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Executive Summary 

frc environmental was commissioned by AECOM Australia Pty Ltd (AECOM), on behalf of 

Ensham Resources Pty Ltd (Ensham) to assess the potential impact of the proposed 

Ensham Life of Mine Extension Project (the Project) on stygofauna, in support of the impact 

assessment for the Project. The assessment comprised a comprehensive stygofauna study 

in accordance with the Queensland Guideline for the Environmental Assessment of 

Subterranean Aquatic Fauna (Department of Science, Information Technology, Innovation 

and the Arts (DoSITIA), 2015).  

Overall, the stygofauna community of the Project study area was assessed as having: 

 moderate environmental value in alluvium based on: 

− the presence of one stygobitic taxon and 3 stygoxene taxa 

− overall hydrogeological characteristics generally suitable for stygofauna (i.e. 

suitable depth to water table and pH; potentially suitable electrical 

conductivity) 

 low for the Rewan group and Rangal Coal Measures groundwater systems based 

on: 

− the absence of stygofauna detections 

− overall hydrogeological characteristics generally unsuitable for stygofauna 

(i.e. depth to water table unsuitable, electrical conductivity potentially 

suitable and pH suitable). 

The following sources of potential impact on stygofauna associated with the Project study 

area were identified: 

 contamination of groundwater 

 physical disturbance of groundwater ecosystems by: 

− drawdown of water tables 

− removal and compaction of soil and aquifers and reduced habitat quality of 

groundwater ecosystems for stygofauna 

 cumulative impacts of the Project interacting with other nearby, existing mines such 

as the Kestrel Coal Project, Wilton and Fairhill Project and Curragh Project. 



frc environmental 

Ensham Life of Mine Extension Project: Stygofauna Assessment  ii 

However, a risk-based assessment determined that the mitigated risk of impact was low for 

each of these potential sources of impact. 

Monitoring and management plans associated with existing operations were identified as 

being adequate for the ongoing monitoring of impacts to the stygofauna community, with 

the moderate stygofauna values of the alluvial aquifer in the Project study area to be 

managed via a groundwater level monitoring program.  
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1 Introduction 

frc environmental was commissioned by AECOM, on behalf of Ensham to assess the 

potential impacts of the Project on stygofauna, in support of the impact assessment for the 

Project. 

The scope of this aquatic ecology study is to: 

 describe the EV of the Project study area relating to stygofauna  

 assess the potential adverse impacts of the Project on the EVs of stygofauna 

 present mitigations for avoiding or reducing impacts to EVs of stygofauna. 

1.1 Project Description 

Ensham Mine is an existing open-cut and underground bord and pillar coal mine located 

approximately 35 kilometres (km) east of Emerald in Queensland (Figure 1.1). The Project 

proposes to increase the life of the existing underground operations by extending the 

underground bord and pillar mine into an area identified as the Project Site (zones 1, 2, and 

3) commencing from within Mining Lease (ML) 7459, ML 70326, ML 70365, and ML 70366 

to an area west of ML 70365 within part of Mineral Development License (MDL) 217 (Figure 

1.1). The Project will produce at up to approximately 4.5 million tonnes per annum and 

would extend the Ensham Life of Mine (LOM) by up to nine years to approximately 2037. 

The extension of the underground operation using existing infrastructure means that no 

surface construction or surface disturbance will be required to facilitate the Project. 

Therefore, activities in relation to surface construction, surface disturbance or associated 

with existing operations were not assessed in this assessment. 
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2 Overview of Stygofauna 

2.1 Description  

Stygofauna are subterranean aquatic animals that live in the pores, voids and cavities of 

groundwater ecosystems. Many species of stygofauna have specialised adaptations to 

underground life, including: 

 small body size (e.g. many species have a total body length less than 1 millimetre 

(mm) 

 lack of pigmentation 

 absence of eyes 

 elongated appendages (for tactile sensing of the surrounding environment). 

Crustaceans, including copepods, amphipods, isopods and syncarids, typically dominate 

the composition of stygofaunal communities, although oligochaetes, molluscs, mites, 

insects and rotifers are also common. Blind fish and eels are also known from some cave 

systems, such as those in Western Australia.  

