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potential surface water effects arising from the different mine water affecting activities associated with the proposed 
Project. 
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p. +61 407 740 559 
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Executive summary 
Background 
OZ Minerals Exploration Pty Ltd has entered into a Joint Venture with Cassini Resources Limited to develop the West 
Musgrave Project, which is located in the remote east of Western Australia, approximately 1,300 km northeast of 
Perth near the South Australian and Northern Territory borders.  The project will involve the mining and processing of 
the Nebo-Babel Ni-Cu-PGE sulfide deposits.   

This report presents the surface water baseline for the WMP, including a characterisation of surface water catchments 
the mine and supporting infrastructure will likely interact with, rainfall runoff (directions, volumes and heights) and 
surface water quality (where and when it occurs).  This information is important for maintaining, as much as possible, 
hydrological and hydrogeological regimes so that environmental values within the Project area are protected.  The 
surface water baseline forms the basis assessing effects on the hydrological regime that might result in response to 
development and closure of the Project. 

The report will assist in informing the Referral to the Western Australian Environmental Protection Authority under 
Section 38 of the EP Act, and has been prepared in accordance with contemporary guidance of the Western Australian 
Environmental Protection Authority (EPA).  Specifically, the report acknowledges the Environmental Factor Guideline 
for Inland Water. 

Physical setting 

Topography and landscape 

The Project area sits within a broad surface catchment that is relatively consistent with the underlying Kadgo 
Palaeovalley and is characterised by relatively flat topography, ranging from lows of around 430 mAHD at the 
southern end of the Project tenements, where Musgrave Province rocks are overlain by Officer Basin sediments, to a 
high of around 625 mAHD in the ranges to the northeast of the proposed mine.  

The landscape around the Project is characterised by sand dunes, particularly in the northeast, small scale calcrete 
ridges to the south, and low relief rocky hills that outcrop to the east, west and north of the main Project area.  
Internally draining clay pans are common in low lying areas and micro-relief calcareous soils are expected to be widely 
occurring in these low lying areas.  Colluvial slopes and outwashes occur adjacent to elevated areas where they occur.  

Climate 

The Project area experiences a broad temperature regime, with average daily temperatures ranging from minimums 
of around 12°C to highs of around 30°C. 

Mean rainfall for the Project area ranges between 100 and 200 mm/yr, with most rainfall likely to occur during the 
summer and autumn months.  The SILO database for the Project area indicates average annual rainfall approximates 
181 mm/yr.  However, the average does not adequately describe the significant climate variability that exists in the 
Project area, e.g. the period from 1974 to the present has been significantly wetter than years prior to 1974, and 80% 
of years have a total rainfall ranging between 100 and 400 mm. 

Larger rainfall events are most likely related to monsoonal events being drawn down from the tropics by low-pressure 
systems in the Great Australian Bight.  However, low pressure cells moving up from the Great Australian Bight also 
generate rainfall events. 

The mean annual pan evaporation rate for the Project area ranges between 3,200 and 3,600 mm), which is more than 
20 times the mean annual rainfall.  Average evaporation rates greatly exceed average rainfall rates in every month of 
the year 
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Surface water baseline 

Overview 

The site does not have defined watercourses or discernible drainage channels, meaning that when runoff occurs 
(following large rainfall events) it typically takes the form of sheet flow.  Ponding of rainfall is not often observed 
following a rainfall event, suggesting relatively high rates of infiltration and/or high evaporation rates. 

The Project area is located close to the southern end of a local surface water catchment, and the potential direction 
for runoff is generally north to south within the catchment.  Aerial laser survey data with expected vertical accuracy of 
0.1 m, covering 53 km² around the proposed mine site has defined topography, and the greater area beyond this has 
been supplemented by lower resolution Japan Aerospace Exploration Agency Digital Elevation Model data. 

Catchment modelling 

An industry standard approach to flood modelling has been utilised to generate catchments, hydrographs, flood 
depths, flood velocity and water surface level maps for the Project area catchment to develop a surface water 
baseline.  The Bureau of Meteorology has been used as a source for determining rainfall Intensity Frequency Duration 
(IFD) data, daily rainfall data for various meteorological stations in the West Musgrave region, Southern Hemisphere 
Tropical Cyclone information and Australian Rainfall & Runoff (ARR) Data Temporal Patterns. 

A rainfall routing model has been used to generate sub catchment hydrographs for each of the selected rainfall 
events.  Hydrologic modelling (using XP-RAFTS® software) has been undertaken to generate flood hydrographs for a 
range of rainfall intensities.  Hydraulic modelling (using HEC-RAS® software) has been undertaken for prediction of 
flood depths and velocities for the same range of rainfall intensities. 

The hydrologic and hydraulic model results indicate the following in relation to baseline surface water dynamics: 

 When runoff is generated, sheet flow is expected to be the dominant form of runoff across the broader Project 
area because there are significant areas without well-defined channels 

 There are areas within the development envelope where rainfall runoff will collect and flow after intense rainfall 
events, particularly where there is a succession of interconnected low-lying terrains that form ill-defined 
drainages 

 Ponding across extensive areas is expected to occur due to the common presence of depressions in the terrain 
and the associated lack of well-formed drainages available to transport water away  

 The 5% AEP event (corresponding to a 48-hour, 133mm rainfall event) is predicted to result in potential flooding 
(up to about 1m deep) within the proposed development envelope, including around the proposed locations of 
the mineral processing plant and mine pits  

 The area between the two proposed pits (Babel and Nebo) forms a flow path during major flood events 

Modelling also shows rainfall events of greater than 5% Annual Exceedance Probability likely produce little or no 
runoff, and the chances of 1% and 0.1% AEP flood events occurring over the proposed 26 years life of mine are 23% 
and less than 3%, respectively.   

Conceptual hydrological model 

A conceptual hydrological model has been developed for the Project area.  The following lists the essential elements 
of the model: 

1. Rainfall events sufficient to generate runoff are erratic (with a less than 5% Annual Exceedance Probability), 
usually associated with cyclonic depressions moving down from northwestern Australia or low pressure cells 
moving up from the Great Australian Bight 

2. Rainfall runoff occurs from the rare rock outcrops and is likely to be channelised, with relatively high infiltration 
on colluvial slopes 
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3. Rainfall runoff from dunes is likely to be relatively minimal due to high infiltration potential 

4. Sheet flow is typical over the low relief, relatively flat and gently undulating landscape 

5. Some potential for channelised flow occurs along ill-defined drainage lines, e.g. between the proposed Babel and 
Nebo pits 

6. Terminal drainage clay pans (playas) are common within the landscape, presenting points of potentially 
enhanced infiltration from temporary (days to a few weeks) water ponding 

7. Evaporation of surface water (following rainfall events) and evapotranspiration (vegetation) losses from the soil 
water reservoir (vadose zone) occurs, and can be significant 

8. The normal catchment condition is arid, with no permanent open water bodies or streams 

Environmental values 
Environmental values identified for the Project area include: 

 Ecosystem health  

– Troglofauna 

 30 species identified from 63 (of 100 sampled) locations 

 Includes centipede, dipluran, beetle, pauropod and symphylan species 

 Habitat likely consists of unsaturated calcrete and fractured rock lithologies 

 Identified as having no significant cultural value 

– Terrestrial vegetation 

 Vegetation associations in the Project area predominantly include Calcrete Platform Hummock 
Grassland, Hardpan Mulga Woodland, Clay Pan Playa, Low Mallee Woodland, Sand Plains with Wattles 
other than Mulga, Sand Dune Acacia-Grevillea Shrubland  

 All plant species are expected to access the soil reservoir to meet some or all of their environmental 
water requirements  

 Potentially has cultural value, depending on species and proximity to dreaming trails 

 None of the vegetation associations occurring within the development envelope have been identified 
as threatened, although two Priority 1 (Aenictophyton anomalum, Indigofera warburtonensis) and nine 
Priority 3 (Acacia eremophila, Amaranthus centralis, Aristida jerichoensis var. subspinulifera, 
Chrysocephalum apiculatum subsp. Ramosum, Eragrostis spp. (x2), Goodenia asteriscus, Stackhousia 
clementii and Tephrosia sp.) plant species have been identified within the vegetation associations  

– Of the environmental values identified, only vegetation is considered to have a high degree of potential 
sensitivity to altered surface water resource condition 

– Rockholes that collect surface water runoff over outcropping basement are located in the area, but have 
been identified as being isolated from the broader surface water catchment the Project will interact with 

 Beneficial use – none identified 
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Glossary of terms and abbreviations 
Terms  

Australian Height Datum The reference point for all elevation measurements in this report; used for water levels 
in wells, aquifers, overland flows, and ground elevation 

Annual Exceedance 
Probability 

The probability of an event being equalled or exceeded within a year, expressed as a 
percentage 

Aquifer A saturated or partially saturated hydrostratigraphic unit that is sufficiently permeable 
to transmit useful quantities of water 

Basement Lowest or basal rock unit occurring within a region, comprising rock 

Beneficial use A use of the environment (water) that provides a social or economic value; a type of 
‘environmental value’ 

Bore An artificial excavation put down by any method for the purposes of withdrawing water 
from the underground aquifers, a bored, drilled, or driven shaft, or a dug hole whose 
depth is greater than the largest surface dimension and whose purpose is to reach 
groundwater supplies 

Claypan A dense, compact, slowly permeable layer in the subsoil having a much higher clay 
content than the overlying material, from which it is separated by a sharply defined 
boundary 

Contact water Water that has come into contact with areas possibly contaminated by operations and 
support activities (mining, milling, processing, chemicals and hazardous goods storages, 
etc.), and may require treatment before use or release to the environment; See also 
‘non-contact water’ 

Dewater/dewatering 
(mine) 

Removal of groundwater from storage, also used to refer to the process of lowering 
groundwater levels to control inflows to a mine 

Discharge The volume of water that passes a given location within a given period of time, can be 
expressed as cubic metres per second, cubic metres per day or megalitres per day 

Ecosystem Term used to describe species in an environment and their relationship with one 
another and the non-living (abiotic) community 

Ecosystem (health) 
condition 

The state of ecological systems, which includes their physical, chemical, and biological 
characteristics and the processes and interactions that connect them 

Environmental value Values or uses of the environment that are important for a healthy ecosystem or for 
public benefit, welfare, safety or health 

Environmental water 
requirement  

Water regime needed to maintain a particular composition, structure and level of 
ecological function and ecosystem service provision 

Ephemeral Lasting only a short time; short lived; transitory 
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Evaporation The process of liquid water becoming water vapor, including vaporization from water 
surfaces, land surfaces, and snow fields, but not from leaf surfaces, see transpiration 

Evapotranspiration The process by which water is transferred from the land to the atmosphere by 
evaporation from the soil and other surfaces and by transpiration from plants 

Flood An overflow of water onto lands not normally covered by water, flooding is temporary 

Flood A 1%AEP flood or rain event does not refer to a flood or rain event that occurs once 
every 100 years, but to a flood level or rain event having a 1 percent chance of being 
equalled or exceeded in any given year 

Groundwater The water contained in interconnected pores, gaps or fractures located below the 
water table in an unconfined aquifer or located in a confined aquifer. 

