incipient motion (normalized grain shear) analysis based on TUFLOW model output at selected cross-
sections along Pinarra Creek.
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Figure 24. Results from the incipient motion (normalized grain shear) analysis based on TUFLOW model output at selected cross-
sections along Western Channel.

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

1 10 100 1000

N
o

rm
a
li
z
e
d

G
ra

in
S

h
e
a
r

Discharge (cms)

Western Channel
W1

W2

W3

W4

W5

1AEP

2AEP

5AEP

10AEP

20AEP

50AEP

No Motion

Marginal Bed Material Transport

Measureable Bed Material
Transport Rates



Fortescue Western Hub 38 August 2017

Figure 25. Results from the incipient motion (normalized grain shear) analysis based on TUFLOW model output at selected cross-
sections along Boolgeeda Creek.
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Figure 26. Results from the incipient motion (normalized grain shear) analysis based on TUFLOW model output at selected cross-
sections along Unnamed 1 Tributary.
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gRSV* =

5. SEDIMENT CONTINUITY ANALYSIS
A sediment-continuity analysis was performed using the TUFLOW model output for the 10% AEP
event, which is assumed to mobilize the bed material surface gradation, and the averaged
subsurface bed material gradation (D50 12mm:Figure 8) for each of the subreaches identified in
Pinarra Creek, Western Channel, Boolgeeda Creek and Unnamed 1 Tributary. The sediment-
continuity analysis involved selection of an appropriate sediment-transport formula, preparation of
sediment-transport capacity rating curves, development of by-storm event (10% AEP) sediment-
transport volumes for each of the cross sections to develop subreach-averaged values, and
computing sediment continuity between subreaches in a stepwise fashion. The sediment continuity
analysis does not incorporate specific erosional and depositional processes but assumes that
sediment is available to be transported and the system is not supply-limited. The sediment supply to
the upstream reach of each channel is assumed to be equal to the transport capacity of the reach
unless field evidence indicates that the channel in the upstream reach is either strongly degradational
or aggradational, which was not the case for the Western Hub channels.

5.1. Selection of Sediment-transport Formula

Selection of the formula used to compute the bed-material transport capacity rating curves for the
cross sections was based on the range of bed-material sizes, hydraulic characteristics within the
modeled reach, and previous experience with similar channels (Harvey et al., 2014; Tetra
Tech, 2016). A number of functions are applicable to the bed-material and hydraulic conditions of
the Western Hub channels, but most of the functions do not include a method for addressing the
effects of hiding of the smaller-size classes by larger-size classes, an important consideration in
mixed sand-and-gravel systems similar to those within the Western Hub site. The Wilcock and Crowe
(2003) equation considers these hiding effects and was, therefore, selected for use in this analysis.

The Wilcock and Crowe (2003) equation was developed through a series of experiments designed
specifically to study the hiding effects and resulting transport of sand/gravel mixtures. The equation
computes the bed-material load per unit width by size fraction (qbi) as:

g)1s(

VFW
q

3

*i

*

i
bi

−
=

(5)

where s = ratio of sediment to water density

Fi = fraction of size i on the bed surface

g = acceleration due to gravity,

V* = shear velocity given by:

(6)

where R = hydraulic depth of the main channel, and

5.7*

i 002.0W φ= for
φ

<1.35



Fortescue Western Hub 41 August 2017

5.4

5.0

*

i

894.0
114W 









φ
−=

for
φ

 ≥ 1.35  (7)

where φ is the ratio of the bed shear stress to the reference shear stress.

The reference shear stress is based on the fraction of sand that is present in the bed material and
an experimentally derived hiding function.

Considering the amount of sand present (about 20%) in the sampled subsurface bed materials
(Figure 8), it is reasonable to expect that this material is transported as both bed and suspended
load. The Wilcock and Crowe bed-load function may exclude an important component of the
transported sediment (i.e., the suspended bed-material load), so an evaluation of total bed-material
load function is preferred. As a result, the suspended bed-material load was computed using
Einstein’s (1950) approximation of the vertical sediment concentration profile, which was then added
to the bed load predicted by the Wilcock and Crowe function to estimate the total sediment load.

Main-channel averaged hydraulic data from the TUFLOW model and the subsurface bed-material
gradation were used as input to the Wilcock and Crowe (2003) equation to develop sediment-
transport capacity rating curves for each of the subreaches. The computed sediment-transport
capacity rating curves represent the total bed-material sediment-transport capacity, including both
the bed and suspended load. It should also be noted that the rating curves represent bulked (with-
void) sediment volumes to facilitate the sediment-continuity analysis and prediction of
aggradation/degradation volumes.

5.2. Sediment Continuity Results

The results of the sediment continuity analyses for each of the channels evaluated in the Western
Hub are provided in the following sections.

5.2.1. Pinarra Creek

The by-subreach sediment rating curves for Pinarra Creek are shown in Figure 27. With the
exception of the 2 confined subreaches (P5, P6), the transport rates for the range of modeled flows
are quite low. In the upstream-most subreach (P1), at the 10% AEP flow the supply and transport
capacity are assumed to be equal (Figure 28) and as a result the reach is neither aggradational nor
degradational (Figure 29). However, since the outflow from SR P1 is significantly less than the
transport capacity in SR P2 (Figure 28), the net result is that the subreach becomes degradational
(Figure 29). In reality, it is more than likely that the bed material would coarsen to compensate for
the increased transport capacity. Assuming that SR P2 did degrade, the resulting increased sediment
supply to SR P3 (Figure 28) leads to aggradation in SR P3 but the supply and transport capacity
become more balanced in the more downstream subreaches (P4, P5, P6) that are very mildly
aggradational (Figure 29). The results of the continuity analysis indicate that the channel of Pinarra
Creek is neither strongly aggradational nor degradational under existing conditions and this is
consistent with the field observations.
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Figure 27. Total bed material sediment-transport capacity rating curves (sediment load as a function of discharge) for the 6 sub-
reaches evaluated along Pinarra Creek.
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Figure 28. Total sediment supply, transport capacity and the resulting aggradation/degradation
volume predicted by the Pinarra Creek sediment-continuity analysis at the
10-percent AEP flow.

Figure 29. Total sediment supply, transport capacity and the resulting aggradation/degradation
volume and depth predicted by the Pinarra Creek sediment-continuity analysis at
the 10-percent AEP flow.
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5.2.2. Western Channel

The by-subreach sediment rating curves for the Western Channel are shown in Figure 30. With the
exception of the 2 more confined subreaches (W4, W5), the transport rates for the range of modeled
flows are quite low. In the upstream-most subreach (W1), at the 10% AEP flow the supply and
transport capacity are assumed to be equal (Figure 31) and as a result the reach is neither
aggradational nor degradational (Figure 32). Subreaches W2 and W4 are mildly degradational while
SR W3 is mildly aggradational (Figure 32). However, SR W5 is more strongly degradational because
of the well-defined channel (Figure 32). If the channel was in fact strongly degradational the bankfull
depth would be greater and there would probably be evidence of extensive channel bank erosion
and widening as well. In reality, the channel spanning bedrock outcrops and associated coarser bed
material in SR W5 (Figure A.28) would tend to counteract the predicted degradation. The results of
the modeling suggest that the Western Channel is neither strongly aggradational not degradational
under existing conditions which is consistent with the field observations.

5.2.3. Boolgeeda Creek

The by-subreach sediment rating curves for the Western Channel are shown in Figure 33. The
transport rates for the 3 upstream-most subreaches (B1, B2, B3) that are very poorly defined (Figure
13a) are very low, but the rates for the well-defined channels in SR B4, B5 and B6 (Figure 13b) are
quite a bit higher. Low transport rates at the 10% AEP flow in SR B1, B2 and B3 (Figure 34) result
in the subreaches being neither aggradational nor degradational (Figure 35). However, the
imbalance between the inflow from SR B3 and the transport capacity in SR B4 results in the subreach
being degradational (Figure 35). In reality the bed material in the subreach would probably coarsen
to counter the supply-transport imbalance. Predicted degradation in SR B4 results in aggradation in
SR B5 (Figure 35) but in all likelihood the coarsening of the upstream bed material would regulate
the downstream supply and supply and transport capacity in SR B5 would be very similar. This would
likely have a flow-on effect to SR B6 which is predicted to be slightly degradational (Figure 35). The
results of the modeling suggest that the Boolgeeda Creek is neither strongly aggradational not
degradational under existing conditions.

