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Environmental and Approvals Manager – West Musgrave 
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2 Hamra Drive 
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Dear Justin, 

RE: West Musgrave Project pre-feasibility study – Surface water effects assessment report 

This report presents details of the West Musgrave Project surface water effects assessment, which assesses the 
potential exposure of environmental values to changes in the surface water regime as a result of mine development 
and operations. The resulting potential impacts (i.e. significance of effects) are assessed separately in the 
environmental risk assessment (part of the Referral). The effects assessment acknowledges the considerations and 
requirements of the WA Environmental Protection Authority Environmental Factor Guideline for Inland Waters.  The 
effects assessment utilises the National Water Commission (NWC) framework to structure the report in a logical 
manner that addresses local and cumulative effects of mining on environmental values via a source-pathway-receptor 
approach.  

The significance of potential effects that have been identified in this report are assessed separately in the 
environmental risk assessment (part of the Referral to the EPA under Section 38 of the EP Act).  

We trust the report meets your expectations.  If you have any questions, please do not hesitate to call. 

Sincerely, 

 

Amy Aird 
Project Hydrogeologist – Project Manager 
 
p. +61 433 308 327 
e. airda@cdmsmith.com 
 

Russell Merz 
Managing Principal - Water 
 
p. +61 400 796 405 
e. merzrd@cdmsmith.com 
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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 an assessment of potential effects that may be caused by development activities associated with 
mine construction, operation and closure, and post closure, which will inform the Referral to the EPA under Section 38 
of the EP Act. The effects assessment has also provided a basis from which to design the layout of site infrastructure 
such that unacceptable impacts on the surface water baseline and environmental values are removed or mitigated. 
Examples of superseded project design elements not considered feasible in terms of maintenance of environmental 
values include bunding of the upstream infrastructure boundary to exclude surface water discharge through the site 
and allowing a pit lake to form in the Nebo pit after closure. 

The effects assessment has been prepared in accordance with contemporary guidance of the WA Environmental 
Protection Authority, specifically Environmental Factor Guideline for Inland Waters, which has the objective of 
maintaining hydrological regimes and quality of surface water (and groundwater) so that environmental values 
(ecosystem health condition and beneficial use) are protected.  

Environmental values identified for the Project area include: 

 Ecosystem health – troglofauna and terrestrial vegetation 

 Beneficial use – none identified due to the absence of permanent or ephemeral surface water features in the 
landscape 

Troglofauna have been identified as having no significant cultural value, whilst vegetation potentially has cultural 
value depending on species and proximity to dreaming trails.  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. 

Direct effects assessment 
Direct effects are changes to physical and/or quality aspects of water resources or the changes to the physical 
characteristics of surface water systems that arise from mine related water affecting activities.  Four types of surface 
water direct effects have been considered – altered quantity, altered quality, catchment disruption and altered 
interactions with groundwater.  Mine related water affecting activities having the potential to cause direct effects 
include: 

 Mine excavation  Mine dewatering  Pit voids after closure  Water supply 

 Mineral processing  Waste landforms  Hazardous goods  Camp waste 

 Engineered surfaces  Stormwater control   

 

  



N 

• 
w◄O►•

' 
s 

I/) 
co 
'St'. 

"' 
0 
"' 

lf\ ,__. 
lf\ 

0 1 2 3 4 5km 

Date: 24/01/2020 
Drawn: BC 

V, 
0 
0 

I 
I 
I 
I 
I 
I 
I 
I 
'

I 
I 

I 
I 

/ 
----✓ 

/f _A_ir
_,,__,--..,,.. 

/ 
I 

I 
I\ 

il"SF. 

-
- / 

------------------✓ 

/ 

Legend Proposed infrastructure 

0 Places 
Road Network 
Northern access road 
Sm contour 

,--1 Hydraulic model extent ._ __ J 

□ Babel and Nebo pits
Airstrip and village
Mining landforms
Internal roads
Construction yard
Processing plant area
Topsoil
Windfarm and solar farm 

- Bunds 

lf\ 

'o 

V, 
w 

V, 

..........
.....

................ 
,,,,,,., ............ 

.;"' I 

\ ,; 
I 

_.,,,,, 

Figure ES.1
Location of proposed mine 

infrastructure on topography

CDMthSml 



Executive summary 

 v 
WM-5100-ENV-REP-0006-2.docx  

Figure ES.1 presents a locality plan for proposed mine infrastructure.  In terms of direct effects, the following presents 
a summary of key outcomes: 

 Surface water quantity  

– Increased peak flood depths  

 Upstream of the airstrip bund and tailings storage facility 

 East of run of mine pad and mineral processing plant, in the centre of the site 

 Around the east and west perimeters 

– No change to peak flood depths around the proposed solar and wind farms  

– Elimination of flood flows from entering the mine and MPP infrastructure area 

 Surface water quality 

– Surface water moving onto and off the development envelope is unlikely to change significantly where the 
following management outcomes are addressed 

– Sediment loads carried by any rainfall runoff events may increase during construction, and erosion 
protection will need to be considered for waste landforms, stockpiles and bunds 

– Waste landform toe seepage will need to be collected and managed appropriately 

 Catchment disruption 

– Diversion of storm flows, as required, around the WMP site should have no significant effect on total flows, 
depths or velocities upstream or downstream of the development envelope 

– Culverts will be required to maintain upstream and downstream catchment connectivity for stormflows  

– Babel pit will be left open following closure with the perimeter bunded but, as runoff events are rare and 
the pit lake will be disconnected from the local catchment, any surface water effects are unlikely to be 
significant  

– Abandonment bunding will be constructed around any remaining low grade stockpiles to protect these 
landforms after closure 

 Surface water and groundwater interactions 

– No permanent of ephemeral surface water bodies occur in the area 

– The potential for altered infiltration rates in areas where reduced inundation occurs due to infrastructure 
placement and flood protection exists, but this will be restricted to the life-of-mine (26 years) 

Environmental value (indirect) effects 
Ten species of troglofauna have been identified from 100 locations across the Project area. In terms of indirect effects 
on troglofauna, the following presents a summary of key outcomes: 

 Surface water quantity  

– Infiltration arising from rainfall events that do not generate runoff is likely to be the primary source of water 
sustaining environmental water requirements  

– Maintenance of baseline rainfall infiltration rates where possible, e.g. outside of Project infrastructure 
areas, is considered important for maintaining troglofauna environmental water requirements, and 
maintenance of baseline runoff regimes following rainfall events that generate runoff is probably less 
important for maintaining EWRs 



Executive summary 

 vi 
WM-5100-ENV-REP-0006-2.docx  

– Water table rise beneath waste landforms, particularly the tailings storage facility, has the potential to 
result in loss of habitat but re-colonisation of habitat can occur once the mound dissipates after mine 
closure 

 Surface water quality 

– Seepage from waste landforms has the potential to impact soil water quality, but hydrogeochemical 
modelling suggests water quality will remain suitable for troglofauna 

 Catchment disruption 

– Diversion of stormwater to protect Project infrastructure has the potential to change baseline infiltration 
rates maintaining the soil water reservoir but, as noted above, maintaining drainage patterns is likely to be 
less important than infiltration arising from the more frequent rainfall events that do not generate runoff 

All plant species will use soil water to meet environmental water requirements. In terms of indirect effects on 
terrestrial vegetation, the following presents a summary of key outcomes: 

 Surface water quantity  

– Infiltration arising from rainfall events that do not generate runoff is likely to be the primary source of water 
sustaining environmental water requirements  

– Maintenance of baseline rainfall infiltration rates where possible, e.g. outside of Project infrastructure 
areas, is considered important for maintaining vegetation environmental water requirements, and 
maintenance of baseline runoff regimes following rainfall events that generate runoff is probably less 
important for maintaining EWRs 

– Water table rise beneath waste landforms, particularly the tailings storage facility, has the potential to 
result in localised water logging of soils which will impact on uncleared vegetation reliant on soil water, but 
re-colonisation of habitat can occur once the mound dissipates after mine closure 

