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1.0 INTRODUCTION 
The hydrological analyses undertaken for the Prefeasibility Study included: 

 Preliminary estimation of design discharges for Weelumurra Creek to assist in evaluating flow 
conveyance requirements for the proposed rail link in the vicinity of the existing Rio Tinto Iron Ore 
(RTIO) rail line; 

 Preliminary estimation of design flood discharges and flood levels for the main watercourse in the 
vicinity of the proposed rail loop immediately to the west of the Delta mine and for the creek draining the 
catchment in which the Delta mine is to be located; 

 Preliminary estimation of design flood discharges and conveyance requirements for major catchments 
crossing the proposed rail line and flood levels for village locations being considered for the Flinders 
mine; 

 Sizing and design of diversion channels and culverts for the control of surface runoff and minimise 
scour around the Delta mine and plant infrastructure; and 

 Development of a preliminary Surface Water Management Plan (SWMP) for the Delta Pit and externally 
around the plant area. 

An outline of the results of the analyses is presented below. 

n 
lt of cyclonic 

lows. Winters are dry and mild with lighter, winter rainfall expected in June/July each year. 

d 

 1906 to 2007; March 1934, Kerry in January 1973, Connie in January 1987 
and Wylva in February 2001. 

 
season) and high evaporation, watercourses are highly ephemeral and flow for only brief periods, if at 

all. 

 and 
also the minor tributaries (such as the catchment in which Delta mine is located) for short durations. 

d 

od 
, in accordance with the methods outlined in the Australian Rainfall & Runoff (ARR) 

(IEAust, 1998) .  

ile the 
rm 

durations of around 12 hours, reflecting the catchment size and relatively low catchment slopes. 
                                                     

1.1 Overview of Local Climate 
The project is located in the Pilbara region of Western Australia some 60 km north of Tom Price, is 
predominantly grassland with a persistently dry, hot climate. The available climate stations in the area 
indicate an average annual rainfall of around 390 mm.  This rainfall is episodic and highly variable betwee
years, with the majority occurring during the hottest months (December to March) as a resu

A large percentage of the annual rainfall occurs over short periods associated with thunderstorm activity an
occasional cyclonic lows moving inland from the coast.  Four major cyclones have passed within 50 km of 
the mine area within the period

Annual average evaporation is estimated to be around 3,500 mm (Bureau of Meteorology website).  This 
greatly exceeds the mean annual rainfall, keeping the landscape typically arid.  Due to the low rainfall (brief
wet 

The high intensity storm events can, however, result in major flooding in both the major watercourses

1.2 Design Flood Estimation near RTIO Rail Line 
Hydrologic modelling was undertaken for the Weelumurra Creek catchment to quantify design floo
discharges in the vicinity of the proposed rail spur near its junction with the existing RTIO railway 
infrastructure. The flood estimates were derived using the RORB runoff-routing model, a non-linear flo
routing procedure

1

A summary of the flood discharges for the 10, 20, 50 and 100 year ARIs are presented in Table 1, wh
associated hydrographs are shown in Figure 1. The maximum discharges are associated with sto

 
1  Institution of Engineers, Australia (1998) Australian Rainfall and Runoff:  Guide to Flood Estimation, Volumes 1 and 2, The Institution 

of Engineers, Australia, Barton, ACT. 
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Table 1: Estimated Flood Peaks for Weelmurra Creek near Junction of Proposed Rail Spur and RTIO 
Rail Line 
ARI (yr) 10 20 50 100 

Peak Discharge (m3/s) 450 890 1,590 2,290 
 

These discharges should be adopted in assessing the requirements to convey flow under (or across) the 
proposed rail spur. 

 
Figure 1: Estimated Flood Hydrographs for Weelumurra Creek near Junction of Proposed Rail Spur and Existing RTIO 
Rail Line 

1.3 Design Flood Discharge Estimation Adjacent to Delta Mine 
As discussed above, it is currently proposed that the rail spur will extend from the Delta mine to the existing 
RTIO rail line. This spur line will cross a major watercourse immediately to the north-east of the Delta mine 
that drains a catchment area of around 258 km2. Although the watercourse is ephemeral, flood discharges 
and associated water levels following major storms are likely to be significant due to the nature of the storm 
events in the region. 