Stygofauna taxa are grouped into one of several classes based on the degree of their 

requirement for subterranean life (Tomlinson & Boulton 2008). For the purpose of this 

assessment, two classes of stygofauna are considered: 

 stygobites: obligate groundwater aquatic fauna that have specialised adaptations to 

underground life and that live within groundwater systems for their entire life 

 stygoxenes: aquatic fauna that facultatively use groundwater ecosystems, but are 

not dependent on groundwater to complete their life cycle.  

2.2 Status under Commonwealth and State Legislation 

Stygofauna have no conservation listing at the Queensland level. At the Commonwealth 

level the Cape Range Remiped (Kumonga exleyi) in Western Australia is listed as 

Vulnerable under the Commonwealth’s Environment Protection and Biodiversity 

Conservation Act 1999 (EPBC Act). 

However, the Project study area is outside the known range of the Cape Range Remiped, 

therefore listed species of stygofauna do not occur within the Project study area.  
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2.3 Distribution  

Stygofauna communities are widely distributed across Australia (Tomlinson & Boulton 

2008), and have been found in temperate, sub-tropical and tropical regions of eastern 

Australia (Cook et al. 2012; Hancock & Boulton 2008). At the family level stygofauna are 

widespread and many families that include stygofaunal species also include surface water 

and marine species (e.g. copepods, rotifers and mites).  

However, at the species level many taxa have a narrow distributional range (i.e. stygofauna 

communities contain species that occur exclusively within a small area), and thus 

stygofauna communities are generally thought to have high endemism (Boulton et al. 2010; 

Harvey et al. 2011). For example, 23% of the stygofauna species that were sampled on two 

or more occasions in a long-term study of stygofauna in the Pilbara region were sampled 

from within the same sub-region, and the median area of distribution of these stygofaunal 

species was 683 square kilometres (km2) (Halse et al. 2014), with almost all stygofaunal 

species having distributions of less than 1 000 km2 (Eberhard et al. 2009). A species of 

Parabathynellidae was recorded from three bores in the Burdekin River Alluvial Aquifer in 

Queensland, with two of these bores located approximately 20 km apart (Cook et al. 2012), 

suggesting a potential distribution of approximately 400 km2. Additionally, studies in both 

Western Australia and Queensland have found evidence that sub-catchment boundaries 

can demarcate locations of turn-over of stygofaunal species (Finston et al. 2007; Little et al. 

2016). Therefore, areas of approximately 400 – 600 km2 within a single sub-catchment may 

represent reasonable estimates of distribution of most stygofaunal species, acknowledging 

that site-specific factors (e.g. highly confined aquifers) may impose further restrictions on 

distribution in some cases, or create strong population subdivision within species on smaller 

spatial scales (Cook et al. 2012; Little et al. 2016).  
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2.4 Ecology and Habitat 

Stygofauna are thought to provide important ecosystem services relating to the 

maintenance of hydrological connectivity and groundwater quality by consuming the 

microbial communities that form biofilms on the substrate matrix of the aquifer (Boulton et 

al. 2008; Hancock & Boulton 2008). Therefore, despite the short length of food webs in 

groundwater ecosystems (i.e. biofilm  stygofauna), stygofauna occupy a critical trophic 

position in these food webs that likely sustains the health of groundwater ecosystems. 

The suitability of a groundwater ecosystem to provide habitat for stygofauna is dependent 

on several environmental factors including: 

 geology 

 groundwater hydrology 

 groundwater quality. 

For example, stygofauna are generally thought to prefer shallow water aquifers with high 

secondary porosity in groundwater recharge areas, with groundwater of high quality 

(specifically neutral pH and low electrical conductivity) intersecting the root zone of 

terrestrial vegetation (Eamus et al. 2006; Schulz et al. 2013; Tomlinson & Boulton 2008). 

