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The objective of this WMP is to: 

• Identify the key aspects and activities of the Proposal with the potential to directly or indirectly impact 

hydrological, hydrogeological and ecohydrological environmental features; 

• Describe mitigation measures that will be implemented to avoid or minimise the adverse impacts on 

hydrological, hydrogeological and ecohydrological values of the Proposal; 

• Describe the outcomes, consistent with relevant legislation, policies and guidance; and  

• Provide the rationale and approach undertaken to enable compliance criteria to be met. 

This WMP has been prepared in consideration of, and should be read in conjunction with, the Conservation 

Significant Fauna Management Plan (CSFMP) and Cultural Heritage Management Plan (CHMP).  

The Proposal is subject to separate assessments under the EP Act and the EPBC Act due to a difference in the 

clearing of native vegetation within the Proposal extent (Development Envelope / Proposed Action Area) under 

assessment within each jurisdiction. This WMP has therefore been prepared in accordance with: 

• ‘Instructions on how to prepare Environmental Protection Act 1986 Part IV Environmental Management 

Plans’ (EPA, 2020), as stated in the ESD, and addresses any specific additional work required for 

assessment of the Proposal under the EP Act; and 

• Information required under the ‘Environmental Management Plan Guidelines’ (DoE, 2014) and supports 

the Public Environmental Report (PER) for the Proposal.  
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Figure 1-1: Regional location of the Proposed Action Area (2022/09255) and Development Envelope (2326)  
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Figure 1-2: Proposal Location, Development Envelope and Indicative Footprint (EP Act: 2326)
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1.3.3 Environment Protection and Biodiversity Conservation Act 1999 

The EPBC Act provides a legal framework to protect and manage nationally and internationally important flora, 

fauna, ecological communities and heritage places — defined in the Act as Matters of National Environmental 

Significance (MNES). 

The Commonwealth is currently assessing the Proposal via a Public Environmental Report under Assessment 

Number: EPBC 2022/09255. The MDIOM is not being assessed as an accredited assessment under Section 87 of 

the EPBC Act as the indicative footprints within the Development Envelope/Proposed Action Areas are different. 

The Proposal being assessed under the EP Act does not include the Murray’s Hill Project, which is a component 

of the Proposal being assessed under the EPBC Act. The Proposal for the purpose of EPBC 2022/09255 is 

displayed on Figure 1-3. 

The Proposal being assessed under the EPBC Act will involve the clearing of up to 4,733.66 ha of native 

vegetation within a Proposed Action Area of 16,848.83 ha (Figure 1-3). The Proposal has the potential to impact 

upon the following MNES: 

• Listed Threatened Species and Communities (Sections 18 & 18A); and 

• Listed Migratory Species (Sections 20 & 20A). 

The Department of Climate Change, Energy, the Environment and Water (DCCEEW) issued Public Environmental 

Review guidelines to HPPL in October 2022. DCCEEW identified the following MNES as relevant to the 

assessment of the Proposal:  

• Northern Quoll (Dasyurus hallucatus) – Endangered;  

• Pilbara Leaf-nosed Bat (Rhinonicteris aurantia) – Vulnerable;  

• Ghost Bat (Macroderma gigas) – Vulnerable;  

• Pilbara Olive Python (Liasis olivaceus barroni) – Vulnerable; 

• Greater Bilby (Macrotis lagotis) – Vulnerable; 

• Night Parrot (Pezoporus occidentalis) – Endangered; 

• Grey Falcon (Falco hypoleucos) – Vulnerable; and 

• Blind Cave Eel (Ophisternon candidum) – Vulnerable. 

The following listed migratory species (sections 20 & 20A) were also identified: 

• Common Greenshank (Tringa nebularia) – Migratory; 

• Wood Sandpiper (Tringa glareola) – Migratory; 

• Red-necked Stint (Calidris ruficollis) – Migratory; 

• Glossy Ibis (Plegadis falcinellus) – Migratory; and 

• Fork Tailed Swift (Apus pacificus) – Migratory. 

1.3.4 Condition Requirements 

Conditional requirements will be added from the EPBC Act Approval once issued. 
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Figure 1-3: Commonwealth Proposed Action Area and Indicative Footprint (EPBC 2022/09255) 
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Figure 1-4: Channel pools in relation to the Development Envelope / Proposed Action Area 
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Figure 1-5: Project hydrological setting (AQ2, 2024)
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1.6.1.2 Hydrogeologic Regime  

Extensive hydrogeological drilling and testing has been undertaken over the Proposal area and surrounds with 

comprehensive baseline monitoring undertaken since late 2018, in addition to long-term water level records 

dating back to late 2008. 

A summary of the hydrogeologic regime is provided below. 

Hydrostratigraphy 

Five main hydrogeologic units have been identified as part of the hydrogeologic investigations and are 

summmarised as follows: 

• Tertiary / Quaternary Cover: A thin layer of alluvium covers much of the lower-lying areas and is 

predominantly unsaturated.  The Tertiary overburden forms a highly transmissive and continuous 

aquifer within the valley. Maximum thicknesses up to approximately 60 metres (m) occur in the middle 

of the valley, thinning on the valley slopes. The Tertiary overburden comprises the following sub-units: 

Basal ‘Crete’, CID/Pisolite, Undifferentiated Tertiary and Upper Calcrete. 

• Bedrock Units: Fresh Jeerinah and Marra Mamba Formations: The low permeability Jeerinah Formation 

and unmineralized Marra Mamba Iron Formation form a basement aquitard with minor local fractured 

aquifers. 

• Altered Marra Mamba Formation and West Angela Member:  A highly transmissive and continuous 

aquifer is hosted in the mineralised, fractured and weathered Marra Mamba Iron Formation which 

overlies the basement aquitard.  Localised (discontinuous) zones of enhanced permeability associated 

with mineralisation and extreme weathering / alteration have also been identified within the West 

Angela Member which overlies the Marra Mamba Iron Formation. 

• Fresh West Angela Member (Wittenoom Formation):  Where fresh, the West Angela Member forms a  

low to moderately permeable aquifer unit.   

• Dolomite (of the Wittenoom Formation): The dolomite of the Wittenoom Formation which overlies the 

West Angela Member forms a discontinuous fractured rock aquifer in generally low-permeability 

basement.  

Groundwater Levels and Flow Direction 

The water table elevation ranges between approximately 385 metres Reduced Level (mRL) and 420 mRL, with 

groundwater flowing from the topographically higher areas into the valley and then in a north-westerly direction 

along the valley.  

The depth to groundwater is shallow in the lower lying, valley areas at approximately 3 and 5 metres below 

ground level (mbgl) and increases with elevation, to depths of up to 45 mbgl in the more elevated areas (north 

of the inferred resource areas)  

The derived depth to water for the claypans and channel pools indicate these features are not groundwater 

related. 
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Groundwater Quality 

Groundwater ranges from fresh [180 milligrams per litre (mg/L) Total Dissolved Solids (TDS)]) in the upper 

reaches of the groundwater system, to saline (17,000 mg/L TDS) across the valley area.  Data indicates the saline 

water originates from the surface water evaporation in the claypans, with salts mobilising from the unsaturated 

zone to the groundwater during periods of rainfall.  The saline groundwater extends along the valley as well as 

beneath the southernmost orebodies (refer Figure 1-6). 

Laboratory analysis for metals, alkalinity, major and minor anions (chloride, sulfate, boron and fluoride), major 

and minor cations (potassium, sodium, calcium, magnesium, and strontium) has been completed to establish a 

baseline dataset. The baseline dataset has been evaluated and through statistical analysis, trigger levels 

established. The levels and approach are detailed in the CBEC (2024) document provided as Appendix 1. 
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Figure 1-6: EC Contours at Water Table
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Figure 1-7: Predicted Extent of Drawdown and Mounding with respect to Environmentally Sensitive Areas in the Mulga Area 
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Figure 1-8: Inferred Extent of Groundwater Salinity Increase Based on Model Predictions - Inferred Extent with Baseline EC Contours at Groundwater Level 
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1.6.2 Flora and Vegetation  

Flora and vegetation assessments indicated several relevant species and types that may be subject to impact 

from altered hydrologic and hydrogeologic regimes result from mine development. These are summarised in 

Table 1-10. 