Construction of a road or rail line across the watercourse will impede flows resulting in impacts on flood 
levels immediately upstream, the magnitude of the impact reflecting the changes in conveyance 
characteristics of the watercourse. Design flood discharges and associated flood levels were therefore 
derived using the RORB runoff-routing model to provide input into the design of the crossing (both road and 
rail), in accordance with the methods outlined in the Australian Rainfall & Runoff (ARR, 1998). A summary of 
the estimated peak flood discharges, which are associated with a storm of around 12 to 24 hours duration, is 
presented in Table 2. The hydrographs are shown in Figure 2. 

Table 2: Estimated Flood Peaks for Major Watercourse Adjacent to Delta Mine 
Average Recurrence Interval (ARI) (yr) 10 20 50 100 

Peak Discharge (m3/s) 270 675 1,140 1,650 
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Figure 2: Estimated Flood Hydrographs for Major Watercourse Adjacent to Delta Mine 

Flood levels associated with the peak discharges were subsequently derived using the HEC-RAS hydraulic 
model for the major watercourse north-east of the mine area and for the creek draining from the catchment in 
which the Delta mine will be located. HEC-RAS is a one-dimensional hydraulic model for the estimation of 
water surface profiles under steady/unsteady flow regimes. The analyses, which were based on 1 m 
topographic contour data provided by Worley Parsons, assumed existing conditions prior to construction of 
the proposed road and rail spur crossings to provide an indication of: 

 flood levels; 

 extent of inundation of the river channel and adjacent overbank flow areas; and 

 flow velocities. 

The extent of inundation downstream of the Delta area under pre-development conditions for the 100 year 
ARI flood is shown on Figure 3. Note that the 100-year flood boundary represents an upper limit as designs 
for the project are based on floods with ARIs from 10 to 50 years depending on the structure and its purpose 
This nonetheless indicates the likely areas that would be impacted during more severe flooding under 
existing (pre-rail loop) conditions. 

This provided some guidance on the siting of mine infrastructure and rail load out facilities in the vicinity of 
the Delta mine, with the preliminary locations of these facilities also being shown on Figure 3. Flood 
management aspects in this area are discussed below. 

1.4 Design Floods and Culvert Requirements Along Proposed Rail 
Spur 

The proposed rail spur from Delta mine to the RTIO rail line will cross a number of watercourses with the 
catchment areas of various sizes, as shown on Figure 4. Three larger catchments (apart from those 
associated with Weelumurra Creek and the watercourse immediately to the east of the Delta mine 
catchment) were identified and are referred to as catchments A, B and C below. Their details are presented 
in Table 3Error! Reference source not found.. Design flood discharges were derived for each catchment 
for a range of ARIs from 5 to 100 years using the rational method for the Pilbara region as recommended in 
ARR. The method was developed by the Main Roads Department Western Australia (MRWA) and personnel 
from MRWA suggest it overestimates flood discharges by around 30%. A factor of 0.7 was therefore applied 
to the initial discharges with the finally adopted flood estimates being presented in Table 3. 
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Figure 3: 100 Year Flood Extents Along Watercourse to North-East of Delta Mine 

Table 3: Catchment Details and Estimated Design Floods for Project Area 

 Area 
(km2) 

Stream 
Length 

(km) 

Stream 
Slope 
(m/km) 

Estimated Design Discharge (m3/s) 

5 yr 10 yr 20 yr 50 yr 100 yr 

Catchment A 13.4 5.9 13.0 28 50 99 160 185 
Catchment B 53.2 10.9 14.4 69 129 256 465 547 
Catchment C 34.8 8.0 47.5 53 98 195 335 389 
Village 1 273 28 28 192 371 741 1,379 1,990 
Village 2 452 35 9 266 520 1,039 1,946 2,950 
Major Watercourse near 
Delta Mine Cm 258 16 15 255 270 675 1,148 1,650 

Watercourse Draining Delta 
C/m 22 6.0 35 40 74 148 234 271 

 

The contour information available from the rail spur drawings provided by WorleyParsons indicated the likely 
chainages of the main watercourse crossings along the proposed rail spur. Based on the ground elevations 
and embankment heights of the rail line in these areas, preliminary hydraulic analyses were then undertaken 
to size the number and diameter of culverts required to convey the design flood at the major crossings. This 
flood was assumed to be associated with the 20-year ARI event (defined by WP). The culvert analyses were 
based on applying the HydroCulv program. 

