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Summary 

This Inland Waters (Groundwater) and Subterranean Fauna Environmental Management Plan (EMP) is 

submitted by Technology Metals Australia Ltd (TMT) (the Proponent) for the Gabanintha Vanadium Project 

(the Project). This EMP specifically addresses the management of Inland Waters (Groundwater) and 

Subterranean Fauna values for the Project. 

Table E.1 Summary of the Inland Waters (Groundwater) and Subterranean Fauna Environmental 
Management Plan 

Item Summary 

Proposal Name Gabanintha Vanadium Project 

Proponent Name Technology Metals Australia Limited 

Ministerial Statement Number To be advised 

Purpose of the EMP The purpose of the Inland Waters (Groundwater) and Subterranean 
Fauna Environmental Management Plan (EMP) is to support the 
assessment, construction, and operation of the Gabanintha Vanadium 
Project. It sets out the environmental management measures the 
proponent will implement during all phases of the Project. 

This EMP has been developed in accordance with the Instructions on how 
to prepare Environmental Protection Act 1986 Part IV Environmental 
Management Plans (EPA, 2021). 

Key Environmental Factors and 
Proposed Environmental 
Objective / Outcome 

Subterranean Fauna: 
Troglofauna 
Case 1 (mining of two separate pits – north and central) 

• None of the troglofauna taxa will be Moderately or Significantly 
impacted by the proposed mining operations.  

• Impacts to two troglofauna taxa known from indirect impact areas 
are expected to be Minor: Tyrannochthonius `sp. Biologic-PSEU030` 
and Chilenophilidae `sp. Biologic-CHIL011`. 

Case 2 (mining extended pit) 

• Two troglofauna taxa will be Significantly impacted by the proposed 
extended mining operations. These taxa comprise Paraplatyarthrus 
`sp. Biologic-ISOP013` and Lepidospora` sp. Biologic-ZYGE016`. 

• One taxon, Cryptops `sp. Biologic-CHIL009`, will experience a 
Moderately Significant impact as it was collected from a single site 
in the Mining Area. The state of knowledge for centipedes is limited 
and so this species is treated as a potential SRE. 

• Three troglofauna taxa are considered to experience a Minor level 
of impact as they were located within the indirect impact area 
(Tyrannochthonius `sp. Biologic-PSEU030`, Chilenophilidae `sp. 
Biologic-CHIL011 and Troglarmadillo `sp. Biologic-ISOP016`). 

Stygofauna 

• The proposal is not likely to have a Significant impact on any of the 
stygofauna taxa from within the Water Supply Area after 5 years or 
at the end of mine life; 

• After 5 years and at the end of Operational Lide this proposal is likely 
to have a Moderately Significant impact on the syncarid 
Atopobathynella `sp. Biologic-PBAT010`. The majority of this taxa 
were recorded from within the Mining Area, however limited 
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records do occur outside of the impact areas and further surveys 
may increase this taxa’s known distribution. 

• After 5 years of groundwater extraction, 12 stygofauna taxa were 
classified as being at Minor risk from the Proposal with taxa 
recorded within the Low impact groundwater drawdown areas (<5 
m). 

• At end of mine life, a total of 19 stygofauna taxa were classified as 
at Minor risk from the groundwater extraction. 

Inland Waters (Groundwater): 

• If groundwater drawdown within the Shallow aquifer of the water 
supply area, reaches 3m at the 1km monitoring zone, the 
groundwater model will be review and revised to consider new 
information and work will be progressed on the expansion of the 
borefield beyond the current defined water supply areas inside the 
development envelope. 

• If Groundwater drawdown within the Shallow aquifer in the water 
supply area reaches 5m at the 1km monitoring zone abstraction will 
stop. Noting that localised drawdown in the direct vicinity of 
production bores will be greater than 5m during active pumping. 

• Groundwater quality will remain within baseline background range 
with an adaptive approach taken to identifying and managing 
potential contamination as determined by groundwater quality 
monitoring and outlined within the Inland Waters (Groundwater) 
and Subterranean Fauna Management Plan. 

• Groundwater monitoring points will be established in proximity to 
Gabanintha, Long Pool and Homestead pools.  The location will be 
determined in consultation with the Yugunga-Nya People.  

Condition Clauses (if applicable) No specific conditions to cite as Ministerial Statement not yet issued at 
time of preparation but based on expected requirements for key 
environmental factors. 

Key components in the EMP (if 
applicable) 

Refer to Tables under Section 2. 

Proposed Construction Date H1, 2024 

EMP required Pre-construction? Yes 
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1 Context, Scope and Rationale 
This Inland Waters (Groundwater) and Subterranean Fauna Environmental Management Plan (Plan) has been 

prepared to support environmental assessment under the Environmental Protection Act 1986 and the 

construction and operation of the Gabanintha Vanadium Project (the Project) proposed by Technology Metals 

Australia Limited (TMT). 

This plan has been prepared in accordance with the requirement of the Instructions on how to prepare 

Environmental Protection Act 1986 Part IV Environmental Management Plans (EPA, 2021). 

1.1 Proposal 

The Gabanintha Vanadium Project is located within WA’s Mid-West region, approximately 615km north-east 

of Perth (Figure 1.1) and 40km south-east of Meekatharra, adjacent to the Meekatharra-Sandstone Road.  The 

Project includes the development of multiple vanadium deposits via open-pit mining and the processing of 

ore from deposits located inside and outside of the development envelope.  Other commodities including iron, 

titanium and base metals are also contained within the target vanadium resource and are proposed to be 

recovered.  Supporting infrastructure for the Project includes waste rock landforms, low-grade ore stockpile, 

power station, processing plant, run of mine pad, integrated waste landform (for process waste storage), mine 

dewatering infrastructure, workshops, accommodation camp, borefields and associated infrastructure, 

administration buildings and roads. 

The Project will be developed in phases, it is currently envisaged that the phases will be: 

• Year 0-1.5 – Construction; 

• Year 1.5-3 – Commissioning; 

• Year 4-20+– Production / Operations (onsite and offsite ore sources) 

The phases of the Project from Year 3 may change depending on Project economic and market demands for 

production products. 

 
Figure 1-1 Gabanintha Vanadium Project Location 

The Project footprint will be up to 1,060ha within a 7,151.99ha Development Envelope (Figure 1-2). 

The Project was referred to the Environmental Protection Authority (EPA) by TMT on the 28th of November 

2018.  On the 9th of January 2019, the level of assessment was set as Environmental Review – no public review.  

The EPA prepared an Environmental Scoping Document (ESD) to define the preliminary key environmental 

factors, potential impacts, risks, required studies and content of the ERD.  This was approved on the 31st of 

October 2019.  The Project is currently under assessment by the EPA.   
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Table 1-1 Key Proposal Characteristics 
Element Location Maximum extent, capacity, or range 

Physical elements 

Mining elements, including: 

• Open pits 

• Haul roads 

• Waste rock landforms 

Figure 1-2 
Disturbance of up to 1,060ha within a 7,151.99ha 
Development Envelope. 

Processing elements, including: 

• Processing plant with ability for multiple 
configurations 

• Run of mine 

• Low grade stockpile 

• Integrated waste landform for process 
waste / tailings storage facility 

• Evaporation ponds 

• Reagent storage 

Supporting activities and infrastructure, 
including: 

• Power station 

• Workshops 

• Fuel storage and refuelling area 

• Administration complex 

• Accommodation camp 

• Wastewater treatment and sprayfield 

• Borefield and associated infrastructure 

• Dewatering infrastructure 

• Access roads 

• Landfill 

• Ancillary infrastructure 

Construction elements 

No relevant elements 

Operational elements 

Mining and material movement Figure 1-2 Annual mining rates (ore and waste) will range 
from 5.3 – 22.3Mt/annum with an average of 
12Mt/annum. 

Production / end product Figure 1-2 Up to 14,400 tonnes of fused vanadium pentoxide 
(V2O5) per annum (or equivalent vanadium units 
as Ferro Vanadium (FeV80 or other FeV 
products)). 
Up to 400,000t per annum of titanium 
concentrate. 
Up to 50,000t per annum of base metal 
concentrate. 
Up to 2Mt per annum of Iron-Vanadium 
Concentrate. 

Ore processing Figure 1-2 Up to 4 Mt per annum of ore. 

Process waste deposition Figure 1-2 Disposal of up to 3.9Mt per annum of processing 
waste to the lined IWL/TSF, evaporation ponds or 
other containment structures. 

Groundwater abstraction (mine dewatering and 
abstraction) 

Figure 1-2 Project water requirements are up to 
2.7GL/annum.  
To facilitate mining, between 0.2 to 1GL/annum 
will be abstracted.  
Between 1.7 - 2.7GL/annum will be abstracted 
from the palaeochannel aquifer depending on the 
phase of the Project 
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Element Location Maximum extent, capacity, or range 

Greenhouse gas emissions 

Peak annual average 

Scope 1 280,770 tCO2-e 

Scope 2 - 

Total Combined 280,770 tCO2-e 

Total (based on annual; average scope 1 and 2) – 20 year mine life 

5,246,296 tCO2-e 

Commissioning 

Commissioning of the Processing Plant and supporting infrastructure will occur between year 1.5 – 3. Ore for the Plant 
commissioning will be sourced from the North Pit. 

Decommissioning 

Removal of all infrastructure following cessation of mining operations (excluding periods of care and maintenance). 

Rehabilitation and Closure 

The intent for the Project area post closure is to return the area to an agreed post-closure land use.  At the end of the 
Project life the open pits, IWL/TSF and WRLs will be remaining as permanent features.  Progressive rehabilitation will 
be undertaken over the life of the mine.  Areas disturbed through implementation of the Project will be designed to 
be safe and non-polluting and will be constructed so that their final shape, size, stability, and ability to support local 
native vegetation that are comparable to natural landforms in the area. 

Other elements which affect extent of effects on the environment 

Proposal time Maximum 
project life 

Approximately 30 years (including construction 
and closure) 

 
Figure 1-2 Conceptual Site Layout 
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1.2 Key Environmental Factors 

The Key Environmental Factors identified by the EPA for the Project are: 

• Flora and Vegetation; 

• Subterranean Fauna; 

• Inland Waters; and  

• Terrestrial Environmental Quality. 

Other Environmental Factors considered potentially relevant are Terrestrial Fauna, Air Quality and 

Greenhouse Gas Emissions.   

This plan discusses the management provisions for Inland Waters (Groundwater) and Subterranean Fauna.  

The remaining Environmental Factors are discussed in the Environmental Management and Monitoring Plan 

and the Greenhouse Gas Management Plan. 

Table 1-2 Summary of impact assessment of environmental factors 

Subterranean Fauna 

Project activities • Open pit mining; 

• Abstraction of groundwater 

• Ground disturbance; 

• Placement of Waste Rock Landform/s; and 

• Use and storage of chemicals. 

Impacts on site 
environmental 
value  

• Direct impacts to stygofauna: 
o Loss or reduction of stygofauna and stygofauna habitat from pit development and 

dewatering in the Mining Area; 
o Loss of stygofauna and stygofauna habitat from groundwater abstraction in the 

Water Supply Area; 

• Indirect impacts to stygofauna: 
o Degradation of stygofauna habitat from contamination of groundwater, changes in 

groundwater flows, seepage, leaks and spills of chemical and hydrocarbons; 
o Changes in assemblage due changes in the groundwater abstraction in the Water 

Supply Area. 

• Direct impacts to troglofauna: 
o Loss or reduction of troglofauna and troglofauna habitat from pit development in the 

Mining Area; 

• Indirect Impacts to troglofauna: 
o Degradation of troglofauna habitat from increased heat radiating in from exposed pit 

walls; 
o Degradation of troglofauna habitat from loss of food/nutrient sources, groundwater 

drawdown and contamination; 
o Clearing of vegetation and placement of mining waste potentially leading to 

reductions in organic inputs into the subterranean environment.  Reductions in 
organic inputs may reduce the quality of troglofauna habitats; 

o Reduction in troglofauna habitat due to seepage from the IWL/TSF which may 
generate a saturated zone above the groundwater table during operations. 