Groundwater dependant 
ecosystem 

Natural ecosystems that require access to groundwater to meet all or some of their 
water requirements so as to maintain their communities of plants and animals, 
ecological processes and ecosystem services 

Hydrology A science dealing with the properties, distribution and circulation of water 

Impact Adverse effect to an EV 

Infiltration Flow of water from the land surface into the subsurface 

Non-contact water Water that has not come into contact with areas possibly impacted by operations and 
support activities, and may not require treatment before use or release to the 
environment; See also ‘non-contact water’ 

Palaeochannel A landform occurring within an inactive river or stream system that has been inset into 
a palaeovalley and infilled by younger sediments, the deepest part of which may be 
infilled with relatively coarse clastic materials, depending on the depositional 
environment (see thalweg and palaeovalley) 

Palaeoriver An inactive, ancient river or stream system, an infilled and buried palaeoriver is referred 
to as a palaechannel 

Palaeovalley An ancient valley that may have hosted one or more palaeoriver systems, now partially 
or completely buried by fine to coarse sediments, e.g. the Kadgo Palaeovalley 

Precipitation Rain, hail, sleet, dew, and frost 

Priority flora The system by which Western Australia’s conservation flora are given a priority 

Riparian vegetation Vegetation found in the riparian zone 

Riparian zone Riparian zones are border creeks, rivers, lakes, wetlands or other bodies of water. 
Often, there is close interaction of surface water and groundwater within riparian 
zones. 
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Runoff The part of the water cycle that flows over land as surface water instead of being 
absorbed into groundwater or evaporating 

Saturated zone The zone in which the voids in the rock or soil are filled with water. Sometimes referred 
to as the ‘phreatic’ zone. 

Sediment Usually applied to material in suspension in water or recently deposited from 
suspension. In the plural the word is applied to all kinds of deposits from the waters of 
streams, lakes, or seas 

Sheet flow Relatively high-frequency, low-magnitude overland flow occurring in a continuous sheet 
and is restricted to laminar flow conditions 

Soil moisture Water occurring in the pore spaces between the soil particles in the unsaturated zone 
from which water is discharged by the transpiration of plants or by evaporation from 
the soil 

Soil water Any water held in the soil as a vapour, liquid or solid 

Soil water reservoir/ 
storage 

The total amount of water that is stored in the soil above the water table and capillary 
fringe, can change with time depending on evapotranspiration and frequency of 
precipitation events 

Spring A source of water at the ground surface supplied by groundwater discharge 

Surface water Water that is on the Earth's surface, such as in a stream, river, lake, or reservoir 

Terrestrial vegetation Vegetation that grows on, in or from land, considered different to riparian vegetation 

Threatened flora Flora which are vulnerable to endangerment in the near future 

Transpiration  The process by which water absorbed by plants, usually through the roots, is 
evaporated into the atmosphere from the plant surface, principally from the leaves 

Troglofauna Terrestrial animals living in caves and other air-filled subterranean spaces 

Unsaturated zone The zone between land surface and the water table within which the moisture content 
is less than saturation (except in the capillary fringe) and pressure is less than 
atmospheric.  Sometimes referred to as the vadose zone 

Vadose zone Unsaturated zone 

Vegetation associations A grouping of plant species, or a plant community, that recurs across the landscape; 
Structural form and dominant species 

Water affecting activity A development activity that has the potential to alter the water environment from the 
baseline and may therefore have an effect on dependent EVs. 

Water quality The chemical, physical, and biological characteristics of water, usually in respect to its 
suitability for a particular purpose 
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Water regime The prevailing pattern of water flow over a given time of a freshwater ecosystem, more 
specifically refers to the duration and timing of flooding resulting from surface 
water(overland flow), precipitation, and groundwater inflow 

Water table The surface between the unsaturated and saturated zones of the subsurface at which 
the hydrostatic pressure is equal to that of the atmosphere.   

Wetland A distinct ecosystem that is inundated by water, either permanently or seasonally, 
where oxygen-free processes prevail 

 

Abbreviations 

AHD Australian Height Datum 

AEP Annual exceedance probability 

bgl  Below ground level 

BoM Bureau of Meteorology 

CZI Cassini Resources Limited 

DMIRS Western Australian Department of Mines, Industry Regulation and Safety 

EC  Electrical conductivity 

EPA Western Australian Environmental Protection Authority 

EV Environmental value 

EWR Environmental Water Requirement 

GDE Groundwater dependent ecosystem 

JAXA Japan Aerospace Exploration Agency 

JV Joint venture 

LOM Life of Mine 

MPP Mineral processing plant 

OZL OZ Minerals Limited / OZ Minerals Exploration Pty Ltd 

PFS Prefeasibility studies 

ROM Run of Mine 

SILO Scientific information for landowners 

TSF Tailings storage facility 
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WAA Water affecting activity 

WMP West Musgrave Project 

WRD Waste rock dump 

 

Units of measure 
ha Hectare 

mAHD Metres above Australian Height Datum 

m bgl  Metres below ground level 

m/d Metres per day 

mg/L Milligrams per litre 

ML/d Megalitres per day, equivalent to 1,000 kilolitres per day 

mm/yr Millimetres per year 

Mtpa Million tonnes per annum 
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Section 1 Introduction 

1.1 Background 
OZ Minerals Exploration Pty Ltd (OZL) has entered into a Joint Venture (JV) with Cassini Resources Limited (CZI) to 
develop the West Musgrave Project (WMP, or ‘the Project’), which is located in the remote east of Western Australia 
(around 1,300 km northeast of Perth), near the South Australian and Northern Territory borders (Figure 1).  The 
project will involve the mining and processing of the Nebo-Babel Ni-Cu-PGE sulfide deposits (Figure 1).   

 
Figure 1 WMP locality plan (source: OZL) 

1.2 Project description 
The WMP, as at the pre-feasibility stage, involves the following:  

 Two mine pits targeting their respective ore bodies: 

– Nebo pit 

– Babel pit 

 A Life of Mine (LOM) of approximately 26 years, with a pre-mining construction period of 2 years and mining: 

– At Babel pit active across 25 years (i.e. LOM year -1 to year 25) 

– Mining at Nebo pit active across 7 years (LOM year 3 to 5, year 11, and year 16 to 18) 

 Dewatering of pits via dewatering bores and in-pit sumps 

 A water demand of around 7.5 GL/yr to meet construction and operational demands 

– Construction demand of up to 2 ML/d (OZL Ref. WM-5100-WTR-REP-0019) will be met by abstractions from 
the Nebo pit (Figure 2) dewatering borefield  
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– Operational demand of up to 20.4 ML/d (OZL Ref. WM-5100-WTR-REP-0019) will be met by mine water 
produced from the dewatering borefield and in-pit sumps, supplemented by abstractions from the 
Northern Borefield (refer Figure 2) 

 Creation of landforms during operations for topsoil stockpiles, waste rock dumps and ore stockpile 

 Processing of ore at the Mineral Processing Plant (MPP), which will involve generation of tailings, and recovery of 
water for reuse and recycling  

 Management of contact water generated during mine and processing operations 

 Backfilling of Nebo pit at mine closure with waste rock or tailings 

 Capping and rehabilitation of landforms at mine closure 

 Formation of a pit lake in Babel pit following mine closure  

 Development of new roads, renewable energy infrastructure (solar and wind farms), the village and airstrip 

The intended project design is presented in Figure 2 

 

Figure 2 WMP layout (source: OZL) 

1.3 Purpose and objective 
An important component of development of the proposed mine is understanding the hydrological (surface water) 
baseline as it relates to seeking project approvals, and the management of mine water and the layout of site 
infrastructure such as the mineral processing plant (MPP), water storages, waste management facilities (tailings and 
waste rock, landfill), as well as the mine village and airfield. This report presents the surface water baseline for the 
WMP, including a characterisation of surface water catchments that the mine and supporting infrastructure will likely 
interact with, including rainfall runoff (directions, volumes and heights) and surface water quality (where and when it 
occurs).  This information is important for maintaining, as much as possible, hydrological and hydrogeological regimes 
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so that environmental values within the Project area are protected, and ensuring mines are designed, operated and 
closed in an ecologically sustainable manner. 

The report will assist in informing the Referral to the EPA under Section 38 of the EP Act (the ‘Referral’), and has been 
prepared in accordance with contemporary guidance of the WA Environmental Protection Authority (EPA).  
Specifically, the report acknowledges the Environmental Factor Guideline for Inland Water, which defines the factor 
Inland Waters as the occurrence, distribution, connectivity, movement and quantity (hydrological regimes) of inland 
water including its chemical, physical, biological and aesthetic characteristics (quality). 

The report will also inform environmental and operational management strategies outlined in the Mining Proposal, 
which will be required by the Western Australian Department of Mines, Industry Regulation and Safety (DMIRS) in 
accordance with the Mining Act 1978. 
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Section 2 Physical setting 

2.1 Location  
The proposed mine is located in the remote and arid east of Western Australia (Figure 1), approximately 1,300 km 
north east of Perth and 100 km west of Surveyor General’s Corner, where Western Australia, South Australia and the 
Northern Territory meet. The approximate latitude and longitude of the proposed mine is 26.43°S and 128.18E 
(approximately 370 700E and 7 115 600N; AMG Zone 52). The Project area is defined by the development envelope 
(see Figure 1 and Figure 3).  

The Project area comprises existing exploration infrastructure including an exploration camp with facilities for 50 
personnel and a groundwater supply from a single bore (used for non-potable camp supplies). 