While there are clear associations between stygofauna diversity and generalised 

assumptions of stygofauna habitat suitability, there are also notable exceptions that 

demonstrate that almost any groundwater ecosystem has the potential to provide habitat 

for stygofauna (Glanville et al. 2016). For example, in Queensland, stygofauna have been 

found in areas of natural vegetation, intensively cultivated vegetation (e.g. sugar cane) and 

in heavily cleared (or very sparsely vegetated) areas (Cook et al. 2012; GHD 2013; Hancock 

& Boulton 2008) indicating that water tables that intersect the root zone of terrestrial 

vegetation are not an essential habitat characteristic of aquifers containing stygofauna.  

Further discussion of the geological, hydrological and water quality characteristics of 

groundwater ecosystems that generally provide suitable habitat for stygofauna is presented 

below.  
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Geology 

Stygofauna have the potential to occur in aquifers composed of any geological unit with 

sufficient pore space to complete their life cycle (Tomlinson & Boulton 2008). Consequently, 

stygofauna are less likely in geological units with relatively small pore spaces, such as those 

dominated by mudstone, siltstone and clays. Preliminary discovery rates of stygofauna in 

Queensland indicate that (Glanville et al. 2016): 

 no stygofauna have been recorded in mudstone and siltstone to date 

 stygofauna are less common in clay, coal and basalt dominated geologies  

 stygofauna are most common in alluvium, granite, gravel, sand, sandstone, silt, and 

volcanic geological units. 

The diversity of stygofauna in Queensland is highest in alluvium, with 14 described families 

in alluvial geological units; five in both basalt and coal; four in both gravel and sand; two in 

sandstone; and one in silt (Glanville et al. 2016). Limestone reportedly has diverse 

stygofauna communities (Tomlinson & Boulton 2008), with preliminary data indicating the 

presence of stygofauna in limestone geological units in Queensland (Environmental 

Protection Agency (EPA),EPA 2006).  

Groundwater Hydrology 

Geological units with large pore spaces also provide for hydrological connectivity through 

groundwater ecosystems, which influences how quickly organic matter and oxygenated 

water are replenished, and may also determine the extent to which stygofauna can move 

through groundwater ecosystems. In alluvial aquifers in eastern Australia the average 

number of stygofauna taxa was higher within six metres (m) of the water table level, and 

where the water table level was less than approximately 15 m below the ground (Hancock 

& Boulton 2008). Other studies have shown similar results, with a statistically lower diversity 

of stygofauna in deeper aquifers than shallow aquifers (Halse et al. 2014). However, in 

Queensland, stygofauna have been recorded from over 60 m below ground (Glanville et al. 

2016), indicating that deep groundwater ecosystems can also support stygofaunal 

communities.  

The general trend of higher diversity of stygofauna in shallow aquifers is speculated to be 

because most shallow groundwater systems have higher concentrations of organic matter 

and oxygenated water than deeper groundwater, as a virtue of proximity to the surface. 

Proximity to groundwater recharge areas may also represent a favourable habitat 

characteristic for stygofauna, due to greater organic matter availability and concentration of 
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dissolved oxygen in water. In aquifers with poor to very poor recharge, stygofauna 

abundance is low, and is typically higher in aquifers with good to very good recharge (Schulz 

et al. 2013). Thus, alluvial aquifers close to watercourses that function as groundwater 

recharge zones often have high abundance and diversity of stygofauna (Hancock & Boulton 

2008).  

Groundwater Quality 

While the mean electrical conductivity of water from which stygofauna have been sampled 

is less than 4,000 microsiemens (µS) / centimetre (cm), they have been recorded from a 

broad range of electrical conductivities (11.5 – 54,800 µS/cm) (Glanville et al. 2016). 

Tolerance to high electrical conductivity is likely to vary among taxa, with only crustaceans 

(i.e. copepods and syncarids) reported from the upper end of this range (Glanville et al. 

2016). Crustaceans found in surface water habitats commonly have a higher salinity 

tolerance than other taxa (e.g. insects, mites, gastropods) (Dunlop et al. 2008); thus, 

crustacean taxa may be more likely to occur in groundwater with high electrical conductivity 

than other stygofaunal taxa. 