No Threatened flora species listed under the EPBC Act or the Biodiversity Conservation Act 2016 (BC Act) have 

been recorded within the Development Envelope. 

There are no recorded Threatened Ecological Communities (TECs) listed under the BC Act/EPBC Act within the 

Development Envelope or within 20 km of the Development Envelope. There is no groundwater dependent 

vegetation (GDV) recorded in the Development Envelope, and ecohydrological studies concluded that GDVs are 

not expected to occur. Key rationale is as follows: 

• Groundwater underlying the Fortescue Valley environs is generally brackish/saline and therefore does 

not constitute a favourable water source for the vegetation. 

• In most areas, plant roots cannot readily access groundwater as there is calcrete or dense impermeable 

clay beneath the soil, and above the groundwater table, which plants roots cannot easily penetrate. 

• Surface water inputs are sufficient to support the density of trees occurring in the Fortescue Valley E. 
victrix woodland communities. The denser woodland stands are associated with better structured soils 
with relatively higher plant-available water storage capacity.  

• Normalised Difference Vegetation Index (NDVI) imagery assessment, there are no areas of persistently 
high greenness indicating vegetation is not dependent on groundwater. 

• Time-series pre-dawn leaf water potentials, leaf water potential data collected from trees does not 
indicate groundwater use. 

Vegetation potentially dependent on sheet flow (overland/surface water flow) is present within the 

Development Envelope.   

Acacia aneura and closely related co-occurring species are commonly referred to as Mulga vegetation (Mulga) 

(Page and Grierson, 2010). Mulga has been found to be highly dependent on sheet flow (Winkworth, 1973; 

Tongway and Hindley, 2004; cited in Maia, 2022); Saco et al., 2010) and sensitive to any changes to sheet flow. 

The changes can be natural, such as following rainfall events where the natural fluvial channels may be altered 

from erosional processes. 

Across the Pilbara, sheetflow vegetation typically comprises banded Mulga and non-banded Mulga that is most 

commonly associated with the Jamindie land system. 

Vegetation types listed in Table 1-10 and shown in Figure 1-9 may represent sheetflow dependent vegetation 

types have been mapped within and surrounding the Development Envelope. They are identified as potential 

sheetflow vegetation solely due to the dominant presence of Mulga species, such as Acacia aneura, within these 

vegetation types (Maia 2022). Soil type and gradient has not been considered in the identification of these 

potential sheetflow dependent communities. 
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Figure 1-9 Vegetation types identified as at risk from altered groundwater and surface water regimes
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Given that the vegetation is disconnected from the groundwater system under baseline conditions, a reduction 

in groundwater levels is not predicted to impact the terrestrial environment. A lowered water table would 

increase the thickness of unsaturated sediments, which may slightly reduce the responsiveness of the aquifer 

to recharge events. However, these sediments are not considered to be accessible to plant root systems (AQ2, 

2024).  

A schematic description of the effect of lowered groundwater levels on the Fortescue Valley E. victrix woodlands 

and adjacent claypans is shown in Figure 1-10. 

Groundwater mounding will also not impact the terrestrial environment if there is no interaction between the 

water table and the overlying soil profile occupied by tree roots, either by direct intersection or via capillary rise. 

Based on the ecohydrological conceptual model and measured baseline conditions, the threshold groundwater 

depth above which interaction with vegetation may occur is estimated to be about 2.0 mbgl (AQ2, 2024). 

A schematic description of the effect of lifted groundwater levels on the Fortescue Valley E. victrix woodlands 

and adjacent claypans is shown in Figure 1-11. 

The model simulations of MAR achieve the required volume and minimum water level below ground level 

objectives. Additional capacity exists in areas allowing flexibility to manage minimum water level below ground 

level. 
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Figure 1-10: Predicted system response to lowered water tables in the Fortescue Valley environs (NB:”post-disturbance water table” refers to the operational phase of the Proposal) 

(AQ2, 2024) 
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Figure 1-11: Predicted system response to lifted water tables in the Fortescue Valley environs (NB: ”post-disturbance water table” refers to the operational phase of the Proposal) 

(AQ2, 2024) 
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Figure 1-12 Predicted Areas where Maximum Groundwater Mounding is within 2 m of the Ground Surface over the Life of the Project (AQ2 2024) 
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1.6.3 Subterranean Fauna 

The Proposal area supports a rich subterranean fauna community consisting of troglofauna and stygofauna 

which includes cosmopolitan species, those which are widespread in the catchment and potentially taxa with 

limited ranges due to either poor dispersal capabilities or as a result of unresolved taxonomy (that is they are 

poorly delineated) and can be categorised as short range endemic fauna (SREs). Detailed and targeted surveys 

have been competed for the Proposal from 2019-2025 (as summarised in Bennelongia 2024a) with a reconciled 

dataset in Biologic 2025b) and further troglofauna targeted surveys in 2025 (Biologic 2025c). The information 

from the earlier surveys (pre 2019) were provided in the EIA for context for the subterranean fauna community.  

1.6.3.1 Subterranean Fauna Assemblages 

Stygofauna 

The combined results of all surveys, as presented in the updated dataset, yielded at least 173 stygofauna 

operational taxonomic units (OTUs).  The most recent surveys (2019-2024) yielded 146 stygofauna OTUs within 

the Proposal and in the adjacent landscape (Bennelongia, 2024a; Biologic 2025b). Groups represented include 

ostracods, harpacticoid and cyclopoid copepods, amphipods and isopods, annelid worms, syncarids species), 

rotifers, mites, flatworms, polychaete worms, a spelaeogriphacid species and nematode worms. The nematodes, 

flatworms or rotifers are not routinely included in environmental impacts involving subterranean fauna and they 

are not included in the EIA.   

Based on the sampling results a number of the stygofauna OTUs were found only in the area considered as the 

extent of groundwater drawdown predicted to be ≥2 m. An assessment of the stygofauna which were found in 

limited locations concluded that based on their dispersal capabilities and the location of other OTUs within the 

same functional groups (high level groups such as Class or Order, where possible genera) none of the OTUs were 

considered restricted sensu lato. Several OTUs were mapped as located only within the extent of the Salinity 

Impact Area which is defined as the extent of the predicted groundwater salinity changes from MAR. As 

recognised in this field, the area of occupancy of a number of taxa (that is known linear ranges) has limitations 

because of the poor delineation of the taxa and therefore may be an artefact of sampling rather than true short-

range endemism. Typically, stygofauna will have small distributions due to poor dispersal ability and the 

discontinuous nature of their habitats (EPA 2012).  

Troglofauna 

High diversity was also displayed with the troglofauna (Bennelongia 2024; Biologic 2025b). The combined result 

of surveys 2009 to 2024 identified 109 troglofauna OTUs.  The total number of specimens during the 2019-2024 

survey yielded 69 different troglofauna taxa (OTUs).  This data was compiled from the recent updated dataset 

(Biologic 2025b). The 2025 targeted troglofauna yielded additional potential troglofauna, however until the 

laboratory analyses (including molecular work) is complete, the troglomorphsim of some of these specimens 

has not been assessed.  

The groups represented in the troglofauna surveys include diplurans, isopods, beetles, pauropods, 

pseudoscorpions, silverfish, true bugs, schizomids, centipedes, palpigrads, cockroaches, spiders, symphylans, 

millipedes and flies. 
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Based on the sampling results several of the troglofauna OTUs were found to only occur within the proposed 

mine pits.  These are primarily singletons.  Following assessment of the data, two OTUs were considered to 

potentially be restricted to habitat which was not continuous.  

The relationship between hydrogeology and groundwater stygofauna ecology has been established (EPA, 2012).  