2.2 Topography  
The Project area sits within a broad surface catchment that is relatively consistent with the underlying Kadgo 
Palaeovalley.  The immediate Project area, comprising the mine and palaeochannels targeted for water supply 
development, is characterised by relatively flat topography, ranging from lows of around 430 mAHD at the southern 
end of the WMP tenements, where Musgrave Province is overlain by Officer Basin sediments, to a high of around 
625 mAHD in the ranges to the northeast of the proposed mine. The topography of the area around the WMP is 
shown in Figure 3. 

2.3 Soils and vegetation 
The landscape around the WMP is dominated by Quaternary sandplains and dunefields (Tile, 2006; Magee, 2009) over 
Tertiary and Neoproterozoic sediments of the Officer Basin and Proterozoic rocks of the Musgrave Province.  The 
landscape is characterised by sand dunes, particularly in the northeast, small scale calcrete ridges to the south, and 
low relief rocky hills that outcrop to the east, west and north of the main Project area.  Internally draining clay pans 
are common in low lying areas and micro-relief calcareous soils are expected to be widely occurring in these low lying 
areas.  Colluvial slopes and outwashes occur adjacent to elevated areas where they occur.  

A detailed characterisation of flora and vegetation has been undertaken by Western Botanical (2020). Figure 4 
presents a locality plan showing the distribution of different vegetation associations identified within and downstream 
of the development envelope (refer Western Botanical, 2020, for details of the vegetation associations key), which 
predominantly include: 

 Calcrete Platform Hummock Grassland (CPHG) –occurring on level to undulating plains comprising aeolian sands 
overlying calcrete  

 Hardpan Mulga Woodland (HPMW) - occurring  on red clayey sand hardpan plains, subject to sheet flow 

 Clay Pan Playa (CPP) – annual grasses and herbs occurring on small natural depressions that become inundated 
following rainfall events sufficient to generate runoff 

 Low Mallee Woodland (LMW) - occurring on medium red silty sand aeolian sand plains, hard pan or overlying 
calcrete 

 Sand Plains with Wattles other than Mulga (SAWS) – occurring on medium red silty sand aeolian sand plains, 
hard pan or overlying calcrete  

 Sand Dune Acacia-Grevillea Shrubland (SDAGS) – occurring on 2 to 20 m high sand dunes comprising fine red 
aeolian sand 
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AbTsS - Acacia brachystachya over Spinifex Shrubland
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AkS / HPMW Complex - Complex of AkS and HPMW
AmmS - Aluta maisonneuvei subsp. maisonneuvei 
low shrubland
ArS - Acacia rhodophloia Spinifex Shrubland
AvS - Maireana triptera Atriplex vesicaria Chenopod 
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CCoW - Calcrete Corymbia opaca Woodland
COG - Calcrete Open Grassland
CPHG - Calcrete Pla orm Hummock Grassland 
Hummock Grassland
CPHG Ae - Calcrete Pla orm Hummock Grassland 
Hummock Grassland with Acacia eremophilaÂ var. 
Numerous-nerved variant (A.S.George 11924) (P3)
CPHG Ah - Calcrete Pla orm Hummock 
Grassland Hummock Grassland with Allocasuarina 
helmsii
CPHG Me - Calcrete Pla orm Hummock Grassland 
Hummock Grassland with Melaleuca eleuterostachya
CPN-G - Claypan Grassland
CPP - Clay Pan Playa
Disturbed - Disturbed Area

Do Not Survey - Heritage Exclusion Zone
EdS - Eremophila du oni Shrubland
GRMU - Groved Mulga Woodland
HPMW - Hard pan Mulga Woodland
HPMWD - Hard pan Mulga Woodland Drainage
LMW - Low Mallee Woodland
LMW / CPHG Complex - Complex of LMW and CPHG
LMW / MgAkS Complex - Complex of LMW and 
MgAKS
LMW / SAWS Complex - Complex of LMW and SAWS
MgAkS - Melaleuca glomerata Acacia kempeana 
Shrubland
MgAkS / HPMW Complex - Complex of MgAkS and 
HPMW
SAMU - Sandplain Mulga Woodland
SASP - Sandplain Spinifex
SAWS - Sand plains with Wa les other than Mulga 
over Spinifex
SAWS / CPHG Complex - Complex of SAWS and CPHG
SDAGS - Sand Dune Acacia Grevillea shrubland
SDAGS / AmmS  Complex - Complex of SDAGS and 
AmmS
SMS - Stony Mulga Shrubland
SS - Senna Shrubland
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2.4 Hydrology 
The Project area is characterised by poorly defined surface water catchments and disconnected ephemeral drainages. 
The ‘normal’ condition of the Project area catchments is dry, and there are no permanent surface water bodies or 
watercourses (Figure 3). 

2.5 Climate 

2.5.1 Data constraints 
The nearest climate station to the proposed mine is Warburton Airfield Meteorological Station (No. 013011), which is 
located approximately 110 km to the west. The Giles Meteorological Station (No. 013017), located around 132 km to 
the north, is understood to have the most comprehensive and reliable climate data though.  In this section, BoM 
mapping products and Scientific Information for Landowners (SILO) data have been used to describe climate 
conditions that are considered to be representative of the Project area.  

2.5.2 Temperature 
The Project area experiences a broad temperature regime, and according to BoM (2005): 

 The average annual daily minimum temperature likely ranges between 12 and 15°C 

 The average annual daily maximum temperature likely ranges between 27 and 30°C 

 The mean annual daily temperature likely ranges between 21 and 24°C.  

2.5.3 Rainfall 
Mean rainfall for the Project area is likely to range between 100 and 200 mm/yr (BoM, 2010), with most rainfall likely 
to occur during the summer and autumn months (averaging around 100 mm and more than 50 mm, respectively) in 
association with rain fronts forming across the continent from the northwest to the south. Rainfall during winter and 
spring months can be expected to range between 25 and 50 mm on average (BoM, 2010). 

The Warburton Airfield Meteorological Station (No. 013011) and the Giles Meteorological Station (No. 013017) 
commenced from 1940 and 1953, respectively. Detailed analysis of the annual and daily rainfalls at the Warburton 
and Giles stations is presented in Appendix A.1. 

It has been observed on site that ponding of rainfall is not often observed following a rainfall event.  This suggests one 
of three effects, rainfall runoff is limited due to: 

 High evaporation rates, or 

 Rapid infiltration, or 

 A combination of high evaporation rates and rapid infiltration  

Point daily rainfall data have been sourced from the SILO database for the Project area. The database contains climate 
data from 1889 to the present day and consists of interpolated estimates from observation.  Average annual rainfall at 
the site approximates 181 mm/yr, with a distinct summer dominance.   

Figure 5 shows long-term average monthly rainfall data for the Project area from SILO, which highlights that rainfall in 
the Project area is low and extremely variable across the years. Figure 5 also presents the average annual rainfall and 
cumulative deviation from mean (CDFM) rainfall, and showing multi-decadal climate / rainfall variability, with the 
period from 1974 to present being significantly wetter than the prior period. The average annual rainfall at the site 
derived from the SILO database after 1960 is approximately 232 mm/yr, an increase of 28% compared to average 
annual rainfall estimated after 1889. Notwithstanding, the design rainfall intensities used to estimate design flows at 
the site have been based on the 2016 BoM Intensity Frequency Duration (IFD; see Section 3.4.5). 
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Figure 5 Average annual rainfall and CDFM at West Musgrave 

2.5.4 Water chemistry 
The site does not have defined watercourses or discernible drainage channels, with observed rainfall events typically 
resulting in sheet flow conditions when runoff is generated.  Thus, there are limitations on the ability to collect surface 
water quality samples to define water chemistry.  Rainfall events during the study period April 2017 to October 2019 
did not result in concentrated surface water flow to enable the collection of surface water samples.  The Project plans 
to implement a surface water sampling program in the future. 

Two rainfall samples have been collected from the WMP area from a late spring rainfall event on 19th November 2018 
and a single rainfall samples has been collected on 4th January 2020. All samples were collected at the West Musgrave 
Camp from rainfall collectors located at the Core Farm and the main Laydown area. Table 1 displays the results of the 
subsequent laboratory analysis.   

In terms of EVs, rainfall water quality is expected to be suitable for all foreseeable values.  However, rainfall water 
quality may not be representative of surface water quality, e.g. salinity and nutrients. Surface water chemistry data 
are not yet available for the WMP area due to paucity of rainfall runoff events, i.e. samples have not been able to be 
collected.   

2.5.5 Evaporation 
The mean annual pan evaporation rate for the Project area ranges between 3,200 and 3,600 mm/yr (BoM, 2006), 
which is more than 20 times the mean annual rainfall.  BoM (2006) indicates evaporation rates over the: 

 Winter months are likely to range around 250 mm/month (averaging around 5 mm/d) 

 Summer months are likely to range around 450 mm/month (averaging around 14 mm/d). 

Figure 6 presents the long-term average monthly evaporation data from SILO and shows average annual evaporation 
rates greatly exceed average annual rainfall rates in every month of the year.  The data are consistent with the BoM 
mapping data described above.  
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Table 1  Laboratory reported water quality results (rainfall) 

Analyte Units Core Farm Laydown Camp 

Sample date  19/11/2018 19/11/2018 04/01/2020 

pH pH Units 6.5 6.4 6.3 

EC (µS/cm) µS/cm 33 29 <2 

Carbonate mg/L <1 <1 <1 

Bicarbonate mg/L 7 <5 <5 

Total alkalinity mg/L 6 <5 <5 

Chloride mg/L <1 <1 <1 

Sulphate mg/L 2 2 <1 

Nitrate, NO₃ mg/L 6.4 N.A. 0.2 

Nitrite, NO2 mg/L <0.05 N.A. N.A. 

Calcium mg/L 3.3 2.8 <0.2 

Magnesium mg/L 0.3 0.2 <0.1 

Sodium mg/L 0.8 <0.5 0.7 

Potassium mg/L 0.8 <0.1 0.7 

 

 

Figure 6 Average monthly evaporation versus average monthly rainfall 
 

2.5.6 Surface water and groundwater interactions 
OZL has consulted with Traditional Owners (TOs) to understand whether or not there are water bodies, wetlands or 
springs located within the Project Area or the broader landscape that might represent locations of surface water and 
groundwater interaction.  The TOs have not identified any of these water features, but have indicated there are two 
rockholes located within the development envelope of the proposed mine.   