 Surface water quality 

– Seepage from waste landforms has the potential to impact soil water quality, but hydrogeochemical 
modelling suggests water quality will remain suitable for vegetation reliant on soil water 

 Catchment disruption 

– Diversion of stormwater to protect Project infrastructure has the potential to change baseline infiltration 
rates maintaining the soil water reservoir but, as noted above, maintaining drainage patterns is likely to be 
less important than infiltration arising from the more frequent rainfall events that do not generate runoff 

Threat assessment 
The threat assessment brings together the direct effects and EV exposure assessment to provide the basis from which 
to assess consequences (described in the Referral) arising from development activities, including mine related water 
affecting activities.  To adequately assess threats posed to surface water environmental values it is necessary to define 
the threat baseline in terms of inherent threats and the degree to which the existing baseline is stressed by 
anthropological activities: 

 Inherent threats  

– Climate variability means the environmental values are largely adapted to water shortage 

– Anthropological influences on the surface water baseline are not extensive in the Project area, with the 
nearest permanent community being Jameson located some 30 km north of the proposed mine  

 Degree of existing stress on surface water resources 

– The potential for cumulative effects of multiple mine developments on the surface water regime is absent 
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In terms of troglofauna, the following conclusions are drawn from the effects assessment presented in this report: 

 Infrastructure flood protection bunding will have little impact on the soil water reservoir that supports 
troglofauna environmental water requirements 

 The mine and mineral processing plant are possible sources of sediment and contaminants that could impact 
habitat quality, but engineering design will mitigate the threat posed 

 Waste landform seepage could locally saturate part or all of the baseline habitat (vadose zone) and make it un-
inhabitable for troglofauna during mining and for a period of time after mining is completed, and 
hydrogeochemical modelling indicates soil water will remain suitable for troglofauna use outside infrastructure 
footprint areas 

In terms of vegetation,  the following conclusions are drawn from the effects assessment presented in this report: 

– Stormwater control is likely to be less important for sustaining vegetation environmental water 
requirements than infiltration associated with more frequent rainfall events that do not generate runoff, 
indicating vegetation reliant on soil water outside the development envelope and will retain access to soil 
water 

– The greater proportion of the area where less surface water is predicted to be available is within the main 
infrastructure area of the development envelope, where vegetation clearance will be required to allow 
construction activities  

– The mine and mineral processing plant areas are possible sources of sediment and contaminants that could 
impact soil water quality, although the contaminant sources will largely be engineered to control the 
accidental release of contact water to the environment 

These threats likely have a limited period of time over which they pose a risk to troglofauna and vegetation.  With 
rehabilitation of the development envelope at closure the level of threat can be expected to gradually dissipate. 
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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 bores, aquifers, overland flows, and ground elevation 

Annual Exceedance Probability The probability of a rainfall event occurring in any year, expressed as a 
percentage 

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

Bore A hole sunk into the ground and completed for the abstraction of water or for 
observation purposes 

Claypan A dense, compact, slowly permeable layer in the subsoil having a much higher 
clay content than the overlying or underlying 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’ 

Direct effect Change from the baseline condition (e.g. altered surface water quantity, 
altered surface water quality, altered interaction with groundwater, 
catchment disruption) 

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 

Effect See direct effect or indirect effect 

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 

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 sum of evaporation and transpiration, see also ‘Evaporation’ and 
‘Transpiration’; 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 (AEP) 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 
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Groundwater recharge Inflow of water to a groundwater reservoir from the surface, infiltration of 
precipitation and its movement to the water table is one form of natural 
recharge, also the volume of water added by this process 

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

Impact Adverse effect to an EV 

Indirect effect Environmental Value response to changed surface water resource condition 
(direct effect)  

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 host 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, considered to be distinct from 
terrestrial vegetation  

Riparian zone Riparian zones border creeks, rivers, lakes, wetlands or other bodies of water, 
often there is close interaction between surface water and groundwater 
within riparian zones 

Runoff The part of the water cycle that flows over land as surface water instead of 
being absorbed into groundwater or evaporating 

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 

Seepage (i) The slow movement of water through small cracks, pores, interstices, etc., 
of a material into or out of a body of surface or subsurface water (ii) The loss 
of water by infiltration into the soil from a canal, ditches, laterals, 
watercourse, reservoir, storage facilities, or other body of water, or from a 
field, (iii) a source of water at the ground surface supplied by groundwater 
discharge 

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

Soil water Water (vapor, liquid or solid) in the vadose zone that is available to growing 
plants, see also ‘Available soil water holding capacity’ 
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Soil water reservoir The total amount of water that is stored in the soil and can be accessed by a 
plant’s root zone 

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 Process by which water that is absorbed by plants, usually through the roots, 
is evaporated into the atmosphere from the plant surface, such as leaf pores. 
See ‘ Evaporation’. 

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

Unsaturated zone The zone immediately below the land surface where the pores contain both 
water and air, but are not totally saturated with water, these zones differ 
from an aquifer, where the pores are saturated with water 

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 

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.   

Weathered Worn, disintegrated, or changed in colour or composition, by the action of the 
elements 

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

Zone of saturation The pores of soil or rock are saturated with water 

 

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 
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EC Electrical conductivity 

EPA Western Australian Environmental Protection Authority 

EWR Environmental water requirement  

JV Joint venture 

LOM Life of Mine 

LOR Laboratory level of reporting 

OZL OZ Minerals Limited / OZ Minerals Exploration Pty Ltd 

PFS Prefeasibility studies 

SILO Scientific information for landowners 

TSF Tailings storage facility 

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 

m3/d Cubic 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 
(approximately 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 (LoM year -1 to yr 25) 

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

 Dewatering of pits via dewatering bores and in-pit sumps 

 A water demand of around 7.4 GL/yr to meet construction and operational demands 
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– Construction demand of up to 2 ML/d (OZL Ref. WM-5100-WTR-REP-0019) will be met by abstractions from 
the Nebo pit (refer Figure 2) dewatering borefield  

– 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 during mine and processing operations  

 Backfilling of Nebo at mine closure with waste rock or tailings 

 Capping and rehabilitation of landforms at mine closure 

 Formation of a pit lake within Babel pit following mine closure  

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

The project has been designed with consideration to findings of the baseline and effects assessments (OZL ref. WM-
5100-WTR-REP-0002 and this report) related to maintenance of environmental values. Examples of superseded 
project design elements that are not considered feasible in terms of maintenance of environmental values include 
bunding of the upstream infrastructure boundary to exclude surface water discharge through the site (due to likely 
impact on downstream terrestrial ecosystems water requirements), and allowing a pit lake to form in Nebo pit after 
closure (due to ongoing evaporative losses). 

The intended project design is presented in Figure 2. 

 

Figure 2 WMP layout (source: OZL) 
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1.3 Purpose and objective 
An important component of development of the proposed mine is understanding the associated direct effects on the 
baseline hydrological (surface water) regime and the indirect effects this may cause to environmental values (EVs). 
This report presents an assessment of effects (direct and indirect) caused by development activities associated with 
mine construction, operation and closure, and post closure that will provide the basis for the environmental risk 
assessment, which will inform the Referral to the EPA under Section 38 of the EP Act (the ‘Referral’). This effects 
assessment will also provide a basis from which to design the layout of site infrastructure (including the mineral 
processing plant (MPP), water storages, waste management facilities (tailings and waste rock), as well as the mine 
village and airfield) and management of mine water.  

This report will be updated following any material changes to surface water effects. 

1.4 Relevant legislation 
This report has been prepared in accordance with contemporary guidance of the WA Environmental Protection 
Authority (EPA), specifically Environmental Factor Guideline for Inland Waters, 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), as well as regulatory policy under the Mining 
Act and Rights in Water and Irrigation Act. 

