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EXECUTIVE SUMMARY  
 

The Atlas mineral sand project includes shallow open pit mining and production of heavy mineral 
concentrate by gravity separation. This report was developed from the baseline hydrology report and is 
intended to form the basis for detailed surface water management procedures developed for production 
planning, safety and environmental purposes. 
 
The Atlas site is located in the Nambung River catchment, which terminates in karst country within the 
Nambung National Park. This river system has important conservation value for the diversity of habitats it 
provides. The downstream river floodplain and the terminal karst habitat are considered the primary 
environmental receptors for control of potential impacts from the proposed mine.  
 
The mine will not intersect mapped creek-lines which are tributaries to Nambung River. The sub-catchment 
which contains the project is a small portion (< 1%), flat and low yielding portion of the Nambung River 
catchment. Provided that the mine workings are isolated from flooding as specified here, then the project 
presents little risk to the quality or quality of flow in the Nambung River. That isolation will also ensure 
there can be no impact on the stormwater component of the water balance in localised wetlands outside the 
mine bunds. 
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1. INTRODUCTION 
 
Image Resources is seeking approval for development of an open cut mining operation at the Atlas 
Deposit near Cervantes. 
 
Atlas is a shallow beach strand mineral sand deposit located on the Swan coastal plain 170 km north 
of Perth. The site is located 18 km east of the coastal town of Cervantes. From the Brand Highway 
the site is 30 km southwest of Badgingarra and 24 km northwest of Cooljarloo mine.  
 
This report presents recommended measures for management of surface water. Potential impacts and 
the hydrological assessment underpinning the surface water control and management measures are 
presented in the hydrological baseline report (MWES May 2022).   
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Figure 1 – Atlas Project Regional Location Plan and Regional Catchment Boundaries  
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2. PROJECT LAYOUT 
 
The indicative layout of project components is shown in Figure 2.  
 

Figure 2 – Project Layout  
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Dry mining will be used to remove and temporarily store or direct return topsoil, subsoil and 
overburden. Ore will then be processed, with plant tailings and overburden returned to the mine void 
to reconstruct the baseline landform prior to return of subsoil and topsoil. The whole mining phase 
will take approximately three years.  
 

3. BASELINE CONDITIONS  

 

3.1. CLIMATE   
 
 

The climate type is Mediterranean with hot dry summers and cool wet winters, similar to Perth but 
notably drier and sunnier. Bureau of Meteorology (BoM) Stations located at Jurien Bay and 
Badgingarra Research Station have continuous records of more than 50 years and straddle the Atlas 
location. A general description of the average of those two sites is as follows: 
 
Mean monthly temperature maxima range from 18 to 32 degrees and minima from 10 to 21 degrees. 
Annual rainfall averaged about 540 mm over 50 years, with monthly totals averaging in the range 10 
mm (January) to 110 mm (July). Annual pan evaporation is 2128 mm on the BoM continent-wide 
grid, with monthly averages ranging from 70 to 300 mm.  
 
Rainfall intensity for durations up to 7 days is described by the intensity-frequency-duration (IFD) 
statistics downloaded from the Bureau of Meteorology (BoM) Design Rainfall Data System and 
summarised in Table 1. 
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Table 1 – Rainfall IFD Statistics (mm) 
 

Duration Units Annual Exceedance Probability (AEP) Return Period 
 (ARI years) 

    50% 10% 5% 1% = 100 500 1000 
5 min 5.52 8.87 10.4 14.2 19.3 21.9 
10 min 8.37 13.6 15.9 21.7 29.4 33.3 
15 min 10.2 16.6 19.4 26.5 35.9 40.7 
20 min 11.6 18.8 22 30 40.7 46.2 
30 min 13.7 22 25.7 35.1 47.7 54.1 
45 min 15.8 25.3 29.5 40.5 55 62.4 
1 hour 17.5 27.8 32.4 44.7 60.7 68.8 

1.5 hour 20.1 31.7 37 51.2 69.5 78.9 
2 hour 22.1 34.9 40.7 56.5 76.7 87 
3 hour 25.4 40 46.8 65.3 88.4 100 