 

      Monthly rainfall            Monthly evaporation 
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The rockholes cannot be located on maps for cultural reasons.  The groundwater baseline report (OZL ref. WM-5100-
ENV-REP-0003) describes the setting of these water features and concludes they are surface water features that do 
not interact with groundwater. The rockholes occur on basement outcrops above the surface of the surrounding sand 
plains and collect local rainfall runoff from the exposed basement.  They are disconnected from the surface 
catchments within which the outcrops occur. 
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Section 3 Surface water baseline 

3.1 Background 
An analysis has been undertaken to investigate the behaviour of surface water for the WMP site and local surrounds 
to evaluate any potential issues that may impact the mine infrastructure and local possibly sensitive EVs. Topographic 
data and aerial photography have been used to generate surface water models of the WMP catchment so surface 
water behaviour can be investigated, described and better understood. 

The WMP area is defined as arid with low rainfall and high evaporation, the infrequent occurrence of summer rainfall 
storm events can give rise to short duration high intensity rainfall. 

The WMP catchment topography is characterised by low relief, poorly defined surface water catchments and 
disconnected ephemeral drainage lines. The presence of clay pans and calcrete with a predominantly flat surface, i.e. 
small surface gradients, means that sheet flow following significant rainfall events is likely to be dominant.  

3.2 Rainfall  
As there are no rainfall data available for the WMP site at the time of writing this report, an analysis of the weather 
station rainfall data for the four nearest climate stations to the WMP site that hold sufficiently large records of rainfall 
data have been undertaken to derive characteristics of local rainfall events (as presented in Appendix A.1). The results 
have then been compared with the BoM SILO mapping data discussed in Section 2.4.3. The rainfall data show, at a 
regional-scale, that average yearly rainfall totals between around 180 to 250 mm, with 80% of years having a total 
rainfall ranging between 100 and 400 mm. 

The average monthly rainfalls for these stations are highest during the summer months of December, January and 
February and the shoulder months of March and November, ranging from 30 to 50 mm/month. The remaining months 
are likely to have average rainfalls ranging from 10 to 20 mm/month. The analysis of rainfall data highlights its locally 
variable nature across the region and shows that it is generally consistent with the BoM SILO mapping data discussed 
in Section 2.4.3. 

An analysis of the daily rainfall generated by SILO concludes high rainfall events, i.e. greater than 100mm, are likely to 
occur once every 10 years on average.  On site observations show surface ponding (shallow) and sheet flow occurring 
during and following large rainfall events (see Plate 1, which shows the results of a three-hour 96 mm rainfall event at 
the mine camp during 2008, and Plate 2, which shows approximately the same location, following an 80 mm rainfall 
event in January 2020). As shown, ponding is typically only observed in areas that have been disturbed, e.g. incised 
tracks and hardstand areas.  

Further analysis has been carried out comparing the coincidence of cyclonic depression events and the rainfall record 
from climate stations in the broader WMP site area.  This has shown that larger rainfall events are most likely related 
to monsoonal events drawn down from the tropics by low-pressure systems in the Great Australian Bight, generating 
thunderstorms. The analysis is presented as Appendix A.2. 
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Plate 1 WMP post storm ponding (2008) 

 

Plate 2 WMP post storm ponding (2020) 
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3.3 Catchment modelling 

3.3.1 Introduction 
An industry standard approach to flood modelling has been utilised to generate catchments, hydrographs, flood 
depths, flood velocity and water surface level maps for the WMP catchment (see below, Sections 3.3 and 3.5 for 
details).  

BoM websites have been used to source: 

1. WMP site estimated rainfall Intensity Frequency Duration (IFD) data

2. Daily rainfall data for various meteorological stations

3. Southern Hemisphere Tropical Cyclone Data Portal information

4. Australian Rainfall & Runoff (ARR) Data Hub Temporal Patterns.

The hydrologic and hydraulic modelling has been conducted in terms of Annual Exceedance Probability (AEP) as is 
recommended by industry with the recent implementation of Australia Runoff and Rainfall 2019 (Ball et al. 2019). The 
change in terminology comes from a common misinterpretation of Average Recurrence Interval (ARI) terminology, in 
which it is erroneously assumed that a 1 in 10 year ARI, for example, will only occur exactly once in every ten years.  

The AEP better handles this by describing the probability of a magnitude flood event being exceeded in any given year 
as a percentage probability. However, there are some guidelines and analyses that have not adopted the AEP 
definition, which ultimately means the design standard for environmental dams, diversion drains, and culverts are still 
established in terms of Annual Recurrence Interval (ARI). The relationship between AEP and ARI is shown in Table 2.  

Table 2 Relationship between AEP and ARI 

Annual Exceedance 
Probability (AEP) 

Average Recurrence 
Interval (ARI) (year) 

10% 9.5 

5% 19.5 

2% 49.5 

1% 99.5 

0.1% 999.5 

Three standard AEP rainfall events have been selected for hydraulic modelling: 

 0.1% AEP

 1% AEP

 5% AEP

Rainfall events of greater than 5% AEP were not modelled as they appear to produce little or no surface flow. The 
chances of 1% and 0.1% AEP flood events occurring over the proposed 26 years life of mine (LOM) are 23% and less 
than 3%, respectively.  Typically, a 0.1% AEP flood immunity is used as a safety design likelihood for open pits. 

A rainfall routing model has been used to generate sub catchment hydrographs for each of the selected rainfall 
events. Details of the rainfall routing (hydrological) model are presented as Appendix A.  Using the derived sub 
catchment characteristics and the results of the rainfall hydrologic modelling, 2D hydraulic modelling of surface flows 
has been conducted using HEC-RAS® software. 

It is acknowledged there are inherent uncertainties in modelling, and this has been taken into account by adopting a 
conservative view of the modelled outcomes and subsequent interpretation of results. Since there are no local stream 
gauges or rainfall gauges with sufficient history, the flood models are not able to be calibrated. As the Australian 
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Rainfall and Runoff (AR&R) and Regional Flood Frequency Estimation Model (RFFE) do not produce results for arid 
areas, the models are unable to be validated. However, observed sheet flow and shallow local water ponding near the 
Project site after a recent rainfall event (3 and 4 January 2020) has been compared to the model results, and indicated 
adopted model parameters are representative. Details of the comparison are discussed in Appendix A.  

The Initial Storm Losses and Continuing Storm Losses for the catchment have also been estimated as there are no 
recommended AR&R Storm Losses estimates for the WMP catchments. 

3.3.2 Surface water catchment 
Apart from the water supply borefield and associated pipelines and access roads (Figure 2), WMP infrastructure is 
located within eight lower sub-catchments of a local surface water catchment that comprises up to 33 sub-catchments 
(Figure 7; SC-15, SC-18, SC-20, SC-25, SC-27, SC-31, SC-32 and SC-33).  The runoff potential is generally from north to 
south within the broader catchment. 

Table 3 WMP catchment details 

Sub-catchment Area (ha) WMP infrastructure present 

SC-1 511 No 

SC-2 594 No 

SC-3 1,861 No 

SC-4 3,390 Yes (Jameson-Mine access road) 

SC-5 2,142 No 

SC-6 2,708 No 

SC-7 7,685 No 

SC-8 1,952 Yes (Jameson-Mine access road) 

SC-9 2,972 Yes (Jameson-Mine access road) 

SC-10 1,152 No 

SC-11 10,744 No 

SC-12 4,231 No 

SC-13 2,736 Yes (Jameson-Mine access road) 

SC-14 1,406 No 

SC-15 6,684 Yes (service road, wind farm) 

SC-16 576 No 

SC-17 1,211 No 

SC-18 2,619 Yes (village, airfield, TSF, WRD, service and haul roads) 

SC-19 704 Yes (service road) 

SC-20 1,875 Yes (Jameson-Mine access road, service roads) 

SC-21 622 No 

SC-22 1,029 No 

SC-23 1,294 No 

SC-24 1,376 No 

SC-25 1,355 Yes (Nebo pit, WRD, service roads) 
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SC-26 793 No 

SC-27 1,316 Yes (service roads) 

SC-28 886 No 

SC-29 859 No 

SC-30 1,911 No 

SS-31 2,447 Yes (Babel and Nebo pits, MPP, TSF, WRD, service roads) 

SS-32 1,180 Yes (service roads, wind farm, solar farm) 

SS-33 775 Yes (service roads, wind farm, solar farm) 

Total area 73,596  

3.4 Hydrological model 

3.4.1 Methodology 
The aim of the hydrologic assessment is to produce flood hydrographs for input to hydraulic model simulations that 
will assist in predicting flood characteristics such as inundation depth, flood extent, and flow velocities.  

3.4.2 Software 
Hydrological modelling has been carried out using XP-RAFTS® software. Widely used throughout Australia, the 
software offers the user the flexibility to model catchments ranging from small urban systems through to entire river 
catchments. XP-RAFTS® uses the Laurenson hydrology method to calculate runoff hydrographs. The model is based on 
the routing of excess rainfall through a series of non-linear catchments.  

Model input parameters are related to various user-defined physical catchment characteristics such as catchment 
area, slope, and stream length.  

3.4.3 Topographic data 
Aerial laser survey data (LiDAR), with expected vertical accuracy of 0.1 m, covering 53 km² around the WMP mine site 
are available and the greater area beyond this has been supplemented by JAXA AW3D30 Digital Elevation Model 
(DEM) data.  Table 4 provides additional detail, and the extent of LiDAR survey and a 5 m surface elevation contour 
map of the WMP catchment is shown in Figure 7.   

The DEM generated for the Project area is sufficient for the hydrologic modelling, with LiDAR data covering all the 
proposed mine and supporting infrastructure.  

Table 4 Topographic data sources 

Source Comment 

AAM LiDAR Data AAM was engaged by WKC Spatial to undertake an aerial survey of the Ngaanyatjara-Giles site. 
To this end, airborne LiDAR data was captured from a fixed wing aircraft over the site on 18th and 
19th July 2015.   