The minimum concentration of dissolved oxygen needed to support stygofauna 

communities is unknown. Some taxonomic groups are likely to be more tolerant of very low 

dissolved oxygen, and others more tolerant of very high dissolved oxygen (Halse et al. 

2014). However, bores with the highest diversity of stygofauna had dissolved oxygen levels 

ranging from approximately 20 to 60% saturation (Halse et al. 2014). 

Stygofauna have been recorded from groundwater with pH ranging from 3.5 to 10.3, with 

diversity highest when pH is between 6.5 and 7.5 (average of 7.0) (Hancock & Boulton 

2008). Total dissolved solids (TDS) can strongly influence the diversity of stygofauna, with 

stygofauna almost always absent where TDS is higher than 15 mg/L (Halse et al. 2014).  

Syncarids in Queensland have been reported from groundwater systems where TDS was 

1090 mg/L (frc environmental, unpublished data). However, as the concentration of TDS is 

approximately electrical conductivity x 0.68, stygofauna in Queensland would likely tolerate 

TDS concentrations of approximately 2,720 mg/L (i.e. 4,000 µs/cm x 0.68).  Other water 

quality parameters, such as ionic composition, may also influence the diversity and 

taxonomic composition of stygofauna (Halse et al. 2014).  
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2.5 Threats to Stygofauna 

Stygofauna are threatened by activities that impact: 

 the quantity of groundwater (i.e. reduced groundwater level and pressure via 

groundwater extraction or aquifer dewatering). Reduced water levels reduce the 

amount of habitat available for stygofauna. Reduced groundwater pressure reduces 

the rate of flow of groundwater, which may in turn reduce the recharge of oxygen-

rich water or water with high organic matter concentrations (which supports 

groundwater food webs). 

 the quality of groundwater (e.g. contamination from above ground sources, including 

nutrient enrichment and spills of pesticides and hydrocarbons). Impacts may be 

lethal (i.e. mortality of stygofauna) or sub-lethal (i.e. reduced rate of reproduction, 

impacted physiology). 

 patterns of recharge and discharge from groundwater ecosystems, such as a 

reduction in flow in a watercourse that provides recharge to the underlying aquifer. 

This may reduce the recharge of oxygen-rich water or water with high organic matter 

concentrations (which supports groundwater food webs), and may result in lowering 

of the water table, which reduces habitat availability. 

 permeability and void spaces of the aquifer matrix (e.g. compaction of soil by heavy 

machinery), which reduces habitat quality and habitat availability. 

 physical habitat of the aquifer (e.g. excavation of mine pits), which reduces the 

available habitat for stygofauna. 
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3 Assessment of Stygofauna Habitat Suitability, Community 

Composition and Environmental Values 

3.1 Assessment Methods 

Stygofauna were assessed using a  desktop review and repeat field surveys, as described 

for a ‘comprehensive survey’ in the Guideline for the Environmental Assessment of 

Subterranean Aquatic Fauna (DoSITIA 2015); see also DES (2019).  

Desktop Review 

A desktop review was used to determine the suitability of groundwater ecosystems of the 

Project study area to provide habitat for stygofauna on the basis of geological, hydrological 

and water quality characteristics of local groundwater ecosystems, and included:  

 review of previous studies to determine the recorded presence and distribution of 

stygofauna in the region  

 review of hydrogeological data for the Project, and  

 review of groundwater pH and electrical conductivity (EC) data within the Project 

study area. 

Field Surveys 

Forty-one stygofauna samples were collected from 26 bores between 6 – 10 November 

2019 and 6 – 8 July 2021 (Table 3.1; Figure 3.1).  Ten bores targeted the coal seams of the 

Rangal Coal Measures and 16 bores targeted the Nogoa River alluvium. 

The full water column in each bore was sampled using six hauls of a weighted 

phreatobiological net (similar to a plankton net). Three of the hauls were with a very fine net 

(mesh size 50 µm), and three hauls were with a fine net (mesh size 150 µm). Samples were 

preserved in 100% ethanol and transported to frc environmental’s laboratory where 

stygofaunal specimens were identified to Order or Family using available taxonomic keys. 

