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1. INTRODUCTION 
Olympia Resources Limited (Olympia) proposes to develop an open cut mineral sand mine 
and primary processing plant within an area of rural land near the small township of 
Keysbrook.  Keysbrook is located approximately 70 kilometres south of Perth, on the eastern 
edge of the Swan Coastal Plain (Figure 1).  The main access to the project site is from the 
South West Highway and Elliot Road or Readheads Road. 
 
The mine area is 1,234 hectares.  Of this, 930 hectares (75.4%) is open pasture, 244 hectares 
(19.8%) is parkland cleared remnant vegetation and 60 hectares (4.8%) is good quality 
remnant vegetation. 
 
The land use within the mine area is agriculture, specifically grazing of dairy cattle, with a 
small area of intensive horticulture. 
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2. OBJECTIVES 
The objectives of this surface hydrology report are: 

• Describe the surface water catchments, water quality, water quantities and water use in 
the project area. 

• Quantify stormwater runoff within the project area. 

• Identify potential impacts of the project impacts on surface water. 

• Recommend measures to minimise impacts of mining on surface water. 
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3. CATCHMENT DESCRIPTION 

3.1 REGIONAL SETTING 
At a regional level, all surface drainage of the project area ultimately flows to the Peel Inlet 
(Peel-Harvey Estuary).  Streams from the Darling Scarp and foothills flow from east to west 
through the mine area.  Figure 1 shows the regional location of the project area, major surface 
drainage lines and catchments. 
 
 

3.2 LOCAL CATCHMENT DEFINITION 
Nambeelup Brook is the main drainage feature that passes through the central portion of the 
project area (Figure 2). Approximately 90 percent of the project area is situated within this 
catchment.  Three tributaries of Nambeelup Brook flow through the project area.  The larger 
central tributary is Balgobin Brook.  Smaller streams to the north and south are unnamed.  The 
three tributaries converge into Nambeelup Brook between three and five kilometres west of 
the project area.  Nambeelup Brook flows south-west from there to Black Lake and Goegrup 
Lake, which flow into Peel Inlet. 
 
An unnamed minor tributary of Dirk Brook flows through the northern portion of the project 
area.  It flows north-west into Dirk Brook, which flows to the Serpentine River, which flows 
into Goegrup Lake and Peel Inlet. 
 
North Dandalup River flows along the southern edge of the project area.  It flows south-west 
into the Murray River, which flows directly to Peel Inlet.  An unnamed tributary of the North 
Dandalup River drains a small part of the southernmost end of the project area into the North 
Dandalup River. 
 
The mine area and surrounds are characterised by low relief topography that results in a 
landscape that becomes flatter and increasingly poorly draining westward from the scarp.  In 
the pastured areas, most of the low-lying areas, creeks and wetlands have been cleared and 
drained.  Downstream of the mine area, west of Hopelands Road, the low relief is even more 
pronounced, resulting in a wetland chain all the way to Peel Inlet. 
 
 

3.3 WATER QUALITY 
The Statewide River Water Quality Assessment 2004 (Department of Water, 2004) provides 
the water quality data shown in Table 1 for Nambeelup Brook (Site 614063), located 10 
kilometres downstream (south-west) of the project area.  The majority of the flow through the 
project area passes through Nambeelup Brook further downstream, so water quality at this site 
is representative of the project area. 
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Table 1: Nambeelup Brook (Kielman) Water Quality Averages 

Parameter Units Period Median Classification 

Total Nitrogen mg/L 2001-2003 2.55 very high  

Total Phosphorus mg/L 2001-2003 0.65 very high 

pH  2001-2003 7.08 neutral 

Turbidity NTU 2001-2003 13.80 high 

Dissolved Oxygen mg/L 2001-2003 7.67 oxygenated 
 
Table 1 shows that the water is of neutral pH, with very high Nitrogen and Phosphorus and 
high turbidity.  Observations of water within the project area on 13 October 2005 showed 
varying turbidity.  On the upstream side of the project area streams from the foothills carried 
clear water.  Within and downstream of the project area most water has a brown colour from 
tannins, with visibility varying from about 20 to 70 centimetres.  The turbidity at Nambeelup 
Brook (Kielman) gauging station is also likely to be due to tannins from vegetation and not 
suspended sediment.  Although the median turbidity is classified as high by the Water and 
Rivers Commission, it is within the ANZECC default trigger values for protection of aquatic 
ecosystems in south-west Australia of 10-20 NTU. 
 