JAXA AW3D30 DEM Data originating from the Japan Aerospace Exploration Agency (JAXA) have been used to provide 
information on ground elevations for the hydrologic modelling. The data were collected by earth 
observation satellites after processing and calibrating (such as geometrical calibration and 
correction on radiation volume). The resulting Digital Elevation Model (DEM) covers the entire 
world at 1 arc-second (approximately 30 m, depending on latitude) intervals. The DEM has 
generally been shown to provide a good representation of the larger scale topographic relief, 
although in areas of steep terrain or dense vegetation significant vertical errors may be present 
in the data.  
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3.4.4 Catchment details 
The WMP catchment boundary has been defined using the topographic data described in Section 3.4.3. From the 
catchment divide, close to Mantamaru (Jameson) to a point about 3 km downstream of WMP, the total catchment 
area is calculated to be approximately 735 km2. For implementation into XP-RAFTS® this area has been sub-divided 
into 33 sub-catchments ranging in area from 5 to 107 km2.  

For each sub-catchment, the steepness of the terrain is represented by calculating the equal-area slope of the main 
streamline from the catchment divide to the outlet. As expected for this type of terrain, equal-area slopes are 
generally flat, ranging from 0.1% to 1.1% but mostly less than 0.5%.  

3.4.5 Design rainfall intensity 
To simulate the variability of storm events, ten temporal patterns, referred to as “an ensemble” were tested for each 
storm duration, following the AR&R19 methodology. Design rainfall intensities have been determined from the BoM 
website using the 2016 Intensity Frequency Duration (IFD) chart. Table 4 shows a range of storm durations and design 
AEPs for the point rainfall intensities at the site Table 5. Note: the hydraulic model only assessed the 5%, 1% and 0.1% 
AEP design flood events. 

Table 5 WMP design rainfall intensity (mm/hr) data[1] 

Duration (hours) 
Annual Exceedance Probability 

20% 10% 5% 2% 1% 0.1% 

12  4.37 5.57 6.86 8.7 10.2  

24  2.79 3.57 4.41 5.59 6.57 10.3 

36  2.13 2.73 3.39 4.29 5.04  

48  1.74 2.24 2.78 3.53 4.15 6.58 

72  1.28 1.66 2.07 2.62 3.08  

96  1.01 1.31 1.64 2.08 2.45 4.92 

120  0.83 1.08 1.35 1.72 2.02  

144  0.70 0.91 1.14 1.45 1.7 3.92 

168  0.60 0.78 0.98 1.24 1.46  

Notes: 1. Source: BoM (2016) 

3.4.6 Hydrograph results 
The resulting hydrographs for the selected storm critical durations and design temporal patterns are shown in 
Figure 8, and have been used in the hydraulic model for the corresponding rainfall event. The 10% AEP hydrograph is 
difficult to see on Figure 8 as the predicted flows are very close to zero. 
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Figure 8 XP-RAFTS® Rainfall Event Hydrographs 

3.5 Hydraulic model 

3.5.1 Overview 
The aim of the hydraulic modelling is to characterise localised flood characteristics such as flood depth, extent and 
velocity, and provide the basis from which to assess the potential impact of the WMP on the baseline surface water 
regime and to illustrate potential issues with critical infrastructure layout and the mine pits.  Hydraulic modelling has 
been used to create thematic maps showing water depths and velocities. The key inputs for the hydraulic modelling 
are the flood hydrographs developed by the hydrological assessment of each rainfall event (see Appendix A). 

3.5.2 Software 
HEC-RAS® software has been used to model the open channel hydraulics of the WMP topography. HEC-RAS® is a 
comprehensive modelling system for simulating 2D free-surface flows. The numerical solution is based on the two-
dimensional implementation of the St. Venant equations and can handle both sub-critical and super-critical flows. The 
software is particularly useful in floodplain applications where out of bank flow paths are poorly defined and where a 
traditional 1D model would fail to capture the complex flow paths and transverse distribution of water levels and 
velocities that occur.  

3.5.3 Model details 
As discussed above, the model DEM is a combination of 1 m LiDAR data for the WMP and 30 m grid size JAXA DEM 
data. A nominal 20-metre grid cell size has been selected and allows for major topographic features to be captured 
without resulting in a prohibitively long model run times. Details of the topographic grid are listed in Table 6. 
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Table 6 HEC-RAS® Model Dimensions 

Item Description 

Notional Cell Size 20 m x 20m (LiDAR coverage); 50m x 50m elsewhere 

Coverage Area  140 km2
 

Map Projection MGA, Zone 52 

Default Manning’s n 0.06 

3.5.4 Results 
Hydrodynamic modelling has been used to create thematic maps showing water depths, surface levels and velocities, 
through input of the flood hydrographs developed by the hydrologic assessment. The 5% AEP, 1% AEP and 0.1% AEP 
design events were simulated using the HEC-RAS® model. As discussed earlier, design events more frequent than 5% 
AEP have not been considered as significant catchment runoff is not expected to occur (see Section 3.4.6) and, 
therefore, little or no flow is expected to be generated.  

The results are presented in Figure 9 to Figure 17. The figures show the generalised areas considered for positioning of 
infrastructure including mine infrastructure (e.g. TSF, WRDs, ROM pads), support infrastructure (airstrip, village) and 
renewables areas (wind and solar farms). Details of the proposed site layout, which have been designed with respect 
to the findings of this baseline modelling, are presented and assessed in the surface water effects report (OZL ref. 
WM-5100-ENV-REP-0006). 

Peak flood depths and velocities at several key locations around the mine site are shown in Table 7 and Table 8 
(locations of these locations are shown in Figure 9 to Figure 17).  

The hydrologic and hydraulic model results indicate the following in relation to baseline surface water dynamics: 

 Sheet flow is expected to be the dominant form of runoff across the broader WMP area because there are no 
well-defined channels 

 There are areas within the mine infrastructure area where rainfall runoff will collect and flow after intense 
rainfall events, particularly where there is a succession of interconnected low-lying terrains that form ill-defined 
drainages 

 Ponding across extensive areas is expected to occur due to the common presence of depressions (typically 
terminal) in the terrain and the associated lack of well-formed drainages available to transport water away  

 The 5% AEP event (corresponding to a 48-hour, 133mm rainfall event) is predicted to result in potential flooding 
(up to about 1m deep) within the proposed mine infrastructure area, including the area of the proposed MPP 
and pits (see Appendix A.6 for more detail) 

 Surface water flooding protection, erosion protection and storm water management is required within the WMP 
site to protect the mine pits, tailing storage facility, waste rock dumps and other areas such as the airstrip, village 
and ROM pad 

 The area between the two pits will form a flow path during major flood events 
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Table 7 Model key location peak flood depth (m) 

ID Description Easting (m) Northing (m) 0.1% AEP 1% AEP 5% AEP 

1 Accommodation village 367,781 7,117,908 0.15 0.08 0.02 

2 Airstrip 367,884 7,117,287 0.27 0.18 0.07 

3 TSF North 367,474 7,116,296 0.34 0.2 0.05 

4 Processing plant 370,659 7,113,643 2.64 1.91 1.36 

5 ROM 370,559 7,112,827 1.54 0.78 0.14 

6 Babel Pit 369,110 7,111,767 1.86 1.23 0.72 

7 Nebo WRD 371,998 7,114,707 1.41 0.93 0.45 

8 Nebo Pit (West edge) 372,994 7,113,238 1.81 1.17 0.2 

9 Nebo Pit (Est edge) 371,346 7,113,304 1.79 1.11 0.55 

10 Solar farm 375,570 7,110,150 1.01 0.42 0.12 

11 Wind farm 379,223 7,112,052 2.45 1.73 1.17 

 

Table 8 Model key location peak flood velocity (m/s) 

ID Description Easting (m) Northing (m) 0.1% AEP 1% AEP 5% AEP 

1 Accommodation village 367,781 7,117,908 0.42 0.28 0.14 

2 Airstrip 367,884 7,117,287 0.45 0.32 0.15 

3 TSF North 367,474 7,116,296 0.81 0.61 0.36 

4 Processing plant 370,659 7,113,643 0.42 0.25 0.1 

5 ROM 370,559 7,112,827 0.36 0.23 0.01 

6 Babel Pit 369,110 7,111,767 0.16 0.12 0.02 

7 Nebo WRD 371,998 7,114,707 1.05 0.79 0.55 

8 Nebo Pit (West edge) 372,994 7,113,238 0.11 0.08 0.06 

9 Nebo Pit (Est edge) 371,346 7,113,304 0.19 0.17 0.11 

10 Solar farm 375,570 7,110,150 0.39 0.24 0.08 

11 Wind farm 379,223 7,112,052 0.1 0.1 0.1 

 

For the 0.1% AEP design flood event:  

 Flood depths 

– The peak flood depths in the supporting infrastructure area are generally less than 0.5 m 

– The peak flood depths are up approximately 4 m and are greatest in the depressions between the proposed 
Nebo and Babel mine pits 

– The peak flood depths in the renewables area are up to approximately 2.5 m 

– Most of the supporting infrastructure, mine infrastructure and renewables areas are prone to inundation 
for this size event 
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 Flood velocities 

– The peak flood velocities north of the proposed airstrip are up 0.5 m/s 

– The peak flood velocities within the mine infrastructure and renewables areas are up to approximately 
1.6 m/s 

– Flow velocities are greatest along ill-defined north-south drainages through the central and lower western 
portions of the WMP area (between the proposed Nebo and Babel mine pits, and down gradient of Babel 
pit, respectively) 

For the 1% AEP design flood events: 

 Flood depths 

- The peak flood depths in the supporting infrastructure area are generally less than 0.2 m 

- The peak flood depths are up approximately 3.2 m, but most likely lower, and are greatest in the area 
between proposed Nebo and Babel mine pits 

- The peak flood depths in the renewables area are up to approximately 2 m 

- Most of the supporting infrastructure, mine infrastructure and renewables areas are prone to inundation for 
this event 

 Flood velocities 

– The peak flood velocities north of the proposed airstrip are up 0.4 m/s 

– The peak flood velocities within the mine infrastructure and renewables areas are up to approximately 
1.3 m/s 

– Flow velocities are greatest along ill-defined north-south drainages through the central and lower western 
portions of the WMP area 

For the 5% AEP design flood events: 

 Flood depths 

– The peak flood depths north of the airstrip and accommodation village are shallow and less than 0.1 m 

– The peak flood depths are up approximately 3 m, but most likely lower, in some areas between proposed 
Nebo and Babel mine pits but generally less than 1.5 m within the mine infrastructure area 

– The peak flood depths in the renewables area are up to approximately 1.3 m 

– The mine infrastructure and renewables areas are prone to inundation for this event 

 Flood velocities 

- The peak flood velocities north of the proposed airstrip are up 0.2 m/s 

- The peak flood velocities within the mine infrastructure and renewables areas are up to 1 m/s 

For design flood events more frequent than 5% AEP, it is expected: 

 Very shallow flood heights or no runoff (channelised or sheet flow) will occur 

 Isolated small areas of ponding may occur, governed by soil moisture, infiltration and evaporation 

 Pooling, where it occurs, will be sustained for less than a few days 
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3.6 Access road indicative drainage  
A rain on grid HEC-RAS model has been used in conjunction with aerial imagery to identify potential flood depths 
during extreme rainfall events.  The results for a 1% AEP rainfall event along the access road from Jameson is shown in 
Figure 18.  