For catchment B, the catchment outlet occurs at around chainage 9500. However, a stockpile facility is 
proposed to be located immediately north (downstream) of the rail spur in this area and it is recommended 
that culverts be installed at chainage 9000. A diversion channel adjacent to the south side of the rail 
embankment would be required to allow flow to the culvert inlet. Rip-rap protection is likely to be required 
along this diversion to minimise the risk of embankment erosion during larger floods. Also surface runoff 
discharging from catchment B may flow across the wider floodplain area between chainages 10000 and 
12000, to the west of the proposed culvert location. To prevent overtopping of the rail line, it is recommended 
the rail line be raised at least 1.2 m above ground level across this section. This would also allow small 
culverts to be installed across the floodplain plus provide the required cover. 
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Figure 4: Proposed Rail Link Alignment and Associated Catchments East of Mine Area 
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For catchment C, the culverts should be located at around chainage 6350. The rail line needs to be raised to 
at least 469.0 m AHD to allow for the installation of 2.4 m diameter culverts plus a minimum cover of 0.6 m. A 
levee must also be constructed perpendicular to the embankment at chainage 6000 on the upslope side to 
the east of the culverts to prevent flow discharging adjacent to the embankment. Its location should be 
confirmed during the detailed design studies. This levee should be constructed to an elevation of around 
468.6 m AHD. If a flood larger than the 20-year event occurs (for which the culverts are designed) this levee 
would be overtopped with some flow discharging to the east.  

Estimates of upslope flood levels, inlet and outlet flow velocities and proposed number and diameter of 
culverts for the crossings are presented in Table 4. The large inlet and outlet flow velocities indicate 
significant erosion protection of the inlet/outlet sections and embankment slopes immediately up- and 
downstream of the embankment will be required. 

Preliminary estimates of culvert requirements for the crossing associated with the major watercourse east of 
Delta Mine catchment (see Figure 3) are also presented in Table 4. In addition to the culverts, a levee with 
an elevation of 516.7 m AHD approximately perpendicular to the rail spur is required to prevent water 
discharging east along to the embankment up to the 20 year flood. 

Table 4: Major Culvert Requirements Along Proposed Rail Spur for 20 year ARI Flood 
Location Culverts 1 Velocity (m/s) Levee 

 Chainage 
(m) 

Invert 
(m AHD) 

Minimum 
Embankment 

Elevation 2 
(m AHD) 

No. Diameter 
(m) Inlet Outlet Chainage 

(m) 
Elevation 
(m AHD) 

Catchment A 17350 493.8 497.0 (500.79) 7 3.4 3.2 4.0 - - 
Catchment B 9000 471.7 476.2 (481.03) 10 3.0 4.2 4.9 - - 
Catchment C 6300 465.6 469.0 (468.04) 10 2.4 4.3 4.8 6000 469.0 
Major 
Watercourse near 
Delta Mine C/m 

20300 513.1 516.7 (518.31) 40 2.4 3.7 4.4 20250 516.7 

Watercourse 
Draining Delta 
C/m 

22500 528.7 532.0 (534.14) 8 2.7 3.4 4.2 22000 532.0 

Note:  1  Assumes CSP culverts 
 2  Figure in bracket based on WP rail alignment  as at September 2010 
 

Finally, the proposed plant infrastructure is to be located south-west of the rail spur some distance from the 
likely extent of flooding in the adjacent major watercourse. However, along the minor watercourse draining 
the Delta mine catchment large flows coupled with backwater impacts due to the rail spur would result in the 
north-west corner of the plant infrastructure being inundated during flooding (see Figure 3). 

It is therefore proposed that a bund be constructed immediately north of the access road and stockpile areas 
to prevent inundation of the plant infrastructure during larger floods. The proposed bund alignment is shown 
on Figure 5. The bund crest should increase at a constant grade from 534.14 m AHD at the rail spur to its 
intersection with the natural ground at an elevation of 537.5 m AHD. Culverts will also be installed to convey 
flow through the rail spur and a levee will be constructed perpendicular to the spur at around chainage 22000 
to an elevation of 532 m AHD. Details of the required infrastructure are presented in Table 4. 