The same relationship has been displayed with troglofauna, however understanding the movement of 

troglofauna is also with its limitations.  Subterranean ecosystems are thought to have reduced habitat diversity 

compared to terrestrial ecosystems, primarily due to the absence of vegetation, however geology and hydrology 

drive habitat heterogeneity (Gilbert et al, 1994). Generally, more groundwater transmissive geologies tend to 

support more substantial assemblages of subterranean fauna, both in terms of abundance and diversity. 

1.6.3.2 Subterranean Fauna Habitat Assessment 

A troglofauna and stygofauna habitat assessment model was developed by AQ2 using the Leapfrog Geo (3D) 

modelling software (Seequent 2022) (AQ2 2024b, Error! Reference source not found.). A summary of the 

habitats defined by AQ2 is present in Table 1-11.  Vertical habitat for the stygofauna was considered in terms of 

changes in groundwater salinities (potential haloclines – defined as a distinct layer of water where there is a 

rapid increase in salinity at depth).  

HanRoy have been able to quantify the potential impact from mining and groundwater mounding from MAR 

and the potential impact from mining and groundwater drawdown from pit dewatering (AQ2, 2024b). 

Stygofauna 

Habitat for stygofauna in and around the MDIOM is extensive and was modelled as occurring across a greater 

landscape.  The main habitats within the Tertiary Aquifer were found to be extensive and contiguous, extending 

beyond the areas of predicted impact.  In terms of vertical habitat for stygofauna, no variation in groundwater 

salinity was found within the Tertiary (Detrital) aquifer at depths up to 40 mbgl.  The depth to 30 mbgl was 

selected as this depth is recognised as the likely extent of occupancy of stygofauna (EPA 2021). Output from the 

block model showed that baseline groundwater salinity to 30 m was homogenous; the surface of the 

groundwater displaying lower salinities which is consistent with all other studies for stygofauna. 

Troglofauna 

Habitat considered suitable for troglofauna was modelled throughout the MDIOM and the broader landscape 

(AQ2 2024b). Many of the troglofauna collected from the surveys were found in lithologies which were 

contiguous.  The sequence of the habitat is shown in Table 1-11.  The Unmineralised Marra Mamba habitat is 

not contiguous across the landscape and occurs in areas where the overlying lithologies were contiguous.  It was 

therefore considered highly likely that the troglofauna occurred in these lithologies closer to the surface.   
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the Fortescue Marsh Environmentally Sensitive Area supports trees (E. victrix) of a suitable size for nesting if 

they possess previously built nests. This habitat type occurs outside of the Disturbance Footprint. 

Potential Grey Falcon trees are discussed in Section 1.6.2. 

1.6.4.2 MNES Migratory Species 

The migratory bird species which are considered of particular relevance to the Proposed Action are the Common 

Greenshank (Tringia nebularia), Wood Sandpiper (T. glareola), Red-necked Stint (Calidris ruficollis), Glossy Ibis 

(Plegadis falcinellus) and the Fork Tailed Swift (Apus pacificus). All are listed as Migratory under EPBC Act. 

An assessment of habitat for these migratory species indicates: 

• Common Greenshank, Wood Sandpiper, Red-necked Stint, and Glossy Ibis are likely to be infrequent 

visitor to the Claypans and/or Drainage Lines within the Proposed Action Area when inundated after 

rainfall. 

• The Fork-tailed Swift is almost exclusively aerial and likely to only overfly the Proposed Action Area. 

An overview of the claypan hydrology can be found in Section 1.6.1. 

1.6.5 Social Surroundings 

The Proposal is located entirely within Banjima native title determination area. The Banjima Traditional Owners 

hold native title rights and interests over approximately 10,185 km2 as determined by the Federal Court in 

WAD6096/1998. The Banjima Traditional Owners are represented by the Banjima Native Title Aboriginal 

Corporation RNTBC (BNTAC). HPPL has undertaken consultation with Traditional Owners, including engagement 

to undertake ethnobiological surveys, to understand areas of importance and key concerns associated with the 

Proposal. Ongoing consultation will continue throughout the life of the Proposal through the implementation of 

the proposed Project Agreement. 

1.6.5.1 Communities 

Two remote Aboriginal Communities are located within the vicinity of the Proposal. The Youngaleena 

Community is located approximately 15 km south of the Development Envelope, and the Wirrilimarra 

Community is located approximately 7 km east of the Development Envelope (Figure 1-13). 

Water supply bores to the Youngaleena and Wirrilimarra Communities are outside of the modelled area of 

influence and not at risk from changes to groundwater level or quality from the Project. 

1.6.5.2 Water 

Water was identified as a key focal area for Banjima Traditional Owners during consultation. Both groundwater 

and surface water were raised, as well as responsible use of water and concern about the location and extent 

of MAR required for the Proposal. 

Potential indirect impacts to the DPLH lodged Mungurrdu heritage (40484) site through altered hydrological and 

hydrogeological processes were also raised. 
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There are two culturally significant pools (claypans) located 3 to 4 km south of the Development Envelope, 

Koodjeepindarranna (also referred to as Koodjeepindarrnna) and Gnalka Gnoona (also referred to as 

Ngarlganoona). These sites have been identified through heritage surveys as significant sites for the Banjima 

People. The Koodjeepindarrnna and Ngarlganoona claypans are not located within the Development Envelope; 

however, they may be considered proximal (Figure 1-13). 

The Ngarlganoona Claypan can form into an extensive (> 1,000 ha) waterbody which may persist for extended 

periods. There are records of these claypans being inundated for several years following continuous favourable 

climate sequences. 

An overview of the claypan hydrology can be found in Section 1.6.1.1. 

1.6.5.3 Fortescue Valley 

HPPL understands through consultation with Banjima Traditional Owners that the Fortescue Valley, including 

the surface water and groundwater resources that feed into and support this landscape feature, are culturally 

significant. 

HPPL has undertaken comprehensive site investigations for groundwater, surface water and ecology to 

understand baseline conditions, eco-hydrological relationships, and impact pathways associated with the 

Proposal. A key objective in developing water management strategies for the Proposal is minimisation of change 

to baseline conditions. Surface water and groundwater modelling have been developed to simulate surface 

water and groundwater management strategies and quantify changes. 

1.6.5.4 Land Use 

The Development Envelope is located entirely within the boundaries of the Mulga Downs Pastoral Station 

(Figure 1-13). The land is mainly used for pastoral activities and is also used by Traditional Owners for hunting 

and other culturally significant purposes. 

1.6.5.5 Groundwater Users 

Existing groundwater users in the Project area and surrounds include: 

• The local and nearby stations (Mulga Downs, Hooley and Mt Florance Stations), unlicenced bores for 

stock watering. 

• Fortescue’s White Knight exploration area, licenced bores for drilling and potable water supplies. 

• Wirrilimarra and Youngaleena Communities for potable supplies. 

• Licensed water supply bores associated with the previous construction and on-going maintenance of 

the existing Fortescue (Solomon) railway and RTIO (Goodiadarrie) railway. 

Figure 1-14 and Table 1-14 present the currently licensed draw points (bores) and groundwater well licence 

(GWL) details under the Rights in Water and Irrigation Act 1914.  It should be noted that the status of these 

licenced bores is uncertain.  In particular, there is no evidence of any bore or access track for the Fortescue draw 

points plotted in the Mungurrdu (valley) area. 
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Figure 1-14: Water Supply Bores within the Predicted Area of Groundwater Level Change 
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1.7 Key Assumptions and Uncertainties 

The WMP relies on the accuracy of field surveys and baseline investigation information (Table 1-4). The field 

surveys and baseline investigations have been completed in compliance with EPA and DCCEEW requirements. 

Where requirements for both agency requirements do not align, the compliance with the agency, to which the 

impact is greater has been used. This WMP has been prepared based on the assumptions below. 