Proposed 
environmental 
objectives / 
outcomes 

Based on the information gathered, the proposed environmental objectives and outcome/s 
for Subterranean Fauna are: 

• Removal of troglofauna habitat is kept to the minimum required for open pit mining. 

• Significant or Moderate impacts will be limited to three Troglofauna taxa if the extended 

mining pit is implemented. 

• No significant impact to stygofauna taxa from groundwater abstraction within the Water 
Supply Area; 

• Retaining stygofauna habitat within the water supply area by drawdown not exceeding 
5m beyond 1km of production bores acknowledging that localised drawdown in the direct 
vicinity of production bores may be greater than 5m during active pumping. 

• Groundwater quality remains within background levels across the WSA. 
Inland Waters (Groundwater) 

Project activities • Abstraction of groundwater 

• Use and storage of hydrocarbons, chemicals and other potential pollutants 

• Construction of WRLs and IWL/TSF 

• Mine Closure 
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Impacts on site 
environmental 
value 

• Direct impacts on inland waters (groundwater): 
o Changes in groundwater level from abstraction; 
o Reduction in groundwater available to groundwater-dependent ecosystems and 

other users; 
o Contamination of groundwater from seepage related to the IWL, WRLs and other 

mining-related activities; 
o Establishment of pit lakes which act as a groundwater sink; 

Proposed 
environmental 
objectives / 
outcomes 

Based on the information gathered, the proposed environmental objectives and outcome/s 
for Inland Waters (groundwater) include: 

• When groundwater drawdown within the shallow aquifer in the water supply area, 
reaches 3m beyond 1km from production bores, the groundwater model will be reviewed 
and revised to consider new information and work will be progressed on the expansion of 
the borefield beyond the current defined water supply areas inside the development 
envelope. 

• Groundwater drawdown within the shallow aquifer water supply area will not exceed an 
average of 5m beyond 1km of production bores, it is acknowledging that localised 
drawdown in the direct vicinity of production bores may be greater than 5m during active 
pumping. 

• Groundwater quality will remain within baseline background levels with an adaptive 
approach taken to identifying and managing potential contamination as determined by 
groundwater quality monitoring and outlined within the Inland Waters (Groundwater) 
and Subterranean Fauna Management Plan. 

1.3 Condition Requirements 

The Proposal is currently being assessed by the EPA and a Ministerial Statement and associated conditions are 

yet to be issued. 

1.4 Rationale and Approach 

A hybrid management and monitoring approach has been taken for the proposed environmental objectives 

and outcomes of the Gabanintha Vanadium Project. Elements of the hierarchical control model have been 

utilised including elimination, substitution, engineering and administrative measures. These have been 

translated into mitigation tools such as design, procedures and monitoring. These mitigation measures will be 

utilised in the management of potential environmental impacts to meet compliance with the proposed project 

environmental outcomes. 

1.4.1 Environmental Objectives and Outcomes 

Subterranean fauna proposed environmental objectives and outcomes are: 

Troglofauna 

Case 1 (mining of two separate pits – north and central): 

• None of the troglofauna taxa will be Moderately or Significantly impacted by the proposed mining 

operations.  

• Impacts to two troglofauna taxa known from indirect impact areas are expected to be Minor: 

Tyrannochthonius `sp. Biologic-PSEU030` and Chilenophilidae `sp. Biologic-CHIL011`. 

Case 2 (mining extended pit) 

• Two troglofauna taxa will be Significantly impacted by the proposed extended mining operations. 

These taxa comprise Paraplatyarthrus `sp. Biologic-ISOP013` and Lepidospora` sp. Biologic-ZYGE016`. 

• One taxon, Cryptops `sp. Biologic-CHIL009`, will experience a Moderately Significant impact as it was 

collected from a single site in the Mining Area. The state of knowledge for centipedes is limited and 

so this species is treated as a potential SRE. 

• Three troglofauna taxa are considered to experience a Minor level of impact as they were located 

within the indirect impact area (Tyrannochthonius `sp. Biologic-PSEU030`, Chilenophilidae `sp. 

Biologic-CHIL011 and Troglarmadillo `sp. Biologic-ISOP016`). 

Stygofauna 

• The proposal is not likely to have a Significant impact on any of the stygofauna taxa from within the Water 

Supply Area after 5 years or at the end of mine life (25 years); 
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• After 5 years and 25 years this proposal is likely to have a Moderately Significant impact on the syncarid 

Atopobathynella `sp. Biologic-PBAT010`. The majority of this taxa were recorded from within the Mining 

Area, however limited records do occur outside of the impact areas and further surveys may increase this 

taxa’s known distribution. 

• After 5 years of groundwater extraction, 12 stygofauna taxa were classified as being at Minor risk from 

the Proposal with taxa recorded within the Low impact groundwater drawdown areas (<5 m). 

• At end of mine life, a total of 19 stygofauna taxa were classified as at Minor risk from the groundwater 

extraction. 

The utilisation of mitigation measures including minimisation of resource use through appropriate design and 

planning, procedural implementation of efficient water use, contamination management and disturbance 

practices and regular monitoring of subterranean fauna habitat and population abundance will enable direct 

and indirect impacts to subterranean fauna to be monitored and tracked against proposed environmental 

outcomes. 

Inland waters (groundwater) proposed environmental objectives and outcomes are: 

• When groundwater drawdown within the upper aquifer in the water supply area, reaches 3m beyond 1km 

from production bores, the groundwater model will be reviewed and revised to consider new information 

and work will be progresses on the expansion of the borefield beyond the currently defined water supply 

area. 

• Groundwater drawdown within the upper aquifer in the water supply area will not exceed 5m beyond 

1km from production bores acknowledging that localised drawdown in the direct vicinity of production 

bores may be greater than 5m during active pumping. 

• Groundwater quality will remain within background levels with an adaptive approach taken to identifying 

and managing potential contamination as determined by groundwater quality monitoring and outlined 

within the Inland Waters (Groundwater) and Subterranean Fauna Management Plan. 

• Once cumulative drawdown combines over a 30 year mine life, an additional three stock wells may be 

impacted, with drawdown impact ranging from 1 to 10m. 

Incorporation of engineered operational design and regular follow up audits for the management 

groundwater contamination sources, implementation of water efficiency design and procedures and regular 

groundwater monitoring throughout the life of the project, will allow groundwater resource integrity to be 

monitored and mitigated for compliance with the proposed outcomes. 

1.4.2 Baseline Studies 

A number of surveys undertaken over the Project area and surrounding environment have informed this 

section, these surveys and studies are outlined in Table 1-3 and high-level summaries of the environmental 

setting is provided in the following sections.  Detailed information can be sourced from the individual 

referenced reports. 

Table 1-3 Baseline studies and surveys completed for the Project 
Environmental Factor Baseline Studies 

Subterranean Fauna • Biologic. 2021. Subterranean Fauna Survey 

• Biologic. 2021. Assessment of Impact to Subterranean Fauna 

Inland Waters 
(Groundwater) 

• AQ2. 2021a. Dewatering and Final Void Assessment 

• AQ2. 2021b. Water Supply Assessment 

• PSM Consult Pty Ltd. 2023a. Independent Hydrogeological Review and 
Conceptual Borefield Design (Water Supply Area) 

• PSM Consult Pty Ltd. 2023b.Hydrogeology Cumulative Impacts 

• Golder. 2020. Seepage and Plume assessment. 

• GHD. 2022. Gabanintha Vanadium Project Hydrogeological Peer Review 

• ISPL. 2023. Gabanintha Water Supply Area Consolidated Hydrogeological Report 

1.4.3 Biological Setting 

Biologic were commissioned to complete subterranean fauna surveys of the DE (Biologic, 2021a). The surveys 

encompassed three areas collectively referred to as the ‘Study Area’ and included the Mining Area, which 

includes the majority of mine infrastructure and open pit footprint within the development envelope, and 
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Water Supply Area, which covers the western portion of the development envelope and the area surrounding 

and outside of the development envelope is referred to as the ‘Regional Area’ (Biologic, 2021a).  The sampling 

effort included the sampling of sites within and outside of direct impact areas.  

The subterranean fauna surveys have been completed over four phases which included six field visits between 

June 2018 and May 2021. A total of 1,525 subterranean fauna specimens were collected from the study area 

over the six field visits (Biologic, 2021a). This included 1,460 stygofauna and amphibious specimens (those 

which occur in both groundwater and air-filled habitats) and 64 troglofauna specimens (Biologic, 2021a). 

Subterranean fauna was recorded from 49 of the 163 sites sampled within the Study Area (incorporating the 

Mining Area, Water Supply Area and Regional Area).  On average, each haul sample yielded three stygofauna 

or amphibious specimens in the Mining Area compared with six in the Water Supply Area and 25 in the 

Regional Area.  Approximately 92% of troglofauna specimens were collected from the Mining Area. Of the 84 

holes sampled for troglofauna only, four yielded specimens (Biologic, 2021a). 

Stygofauna 

The 1,460 stygofaunal and amphibious specimens collected represent 34 unique taxa belonging to the 

following taxonomic groups: Nematoda, Aphanoneura, Oligochaeta, Syncarida, Copepoda and Ostracoda.  The 

most abundant group being Copepods and Oligochaetes which account for approximately 33% and 32% (482 

and 474 specimens) of the stygofaunal/amphibious species, respectively (Biologic, 2021a). Of the 34 taxa 

recorded, seven are widespread and known to occur both regionally or nationally (Biologic, 2021a). This 

includes four copepod species which are commonly collected in the Yilgarn or throughout Australia 

(Mesocyclops brooksi, Mesocyclops notius, Pescecyclops laurentiisae, Australocamptus hamondi) and three 

cosmopolitan oligochaete species from the family Naididae (Pristina aequiseta, P. osborni, P. proboscidea) 

(Biologic, 2021a).  

Twenty-five species of stygofauna or amphibious fauna were recorded for the first time during the Survey and 

are currently only known from the Study Area.  Ten of these were recorded from multiple locations: five 

enchytraeid worms, two syncarids, one copepod and one ostracod (Biologic, 2021a).  Of these, the Syncarid 

Atopobathynella `sp. Biologic-PBAT010’ was recorded moderately widely from eight sites within the Mining 

Area and one within the Regional Area, with a linear range of approximately 10km (Biologic, 2021a).  One 

cyclopoid, Microcyclops’ sp. Biologic-CYCL005, was recorded from three sites with a linear range of 12.7 km. 

The remaining sixteen taxa are only known as singletons or several specimens from a single site. This includes 

six Enchytraeidae taxa, Phreodrilidae `sp. Biologic-OLIG037`, Atopobathynella `sp. Biologic-PBAT025`, 

Bathynellidae `sp. Biologic-BATH005`, Bathynellidae `sp. Biologic-BATH012`, Microcyclops’ sp. Biologic-

CYCL024’, Microcyclops’ sp. Biologic-CYCL025’, Dussartcyclops `sp. Biologic-CYCL003`, Dussartcyclops `sp. 

Biologic-CYCL004`, Sarscypridopsis `sp. Biologic-OSTR003`, and Kinnecaris `BHA253` (Biologic, 2021a). 

Stygofauna and amphibious habitat are restricted in the Mining Area, the suitable habitat is restricted to 

unconsolidated cover (colluvium) and saprolite (dolerite) which host primary / vuggy porosity (Biologic, 

2021a). The availability of habitat (below the water table) for stygofauna appears to be moderate and well 

connected in the Mining Area, although broader connectivity may be limited (Biologic, 2021a). The Mining 

Area was classified as having low prospectivity for stygofauna (Biologic, 2021a).  