5.2.4. Unnamed 1 Tributary

The by-subreach sediment rating curves for the Unnamed 1 Tributary are shown in Figure 36. The
transport rates for the 2 upstream-most subreaches (U1-1, U1-2) that are poorly defined are quite
low, but the rates for the well-defined channels in SR U1-3 and U1-4 (Figure 15) are quite a bit
higher. At the 10% AEP flow, the upstream subreaches, U1-1 and U1-2 are neither aggradational
nor degradational (Figure 37). However, SR U1-3 is somewhat degradational (Figure 38) because
of the better defined channel (Figure 15). Subreach U1-4 is a deeply incised reach of Boolgeeda
Creek Tributary and as the sediment rating curves show has a high potential sediment transport rate.
Whether the channel will degrade or not depends on the caliber of the bed material and adjacent
narrow sections of the channel indicate the potential for significant bed material coarsening in
response to any sediment imbalance (Figure A.37). The results of the modeling suggest that the
Unnamed 1 Tributary is neither strongly aggradational not degradational under existing conditions
which is consistent with the field observations. However, local baselevel change as a result of a
recent avulsion can lead to headcutting and upstream incision (Figure A.42).
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Figure 30. Total bed material sediment-transport capacity rating curves (sediment load as a function of discharge) for the 5 sub-
reaches evaluated along Western Channel.
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Figure 31. Total sediment supply, transport capacity and the resulting aggradation/degradation
volume predicted by the Western Channel sediment-continuity analysis at the 10-
percent AEP flow.

Figure 32. Total sediment supply, transport capacity and the resulting aggradation/degradation
volume and depth predicted by the Western Channel sediment-continuity analysis at
the 10-percent AEP flow.
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Figure 33. Total bed material sediment-transport capacity rating curves (sediment load as a function of discharge) for the 6 sub-
reaches evaluated along Boolgeeda Creek.
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Figure 34. Total sediment supply, transport capacity and the resulting aggradation/degradation
volume predicted by the Boolgeeda Creek sediment-continuity analysis at the 10-
percent AEP flow.

Figure 35. Total sediment supply, transport capacity and the resulting aggradation/degradation
volume and depth predicted by the Boolgeeda Creek sediment-continuity analysis at
the 10-percent AEP flow.
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Figure 36. Total bed material sediment-transport capacity rating curves (sediment load as a function of discharge) for the 4 sub-
reaches evaluated along Unnamed 1 Tributary.
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Figure 37. Total sediment supply, transport capacity and the resulting aggradation/degradation
volume predicted by the Unnamed 1 Tributary sediment-continuity analysis at the
10-percent AEP flow.

Figure 38. Total sediment supply, transport capacity and the resulting aggradation/degradation
volume and depth predicted by the Unnamed 1 Tributary sediment-continuity
analysis at the 10-percent AEP flow.
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6. CONCLUSIONS
The objective of this reconnaissance-level study was to develop a baseline geomorphic
characterization of the channels within the Western Hub project footprint. The study has involved a
desktop assessment based on information (pit shells, infrastructure locations, aerial photography,
still and video photography) and data (topography, overburden depths, hydrology, TUFLOW model
hydraulic output) provided by FMG, a 3-day field based site reconnaissance in which a number of
the major channels and their tributaries were observed and that included sampling of both surface
and subsurface bed materials, and a preliminary analysis of sediment transport processes. Site
hydrology in general is based on a preliminary assessment conducted for FMG by MWH (2011), but
the values used in the TUFLOW modelling have been refined by FMG (Table 1). The site geology
and groundwater conditions are based on an assessment conducted by Golder Associates (2017)
for FMG.

Based on this preliminary assessment of the baseline geomorphic characteristics of the channels
within the Western Hub footprint the following can be concluded.

1. There is a high degree of structural control of the drainages in the Western Hub. The majority
of the channels where mining is proposed are located within E-W trending strike valleys
where there is a high degree of bedrock control including the presence of a number of
generally NW-SE trending cross-cutting dolerite dikes and strike-slip faults that may be
affecting the depth of overburden along the valley axes occupied by the channels as well as
the groundwater.

2. The erosion resistance of the rock units that form the gorges where streams flow down-dip
(south) through bounding ridges governs whether the gorge sections create significant
baselevel controls for the upstream reaches. Where the rocks are erosion resistant the
gorges are narrow and there is extensive bedrock outcrop and large colluvial boulders in the
channels. Where the rocks are less erosion resistant the gorges are wider and the valley floor
is composed of alluvium.

3. Sediment yields from the areas underlain by the ridge forming, Marra Mamba Iron Fm. and
Brockman Iron Fm. geological units are low; the result of extensive presence of bedrock
outcrop and gravel armored slopes. Sediment yields from the softer, valley forming rocks
(e.g.; Wittenoom Fm., Jeerinah Fm.) are likely to be somewhat higher, but have yet to be
quantified.

4. In common with other regions of the Pilbara, the hydrology of the Western Hub catchments
is dominated by infrequent, large magnitude, short duration, geomorphically-effective floods
that are generated by Tropical Cyclones. Evidence of these floods, including large woody
debris piles, imbricate boulders and impact scars on trees, is common in all of the observed
channels.

5. Regardless of the channel being considered, the channel characteristics are highly variable
spatially. Multi-channel segments tend to be located where the valley floor is less confined.
Single channel segments tend to be located where the valley floor is narrower. Where
confinement is created by marginal alluvial fans the valley floors tend to be wider and the
channels tend to be multi-thread. In contrast, where the confinement is created by soft-rock
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pediments and bedrock outcrop the valley floors are narrower and the channels tend to be
single thread.

6. In flow expansion zones downstream of the gorges, poorly defined, very coarse grained and
heavily vegetated channel segments create self-reinforcing valley floor fans that result in
stepped channel profiles and regulate the downstream transport of the larger clasts.

7. Overburden depths under most of the channels where data are available are quite shallow
and are frequently less then 10m in depth. The shallow depth of the overburden appears to
correlate quite well with the presence of potential GDE riparian vegetation and may suggest
that the vegetation is maintained by shallow alluvial aquifers.

8. Where the channels are well defined, initiation of bed material motion occurs at about the
10% AEP flow, which is consistent with the results from other channels in the western Pilbara
including Caves Creek (Harvey et al., 2014) and Trinity, Kangeenarina and Zalamea Creeks
within the Solomon Hub (Tetra Tech, 2016).

9. The results of the sediment continuity analysis indicate that the channels in the Western Hub
under existing conditions are neither aggradational nor degradational which is generally
supported by the field observations. Areas of locally high transport capacity are modulated
by the presence of bedrock outcrop or coarser bed material.

10. Provided that channel crossings of the tributaries to Duck Creek and Caves Creek for the
proposed railway corridor do not significantly affect the continuity of sediment transport, there
are unlikely to be any significant downstream geomorphic impacts.

11. Any changes to the flow diversions to either Caves Creek or Weelamurra Creek as a result
of construction of the proposed FMG railway corridor to the east of the existing Rio Tinto
railway corridor is highly unlikely to have any significant effects on the morphology or stability
of the stream channels because of the extensive presence of calcrete in the area and the
apparently very low bed material load in the calcrete-dominated channels that traverse the
cracking clay grasslands.
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Figure A.1 View upstream of poorly defined channel in SR P2, Pinarra Creek.

Figure A.2. Main channel in braided reach of SR P2, Pinarra Creek.
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Figure A.3. Typical bed material (D50 12mm) in confined channel in SR P2, Pinarra Creek.

Figure A.4. Coarser bed material in the poorly defined sections of channel in SR P2, Pinarra
Creek (Notebook is 18cm long).
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Figure A.5. Potential GDE riparian tree species in SR P3, Pinarra Creek.

Figure A.6. Gravel-cobble bed material in SR P3, Pinarra Creek. Surface D50 40mm and
subsurface D50 20mm.
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Figure A.7. South flowing tributary in SR P3, Pinarra Creek. Low iron content sediments
derived from Jerrinah Fm.