Key assumptions and uncertainties adopted for the development of this WMP are: 

• This WMP has been developed based on the outcome of studies and completed for the Proposal. As 

requirements change and knowledge increases over time, this WMP may be subject to updates. 

Consideration and investigation of new technologies and management practices will inform updates to 

monitoring parameters, monitoring sites, and management measures. 

• Regular review and update of the monitoring program will be based on changes to mine planning, 

diversion designs, timings of construction and operations of these diversion structures, operations, 

hydrological and surface water flood models, and monitoring data. 

• Groundwater in the region is used for potable supplies at the Wirrilimarra and Youngaleena 

Communities. Consultation between HPPL and these communities is ongoing to support agreed 

outcomes on alternative provisions of potable water.  

• The existing and proposed use, and viability of, pastoral (stock) bores within and externally adjacent to 

predicated drawdown contours are pending further field evaluation and consultation with pastoral 

tenement holders. Included in these stakeholder consultations will be agreements on supply of alternate 

water sources and duration. Based on this assumption, interim management measures for the 

continued provision of pastoral stock water will be addressed through agreements made between HPPL 

and pastoral tenement holders. 

• In some cases, triggers proposed in this WMP are based on change from baseline conditions or the 

prediction of groundwater change, for example triggers related to the predicted 1 m drawdown extent. 

The baseline or predicted change does not necessarily represent a threat to receptors however it is a 

divergence from the current conditions or the forecast and mean that future water levels/quality if 

continuing to diverge from the baseline or forecast may become a threat to receptors. Responses to 

trigger exceedances are focused on understanding why there is a divergence from the baseline or 

forecast for water levels and quality, revising the forecast for water levels or quality, evaluating specific 

receptor risk to the revised forecast, establishing specific receptor related threshold values and 

developing specific receptor response plans. 

• With respect to stygofauna, salinity is measured as electrical conductivity (EC) in µS/cm. The conversion 

factor for this management plan is 1 mg/L of TDS is equivalent to 1.562 µS/cm.   

• The location of the stygofauna is based on the presence of stygofauna at the time of collection.  The 

stygofauna were collected by lowering the phreatic net to the base of the sampling hole and hauling 

through the water column.  The depth of the sampling may not truly represent habitat (microniche) for 

each of the stygofauna.  Given the baseline groundwater modelling to 30 mbgl does not indicate 

stratification, it is assumed that the stygofauna will occur throughout the water column.  













Water Management Plan  

Mulga Downs Iron Ore Mine – Western Australia 

 

THIS DOCUMENT IS UNCONTROLLED IN HARD COPY FORMAT 

Rev Document Number Author Issue Date Page  

7 
MDM-85000-EN-

PLN-0006 
HanRoy 29/08/2025 56 of 110 

 

2 WMP Provisions 

The WMP includes both outcome-based and objective-based management frameworks, which are described 

below: 

• Outcome-based: elements that are performance based. Focused on monitoring and evaluating specific 
measurable outcomes, usually driven by trigger and threshold criteria. 

o Trigger criteria, threshold criteria, response actions, monitoring, timing/frequency of monitoring, 
and reporting. 

• Objective-based: elements relate to monitoring and management actions that are required to achieve an 
objective. 

o Management actions, management targets, monitoring, and reporting. 

Outcome-based and objective-based management actions will be implemented to manage direct impacts, for 

example removal of subterranean fauna habitat from mining, and changes to groundwater quality from 

leachate. The management actions focus on all key Proposal activities identified as potentially having a medium 

or higher risk. The provisions within this WMP have been informed by the results of baseline surveys as detailed 

in Section 1.6, the characteristics of the Proposal and EPA and DCCEEW guidelines (EPA, 2020; DoE, 2014). 

Overall, the controls are considered in line with similar proposals approved in the region, and consistent with 

industry practices. This WMP provides for: 

• Early response indicators and criteria (Section 1.11); 

• Expected changes in the intensity, duration, magnitude or geographic footprint of the impact; 

• Expected changes and rate of changes in the environment; 

• Possible effects of issues external to the Proposal (e.g. rainfall, land use, other users); and 

• Expected timeframe for mitigation to take effect. 

2.1 Outcomes Based Provisions 

Outcome-based provisions are performance-based and are used where a potential impact on the environment 

is suited to objective measurement and reporting. For the WMP these include: 

• Protection of regional aquifer for groundwater users (pastoral, communities and stygofauna). No. 1a & 1b 

• Limit to the extent and magnitude of groundwater mounding from MAR. No. 2 

• No indirect impact to vegetation health and terrestrial fauna habitat from groundwater mounding from 
the Project. No. 3 

• The concentration of solutes in runoff and or seepage from WRD's or other mining sources that is 
potentially released to groundwater and/or surface water shall not exceed baseline default guideline 
values in Section 3.1.3. No. 4 

• Limits on removal of likely stygofauna and troglofaunal habitat from mining. No. 5 

The outcome-based environmental criteria have been identified in Table 2-1, Error! Reference source not 

found., Table 2-3, and Table 2-4. For each of the criteria trigger and threshold indicators, response actions and 

corresponding monitoring and reporting requirements are outlined.
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2.2 Objectives Based Provisions 

Objective-based provisions related to management actions are used when the environment is not suited to 

objective measurement and reporting. 

Table 2-5 outlines the management objectives that have been identified for the Proposal. All objectives and 

outcomes of potential impacts cover both State and Commonwealth assessments. Management actions, 

monitoring and reporting requirements are outlined for each of the management objectives. 

Objective based management targets are for the surface water diversions and surface water quality and include: 

• No degradation of surface water quality reporting to downstream environments due to mining and 

associated activities. No. 1 

• No significant modification to the hydrological function of the claypans and other ponding areas in the 

Fortescue Valley due to mining activities. In particular, the hydroperiod of the claypans should not be 

significantly impacted. No. 2  

• Minimal impact on vegetation and fauna habitat quality immediately downstream of mine disturbance 

areas due to interrupted runoff regime and altered sediment transport. No. 3
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3 Monitoring 

Due to cultural sensitivities, access to baseline monitoring locations or proposed construction/operational 

monitoring sites may be restricted. The Proponent will work with the Banjima people to implement the 

monitoring program outlined in this section. The specific locations and number of sites proposed may change as 

a result of those discussions. The WMP will be updated accordingly. 

3.1 Groundwater Monitoring 

The purpose of groundwater monitoring is to inform, through environmental criteria, if environmental 

objectives are being achieved. In addition, monitoring will inform when trigger level actions or threshold 

contingency actions are to be implemented or if the objectives are being achieved through the defined 

management tasks. 

Monitoring will be undertaken to monitor for the following groundwater stressors from the Project: 

• Groundwater drawdown from mine dewatering; 

• Groundwater mounding from MAR; 

• Groundwater quality change from dewatering / MAR (salinity);  

• Leachate from WRD/contamination from mining; 

Where possible (pre-implementation), monitoring sites have been identified relevant to the predicted stressor 

and receptor. Additional sites will be established in line with land access constraints and development of the 

Project i.e. installation of impact monitoring bores down gradient of WRDs to monitor for potential leachate. 

3.1.1 Groundwater Monitoring for MAR and Dewatering 

Proposed groundwater monitoring bores are illustrated in Figure 3-1 and Figure 3-2 tabulated in Table 3-1. 

Groundwater sample analytical results will be compared against provisional groundwater quality results 

identified in Table 3-2.
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Figure 3-1: Proposed Groundwater Monitoring Network 
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Figure 3-2: Groundwater Salinity Monitoring Network in relation to Development Envelope and Communities
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Figure 3-3: Proposed Full Baseline Surface Water Monitoring Network 
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3.2.4 Reporting 

A standalone report at the conclusion of each monitoring period will be prepared documenting the surface water 

quality monitored by this procedure. This report will include the following sections: methods, results, discussion 

and recommendations, as well as any instances of species of conservation significance that may be observed 

during the monitoring or elsewhere within the Development Envelope. 