The stygofauna yield in the Mining Area was very low compared to the Water Supply Area and other 

stygofauna rich areas in the Yilgarn (such as calcrete PECs, calcrete and alluvial deposits of Yeelirrie and 

Gruyere/Yamarna) (Biologic, 2021a). Groundwater dewatering will be required to allow for mining. Modelling 

of the Extended Pit (as a worst-case scenario) predicts that at the end of mining, drawdown of 150m is 

predicted to extend approximately 20m from the pit crest and drawdown of 1m is predicted to extend 650m 

from the pit crest (AQ2, 2021a). This will effectively remove, or considerably decrease, the available 

stygofauna habitat within the Mining Area. Within the predicted groundwater drawdown contours at the end 

of mine life, two stygofauna species will be impacted. These being Atopobathynella ̀ sp. Biologic-PBAT010` and 

Cyclopidae sp.  

The stygofauna species Atopobathynella `sp. Biologic-PBAT010` was recorded in the Mining Area and in the 

Regional area, resulting in a linear range of 10km (Biologic, 2021a). A. `sp. Biologic-PBAT010` is known from 

144 specimens from eight locations in the Mining Area and one specimen in the Regional Area (Biologic, 

2021a). Of these records, five locations (5 specimens) are within the open pit mining area and will be removed 
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by mining and one location is beneath a WRL within the predicted 1m drawdown area and may be impacted 

by the Project.  

The Cyclopidae sp. was recorded from a single location within the Mining Area under a proposed WRL within 

the predicted 1m drawdown contour. This species was not able to be identified to a species level and may 

represent one of the six Cyclopoida species identified from this Survey. Its presence beyond the potential 

impact zone cannot be confirmed.  

The low prevalence of stygofauna in the Mining Area with a moderately large range provides strong support 

that the habitat in this area has a low prospectivity for stygofauna and is well connected to the immediate 

surrounds (Biologic, 2021a). 

The Water Supply Area hosts an upper aquifer and lower aquifer separated by a clay aquitard (AQ2, 2021b). 

Based on the presence of the aquitard, it appears that the Stygofauna population is restricted to the upper 

aquifer.  The geology in the Water Supply Area appears to be highly vuggy and likely well connected however, 

the depth to the water table is very shallow (3 to 5.6mbgl). 

Groundwater in the Water Supply Area was generally fresh to brackish (2,900 µS/cm ± 1,119 SD) with a pH 

range of 7.2 to 8 and temperatures averaging 25°C, making it very suitable for Styogfauna. 

The Water Supply Area hosts prospective stygofauna habitat within the Upper Aquifer due to the abundance 

of vuggy calcrete (Biologic, 2021a). The Lower Aquifer is not prospective as it is below a Clay Aquitard and is 

comprised of material with a high silt and sand content. The Upper Aquifer is extensive throughout the Lake 

Annean paleochannel likely providing a moderate extent of suitable habitat upstream (reducing as elevation 

increases / groundwater levels decrease) and a significant extent of habitat downstream (into the main arm 

of the paleochannel) (Biologic, 2021a).  

Stygofauna were collected in nine of the 23 stygofauna sampling locations (comprising 48 samples), these 

samples recorded 10 stygofauna species and one amphibious species, including:  

• Atopobathynella `sp. Biologic-PBAT016` - three specimens from two locations (Figure 1-3);  

• Australocamptus hamondi – 84 specimens from four locations;  

• Bathynellidae `sp. Biologic-BATH005` - one specimen from one location (Figure 1-3); 

• Kinnecaris `BHA253` – five specimens from one location;  

• Mesocyclops brooksi – 54 specimens from one location;  

• Nematoda spp. (amphibious) – 73 specimens from four locations;  

• Phreodrilidae `sp. Biologic-OLIG037’ – one specimen from one location;  

• Pristina aequiseta – two specimens from one location;  

• Pristina osborni – one specimen from one location;  

• Pristina proboscidea – three specimens from one location; and  

• Sarscypridopsis ‘ sp. Biologic-OSTR003’ – 61 specimens from one location.  

 
Figure 1-3 Stygofauna collected during the baseline surveys 

Atopobathynella `sp. Biologic-PBAT016 Bathynellidae `sp. Biologic-BATH005` 
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The presence of five species of likely stygobites and six stygophile/xenes suggests the Water Supply Area is 

moderately prospective for stygofauna (Biologic, 2021a). Of the 11 species identified, four were only recorded 

within the Water Supply Area and are likely to be impacted by the Project. These being:  

• Atopobathynella `sp. Biologic-PBAT016`;  

• Bathynellidae `sp. Biologic-BATH005`;  

• Kinnecaris `BHA253`; and  

• Phreodrilidae `sp. Biologic-OLIG037’.  

A. ̀ sp. Biologic-PBAT016` is known from three specimens from two locations, 370 m apart, in the Water Supply 

Area while Bathynellidae ̀ sp. Biologic-BATH005`, Kinnecaris ̀ BHA253` and Phreodrilidae ̀ sp. Biologic-OLIG037’ 

are all currently known from single locations from the Water Supply Area (Biologic, 2021a). All stygofauna 

records within the Water Supply Area are from the Upper Aquifer.  

The location of stygofauna records and potential habitat is shown in Figure 1-4. 

 

 

Figure 1-4 Stygofauna records and potential habitat 

Biologic Environmental Survey (Biologic) was commissioned to undertake an assessment of impacts (direct, 

indirect and cumulative) to stygofauna associated with the Gabanintha Project to support environmental 

approvals for the Project. The stygofauna values across the Gabanintha Study including the cumulative impact 

assessment area include 29 potentially restricted species of stygofauna taxa (Biologic, 2021b). 

The impact assessment solely focused on potentially restricted taxa. Widespread or putatively widespread 

taxa and known stygophiles/ xenes and troglophiles/ xenes were excluded.  



Gabanintha Vanadium Project 
Inland Waters (Groundwater) and Subterranean Fauna Management Plan 

Page | 10 

Considering distribution, ecological and habitat, each stygofauna species/ taxon was allocated an overall 

impact ranking of Significant, Moderately Significant, Minor as follows (Biologic, 2021b): 

Significant – Impacts to the taxon are unavoidable or are not sufficiently managed/ mitigated under the 

current Proposal. Proposed impacts are likely to affect the long-term viability or survival of the species/ taxon. 

Under the current Proposal, it is unlikely that the EPA objectives will be met in relation to the known values. 

Moderately Significant – Impacts to the taxon are likely to occur but are manageable under the current 

Proposal. Impacts can be managed/ mitigated to improve the likely long-term viability or survival of the 

species/ taxon. With appropriate management/ mitigation measures, it is likely that the EPA objectives can be 

met in relation to known values. 

Minor – Impacts to the taxon are unlikely to occur or have sufficient mitigating factors under the current 

Proposal. The long-term viability or survival of the species/ taxon is not likely to be impacted. The EPA 

objectives are met in relation to known values, under the current Proposal. 

A groundwater model was prepared by PSM Consultants to inform the management of the groundwater 

abstraction from the Water Supply Area. The model assumes drawdown from only the lower aquifer at bores 

spaced and adaptively utilised to ensure that the drawdown of groundwater can be managed so as to only 

draw down to a maximum of 5 m from the upper aquifer. The impacts to stygofauna are assessed at Years 5 

and Year 25 under this proposed drawdown model (PSM Consultants, 2023b). After the first 5 years of 

abstraction, the drawdown is predicted to peak at 2m (we note drawdown maybe higher at each production 

bore during pumping).  At the end of the operational life drawdown is predicted to peak at 5m in some areas 

inside and outside the development envelope (Figure 1-5).  

 

Figure 1-5 Impacts to stygofauna across the Development Envelope – End of Mine Life 

The impacts to stygofauna based on the model associated with groundwater drawdown and analysed by 

Biologic are: 

• The proposal is not likely to have a significant impact on any of the stygofauna taxa from within the 
Water Supply Area after 5 years or at the end of mine life (25 years); 
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• After 5 years and 25 years this proposal is likely to have a Moderately Significant impact on the syncarid 
Atopobathynella `sp. Biologic-PBAT010`. The majority of this taxa were recorded from within the Mining 
Area, however limited records do occur outside of the impact areas and further surveys may increase 
this taxa’s known distribution. 

• After 5 years of groundwater extraction, 12 stygofauna taxa were classified as being at Minor risk from 
the Proposal with taxa recorded within the Low impact groundwater drawdown areas (<5 m). 

• At end of mine life, a total of 19 stygofauna taxa were classified as at Minor risk from the groundwater 

extraction (Biologic, 2021b). 

A cumulative impact assessment was conducted based on available information collected from stygofauna 

surveys associated with the Gabanintha Project, the Australian Vanadium Project and the Yarrabubba Project 

(Biologic, 2021b).  

A total of 29 restricted and putatively restricted stygofauna taxa have been recorded within the Cumulative 

Impact Area and are the focus of the cumulative impact assessment. 

 

Figure 1-6 Significant / Moderate Cumulative Impact Rating to Stygofauna taxa 

The cumulative impact of the Projects have the combined potential to Significantly impact four (4) stygofauna 

taxa; Dussartcyclops `sp. Biologic-CYCL003`, Nitocrella `sp. B15`, Atopobathynella `sp. Biologic-PBAT009` and 

Atopobathynella `sp. Biologic-PBAT015`. These four taxa have not previously been recorded within the WSA 

impact scenarios; however, the predicted cumulative groundwater drawdown now impacts these taxa (Figure 

1-6).  

The impact of the cumulative groundwater drawdown is again Moderately Significant for the syncarid 

Atopobathynella `sp. Biologic-PBAT010` Atopobathynella `sp. Biologic-PBAT010`, recorded within the 

Gabanintha Project area, has been identified as matching some of the morphologically identified 

Atopobathynella `sp. B33` recorded within and beyond the AVL Project Area. However, molecular analysis has 

shown that these morphospecies are comprised of approximately five OTUs, of which one is Atopobathynella 

`sp. Biologic-PBAT010`. Therefore, all records of Atopobathynella `sp. B33` associated within the AVL Project 

cannot be assumed to be Atopobathynella `sp. Biologic-PBAT010`. 
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As such, until further studies are conducted to determine and compare the species of Atopobathynella present 

within the Study area, the predicted impact of the current Project on Atopobathynella `sp. Biologic-PBAT010` 

remains Moderately Significant.  

The cumulative impacts of the Projects have a Minor impact on the remaining 21 stygofauna taxa (Biologic, 

2021b). 

Troglofauna 

A total of 64 troglofauna specimens were collected over the six field visits, representing 11 taxa belonging to 

nine taxonomic groups. These being Pseudoscorpiones, Isopoda, Diplura, Zygentoma, Geophilida, 

Scolopendrida, Polyxenida, Pauropoda and Symphyla. The most abundant group being Polyxenida, accounting 

for the majority of troglofauna recorded (61%, 39 specimens), followed by Isopoda (22%, 14 specimens) with 

the remaining groups represented by one or two specimens (Biologic, 2021a). The location of troglofauna 

records and potential habitat is shown in Figure 1-7. 