Figure A.8. Sand waves in the bed of the Unnamed South flowing tributary in SR P3, Pinarra
Creek.
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Figure A.9. Wide channel and cobble-boulder bed material in poorly confined gorge section of
the Unnamed south flowing tributary to Pinarra Creek in SR P3.

Figure A.10. View upstream of well-defined channel of Pinarra Creek in SR P4 upstream of ROM
tributary confluence.
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Figure A.11. Outcrop control of right bank of Pinarra Creek in SR P4.

Figure A.12. Outcrop control of the left bank at the base of a pediment confining Pinarra Creek in
SR P4.
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Figure A.13. Bank erosion along the right bank of Pinarra Creek in SR P4.

Figure A.14. View upstream of Pinarra Creek in SR P4 with potential GDE riparian species along
the channel margins.
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Figure A.15. Outcrop of Marra Mamba Iron Fm. in the narrow gorge of the ROM tributary.

Figure A.16. Sand and gravel throughput load in ROM tributary gorge.
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Figure A.17. Flood transported boulders on the fan downstream of the ROM tributary gorge.

Figure A.18. Imbricate boulders on bed of ROM tributary (Notebook is 18cm long).
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Figure A.19. Coarse bed material in the channel of Pinarra Creek downstream of the ROM
tributary.

Figure A.20. Bedrock outcrop in the bed of Pinarra Creek within the Broadway Gorge (SR P5).
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Figure A.21. Bedrock and large colluvial boulders in the Broadway Gorge (SR P5), Pinarra
Creek.

Figure A.22. Mixed colluvial and fluvial sediments in the Broadway Gorge (SR P5), Pinarra
Creek.
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Figure A.23. Flood deposited woody debris about 2m above the bed of Pinarra Creek in SR P5.

Figure A.24. Pinarra Creek in SR P6 showing channel, floodplain and potential GDE riparian
vegetation.
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Figure A.25. Less erosion resistant altered bedrock on the left bank of Pinarra Creek in SR P6.

Figure A.26. View downstream of Pinarra Creek in SR P6.
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Figure A.27. Well defined channel in SR W5 in the Western Channel showing potential GDE
riparian vegetation and floodplain.

Figure A.28. Bedrock outcrop across the bed of the Western Channel in SR W5.
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Figure A.29. Sand and fine gravel wave in the bed of the Western Channel in SR W5.

Figure A.30. High water marks and coarse bed material in bedrock confined section of Western
Channel in SR W5.
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Figure A.31. Fine and coarse bedload in lower reach of unnamed south flowing tributary into SR
W5.

Figure A.32. Sand-dominated throughput sediment load in the gorge section of the unnamed
south flowing tributary to SR W5.
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Figure A.33. Bedrock control of the channel gradient in the gorge section of the unnamed south
flowing tributary to SR W5. Note the potential GDE riparian vegetation on the
channel margins.

Figure A.34. Potential GDE riparian vegetation growing in stable substrate within the channel of
the unnamed south flowing tributary to SR W5.
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Figure A.35. View downstream of the low width-depth ratio section of Boolgeeda Creek Tributary.
Note aggradation in foreground resulting from incision of the lower reach of
Unnamed 1 Tributary.

Figure A.36. Split flow reach of Boolgeeda Creek Tributary.
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Figure A.37. Very coarse bed material in low width-depth ratio section of Boolgeeda Creek
Tributary.

Figure A.38. High width-depth ratio section of Boolgeeda Creek Tributary.
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Figure A.39. Valley fan section of Boolgeeda Creek Tributary formed as a result of deposition of
coarse material downstream of the gorge.

Figure A.40. Well defined and confined section of the Boolgeeda Creek Tributary within the
gorge.
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Figure A.41. Flood impact scars on tree on margin of the Boolgeeda Creek Tributary within the
gorge.

Figure A.42. Incision as a result of recent avulsion of the lower reach of Unnamed 1 Tributary
(SR U1-3).
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Figure A.43. Well defined single thread channel in lower part of SR U1-3, Unnamed 1 Tributary.
Note potential GDE riparian vegetation.

Figure A.44. Caves Creek immediately upstream of the proposed FMG railway crossing.
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Figure A.45. Woody debris and sediment accumulation in the bed of Caves Creek downstream of
the proposed FMG railway crossing.

Figure A.46. Eroding terrace margin in the vicinity of the proposed FMG railway crossing of
Caves Creek.



Fortescue Western Hub A-24 August 2017

Figure A.47. Themeda grassland and minor channel downstream of the Rio Tinto railway and
access road.

Figure A.48. Upstream view of 1500 mm culverts underneath the Rio Tinto railway and access
road crossing of a tributary to Caves Creek. Note the presence of calcrete in the
foreground.
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Figure A.49. Poorly defined swale in alluvium conveying the Rio Tinto culverts (Figure A.48)
tributary to Caves Creek.

Figure A.50. Better defined section of tributary to Caves Creek showing GDE riparian vegetation.
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Figure A.51. Incising section of the tributary to Caves Creek.

Figure A.52. Calcrete outcrop (Oakover Fm.) along the right bank of Weelamurra Creek at the
Hamersley Road crossing.
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1. INTRODUCTION 

This appendix report has been prepared to supplement the Eliwana Mine Project Surface Water 

Impact Assessment Report. The report describes the hydrologic and hydraulic investigations 

supporting a Surface Water Impact Assessment for the proposed Eliwana Project. 

Outlined is the process developed to characterise surface water flows around the Eliwana 

project area and methods of validation. The adopted approach was used to model the local 

catchments around the Eliwana Project, as described in the Eliwana Project Mine Surface 

Water Impacts Assessment report.   
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2. HYDROLOGIC MODELLING 

A combination of hydrologic modelling approaches have been developed to characterise 

surface water flows around the Eliwana project area.  The approaches include: 

• Regional methods – which use regional relationships to derive estimates of peak flows, 

at a point, from basic catchment statistics (area, centroid location and slope) and basic 

rainfall data (design rainfall depths), 

• Rainfall-runoff routing models – which use complex catchment data (subcatchments, 

internal flow routing) and complex rainfall inputs (design depths, loss models and storm 

temporal patterns) to derive estimates of flow hydrographs at pre-defined points, and  

• Rain-on-grid hydraulic models – which use highly detailed catchment information 

(digital terrain models), complex rainfall inputs (design depths, loss models and 

temporal patterns) and hydraulic properties (eg. surface roughness) to derive estimates 

of flow hydrographs and flood depths, extents and velocities throughout entire 

catchment areas. 

The ultimate objective of developing aforementioned approaches suited to the areas evaluated 

is to develop a set of hydraulic models which quantify both hydrologic (catchment scale rainfall, 

runoff and routing) and hydraulic (flow depth, extent and velocity) processes across the entire 

Eliwana project area.  These models would then be used to assess changes between the 

baseline and altered conditions.  This section describes this process and the adopted 

assumptions and model setup of the baseline and altered condition models.  The following 

section assesses the changes between the baseline and altered conditions as illustrated by the 

model results. 

2.1 Regional Methods 

While the hydraulic models provide the more comprehensive set of outputs, results and input 

parameters have not been assessed against regional gauging information which were found to 

be not suitably representative of the project area.  For this reason, regional methods and 

rainfall-runoff models (where Australian Rainfall and Runoff recommends input based on 

regional streamflow gauging information) have been used to validate the outputs of the 

hydraulic models. 

Regional methods have been applied at several locations in the region around the Eliwana 

Project area.  Methods include: 

1. The Regional Flood Frequency Estimation (RFFE) Model from ARR (Ball et al. 
2016). 

2. Flavell (2012), a regionalised flood frequency procedure.  
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Each method takes catchment characteristics (such as area, mainstream length and slope) and 
provides estimates of flows for events ranging in annual exceedance probability (AEP) from 
50% to 1%.   

2.2 Rainfall Runoff and Routing  

The RORB software was used to build a rainfall-runoff model for Duck Creek catchment (to 

Mount Stuart) and Pinarra Creek catchment (including the strike valley section only). RORB is 

an event based rainfall – runoff model where a catchment is divided into sub-areas linked by 

reaches where each sub-area is represented as a conceptual storage that simulates the 

combined overland flow and channel storage.  The model ultimately provides predictive 

hydrographs that were used comparison with hydraulic modelling. 