The model predictions associated with the majority of the access road from Jameson to the site are constrained by the 
accuracy of underlying topographic dataset (i.e. JAXA).  Thus, this mapping should be used as guide for initial areas of 
investigation, to be verified by ground-truthing and more detailed topographic information.  

3.7 Conceptual hydrological model 
Figure 19 presents a schematic conceptual hydrological model of the broader Project area (see Figure 4 for vegetation 
association key).  The following describes the essential elements of the conceptualisation: 

❶  Rainfall events sufficient to generate runoff are erratic, usually associated with cyclonic depressions moving down 
from northwestern Australia or low pressure cells moving up from the Great Australian Bight 

❷  Rainfall runoff from rock outcrops is likely to be channelised, with relatively high infiltration on colluvial slopes 

❸  Rainfall runoff from dunes is likely to be relatively minimal due to high infiltration potential 

❹  Sheet flow is typical over the low relief, relatively flat and gently undulating landscape 

❺  Some potential for channelised flow occurs along ill-defined drainage lines 

❻  Terminal drainage clay pans (playas) are common within the landscape, presenting points of potentially enhanced 
infiltration from temporary (days to a few weeks) water ponding 

❼  Evaporation losses of surface water (following rainfall events) and evapotranspiration losses from the soil water 
reservoir (vadose zone) 

❽  Plant root uptake of soil water (vadose zone)1 

❾  The normal catchment condition is arid, with no permanent open water bodies or streams 

 

 

  

 
 
1 Due to the low frequency of rainfall events that likely create runoff (i.e. less than 5% AEP), it is probable that ecosystem health 
relies on more frequent events to sustain the soil water reservoir to meet EWRs.  It is also probable the less frequent events are 
important in establishment of juvenile vegetation.  These factors need to be considered when designing flood protection 
infrastructure. 
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Figure 19 Conceptual hydrological model of the WMP area 
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Section 4 Environmental values 

4.1 Overview 
Any changes to physical and quality aspects of groundwater resources, or to the physical characteristics of surface 
water systems as a consequence of development of the Project have the potential to adversely affect existing and 
possible future Environmental Values (EVs) that are exposed to these changes. Two broad categories of EVs are 
defined under the Environmental Protection Act 1986: 

 Ecosystem health 

 Beneficial use 

Table 9 presents the EVs identified by EPA (2018) needing to be considered, as well as an indication of whether they 
have been identified in the Project area. The following sub-sections present an overview of existing and possible 
future surface water EVs that might be exposed to any changes to the surface water baseline that are attributable to 
the Project.  They include all surface water EVs identified within and downstream of the development envelope. 

Table 9 Identified Project area environmental values 

Environmental value1 Details 

Ecosystem health 

RAMSAR listed wetlands  None identified 

Conservation category or Resource 
enhancement wetlands  None identified 

Directory of Important Wetlands in 
Australia wetlands  None identified 

Environmental Protection Policies 
wetlands  None identified 

Wild rivers  None identified 

Poorly represented wetlands in 
Conservation reserves system   None identified 

Springs and pools  Localised perched rock holes[2], disconnected from 
relevant surface water catchments 

Ecosystems supporting significant 
flora, vegetation and fauna 

 Troglofauna 
 Terrestrial vegetation 

Ecosystems supporting significant 
amenity, recreation and cultural 
values 

 Terrestrial vegetation, likely has cultural value 
especially along dreaming trails  [3] [4] 
 Troglofauna do not have any cultural value [3] 

Saline lakes, estuaries and near 
shore ecosystems  None identified 

Downstream marine ecosystems  None identified 
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Environmental value1 Details 

Beneficial use 

Drinking water supplies 
 None identified; Camp and Jameson 
water supplies are sourced from 
groundwater only 

Significant current or potential water supplies 
 None identified; No reliable surface 
water to represent current or potential 
supply 

Water supplies supporting significant commercial 
activities, e.g. mining and pastoral  None identified 

Inland waters with high levels of active and passive 
recreation including multiple use wetlands  None identified 

Inland waters with significant cultural[3]  or 
aesthetic values  None identified 

Notes: 1. EPA (2018)  
  2. Culturally sensitive and not able to be mapped 
  3. pers. comm., Bryony Nicholson, Anthropologist, Ngaanyatjarra Council 
  4. Cultural values associated with vegetation will be discussed further in the Flora and Vegetation environmental factor 

No part of the Project area is identified as being within a proclaimed surface water area under the Rights in Water and 
Irrigation Act (RIWI) 1914.2 

4.2 Ecosystem health 
The following provides details of possible ecosystem health EVs in the Project area: 

 Troglofauna 

– Figure 20 shows the locations where troglofauna have been identified in the Project area 

– As at January 2020, 10 species identified from 12 (of 100 sampled) locations 

– Includes centipede, dipluran, beetle, pauropod and symphylan species 

– Habitat likely consists of calcrete and fractured rock lithologies 

  

 
 
2 http://www.water.wa.gov.au/__data/assets/pdf_file/0004/1669/86306.pdf 

http://www.water.wa.gov.au/__data/assets/pdf_file/0004/1669/86306.pdf
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 Terrestrial vegetation 

– Figure 4 presents a locality plan showing the distribution of different vegetation associations occurring 
within the development envelope (see Western Botanical, 2020), which predominantly include: 

- Calcrete Platform Hummock Grassland (CPHG) –occurring on level to undulating plains comprising 
aeolian sands overlying calcrete  

- Hardpan Mulga Woodland (HPMW) - occurring  on red clayey sand hardpan plains, subject to sheet 
flow 

- Clay Pan Playa (CPP) – annual grasses and herbs occurring on small natural depressions that become 
inundated following rainfall events sufficient to generate runoff 

- Low Mallee Woodland (LMW) - occurring on medium red silty sand aeolian sand plains, hard pan or 
overlying calcrete 

- Sand Plains with Wattles other than Mulga (SAWS) – occurring on medium red silty sand aeolian sand 
plains, hard pan or overlying calcrete  

- Sand Dune Acacia-Grevillea Shrubland (SDAGS) – occurring on 2 to 20 m high sand dunes comprising 
fine red aeolian sand 

– Whilst some associations are likely to represent groundwater dependent ecosystems (see OZL ref. WM-
5100-ENV-REP-0003), all plant species are expected to access the soil reservoir to meet some or all of their 
environmental water requirements (EWRs)   

– None of the vegetation associations occurring within the development envelope have been identified as 
threatened, although two Priority 1 (Aenictophyton anomalum, Indigofera warburtonensis) and nine Priority 
3 (Acacia eremophila, Amaranthus centralis, Aristida jerichoensis var. subspinulifera, Chrysocephalum 
apiculatum subsp. Ramosum, Eragrostis spp. (x2), Goodenia asteriscus, Stackhousia clementii and Tephrosia 
sp.) plant species have been identified within the vegetation associations (Western Botanical, 2020) 

– Potentially has cultural value, depending on species and proximity to dreaming trails 

Table 10 presents summary details of possible ecosystem health EVs.  Of those EVs identified, only vegetation is 
considered to have a high degree of potential sensitivity to altered surface water resource condition.  Other surface 
water related EVs identified (troglofauna) are considered to have negligible to moderate potential for exposure to 
impact. 

Table 10 Surface water related environmental values – Ecosystem health 

Environmental value Reliance Comment 

Troglofauna[1]  Infiltration of rainfall or runoff is likely important in sustaining environmental water 
requirements (habitat humidity levels) [3] 

Terrestrial ecosystems 
(vegetation)[1] [2] 

 All plant species within vegetation associations will use soil water to meet EWRs. 
Sheet flow runoff and diffuse rainfall is likely important in maintaining water 
reservoir to meet EWRs.  
Terrestrial vegetation may provide aesthetic and recreation value. 

Key:   a high degree of reliance expected 
    some degree of reliance expected 
    low to negligible degree of reliance expected, if any 
Notes: 1. Ecosystems supporting significant flora, vegetation and fauna 
  2. Ecosystems supporting significant amenity, recreation and cultural values 
 3. pers. comm., Stuart Halse, Bennelongia 
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4.3 Beneficial use 
No surface water related beneficial uses have been identified within the Project area (refer Table 9).  
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A.1 Model details 

A.1.1 Methodology 
A standard flood modelling methodology has been utilised to generate catchments, hydrographs and flood maps for 
the WMP. Since there are no local stream gauges, the hydraulic models are not able to be calibrated and as the 
Australian Rainfall and Runoff (AR&R) Regional Flood Frequency Estimation Model (RFFE) does not produce results for 
arid areas, the models are not able to be validated. 

There are no recommended Australian Rainfall & Runoff (ARR) Storm Losses for this remote area. 

A.1.2 Software 
Hydrological modelling has been carried out using the XP-RAFTS® software. Widely used throughout Australia, the 
software offers the user the flexibility to model catchments ranging from small urban systems through to entire river 
catchments. XP-RAFTS® uses the Laurenson hydrology method to calculate runoff hydrographs. Developed by 
Australian hydrologist Eric Laurenson in the 1960’s, the model is based on the routing of excess rainfall through a 
series of non-linear catchments.  

The parameters are further related to the various user-defined physical catchment characteristics such as catchment 
area, slope, and stream length.  