The objective of the Environmental Factor Guideline for Inland Waters is ‘to maintain the hydrological regimes and 
quality of groundwater and surface water so that EVs are protected’. An EV is considered by the EPA as an ecosystem 
health condition or a beneficial use. The guidelines provide a reference for how Inland Waters should be considered in 
assessment of impacts (i.e. adverse outcomes, or adverse ‘effects’). 

1.5 Surface water effects assessment 

1.5.1 Background 
The National Water Commission (NWC) mining risk framework (Howe, 2011) has been adopted to provide structure 
for the surface water effects assessment.  The approach proposed by the NWC framework is consistent with the EPA 
(2018) guidelines for Inland Waters as shown (see Figure 3). The framework incorporates seven steps, the first five of 
which are addressed by this report: 

 Step 1 involves setting the context for assessing potential water-related effects arising from a proposed mining 
operation. 

 Step 2 involves the setting of management objectives. The project context is described in the surface water 
baseline assessment (OZL ref. WM-5100-WTR-REP-0002). Preliminary management objectives are presented in 
Section 3.2. 

 Steps 3 to 4 provide the source-pathway-receptor analysis for the effects assessment.  Step 3 considers the direct 
surface water effects linked to mine water affecting activities (WAAs), with the WAAs forming the ‘source’ 
component and the direct effects (altered water resource condition) forming the ‘pathways’ component.  Step 4 
considers the potential exposure of EVs to direct effects, essentially forming the ‘receptor’ component of the 
analysis. The direct effects assessment is presented in Section 4, and the receptor (EV) exposure assessment is 
presented in Section 5. 
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Figure 3 Flowchart for assessing the effects of mining on water resources (Fuentes et al. 2014) 
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 Step 5 brings together the outcomes of Steps 3 and 4 to complete the effects assessment and involves identifying 
threats posed to EVs identified as being at risk from mine water affecting activities (noting that for an effect to 
occur to an EV, an exposure pathway must exist between a WAA and the EV).  Threat assessment is central to the 
typical environmental approvals process (Moran et al, 2010), serving to assess the actual consequences arising 
from WAAS - not just in terms of direct effects (altered water resource condition) but more importantly in terms 
of possible EV response (such as loss of biodiversity or reduced water access for other users and engagement 
with stakeholders).  

 Step 6 (risk characterisation) involves making an informed decision as to the potential for adverse effects to arise 
to EVs as a result of mine development, and is where the task of communicating risk management strategies to 
stakeholders commences. The nature of water resources does not always lend complete certainty to risk 
characterisation in regard to understanding the way the system works and how it will respond to WAAs. This risk 
communication is presented in subsequent reports, and is not addressed by this effects assessment report. 

 Monitoring activities occurring during and following mine commissioning that are supported by data evaluation 
and analysis (Step 7) is a fundamental component of any effects assessment process, i.e. the assessment of risk 
posed to an EV is ongoing during mining and for some time after closure. If necessary, based on the monitoring 
and evaluation program, it may be that management objectives need to change, or the effects assessment needs 
to be revisited during the life of the mine. 

1.5.2 Regulator assessment requirements 
Table 1  presents an overview of the ‘considerations’ for assessment of impacts outlined in the EPA Inland Waters 
factor and Western Australian Department of Mining, Industry Regulation and Safety (DMIRS) Statutory Guidance for 
Mining Proposals (DMIRS, 2020).  The table also provides references to the framework step and supporting 
information provided in relevant OZL reports or sections of this report. Table 2 provides references to locations for all 
‘information required for an EIA’, according to the Inland Waters guideline.  

Table 1 EPA Inland Waters guideline and DMIRS Environmental Objectives Policy - Considerations for 
Environmental Impact Assessment 

EPA guideline considerations Effects assessment 
step [1] 

OZL report reference 

Current state of knowledge of inland waters of the State Step 1 • Surface water 
baseline report[2] 

• Summary provided in 
Section 3 of this 
report 

Baseline hydrological regime and quality, at the proposal or scheme site, 
and downstream and/or the surrounding water resource 

Step 1 • Surface water 
baseline report[2] 

• Summary provided in 
Section 3 of this 
report 

Pathways through which the hydrological regime and water quality may 
be impacted 

Step 3 and Step 4 • Summary provided in 
Section 4 and Section 
5 of this report 

Water dependent environmental values which are potentially impacted Step 5 • Surface water 
baseline report[2] 

• Section 5 of this 
report 
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EPA guideline considerations Effects assessment 
step [1] 

OZL report reference 

Significance of the potential impacts on the dependent environmental 
values in the context of location, regional cumulative impacts, climate, 
and other relevant issues discussed in this guideline 

Step 2 and Step 6 • Section 3.2 of this 
report 

• Environmental risk 
assessment (included 
in the Referral) 

Whether the impacts to the hydrological regime or water quality are 
considered in the context of any published water quality criteria or 
standards, or appropriate criteria or standards are developed 

Step 6 and Step 7 • Surface water 
baseline report[2] 

• Environmental risk 
assessment (included 
in the Referral) 

Whether all analyses are undertaken to a standard consistent with 
recognised published guidance and appropriate accreditation 

n/a • This report 

• Surface water 
baseline report[2] 

• Hydrogeochemistry 
report[3] 

Application of the mitigation hierarchy to avoid and minimise impacts to 
inland waters, where possible 

Step 2 and Step 7 • The Referral 

Level of confidence in predicting the residual environmental impacts Step 6 • Environmental risk 
assessment (included 
in the Referral) 

Risk to environmental values should the predictions be incorrect and 
whether adequate contingency measures have been considered 

Step 6 and Step 7 • Environmental risk 
assessment (included 
in the Referral) 

Whether proposed mitigation and contingency measures are technically 
and practically feasible 

Step 7 • The Referral 

DMIRS guideline considerations Effects assessment 
step1 

OZL report reference 

Mining activities are designed, operated, closed, decommissioned and 
rehabilitated in an ecologically sustainable manner 

Steps 1 through 7 • This report 

• Environmental risk 
assessment (included 
in the Referral) 

Notes:  1. As per Figure 3 
2. Surface water baseline report, OZL ref. WM-5100-ENV-REP-0002 
3. Hydrogeochemistry report, OZL ref. WM-5100-ENV-REP-0008 
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Table 2 EPA Inland Waters guideline - Information required for EIA 

Information required OZL report reference 

Description of studies and surveys of surface water and/or 
groundwater systems and proposed buffers 

• Surface water baseline report[1] 

• Groundwater baseline report[2] 

• Buffers not applicable, as no wetlands or waterways are 
present 

Characterisation of the surface water and/or groundwater 
systems, including climatic influences on water availability 
and, where relevant, location, hydrology, water quality, 
catchment boundaries, geology, hydrogeology, and 
connectivity, locally and regionally 

• Surface water baseline report[1] 

• Groundwater baseline report[2] 

Description of the environmental values of the surface or 
groundwater systems 

• Surface water baseline report[1] 

• Groundwater baseline report[2] 

Information on the water to be used in the proposal or 
scheme, and other current and potential water use in the area 

• Surface water baseline report[1] 

• Groundwater baseline report[2] 

Description of how excess water is to be disposed of and how 
this might impact the environment 

• No excess water planned 

• Discussed in section 4.1 of this report.  