4.5 hour 29.2 46.1 54 75.7 102 116 
6 hour 32.2 51 59.9 84.3 114 129 
9 hour 37 58.8 69.1 97.8 132 150 
12 hour 40.5 64.8 76.2 108 146 166 
18 hour 45.8 73.5 86.4 123 166 189 
24 hour 49.6 79.6 93.4 133 181 205 
30 hour 52.6 84.2 98.5 141 195 223 
36 hour 55 87.7 102 146 204 234 
2 day 58.8 93 108 153 214 244 
3 day 64.5 99.9 115 161 220 250 
4 day 69.2 105 120 164 222 251 
5 day 73.9 110 124 167 224 253 
7 day 83.8 120 134 172 230 260 

 
 

3.2. REGIONAL PHYSIOGRAPHY  
 
The site is located near the centre of the Swan Coastal Plain  which extends 15-20 km further east to 
where the Gingin scarp is formed by a low ridge of Mesozoic sedimentary rocks (Figure 3). The local 
Quaternary Bassendean Dune System forms a deflated landscape of sparse low fixed dunes with 
interdunal swamps. Toward the coast, the more recent Tamala Limestone and Safety Bay Sands form 
a more rugged and elevated topography. 
 
Local drainage rises on the Gingin scarp 15-20 km to the east at a ridge line elevation of 200-300 
metres. The Mount Jetty and Bibby Creeks flood-out and coalesce near the site in an area of very low 
surface gradients, including the “Nambung Flats”. The creek-lines reform and coalesce to the west as 
the Nambung River which discharges into Tamala Limestone 6km east of the coast. This river system 
has important conservation value for the diversity of habitats it provides. 
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Figure 3 – Regional Physiography 
 

 
 

The site ground elevation is mostly in the range 39-45 m AHD with a very slight overall gradient of 
about 0.2% west toward the coast. The local surface is bisected by a widely spaced array of low fixed 
dunes. Many of the dunes are oriented parallel to the coast, some are perpendicular and other 
orientations are present. 
 
Flat and low lying country of the local area and of the Swan Coastal Plain generally are subject to 
seasonal inundation. Mapped wetlands comprise a large portion of the project area. These include a 
variety of vegetation zones and geomorphic features. Much of the local mapped wetland area is part 
of the Nambung Flats, a seasonal swamp formed by the combination of surface runoff accumulation 
and seasonal groundwater level rise.  
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3.3. CATCHMENTS AND HYDROLOGY 
 
Four sub-catchments of the Nambung River discharge west through or near the project area. The 
catchment boundaries are shown in Figure 4 overlying the colour-fill DEM grid. The catchment 
geometrical parameters are summarised in Table 2.  
 

Table 2 – Catchment Parameters 
 

Name Downstream 
Area          

(sq km) 
Mainstream 
Length (km) 

Mainstream 
Slope (%) 

Bibby Munbinea Rd 185.2 31.5 0.47 
Central Munbinea Rd 42.3 15.5 0.62 
Jetty Munbinea Rd 99.4 18.3 0.56 
South Munbinea Rd 26.7 9.7 0.22 

 
The Nambung River which is formed at the confluence of the four sub-catchments immediately 
downstream of Munbinea Rd. The Bibby and Jetty sub-catchments are a small portion (10%) but 
important part of the Nambung Catchment, forming the steepest and most direct surface flow paths, 
these sub-catchments will typically provide an out-size volumetric contribution to smaller and early 
wet season flow events. These are unaffected by the Project . 
 
The South sub-catchment which contains the project, is small ( <1% of the Nambung catchment) and 
relatively flat with no continuous and well defined mainstream and several large seasonal lakes 
upstream of the project site. Discharge from the sub-catchment through the project area evidently 
occurs rarely  - only after large and long duration rain events. During such events the sub-catchment 
provides a trivial contribution to the Nambung River flow.   
 
The remainder of the Nambung catchment (~90% of the catchment area) is to the west, south and 
south-east of the project area sub-catchments, and will not be impacted by the mining activities.  
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Figure 4 – Local Catchments 
 

 
 

 

3.4. MINE SCALE TOPOGRAHY 
 
Detailed topography for the mine site is shown in Figure 5, which shows the indicative mine 
disturbance footprint, with colour fill ground elevation and one metre interval surface contours. 
There is a general convergence of surface water flow lines toward the Mt Jetty Creek and the 
confluence with Bibby Creek at Munbinea Rd, i.e., the upstream end of the Nambung River. 
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A minor swale is aligned northwest across the north end of the mine disturbance area at a ground 
elevation of 39-40m. This swale would convey any flow from the South sub-catchment under 
extreme or prolonged rainfall. 
  