 

 
Figure 1-7 Troglofauna records and potential habitat 

Gabanintha is considered to have a very small troglofauna community as only seven troglofauna taxa were 

recorded in the Mining Area, two in the Water Supply Area and two in the Regional Area (Biologic, 2021a).  Six 

of the seven species recorded in the Mining Area are likely to be SREs, as they are either confirmed or potential 

troglobites (obligate subterranean fauna).  Five of these six potential SREs were recorded exclusively from the 

Mining Area, with one (a silverfish) known from an adjacent survey, these species being: 

• Tyrannochthonius `sp. Biologic-PSEU030` (a pseudoscorpion, troglobite, singleton) (Figure 1-8 (a)); 

• Paraplatyarthrus `sp. Biologic-ISOP013` (an isopod, troglobite/phile, one site) (Figure 1-8 (d)); 
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• Troglarmadillo `sp. Biologic-ISOP016` (an isopod, troglobite, 3.3 km linear range) (Figure 1-8 (b)); 

• Chilenophilidae `sp. Biologic-CHIL011` (a centipede, troglobite/phile, singleton); 

• Cryptops `sp. Biologic-CHIL009` (a centipede, troglobite/phile, one site) (Figure 1-8 (c)); and 

• Lepidospora `sp. Biologic-ZYG016` (a silverfish, troglobite/phile, 2.1 km linear range). 

 

Figure 1-8 Representatives of troglofauna collected during the baseline surveys. 
A) Tyrannochthonius `sp. Biologic-PSEU030`; B) Troglarmadillo `sp. Biologic-ISOP016`;  

C) Cryptops `sp. Biologic-CHIL009`; and D) Paraplatyarthrus `sp. Biologic-ISOP013 

The two species (Symphylella `sp. Biologic-SYMP020` and Pauropoda `sp. Biologic-PAUR046`) recorded from 

the Water Supply Area are unique to the Study Area and are also likely to be SRE species (Biologic, 2021a).  

The two species (Japygidae `sp. Biologic-DIPL021` and Pauropus `sp. Biologic-PAUR028`) recorded from the 

Regional Area are also unique to the Study Area and likely to be SRE (Biologic, 2021a).   

Trogolofauna exist where there is a suitable extent, and connectivity of cavities, relatively stable conditions 

and a vertical connection with the surface to provide oxygen and nutrient inputs. Troglofauna require a humid 

environment and adequate space above the water table (Biologic, 2021a).  

In the Mining Area, porosity suitable for troglofauna appears to exist within the unconsolidated sediments 

(primary/ vuggy porosity) or iron cemented saprolite and carbonate altered bedrock (vuggy porosity) (Biologic, 

2021a).  

Based on a detailed review of diamond drilling within the Mining Area, the likely prospectivity for 

Subterranean Fauna is ranked from High to Low, the ranking is as follows: 

• High prospectivity – primary/vuggy porosity at surface and continuous for at least 10 m bgl; 

• Medium prospectivity – primary/vuggy porosity at surface for less than 10 m bgl with additional 

discrete bands above 40 mbgl; and 

• Low prospectivity – primary/vuggy porosity present as discrete, occasional bands. 

The assessment of the diamond drilling from the Mining Area suggests that the area contains variable amounts 

of habitat for subterranean fauna (based on porosity) which is generally located above 30m in both 

unconsolidated sediments and saprolite. The availability of habitat above the water table for troglofauna 

appears to be highly limited and possibly poorly connected in the Mining Area (Biologic, 2021a). 
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The geology in the Water Supply Area appears to be highly vuggy and likely well connected; however, the 

depth to the water table is very shallow (3 to 5.6mbgl) (Biologic, 2020d). 

The Water Supply Area does not appear to be prospective for troglofauna due to the very shallow water table.  

Biologic Environmental Survey (Biologic) was commissioned to undertake an assessment of impacts (direct, 

indirect and cumulative) to troglofauna associated with the Gabanintha Project to support environmental 

approvals for the Project. The troglofauna values across the Gabanintha Study including the cumulative impact 

assessment area include 6 potentially restricted species of troglofaunal taxa (Biologic, 2021b). 

The impact assessment solely focused on potentially restricted taxa. Widespread or putatively widespread 

taxa and known stygophiles/ xenes and troglophiles/ xenes were excluded.  

Considering distribution, ecological and habitat, each troglofauna species/ taxon was allocated an overall 

impact ranking of Significant, Moderately Significant, Minor as follows (Biologic, 2021b): 

Significant – Impacts to the taxon are unavoidable or are not sufficiently managed/ mitigated under the 

current Proposal. Proposed impacts are likely to affect the long-term viability or survival of the species/ taxon. 

Under the current Proposal, it is unlikely that the EPA objectives will be met in relation to the known values. 

Moderately Significant – Impacts to the taxon are likely to occur but are manageable under the current 

Proposal. Impacts can be managed/ mitigated to improve the likely long-term viability or survival of the 

species/ taxon. With appropriate management/ mitigation measures, it is likely that the EPA objectives can be 

met in relation to known values. 

Minor – Impacts to the taxon are unlikely to occur or have sufficient mitigating factors under the current 

Proposal. The long-term viability or survival of the species/ taxon is not likely to be impacted. The EPA 

objectives are met in relation to known values, under the current Proposal. 

Two case studies for troglofaunal impact assessment were considered for the Gabanintha Vanadium Project. 

The Project will involve the establishment of a North and Central pit within the Mining Area (Case 1). 

Depending on the economic viability of the Project, mining within these two pits may extend to create one 

Extended pit over the life of the Project (Case 2). The pits represent the direct impacts to troglofauna for the 

assessment, whereas associated infrastructure such as waste rock landforms, low grade ore stockpile, 

evaporation ponds, and processing plant are considered indirect impacts.  No direct impacts of the proposed 

development to troglofauna are anticipated in the Water Supply Area. Indirect impacts such as habitat 

desiccation from groundwater drawdown may occur but the impact to troglofauna is likely to be minimal 

(Biologic, 2021b). Conclusions from the impact assessment are as follows: 

Case 1 (mining of two separate pits) (Figure 1-9) 

• None of the troglofauna taxa will be Moderately or Significantly impacted by the proposed mining 
operations.  

• Impacts to two troglofauna taxa known from indirect impact areas are expected to be Minor: 
Tyrannochthonius `sp. Biologic-PSEU030` and Chilenophilidae `sp. Biologic-CHIL011`. 

Case 2 (mining extended pit) 

• Two troglofauna taxa will be Significantly impacted by the proposed extended mining operations. 
These taxa comprise Paraplatyarthrus `sp. Biologic-ISOP013` and Lepidospora` sp. Biologic-ZYGE016`. 

• One taxon, Cryptops `sp. Biologic-CHIL009`, will experience a Moderately Significant impact as it was 
collected from a single site in the Mining Area. The state of knowledge for centipedes is limited and 
so this species is treated as a potential SRE. 

• Three troglofauna taxa are considered to experience a Minor level of impact as they were located 

within the indirect impact area (Tyrannochthonius `sp. Biologic-PSEU030`, Chilenophilidae `sp. 

Biologic-CHIL011 and Troglarmadillo `sp. Biologic-ISOP016`). 

A cumulative impact assessment was conducted based on available information collected from troglofauna 

surveys conducted at the Gabanintha Project, the Australian Vanadium Project and the proposed Yarrabubba 

Project to provide an overview of potential impacts to the local/ regional troglofauna community.  

With the information collected to date, the troglofauna communities present within these three project areas 

are quite distinct despite their relative proximity, with one exception Lepidospora` sp. Biologic-ZYGE016`. The 

species was collected from the Gabanintha Development Envelope as well as within the boundaries of the 
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neighbouring AVL project (approximately 1.5 km distance between occurrences) and Yarrabubba Project. The 

records occur within proposed impacts area (mining areas: direct impact and groundwater drawdown: indirect 

impact) (Figure 1-10).  

 
Figure 1-9 Impacts to troglofauna. 

The records of this taxa occurring at a neighbouring site indicates the potential for this taxon to occur outside 

the Proposal Area and may provide a moderating factor to reduce the cumulative risk of impact to these taxa 

from Significant to Moderately Significant (Biologic, 2021b). 

 
Figure 1-10 Cumulative impact rating to Troglofauna taxa – Gabanintha and AVL Project Combined 
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1.4.4 Biophysical Setting 

AQ2 Pty Ltd was commissioned to undertake a series of hydrogeological investigations to understand the 

groundwater within the Mining Area and locate a suitable water supply that would meet the Project water 

requirements. From the studies by AQ2, two main aquifers were identified – a fractured rock aquifer within 

the Mining Area and a two layered palaeochannel aquifer within the Water Supply Area (AQ2, 2021a). PSM 

Consult Pty Ltd (2021) was then engaged to undertake an independent review of the Project Water Supply 

Area to confirm the long-term sustainability. 

Mining Area 

Within the Mining Area, the groundwater occurs as fractured rock aquifers. Fractured rock aquifers exhibit 

increased (secondary) permeability resulting from weathering, fracturing, and faulting (AQ2, 2021a). The 

water table in the Mining Area is generally below the saprock (between 20-85mbgl), in the bedrock transition 

zone, this is characterised as a relatively low-permeable environment (AQ2, 2021a). Estimates of permeability 

for the transition zone range between 0.02 and 3m/d. The range in estimates is likely to reflect the variable 

nature of the fractured rock and extent of weathering. The estimated permeability for deeper fractured 

basement rock ranges between 0.3 and 16m/d, with a mean adopted value of 1m/d. Although the permeability 

of this unit is relatively high, the fractures were found to occur at discrete intervals, thereby resulting in a low 

overall transmissivity. (AQ2, 2021a). Dewatering is required to allow for mining and the area is characterised 

as a generally low permeability environment. 

Groundwater levels in the Mining Area are recorded every one to two months from nine monitoring bores 

since November 2018 (Table 1-4, Figure 1-12 and Figure 1-11) (AQ2, 2021a)The groundwater level across the 

deposit is estimated between 10 and 35m below ground level, with an elevation between 456 and 463mRL. 

The groundwater levels are a subdued representation of the topography (AQ2, 2021a). Since 2018 there has 

been a progressive decline in water across all the monitoring bores in the range of 0.4-0.6m, this decline is 

linked to a decline in rainfall in the region.  

Table 1-4 Summary of groundwater monitoring locations within the Mining Area 

Hole ID Type Drill Year 
Drill Depth 

(mbgl) 

TMT_BB Production Existing / pre-2017 37 

GB01 Monitoring Existing / pre-2017 81.6 

GB14 Monitoring Existing / pre-2017 39.55 

GBMD01 Monitoring 2018 160 

GBMD02 Monitoring 2018 160 

GBMD03 Monitoring 2018 160 

GBMD04 Monitoring 2018 160 

GBMD05 Monitoring 2018 180 

GBMD06 Monitoring 2018 160 

GBDD018 Exploration 2018 147 

GBDD020 Exploration 2018 140 

GBDD021 Exploration 2018 90 

GBDD022 Exploration 2018 144 

GBRC075 Exploration 2018 177 

GBRC079 Exploration 2018 171 

GBRC116 Exploration 2018 147 

GBRC119 Exploration 2018 208 

GBRC121 Exploration 2018 124 

GBRC132 Exploration 2018 178 

GBDD001 Exploration 2018 80.7 

GBDD002 Exploration 2018 132.7 

GBDD005 Exploration 2018 135.7 
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Figure 1-11 Groundwater level monitoring results within the Mining Area 

 
Figure 1-12 Groundwater level monitoring locations within the Mining Area (AQ2, 2021a) 

Within the Mining Area, groundwater is slightly alkaline (pH 7.7 to 8.4) and fresh to brackish (760 and 1,800 

mg/L) (AQ2, 2021a). However, higher salinity groundwater is known to occur in close proximity to the deposit 

(to the north and west) (AQ2, 2021a)  

Stochastic and analytical methods were used to estimate the possible data range for inflow to the open pits, 

defined as a likely median inflow and plausible maximum and minimum inflows (AQ2, 2021a).  Two scenarios 
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were modelled, Scenario 1 which assumed the development and mining of the North Pit and Central Pit only; 

and Scenario 2 which assumed that during years 7 to 10 of mining the North and Central Pits will join to form 

the Expanded Pit (with mining continuing to year 21) (AQ2, 2021a).  Predicted dewatering rates under Scenario 

1 peak at ~1,190 kL/day (14L/s) during the fifth year of mining, whereas in Scenario 2, dewatering 

requirements average ~1,330 kL/day (15L/s) with a peak of ~1,680 kL/day (19L/s) in year 14 of mining (AQ2, 

2021a). A summary of the projected dewatering volumes is provided in Table 1-5. 