A.1.2 Topographic data 
The client has supplied aerial laser survey data (LiDAR) made up of 1m cells, however the data only covers the 
immediate WMP mine site and so the topographic data has been augmented with JAXA AW3D30 DEM data to cover 
the area surrounding the client supplied Lidar. A 2m contour map of the area of the WMP is shown in Figure A.1. 

Table A-1 Topographic data sources 

  

AAM LiDAR Data AAM was engaged by WKC Spatial to undertake an 
aerial survey of the Ngaanyatjara-Giles site. To this end, 
airborne LiDAR data was captured from a fixed wing 
aircraft over the site on 18th - 19th July 2015. 

JAXA AW3D30 DEM Data originating from the Japan Aerospace Exploration 
Agency (JAXA) have recently been used to provide 
information on ground elevations for the hydrologic 
modelling. The data were collected by earth 
observation satellites after processing and calibrating 
(such as geometrical calibration and correction on 
radiation volume.) The resulting Digital Elevation Model 
(DEM) covers the entire world at 1 arc-second 
(approximately 30 m, depending on latitude) intervals. 
The DEM has generally been shown to provide a good 
representation of the larger scale topographic relief, 
although in areas of steep terrain or dense vegetation 
significant vertical errors may be present in the data.  
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A.1.3 Rainfall data
Daily rainfall data has been downloaded from the BOM using the Weather Station Directory web page 
(http://www.bom.gov.au/climate/data/stations/) for the climate stations presented in Table A.2 and Figure A.2. 

Table A.2 Daily rainfall data climate stations 

Station Name ID Latitude, Longitude Elevation (mAHD) Distance from 
WMP (km) 

Selected for 
Analysis 

Giles Meteorological Station 013017 25.0341 S, 128.301 E 598 132 Yes 

Warburton Airfield 013011 26.1317 S, 126.5839 E 459 109 Yes 

Pipalyatjara 016099 26.1618 S, 129.1656 E 650 147 No 

Yulara Airport 015635 25.1896 S, 130.9737 E 492 346 No 

Ayers Rock 015527 25.34 S, 131.0583 E 526 350 No 

Uluru Rangers 015660 25.3602 S, 131.0196 E 530 344 Yes 

Ernabella 016013 26.2925 S, 132.1283 E 676 449 No 

Ernabella (Pukatja) 016097 26.2635 S, 132.1771 E 703 444 Yes 

The downloaded daily rainfall data was analysed and several of the climate stations were eliminated due to a lack of 
consistent data. The data from the following four sites were then analysed further; Warburton, Giles, Ernabella 
(Pukatia) and Uluru Rangers. 

The full range of the annual rainfall for the four selected climate stations is shown in Figure A.3, 1941 to 2018. There 
are gaps in the chart that correspond to periods where rainfall data are not available for a particular climate station. 
An analysis was also carried out for the twenty-year period 1998-2017, shown in Figure A.4, where all climate stations 
have rainfall data for all years. 

The average annual rainfall for each year with complete data was calculated for each of the climate stations and then 
an average overall value was generated from these results. The average yearly rainfall varied across the climate 
stations from 290mm at Giles to 223mm at Warbuton. An overall average was derived for the WMP site by calculating 
an average of these results. The estimated annual yearly rainfall was 250mm with 90% of the years having a rainfall 
total of greater than 100mm and 90% of years having an annual rainfall of less than 400mm. That is, 80% of years have 
had an annual rainfall between 100mm and 400mm. 
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Figure A.3 Annual Rainfall for selected Weather Stations near the WMP site 

Figure A.4 20 Years Annual Rainfall for selected weather stations near the WMP site 

The monthly rainfall distribution was then analysed, focusing on the Giles climate station as it has the largest 
continuous range of complete daily rainfall data and is close to the WPM site, at 132km. 

As shown in Table A.3 and Figure A.5, average monthly rainfalls are highest during the summer months of December, 
January and February and the shoulder months of March and November, ranging from 30mm to 50mm. The 
remaining months have a lower average rainfall ranging from 10mm to 20mm per month. 
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Figure A.5 Giles average month rainfall 1960-2017 (57 years) 

Table A.3 Giles average monthly rainfall 1960-2017 (57 years) 

Month Total Monthly Rainfall 
(mm) 

Average Monthly Rainfall Per Year 
(mm) 

Jan 1906 33 

Feb 2635 46 

Mar 2162 38 

Apr 1094 19 

May 1217 21 

Jun 1104 19 

Jul 589 10 

Aug 534 9 

Sep 635 11 

Oct 963 17 

Nov 1713 30 

Dec 2747 48 

The daily rainfall distribution was then analysed, focusing on the Giles climate station. The total number of days with 
valid non-zero rainfall data was 21,186 with 18,392 of these days having zero mm of recorded rainfall. 

Table A.4 and Figure A.6 show the frequency of daily rainfall events, that is how common these events are at the Giles 
climate station. It was concluded that any daily rainfall is an infrequent event and that heavy rainfalls i.e. greater than 
100mm, are likely to occur approximately once every 10 years. This agrees with the IFD data obtained from the BoM 
which has a 24hr 10% annual exceedance probability (AEP) rainfall event as 88mm. 
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Table A.4 Giles frequency of daily rainfall events (1960-2017) 

Rainfall Range (mm) Total % of Total Days 

Days > 0mm 2794 13.19% 

Days > 1mm 1755 8.28% 

Days > 2mm 1368 6.46% 

Days > 5mm 855 4.04% 

Days > 10mm 495 2.34% 

Days > 20mm 210 0.99% 

Days > 30mm 107 0.51% 

Days > 40mm 60 0.28% 

Days > 50mm 37 0.17% 

Days > 100mm 6 0.03% 

Days > 150mm 1 0.005% 

Days > 200mm 1 0.005% 

Figure A.6 Giles frequency of daily rainfall events (1960-2017) 

A.1.4 Catchment details

Using ArcGIS and the DEM topographic data described in Section 3.3, the WMP catchment boundary was defined. 
From the catchment divide, close to Mantamaru (Jameson), to a point about 3 km downstream of WMP, the total 
catchment area is calculated to be approximately 443.26 km2. For implementation into XP-RAFTS® this area was 
sub-divided into 30 sub-catchments ranging in area from 5.14 km2 to 33.89 km2.  

For each sub catchment, the steepness of the terrain was represented by calculating the equal-area slope of the 
main streamline from the catchment divide to the outlet. As expected for this type of terrain, equal-area slopes 
are generally flat, ranging from 0.1% to 1.1% (mostly less than 0.5%).  
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As the catchment is sparsely vegetated and almost entirely undeveloped, the impervious percentage, i.e. the 
percentage of the catchment surface that is completely impervious, was uniformly set to zero. Catchment 
roughness, expressed via the Manning’s roughness coefficient, was slightly more difficult to quantify with 
precision as it is highly dependent on vegetation cover and this varies with the proximity to water sources, recent 
rainfall and the presence of exposed rock/calcrete. Therefore, a catchment wide composite coefficient of n = 0.06 
was adopted, representing, on average, a mixture of sparsely vegetated and bare surfaces. 
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A.2 Cyclonic Depression track analysis and rainfall estimation
Several of the major rainfall events local to the WMP site appear to be potentially related to the passing of cyclonic 
depressions generated in the Indian Ocean. The paths of the tropical cyclone depressions that have passed within 
200km of the WMP site between 1969 and 2018 are shown in Figure A.8 (source: BoM. 2018) and the paths of the 
tropical cyclone depressions that have passed within 100km of the WMP site between 1969 and 2018 are shown in 
Figure A.9 (source: BoM. 2018). The details of these tropical cyclone depressions have been compared against rainfall 
station data and the results are presented in Table A.4.  Pipalyatjara climate station (016099) was eliminated from the 
analysis as the station did not record any rainfall data for the cyclone depressions date ranges.   

Figure A.8 Tropical cyclone depressions path crossing within 200km (location of WMP shown as red square with 
crosshairs) 
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Figure A.9 Tropical cyclone depressions path crossing within 100km (location of WMP shown as red square with 
crosshairs)  

Table A.5 Total estimated rainfall associated with cyclonic depressions (mm) 

Cyclonic 
Depression 

Period Warburton Giles Uluru 
Rangers 

Ayers 
Rock 

Yulara Ernabella 
(Pukatja) 

Ernabella 

Neil 24/2-7/3 1981 0.0 0.0 0.0 

Ken 28/2-6/3 1983 22.8 51.0 21.0 

Lindsay 6/3- 11/3 1985 47.9 6.0 0.0 24.4 

Ilona 12/12-19/12 1988 3.4 83.5 

Gertie 17/12- 24/12 1995 32.6 50.8 51.0 44.0 

Laurence 9/12- 23/12 2009 8.2 36.6 48.2 0.0 39.4 77.6 

The following notes apply to the data presented in Table A.5: 

 A blank cell indicates there are no corresponding rainfall data for the rainfall station corresponding to the
cyclonic depression event

 The rainfall data for Giles show a maximum daily rainfall value of 217.2 mm, which occurred on the 22 February
1974. This record does not correspond to any cyclonic depression event, and the rainfall event lasted for five
consecutive days with a total of 284.8 mm rainfall - this event total is more than double the largest rainfall total
generated by the analysed cyclonic depression events



Appendix A Hydrological modelling 

 51 
WM-5100-WTR-REP-0002-4.docx  

 Using the BoM IFD data, the Giles 24-hour rainfall event of 217 mm corresponds to the rainfall intensity of a 24hr 
duration 0.5% AEP rainfall event, whereas the largest recorded cyclonic depression event of 140.2 mm 
represents a 4% AEP event 

 Some of the cyclonic depression rainfall events result in small amounts of rainfall in the broader WMP region and 
appear to be limited by distance from the main path, and typically represent what is expected to be a 10% to 
20% AEP events 

 Rain events with a greater than 2% AEP rainfall are unlikely to be directly related to cyclonic depression rainfall 
events 

 The larger rainfall events are likely to be related to monsoonal events being drawn down from the tropics and by 
low-pressure systems in the Great Australian Bight. 
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A.3 IFD data
BoM Intensity Frequency Duration (IFD) design rainfall data has been downloaded from the BoM 2016 Rainfall IFD 
Data System (BoM. 2016) for the WMP location (-26.43S, 128.18E) are shown in Tables A.6 and A.7. 