3.3 Vegetation Health Monitoring 

The purpose of vegetation health monitoring is to inform, through the environmental criteria, if the 

environmental outcomes are being achieved and, if required, when trigger level or threshold levels are 

exceeded. The exceedance of trigger or threshold criteria then informs which contingency management 

measures need to be implemented. The vegetation health monitoring program will employ a combination of 

field-based and remote sensing techniques to assess the impact of mining activities on vegetation.  

A statistical approach based on a BACI (before – after - control – impact) design will be used to provide objectivity 

and rigour to thresholds and triggers. The BACI approach is to sample Before and After an impact activity has 

commenced, to determine how the mine activities will change the condition of a site from its historical condition, 

whilst Control and Impact sampling will enable the effects of mining activities to be discerned from natural 

variation and other events. BACI designs are useful where there are large potential changes after impact and 

where changes may be permanent after impact. This approach is consistent with rigorous monitoring programs 

and for monitoring programs undertaken elsewhere in the Pilbara. 

3.3.1 Site Locations 

Locations of on-ground sites have been informed by a risk to receptor framework. The monitoring program will 

focus on claypans, vegetation at risk in groundwater mounding areas, surface water dependent riparian 

vegetation, channel pools, and sheetflow dependent vegetation (Table 3-7). Although not subject to any specific 

risk from the Project, two additional sites have been added to the monitoring program for nesting trees 

identified as potential breeding habitat for Grey Falcon (Falco hypoleucos). The specific locations and methods 

may be adjusted based on ongoing monitoring, stakeholder input, and regulatory requirements. Site locations 

are currently indicative, further site verification and baseline monitoring is planned to occur in H1 2026, prior to 

the construction phase of the Proposal. 
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Figure 3-4: Proposed vegetation health monitoring locations 
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3.4 Subterranean Fauna Monitoring 

Monitoring for impacts to subterranean fauna from mining will be through the mine planning process. For each 

iteration of the mine plan, HPPL will review the mine block model (ore and waste) and pit shell in relation to the 

subterranean fauna habitat units to assess compliance with the triggers and thresholds for impacts to habitat 

prior to the commencement of mining in that area.  

3.4.1 Method 

To confirm compliance with the triggers and thresholds, the volume of actual (mined) vs proposed (mine plan) 

habitat impact will be validated against the ‘as mined’ survey data.  

This is an administrative control (similar to the Ground Disturbance Permit Process for managing impacts to 

vegetation and fauna habitat from clearing) which will ensure the impacts to Likely subterranean fauna habitat 

do not exceed the volume of habitat removed from Mining for which the impact assessment was based on.  

 

Figure 3-5: Screenshot of 3D Habitat Assessment of impacts from mining (Troglofauna Cross Section, AQ2 2024) 

3.4.2 Reporting 

A standalone report at the conclusion of each monitoring period will be prepared documenting the volume of 

habitat minded vs proposed and tracking against triggers and thresholds for impacts.  
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4 Adaptive Management and Review 

HPPL will employ adaptive management through the LOM to incorporate knowledge from the implementation 

of mitigation measures, monitoring, and evaluation of data against trigger and threshold criteria to more 

effectively meet regulatory conditions and objectives outlined in this WMP. The following approach will be 

followed: 

• Monitoring data will be systematically evaluated and compared to baseline data and predictions on an 

annual basis to verify whether groundwater responses to operational activities are the same or similar 

to predictions  

• Re-evaluate the risk assessments annually after monitoring is completed 

• Incorporate additional knowledge including higher resolution digital elevation to improve topographic 

representation as it comes to hand to address assumptions and uncertainties to gain increased 

understanding of vegetation and aquifer response 

• Periodically incorporate additional data, acquired through detailed design and monitoring, into 

groundwater and surface water models to increase certainty around predicted changes to groundwater 

regimes and water quality 

• Review the mine planning program, GWOS, and input changes into risk assessments to refine or modify 

the monitoring program 

• Undertake revision(s) when WMP provisions are not as effective as predicted, or trigger levels do not 

have the outcome anticipated or required 

• Incorporate alternative techniques, technologies, and methodologies to enhance and improve the 

program 

• Revise the WMP periodically to include additional and updated trigger and threshold levels based on 

developed baseline data 

• Revise the WMP periodically to include additional Proposal areas (if required), monitoring locations, 

parameters and site-specific trigger and threshold levels 

• Develop other monitoring programs as required to respond to additional operational activities 

• Incorporate and modify the program to include any external changes during the life of the Proposal (e.g., 

changes to the sensitivity of the vegetation, climate change, implementation of other activities in the 

area, etc.). 

All amendments to this WMP must be submitted to and approved by the CEO of DWER and DCCEEW. The 

Management Plans shall also be reviewed, and amendments submitted as and when directed by the CEO in 

addition to every five years from approval with outcomes of the five-yearly review submitted to the CEO. 

The WMP will be reviewed on a biennial basis, or following: 

• The grant of, or modification to, relevant approvals 

• Major changes to the scope or operation of the mine 
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• Relevant findings or actions identified through monitoring, audits and incident reporting. 
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8 Appendices 
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Appendix 1 Provisional Water Quality Trigger Report (CBEC, 2024) 



Memorandum 
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Date:  1 October 2024 

Re:  Mulga Downs Project_Provisional Water Quality Trigger Values _Rev4 

The Provisional Water Quality Trigger Values have been revised to reflect the change in the mine plan and 
changes in source and pathway assessments.  

1. Introduction 

In order to measure the effect of mining disturbance on the environment,  it  is necessary to establish the 

baseline  hydrogeochemistry  regime  of  the  potential  pathways  prior  to  disturbance.  Any  changes  then 

resulting from mining activities on chemical parameters can then be compared to this baseline. This memo 

details the provisional groundwater and surface water trigger values and the results for the greenfields Mulga 

Downs area. The procedure for establishing suitable trigger values follows that detailed in the Australian and 

New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2018; ANZECC & ARMCANZ, 2000b).  

1.1 Relevant guidelines 

In order to evaluate analytical data, elemental concentrations are required to be compared to standards. 

Commonly in the absence of site‐specific reference values, water quality data can be compared to the ANZ 

Toxicant Default Guideline Values for Fresh and Marine Water Quality at the 95% of Species Protection (SP) 

for a Slightly to Moderately Disturbed System (ANZG, 2018; ANZECC & ARMCANZ, 2000b).   

Where applicable, the 95% Species Protection Toxicant Default Guidelines Values (DGVs) will be modified for 

the relative hardness of the water (ANZG, 2018; ANZECC & ARMCANZ, 2000b). 

Contaminated land guidelines refer specifically to disturbed growth medium (DER, 2014), or surface soils that 

may have been contaminated by materials that are not present naturally. Similarly, Health‐based Soil and 

Groundwater Investigation Levels (DHAC, 2001) and the NEPM Guideline on Investigation Levels for Soil and 

Groundwater: Ecological investigation levels (NEPC, 2010) do not apply to natural rock or soil material unless 

this material has come into contact with contaminating substances.  

1.2 Background  

The  DGVs  provide  a  guide  for  the  specific  toxicity  of water  parameters  on  the most  sensitive  aquatic 

ecosystems  by  compiling  studies  from  around  the world  and  applying  a  factor  of  safety  to  the  lowest 

concentrations.  They are, as a result, protective of communities that may be resident in the highest quality 

natural waters.  The  principle  behind  site  specific  trigger  values  (SSTVs)  is  the  assumption  that  aquatic 

ecosystems have ecological tolerances that allow them to persist, and that as  long as their habitat ranges 



Mulga Downs Project     

Provisional Water Quality Trigger Values  Page 2 of 18  1 October 2024 

 

(upper tolerance limits), such as high natural salinity in the Pilbara or high concentrations of any particular 

element, are not exceeded, the  local ecosystems dependant on surface water or groundwater will not be 

adversely  affected.  Thus,  even  if  a  particular  element  concentration  exceeds  the  ANZ  Toxicant  Default 

Guideline Values, local species will be tolerant of such concentrations. It is especially important to establish 

site‐specific  conditions  in  the  Pilbara,  as  a  result  of  the  highly  salinity  and  hardness  (representative  of 

concentrations  of  divalent  cations  calcium  and  magnesium)  naturally  present  in  the  groundwater 

environment, where often, undisturbed ecosystems will far exceed ANZ DGVs.   