Table 1-5 Projected dewatering volumes 

Year Scenario 1 (kL/day) Scenario 2 (kL/day) 

1 to 5 485 485 

5 to 10 956 928 

10 plus 595 2,593 

Water Supply Area 

The Project is located within the Hope River/Bubba Ngundi Creek Catchment, a tributary of the Murchison 

River. The Hope Palaeodrainage is a Tertiary transported, palaeochannel and playa lake (including Quinn Lake 

and Lake Annean) system, the main trunk which occurs south of the Project, beneath Hope River/Bubba 

Ngundi Creek (PSM, 2023a).  Hope Palaeodrainage dominates the local aquifer systems, with adjoining shallow 

alluvial fans, transported profiles, and weathered and fractured bedrocks forming complimentary but 

subordinate portions of the watershed (PSM, 2023a). The palaeodrainage incision into fractured crystalline 

bedrocks suggests high-energy terrestrial fluvial environments, with subsequent lacustrine and repetitive 

erosional unconformity facies. The basal fluvial sands and gravels are hosted within the deeply incised portion 

of the palaeodrainage, continuous at regional catchment scale, and confined by overlying lacustrine facies 

(PSM, 2023a). Recent shallow sediments in the palaeodrainage, overlying the lacustrine facies, commonly 

consist of coarse immature gravels and sands (including detrital) and calcretes of local provenance, which may 

form alluvial and secondary porosity aquifers with comparatively high transmissivity.  Contextually, within the 

Gabanintha Tributary, the lacustrine facies would progressively thin and pinch-out towards the northern 

headwaters. The palaeodrainage systems have dendritic forms with tributaries and trunks acting as regional 

drains, with groundwater moving through the basal and shallow palaeochannel profiles whilst receiving 

groundwater from surrounding weathered and fractured bedrocks (PSM, 2023a). 

The hydrostratigraphy of the Gabanintha Tributary comprises two aquifers – a Shallow Upper Aquifer and the 

Basal Lower Aquifer with an Intermediate Aquitard located between the two (Figure 1-13). The Shallow 

Aquifer comprises calcrete, silcrete, ironstone gravel and quartz sand, with varying clay content, to depths of 

up 42m and approximately 1.5 to 2km wide (AQ2, 2021b). At ground level is a thin veneer of sheetwash detrital 

sediments.  Beneath these are Tertiary beds of gravel with sand and clay, interspersed with calcrete.  The 

individual gravel bands vary between 2 to 22m in thickness.  Calcrete bands are present and are thickest in 

the north, reaching 14m.  Deposited beneath the gravels and calcrete is the Intermediate Aquitard, a thick 

sequence of clays with minor sandy, silty and gravel areas and silcrete.  This varies in thickness from 65 to 90m 

(AQ2, 2021b).  This thick clay unit confines the Basal Aquifer, but will probably allow restricted leakage 

through, when heads in the Basal Aquifer unit drop to allow this to take place. 
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Figure 1-13 Conceptual hydrogeology of the Water Supply Area 

The Basal Aquifer is comprised basal palaeochannel (quartz) sand, silt and clay along much of the length of the 

palaeochannel thalweg. Groundwater within this aquifer is confined by the clay aquitard which is up to 90m 

in vertical thickness. The Basal Aquifer occurs between 104 to 124mbgl and is anticipated to be approximately 

200m wide and 12km long and is generally poorly sorted and highly variable in composition, with significant 

and varying silt and clay fractions severely curtailing its potential water yield. It is variable in thickness as a 

sand/clay/silt sequence and ranges in thickness from 2 to 20m but is not present anywhere as a uniform well 

sorted sand. The paleochannel is filled with tertiary period sedimentary interbedded sequence of sands, 

gravels, silts, clays, calcretes and ironstone. 

The water supply demand is determined by the phases of Project with the total peak water consumption 

estimated to be 2.7GL/annum or up to 75.3GL over the life of the Project (PSM, 2023a).  Water demand for 

the Project phases is: 

• Construction/Commissioning (years 0 – 3): 1.7 GL/annum 

• Production/Operating (years 3 – 25): 2.7 GL/annum 

Within the Water Supply Area, groundwater levels along the paleochannel decline from the north-east to the 

south-west following a topographic decline and mirroring the drop in the base of the paleochannel (AQ2, 

2021b). 

The Shallow Aquifer is known to exist between 2 to 42mbgl, the water table is typically 2.5mbgl in the north 

and 5mbgl in the south with levels changing with the topography of the landscape. Within the Basel Aquifer 

groundwater levels range from 3mbgl in the north-east and 6mbgl in the south-west, a fall of 10m over 12km 

(AQ2, 2021b). The groundwater level is relatively steady with annual fluctuations of less than 50cm. 

Groundwater levels in the Water Supply Area are monitored from a suite of bores installed since 2018; as well 

as from bores which were already in existence (prior to 2017) (Figure 1-14).  

Table 1-6 Groundwater monitoring points in the Water Supply Area 

Hole ID Drill Year 
Drill Depth 

(mbgl) 
Cased Depth 

(mbgl) 
Screened Depth 

(mbgl) 
Aquifer 

GB16 Existing / pre-2017 - 32.5 - Shallow Aquifer 

GB18 Existing / pre-2017 - 39.6 - Shallow Aquifer 

GB19 Existing / pre-2017 - 36.9 - Shallow Aquifer 

GB24 Existing / pre-2017 - 26 - Shallow Aquifer 

GBPF01 2018 46 46 0-46 Shallow Aquifer 

GBPF02 2018 130 34 0-34 
Shallow Aquifer  

(not sealed from Basal) 

GBPF04 2019 26 24 4-24 Shallow Aquifer 

GBPF05 2019 114 113.5 95.5-113.5 Basal Aquifer 

GBPF06 2019 82 40 80 Shallow Aquifer 

GBPF08 2019 81 40 4-40 
Shallow Aquifer  

(not sealed from bedrock at 
depth) 

GBPF09 2019 135 135 73-135 Basal Aquifer 

GBPF10P 2019 134 131.5 71.5-131.5 Basal Aquifer 

GBPF17 2020 125 112 101-125 Basal Aquifer 
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Hole ID Drill Year 
Drill Depth 

(mbgl) 
Cased Depth 

(mbgl) 
Screened Depth 

(mbgl) 
Aquifer 

GBPF19 2020 109 29 5-29 Upper Aquifer 

GBPF20 2020 28 23 5-23 Upper Aquifer 

GBPF24 2020 113 111 87-111 Basal Aquifer 

PB2R Existing / pre-2017 - 37.9 - Upper Aquifer 

PB3 Existing / pre-2017 - 30.4 - Upper Aquifer 

PB3R Existing / pre-2017 - 30.2 - Upper Aquifer 

 
Figure 1-14 Groundwater level monitoring locations within the Water Supply Area 

A summary of the groundwater monitoring locations in the Water Supply Area is provided in Table 1-6. The 

results of groundwater monitoring in the Water Supply Area are shown in Figure 1-15 and Figure 1-16.  
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Figure 1-15 Groundwater level monitoring results of TMT drilled holes within the Water Supply Area 

*Dark blue represents groundwater levels from holes targeting the Lower Aquifer. Test pumping activities in June and July 2019 account for the dip in 

groundwater level monitoring results. 

 

Figure 1-16 Groundwater level monitoring results of existing holes (>2017) within the Water Supply Area 

A groundwater model was developed by PSM to simulate optimal borefield designs.  The groundwater model 

attributes were informed by the conceptual hydrogeological model, including representation of: 

• Rainfall recharge zones and rates supported by referenced literature; 

• Quick flow/interflow attributes of the shallow flow system; and 

• Connection mechanisms, in shallow and deep flow systems. 

The model was constructed using FEFLOW, using the Richards Equation method.  The simulated Gabanintha 

Tributary, modelled to assess the responses to staged peak water supply demands of 1.7GL/annum 

(Construction) and 2.7GL/annum (Operations) over the Project Life to demonstrated: 

• The preferred supply strategy based for the Construction and Operations supply drawn from the 

Southern Borefield and subsequently with the source being extended to the north of the Vermin-proof 

Fence (that is the Northern Borefield) to operate in conjunction over the full life of the Project. 

• Supply sourced from the basal aquifer system indicated delayed drawdown at the water table, with 

associated potential benefits in management of drawdown risks (PSM, 2023a).  
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Based on the PSM modelling, the Project Water Supply Borefield will be comprised (Figure 1-17): 

• 18 basal aquifers including the constructed bores (GBPF10P, GBPF22P and GBPF25P) located across 

the Southern and Northern Borefields, 

• A network of multi-level standpipe monitoring bores to characterise aquifer leakiness in selected 

vertical profiles through the shallow aquifer, lacustrine faces, and basal aquifer, as well as the aquifer 

performance for water supply, 

• A network of shallow water table monitoring bores adjacent to the Gabanintha, Long, and Homestead 

pools, and on the perimeter of the Drawdown Threshold Envelope, 

• Monitoring of existing shallow and deep monitoring bores, and 

• Opportunistic monitoring of local operational pastoral bores. 

Based on the modelling, the Gabanintha Tributary can provide the water supply for the life of the Project while 

limiting drawdown to less than 5m drawdown from within the Development Envelope (PSM, 2023a). 

 
Figure 1-17 Water Supply Borefield Configuration 

Local groundwater use is primarily for livestock watering purposes, with nine bores listed in the Department 

of Water and Environmental Regulation (DWER) Groundwater Database and Water Register associated with 

the Polelle Pastoral Company (AQ2, 2021b).  These well/bores typically have a maximum depth of 25m, 

drawing groundwater from the shallow calcrete/gravel aquifer in the valley areas (Upper Aquifer).  Typically, 

stock bores extract 0.5t of water per day however, this may vary from 0.25 to 1t/day (estimated to be 182.5t 

annually) (pers comm. Sherwood Pastoral Station 2021). The closest pastoral bore (Star Bore) to the proposed 

pit area is approximately 1.2 km away (AQ2, 2021b).  Star Bore is located within the disturbance footprint and 

will be removed should the Project proceed.   

A cumulative impact assessment for groundwater considered dewatering and water supply requirements for 

the Gabanintha, the Australian Vanadium Project (AVL) and the Yarrabubba Project. Based on available mining 

schedules, the impact assessment was modelled across the three mining areas over a 30-year period. The 

model also took into consideration the effects of the mined voids at the historic Gabanintha Gold Mine 
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operated between 1987 to 1991.  The residual mining footprint includes several pit-lakes. These pit-lakes 

contribute to the cumulative impacts to groundwater linked to mining activities.  

Three conceptual hydrogeological and predictive models were developed (base-case, upper-bound and lower-

bound) with objectives of characterising the cumulative drawdown impacts based on the assumed concurrent 

mining schedules. It is acknowledged that demand in dewatering and water supply would increase over several 

years after commencement of activities.  The predicted peak pit dewatering adopted was: 

• Gabanintha – 25 L/sec during Year-22 

• Yarrabubba – 40 L/sec during Year-11 

• AVL –143 L/sec during Year-14. 