Figure 5 – Mine Scale Topography and 1 m Surface Contours 
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4. ENVIRONMENTAL RISKS AND IMPACTS ASSESSMENT 
 

 
The site is located in the Nambung River catchment. The downstream river floodplain and the 
terminal karst habitat (Nambung Caves) are considered the most important environmental receptors 
for potential surface water impacts. The lower reaches of the River were impacted by a long and 
sustained period of low flow until February 2021. Since then, drought-breaking flows in February 
and from May to August 2021 should have substantially relieved  water-related habitat stresses.  
 
The proposed mine is located in a minor sub-catchment of the Nambung River. The project sub-
catchment is small and relatively flat and there are no substantial natural drainage lines across the 
project footprint. Evidently, the project sub-catchment does not generate form normal moderate 
intensity rain events. Surface water discharge from the sub-catchment occurs only rarely in response 
to extreme and sustained rainfall and then comprises an infinitesimal portion of the Nambung River 
flow. There is no potential for measurable water quantity or quality impact during moderate to large 
stormwater flow events due to the dilution factor imposed by the large catchment area active during 
such events. 
 
Sand mining and heavy mineral separation is largely a physical rather than chemical process, so that 
stormwater contamination issues are moderate. The project disturbance area is relatively isolated 
from the natural creek-lines and hence does not present a particular contaminant risk.  In any case, 
runoff from hardstands within the disturbance area should be retained locally. 
 
Provided the mine workings are isolated from wetland water there can be no impact on the 
stormwater component of the water balance in localised wetlands outside the mine bunds. It is noted 
that the water balance of some of these wetlands may have a substantial groundwater component 
(seasonal water level rise) which could be impacted by groundwater abstraction.   
 
 

5. RAINFALL – RUNOFF AND PEAK FLOW RATE ESTIMATES 
 
 

A RORB (Monash et al., 2010) runoff routing model was developed for the local catchments. The 
model simulates rainfall losses and drainage line storage impacts on the peak flow rate through 15 
sub-catchments to the confluence near Munbinea Rd which is the upstream limit of the Nambung 
River.  
 
Design rainfall is based on the 1% AEP (1: 100 year) totals from the IFD table (Table 1). A front-
loaded temporal pattern was created which includes 1% AEP totals for durations in the range 1.5 to 
36 hours. Maximum rainfall intensity is 52.2 mm over the fourth 1.5-hour time-step. 
 
Rainfall losses were based on the Hill River record analysis due the similarities in terms of catchment 
geometry, soils and land use. A constant runoff coefficient of 20% was adopted and is considered 
conservatively high. Such a runoff rate would require an already fully saturated catchment, which 
typically only occurs for a few months and not in every year. The combined probability of two 
conditions means that the peak flow estimates have an indicative recurrence interval of 200-500 
years. 
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The catchment storage parameter (Kc), was set at 15 (with m=0.8). The Hill River gauging data 
shows the catchments to be relatively “non-peaky” (high storage). The high stage ratio between peak 
flow and average daily flow at Hill River (typical factor = 2) also provided guidance to trial and error 
RORB simulations. The selected value is considered conservatively low considering the observed 
Hill River responses and RORB estimation formulae (in turn based on Australian Rainfall and 
Runoff 1987).  
 
Outputs from the RORB model are the peak flow rates for the catchments as summarised in Table 3. 
 

Table 3  - Peak Flow Rate Estimates 
 

Catchment Area 1% AEP Peak Flow 
Rate (cumecs) 

Lag Time 
(hours) 

Jetty North of mine 63 7.8 
Bibby    Southwest from Nambung Flats 98 8.5 
Central  Southwest from Nambung Flats 33 6.6 
Nambung  Munbinea Rd crossing 183 9.3 

 
No estimate is presented for the South catchment which contains the whole of the disturbance area 
for the proposed mine (Figure 4). The South catchment is small and flat lying and apparently 
generates little runoff since there is no clear mainstream drainage line. Stormwater is apparently 
contained locally in minor lakes and interdunal swales southeast of the project area. 
 
 

6. FLOOD AND STORMWATER CONTROLS 
 

The disturbance area mine workings must be isolated from stormwater inflows/ rising water levels 
associated with general inundation associated with flood events. The mainstream drainage lines of 
the Jetty catchment passes north of the proposed mine where the channel disaggregates westward 
from a single minor and slightly incised channel into an area of very subtle swales/channels.  
 