Salinity [total dissolved solids (TDS)] has not been monitored in Nambeelup Brook, but has 
been monitored in Dirk Brook, five kilometres to the north of the project area.  Median TDS 
for Dirk Brook is 139.68 milligrams per litre (Department of Water, 2004), which is classified 
as fresh.  Water quality in Dirk Brook is similar to Nambeelup Brook for the other parameters 
monitored. 
 
MBS Environmental used a hand held water quality meter to measure conductivity of water at 
15 locations across the project area on 13 October 2005.  Conductivity ranged from 0.28 to 
0.90 millisiemens per centimetre (168 to 540 milligrams per litre) with a median of 0.6 
millisiemens per centimetre (360 milligrams per litre).  This confirms all surface water in the 
project area is fresh (brackish water is defined as having TDS in excess of 1,500 milligrams 
per litre). 
 
The ANZECC (2000) guideline trigger value for salinity in lowland rivers in south-west 
Australia is 0.12 to 0.30 millisiemens, and for wetlands is 0.30 to 1.50 millisiemens per 
centimetre.  Measured salinity in the project area was mostly above the guidelines for rivers 
but well within the guidelines for wetlands.  Most of the water bodies in the project area can 
be characterised as chains of linked wetlands, as can be seen in the aerial photograph in Figure 
2. 
 
A detailed assessment of water quality in Dirk Brook and associated agricultural drains 
adjacent to the northern boundary of the project area was undertaken by the Water and Rivers 
Commission in 2002 (Water and Rivers Commission, 2002).  These are very similar 
catchments to the project area so will provide a good indication of water quality issues within 
the project area.  The study concluded that water quality was generally acceptable although 
conductivity exceeded the ANZECC (2000) guidelines for aquatic ecosystems in lowland 
rivers of south-western Australia at more than half of the sites sampled.  Australian Rivers 
Assessment Scheme analysis (AUSRIVAS) showed that a large proportion of the sites were 
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below reference condition, as was the drainage network overall, with an observed over 
expected score of 0.67. 
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4. CLIMATE AND STREAMFLOW 

4.1 RAINFALL DATA 
The area experiences a Mediterranean climate characterised by cool wet winters and warm to 
hot dry summers.  The mine area lies between the 1,000 and 1,100 millimetres rainfall 
isohyets (Heddle et al., 1980). 
 
The nearest Bureau of Meteorology monitoring station is located at Karnet, approximately 
nine kilometres to the east.  This weather station is located in the Darling Scarp and 
experiences a slightly different climate to the mine area, with an annual average rainfall of 
1,200 millimetres.  The nearest meteorological monitoring station on the Swan Coastal Plain 
is located at the Medina Research Centre, approximately 28 kilometres to the north-west of 
the mine area, which has a 800 millimetre annual rainfall.  Wokalup, although a further 80 
kilometres south of Keysbrook, has an annual rainfall of 964 millimetres, which is closer to 
Keysbrook’s total than either Karnet or Medina.  The average annual evaporation rate of 
approximately 1,800 millimetres exceeds the precipitation rate of 960 millimetres by a factor 
of 2 to 1.  Climate data from Wokalup is shown graphically in Chart 1. 
 

Chart 1: Wokalup Climate Data 

Wokalup Climate Data
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4.2 STREAMFLOW DATA 
Fifteen Department of Environment Stream Gauging Stations are located in the region of the 
project area.  Of these, only five stations have a useful period of record and similarity of 
catchment to the project area.  These five stations are listed in Table 2 and their locations are 
indicated in Figure 1. 
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Table 2: Stream Gauging Stations 

Station 
Number 

Water-
course 
Name 

Station 
Name 

Catchment 
Area (km2) 

Specific 
Mean 

Discharge 
(m3/s/km2) 

Years 
of 

Record 

Peak 
Discharge 

Distance 
from 

Project 
(km) 