Base on the models it was found that for the upper-bound scenario:  

• Drawdown increased over the life cycle of the combined mining projects, 

• Drawdown associated with the Gabanintha Project remained discrete for at least 10 years, 
probably dictated by the simulated mining schedules. Cumulative drawdown impacts become 
apparent during concurrent mining of the Central Pit at Gabanintha and the northern AVL pit, 

• Predicted drawdown associated with the Gabanintha Water Supply Area remained discrete for at 
least 10 years before cumulative drawdowns became apparent near to the North Pit, 

• Drawdown linked to concurrent pit dewatering at Pit 1 of the AVL Project and at Yarrabubba 
propagated on the Nowthanna Calcrete PEC by year 5 of the proposed mining, 

• Drawdown of 5m overlapping the northern perimeter of the Nowthanna Calcrete PEC at the end 
of mining, 

• Drawdown of 1m capturing about 15 per cent of the Nowthanna Calcrete PEC, 

• Drawdown from the Gabanintha Water Supply area and cumulative pit dewatering overlaps onto 
several operational pastoral bores within and adjacent to the proposed pits.  As a generalised 
guide predicted drawdown ranging up to 2m may impose limited change on the operations of 
these bores. Assuming the pastoral bores intersect the shallow aquifer, and the aquifer thickness 
is 20m, then a 2m drawdown would nominally reduce aquifer transmissivity by about 10 %, hence 
limited change perspectives. 

 
Figure 1-18 Predicted Cumulative Groundwater Drawdown associated with the proposed Gabanintha, AVL 

and Yarrabubba Mines at year 5, year 10 and End of Mine Life 
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Progressive snapshots of the cumulative predicted drawdown impact on the Nowthanna Calcrete PEC 
subterranean fauna habitat are presented in Table 1-7. 

Table 1-7 Predicted Drawdown on Nowthanna Calcrete PEC (PSM Consultants, 2023b) 
Predictive Snapshot Extent of Drawdown Propagation onto Nowthanna Calcrete PEC 

1m 2m 5m 10m 

Year 5 0.4km - - - 

Year 10 1.3km 0.5km - - 

End of Mining 3.8km 2.3km 0.2km - 

1.4.5 Key Assumptions and Uncertainties 

It is assumed that the surveys and assessments conducted to date have accurately recorded the environmental 

values and conditions associated with the Project area. 

The key assumptions and uncertainties which have been used to inform management are outlined in Table 

1-8. 

Table 1-8 Key assumptions and uncertainties 
Environmental Factor Assumptions and Uncertainties 

Subterranean Fauna • This survey represents one of the first subterranean fauna surveys in this region, and 
therefore only limited regional context was available for species taxonomy, especially 
so for genetic sequences of described and undescribed species. 

• All field surveys were undertaken and led by experienced senior zoologists (7+ years’ 
experience) accompanied by a supporting zoologist. The field survey leads were 
involved in planning and desktop work. Field staff had suitable levels of experience and 
preparation. 

• Specimen identifications were assessed by a combination of morphology and genetic 
analyses wherever possible. Best practices were followed in the field and lab to enhance 
genetic success rates; however, some sequencing failure is unavoidable. 

• Due care was taken to exclude obviously erroneous results, but bailer sampling can 
sometimes alter physicochemical measurements. The conditions sampled by bailer 
sampling in bores may not reflect the conditions within the wider aquifer and were thus 
interpreted accordingly. 

• Sampling was limited to the locations of available drill holes and bores, which varied 
between the three areas (MA, WSA, and Regional) and AWT/BWT habitat units. Many 
of the exploration holes in the Mining Area were angled (-60 degrees) and therefore less 
suitable for troglofauna scraping and stygofauna hauling than vertical holes. 

• Best efforts were made to refine the sampling plan between surveys to enhance spatial 
coverage relative to potential impact areas, likely habitat units, and knowledge gaps, 
but not all areas contained available and suitable bores/ holes.  

• Sampling focused on adequately sampling the Development Envelope, whilst sites 
outside of the Development Envelope was undertaken wherever possible although 
limited to pastoral wells/bores. 

• Vehicle tracks were available for study area access.  Access to neighbouring projects 
constrained sampling to the south of the Study Area. 

• In the months prior to Phase 2 to 4 of the survey, rainfall fluctuated below the long-term 
average, so it is expected that these conditions may have influenced subterranean fauna 
capture rates during these phases.   

• Detailed 3D habitat/ groundwater drawdown modelling for the Study Area was not 
available. However, information on subterranean fauna habitats was based on available 
geological/ hydrogeological reports, surface geology/regolith maps and drill core logs. A 
2D habitat assessment of the WSA provided an adequate characterisation of habitat 
extent and connectivity in the local region. In the WSA, the water table is shallow, 
topography flat and water chemistry consistent, suggesting habitat is continuous / 
connected, up to the point of two barriers; physical barrier of the salt lakes and chemical 
barrier of salinity increasing with proximity to the salt lakes.  

• Current species records may be subject to change with currently ongoing survey work 
and DNA analysis in the immediate vicinity of the Project Area. This work may potentially 
alter the local/ regional distributions of some taxa as new sampling and identification 
information is available. 

• Hydrogeology of the Study Area and beyond –further information will become available 
as the project proceeds and additional data is collected. 
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Environmental Factor Assumptions and Uncertainties 

Inland Waters 
(Groundwater) 

• Modelling was completed using stochastic and analytical methods. 

• The dewatering estimates for the mine area are characterised as single continuous 
blocks of material (representing each of the hydrostratigraphic units) with uniform 
aquifer properties. 

• Drawdown is predicted from the total water source being supplied from the Water 
Supply Area. It does not consider the use of mine dewater and water recycling (both of 
which TMT will utilise as additional water sources). 

• Modelling was completed using a numerical model 

• Groundwater modelling of the current TSF design, incorporating estimates and 
assumptions relating to tailings deposition and geotechnical properties, determined by 
WAVE international during the DFS. 

• Groundwater modelling utilised information collected during other studies undertaken 
in support of the Gabanintha Project. This information was not verified as part of this 
Project. 

• The hydrogeological modelling utilises some assumed parameters as well as measured 
parameters, and the full extent of the aquifer beyond the Project area is not known. 

• The hydrogeological modelling of groundwater abstraction from the Paleochannel 
aquifer provides a reasonable assessment of the water abstracted and of the extent and 
depth of groundwater drawdown, based on the hydrogeological conceptualisation. The 
hydrogeological models will be updated as additional data become available. 

• Limited data to inform recharge potentials and net recharge rates. 

• Uncertainty in the roles of the quick flow/interflow mechanism in recharge to calcrete 
zones 

• Assumption that recharge remains consistent, with no increase despite drawdown of 
the water table. 

• Head interpretations from sporadic and wide-spaced data sources, resulting is a 
snapshot mosaic. 

• Few multi-level measurements in aquifer profiles known to be stratified, with density-
coupled flow potentials. 

• Absence of transient groundwater head data and amplitudes of seasonal and episodic 
fluctuations. 

• Model representations of widely heterogeneous aquifers reflect simplifications. The 
model parameterisation is coarse, reflecting broad–scale representation of the aquifer 
systems. 

• Sensitivity of inflow rates to the pits to the hydraulics of the saprolite/transition 
weathering. 

• Sensitivity of inflow quantum and cumulative drawdown to hydraulics and strike-length 
continuity of the fractured rock aquifer associated with structural defects in the multi-
layered magnetite, gabbro, and footwall stratigraphy. 

• Uncertainty in the roles and characteristics of the numerus fault zones which off-set and 
laterally displace the orebody stratigraphy and potentially provide connections to the 
Hope Palaeodrainage. 

• Uncertainties in the effective hydraulics of the saprolite transition profiles which form a 
pervasive connection between the pits and the Hope Palaeodrainage. 

• Uncertainties in the characteristics of stratigraphic and structural connection pathways 
between the proposed pits, palaeo-tributaries, calcretes, and the broader Hope 
Palaeodrainage. 

• An absence of data on the hydraulic characteristics of the lacustrine facies in the Hope 
Palaeodrainage and influences on leakiness under drawdown stressors between the 
shallow and basal palaeodrainage profiles. 

• Mechanisms for upwelling of hypersaline groundwater from the basal aquifer zones to 
mix with groundwater within the comparatively low-TDS concentration shallow 
aquifers. 

1.4.6 Management Approach 

The management approach taken for the environmental factors covered by this plan is a combination of 

outcome and objective based (hybrid). Management actions may be measurable as well as aiming to achieve 

a management outcome through a risk based approach and mitigation hierarchy.   
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1.4.7 Rationale for Choice of Management Actions 

Hybrid based management provisions are utilised in this plan as the defined outcomes and objectives will be 

both design and procedural driven as well as monitoring driven to manage residual environmental impacts. 

Environmental management actions have been developed taking into consideration: 

• Use of the mitigation hierarchy; 

• Threatening processes and risks associated with each environmental value; 

• Foreseeable changes in the intensity, duration, magnitude or geographic footprint of the projects 

impact; 

• Expected changes and rate of changes in the environment; 

• Potential geographic effects external to the proposal such as climate and surrounding land users; 

• The current state of knowledge for each environmental value;  

• The availability and value of suitable monitoring methods; 

• Expected timeframe for mitigation actions to take effect. 

The provisions reflect the potential for intermittent and acute impacts posed by construction activities (e.g. 

spills, un-authorised disturbance), as well as long term, chronic impacts that may occur post-construction due 

to operational activities (e.g. groundwater impacts). 

2 Key Components of an EMP 
The Inland Groundwater and Subterranean Fauna Environmental Management Plan (EMP) will be utilised for 

the management of environmental commitments onsite during construction and operation.  Mine Closure will 

be managed as per the Project Mine Closure Plan. 

All construction and operational workers will undergo an induction which will include information on 

environmental conditions and the requirements that will be implemented to ensure the environmental 

outcomes are achieved.  They will be advised of their responsibilities with regard to the WA Environmental 

Protection Act 1986, Biodiversity Conservation Act 2016, Rights in Water & Irrigation Act 1914 and the Mining 

Act 1978 including Project Approvals and contractor requirements.  Records demonstrating who has attended 

the induction will be kept by the Environmental Team. 

The management targets and actions defined in Table 2-1 and Table 2-2 have been chosen as they provide a 
basis to avoid, reduce or otherwise mitigate impacts identified in the Environmental Review Document. 
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Table 2-1 Subterranean Fauna 

Purpose of EMP: Management of impacts to subterranean fauna for the Gabanintha Project 

Rationale: The management approach has been informed by best practice and recent experience on similar infrastructure projects in Western Australia. The hierarchical approach 
taken focuses on management and aims to minimise impacts to subterranean fauna. 

EPA Factor Subterranean Fauna 

EPA Objective To protect subterranean fauna so that biological diversity and ecological integrity are maintained 

Proposed Environmental 
Objective / Outcomes 

Troglofauna 
Case 1 (mining of two separate pits – north and central): 

• None of the troglofauna taxa will be Moderately or Significantly impacted by the proposed mining operations.  

• Impacts to two troglofauna taxa known from indirect impact areas are expected to be Minor: Tyrannochthonius `sp. Biologic-PSEU030` 
and Chilenophilidae `sp. Biologic-CHIL011`. 

Case 2 (mining extended pit): 

• Two troglofauna taxa will be Significantly impacted by the proposed extended mining operations. These taxa comprise Paraplatyarthrus 
`sp. Biologic-ISOP013` and Lepidospora` sp. Biologic-ZYGE016`. 

• One taxon, Cryptops `sp. Biologic-CHIL009`, will experience a Moderately Significant impact as it was collected from a single site in the 
Mining Area. The state of knowledge for centipedes is limited and so this species is treated as a potential SRE. 

• Three troglofauna taxa are considered to experience a Minor level of impact as they were located within the indirect impact area 
(Tyrannochthonius `sp. Biologic-PSEU030`, Chilenophilidae `sp. Biologic-CHIL011 and Troglarmadillo `sp. Biologic-ISOP016`). 