The Mt Jetty Creek bed elevation is 40 m AHD to the north of the project area. The peak flood level 
for the 1:100 year AEP flow rate (Q100=63 cumecs) was calculated using the Manning Equation for 
open channel flow: 
 
 Q (cumecs)=V (m/sec). A (sq m) = 1/n . R^0.67 . S^0.5 . (w . d)  
n = 0.03 (flood plain Manning coefficient) 
R = hydraulic radius = depth = 0.4 m 
S = downstream gradient = 0.002 
V = 0.8 m/sec 
w= flow path width = >200m 
d = flow depth = 0.4 m (Q = 65 cumecs) 
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The Jetty Creek 100 year peak flow depth of 0.4 m above the surface elevation of 40 m equates to a 
peak flood level of 40 .4 m AHD. Allowing for contingencies, the selected flood protection level is  
41.5 m AHD.  
 
Bunding to this elevation will be required temporarily for the duration of the pre-strip mine and 
rehabilitation period for the particular mine block. 
 
Stormwater containment within the plant area should be applied to areas of potential contamination 
such as workshops, machinery lay-down etc. Precise locations will depend on the finalised site 
levelling, layout and utilisation. Sumps should be designed for a minimum first flush capacity of 25 
mm across the micro-catchment.  
 

7. SURFACE WATER MONITORING PROGAMME  
 

There is limited direct baseline information on quantity and quality of surface water flows in the 
area. It is clear that baseline flow rate and quality are extremely variable and that the proposed 
project can only impose minimal additional variability. It is proposed to undertake surface water 
monitoring  mainly for the purpose of developing and improving the baseline hydrological 
knowledge. That information may result in opportunities for improved water management.    
 
In addition to normal operational monitoring of weather forecasts and site climatic records, maintain 
and records results from the following monitoring components: 
 

• Inspection and maintenance of flood control bunds - minimum quarterly including re-survey 
of elevations as required 

• Inspection and maintenance of flood control bunds -  in case of rainfall forecast of potential 
for greater than 50 mm/day  

• Continuous flow depth and flow velocity for Nambung River at Munbinea Rd crossing - 
(instrumented and data logged) 

• Water level gauges at 3 sites. Record water levels at least 3 times per week during periods 
when water is flowing across Munbinea Rd. 

• Sample and analyse water quality at 3 sites at least 3 times per week during periods when 
water is flowing across Munbinea Rd.  

 
The monitoring programme excludes consideration of radiological components. Any natural surface 
water sampling for radiology should be integrated with a specific monitoring regime.   

 
 

Table 4 – Surface Water Monitoring Locations 
 

Monitor Site East North 
Munbinea Rd 329724 6620048 
Jetty U/S 332636 6620214 
Jetty D/S 331508 6620109 
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Table 5 –Surface Water Sample Analytes 
 

pH  Potassium K  Silica SiO2 
Conductivity   Ammonia NH3  Total Kjeldahl nitrogen TKN 
Total suspended solids TSS  Phosphate PO4  Total phosphorus TP 
 Total hardness (as CaCO3)  Carbonate CO3  Total Iron Fe (tot) 
 Total alkalinity (as CaCO3)  Bicarbonate HCO3  Dissolved Iron Fe(diss) 
 Calcium Ca  Chloride Cl Total organic carbon TOC 
 Magnesium Mg  Sulphate SO4  
 Sodium Na  Nitrate NO3  
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Report Limitations 
 
MWES Consulting (MWES) have prepared this report for the use of Image Resources in accordance with the usual care and 
thoroughness of the consulting profession. It is based on generally accepted practices and standards at the time it was 
prepared. No other warranty expresses or implied, is made as to the professional advice included in this report. 
 
MWES has made no independent verification of this information beyond the agreed scope of works and MWES assumes no 
responsibility for any inaccuracies or omissions. No indications were found during our investigations that information 
reviewed at the time of our investigations that information contained in this report as provided to MWES was false. 
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This report was prepared in 2020-2022 and is based on the conditions encountered and information reviewed at the time of 
preparation. MWES disclaims responsibility for any changes that may have occurred after this time. 
 
This report should be read in full. No responsibility is accepted for use of any part of this report in any context. 
Whilst to the best of our knowledge information contained in this report is accurate at the date of issue, subsurface 
conditions, including groundwater levels; can change in a limited time. Therefore, this document and the information 
contained herein should only be regarded as valid at the time of the investigation unless otherwise explicitly stated in this 
report. 
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