The goal of a geochemistry characterisation programme  is to assess what the  likely  leachate from mining 

waste will be and compare  those concentrations  to  the  local surface and groundwater regime  to predict 

drainage quality and any changes to the environment.  If  leachate concentrations are predicted to exceed 

local  conditions,  then  metalliferous  drainage  may  be  a  concern  and  management  options  can  be 

implemented. Conversely,  if  leachate concentrations are  lower than the  local groundwater conditions  it  is 

assumed  they will not pose a  risk and management  is not  required. Elements  that exhibit a  tendency  to 

bioaccumulate in the environment such as mercury, selenium or thallium require special consideration. 

Mining  in  the  Pilbara  could  potentially  affect  several  different  downgradient  systems,  across  different 

groundwater  regimes  resulting  in  the need  for different baselines  for each  system. Groundwater  is  first 

assessed to determine if different types are present across the site. 

2. Method 

Natural groundwater quality typically varies vertically with aquifer and rock units and temporally/seasonally 

at individual points and catchments, as a result of system conditions. While a minimum of one upgradient 

monitoring  point  is  required  to  determine  background  water  quality,  in  complex  situations  or  large 

operations more  than one upgradient point may be needed  to characterise  spatial variability accurately. 

Water quality is influenced by depth, thickness and lithology of units, as well as the hydraulic conductivity, 

permeability, rainfall, climate and topography. 

Groundwater quality data should be collected and compared to the ANZG 95% Species Protection (SP) for 

freshwater systems DGVs to determine the relevance of these limits (DoW, 2013). Frequently, groundwater 

in the Pilbara is saline to hypersaline quality, and may not meet the 95% SP DGVs, even after concentrations 

have been modified for high (>30 mg CaCO₃/L) water hardness (ANZG, 2018; ANZECC & ARMCANZ, 2000b). 

If the undisturbed/upgradient water quality exceeds the 95% SP, then a SSTV should be established.  

The ANZECC & ARMCANZ  (2000b) guidelines  state  that a baseline data  set  should be established with a 

“minimum of two years of contiguous monthly data at the reference site before a valid trigger value can be 

generated”. Until this minimum data requirement has been established, comparison of the median value of 

the dataset should be made with reference to the 95% SP DGVs.  

The ANZECC & ARMCANZ (2000b) guideline stipulates a monthly sampling frequency for two years, such that 

trigger values may be established from 24 data points. However, this high frequency  is only applicable for 

surface  water  quality,  in  permanent  river  systems,  which  are  dynamic.  For  baseline  determination  of 

groundwater quality and ephemeral inland waters the number of collected data points should be similar: 18 
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(DEHP, 2009) to 24 samples, but may be collected seasonally over a longer period of time, such as quarterly, 

and may still be considered to be “contiguous”.   

ANZ Guidelines for the Management of Water Quality in Temporary Waters (Smith, et al., 2020) recommend 

that the Low‐Risk Trigger Value (LRTV) for ephemeral surface water is generated from the 80th percentile of 

the data set, as a rolling value updated for each new analysis. If the 80th percentile value is exceeded by an 

analysis, then further investigation may be required. 

An additional higher risk investigative trigger value (ITV) can be established to represent a value above which 

an  impact may be occurring. This  limit  could be  set at  the 90th or 95th percentiles, and  if exceeded an 

investigation action may be triggered.   

Goudey (1999)  indicates that  in order to calculate 80th and 90th percentile values to assess water quality 

objectives at a 95% confidence  interval, sample sizes of 14 and 29, respectively, are required. The water 

sample volumes required for 95% confidence of various percentile rankings is demonstrated in Figure 1. It is 

accepted that baseline groundwater quality data can continue to be collected from upgradient monitoring 

bore(s)  or  reference  site(s)  and  in  cross‐gradient  bores  throughout  the  life  of  mine  operations.    If 

groundwater modelling predicts these areas are affected by operations, such as dewatering or groundwater 

reinjection, then groundwater monitoring results should be compared to baseline to assess the magnitude 

of the impact of operations. Downgradient bores can also be used as reference sites for all data collected 

before mining operations are likely to have caused an effect on the groundwater quality at that reference 

site. 

At Mulga Downs groundwater samples have been collected from shallow (<20 metres below ground level) 

medium (25‐55 mbgl) and deep (60‐115 mbgl) bores across the proposed Mine Development Envelope. The 

volume of data over the  

from March 2019 to October 2022 at Mulga Downs has provided 472 analyses from 102 positions. While no 

single  bore  has  a  more  than  29  analyses,  samples  from  different  bores  may  be  grouped  if  they  are 

hydrogeochemically the same to a give statistically robust data set. 

 
Figure 1:   Sample size required to derive 95% confidence interval for a population 
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2.1 Groundwater differences 

In order to determine whether groundwater quality varied significantly by depth or area the groundwater 

type was assessed. The groundwater quality statistics were then compared in these groupings to determine 

whether these factors would affect element concentrations.   

Following  this  exercise,  the minimums, maximums,  25th  and  75th  percentiles  and mean  values  were 

calculated.    In  addition  to  these  statistics  the  outliers,  strong  outliers  and  99th  percentile  values were 

determined for the database. Outliers were calculated based on the interquartile range (IQR) = Q3 – Q1 (75th 

percentile – 25th percentile) where:  

Upper Outliers = Q3+ (1.5 x IQR) 

Strong Upper Outliers = Q3 + (3 x IQR) 

The analyses of several bores were excluded from the baseline determination. Two bores contained low pH 

values and extremely high metal concentrations as they had been installed into pyritic Jeerinah Formation. 

In addition, 5 bores on the southwest edge of the marsh exhibited high salinity (>10,000 mg/L) and were 

excluded from the assessment. Additionally, two bores exhibited acidic water and were excluded from the 

assessment 

3. Results 

Figure 2 shows a map of all bores at the Mulga Downs site relative to planned pits. This includes production 

bores and monitoring piezometers. Bores with  labels  in red  indicate points separated  from the statistical 

analyses as being outliers. 

Two bores were installed into Jeerinah Formation and as a result have acidic water, and several bores to the 

south west of the mining area are highly saline. 
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Figure 2:   Mulga Downs Site layout showing locations of bores 
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Figure 3 shows the groundwater salinity as a function of depth. Water analyses with a salinity greater than 

12,000 mg/L were excluded from the baseline determination as outliers. Highly saline waters are required to 

have separate baseline values for major ions. However, there is generally no correlation between the depth 

of the sample from surface and the salinity of the sample. Similarly, there is no correlation between salinity 

and elevation, or latitude or longitude, or relative distance from the Fortescue Valley. 

  
Figure 3:   Groundwater salinity as a function of sample depth. 

Figure 4 shows the water type for all bores separated by depth. The majority of bores are of a sodium‐chloride 

type with one bore being a magnesium carbonate type, and some samples being calcium chloride or mixed 

types. As indicated, by the salinity there is no significant influence by depth on the water type. As a result of 

this water analyses were grouped by water type as shown in Figure 5. Water types different from the sodium 

chloride type were separated out of the dataset. 

Statistics were calculated from the following sets of data: 

 Population of all analyses (maximum n=539 – not all analytes have been analysed in every sample). 