Type 

614005 Dirk Brook  Kentish 
Farm 

35.19 0.007 30  5 Hills 

614021 North 
Dandalup 
Tributary  

Lewis 
Catchment 

2.00 0.003 27 0.042 11 Hills 

614013 Peel Drain  Hope 
Valley 

10.35 0.005 23 0.66 25 Coastal 
Plain 

614030 Serpentine 
Drain  

Dog Hill 469.7 0.005 27 18.44 10 Coastal 
Plain 

614063 Nambeelup 
Brook  

Kielman 114.95 0.006 5 0.969 10 Coastal 
Plain 

 
The most relevant of these stations is Nambeelup Brook Kielman, station 614063.  This 
station is located about 10 kilometres downstream (south-west) of the project area on 
Nambeelup Brook, an ideal location to characterise flows in the catchment area.  Streamflow 
data was collected at this station from May 1990 to January 1995.  The gauging station has a 
catchment area of 114.95 square kilometres, of which 43.89 square kilometres (38%) is within 
or upstream of the project area. 
 
The length of record available for Nambeelup Brook gauging station is only five years.  For 
this reason flow statistics from Nambeelup Brook were compared with the other four stations 
nearby with longer periods of record.  It was found that average flows per hectare from 
Nambeelup Brook Kielman match flows from Dirk Brook at Kentish Farm, station 614005, to 
within five percent over the months of June to September.  Summer flows were not compared 
as they are near zero for the project area thus not important for stormwater management.  Dirk 
Brook Kentish Farm is the nearest station to the project area and is located in the hills of the 
Darling Scarp.  It has a period of record of 27 years.  Statistical averages for this station for 
the whole 27 year period and for the five year period in which Nambeelup Brook Kielman 
station was operated were compared and it was found that the five year period was closely 
representative of the longer period (mean peak annual flow is 4.14 cubic metres per second for 
the common period and 4.16 cubic metres per second for the whole period of record).  For this 
reason, the Nambeelup Brook Kielman data is considered adequately representative despite 
the short record. 
 
Nambeelup Brook Kielman gauging station has recorded a mean annual flow volume of 
24,920 megalitres and a mean peak annual discharge of 15.7 cubic metres per second.  Annual 
average runoff depth is 216 millimetres.  Flows are close to zero from January to April, while 
high flows occur consistently from June to October.  November, December and May are 
transitional months with flows varying from negligible to considerable from year to year.  
Chart 2 and Tables 3 and 4 show the monthly flow statistics for the station in detail. 
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Chart 2: Nambeelup Brook Kielman (614063) Monthly Discharge Statistics 
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Table 3: Nambeelup Brook Kielman (614063) Monthly Discharge Statistics (ML) 

Month Mean Median Maximum Minimum 

Jan [0.19] [0.11] [0.7] [0.0] 

Feb 0.06" 0.00" 0.3" 0.0" 

Mar 0.84" 0.15" 3.0" 0.0" 

Apr 0.08" 0.01" 0.3" 0.0" 

May [110.8 ] [62.39] [386.9] [11.2] 

Jun 4479" 4636" 11878" 471.6" 

Jul 7634' 6080' 14238' 3390' 

Aug 5312" 3910" 8533" 2495" 

Sep 3433" 3317" 7961" 677.0" 

Oct 471.5" 330.1" 1321" 63.7" 

Nov 81.37" 13.87" 367.5" 1.6" 

Dec 29.62" 0.83" 139.3" 0.0" 

Mean Monthly [1553]  [3709] [0.1] 

Annual 24920 15770 44510 8091 

Notes: All recorded data is continuous and reliable except where the following tags are used: 
 " ... Good Record - Corrections/Estimations applied 
 ' ... Very Good Record - Corrections applied 
 [ ... Not Available 
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Table 4: Nambeelup Brook Kielman (614063) Peak Flow Statistics (m3/s) 

Month Mean Med. Max Min 

Jan [0.001] [0.001] [0.003] [0.000] 

Feb 0.001" 0.000" 0.003" 0.000" 

Mar 0.022" 0.002" 0.084" 0.000" 

Apr 0.001" 0.000" 0.002" 0.000" 

May [0.479] [0.293] [1.558] [0.057] 

Jun 10.34 " 12.27 " 21.73 " 1.458" 

Jul 11.65 ' 11.76 ' 16.49 ' 5.124' 

Aug 10.49 " 8.115" 18.03 " 2.934" 

Sep 6.683" 4.796" 14.69 " 1.710" 

Oct 0.670" 0.448" 1.330" 0.107" 

Nov 0.133" 0.039" 0.558" 0.008" 

Dec 0.100" 0.003" 0.487" 0.000" 

Annual 15.7    

Max [11.32 ]  [21.73 ] [0.001] 

Notes: All recorded data is continuous and reliable except where the following tags are used: 
 " ... Good Record - Corrections/Estimations applied 
 ' ... Very Good Record - Corrections applied 
 [ ... Not Available 

 
 

4.3 PROJECT IMPACTS 
The mine area can be subdivided into three major drainage areas, each with a number of 
minor subcatchments as shown in Figure 2.  The major drainage areas are: 

• Nambeelup Brook (90.5% of project area). 