For this process, a combination of single-event, ensemble event and Monte-Carlo simulations 

were used.  The RORB Monte Carlo tool was used to estimate peak flows only.  This involved 

routing a rainfall depth (with known average recurrence interval), applying one of ten temporal 

patterns and stochastically varied initial loss values.  This was replicated many times to derive a 

flow-probability distribution.  Total probability theorem was used to estimate peak flows for 

selected annual exceedance probabilities.  Single and ensemble event simulations were used to 

compare hydrographs and for selection of temporal patterns to be used in TUFLOW modelling. 

2.3 Rain on Grid Hydraulic Modelling 

A distinction is made between standard hydraulic modelling and “rain on grid” hydraulic 

modelling.  Standard hydraulic models examine overland flow over a discrete, local domain, 

typically for the purpose of design of hydraulic structures, including bridges and culverts.  These 

models commonly rely on input hydrographs developed by a hydrologic model.  A “rain on grid” 

approach models entire catchments, estimating the response of a catchment to rainfall, run-off 

routing and hydraulics of rainfall excess.  The hydraulic modelling software used for this study 

can incorporate input parameters from typical hydrologic models such as rainfall losses, storm 

depths and temporal patterns, with the use of digital terrain models effectively representing 

storage and routing processes. 

The TUFLOW GPU hydraulic modelling software was used to estimate flood hydraulics.  

TUFLOW GPU provides an explicit solution to the 2D Shallow Water Equations (Saint-Venant 

equations).  The software utilised a finite volume scheme, conserving both volume and 

momentum.  TUFLOW provides estimates of hydrology (catchment scale rainfall, runoff and 

routing) and hydraulics (flow depth, extent and velocity) for both channelized flow and 

sheetflow.  These outputs mean the models allow for comparative assessment of impacts as 

well as hydraulic design of infrastructure.   

Rain on grid modelling was completed in two stages: 
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1. Modelling of the RORB domains (Pinarra Creek and Duck Creek), and 

2. Modelling of the Eliwana Mine Project area catchments (for Surface Water Impact 
Assessment). 

The first stage aimed to develop a standard approach to rain-on-grid hydraulic modelling in the 

project area, validated by regional methods and rainfall-runoff modelling (section 2.2).  The 

second stage aimed to apply the adopted methodology for the surface water impact 

assessment.   

2.4 Model Inputs 

Inputs for the regional methods and hydrologic models are described in this section.  This 

includes common inputs, such as design rainfall and loss models.  Other model specific inputs 

include subcatchment delineation and routing parameters (for RORB) and boundary conditions 

and surface roughness (for TUFLOW).   

2.4.1 Catchment and Mainstream Geometry 

Catchment geometry was derived from a range of sources.  For the Duck Creek catchment, 

delineation used a combination of the 1 second SRTM Derived Hydrological Digital Elevation 

Model (DEM-H) dataset prepared by Geoscience Australia (with a resolution of 1-arc second, or 

approximately 30m) and 10m and 20m gridded DEM data from Landgate.  For the mine area 

models, several FMG captured LiDAR and photogrammetry datasets were used and 

complemented with 10m Landgate data where necessary.  The terrain data was used to 

delineate catchments and estimate mainstream lengths and equal area slopes.  Catchment 

parameters are listed in Table 1.     

Table 1: Duck and Pinarra Creek Catchment Characteristics 

Catchment Name Area (km2) Main Stream 
Length (km) 

Equal Area 
Slope 

No. of Sub 
Areas 

Adopted C 

Duck Creek  6804 249 2.32 47 0.59 

Pinarra Creek (at reporting 
hydrograph) 

56.5 21.5 6.58 20 0.59 

 

2.4.2 Model Domains 

The terrain data described above was used to delineate subcatchments for the Duck Creek and 

Pinarra Creek RORB models.  For the Duck Creek model, 47 subcatchments were used across 

a 6734km2 domain, with areas ranging between 44km2 to 276km2 and averaging 143km2.  For 

the Pinarra Creek model, 20 subcatchments were used across a 60.3km2 domain, with areas 
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ranging between 1.8km2 to 4.4 km2 and averaging 3.0km2.  The RORB subcatchments, nodes 

and reaches are shown on Figure 3 and Figure 4 alongside TUFLOW model domains and 

downstream outlets.  

Some misalignments exists between the delineated catchments for Duck Creek RORB and 

TUFLOW models, arising from differences in terrain data used in the process.  This includes the 

extent to which Weelamurra Creek and Caves Creek interact in the area around the 

Weelamurra Flats.  The areas involved are a small proportion of the overall catchment size and 

the models are considered suitable for flow comparisons. 

While the Pinarra TUFLOW model outlet is downstream of the RORB model outlet, the peak 

flow comparisons in the following section are taken at a common point immediately downstream 

of the Broadway Gorge, where upstream catchment area is approximately 56km2. 

2.4.3 RORB Input Parameters 

Kc is the primary routing parameter in RORB, which is used to estimate the flow routing and 

attenuation characteristics within the catchment. Given the Rio Gorge is an ungauged 

catchment, the results of other calibrated RORB models within the region can be used to 

estimate the Kc value for Rio Gorge using the following formula: 

C = Kc/dav 

Where: 

C is a constant representing catchment characteristics, 

Kc is the RORB catchment storage delay parameter, and 

dav is the average flow path distance (km). 

Previous studies in the Pilbara have calibrated RORB models to streamflow gauges, which 

gives a range of estimates for calibrated Kc values (Pearcey, Pettett, Cheng, & Knoesen, 2014). 

The Kc value can be translated to other nearby catchments of similar characteristics using the 

relationship above. The constant ‘C’ is independent of catchment area, but dependant on dav, 

hence Kc values can be translated to other catchment by scaling with respect to dav. 

Pearcey, et al. (2014) investigated 19 Department of Water monitoring sites in the Pilbara, 

finding that the C value was normally distributed, with a mean of 0.59, and a standard deviation 

of approximately 0.12.  That study also found that Pearcey, et al. (2014) showed that the three 

steepest catchments from that study (with equal area slope exceeding 7.5 m/km) resulted in the 

lowest C values, but that given the low sample, concluded that a C value of 0.59 was 

appropriate for ungauged catchments in the Pilbara.   
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Duck Creek and Pinarra Creek catchment characteristics are listed in Table 2 alongside the 

three steepest catchments from the Pearcey, et al. (2014) study.  Duck Creek is a significantly 

larger catchment with a lower mainstream equal area slope as to not to merit comparison.  

Pinarra Creek is of a similar scale and slightly lower equal area slope, although with a 

significantly different shape factor.  For these reasons, the RORB models presented in this 

document have followed the overall recommendation of Pearcey, et al. (2014), that a C value of 

0.59 is appropriate and not altered based on the two nearby, steep catchments.  Alternate C 

values were modelled as part of a sensitivity analysis. 

  

Table 2: Comparison of Catchment Characteristics 

Catchment Name Area (km2) Main Stream 
Length (km) 

Equal Area 
Slope 

No. of Sub 
Areas 

Adopted C 

Hardey River @ Mt Samson 
(706207) 

250 33.0 7.60 11 0.47 

Robe River @ Palra Springs 
(707001 

174 27.0 8.46 12 0.34 

Harding River @ Marmurrina 
Pool U-S 

49.3 10.7 10.3 7 0.44 

Duck Creek  6804 249 2.32 47 0.59 

Pinarra Creek (at reporting 
hydrograph) 

56.5 21.5 6.58 20 0.59 

 

The RORB m value, the non-linearity exponent parameter, is typically set at 0.8. This value 

remains unchanged and is an acceptable value for the degree of non-linearity of catchment 

response (Australian Rainfall and Runoff, 1987). It is rare to vary the m value and there were no 

reasons to do so in this study, particularly given the lack of calibration data. 

2.4.4 TUFLOW Input Parameters 

The TUFLOW model domains are shown on Figure 3 and Figure 4.  For these domains, the 

Duck Creek model used a 30 metre grid based on SRTM data, whereas the Pinarra Creek 

model used a 5 metre grid based on captured LiDAR and photogrammetry data.  Model inputs 

included direct rainfall excess are discussed in sections 2.4.5 to 2.4.8. 