• Site Wide Water Balance report[3] 

Characterisation of the waste generated, the pathways for 
potential contamination, and quantification of how the 
proposal or scheme will impact water quality, where 
necessary through the use of models 

• Hydrogeochemistry study report[4] 

• Summary provided in section 4.3 of this report and 
groundwater effects report[5] 

Modelling the impact of water abstraction and use for the 
proposal or scheme on water regimes and other users, 
including the assumptions and uncertainties of the modelling 
and supporting data 

• Groundwater flow modelling report[6] 

• Summary provided in section 4.3 of this report 

Predictions of the changes to surface and groundwater water 
regimes as a result of the proposal or scheme 

• Groundwater flow modelling report[6] 

• Groundwater effects report[5] 

• Summary provided in section 4.3 of this report 

The potential consequences of any hydrological or water 
quality changes on downstream waters such as estuaries or 
the marine environment 

• Hydrogeochemistry study report[4] 

• Groundwater effects report[5] 

• Summary provided in section 4.3 of this report 

Predictions of the likely impacts of water use and changing 
water quality on water dependent ecosystems and other 
environmental values 

• Hydrogeochemistry study report[4] 

• Groundwater effects report[5] 

• Summary provided in section 4.3 of this report 

Evaluation of the significance of the potential impacts (direct, 
indirect and cumulative) of the proposal or scheme on inland 
waters in a local and regional context 

• The Referral 

Description of the approach to maintaining well integrity for 
wells which intercept multiple aquifers 

• The Referral 

• Also discussed in section 4.1 of this report. 

Description of monitoring, mitigation, management, closure 
and rehabilitation arrangements 

• The Referral 

Information on the predicted outcome of the proposal or 
scheme against the environmental objective for inland waters 
and discuss whether there is likely to be a significant residual 
impact 

• The Referral 
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Information required OZL report reference 

Description of the adaptive management and/or contingency 
planning in the instance that predictions are incorrect. 

• The Referral 

Notes:  1. Surface water baseline report, OZL ref. WM-5100-ENV-REP-0002 
2. Groundwater baseline report, OZL ref. WM-5100-ENV-REP-0003 
3. Site Wide Water Balance report, OZL ref. WM-5100-WTR-REP-0019 
4. Hydrogeochemistry report, OZL ref. WM-5100-ENV-REP-0008 
5. Groundwater effects report, OZL ref. WM-5100-WTR-REP-0007 
6. Groundwater flow modelling report, OZL ref. WM-5100-WTR-REP-0034 
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Section 2 Supporting data and information 
The key water-related documents prepared for the Project that support this effects assessment are:  

The following sources of information and data have been relied upon to prepare this report: 

 West Musgrave Project Pre-feasibility Study –Surface water baseline report (CDM Smith, 2020, OZL ref. WM-
5100-WTR-REP-0003) 

 West Musgrave Project Pre-feasibility Study –Groundwater baseline assessment report (CDM Smith, 2020, OZL 
ref. WM-5100-ENV-REP-0003) 

 West Musgrave Project (10 Mtpa) Pre-feasibility Study –Groundwater flow modelling (CDM Smith, 2020, OZL ref. 
WM-5100-WTR-REP-0034) 

 West Musgrave Project Pre-feasibility Study – Site Wide Water Balance (CDM Smith, 2020, OZL ref. WM-5100-
WTR-REP-0019) 

 West Musgrave Project Pre-feasibility Study - Hydrogeochemical assessment (CDM Smith, 2020, OZL ref.WM-
5100-ENV-REP-0008. Prepared for OZ Minerals by CDM Smith 

 West Musgrave Project Mine Plan December 2019 (OZ Minerals, 2019) 

Additional sources of information and data relied upon to prepare this report are provided in Section 7.  
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Section 3 Context setting 

3.1 Physical setting 
Details of the physical environment of the Project area are presented in the surface water baseline report (OZL ref. 
WM-5100-WTR-REP-0002).  

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. 

3.2 Management objectives 
As per EPA guidance for Inland Waters (EPA, 2018) and DMIRS guidance (DMIRS, 2020), the key objective for Project 
surface water management is as follows: 

 Maintain the hydrological regimes and quality of groundwater and surface water so that environmental values 
are protected 

EVs are defined in EPA (2018) as water dependent ecosystems, amenity, cultural values, recreation, public drinking 
water supplies, and agriculture and industry (e.g. mining) use of water.  In broad terms then, the effects assessment 
presented in this report is required to take into account the maintenance of the beneficial use of water resources, and 
the maintenance of ecological services.   

To address the overall objective of Project water management, the EPA requires consideration of the following (EPA, 
2018): 

 Development activities (or mine water affecting activities (WAAs)) that have the potential to alter hydrological 
regimes and impact on water dependent ecosystems and other EVs 

 Waste management approaches to minimise discharge to the environment 

 The effect of water use, land management and waste discharge on water quality, local hydrological regimes and 
EVs supported by inland waters 

3.3 Preliminary identification of environmental values 
Table 3 presents the EVs specified by EPA (2018) that are to be considered by this effects assessment, as well as an 
indication of whether they have been identified (via the baseline studies, refer OZL Ref WM-5100-WTR-REP-0002 and 
WM-5100-WTR-REP-0003) in the Project area. The identified EVs listed in Table 3 that are relevant to the surface 
water effects assessment are discussed further in Section 5. 

Table 3 Preliminary identified surface water related environmental values within the Project area 

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 



Section 3 Context setting 

 11 
WM-5100-ENV-REP-0006-2.docx  

Environmental value1 Details 

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]  
 Stygofauna and troglofauna do not have any cultural value [3] 

Saline lakes, estuaries and near 
shore ecosystems  None identified 

Downstream marine ecosystems  None identified 

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, localised rock holes[2] are disconnected from 
groundwater and supported by surface water run-off from small 
basement outcrops 

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  
  section of the Referral 
   Not identified or not relevant, not considered further in effects assessment 
   Relevant, considered in effects assessment 
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Section 4 Direct effects assessment 

4.1 Overview 
According to the NWC framework (Howe, 2011), direct effects are changes to physical and/or quality aspects of water 
resources or the changes to the physical characteristics of surface water systems, as a consequence of WAAs.  WAAs 
are any activity that have the potential to alter surface water conditions from the baseline, for example, the taking of 
surface water for water supply or constructing bunds to control stormwater flows.  The NWC framework defines four 
categories of direct effects arising from WAAs, and these have been amended for surface water assessments. The 
following adopts the NWC Framework position to be consistent and relevant for surface water (Fuentes et al., 2014):  

 Altered surface water quantity  

 Altered surface water quality  

 Altered surface water – groundwater interactions 

 Physical disruption of catchments 

Table 4 provides the development activities (also referred to as WAAs) outlined in the EPA Inland Waters guidelines 
that have the potential to impact on Inland Waters and the relevance of each to the WMP surface water effects 
assessment. Those relevant to the effects assessment are described in more detail in the following sections.  

Table 4 EPA guideline development activities that have potential to impact on Inland Waters 

EPA guideline development activity (WAAs)  Relevance to WMP 
surface water effects 
assessment 

Justification 

Dewatering of aquifers where there are potential 
impacts to groundwater dependent ecosystems  Considered in groundwater effects assessment 

(OZL ref. WM-5100-ENV-REP-0007). 

Disposal of mine dewater to surface water 
systems, where this may significantly alter the 
hydrology of the streams, with consequent 
impacts to aquatic or riparian ecosystems 

 Water in excess to project needs is not 
anticipated (OZL ref. WM-5100-WTR-REP-0019) 

Additional abstraction of groundwater for 
consumptive uses including water supply and 
agriculture, which impact on groundwater 
dependent ecosystems, connected surface water 
systems and other water values (for example 
where the movement of the seawater interface is 
altered) 

 Considered in groundwater effects assessment 
(OZL ref. WM-5100-ENV-REP-0007). 

Drilling of bores which intercept a number of 
aquifers, without adequate safeguards to prevent 
breaching of natural seals or connecting aquifers 

 Considered in groundwater effects assessment 
(OZL ref. WM-5100-ENV-REP-0007). 

Construction of dams or other water off-takes on 
surface water systems, which significantly affect 
downstream flows, aquatic and riparian 
ecosystems or create barriers to fauna movement  

Capture of contact water for re-use in operation 
will occur (e.g. from stockpiles, processing area 
and waste landforms).  No major surface water 
capture is proposed, in terms of site hydrological 
regime (no significant runoff for the typical 
rainfall event) this issue is unlikely to be 
significant. 
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EPA guideline development activity (WAAs)  Relevance to WMP 
surface water effects 
assessment 

Justification 

Diversion of surface water systems, for example to 
access mineral resources or to divert poor water 
quality away from water supply dams  

Diversion bunds will be used to divert water 
around mine surfaces and infrastructure to 
reduce the potential for contact water 
generation, but stormwater will be allowed to 
discharge through the site. 