Each specimen was then identified to morpho-species by trained ecologists as taxonomic 

keys are not available for species-level identification of stygofauna.  
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Table 3.1 Bores sampled for stygofauna. 

Bore Easting Northing Geological unit 
Drilled 

depth (m) 

Surveys 

Nov-19 Jul-21 

EC01 650018 7403058 Nogoa River Alluvium 17.2 ✓ ✓ 

EC03 650338 7402547 Nogoa River Alluvium 16.6 ✓ ✓ 

EC05 650391 74001884 Nogoa River Alluvium 18 – ✓ 

EC07 650972 7401746 Nogoa River Alluvium 18 ✓ ✓ 

EC09A 651353 7401504 Nogoa River Alluvium 18 ✓ ✓ 

EC11 651517 7401192 Nogoa River Alluvium 17.4 ✓ ✓ 

EC13 651517 7400776 Nogoa River Alluvium 16 ✓ ✓ 

EC14 651676 7400652 Nogoa River Alluvium 12 ✓ ✓ 

EC17_2 652675 7400396 Nogoa River Alluvium 15 – DRY 

GW01 653926 7400422 Nogoa River Alluvium 19.79 ✓ ✓ 

RB1 650016 7412833 Rangal Coal Measures – Coal (A2C) 97 ✓ ✓ 

RB2 647785 7410364 Rangal Coal Measures - Coal 149.5 ✓ ✓ 

RB3 645395 7402283 Rangal Coal Measures - Coal 208 ✓ ✓ 

RB4 642670 7398751 Rangal Coal Measures - Coal 230 ✓ ✓ 

RB5 646207 7395310 Rangal Coal Measures – Coal (A21) 230.3 ✓ ✓ 

RB6 648834 7392167 Rangal Coal Measures – Coal (A2C) 60 ✓ ✓ 
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Bore Easting Northing Geological unit 
Drilled 

depth (m) 

Surveys 

Nov-19 Jul-21 

RB7a 647741  7407173  Nogoa River Alluvium 15.15  – ✓ 

WSMB2D 649058 7397630 Rangal Coal Measures – Coal 108 ✓ ✓ 

WSMB2S 649061 7397630 Rangal Coal Measures – Overburden 50 ✓ ✓ 

WSMB3D 647826 7396410 Rangal Coal Measures – Coal  102 ✓ ✓ 

WSMB3S 647714  647714  Rangal Coal Measures – Overburden 24 – ✓ 

RN13020169 648435 7406991 Nogoa River Alluvium 15.8 – ✓ 

RN13020173 645968 7404080 Nogoa River Alluvium 11.2 – ✓ 

RN13020177 650649 7402681 Nogoa River Alluvium 16.8 – ✓ 

RN13020178 650198 7401548 Nogoa River Alluvium 14.0 – ✓ 

RN13020179 650146 7400842 Nogoa River Alluvium 9.8 – DRY 

– not surveyed 

Coordinate system: AGS84 Zone 55K 
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Assessment of Environmental Value 

The EVs of stygofauna of the Project study area were determined using the following 

criteria: 

 high value: threatened species listed under State or National legislation 

 moderate value: non-listed stygobites and / or suitable 1  habitat for stygofauna 

present (as defined in Section 2.0), and 

 low value: only non-listed stygoxenes and / or potentially suitable 2  habitat for 

stygofauna present (as defined in Section 2.0).   

 
1 suitable habitat means geological, hydrological and water quality characteristics of groundwater 

ecosystems that are generally known to support high diversity of stygofauna, as described in Section 2.4 
2 potentially suitable habitat means geological, hydrological and / or water quality characteristics of 

groundwater ecosystems that are outside the general habitat characteristics known to support diverse 

stygofauna communities, but within the range from which stygofauna have been recorded. 
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3.2 Results of Desktop Assessment 

Stygofauna of the Region 

The diversity and biogeography of stygofauna in Queensland have been synthesised by 

Glanville et al. (2016), with key findings being: 

 A total of 24 described families and 23 described genera have been recorded from 

Queensland across numerous bioregional areas. The Project study area is located 

within the Isaac-Comet Downs subregion, with five described families from eight 

samples reported from the Isaac-Comet Downs subregion. 