The downstream boundaries used a single normal flow boundary calculated by TUFLOW from 

the topography. This type of boundary assumes a uniform flow based on the ground slope of 

adjoining cells. 

The Manning’s ‘n’ roughness parameter impacts on flood velocities, flow paths, flood depths 

and extents. The Western area is a predominantly natural rural landscape, with altered terrain 
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typically limited to sealed and unsealed roads.  The lack of historic flood data for this area and 

the relative homogeneity of the landscape make it difficult to categorise different roughness 

areas with any certainty. For this reason, and from previous experience in nearby catchments, a 

constant manning’s ‘n’ roughness coefficient of 0.05 was selected. 

2.4.5 Design Rainfall  

The Depth Frequency Duration (DFD) table, showing the design rainfall depths adopted for 

design AEP events is provided in Table 3. This data has been obtained from the Bureau of 

Meteorology website (http://www.bom.gov.au/water/designRainfalls/ifd/). These DFDs were 

published in 2016 and represent the revision of design rainfall estimates adopted by Australian 

Rainfall and Runoff (2016).   

The design rainfalls were applied to the RORB and TUFLOW models as event totals for a range 

of durations and magnitudes.   

 

Table 3: 2016 BOM Design Rainfall Depths (mm) – Location: 22.479S 116.827 E 

 

Annual Exceedance Probability (AEP)  

100%1 50% 20% 10% 5% 2% 1% 

Duration Rainfall Depth (mm) 

1 min 1.7 2.0 2.8 3.3 3.9 4.6 5.2 

2 min 2.7 3.1 4.4 5.2 6.1 7.1 7.9 

3 min 3.9 4.5 6.3 7.5 8.7 10.2 11.4 

4 min 5.0 5.7 8.1 9.6 11.2 13.3 14.8 

5 min 6.0 6.9 9.7 11.7 13.6 16.1 18.1 

10 min 10.0 11.5 16.4 19.7 23.0 27.4 30.8 

                                                

1 One exceedance per year 
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Annual Exceedance Probability (AEP)  

100%1 50% 20% 10% 5% 2% 1% 

15 min 12.8 14.7 21.0 25.2 29.5 35.1 39.4 

30 min 17.9 20.6 29.1 35.0 40.8 48.5 54.4 

1 hour 22.9 26.4 37.3 44.8 52.1 61.9 69.4 

2 hour 28.0 32.3 46.0 55.4 64.7 77.2 86.9 

3 hour 31.1 36.0 51.8 62.7 73.6 88.4 99.9 

6 hour 36.9 43.2 63.7 78.3 93.1 114.0 130.0 

12 hour 43.7 51.7 78.6 98.3 119.0 148.0 171.0 

24 hour 51.1 61.1 95.4 121.0 149.0 188.0 220.0 

48 hour 58.6 70.5 111.0 143.0 176.0 224.0 263.0 

72 hour 63.0 75.7 120.0 153.0 189.0 239.0 280.0 

96 hour 66.3 79.7 125.0 160.0 196.0 247.0 288.0 

120 hour 69.2 83.1 130.0 165.0 202.0 252.0 293.0 

144 hour 72.0 86.3 134.0 170.0 207.0 257.0 297.0 

168 hour 74.8 89.6 139.0 175.0 212.0 262.0 301.0 

2.4.6 Storm Temporal Patterns 

Temporal patterns from ARR (Ball et al. 2016) were used in the analysis and extracted from the 

ARR data hub. As previously described, a Monte Carlo approach was adopted in RORB and the 

full ensemble of temporal patterns were included within the Monte Carlo simulation. The 

Rangelands West Zone of temporal patterns was used. 
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The ARR (Ball et al. 2016) approach using Monte Carlo analysis with various temporal patterns 

allows for exhibited variability in rainfall events of similar magnitude. The new temporal patterns 

are based on historical storms using the extensive network of pluviograph data collected by the 

Bureau of Meteorology (BoM). 

The ARR (Ball et al. 2016) design temporal patterns are broken into several AEP groupings, 

these include: 

• Very Rare – Rarest 10 within region 

• Rare – Suitable AEP range 3.2% AEP and rarer 

• Intermediate – Suitable for AEP range 3.2% - 14.4% 

• Frequent – Suitable for AEP range more frequent than 14.4% 

Previous assessment would have used a single temporal pattern across all design events. The 

ARR (Ball et al. 2016) approach recommends that at least 10 temporal patterns be used for 

each event. These 10 temporal patterns change depending on the duration and frequency of 

the event considered. 

In order to directly compare the RORB and TUFLOW models, a common rainfall event was 

required.  The ensemble approach was used to choose the temporal pattern which most closely 

approximated the design flows estimated using the Monte Carlo method.  In this approach, 

RORB parameters (kc and continuing loss) were held constant and initial loss and temporal 

patterns were varied.  For each event magnitude, 10 temporal patterns were tested to produce 

unique hydrographs.  The temporal pattern that produced the flow closest to the Monte Carlo 

estimate of peak flow was selected as the design temporal pattern. Where necessary, 

adjustment of initial loss was applied.   

2.4.7 Rainfall Loss Assumptions 

ARR (Ball et al. 2016) provides guidance on loss parameters across Australia.  As much of the 

Duck Creek Catchment has a mean annual rainfall less than 350 mm loss parameters are not 

available.  Other studies including Flavell and Belstead (1986) and Pearcey, et al. (2014), 

however, have also shown high losses with ‘lower bound’ estimates of initial losses of 40 to 60 

mm and continuing losses exceeding 5 mm/hr in the Pilbara region. 

The original ARR (Pilgrim et al. 1987) set out both initial loss/continuing loss method and a 

proportional loss method.  For the Pilbara region, these were based on the work of Flavell and 

Belstead (1986).  

Six separate rainfall loss scenarios were tested on the Pinarra Creek models.  The scenarios 

were developed from a combination of proportional loss and initial/continuing loss 
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recommendations from both the 1987 and 2016 versions of Australian Rainfall and Runoff. 

Proportional loss values and methodology were published in Flavell (2012).  For simplicity, each 

assumption has been assigned a label as described in Table 4.   

The loss scenarios were tested for Pinarra Creek in both RORB and TUFLOW models.  In 

RORB, losses were always removed from the rainfall, with rainfall excess applied to the 

subcatchments.  In TUFLOW losses can be implemented prior to application of rainfall or via 

soil infiltration after application of rainfall.  The former mimics the RORB approach while the 

latter allows for ongoing infiltration in wet cells after the end of the rainfall event.  Only the final 

loss scenario listed in Table 4 (IL406S) uses the latter approach. 

 

 

Table 4: Rainfall Scenario  

Scenario 
Name 

Losses RORB 
Implementation 

TUFLOW Temporal 
Pattern 

TUFLOW Loss 
Implementation 

PL 
Magnitude Varying 

Proportional Loss (see 
Table 5) 

Monte-Carlo Simulation 
varying temporal 

pattern only, using 
Rangelands West point 

temporal patterns 

GSDM/GTSMR 

Taken from rainfall 
prior to application 

on the grid 

IL_ARR87 

Magnitude varying 
initial loss (see Table 

5), constant continuing 
loss of 5mm/hr.  

Monte-Carlo 
Simulation, varying IL 

and temporal pattern, 
using Rangelands 

West point temporal 
patterns IL_606 

Initial loss of 60mm, 
continuing loss of 

6mm/hr. 

PL16 
Magnitude Varying 

Proportional Loss (see 
Table 5) 

Not modelled 

ARR16 temporal 
patterns (Rangelands 
west, 8, 16 and 28) 

IL406R 

Initial loss of 40mm, 
continuing loss of 

6mm/hr. 

Single event(s), with 
ARR16 temporal 

patterns (Rangelands 
west, 8, 16 and 28) 

IL406S Not applicable 

Taken from soils 
following 

application of direct 
rainfall 

 

In several cases listed in Table 4, the initial loss or proportional loss components were varied 

according to event magnitude.  This follows the recommendations of Australian Rainfall and 

Runoff (1987), Flavell and Belstead (1986) and Flavell (2012).  The values of initial loss and 
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proportional loss varied by magnitude are listed in Table 5.  Where events greater than a 1% 

AEP were assessed, the 1% AEP values for initial loss and proportional loss were used. 