Construction or significant modification to 
drainage systems which intercept groundwater 
and have consequent impacts for dependent 
ecosystems, including those where drainage water 
is discharged 

 Interaction of groundwater and surface water 
does not occur in the Project area. 

Direct discharge of waste to surface water systems  Not proposed. 

Discharge of waste to groundwater aquifers via 
infiltration or aquifer injection  Considered in groundwater effects assessment 

(OZL ref. WM-5100-ENV-REP-0007). 

Discharge of waste to storage or evaporative 
basins, where there is potential for overflow or 
leakage  

Although processing waste will be discharged to 
the TSF, sufficient embankments will be 
constructed to provide safeguards for overflow. 
Potential for seepage from waste landforms is 
considered (OZL ref. WM-5100-ENV-REP-0008). 

Dewatering discharges where the water quality 
(temperature, heavy metals, carbonates) is a 
concern  

Dewatering waters will be used as a priority for 
mine and process supply (OZL ref.WM-5100-
WTR-REP-0019). Discharges to the environment 
are not proposed. 

New or changed land uses which lead to offsite 
discharge of wastes, such as nutrient generating 
activities on low nutrient retentive soils  

Surface water management and waste 
landforms may increase sediment load in runoff. 
Wastewater treatment plant (WWTP) will treat 
sewage.  

Irrigated agriculture – salinisation and/or 
contamination by pesticides/herbicides  Not proposed. 

The creation of pit lakes after the completion of 
mining 

 

Nebo pit will be backfilled to prevent formation 
of a lake.  Babel pit will not be backfilled. 
Addressed in this report and OZL ref. WM-5100-
ENV-REP-0008. 

Any activity which alters the land surface or 
dewaters aquifers and exposes acid sulfate soils or 
creates acid rock drainage 

 Addressed in this report and OZL ref. WM-5100-
ENV-REP-0008. 

Any drainage construction directly impacting on 
wetlands or waterways or which leads to the 
discharge of drainage water to wetlands or 
waterways 

 No wetlands or defined waterways 

Any activity that would impact water quality or 
quantity on water dependent ecosystems, for 
example where vegetation clearing could lead to 
erosion or sedimentation and increased turbidity 
in wetlands and waterways 

 

Addressed in this report (surface water 
dependent ecosystems) and the groundwater 
effects assessment (OZL ref. WM-5100-WTR-
REP-0007). 
Will be considered in the Referral. 

The creation of a road or urban related 
infrastructure that may result in the filling of a 
wetland, clearing of wetland vegetation or 
alteration of the drainage into or from a wetland. 

 No wetlands or defined waterways. 

 Not relevant, not considered in effects assessment  
 Relevant, not considered further based on justification provided 



Section 4 Direct effects assessment 

 14 
WM-5100-ENV-REP-0006-2.docx  

 Relevant, considered in effects assessment 

4.2 Mining related surface water affecting activities  

4.2.1 Overview 
Mining related (surface)water affecting activities, or WAAs, are those development activities having the potential to 
interact with surface water and alter surface water conditions from the baseline. The following provides a description 
of each element of the proposed (conceptual) development.  Figure 2 presents the location of related infrastructure 
(current as at 6 December 2019).     

4.2.2 Mine excavation 
Mining will take place in two open cut mine pits (Figure 2): 

 Babel pit 

– Located on the southwest side of the WMP site, intersecting shallow cover and basement 

– Comprises two sub-pits  

 Nebo pit 

– Located on the east side of the WMP site, intersecting palaeovalley sediments and basement 

Figure 4 presents the December 2019 LoM plan and schedule. 

 

Figure 4 Life of mine plan and schedule 

4.2.3 Mine dewatering 
The life-of-mine (LOM) for the WMP is approximately 27 years (active mining over LoM years -1 to 25, and processing 
over LoM years 1 to 26), as shown on Figure 4. Over this time-frame, groundwater (and surface water) management 
will be required to allow safe and dry mining conditions via in-pit and ex-pit dewatering bores and in-pit sumps. 

4.2.4 Mine pit(s) at closure 
The final pit void at Babel will remain open past closure, and a pit lake will ultimately form. Nebo pit will be backfilled 
to at least the pre-mine water table elevation, meaning that evaporation from an open water body will not govern 
water table recovery at Nebo.  
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4.2.5 Mine and process water supply 
The primary water supply for the WMP will be mine dewatering (sumps and bores) with the supplementary supply 
provided by abstractions from the water supply borefield – the Northern Borefield.  The borefield(s) will comprise of 
bore headworks, diesel-electric (solar) gensets, access roads and pipelines (collectors and main trunk), which have the 
potential to interact with surface water.  

4.2.6 Mineral processing plant 
The MPP is located centrally on the proposed mining lease, sitting immediately northeast of Babel pit and west of the 
ROM pads.  The MPP has a footprint of approximately 20 ha. 

4.2.7 Potential contaminant sources 

Tailings, waste rock and stockpiles 

The WMP will comprise the following waste landforms (refer Figure 5): 

 A single TSF  

– Either a lined or unlined facility 

– Located upstream of Babel pit, over relatively low permeability basement  

– Forms a potential source of seepage to the underlying water table 

 Three waste rock dumps (WRDs) 

– One to the southeast of Babel, one to the north of Babel and one to the north of Nebo 

– Form potential sources of seepage to the underlying water table 

Hydrogeochemical modelling of the fate and transport of constituents in seepage that might emanate from mine 
waste landforms (TSF and WRDs; OZL ref.WM-5100-ENV-REP-0008) has found that: 

 Less than 10% of waste rock and ore is characterised as PAF 

 The materials stored in the TSF are expected to demonstrate low reactivity and potential to form acidic (or 
hazardous) metalliferous drainage (AMD) but may generate neutral mine drainage (NMD) if a wet tails storage 
approach is adopted (MBS, 2020a) 

 PAF materials stored in the WRDs will be encapsulated to mitigate AMD 

 The waste landforms will be capped and rehabilitated at mine closure to mitigate ongoing effects associated with 
possible seepage and stability, and will continue to locally interrupt the pre-mine catchment  

The WMP will also comprise the following stockpiles: 

 Topsoil, unlikely to present as a potential source of contaminants  

 Low Grade ore, which forms a potential source of seepage to the underlying water table  

– High grade weathered sulfite ore will be stored in PV1 stockpiles located on the ROM, which will be bunded 
so that any contact water generated will be captured and pumped to the TSF or sediment pond 

– Weathered sulfite ore that isn’t processed will be disposed to the WRDs and capped with non-acid forming 
materials as soon as possible to mitigate the potential for AMD (MBS, 2020b), similar to the way PAF 
materials will be managed in the WRDs 
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MPP 

Ore processing also presents as a potential source of contaminants.  However, engineering design will take this into 
account so as to provide appropriate containment and prevent accidental release of contaminants to the environment 
from the MPP.  Any contact water generated will be captured and managed appropriately, e.g.  pumped to the TSF or 
treated 

Supporting facilities 

Supporting infrastructure having the potential to affect surface water include: 

 The village and village domestic waste landfill, which is proposed to be located to the north of the TSF and 
designed to meet industry standards  

 Airstrip 

 Hazardous goods and chemicals stores, including fuels (final locations not yet determined), will be engineered 
such that accidental release to the environment of harmful chemicals and liquids is prevented 

 ROM pads and/or other constructed low permeability surfaces 

 Pipelines, including tailings discharge, tailings returns and water supply, which will be monitored for leaks using a 
variety of methods ranging from visual inspections to flow or pressure metering 