It is convention when a concentration is reported in text, as being below the limit of reporting, that 

the concentration is converted numerically to half the limit of reporting (e.g. if concentrations was 

“<0.005” then the value “0.0025” was used for statistical calculation); 

 Population of analyses excluding those with low (<5.5) pH (n=19) and high (>12,000 mg/L) salinity 

(n=488); 

 Population of only high salinity (>10,000 mg/L) analyses (n=32); 

 Populations of analyses of  shallow  samples  (n=125), medium depth  samples  (n=170) and deep 

samples (n=181); 

 Population of analyses of the main sodium‐chloride water type (n=392) (production bores where 

the sample depth was not known were included); and 

 Population of analyses of all other water types (n=126), excluding the dominant Na‐Cl type. 
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Figure 4:   Piper plot of water quality for all water samples from different depths. 

 

 
Figure 5:   Piper plot of all water samples of same type grouped with other types separated. 
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4. Summary 

A summary of the groundwater data analysis results is given in Appendix A and detailed as follows: 

 The majority of water  samples are of a  sodium‐chloride  type. The Mulga Downs Water Studies 

Groundwater  &  Surface  Water  Impact  Assessment  (AQ2,  2023)  provides  a  more  in‐depth 

assessment of groundwater water quality types and spatial distribution in the landscape. 

 Major  cations: potassium,  sodium,  calcium  and magnesium,  and minor  cation  strontium,  show 

some variability between water at different depths but are mostly highly  influenced by salinity, 

sodium being significantly less in the Shallow Bores and highest in the Saline Bores. 

 Major anions: chloride and sulfate and minor anions: boron and fluoride, are highly influenced by 

salinity  with  shallow  and  medium  depth  water  having  significantly  lower  80th  and/or  90th 

percentiles. However, bicarbonate shows only minor variation with depth and salinity and has a 

narrow  consistent  range  over  water  types.  Other  minor  anions:  nitrate  and  phosphate  are 

influenced by biological activity and are thus highest in shallow surface waters and lower in saline 

waters. 

 Minor elements were compared for the different water types, and were found to be broadly 

similar, with most being linearly affected by salinity.  

‐  Parameters where the 80th and/or 90th percentile values were highest in the Saline Bore 

population are: silver, cadmium, cobalt, iron, manganese, molybdenum, titanium and uranium. 

Even though the Saline Bore population has the highest 80th and/or 90th percentiles in the data 

population for these metals, they are not the water receptor, and will not be used to derive 

trigger values. 

‐  It is worth noting that Shallow Bore data population had the highest 80th and/or 90th 

percentile values for alkalinity, chromium, fluoride, nitrate, phosphate, antimony, selenium and 

vanadium relative to the other data populations. The values have been set as the most 

appropriate Low Risk and Investigative trigger values.  

‐  The population of bores with Different Water types had the highest 80th and/or 90th 

percentiles for arsenic, barium, nickel and zinc. 

 The data analysis  indicates that one set of trigger values can be established for the mining area. 

High salinity waters are too far away from the mining area to impact dewatering operations.  

 For the majority of metals the ambient groundwater at Mulga Downs meets the 95% of Species 

Limit of Protection, where the groundwater is different the Shallow Bore population has been set 

as the most relevant trigger. 

Therefore,  for  the  following parameters  the  toxicant Default Guideline Values may be  considered  the 

trigger  value:  pH,  aluminium,  arsenic,  beryllium,  bismuth,  cadmium,  cobalt,  copper,  iron,  mercury, 

manganese, molybdenum, nickel, lead, antimony, selenium and tin. 

 For some parameters the majority of analyses are below the limit of reporting, however that limit 

(or half that limit) is above the DGV and more samples at a lower reporting limit must be collected. 

Therefore,  the  following  parameters  are  considered  to  have  provisional  trigger  values:  silver, 

beryllium,  bismuth,  copper,  and  thallium.  For  silver,  beryllium  and  thallium,  it  is  unlikely  the 

required limit of reporting will ever be achieved by a commercial laboratory. 
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process  of water monitoring  an  active management  process  that  can  respond  to  issues  arising  during 

operations rather than a passive snapshot of conditions. 

Exceedance of a Trigger is a prompt that an action should be taken according to a procedure.  

A Risk of Contamination is only indicated if the Source‐Pathway‐Receptor model predicts that unacceptably 

high concentrations of a hydrogeochemical parameters will have a significant negative impact on a sensitive 

Receptor, that cannot be mitigated or prevented by remediation actions.  

The Trigger Value Exceedance Procedure in Figure 6 is detailed as follows. The trigger values and procedure 

to follow must be established with consideration of the Source‐Pathway‐Receptor model and definition of 

nearby sensitive Receptors. If likely Receptors do not comprise of Fresh water or Marine Environments, but 

are  solely comprised of human drinking water,  stock watering or other water uses  then  triggers may be 

higher, more  lenient, or have reference to other publications not discussed here. Trigger Values must be 

tailored for the protection of the most relevant, specific, most sensitive Receptor. 

5.1 Low Risk Trigger Value (LRTV) Exceeded 

The Low Risk Trigger Value is usually set at the 80th percentile of baseline monitoring data and is indicated to 

be an early sign of potential increases. Numerically, 20% of all data points will exceed this trigger. 

5.2 Monitor next 3 analyses for increases 

Following on from an exceedance of a LRTV, attention should be paid to the next three monitoring results of 

that sampling point to see if the exceedance was statistically normal or is increasing. 

5.3 ANZ Toxicant Default Guideline Values (DGVs)  

(https://www.waterquality.gov.au/anz‐guidelines/guideline‐values/default/water‐quality‐toxicants/toxicants#metals‐

and‐metalloids) 

The  ANZ  Guidelines  for  the  Fresh  and Marine Water  Quality  online  resource  contains  all  information 

regarding Default Toxicant values and their derivation. As well as how to establish a baseline, site specific 

triggers, how to conduct  investigations  into a source and  implementation of monitoring programmes and 

should be heavily consulted.  

For the majority of trace metals or metalloids, their low solubility in water, under oxidising conditions and 

circumneutral pH values, is an indication of toxicity and likely concentrations, even in saline environments 

i.e. a toxic element  like silver  is toxic precisely because  it has  low solubility and biota have not evolved to 

tolerate it.  

Most major ions will increase with increased salinity and will require site specific triggers, while many trace 

elements will not be detectable or only at low concentrations (under normal water conditions), so that often 

the 90th percentile concentration of the baseline monitoring database meets or  is below the ANZ DGV.  In 

these instances, the ANZ toxicant DGV is the default Investigative Trigger Value. The DGV level of protection 

applicable to the quality and sensitivity of nearby receptors must be predetermined according to Undisturbed 

= 99% of Species Limit of Protection (SLP), Moderately Disturbed = 95% SLP, and Disturbed = 80% SLP, and in 

consultation with regulators and Traditional Owners. 
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Figure 6: 
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5.4 Investigative Trigger Value (ITV) Exceeded 

The action of exceeding this trigger indicates that a more in depth look at the exceedance must be performed: 

i.e. an Investigation but numerically, 10% of all data points will exceed this trigger. 

The ITV is usually established at the 90th percentile of a baseline database of significant size and samples over 

several years and seasons. Baseline data may continue to be collected up until the water environment  is 

disturbed, either until dewatering mining or begins. Therefore, triggers are termed as “Preliminary” while 

baseline data collection  is still underway, and may  increase or change with additional data, shifting of the 

statistical 90th percentile or additional studies or monitoring. If the local environment has unusual geology, 

some trace elements not usually soluble, may be seen at concentrations higher than the ANZ DTGs and the 

ITV becomes a Site‐Specific Trigger as  the  local biota can  tolerate high concentrations. Evaluation of  the 

baseline monitoring database must also take different aquifers/ catchments, depths, water types, anomalies, 

outliers and etc. into account and different areas of a site may require different Trigger Values. 

5.5 Is DTG higher ITV? 

Where a Default Toxicity Guideline does not exist for some ions or metals, or where the ITVs are higher the 

exceedance may be treated as Low Risk. The ITV should be the default triggers, but ANZ guidelines may be 

incorporated for reference. 