Table 5: Magnitude Varying Initial and Proportional Losses  

Parameter 
Event Magnitude (AEP) 

50% 20% 10% 5% 2% 1% 

Initial Loss 
(mm)  

22 40 52 47 40 32 

Proportional 
Loss (%) 

77 75 70 65 56 49 

2.4.8 Extreme Rainfall and Runoff 

Extreme rainfall depths was estimated using the Generalised Short Duration Method (GDSM) 

and the Generalised Tropical Storm Method-Revised (GTSMR) developed by BoM.  The GSDM 

has been applied to a 6 hour storm, while the GTSMR has been applied to a 24 hour duration 

storm.  Both methods rely on a site location to determine the Probable Maximum Precipitation 

depth, with adjustments made based on catchment elevation, ruggedness of terrain and 

variations in atmospheric moisture content.  The adjustment factors are listed in Table 6. 

Table 6: PMP Rainfall Depth Estimation Factors 

Method Factor Value 

GSDM 

Roughness Factor 1 

Elevation Adjustment Factor 1 

Moisture Adjustment Factor 0.975 

GTSMR 

Site Extreme Precipitable Water (mm) 102 

Moisture Adjustment Factor 0.85 

Decay Amplitude Factor 0.983 

Topographic Adjustment Factor 1.05 

 

Three methods were used to estimate the Probable Maximum Flood.  TUFLOW and RORB 

models were used to estimate the Probable Maximum Precipitation Flood (PMP Flood).  In both 

cases, no losses were applied and the GSDM temporal pattern was used, with an areal 

reduction factor of 0.83 applied.  These were compared to a third method, a regression formula 

developed by Nathan (1994), which estimates a probable maximum flood by: 

Q = 129.1.A0.616 

Where A is catchment area (in km2) and Q is flow in m3/s.   
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2.5 Flow Comparisons 

2.5.1 Regional Methods 

Flow estimates derived for a range of methods for Duck Creek at Mt Stuart are shown in Figure 

6.  The figure includes regional methods from ARR (Pilgrim et al. 1987), including the Regional 

Rational Method (RRM), the Index Flood Method (IFM).  Also shown are more recent methods 

including the Regional Flood Frequency Procedure (RFFP – after Flavell, 2012) and the 

Regional Flood Frequency Estimation (RFFE) Model recommended by ARR (Ball et al. 2016). 

Figure 5 includes peak flow estimates for the Duck Creek catchment derived from RORB and 

TUFLOW models.  The RORB model used a Monte-Carlo approach with an initial loss of 60mm 

and a continuing loss of 6mm/hr (equivalent to the IL606 scenario in Table 4).  The TUFLOW 

model was of the 24 hour duration event, using a proportional loss model (equivalent to the PL 

scenario in Table 4).  

 

Figure 5 shows: 

• The older methods (IFM and RRM from ARR (Pilgram et al. 1987)) produce the highest 

estimates and move further outside the RFFE 90% confidence limits as event 

magnitude increases, 

• TUFLOW, RFFP and RORB estimates converge with increasing event magnitude 

(although this is in part the effect of using a Log-Log plot) and typically remain within 

the RFFE 90% confidence interval, 

• The RFFE estimates are typically among the lowest and are the lowest for the 2% and 

1% AEP estimates, 

• RORB estimates of the 50% and 20% AEP flows are low and outside the RFFE 90% 

confidence interval (the 50% value is zero and cannot be plotted), reflecting cases 

where the initial loss (including those stochastically generated in the Monte-carlo 

simulation) is greater than te design rainfall.   

Figure 6 shows flow estimates for Pinarra Creek just downstream of Broadway gorge.  The 

same set of comparisons are made as with Duck Creek in Figure 5, with both new and old 

regional methods shown along side Monte-Carlo RORB estimates and TUFLOW estimates.  

The one difference is that the 6 hour event is shown, as this was the critical duration at the 

catchment outlet.  

Figure 6 shows: 
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• The older methods (IFM and RRM from ARR (Pilgram et al. 1987)) produce the highest 

estimates but remain within the RFFE 90% confidence limits, 

• While TUFLOW, RFFP and RORB estimates are typically lower than that of the RFFE, 

these methods converge with increasing event magnitude with the 1%AEP flow 

estimates ranging from 179 to 215 m3/s,  

• The RFFP and RORB estimates of the 50% and 20% AEP flows are low and near the 

RFFE 5% confidence limit (the RORB 50% value is zero and cannot be plotted).   

The comparisons between the Duck Creek RORB and TUFLOW models were used to guide 

futher sensitivity testing in the Pinarra Creek models.  This included full suite of loss scenarios 

(from Table 4) and variation of the RORB C parameter.  The change assessment modelling 

approach was determined from the outcomes of sensitivity testing on the Pinarra Creek 

catchment.  This was due to Pinarra Creek catchment being a similar size to the other mine 

area catchments with Pinarra Creek model parameters being more applicable than those from 

Duck Creek.  

2.5.2 Effect of Rainfall Losses 

Figure 7 shows the distribution of estimates using the TUFLOW model, for the range of loss 

assumptions listed in Table 4.  The peak flow values are also listed in Table 7. 

The initial loss assumptions have a major impact on flow estimates for frequent events.  For the 

Pinarra Creek catchment, the critical duration (6 hour) rainfall depth (from Table 3) is 43mm and 

64mm for the 50% and 20% AEP events respectively.  This means the initial loss for the 

IL406S, IL406R and IL606 scenarios (see Table 4) is as large as the entire storm depth for the 

50% AEP event and in the case of the IL606 scenario, the 20% AEP event.  Table 7 shows zero 

or near zero flows for these events.  The proportional loss assumption and the ILARR87 

scenarios (with lower or no initial loss) produce higher flows, more in line with the RFFE and 

RFFP methods. 

Rare event flow magnitudes shown on Figure 7 appear to scale with total rainfall depth.  From a 

1% AEP6 hour rainfall event of 130mm, rainfall excess has been estimated at 47.3mm, 61.9mm 

and 73.7mm for the for the IL606, IL406S/R and ILARR87 scenarios.  The proportional loss 

rainfall excess (66.3mm) produces a lower peak flow than the IL406S/R scenarios despite 

having a lower volume.  This is due to the PL scenario having losses distributed evenly 

throughout the storm rather than being front loaded as is the case with the IL406S/R scenarios. 

Table 7: TUFLOW Peak Flow Estimates for Pinarra Creek at Broadway Gorge  

Regional Method/ 
Loss Scenario 

Event Magnitude (AEP) 

50% 20% 10% 5% 2% 1% 

RFFP (Flavell 2012) 5.3 14.9 32.7 73.2 132.5 208.3 
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Regional Method/ 
Loss Scenario 

Event Magnitude (AEP) 

50% 20% 10% 5% 2% 1% 

RFFE (ARR 2016) 17 50 82 119 173 215 

PL 13.5 27.3 48.5 76.7 134.0 188.7 

IL_ARR87 5.1 14.8 25.7 74.7 171.0 256.2 

IL_606 0.0 0.4 10.1 39.8 103.1 168.9 

PL16 14.4 28.9 51.7 81.7 132.2 181.3 

IL406R 0.0 16.7 49.9 96.9 170.3 240.4 

IL406S 0.0 17.1 51.0 98.9 173.4 242.4 

 

2.5.3 RORB versus TUFLOW Estimates 

Four sets of flow estimates have been modelled by both RORB and TUFLOW.  These are 

shown in Figure 6. A 1:1 line is shown, indicating equal values estimated by both models.  The 

significant variation away from the 1:1 line can be explained by variations in the model setups.   

The IL406R models are the most appropriate for a direct TUFLOW/RORB comparison as they 

have the same single event implementation and loss assumptions.  This set of values indicate 

that TUFLOW typically predicts slightly higher flows than RORB, with this tendency increasing 

as flow magnitude increases.  Given rainfall excess is the same in both cases, the differences 

could be the result of variations in routing in the TUFLOW grid versus routing through RORB’s 

conceptualised stream network.   