Stygofauna 

• The proposal is not likely to have a Significant impact on any of the stygofauna taxa from within the Water Supply Area after 5 years or 
at the end of mine life (25 years); 

• After 5 years and 25 years this proposal is likely to have a Moderately Significant impact on the syncarid Atopobathynella `sp. Biologic-
PBAT010`. The majority of this taxa were recorded from within the Mining Area, however limited records do occur outside of the impact 
areas and further surveys may increase this taxa’s known distribution. 

• After 5 years of groundwater extraction, 12 stygofauna taxa were classified as being at Minor risk from the Proposal with taxa recorded 
within the Low impact groundwater drawdown areas (<5 m). 

• At end of mine life, a total of 19 stygofauna taxa were classified as at Minor risk from the groundwater extraction. 
Key Environmental Values • Four stygofauna species were only recorded within the Water Supply Area (Atopobathynella `sp. Biologic-PBAT016`; Bathynellidae `sp. 

Biologic-BATH005`; Kinnecaris `BHA253`; and Phreodrilidae `sp. Biologic-OLIG037’. 

• Seven troglofauna species recorded from within the footprint of the Open Pit Cryptops `sp. Biologic-CHIL009`; Lepidospora `sp. Biologic-
ZYG016`; Lophoturus ‘Biologic-POLYX005’; Paraplatyarthrus `sp. Biologic-ISOP013`; Troglarmadillo `sp. Biologic-ISOP016`,  
‘Tyrannochthonius `sp. Biologic-PSEU030` and ‘Chilenophilidae `sp. Biologic-CHIL011`. 

Key Impacts and Risks • Direct impacts to stygofauna: 
o Loss or reduction of stygofauna and stygofauna habitat from pit development and dewatering in the Mining Area; 
o Loss or reduction of stygofauna and stygofauna habitat from groundwater abstraction in the Water Supply Area; 

• Indirect impacts to stygofauna: 
o Degradation of stygofauna habitat from contamination of groundwater, changes in groundwater flows, seepage, leaks and spills of 

chemical and hydrocarbons; 
o Changes in assemblage due changes in the groundwater abstraction in the Water Supply Area. 
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• Direct impacts to troglofauna 
o Loss or reduction of troglofauna and troglofauna habitat from pit development in the Mining Area; 

• Indirect Impacts to troglofauna 
o Degradation of troglofauna fauna habitat from increased heat radiating in from exposed pit walls; 
o Degradation of troglofauna habitat from loss of food/nutrient sources, groundwater drawdown and contamination; 
o Clearing of vegetation and placement of mining waste potentially leading to reductions in organic inputs into the subterranean 

environment.  Reductions in organic inputs may reduce the quality of troglofauna habitats; 
o Reduction in troglofauna habitat due to seepage form the IWL/TSF which may generate a saturated zone above the groundwater 

table during operations. 
 

Management Targets Management Actions Monitoring Timing/Frequency of Action Reporting 

• No significant loss or 
degradation of 
stygofauna habitat 

• Groundwater abstraction from the 
Water Supply Area will not exceed 
5m beyond 1km of production 
bores. (High Priority) 

• Groundwater Level monitoring 

• Groundwater abstraction 
monitoring  

• Audit site water use practices 
against Groundwater operating 
strategy 

• Annually • Annual DMIRS 
Environmental Report  

• Triennial Groundwater 
Review Report 

• Annual Compliance 
Assessment Report 

• Annual data sharing 
and Report provision to 
YN PBC 

• Minimise dewatering to that 
required to access resources below 
the water table and to allow for the 
maintenance of viable subterranean 
fauna habitat. (High Priority) 

• Use mine dewater, where possible, 
for operational activities and 
minimise water abstraction through 
storage and re-use where possible. 
(High Priority) 

• Abstraction in the WSA will be 
minimised to only that which is 
required and water recycling within 
the Process Infrastructure will be 
maximised wherever practical. (High 
Priority) 

• Groundwater abstraction 
monitoring  

• Audit site water use practices 
against Groundwater operating 
strategy 

• Monthly 

• Annually 

• Implement groundwater monitoring 
of water levels and quality to 
identify changes and implement 
contingency actions. Trigger values 
will be defined in reference to 
ANZECC/ARMCANZ trigger values 
and baseline data. (High Priority) 

• Groundwater level and 
temperature monitoring  

• Groundwater quality 
monitoring 

• Monthly 

• Biannually 
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Management Targets Management Actions Monitoring Timing/Frequency of Action Reporting 

• Space production bores to ensure 
drawdown extents allow for habitat 
connectivity to remain between 
bore locations. (High Priority) 

• Audit installation as per 
Groundwater operating 
strategy 

• Review groundwater modelling 

• During construction 
phase 

• Triennially 

• Update or recalibrate groundwater 
models regularly, based on actual 
monitoring and abstraction data 
input. This will allow comparing of 
predicted and actual groundwater 
drawdowns and enable the 
stygofauna impact assessment to be 
updated. (High Priority) 

• Recalibrate groundwater 
models  

• Triennially  

• Ensure the operation of the Water 
Supply Borefield aligns with licences 
and an approved Operating Strategy. 
(High Priority) 

• Audit against water licences  

• Audit against Groundwater 
Operating Strategy 

• Annually 

• Annually 

• No significant impact 
to stygofauna 
abundance and 
diversity in reference 
to baseline survey 
data. 

• Ensure Groundwater operating 
strategy includes risk mitigation 
measures for stygofauna. (High 
Priority) 

• Audit Groundwater Operating 
Strategy 

• During construction 
phase 

• Annual DMIRS 
Environmental Report  

• Triennial Groundwater 
Review Report 

• Annual Compliance 
Assessment Report 

• Annual data sharing 
and Report provision to 
YN PBC 

• Undertake regular groundwater 
modelling to enable review and 
update of the stygofauna impact 
assessment. (High Priority) 

• Groundwater modelling review • Triennially 

• Undertake periodic sampling of 
stygofauna populations to assess 
impact to abundance and diversity. 
Significant variation in results 
compared to baseline data will 
trigger further investigation and 
mitigation measures. (High Priority) 

• Stygofauna abundance and 
diversity monitoring 

• Biennially  

• Limit disturbance of 
troglofauna habitat. 

• Ongoing optimisation of Open Pits 
to minimise unnecessary excavation 
of materials. (High Priority) 

• Review of pit shell/s • Annually • Quarterly updated 
Clearing register. 

• Annual Compliance 
Assessment Report 

• Annual DMIRS 
Environmental Report 

• Consideration backfilling sections of 
the Open Pits where resources will 
not be sterilised to limit changes in 
humidity at the pit wall interfaces 

• Reviewing Mining Schedule and 
Closure Plan 

• Monitor troglofauna habitat 
humidity 

• Annually 

• Quarterly 
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Management Targets Management Actions Monitoring Timing/Frequency of Action Reporting 

and troglofauna habitat. (High 
Priority) 

• Annual data sharing 
and Report provision to 
YN PBC • Ensure risks to troglofauna habitat 

are addressed within internal 
disturbance procedure and permit. 
(High Priority) 

• Review clearing/disturbance 
procedure and permit process 

• During construction and 
biennially during 
operations 

• Reduce the risk of 
degradation and 
contamination of 
subterranean fauna 
habitat. 

• Construct and maintain surface 
water drainage systems to control 
and contain run-off from mining 
areas and divert clean stormwater 
away from mining and processing 
disturbance areas such as WRLs, Ore 
Stockpiles and the IWL/TSF. 
(Medium Priority) 

• Audit constructed drainage 
systems 

• During construction and 
biennially during 
operations 

• Annual DMIRS 
Environmental Report  

• Annual Compliance 
Assessment Report 

• Training Records 

• Environmental 
inspection records 
(Quarterly to Annually) 

• Monthly waste data 
records 

• Annual data sharing 
and Report provision to 
YN PBC 

• Provide training and education 
programs on contaminants and 
spill/leak management. (High 
Priority) 

• Audit of training records • Biennially 

• Provide spill kits in appropriate areas 
to contain any spills/leaks. (High 
Priority) 

• Environmental inspection • Quarterly during 
construction and 
annually during 
operations • Store and handle all chemicals in 

accordance with relevant legislation, 
Australian Standards and Codes of 
Practice. (High Priority) 

• Ensure facilities containing 
hydrocarbons and/or chemicals have 
bunds installed to contain 110% of 
the contents of the material stored. 
(High Priority) 

• Flow/pressure sensors to be fitted 
along pipelines to enable detection 
of flow anomalies (i.e. pipeline 
leaks). (Medium Priority) 

• Audit pressure sensors to 
ensure they are fitted 

• During construction and 
biennially during 
operations 

• Contaminated soils/material to be 
remediated onsite or removed from 
site. (High Priority) 

• Audit waste records • Annually 
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Management Targets Management Actions Monitoring Timing/Frequency of Action Reporting 

• Problematic material to be placed 
inside WRLs and a lined purpose 
built IWL/TSF to prevent release of 
contaminated run-off or seepage. 
(High Priority) 

• Stygofauna sampling to be 
undertaken within the Water Supply 
and Regional Area to demonstrate 
occurrence beyond the drawdown 
area. Significant variation in results 
compared to baseline data will 
trigger further investigation and 
mitigation measures. (High Priority) 

• Stygofauna abundance and 
diversity sampling 

• Biennially  

• Rehabilitation of 
subterranean fauna 
habitat where 
possible within the 
mining area 

• Review suitability of backfilling 
sections of the Open Pits with 
suitable waste material where 
resources will not be sterilised. 
(Medium Priority) 

• Review available literature on 
recreation of troglofauna 
habitat from waste rock 
material. 

• During operations and 
prior to closure. 

• Annual DMIRS 
Environmental Report  

• Annual Compliance 
Assessment Report 

• Mine Closure Plan 

• Annual data sharing 
and Report provision to 
YN PBC 

• Undertake mine closure and 
rehabilitation in accordance with a 
Mine Closure Plan. (High Priority) 

• Rehabilitation / Landform Audit • Triennially 

• Undertake post-closure monitoring 
to determine quality and recovery 
rates of groundwater in the Mining 
Area and Water Supply Area. (High 
Priority) 

• Groundwater quality and level 
monitoring 

• Annually post closure 

• Stygofauna abundance and 
diversity sampling 

• Triennially  

• Rehabilitation to commence as soon 
as practical and will progressively 
occur during the life of the 
operation. (High Priority) 

• Visual or remote sensing 
rehabilitation inspection 

• Annually 
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Table 2-2 Key Inland Waters (Groundwater) 
Purpose of EMP: Management of impacts to Inland Waters (Groundwater) for the Gabanintha Project  

Rationale: The management approach has been informed by best practice and recent experience on similar infrastructure projects in Western Australia. The hierarchical approach 

taken focuses on management and aims to minimise direct and impacts to groundwater ecosystems including regional users. 

EPA Factor  Inland Waters (Groundwater) 
EPA Objective To maintain the hydrological regimes and quality of groundwater so that environmental values are protected 

Proposed Environmental 
Objective / Outcomes 

• When groundwater drawdown within the upper aquifer in the water supply area, reaches 3m beyond 1km from production bores, the 
groundwater model will be reviewed and revised to consider new information and work will be progresses on the expansion of the 
borefield beyond the currently defined water supply area. 

• Groundwater drawdown within the upper aquifer in the water supply area will not exceed 5m beyond 1km from production bores 
acknowledging that localised drawdown in the direct vicinity of production bores may be greater than 5m during active pumping.  

• Groundwater quality will remain within background levels with an adaptive approach taken to identifying and managing potential 
contamination as determined by groundwater quality monitoring and outlined within the Inland Waters (Groundwater) and 
Subterranean Fauna Management Plan. 