 Power infrastructure  

– Wind farm of up to around 40 turbines located east-southeast of Nebo pit, with a footprint (described by a 
polygon bounding the approximate external perimeter of the farm) of approximately 1,000 ha 

– Solar farm of up to around 33 panel banks located southeast of Nebo pit, with a footprint of up to 
approximately 260 ha 

 Access and haul roads 

– Access roads connect the different operational areas of the WMP site and borefield, as well as providing 
external site access  

– Haul Roads connect the mine pit ramps with the WRDs and ROM pad, and have a maximum total length of 
approximately 6.7 km  

Exposure 

4.2.8 Exposure pathways that could lead to EV impact due to potential for degradation of 
water quality are expected to be limited to those associated with direct human contact 
with waste rock or tailings seepage (OZL ref. WM-5100-ENV-REP-0008).Infrastructure 
protection (bunding and drains) 

Bunding and drains, as appropriate, will be required to manage surface flows and ensure protection of key 
infrastructure during and following rainfall events that might generate runoff. These will include: 

 Diversion bunds and/or drains that divert up-catchment surface flow away from the airfield and village, TSF , 
WRDs and mine pits 

 Protection bunds and/or drains that prevent water interacting with site infrastructure, e.g. the MPP 

At and following mine closure, abandonment bunding will be constructed around any remaining pit voids and low 
grade stockpiles to protect them.  Closure designs are not yet available for identifying other bunds and drains that 
may be removed or remain in place.  
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4.3 Direct effects 

4.3.1 Overview 
Table 5 describes the linkage(s) between each of the potential WAAs (listed in Section 4.2) and the applicable 
potential direct effect(s). Details regarding the assessment of each of the direct effects on surface water conditions is 
presented in the following sections.  

4.3.2 Surface water quantity 

Mine and MPP infrastructure area 

Surface water effects from the proposed mine infrastructure fall into the following categories: 

 Areas that are protected from flooding (up to a design event/annual exceedance probability, AEP) 

 Areas that may experience reduced surface water flow, resulting in decreased availability for meeting the 
environmental water requirements (EWRs) of EVs and/or groundwater recharge 

 Areas that may experience increased flow depth, velocity, or both, leading to longer periods of inundation, 
increased erosion potential, increased groundwater recharge, increased soil water stores and potential 
geotechnical instability 

The chances for the 1% and 0.1% AEP flood events to occur over the proposed 26 years LOM are 23% and 2.6%, 
respectively. Often a 0.1% AEP flood immunity is used as a safety design likelihood for open pits. 

Figure 6 to Figure 9 show the Existing Case and Predicted Case peak water depths and velocities for the 1% AEP event. 
Those parts of the site predicted to have more or less flood heights or velocities for the 1% AEP event are shown in 
Figure 10 and Figure 11.  Note: more frequent AEP events will have correspondingly smaller effects.  

The area of the WMP site that is conceptually protected by the bunds is also shown on these figures. Altered flow 
conditions resulting from flood protection bunding has been considered, i.e.:  

 Increased flood depths along the eastern and western perimeters of the WMP site, as well as the centre of the 
WMP site, as shown in Figure 10 - consideration will need to be given to control inundation close to the eastern 
edge of the Nebo pit and western edge of the Babel pit so that there is no increased potential seepage flow to 
the pits 

 Increased flow velocities along the eastern and western perimeters of the WMP site and reduced flow velocities 
in areas north of the TSF and through the centre of the WMP site, as shown in Figure 11 - consideration will need 
to be given to control erosion and sedimentation particularly along the eastern perimeter 

 Flows from north of the airstrip and village will be diverted to the southeast towards the centre of the WMP area 

 New flow along the eastern perimeters of the WMP site, a changed flow path along the western perimeter of the 
WMP site, and restricted and reduced flow through the centre of the WMP site  

 Flows to the north and south of the WMP site, including the area of renewable energy, are generally unaffected 
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Table 5 Possible surface water WAAs for the WMP and associated direct affects  

WAA 
Direct effects 

Quantity Quality Interactions with groundwater Catchment disruption 

Mine excavation Mine pits • n/a[1] • Exposure of potentially acid 
forming materials 

• n/a • Pit(s) will interrupt local 
catchments 

Mine dewatering Mine pits • Incident rainfall over pits 
will be diverted from 
local catchment 

• Dewatered incident rainfall 
may impact water quality 
(contact water) 

• n/a 

Mine pit(s) at closure Babel – open pit • Post mine void will form 
surface water body 

• Evaporative discharge from 
pit lakes will concentrate 
solutes in void water body 

• Post mine void will form 
water body that drain the 
surrounding groundwater 
system  

• Local catchment will be 
permanently disrupted by 
bunded pit 

Mine and process water 
supply 

Development 
envelope 

• Bore headworks 
protection and access 
roads may cause minor 
alterations to natural 
surface water flow 
regimes locally 

• Potential generation of 
contaminated (contact) 
runoff following rainfall 
events 

• Potentially reduced 
infiltration (rainfall recharge) 
due to construction of lower 
permeability surfaces 
associated with bore 
headworks and access roads 

• Bore headworks protection 
and access roads may cause 
minor alterations to natural 
surface water flow regimes 
locally.  Main trunk lines and 
collectors will be buried. 

Mine process  Mineral Processing 
Plant 

• n/a • Potential generation of 
contaminated (contact) 
runoff following rainfall 
events 

• Potential contamination of 
infiltration (recharge) to 
groundwater system 

• Potential for water table 
mounding and waterlogging 
in response to increased 
infiltration 

• n/a 

Material storages TSF, WRD and 
stockpiles 

• Diversion of surface 
waters may increase 
flood depths and 
velocities 

• Potential for increased 
seepage which may 
generate localised water 
table mounding 

• Potential generation of 
contaminated (contact) 
runoff following rainfall 
events 

• Seepage from toes of waste 
landforms will likely be a 
source of contact water 

• Sediment from erosion of 
landforms 

• Diversions will interrupt 
natural drainage patterns, as 
too will TSF discharge and 
returns pipelines if installed 
above grade 
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WAA 
Direct effects 

Quantity Quality Interactions with groundwater Catchment disruption 

Other storages • Stockpiles of topsoil and 
low grade ore may provide 
a source of sediment load 

Supporting facilities  Hazardous goods 
and chemical stores 

• n/a • Potential generation of 
contaminated surface 
water runoff 

• n/a  

Village waste 
facilities 

• n/a • Potential to alter quality of 
surface water runoff 

• n/a 

Construction of low 
permeability 
surfaces 

• Isolation or covering of 
localised enhanced 
infiltration and 
groundwater recharge 
zones (e.g. claypans) by 
infrastructure may 
increase surface water 
runoff 

• Potential generation of 
contaminated (contact) 
runoff following rainfall 
events 

• Isolation or covering of 
localised enhanced 
infiltration and groundwater 
recharge zones (e.g. claypans) 
by infrastructure may reduce 
infiltration of water, DO and 
nutrients 

• Constructed facilities may 
interrupt the natural drainage 
pattern 

Infrastructure protection 
(bunding) 

Development 
envelope (mine 
lease) 

• Diversion of surface 
waters may increase 
flood depths and 
velocities 

• Diversion of non-contact 
waters around 
infrastructure will reduce 
quantity of water within 
bunded areas , and more 
water to downstream of 
mine 

• Potential generation of 
sediment load  

• Altered flood depths and 
velocities has the potential to 
alter local groundwater 
recharge 

• Diversions will interrupt 
natural drainage patterns at a 
scale local to the mine and 
associated infrastructure 

Notes: 1.  Not applicable or assessed 
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The impact of infrastructure development and introduced flood protection bunding on the WMP mine site (shown in 
Figure 10) can be summarised as: 

 Increased peak flood depths of up to approximately 1 m north of the airstrip bund 

 Increased peak flood depths of up to 1.3 m north of the TSF 

 Increased peak flood depths of approximately 1.4 m to the east of ROM and plant area (centre of the WMP site) 

 Increased peak flood depths of approximately 1 m around the east and west perimeters 

 No change to peak flood depths around the proposed solar and wind farms  

 Elimination of flood flows from entering the mine and MPP infrastructure area 

Jameson-site access road  

A rain on grid HEC-RAS model has been used in conjunction with aerial imagery to identify locations that will likely 
require cross-drainage treatment (see Figure 12). There are a number of road sections that pass through topography 
where flood heights of more than 0.5 m are predicted.  To maintain the pre-development hydrological regime, 
culverts may need to be installed, with possible culvert locations shown on Figure 12.  However, it should be noted 
the modelled predictions for flood heights along the access road from Jameson to the site are constrained by a 
relatively low accuracy of the underlying topographic (JAXA) dataset (compared to around the proposed mine lease 
area).  This mapping should be used as guide for initial areas of investigation, to be verified by ground-truthing and 
more detailed topographic information. 