SURFACE HYDROLOGY FOR DELTA MINE 

  

November 2010 
Report No. 107646323-033-R-Rev0 7 

 

 
Figure 5: Location of Proposed Protection Embankment and Diversion Channel Around Plant Infrastructure 

In addition to these watercourse crossings, additional culverts will be required to convey flow from smaller 
catchments and other areas along the rail spur to minimise environmental impacts on floodplain areas 
downslope of the embankment. These locations should be identified once the final rail alignment is 
confirmed. 

Several potential sites for an accommodation village are also being considered (see Figure 6 for locations). 
Based on the design flood discharges for the major watercourses near each location in Figure 6, flood levels 
for the 100-yr ARI event adjacent to Village 1 and Village 2 are estimated to be around 489.0 m AHD and 
447.4 m AHD, respectively. Given the low accuracy of the contour data available for the analyses it is 
recommended a freeboard allowance of 5 m be added to these elevations to define the lowest construction 
levels within the selected village. 

1.5 Surface Water Management Plan for Delta Pit and Plant 
Infrastructure 

A preliminary Surface Water Management Plan for the control of upslope surface runoff around the proposed 
plant area and Delta pit area has been developed. 

For the plant area this will comprise a diversion channel to the south of the site, as shown on Figure 5. 
Surface runoff within the plant area may, however, be impacted and will therefore need to be captured and 
treated prior to release. It is therefore proposed that a diversion channel be constructed downslope of the 
plant (between the facility and rail line) to divert runoff to natural sumps to the east and west as shown on 
Figure 5. More detailed site surveys during the Feasibility Study may indicate the channel is unnecessary as 
existing contour data suggest the water will flow to these sumps under existing conditions. 

The sump to the east has a capacity of around 67,000 m3 to an elevation of 533 m AHD, while the west 
sump has a capacity of around 60,000 m3 to an elevation of 531.5 m AHD. This is sufficient to retain runoff 
from the site associated with a 24 hour 5 year ARI storm. These sumps will incorporate overflow facilities to 
allow water to safely discharge downslope of the rail line and bund in the event of more extreme rainfalls. 
However, as runoff is likely to occur only infrequently at the site the water retained in the sumps can be 
tested to ensure it meets compliance requirements and then be either utilised on site or discharged by 
pumping downstream. 
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To minimise the volume of inflow to the open pit it is proposed that a number of diversion channels be 
constructed as shown on Figure 7. Estimated sub-catchment design discharges for the 20 yr and 50 yr ARI 
design floods and recommended channel dimensions are presented in Table 5. These generally assumed a 
sideslope of 2(H):1(V) with the channel IDs corresponding to the sub-catchments shown on Figure 7. Ground 
conditions permitting, the proposed channel sideslopes could be steepened although the base widths would 
have to be increased to maintain the same conveyance capacities. Any surface runoff downslope of the 
diversion channels would discharge into the various pits and must be pumped out during operations. 

Table 5: Design Flood Discharges and Proposed Diversion Channel Dimensions for Delta Pit 
Channel 

ID 
Discharge (m3/s) 

for ARI Drainage Channel Dimensions for ARI Side Slope 

Width (m) Depth (m) (H:V) 
20 yr 50 yr 20 yr 50 yr 20 yr 50 yr 

1 25.0 30.8 2.1 2.3 1.7 1.8 3 
2 7.8 9.2 1.7 2.2 1.0 1.0 2 
3 6.2 7.6 1.7 2.2 1.1 1.1 2 
4 16.2 20.0 2.3 2.5 1.5 1.6 3 
5 15.0 18.8 1.5 1.7 1.1 1.5 2 
6 3.8 4.7 1.1 1.4 0.8 0.9 2 
7 8.4 10.2 2.0 1.0 1.1 1.4 2 
8 11.6 14.4 1.9 2.1 1.2 1.3 2 
9 12.3 15.2 2.2 2.3 1.1 1.5 2 
10 10.6 13.3 1.5 2.1 1.2 1.2 2 
11 17.5 22.1 2.4 2.7 1.5 1.6 3 
12 21.8 28.1 2.2 2.6 1.3 1.7 3 

Note: 1 Includes 0.3 m freeboard 

Pit inflows, rainfall directly on the pit area, plus any groundwater inflows must be pumped to bunded surface 
sumps located near the pits (see Figure 7) prior to release. 