RORB predicts higher flows than TUFLOW for the ILARR87 and IL606 models, particularly for 

frequent and intermediate events.  The RORB estimates are derived from Monte-Carlo 

simulation with varied initial loss and temporal patterns, whereas the TUFLOW estimates are 

single event models with fixed initial loss.   

The Monte-Carlo approach aims to mimic the variability of antecedent conditions by 

stochastically varying initial loss.  Section 2.5.2 showed that rain on a normal catchment 

produces zero flow (for frequent events).  While rain on a wet catchment would produce higher 

flow estimates, rain on a dry catchment cannot produce lower flow estimates as these are 

already zero for normal conditions.  In the total probability theorem estimates of flow, this skews 

design flows higher for all event magnitudes, although this skew diminishes with increasing 

event size.  So in cases where initial loss accounts for a large proportion of the total storm 

depth, a single event model (either in TUFLOW or RORB) is likely to produce far lower flows 

than a Monte-Carlo simulation of the same catchment. 

2.5.4 Effect of Temporal Patterns 
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The RORB model was run varying only temporal pattern – effectively an ensemble approach.  

The flow estimates are the median values derived from routing 10 temporal patterns through the 

RORB model.  The equivalent TUFLOW model is a single event using a separate temporal 

pattern (GSDM, see Table 4).  The close agreement between the two approaches suggests that 

the choice of temporal pattern does create some variation in flow estimates, but is not as 

significant as the choice of rainfall loss assumptions.  

2.5.5 Effect of Varying C Parameter 

Conceptually, the C factor in RORB combines routing delays from a storage delay coefficient 

(Kc) and transport delay (from average transport distance (dav)).  A lower C value is expected to 

reduce the routing delay and increase peak runoff.   

Figure 7 shows peak flow estimates from RORB Monte-Carlo simulations using the IL406R 

scenario (from Table 4) with C values reduced from 0.59 to 0.48 and 0.4.  The peak flow 

estimates from the RFFP and RFFE methods are also shown.  For events between the 

10%AEP and the 1%AEP, a reduction of C to 0.48 increases flow estimates by 20% above the 

estimates using a C value of 0.59.  Further reduction to a C value of 0.4 increases flow 

estimates by 40%.  The effect of reducing the C value on 50%AEP and 20%AEP flows is 

diminished as the initial losses result in very low or zero flow estimates. 

2.5.6 Extreme Flood Comparison 

Three estimates of the probable maximum precipitation flood were derived from the methods 

described in section 2.4.8.  The estimates are listed in Table 8.  The values show reasonable 

agreement, particularly considering the high degree of uncertainty associated with estimated the 

PMP flood.  

Table 8: PMP Flood Estimates for Pinarra Creek at Broadway Gorge 

Method Factor Flow (m3/s) 

Nathan (1994)  1817 

RORB Estimate   2432 

TUFLOW Estimate  2643 

This result is consistent with the IL406R models discussed in section 2.5.3 where TUFLOW 

models predict slightly higher flows than RORB models given the same input parameters.  

2.5.7 Terrain Data and Grid Size 

Two TUFLOW estimates of Pinarra Creek flows at Broadway gorge are available for 

comparison.  The first is from the Pinarra Creek model where a 5 metre grid based on FMG 
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captured LiDAR is used.  The second is from the Duck Creek model where a 30 metre grid 

based on hydrologically enforced SRTM data is used.  Both models use a magnitude varying 

proportional loss with the GSDM temporal pattern (PL scenario from Table 4).  Flows from the 

same reporting hydrograph location is shown in Table 9.  The finer resolution model predicts 

flows 7% to 18% higher than the coarser resolution model (15% higher on average) with no 

apparent trend associated with event magnitude.  The higher flow estimates are possibly a 

result of better definition of the channels in the main stream and tributaries, resulting in a 

greater hydraulic efficiency and a more rapid catchment response to rainfall. 

Table 9: Comparison of TUFLOW Grid Size and Terrain Data affecting Peak Flow Estimates  

Model 
Flow Estimates for Pinarra Creek  @ Broadway Gorge (m3/s) 

50% AEP 20% AEP 10% AEP 5% AEP 2% AEP 1% AEP 

Duck Creek 
Model (30m 
Grid) 

12.6 23.9 41.5 65.0 114.9 163.1 

Pinarra Creek 
Model (5m 
grid) 

13.5 27.3 48.5 76.7 134.0 188.7 

2.6 Adopted Modelling Approach 

Based on the comparison of flows, TUFLOW models were built to assess changes arising from 

the development of the Eliwana Project.  These models used the PL16 loss approach where: 

• A magnitude varying proportional loss model is used based on the values in Table 5, 

• The rangelands west temporal patterns were used, specifically patterns 8, 16 and 28, 

and 

• In TUFLOW, losses were extracted from the rainfall hyetograph, with rainfall excess 

applied across the model domains.  

The Regional Flood Frequency Procedure and the RORB Monte-Carlo approach are 

considered best practise methods for estimating peak flows.  Figure 6 and Figure 7 suggest that 

the TUFLOW proportional loss approach results in a reasonable match with the two best 

practise methods at the rare and intermediate scale events (10% AEP and larger).  The 

closeness of this fit gives confidence that the TUFLOW PL16 approach adequately replicates 

flow estimates for two methods considered best practise. 

However, for assessment of impact, frequent events (AEP => 20%) are considered more 

important (as discussed in the Surface Water Impact Assessment).  The design flow estimates 

for frequent events (particularly those from RORB) are affected by extreme initial losses 

estimated for the Pilbara region.  For Pinarra Creek at Broadway Gorge, the TUFLOW PL16 

approach predicts 50%AEP flows equivalent to the 20%AEP flows predicted by RFFP and 
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RORB.  Both of those methods predict very low or zero flows for the 50% AEP (see Table 7 and 

Figure 6), reducing the meaningfulness of any change assessment.  Therefore the 50% AEP as 

predicted by the TUFLOW PL16 model has formed the basis of the change assessments.  This 

is considered to be an event that produces some runoff at a frequency and temporal scale likely 

to determine ecosystem health as affected by water availability and hydrological processes. 
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3. CONCLUSIONS 

This document presents the hydrologic and geomorphic characteristics of the Eliwana Project 

area and describes the process by which the potential impacts of the development on the 

hydrological regime were estimated.  A range of model approaches were tested with the aim of 

developing a single approach to apply to the local catchments within the project area.  Through 

this process: 

• A range of assumptions for estimating rainfall loss and storm temporal patterns were 

tested, 

• Model parameters (such as RORB C values and TUFLOW grid size) and terrain data 

inputs were varied,  

• Resulting peak flows were compared to standard industry practise methods and 

regional estimation techniques, and 

• A single appropriate approach was adopted based on a rain-on-grid hydraulic model 

driven by design rainfall and storm temporal patterns developed for the 2016 release of 

Australian Rainfall and Runoff with proportional rainfall losses applied.  

The adopted approach was used to model the local catchments around the Eliwana Project, as 

described in the Eliwana Project Mine Surface Water Impacts Assessment report.   
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Figures  
Figure 1: Duck Creek RORB and TUFLOW Model Domains 

Figure 2: Pinarra Creek RORB and TUFLOW Model Domains 

Figure 3: Duck Creek Catchment Outlet Flow Estimates 

Figure 4: Pinarra Creek at Broadway Gorge Flow Estimates 

Figure 5: Pinarra Creek at Broadway Gorge Loss Model Comparisons 

Figure 6: Pinarra Creek at Broadway Gorge RORB vs TUFLOW 

Figure 7: Pinarra Creek at Broadway Gorge Varied RORB C Parameter 
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1. INTRODUCTION 

Fortescue Metals Group (FMG) is investigating the development of its Eliwana (Brockman Iron 
Formation) and Flying Fish (Mara Mamba Iron Formation) deposits to establish the "Western Hub" 
in the West Pilbara region southwest of its existing Solomon Hub (Figure 1). This will involve 
mine development both at and above the valley floor, development of mine infrastructure on the 
valley floor and hillsides and construction of a railway transportation corridor that crosses a 
number of both well and poorly-defined channels and drainages and potentially crosses over Rio 
Tinto's existing railway in the vicinity of Hamersley Station prior to linking into FMG's existing 
Hamersley railway. The mining is to be located in the sub-drainages of the Ashburton River 
catchment (Pinarra and Boolgeda Creeks and their tributaries and an informally named Western 
Channel). The approximately 140 km-long railway corridor is likely to be located in the Duck and 
Cave Creeks catchments that drain to the Ashburton River and in the Weelamurra and Zalamea 
Creek catchments that drain to the Fortescue River (Figure 2). In the vicinity of the Rio Tinto 
railway, the hydrology is extremely complex, the result of both natural and man-made (Rio Tinto 
railway embankment) diversions of primarily sheet floods to both Caves Creek and Weelamurra 
Creek. 