 Syncarid shrimps (families Parabathynellidae and Bathynellidae) are the two most 

widespread families in Queensland, followed by Cyclopidae (copepods) and 

Naididae (clitellate oligochaete worms). All of these taxa are reported from a wide 

range of lithology types, including alluvium, gravel, sand, sandstone and fractured 

basalt. 

 Of all described stygofauna families recorded from Queensland to date, 36% are 

crustaceans, with the taxonomic richness of syncarid crustaceans higher in 

Queensland than the global average, but the richness of amphipods in Queensland 

lower than the global average. 

Geology 

The geology of the Project study area, from shallowest to deepest, comprises: 

 Nogoa River alluvium comprised of a shallow, low permeable clay layer and a 

deeper more permeable sand/gravel layer  

 tertiary sediment 

 Triassic Rewan Group mudstone with lithic sandstone interbeds 

 Permian age formations including: 

− sandstone, siltstone, mudstone, tuff and coal seams within the Rangal Coal 

Measures (coal seams include Aries, Castor, Pollux and Orion seams) 

− Burngrove Formation 

− Fair Hill Formation, and 

− Macmillan Formation. 
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The coal deposits within the Rangal Coal Measures are mined as part of the Project.  The 

geology of the Project study area includes units that are known to provide habitat for 

stygofauna, as well as units from which stygofauna have not been reported, e.g. mudstone 

(Glanville et al. 2016). On the basis of those units that are known to provide habitat for 

stygofauna, the geology of the Project study area is considered to be suitable for providing 

habitat for stygofauna. 

Hydrology 

In eastern Australia the average number of stygofauna taxa was higher when the samples 

were collected where the water table was less than approximately 15 m below ground 

(Glanville et al. 2016). The depth to water table is typically less than 15 m below ground at 

all alluvium bores (Table 3.2). Therefore, the shallow alluvium groundwater ecosystem of 

the Project study area have likely suitable hydrological characteristics to provide habitat for 

stygofauna, but the Rewan and Rangal Coal Measures groundwater systems have 

hydrological characteristics generally unsuitable for stygofauna. 

Water Quality 

The mean electrical conductivity of water from which stygofauna have been sampled, 

generally, is less than 4,000 µS/cm; however, the range of electrical conductivity 

concentrations of groundwater that stygofauna have been sampled from is very large 

(11.5 – 54,800 µS/cm) , the Rewan Group and Rangal Coal Measures groundwater 

systems all have electrical conductivity higher than the preferred range for stygofauna, but 

well-within the range recorded for groundwater systems from which stygofauna have been 

recorded (Table 3.2). Therefore, the electrical conductivity of groundwater of the Project 

study area is potentially suitable for stygofauna. 

Stygofauna have been recorded from groundwater with pH ranging from 3.5 to 10.3, but 

diversity is highest between 6.5 and 7.5 (mean of 7.0) (Hancock & Boulton 2008). The 

median pH of groundwater from the Project study area ranged from 7.1 – 7.9 and typically 

aligned with the range known to support diverse stygofaunal communities (Table 3.2). The 

pH of groundwater of the Project study area is suitable for stygofauna. 
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Table 3.2 Environmental characteristics of bores from the Project study area. 

Geology 
Water 

level (m) 

Method pH EC 

percentiles 20 50 80 20 50 80 

Alluvium 10 – 13 m Field 6.7 7.1 7.4 4,072 13,150 20,826 

  Laboratory 7.0 7.5 7.9 4,340 12,250 22,360 

Rewan 20 – 75 m Field 7.4 7.7 7.9 4,050 5,825 7,430 

  Laboratory 7.7 7.9 8.1 3,960 6,290 7,520 

Rangal 

Coal 

Measures 

19 – 47 m Field 7.0 7.7 8.0 3,780 7,620 10,800 

 Laboratory 7.5 7.9 8.2 3,496 7,345 10,520 

Sourced from SLR (2020) 