The review to identify any metalliferous and acid drainage impacts associated with mining indicated: 

i) the potential for AMD is limited if no basement material will be disturbed (with disturbance implying 
either excavation or dewatering), as dewatering can expose sulfide minerals to oxygen and result in 
AMD in situ; and 

ii) the possibility exists that some salinity will be generated, depending on the form in which Na occurs. 

It is considered, however, that the water to be pumped from the pits will be of acceptable quality for release. 
Nonetheless, it is proposed that water pumped from the pit be discharged to a sediment pond near the pit 
boundary. This will allow any sediment to be retained in the pond and also allow the water to be treated prior 
to release if unsuitable for immediate discharge. 
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Figure 6: Location of Alternative Accommodation Villages 
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Figure 7: Preliminary Diversion Channel Alignments Around Delta Pit 

1.6 Ongoing Hydrologic and Hydraulic Studies 
The results of the hydrology and hydraulic studies for the PFS have been based on the most recently 
available topographic data and rail alignments. The analyses should, however, be reviewed and finalised as 
part of the ongoing Feasibility Study. In addition, the preliminary Surface Water Management Plan (SWMP) 
developed for the pit and plant infrastructure area should also be refined after finalisation of the pit layout 
and plant design. 

2.0 LIMITATIONS 
Your attention is drawn to the document ‘Limitations’, which is included in Appendix A of this report.  The 
statements presented in this document are intended to advise you of what your realistic expectations of this 
report should be, and to present you with recommendations on how to minimise the risks associated with the 
hydrological assessment for this project.  The document is not intended to reduce the level of responsibility 
accepted by Golder Associates, but rather to ensure that all parties who may rely on this report are aware of 
the responsibilities each assumes in so doing. 
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LIMITATIONS 

This Document has been provided by Golder Associates Pty Ltd (“Golder”) 
subject to the following limitations: 
 
This Document has been prepared for the particular purpose outlined in 
Golder’s proposal and no responsibility is accepted for the use of this 
Document, in whole or in part, in other contexts or for any other purpose.  
 
The scope and the period of Golder’s Services are as described in Golder’s 
proposal, and are subject to restrictions and limitations.  Golder did not perform 
a complete assessment of all possible conditions or circumstances that may 
exist at the site referenced in the Document.  If a service is not expressly 
indicated, do not assume it has been provided.  If a matter is not addressed, do 
not assume that any determination has been made by Golder in regards to it. 
 
Conditions may exist which were undetectable given the limited nature of the 
enquiry Golder was retained to undertake with respect to the site.  Variations in 
conditions may occur between investigatory locations, and there may be special 
conditions pertaining to the site which have not been revealed by the 
investigation and which have not therefore been taken into account in the 
Document. Accordingly, additional studies and actions may be required.   
 
In addition, it is recognised that the passage of time affects the information and 
assessment provided in this Document.  Golder’s opinions are based upon 
information that existed at the time of the production of the Document.  It is 
understood that the Services provided allowed Golder to form no more than an 
opinion of the actual conditions of the site at the time the site was visited and 
cannot be used to assess the effect of any subsequent changes in the quality of 
the site, or its surroundings, or any laws or regulations.   
 
Any assessments made in this Document are based on the conditions indicated 
from published sources and the investigation described. No warranty is 
included, either express or implied, that the actual conditions will conform 
exactly to the assessments contained in this Document. 
 
Where data supplied by the client or other external sources, including previous 
site investigation data, have been used, it has been assumed that the 
information is correct unless otherwise stated. No responsibility is accepted by 
Golder for incomplete or inaccurate data supplied by others. 
 
Golder may have retained subconsultants affiliated with Golder to provide 
Services for the benefit of Golder.  To the maximum extent allowed by law, the 
Client acknowledges and agrees it will not have any direct legal recourse to, and 
waives any claim, demand, or cause of action against, Golder’s affiliated 
companies, and their employees, officers and directors. 
 
This Document is provided for sole use by the Client and is confidential to it and 
its professional advisers. No responsibility whatsoever for the contents of this 
Document will be accepted to any person other than the Client.  Any use which 
a third party makes of this Document, or any reliance on or decisions to be 
made based on it, is the responsibility of such third parties.  Golder accepts no 
responsibility for damages, if any, suffered by any third party as a result of 
decisions made or actions based on this Document. 

GOLDER ASSOCIATES  PTY LTD   GAP Form No.  LEG 04  RL 1 
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