• North Dandalup Tributary (4.5% of project area). 

• Dirk Brook Tributary (5.0% of project area). 
 
Watercourse peak flows were estimated by scaling the data available from Nambeelup Brook 
Kielman gauging station by catchment area.  Watercourse crossings of major roads and the 
railway within the project area were also inspected to confirm likely flows based on channel 
size and installed culverts and bridges. 
 
Based on this the watercourses have been split into three categories: 

1. Major Water Courses - Peak flows of two to five cubic metres per second. 

These are Balgobin Brook and North Dandalup River Tributary, and are shown in red in 
Figure 2.  These watercourses have substantial bridges (up to 15 metres wide) at the 
downstream road crossing.  Both major watercourses also contain Draft EPP listed 
wetlands. 

2. Medium Watercourses - Peak flows of one to two cubic metres per second. 
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These are Dirk Brook Tributary, Nambeelup Brook North Tributary, Balgobin Brook 
South Tributary and Nambeelup Brook South Tributary, and are shown in yellow in 
Figure 2.  Peak flows for these watercourses are more manageable than for the major 
water courses (culvert sizes on adjacent roads are in the range of dual 1,050 millimetre 
circular pipes) they are still well defined watercourses.  Dirk Brook Tributary and 
Nambeelup Brook South Tributary also contain Draft EPP listed wetlands. 

3. Minor Watercourses - Peak flows of less than one cubic metre per second. 

The minor watercourses, shown with no highlighting in Figure 2, are generally shallow 
and poorly defined.  Diversion of these watercourses will be manageable with 
earthworks such as bunds and drains around mine pits. 
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5. RECOMMENDATIONS 
Effects of drainage diversions on runoff volumes and flow rates at the regional scale are 
expected to be minor because: 

• Only a small proportion of the total project area catchments will be disturbed at any 
time. 

• Surface water diverted around an active mine pit will be redirected back into the natural 
drainage line downstream.  

 
It is recommended that disturbance of water courses be kept to a minimum.  This can be done 
by implementing a buffer zone of 10 metres either side of the Major and Medium water 
courses identified in Section 4.3 and shown in Figure 2. 
 
Flow in minor watercourses and sheet flow in between watercourses can be managed by 
bunding of the operational areas and construction of diversion drains.  Only minimal 
earthworks will be necessary due to the low flows carried by these watercourses. 
 
Where practicable, diversions should be constructed to direct drainage back to its natural 
drainage line downstream.  Diversions should be in place for the minimum time necessary and 
removed as soon as possible as part of progressive rehabilitation. 
 
Surface water management structures should be designed and constructed to ensure minimum 
erosion potential.  Diversion drains should be constructed so that water re-enters natural 
drainage lines at a velocity and depth that can be accommodated by the natural stream line 
without increased scouring. 
 
Surface water quality impact can be minimised by the following measures: 

• Isolating infrastructure areas that have the potential to contaminate surface water. 

• Constructing sediment sumps, silt and oil traps where necessary to remove sediments or 
pollutants from runoff before water enters local drainage. 

• Immediate clean up of any spills of contaminants, such as oil or fuel. 
 
The major water quality issue in the area is the high levels of nutrients.  Mining is unlikely to 
have any effect on nutrient levels in runoff, but care should be taken in rehabilitation activities 
to minimise actions that could raise nutrient levels such as use of fertiliser. 
 
As a result of heavy rainfall events, there is the potential for increased turbidity from recently 
rehabilitated areas that are not yet fully stabilised.  Sedimentation basins should be 
constructed where required to reduce turbidity before release to the environment.  The Water 
and Rivers Commission Water Quality Protection Guideline 11 lists criteria for TDS and total 
suspended solids (TSS) in mine discharge water to not cause an increase above 10% of 
seasonal background levels. 
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