3.3 Results of the Stygofauna Surveys  

Of the 26 bores surveyed in the comprehensive study, 4 bores (EC11, EC13, EC14 and 

RN13020177) contained stygofauna (Table 3.3): one bore with stygobitic (i.e. obligate 

groundwater inhabitant) species and 3 bores with stygoxenes (i.e. not obligate inhabitants 

of groundwater ecosystems) species.  All stygofauna were recorded from the Nogoa River 

Alluvium, where the depth to water table is low, pH of groundwater is within the preferred 

range reported for stygofauna and the electrical conductivity is within the range of water 

quality conditions from which stygofauna have been reported (Glanville et al. 2016; Hancock 

& Boulton 2008).  All 4 bores from which stygofauna were recorded were in close proximity 

to each other, and in close proximity to the Nogoa River channel.  Hancock and Boulton 

(2008) found stygofauna diversity to be highest in shallow alluvial groundwater systems in 

close proximity to watercourses, which is a result replicated by this study.   

The number and type of stygofauna species recorded is generally similar to those found in 

alluvial groundwater ecosystems in other regions of Queensland (Glanville et al. 2016).  It 

is likely that the stygobitic taxon (Parabathynellidae sp. 1; Figure 3.2) recorded at bore 

RN13020177 is endemic to the region, because stygobitic taxa have narrow distributions 

ranges (i.e. areas of approximately 400 – 600 km2 within a single sub-catchment may 

represent reasonable estimates of distribution of most stygofaunal species, acknowledging 

that site-specific factors (e.g. highly confined aquifers) may impose further restrictions on 

distribution in some cases (Finston et al. 2007; Little et al. 2016)).   
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Figure 3.2 Photograph of the stygobitic Parabathynellidae sp. 1 recorded at bore 

RN13020177. 
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Table 3.3 Results of the stygofauna field surveys. 

Bore ID Stygofaunal taxon Common name Class Abundance a 

EC01 – – – – 

EC03 – – – – 

EC04 – – – – 

EC07 – – – – 

EC09A – – – – 

EC11 Acarina sp. 1 mite stygoxene 1 

EC13 Naididae sp. 1 oligochaete worm stygoxene 3 

EC14 Enchytraeidae sp. 1 oligochaete worm stygoxene 2 

EC17_2 x x x x 

GW01 – – – – 

RB1 – – – – 

RB2 – – – – 

RB3 – – – – 

RB4 – – – – 

RB5 – – – – 

RB6 – – – – 

RB7a     

WSMB2D – – – – 

WSMB2S – – – – 

WSMB3D – – – – 

WSMB3S – – – – 

RN13020169 – – – – 

RN13020173 – – – – 

RN13020177 Acarina sp. 1 mite stygoxene 1 

 Parabathynellidae sp. 1 groundwater 

crustacean 

stygobite 1 

RN13020178 – – – – 

RN13020179 x x x x 

– No stygofauna recorded. 

x bore was dry 



frc environmental 

Ensham Life of Mine Extension Project: Stygofauna Assessment  19 

3.4 Environmental Values of Stygofauna of the Project study area 

Overall, the stygofauna community of the Project study area was assessed as having: 

 moderate environmental value in alluvium based on: 

− the presence of one stygobitic taxon and 3 stygoxene taxa 

− overall hydrogeological characteristics generally suitable for stygofauna (i.e. 

suitable depth to water table and pH; potentially suitable electrical 

conductivity) 

 low for the Rewan Group and the Rangal Coal Measure groundwater systems based 

on: 

− the absence of stygofauna detections 

− overall hydrogeological characteristics generally unsuitable for stygofauna 

(i.e. depth to water table unsuitable, electrical conductivity potentially 

suitable and pH suitable). 
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4 Impact Assessment and Mitigation 

4.1 Potential Sources of Impact to Stygofauna 

The following potential sources of impact from the Project on stygofauna were identified: 

 localised contamination of groundwater 

 physical disturbance of groundwater ecosystems  

 cumulative impacts of the Project interacting with other nearby, existing mines such 

as the Kestrel Coal Project, Wilton and Fairhill Project and Curragh Project. 