Borefield  

Aerial imagery has been used to provide an indication of existing access (internal) road alignment interaction with 
topography (see Figure 13).  The figure shows the western alignment occurs in low terrain (compared to the north and 
eastern alignments) and is likely prone to flooding.  The figure also shows the preliminary alignment of the access road 
that will service the proposed borefield (bores and pipeline) occurs almost entirely within low terrain that may also be 
prone to flooding, indicating some level of protection will be required for key infrastructure elements such as bore 
headworks and transfer pump stations. 

4.3.3 Surface water quality 
There is not expected to be any overall change to disconnected ephemeral drainage behaviour of the overall 
catchment and salinity concentrations will continue to be dominated by water pooling and evaporating cycles. 
However, there will be localised increases and decreases in salinity as the likely pooling locations (e.g. clay pans) 
change with placement of built and linear infrastructure.    

Possible increase in sediment loads carried by surface flow due to construction is probable.  Erosion protection should 
be considered in the design of constructed facilities such as TSF, waste rock dumps, stockpiles and bunds. Sediment 
control will be required to limit impacts associated with water quality. 

In addition to flood protection bunds and/or drains, the MPP and facilities used to store hazardous goods and 
chemicals (including fuels) will be engineered to reduce the potential for uncontrolled release of potential 
contaminants to the environment.   

High grade sulfite ore stockpiles will be located on the ROM for processing in batches.  Any contact water generated 
on the ROM will be collected and managed appropriately (see Section 4.2.7).  Control and collection of any seepage 
occurring from WRD toes will be required due to the (low) potential for acid generation from waste rock (the 
hydrogeochemical study identified around 10% of this material may be PAF; OZL ref. WM-5100-ENV-REP-0008) and 
the ensure secondary management occurs for potential AMD impacted seepage arising from low grade sulfite ore 
disposed to the WRDs in a manner consistent with industry practice (MBS, 2020b).   

Although the tails are expected to have low reactivity or potential to generate AMD (OZL ref. WM-5100-ENV-REP-
0008), management of toe seepage, where it occurs, will also be required.  
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4.3.4 Catchment disruption 
Diversion of storm flows (requiring engineered design) around the WMP site should have no significant effect on total 
flows, depths or velocities upstream or downstream of the mine and MPP infrastructure areas.   

The design of access roads and haul roads will need to incorporate culverts to allow storm waters to pass to 
downstream areas. 

The pit lake that forms in Babel pit after mine closure will not recover to the pre-mine water level due to the large 
deficit between evaporation losses and inflow gains from incident rainfall and groundwater discharge. Evaporative 
concentration of salts will occur in the pit lake over time (refer OZL ref. WM-5100-ENV-REP-0008) but, as the Babel pit 
lake will essentially be disconnected from the broader surface water catchment, there will be limited impact to 
surface water resources.  

4.3.5 Surface water and groundwater interactions 
Stormwater control for the project will not impact significantly on surface water - groundwater interactions as there 
are no permanent or ephemeral surface water bodies that are connected to groundwater.  However, altered surface 
water conditions, including existing locations where inundation occurs, has the potential to locally change infiltration 
rates and quantities around the immediate area of the flood protected infrastructure areas, e.g. infiltration south of 
the mine and MPP infrastructure area may be reduced in response to reduced flood heights, whilst to the south-
southeast (power infrastructure areas) infiltration rates may increase due to increased flood heights (Figure 10). 
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Section 5 Environmental value exposure assessment  

5.1 Overview  
Any change to physical and quality aspects of surface water resources, or to the physical characteristics of catchments 
as a consequence of development of the Project have the potential to adversely affect existing and possible future EVs  
that may be exposed to these changes (indirect effects). As already outlined in Section 1.4, two broad categories of 
EVs are defined under the Environmental Protection Act 1986: 

 Ecosystem health 

 Beneficial use 

The following presents an overview of existing and possible future surface water related EVs that might be exposed to 
changes from the surface water baseline (OZL ref. WM-5100-WTR-REP-0002). They include all EVs identified within 
and downstream of the development envelope.    

5.2 Environmental values 

5.2.1 Ecosystem health 
Possible environmental surface water users in the broader WMP include (Table 6): 

 Troglofauna (refer to Bennelongia, 2020 for sampling methodology, results and discussion) 

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

– Species include centipede, dipluran, beetle, pauropod and symphylan 

– Habitat likely consists of calcrete and fractured / weathered rock lithologies in the unsaturated zone 

 Vegetation associations within the development envelope range from grasslands to shrublands and woodlands 
(see OZL ref. WM-5100-ENV-REP-0003)  

– 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 
EWRs   

– Importantly, threatened Flora have not been identified in the Project area (Western Botanical, 2020)  

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. 

Figure 14 presents the spatial distribution of surface water related EVs across the Project area. 

5.2.2 Beneficial use 
No surface water related beneficial uses have been identified within the Project area (refer Table 6).  
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5.2.3 Summary 
Table 6 presents summary details of possible surface water related EVs, based on analysis undertaken in preparation 
of the surface water baseline (OZL ref. WM-5100-ENV-REP-0002). 

Table 6 Surface water related environmental values 

Environmental value Relia
nce 

Comment 

Ecosystem health  

Troglofauna[2]  

10 species of troglofaunal have been identified from 100 
locations across the Project area.  
Maintenance of baseline rainfall infiltration rates and/or 
runoff is likely important for sustaining EWRs (e.g. habitat 
humidity levels) [1] 

Terrestrial vegetation[2][3] 

 

All plant species within vegetation associations will use soil 
water to meet EWRs. Maintenance of baseline drainage 
patterns and rainfall infiltration rates is likely important in 
sustaining the soil water reservoir to meet EWRs.  
Vegetation EWRs will mostly be met by higher AEP rainfall 
events, i.e. more so than low AEP flooding events.  
Cultural values associated with vegetation will be 
discussed further in the Flora and Vegetation 
environmental factor section of the Referral. 

 
A number of vegetation associations have been identified 
in the Project area, and will likely have cultural value 
especially where they coincide with dreaming trails [4]. 