The objective of the first phase of this reconnaissance-level study was to develop a baseline 
geomorphic characterization of the project (Tetra Tech 2017). The objective of this second phase 
of the study is to identify potential project impacts on the natural geomorphological processes that 
were identified in the first phase. In general terms, potential project impacts are likely to be 
greatest where mining pits are located across or in the immediate vicinity of the higher order 
stream channels. 
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Figure 1. Site location map. 
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Figure 2. Proposed railway alignment. 
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2. POTENTIAL PROJECT IMPACTS 

Currently, a total of 57 mine pits have been identified in the Pinarra Creek and Western Channel 
catchments (Eliwana deposits) and in the Boolgeeda Creek, Tributary to Boolgeeda Creek and 
Unnamed 1 and Unnamed 2. Tributaries catchments (Flying Fish deposits). From a geomorphic 
perspective, the 21 that are located on the valley floors are likely to have the highest impact. 

2.1. Pinarra Creek 

Proposed valley floor pits (Figure 3) are located in Subreach (SR) P2 (3), SR P3 (2), SR P4 (1), 
SR P5 (1) and SR P6 (1) (Figure 4) on 5th and 6th order stream segments and as such are likely 
to have an impact on the morphology and dynamics of the creek both during mining and at 
closure.  However, with the exception of the proposed pits (P5) in the Broadway Gorge (SR P5) 
and downstream of the gorge in SR P6 (P3), the remainder of the mainstem pits could be isolated 
and bypassed during mining. Excavation of bypass channels to the south of the existing channel 
of Pinarra Creek in SR 3 and SR 4 may encounter bedrock at shallow depths since it appears 
that the valley floor constriction in these subreaches is the result of the presence of bedrock-
underlain pediments. Subsurface investigation will resolve this potential concern. Potential 
upstream impacts of the valley floor pits may be limited by the generally shallow depth of the 
overburden that would tend to limit the extent of any upstream incision (Figure 5).   

In contrast, the pits that are located on the valley sides generally only encounter 1st and 2nd order 
stream segments and as such are unlikely to have a significant impact on the more downstream 
higher order stream segments or the upper portions of their catchments. The exceptions may be 
the proposed pits on the ROM Tributary (P8) and the Unnamed Tributary (P18) that would 
intercept 4th order streams segments (Figure 4).  Because of the narrow width of the gorge through 
the Marra Mamba ridge, it is highly unlikely that pit P8 on the ROM Tributary could be bypassed 
and as such the inflowing water and sediment load would have to be captured and managed 
within the pit. It is unlikely that this would have a significant effect on the morphology and dynamics 
of the mainstem Pinarra Creek because of the extensive bedrock control through the Broadway 
Gorge. Any upstream impacts on the tributary upstream of the pit are likely to be minimal because 
of the extensive presence of bedrock in the headwater channels.  It is possible that pit P18 on the 
Unnamed Tributary could be bypassed because the gorge through the northern ridge is much 
wider. However, if this is not possible, the inflowing water and sediment load will need to be 
captured and managed in the pit. Any downstream impacts on the mainstem of Pinarra Creek are 
likely to be minimized by the shallow overburden depths in SR P4 and the fact that both the flow 
and sediment load will be captured in the pit. 
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Figure 3. Locations of mine pits and infrastructure in the Pinarra Creek and Western Channel catchments.
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Figure 4. Subreaches of Pinarra Creek. 
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Figure 5. Longitudinal channel and overburden profiles for Pinarra Creek.  
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2.2. Western Channel 

Two proposed valley floor pits, W2 and W3 (Figure 3) are located in SR W5 (Figure 6) where a 
number of bedrock sills crop out across the channel thereby limiting potential adverse impacts to 
the channel upstream of the pits. It is possible that pit W3 could be bypassed on the southern 
side of the existing channel. Because the Western Channel enters a narrow gorge in the vicinity 
of pit W2 it is very unlikely that the pit could be bypassed and thus the entire flow and sediment 
load for the Western Channel catchment would have to be trapped and managed in the pit. 
Retention of flows within the pit could adversely affect what may be perennial pools within the 
downstream gorge. Valley side pits are only likely to encounter 1st and 2nd order stream segments 
and as such are unlikely to have a significant impact on the more downstream higher order stream 
segments or the upper catchment areas. 

2.3. Boolgeeda Creek 

Valley floor pits (Figure 7) are proposed for SR B1, SR B3 and SR B4 (Figure 8). The depths of 
the overburden in SR B3 and B4 are likely to limit the upstream impacts of the pits in those 
subreaches but not in SR B1 where the overburden is deep (Figure 9). However, the likely 
impacts of pit B5 will be minimized by the fact that it is located in the upper part of the catchment 
with relatively small flows and sediment loads. It is quite possible that the 3 pits can be bypassed 
during the mining phase. Valley side pits are only likely to encounter 1st and 2nd order stream 
segments and as such are unlikely to have a significant impact on the more downstream higher 
order stream segments or the upper catchment areas. 

2.4. Unnamed 1 and Unnamed 2 Tributaries to Boolgeeda Creek 

The Boolgeeda Creek Tributary is a 5th order stream and it crosses 1 proposed valley floor pit 
(U1-1) in the vicinity of the Unnamed 1 Tributary confluence (Figure 10). It is likely that the pit 
can be bypassed to the west of the existing channel during the mining phase thereby eliminating 
having to capture and manage the inflowing water and sediment load from a large upstream 
catchment. Five valley floor pits are proposed for a significant length of Unnamed 1 Tributary 
where the creek is a 3rd order stream in SR U1-1 and a 4th order stream in SR U1-2 and SR U1-3 
(Figure 10). Relatively shallow overburden depths are likely to limit the upstream impacts of the 
pits (Figure 11). However, it is highly likely that all the pits with the possible exception of pit U1-5 
can be bypassed during the mining phase thereby eliminating any upstream or downstream 
impacts provided that flows and sediment loads are conveyed around the pits. In the Unnamed 2 
Tributary 2 valley floor pits have been identified, U2-1 and U2-2 (Figure 10). It is quite likely that 
the pits can be bypassed during the mining phase.  
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Figure 6. Longitudinal profile of the Western Channel showing the location of the proposed pits.
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Figure 7. Locations of mine pits and infrastructure in the Boolgeeda Creek catchment.
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Figure 8. Subreaches of Boolgeeda Creek. 
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Figure 9. Boolgeeda Creek channel and overburden profiles.
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Figure 10. Location of pits and infrastructure along the Unnamed tributaries to Boolgeeda Creek. 
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Figure 11. Longitudinal channel and overburden profiles for Unnamed 1 Tributary.  
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2.5. Railway Transportation Corridor 

The railway transportation corridor crosses a number of small tributaries in the headwaters of 
Duck Creek north of the Flying Fish area as well as the upper reaches of Caves Creek west of 
the existing Rio Tinto railway line (Figure 2). Provided that channel crossings of the tributaries to 
Duck Creek and Caves Creek for the proposed railway corridor do not significantly affect the 
continuity of sediment transport, there are unlikely to be any significant downstream geomorphic 
impacts.  

The proposed FMG railway corridor will also cross the headwaters of Weelamurra Creek to the 
east of the existing Rio Tinto railway. Any changes to the flow diversions to either Caves Creek 
or Weelamurra Creek as a result of construction of the proposed FMG railway corridor is highly 
unlikely to have any significant effects on the morphology or stability of the stream channels 
because of the extensive presence of the Oakover Fm. (calcrete) in the area. Any increased 
discharges to Weelamurra Creek will probably benefit the perennial pools that are located about 
20 km downstream of the proposed railway crossing. 
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