Key Environmental Values • Groundwater dependent subterranean fauna communities 

• Other groundwater users 

• Drinking and stock water supplies 

Key Impacts and Risks • Direct impacts to inland waters 
o Changes in groundwater level from abstraction; 
o Reduction in groundwater available to groundwater dependent ecosystems and other users; 
o Contamination of groundwater from seepage related to the IWL, WRLs and other mining related activities; 
o Establishment of pit lakes which act as a groundwater sink; 
o Changes to surface water availability through formation of pit lakes; 

 

Management Targets Management Actions Monitoring Timing/Frequency of Actions Reporting 

• No measurable 
groundwater 
contamination from 
process waste and 
other operational 
activities. 

• Piezometers and monitoring bores 
will be installed to monitor 
groundwater rise and spread of 
contaminated water associated 
with the IWL/TSF. Trigger values 
will be defined in reference to 
ANZECC/ARMCANZ trigger values 
and baseline data. (High Priority) 

• Audit of monitoring point 
construction 

• Groundwater quality 
monitoring (pH, TDS, minor 
analytes, heavy metals, 
contaminates) 

• Review of water level 
monitoring data 

• Monthly Level 
monitoring 

• Monthly basic water 
quality monitoring 

• Quarterly Complete 
analysis – construction 
& first 5-years of 
operation 

• Annual DMIRS 
Environmental Report  

• Annual Compliance 
Assessment Report 

• Mine Closure Plan 

• Incident reporting (as 
required) 
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Management Targets Management Actions Monitoring Timing/Frequency of Actions Reporting 

• A lateral toe drain with monitoring 
access will be constructed to ensure 
the containment of leachate within 
the IWL/TSF. (High Priority) 

• Design drawings and 
construction report 

• Environmental audit / 
inspections 

• Within 2-months of 
Construction 

• Quarterly during 

operations 

• Environmental 
inspection records 
(quarterly to annually) 

• Training records 

• Water level and quality 
data records (monthly 
to quarterly)  

• Annual data sharing 
and Report provision to 
YN PBC 

• Regular sampling to be undertaken 
from toe drain to detect seepage of 
leachate. Trigger values will be 
defined in reference to 
ANZECC/ARMCANZ trigger values 
and baseline data. (High Priority) 

• Water quality monitoring 
including complete analysis and 
hydrocarbons 

• Samples collected when 
water is observed at the 
toe drain and quarterly 
if water confirmed to be 
seepage. 

• IWL/TSF freeboard, erosion, 
embankment condition, tailings 
beaching, sinkhole presence, dust 
presence, leaks from pipelines and 
supernatant pond will be 
consistently monitored. (High 
Priority) 

• Facility inspection • Daily 

• Staff and contractors will be trained 
in spill response and the use of spill 
kits. (High Priority) 

• Training compliance audit • Biennially 

• Chemicals, hydrocarbons and other 
environmentally hazardous 
materials will be stored and 
handled in accordance with the 
Dangerous Goods Safety Act 2004 
and associated regulations (High 
Priority) 

• Environmental inspection • Quarterly during 
construction  

• Annually during 
operations 

• Facilities containing hydrocarbons 
and/or chemicals designed within 
bunds to contain 110% of the 
contents of the material stored. 
(High Priority) 

• Spill kits will be maintained at high 
risk areas and on service vehicles. 
(High Priority) 
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Management Targets Management Actions Monitoring Timing/Frequency of Actions Reporting 

• Collection sumps will be 
incorporated in infrastructure 
design for the processing plant, 
power station and workshops to 
facilitate the capture and recovery 
of potentially contaminated run-off. 
(High Priority) 

• Design drawings and 
construction report 

• Environmental audit / 
inspections 

• Within 2-months of 

Construction 

• Annually during 
operations 

• Water storage infrastructure will be 
designed to undertake a controlled 
release for rainfall events over 100-
year 72hr event or maintain a 
minimum of 300mm freeboard at 
all times. (High Priority) 

• Design drawings and 
construction report 

• Environmental audit / 
inspections 

• Within 2-months of 

Construction 

• Daily following a rain 
event 

• Quarterly during 
construction  

• Annually during 
operations 

• Establish a bund or windrow 
around the spray field to collect 
water and minimise drainage to the 
receiving environment. (Medium 
Priority) 

• Potentially contaminated water 
from workshop areas and vehicle 
washdown will be captured and 
treated through an oil water 
separator, meeting the 
requirements of DWER (previously 
DoW) Water Quality Protection 
Note 68 – Mechanical equipment 
washdown. (High Priority) 

• Stormwater from roofs and clean 
areas (where practical) will be 
directed away from potentially 
contaminated areas. Stormwater 
that may be contaminated should 
be treated as contaminated and 
drained towards a lined 
pond/sump. (Medium Priority) 
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Management Targets Management Actions Monitoring Timing/Frequency of Actions Reporting 

• No net negative 
effect on 
groundwater users in 
the project regional 
area. 

• Optimise dewatering practices so 
that minimal abstraction is 
undertaken to allow resource 
access. (High Priority) 

• Audit site water use practices 
against Groundwater Operating 
Strategy 

• Annually • Annual DMIRS 
Environmental Report  

• Annual Compliance 
Assessment Report 

• Triennial Groundwater 
Review Report 

• Mine Closure Plan 

• Incident reporting (as 
required) 

• Annual data sharing 
and Report provision to 
YN PBC 

• Optimise site water use so that 
usage is minimised i.e water 
efficient tapware, toilets and 
appliances and dewatering water is 
utilised as a first priority i.e dust 
suppression. (High Priority) 

• Review infrastructure design 

• Review Groundwater operating 
strategy and operational 
procedures for dust 
suppression practices 

• During design phase and 
prior to construction 

• Quarterly during 
construction and 
biennially during 
operations 

• Provide supplementary water to 
neighbouring bore owners if 
impacted by Project activities 
(including unlicensed bores and 
soaks) as required (High Priority) 

• Stakeholder meetings • Annually and as 
requested 

• Undertake regular modelling of site 
water balance, post-closure 
scenarios and groundwater 
recovery within the Mining Area 
and Water Supply Area. (High 
Priority) 

• Site water balance and 
Groundwater modelling review 

• Triennially 

• All groundwater abstraction will be 
conducted in accordance with 
water licences and the Rights in 
Water and Irrigation Act 1914. A 
borefield operating strategy, 
meeting requirements under this 
Act, will be developed and 
implemented to ensure sustainable 
use of groundwater resources in 
the Mining Area and Water Supply 
Area. (High Priority) 

• Audit of abstraction volumes 
against site water licences 

• Annually 
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Management Targets Management Actions Monitoring Timing/Frequency of Actions Reporting 

• Piezometers and monitoring bores 
shall be installed to monitor 
groundwater rise and spread of 
contaminated water associated 
with the IWL/TSF. Trigger values 
will be defined in reference to 
ANZECC/ARMCANZ trigger values 
and baseline data. (High Priority) 

• Groundwater quality 
monitoring (pH, TDS, minor 
analysts, heavy metals) 

• Review of water level data 

• Water quality monitoring 
including complete analysis and 
hydrocarbons 

• Monthly Level 

monitoring 

• Monthly basic water 

quality monitoring 

• Quarterly complete 
analysis – construction / 
first 5-years of 
operation and annually 
during closure 

• Undertake groundwater monitoring 
to identify changes in groundwater 
levels in accordance with the 
Borefield Operating Strategy 
submitted with the 5C licence 
application. (High Priority) 

• Monitoring of groundwater 
levels in the Mining Area and 
Water Supply Area 

• Monthly water levels 
during construction and 
operations and annually 
during closure 

• Quarterly complete 
analysis – construction / 
first 5-years of 
operation and annually 
during closure 

• No impact to Cultural 
values associated 
with groundwater 

• Co-design with YN PBC a monitoring 
program for Cultural values 
associated with groundwater 

• Monitoring of groundwater 
levels and quality near 
culturally important pools 

• Monitor surface condition 
associated with Cultural values 

• Plus other items determined in 
the Co-design monitoring 
program. 

• Frequency and timing to 
be developed with YN 
PBC 

• Annual Compliance 
Assessment Report.  

• Annual data sharing 
and Report provision to 
YN PBC  
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3 Adaptive Management and Review 

3.1.1 Monitoring and Corrective Actions 

Monitoring will be undertaken to measure performance against the environmental outcomes and to assess 

the effectiveness of management actions in meeting the objectives and outcomes outlined in this Plan.  Where 

monitoring identifies an unexpected deviance from baseline or standard conditions, corrective actions may be 

required to rectify or manage potential impacts on the environment.  Corrective actions will be reviewed to 

ensure they adequately resolve the issue and minimise the risk of reoccurrence.   

3.1.2 Review 

This EMP has defined the issues, outlined management and mitigation measures to address the issues, and 

introduced monitoring and evaluation of these measures. 

The management approach for this EMP, although management based, will be adaptive.  The EMP will be 

reviewed on an annual basis by a suitably qualified experienced person.  In addition to this formal annual 

review, the EMP will be reviewed if: 

• New information is learned from monitoring, or monitoring indicates that management targets are 

not being achieved. 

• New information becomes available about any of the managed species or aspects i.e. change in 

conservation status. 

• There is a change in the project description i.e. an increase to the disturbance area. 

• A risk assessment review identifies the need for increased management controls. 

• When new assumptions and uncertainties are realised. 

• New technology applicable to the project activities becomes relevant. 

• Where it has been longer than 12 months since the last revision. 

3.1.3 Environmental Incidents / Non-Compliance 

An environmental incident on the Project is any situation where there is an unauthorised activity which poses 

a threat to environmental values or is a breach of a Project approval or regulatory requirement.  Environmental 

incidents will be managed and reported via the site incident reporting system.  The immediate response to all 

environmental incidents is to make the area safe and undertake measures to prevent further environmental 

harm.  All environmental incidents will be investigated, and the outcomes and actions documented in the site 

corrective and preventative action reporting system. 

Any non-compliance with this Plan is to be reported to the EPA Compliance Branch and investigated.  A non-

compliance may be identified from incident investigations, audits, inspections, monitoring and management 

reviews.   

Investigations will aim to determine: 

• Why the incident or non-conformance occurred; 

• What environmental harm resulted from the incident or non-conformance; 

• What changes to Project activities, management plans and procedures are required; and 

• Measures to prevent, control or abate the environmental harm that occurred. 

3.1.4 Reporting 

Reporting requirements will be undertaken in accordance with the Ministerial Statement. 
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4 Stakeholder Consultation 
TMT has undertaken stakeholder engagement and consultation with regard to Project design and 

implementation as part of the approvals process.  TMT will continue to undertake stakeholder engagement 

and consultation throughout the phases of the Project.  As stakeholder engagement occurs specifically relating 

to the issues discussed within this EMP, this section will be updated. 

Table 4-1 EMP Stakeholder Engagement Summary 

Stakeholder Date Engagement Type Issues/Topics Raised Proponent 
Response/Outcome 

EPA 19/05/2021 Letter Review of ESD and 
EMMP requires 
various changes. 

Updated EMMP and 
separated 
subterranean fauna 
and inland waters 
(groundwater) into 
separate EMP. 
Separated 
Greenhouse gas 
emissions into 
separate EMP. 

5 Changes to an EMP 
This section will be progressively updated as changes are made to this Inland Groundwater and Subterranean 

Fauna Environmental Management Plan throughout the life of the Project. 
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Table 5-1Changes to EMP 

Complexity of changes Minor revisions Moderate revisions  Major revisions 
 

Number of Key Environmental Factors One 2-3  > 3  

Date revision submitted to EPA: DD/MM/YYYY 

Proponent’s operational requirement timeframe for approval of revision 

Reason for Timeframe: 

< One Month < Six Months > Six Months None 

Item 

no. 

EMP 
section 
no. 

EMP 
page no. 

Summary of change Reason for change 

1.     

2.     

3.     
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