Beneficial use Nil 

Key:   a high degree of reliance expected    some degree of reliance expected  
  low to negligible degree of reliance expected, if any 

Notes:  1. pers. comm., Stuart Halse, Bennelongia 
2. Ecosystems supporting significant flora, vegetation and fauna 
3. Ecosystems supporting significant amenity, recreation and cultural value 
4.  pers. comm., Bryony Nicholson, Anthropologist, Ngaanyatjarra Council 

5.3 Exposure pathways 
An exposure pathway describes the process by which a direct effect can alter baseline surface water conditions such 
that an EV’s EWR is impacted (an indirect effect). For example: 

 Diversion of surface flows around the mine infrastructure has the potential to reduce natural surface flows to 
terrestrial vegetation and troglofauna in some areas down-catchment 

 Construction of hardstands and low permeability surfaces will limit local infiltration of rainfall  

Table 7 presents a summary of possible exposure pathways between direct effects and potentially sensitive surface 
water related EVs that have been identified in the Project area. Figure 15 provides context for the information 
presented in Table 7. 
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Table 7 Possible exposure pathway for potential surface water related environmental values  

Environmental 
value 

Direct effect Indirect (EV) effect Active pathway for WMP Carried 
forward to 
threat 
assessment 

Troglofauna 

Quantity 
 

Altered flood depths Altered flood depths could impact on infiltration rates 
and EV habitat humidity 

Yes, but EWRs are likely to be largely sustained by 
infiltration associated with rainfall events that do not 
generate flooding and inundation (i.e. greater than 5% 
AEP events) 

 

Reduced habitat Potential water table mounding beneath waste 
landforms may reduce the available habitat 

Yes, but only in areas impacted by waste landforms, re-
colonisation can occur following mound deflation after 
closure  

 

Quality 

Changes to physico-
chemical surface water 
quality – mine-related 
waste facilities 

Any runoff/sheet flow/diverted flows/infiltration may 
have altered quality due to contact with waste 
landforms and facilities (TSF and WRDs, backfilled pit) 
and reduce EVs access to suitable water to meet EWRs 

Yes, but contact water will be captured during 
operations and landforms will be capped post closure.  

 

Changes to physico-
chemical surface water 
quality – support facilities 

Support facilities will be engineered to reduce potential 
for accidental release 

 

Catchment 
disruption 

Alteration of natural flow 
regimes – diversions and 
bunding 

Likely to have impact on ‘quantity’ (see above) 
Baseline drainage patterns will be altered by placement 
of mine-related infrastructure and flood protection 
bunds 

 

Terrestrial 
vegetation 

Quantity  

Altered flood depths Altered flood depths could impact on soil water 
reservoir and limit EV access to EWRs 

Yes, but EWRs are likely to be predominantly supported 
by infiltration associated with rainfall events that do not 
generate flooding and inundation (i.e. greater than 5% 
AEP events) 

 

Water table mounding 
beneath waste landforms 

Water logging of shallow soil profile that could impact 
on vegetation reliant on soil water reservoir 

Yes, but limited to uncleared vegetation near to waste 
landforms, re-colonisation can occur following mound 
deflation after closure 

 

Quality 

Changes to physico-
chemical surface water 
quality – mine-related 
waste facilities 

Any runoff/sheet flow/diverted flows/infiltration may 
have altered quality due to contact with waste 
landforms and facilities (TSF and WRDs, backfilled pit) 
and reduce EVs access to suitable water to meet EWRs 

Yes, but contact water will be captured during 
operations and landforms will be capped post closure. 
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Environmental 
value 

Direct effect Indirect (EV) effect Active pathway for WMP Carried 
forward to 
threat 
assessment 

Quality 
Changes to physico-
chemical surface water 
quality – support facilities 

Support facilities will be engineered to reduce potential 
for accidental release 

 

Catchment 
disruption 

Alteration of natural flow 
regimes – diversions and 
bunding 

Likely to have impact on ‘quantity’ (see above) 

Baseline drainage patterns will be altered by placement 
of mine-related infrastructure and flood protection 
bunds, but EWRs are likely to be predominantly 
supported by infiltration associated with more frequent 
rainfall events that do not generate flooding and 
inundation 
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Was dry now wet

Change in flood depth

Was wet now dry

Vegeta on associa on

AkS - Acacia kempeana Shrubland
AmmS - Aluta maisonneuvei subsp. maisonneuvei 
low shrubland
CCoW - Calcrete Corymbia opaca Woodland
COG - Calcrete Open Grassland
CPHG - Calcrete Pla orm Hummock Grassland 
Hummock Grassland
CPP - Clay Pan Playa
GRMU - Groved Mulga Woodland
HPMW - Hard pan Mulga Woodland
HPMWD - Hard pan Mulga Woodland Drainage
LMW - Lower 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
SAMU - Sandplain Mulga Woodland
SAWS - Sand plains with Wa les other than Mulga 
over Spinifex
SDAGS - Sand Dune Acacia Grevillea shrubland
SMS - Stony Mulga Shrubland
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Section 6 Threat and opportunity assessment 

6.1 Overview 
In response to direct effects caused by mine related WAAs on surface water resources, e.g. increased or reduced flow 
velocities, and longer or shorter periods of inundation of surface depressions), EV access to water (quantity and 
quality) may be impacted such that EWRs cannot be met (indirect effects).  The threat assessment brings together the 
direct effects and EV exposure assessment to provide the basis from which to assess consequences (described in the 
Referral) arising from development activities (mine WAAs). This assessment involves consideration of direct effects 
(altered surface water resource condition, such as flow and quality) and importantly, EV (or indirect) effects, such as 
loss of biodiversity or reduced water access for third parties (Howe, 2011). 

6.2 Inherent threats to surface water 
In a pre-mining sense, the primary inherent threat posed to surface water resources in the Project area include 
climate variability (see OZL ref. WM-5100-ENV-REP-0002) with extended periods of drought likely to result in reduced 
infiltration of water to fill the soil water reservoir and lack of inundation of internally draining basins.   

From an anthropological perspective, pre-existing development is uncommon in the Project area, apart from the 
existence of tracks and the occurrence of feral animals (e.g. camels).  Jameson township is located some 30 km to the 
north of the development envelope and there is no pastoral industry active in the area.  

6.3 Degree of existing stress on surface water in response to mining 
There are no mines existing within 100s of kilometres of the proposed WMP. The closest approved mine (but not 
currently being developed) is the Wingellina Nickel Project, located approximately 125 km northeast of WMP. As such, 
pre-existing mine-related WAAs are not likely to result in cumulative effects alongside the proposed WMP. 

6.4 Potentially threatened environmental values 
Potential surface water related EVs that might be threatened by the WMP include troglofauna and vegetation: 

 Troglofauna - in addition to mine pit development and excavations associated with infrastructure construction, 
the following WAAs have the potential to locally threaten troglofauna  

– Infrastructure flood protection bunding may reduce infiltration rates and quantity within areas protected 
from upstream run-off, but flooding is likely to be less important for sustaining EWRs than infiltration 
associated with the more frequent rainfall events that do not result in runoff and inundation 

– Mine and MPP areas are possible sources of sediment and contaminants that could impact habitat quality 

– Waste landform seepage could locally saturate part or all of the baseline habitat (vadose zone) and make it 
un-inhabitable for troglofauna  

 Vegetation - in addition to land clearance (likely to be greatest impacting activity), the following development 
activities have the potential to locally threaten vegetation  

– Infrastructure flood protection bunding will alter surface water flows (heights and velocities) both 
externally and internally to bunded areas but the rainfall events that largely sustain EWRs (i.e. events 
greater than 5% AEP) that do not result in runoff and inundation will not be impacted  

– There will be areas of the development envelope where less or more surface water is predicted to be 
available following runoff events (i.e. less than 5% AEP), for example under a 1% AEP scenario the area 
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where less surface water occurs is predicted to be around 1,630 ha, whilst the area where more surface 
water is predicted to be available is around 570 ha 

 As noted above, this is not expected to impact on vegetation capacity to access EWRs 

– The greater proportion of the area where less surface water is predicted to be available is within the main 
infrastructure area of the development envelope, where vegetation clearance will be required to allow 
construction activities  

– Mine and MPP areas are possible sources of sediment and contaminants that could impact soil water 
quality, although the contaminant sources are expected to be engineered to control the accidental release 
of contact water to the environment 

These threats likely have a limited period of time over which they pose a threat to troglofauna and vegetation, and 
with rehabilitation of the development envelope at closure the levels of threat can be expected to gradually dissipate. 

6.5 Opportunities 
Opportunities related to surface water management in the Project area are limited, largely because of the 
undeveloped nature of the Project area.  The WMP does, however, present an opportunity for collection of surface 
water data (quantity and quality) that can be used to improve the knowledge-base for remote catchments of Western 
Australia.   
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