 Table A.6 WMP BoM design rainfall intensity (mm/hr) 

Duration (hours) 
AEP 

20% 10% 5% 2% 1% 

12 4.37 5.57 6.86 8.7 10.2 

24 2.79 3.57 4.41 5.59 6.57 

36 2.13 2.73 3.39 4.29 5.04 

48 1.74 2.24 2.78 3.53 4.15 

72 1.28 1.66 2.07 2.62 3.08 

96 1.01 1.31 1.64 2.08 2.45 

120 0.827 1.08 1.35 1.72 2.02 

144 0.696 0.909 1.14 1.45 1.7 

168 0.597 0.781 0.98 1.24 1.46 

Table A.7 WMP BoM rare design rainfall intensity (mm/hr) 

Duration (hours) 
AEP 

1% 0.5% 0.2% 0.1% 0.05% 

24 6.57 7.55 9.06 10.3 11.7 

48 4.15 4.81 5.77 6.58 7.45 

72 3.08 3.59 4.32 4.92 5.59 

96 2.45 2.85 3.44 3.92 4.46 
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A.4 Estimation of initial and continuing rainfall losses 
The AR&R Data Hub does not produce Storm Initial Losses or Storm Continuing Losses estimates for arid and semi-arid 
regions of central Australia.  In in the absence of creek flows to calibrate these parameters for a hydrological model a 
survey of other arid locations around Australia has been undertaken to provide indicative values.  The results 
presented in Table A.8 suggest Initial Losses can be expected to be greater than 80 mm and Continuing Losses close to 
3 mm/h. 

Table A.8 Losses location survey  

Location Initial Losses (mm) Continuing Losses (mm/h) 

Gawler, SA 30 2.7 

Geraldton, WA 45 3 

Broome, WA 31 2.9 

Mt Isa, QLD 55 6 

Charleville, QLD 80 3 

 

A sensitivity analysis was undertaken using the West Musgrave 0.1 AEP% 72hr rainfall XP-RAFTS® hydrological model, 
using temporal pattern 3, see section A5.1 for details of this model. The Continuing Losses have been set to 3 mm/h 
and Initial Losses have been varied from 50 to 100 mm.  The resulting variation in total flow is shown in Figure A.11, 
showing there is a linear relationship between the Initial Losses value and resulting flow rates, where an approximate 
38.5 m3/s reduction in flow rate occurs for every additional mm of Initial Losses. 

 

 

Figure A.11 Initial losses variation sensitivity analysis 

The estimated values of Continuing Losses of 3 mm/hr and Initial Losses of 100mm have been selected to be used as 
input parameters for the XP-RAFTS® hydrological models as detailed in section A1. 
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A.5 Critical Duration and Design Temporal Pattern Selection 
The distribution of rainfall during a storm event is referred to as a temporal pattern. Each storm will have its own 
unique pattern, whereas design event storms use prescribed sets of patterns, which in theory share similar 
distribution characteristics to the real events from which they are ultimately derived.  In the 2019 version of 
Australian Rainfall and Runoff Guideline, there is now a group of ten temporal patterns for each storm duration and 
AEP combination, referred to as an “ensemble”. In developing design runoff hydrographs, the recommended guidance 
is to run each of the ten ensemble patterns through the hydrological model and then select a representative pattern 
that matches the flood risk profile of the project. 

The areal temporal patterns have been selected as the total catchment area of 445 km2 exceeds the lower limit of 
100 km2.  The areal temporal patterns are broken by the total area of the catchment, and 500 km2 area temporal 
patterns were selected. 

As recommended in the AR&R16 guidelines for an ungauged catchment, for each of the five selected rainfall intensity 
events (0.1% AEP, 1% AEP, 2% AEP, 5% AEP and 10% AEP), each of the 10 temporal patterns in the ensemble were 
simulated using the XP-RAFTS® hydrological model. The peak flow rate of the total flow hydrograph for each model 
run was collected and the temporal pattern that produced the median flow rate value (i.e. the 6th ranked pattern of 
the ten in the ensemble) was then select.  

The details of this selection process are detailed in sections A5.1 to A5.5 and the final selection results are shown in 
section 5.6. 

A.5.1 0.1% AEP critical duration 
For each of the ten temporal patterns, rainfall events of duration 24hr, 48hr and 72hrs have been simulated in 
XP-RAFTS® hydrological model with the goal of identifying the critical duration for the catchment, which is the 
duration of the median ranked temporal pattern that produces the highest peak discharge. The peak hydrograph flow 
rates for each of the 30 simulations are shown in Figure A.12. The temporal pattern/duration corresponding to the 
highest flow of the 6th largest flow rate was selected. 

 

 

Figure A.12 0.1% AEP temporal pattern results 
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A.5.2 1% AEP critical duration 
For each of the ten temporal patterns, rainfall events of duration 24hr, 48hr and 72hrs have been simulated in the 
XP-RAFTS® hydrological model with the goal of identifying the critical duration for the catchment, which is the 
duration of the median ranked temporal pattern that produces the highest peak discharge. The peak hydrograph flow 
rates for each of the 30 simulations are shown in Figure A.13. The temporal pattern/duration corresponding to the 
highest flow of the 6th largest flow rate was selected. 

 

Figure A.13 1% AEP Temporal Pattern Results 

A.5.3 2% AEP critical duration 
For each of the ten temporal patterns, rainfall events of duration 12hr, 24hr, 48hr and 72hrs have been simulated in 
the XP-RAFTS® hydrological model with the goal of identifying the critical duration for the catchment, which is the 
duration of the median ranked temporal pattern that produces the highest peak discharge. The peak hydrograph flow 
rates for each of the 40 simulations are shown in Figure A.14. The temporal pattern/duration corresponding to the 
highest flow of the 6th largest flow rate was selected.  
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Figure A.14 2% AEP Temporal Pattern Results  

A.5.4 5% AEP critical duration 
For each of the ten temporal patterns, rainfall events of duration 24hr, 48hr and 72hrs have been simulated in XP-
RAFTS® hydrological model with the goal of identifying the critical duration for the catchment, which is the duration of 
the median ranked temporal pattern that produces the highest peak discharge. The peak hydrograph flow rates for 
each of the 30 simulations are shown in Figure A.15. The temporal pattern/duration corresponding to the highest flow  
of the 6th largest flow rate was selected.  

 

Figure A.15 5% AEP Temporal Pattern Results 

A.5.5 10% AEP critical duration 
For each of the ten temporal patterns, rainfall events of duration 24hr, 48hr and 72hrs have been simulated in the 
XP-RAFTS® hydrological model with the goal of identifying the critical duration for the catchment, which is the 
duration of the median ranked temporal pattern that produces the highest peak discharge. The peak hydrograph flow 
rates for each of the 30 simulations are shown in Figure A.16. The temporal pattern/duration corresponding to the 
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highest flow rate of the 8th largest flow rate was selected due to there being 5 temporal patterns that produce zero 
flow rates. 

There are five temporal patterns that produce no runoff therefore the results of the subsequent 10% AEP hydraulic 
modelling results need to be treated with caution as they are very sensitive to the selected rainfall temporal pattern.  

 

Figure A.16 10% AEP Temporal Pattern Results 
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A.5.6  Selection of Design Temporal Pattern 
The resulting selection of storm critical duration and design temporal pattern for each rainfall event is shown in 
Table A.9. The temporal pattern information is the order id of the median hydrograph peak and the BoM unique 
temporal pattern ID. 

Table A.9 Temporal patterns and rainfall event duration selection results 

AEP (%) Duration Pattern Area (km2) Design Temporal Pattern 
(Ensemble Order – Pattern ID)  

0.1 24 hrs 
1440 mins 

500 

(4) – 2877  

1 24 hrs 
1440 mins 

(10) – 2883 

2 48 hrs 
2880 mins 

(10) – 3063 

5 48 hrs 
2880 mins 

(5) – 3058 

10 72 hrs 
4320mins 

(10) – 3153 

 

The resulting hydrographs for the selected storm critical durations and design temporal patterns, shown in 
Figure A.17, was used in the hydraulic model for the corresponding rainfall event. The 10% AEP hydrograph is difficult 
to see on the Figure as the flows are very close to zero. 

 

Figure A.17 XP-RAFTS® Rainfall Event Hydrographs 
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A.6 Observation of the 3 January 2020 rainfall event 
On 3 January 2020, a rainfall event was recorded near the Project site. Figure A.18 shows the recorded cumulative 
rainfall, based on the 10 minutes interval records. The event recorded nearly 80 mm rainfall within 2 hours and 
118 mm rainfall for the 24 hours period.  

The recorded rainfall has been compared to the Bureau of Meteorology (BoM) point Intensity–Frequency–Duration 
(IFD) near the Project site. The comparison shows the recorded 2 hours short duration rainfall is rarer than 1% AEP 
(between 1% and 0.5% AEP) and the recorded 24 hours rainfall is close to 5% AEP. The hydrologic model indicates the 
critical storm durations for the Project site are between 24 hours (for 0.1% AEP event) and 72 hours (for 10% AEP 
event). Therefore, the 3 January 2020 event at the Project site is likely to be more frequent (or smaller) than 5% AEP 
event.     

 

Figure A.18 Recorded cumulative rainfall of the 3 January 2020 rainfall event 

 

Figure A.19 Probability analysis of the 3 January 2020 rainfall event  
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Figure A.20 shows the observation near the Core Yard in the morning of 4 January 2020, after approximately 80 mm 
rainfall. The observation showed that only very shallow sheet flow. The observation is generally consistent with but 
lower than the model predicated results discussed in Section 3, which shows local ponding but dominant negligible 
surface flow at the Project site. It is possible that the observed January 2020 storm event is a local event near the site 
and there was less rainfall experienced in the upper catchment to the north. The majority of the catchment to the site 
is from the north (see Figure 7) and the actual January 2020 storm event from a regional catchment perspective may 
be smaller than the magnitude estimated using the local recorded rainfall on the site. It is also possible that the 
observation of shallower surface flow was not during the peak of this event. Notwithstanding, the analysis and 
observation at the Project site after the 3 January 2020 rainfall event provides some reassurance of the adopted 
model parameters and the conservative model results . As a result of the difference between the observation and 
model results, additional data collection and refinement of the hydrological and hydraulic model are warranted.  

 

Figure A.20 View of the Core Yard (0542 hours 4 January 2020) 
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