5.6 Is parameter toxic to receptors? 

This input is to account for some low toxicity metals or ions that may be occurring at elevated concentrations 

but are of  less concern as a result of their high solubility and  low toxicity, e.g. calcium or manganese. An 

exceedance in such parameters may indicate a change occurring and other elements may become elevated. 

5.7 Calculate hardness modified TV’s for sample.  

For metals such as cadmium, copper, chromium, lead, and zinc, the toxicity is greatly dependant and reduced 

in hard water (high calcium and magnesium). The ANZ guidelines specify a calculation that may be applied to 

adjust  the DTG  value higher  to  account  for  this.  If  exceedance  is below  the HMTV  then  it  is no  longer 

considered to be of concern. 

5.8 Query result and reanalyse all exceedances 

Aside from routine numerical exceedances, the most common cause of spikes or elevated concentrations is 

analytical error or sampling error.  Often querying or repeating the analysis resolves the exceedance and a 

correction  is  issued. Other “non‐field”  investigation can be performed at  this stage, such as querying  the 

sampling protocols to see if other errors may have occurred e.g. incorrect labelling, accidentally mixing up 

deep and shallow bore samples, or equipment issues etc. 

5.9 Resample water & reanalyse. Duplicates to second laboratory 

If the  laboratory query  indicates an analysis within allowable error tolerance then  it  is recommended the 

sample be repeated as soon as possible and a duplicate sample collected and be sent to a second laboratory 

for further confirmation.  
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5.10 Comply with reporting requirements 

Once there  is no doubt as to the veracity of the exceedance, the result may be  included  in the whatever 

mandated reporting is required e.g. Annual Environmental Reporting or exceedance reporting. 

5.11 Collect 3 weekly samples from affected bores & duplicates 

To determine whether the exceedance was random or natural additional samples should be collected. At 

least 3, non‐routine samples, but more may be collected or for a longer time‐span for certainty.  

5.12 Do exceedances persist or increase? 

If the original exceedance and the next 3 analyses  indicate the persistence of higher concentrations or an 

increasing trend then this is of statistical significance and a change to the water regime may have occurred 

and requires investigation.  

5.13 Sample up & downgradient bores to determine existence of plume 

The spread or movement of elevated concentrations should be confirmed to determine the existence of a 

plume. 

5.14 Determine source of exceedance  

Depending on the chemical parameter or the proximity of the sampling point to potential sources, the source 

may be obvious e.g. petroleum hydrocarbon  from above ground  storage  tanks, or adjacent  to a  tailings 

storage  facility. However, occasionally  the  source of  the  exceedance may be  a bore  that has  too much 

sediment (i.e. incompletely airlifted when installed, or requires repair), or a bore that has been installed into 

acid‐generating rock and is required to be redrilled. The source of the increasing concentrations should be 

thoroughly investigated for possible reasons. 

5.15 Is source remediation possible? 

If the source is a spillage at storage facility, then it is usually fairly simple to remove the majority of the issue. 

If the source is a large waste rock dump then removal or remediation may be less possible depending on the 

stage of construction. If the source is a result of incorrect mineral, or putrescible/ organic waste management 

practices, then a review of operations  is required and possibly a change  in management of waste may be 

required. The careful monitoring of exceedances can prevent further incorrect practices.  

5.16 Remove/ or remediate source of exceedance 

Excavation of a spillage, or placement of potentially‐acid forming material may be possible  if volumes are 

relatively  low. If not possible other remediation options such as compaction or cover may be sufficient to 

prevent  ingress  of  air  and water  and  the  generation  of  leachate.  There  are  several  possible  solutions 

depending on the source, for example the exposure of PAF material on a pit wall may require a cutback and 

then correct placement in the waste landform. 

5.17 Conduct bimonthly monitoring until concentrations return to previous levels 

Following  remediation  activities  routine monitoring must occur on  an  increased  schedule until  elevated 

concentrations have resolved. 



Mulga Downs Project     

Provisional Water Quality Trigger Values  Page 15 of 18  1 October 2024 

 

5.18 Will exceedance reach receptors? 

Geochemical and groundwater modelling should be conducted to determine the likely path of any elevated 

concentrations and the speed at which it will move through the pathway. Dilution, adsorption and reaction 

in  the  aquifer  or  along  the  streambed may  result  in  natural  attenuation without  further  action  being 

necessary. 

5.19 Is water remediation required?  

If modelling indicates that unacceptably high concentrations will negatively impact a downgradient receptor 

then active ongoing remediation may be required. This may mean extraction and  treatment of water, or 

divergence and dilution, or provision of uncontaminated water.  

5.20 Consult Authorities 

Once  the Source‐Pathway‐Receptor model  linkages have been established and  the  risk of contamination 

determined, the mitigation and remediation actions should be presented to the regulators for consultation 

and approval.  

5.21 Remediate water 

Once approved the appropriate water remediation actions should be implemented until Closure outcomes 

are met or exceedances resolved.  

5.22 Resume Normal Quality Monitoring 

When inputs, instructions and decisions are resolved, monitoring may return to routine levels 

 
   



Mulga Downs Project     

Provisional Water Quality Trigger Values  Page 16 of 18  1 October 2024 

 

6. References 

ANZECC & ARMCANZ, 2000b. Australian and New Zealand Guidelines for Fresh and Marine Water Quality. 

Volume 2: Aquatic Ecosystems – Rationale and Background Information; Chapter 8 , National Water 

Quality Management Strategy  (NWQMS): Document. 4; Australian and New Zealand Environment 

and Conservation Council and Agriculture and Resources Management Council of Australia and New 

Zealand: Pp. 678. 

ANZG, 2018. Australian and New Zealand Guidelines for Fresh and Marine Water Quality. Australian and New 

Zealand  Governments  and  Australian  state  and  territory  governments.  Canberra  ACT,  Australia. 

[Online]  

Available at: www.waterquality.gov.au/anz‐guidelines 

AQ2, 2023. Mulga Downs Water Studies Groundwater & Surface Water Impact Assessment, 1 April 2023: Pp. 

478. 

DEHP, 2009. Department of Environment and Heritage Protection: Queensland Water Quality Guidelines, 

Version 3, Government of Queensland: Republished: 8 July 2013, Pp. 184. 

DER, 2014. Assessment and management of contaminated sites ‐ Contaminated sites guideline. December 

2014; Pp 134, Department of Environmental Regulation, Government of Western Australia. 

DHAC, 2001. Department of Health and Aged Care: Health‐based Soil Investigation Levels, Commonwealth of 

Australia: 13 June 2006; Pp. 27. 

DoW, 2013. Department of Water: Western Australian water in mining guideline, Water Licensing Delivery 

Series Report No. 12; Government of Western Australia: 29 May 2013; Pp.75. 

Goudey, R., 1999. Assessing Water Quality Objectives: Discussion Paper, Environmental Protection Authority, 

Government of the State of Victoria: December 1999; Pp. 18. 

NEPC,  2010.  National  Environment  Protection  (Assessment  of  Site  Contamination)  Measure  (NEPM)  ‐ 

Schedule B1: Guideline on Investigation Levels for Soil and Groundwater, Commonwealth of Australia 

‐ National Environment Protection Council: 22 September 2010; Pp. 61. 

Smith, R. E. et al., 2020. Assessing and managing water quality in temporary waters, Australian and Zealand 

Guidelines for Fresh and Marine Water Quality. CC BY 4.0. Australian and New Zealand Governments 

and Australian state and territory governments: Canberra, ACT, Australia, 12 October 2020, Pp. 59. 

 



Mulga Downs Project     

Provisional Water Quality Trigger Values  Page 17 of 18  1 October 2024 

 

Appendix A: Summary statistics for groundwater populations 
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Appendix 3 – Bore Specific Interim Trigger Levels and Threshold Criteria 

and Bore Locations 
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Figure A3-1: Ground user Water Supply Bores 
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Figure A3-2: Drawdown Monitoring Bores  
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Figure A3-3: Mounding Monitoring Bores  
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Figure A3-4: Salinity Monitoring Bores 