Contamination of Groundwater 

Contamination of groundwater includes leakage of toxicants from fuels, oils and other 

lubricants required for the operation of vehicles and machinery. Chemicals, fuel and oil are 

toxic to aquatic flora and fauna at relatively low concentrations. Spilt chemicals, fuel and 

oils have potential to seep into shallow groundwater ecosystems, where they can impact 

the condition of the groundwater ecosystem and cause lethal or sub-lethal impacts to 

stygofauna. Potential impacts would depend on the location and magnitude of any chemical, 

fuel or oil spill, but a small chemical, fuel or oil spill in the coal seam or from a vehicle would 

likely cause impact on a relatively local scale. 

The Project will operate using the same procedures and requirements associated with the 

existing operations, specifically existing Environmental Impact Management Plans (EIMP; 

EIMP.06.00.03 Water Management and Minimisation Plan and EIMP.05.00.02 

Hydrocarbons), Standard Operating Procedures (SOP; SOP.09.01.04 Using Hazardous 

Substances) and relevant legislative requirements and Australian Standards. In particular, 

refuelling will be completed in designated bunded areas away from watercourses and spill 

response procedures will be followed. As there will be no new infrastructure, increase in 

mine traffic or development in suitable stygofauna habitat, there will be no increased risk of 

localised contamination of groundwater ecosystems of the Project study area. 
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Physical Disturbance of Groundwater Ecosystems 

The following mining activities have the potential to impact stygofaunal communities in the 

Project study area by directly disturbing groundwater ecosystems: 

 Drawdown of water tables, with additional groundwater inflow estimated after 2029 

compared to the existing operations (SLR 2020): 

− Alluvial take (alluvial water seeping into lower formations) magnitude is 

estimated to increase by 0.01 ML/day, but with no change to the Nogoa River 

baseflow.  The groundwater level of the alluvial aquifer is not predicted to 

change between the existing operations and the Project.  

− The additional drawdown within the alluvium (i.e. where stygofauna was 

recorded) is minimal, with a delayed recovery observed only due to the 

longer mining timeframe.  Alluvial water levels are expected to return to the 

same levels for all considered cases (no mining, current operations and 

Project). 

− The maximum additional drawdown extent in the coal seam aquifer extends 

5 km to the north-west and 8 km to the west and south-west.  The Project 

drawdown of groundwater in the target coal seam is about 100 m larger than 

the existing operations, due to the dewatering required in new areas.  The 

final recovered groundwater level (post Project) is only approximately 10 m 

lower than estimated for the existing operations. 

 Mining operations within stygofauna habitat, which may lead to compaction of soil 

and aquifers and reduce habitat quality of groundwater ecosystems for stygofauna. 

Stygofauna of the Project study area were only found in alluvium, in which there will be 

minimal hydrogeological changes between the existing operations due to the Project due to 

slightly delayed recovery.  While there will be notable localised drawdown of groundwater 

in the target coal seam during the operational stage of the Project, this groundwater system 

has low Environmental Value with respect to stygofauna.  Therefore, there will be minimal 

risk to stygofauna of the Project study area, which will be managed via a groundwater level 

and quality monitoring program targeting bores RN13020177, EC11, EC13 and EC14, and 

others, and will be continued using the same procedures and requirements associated with 

the existing operations, specifically the existing EA. 
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Cumulative Impacts 

Potential cumulative impacts across multiple coal projects (i.e. the Kestrel Coal Project and 

Wilton and Fairhill Project) on stygofauna relate to combined influences on groundwater 

drawdown, particularly of the alluvial aquifer. 

Results indicate that cumulative impacts on the Nogoa River alluvium will be minimal, as 

there is no potential drawdown from nearby mining projects due to the distance and depth 

of these mines.  Results also indicate no cumulative drawdown of the coal seam aquifer by 

regional mining projects, as mining operations within 30 km of the Project Site target 

different coal seams separated by interbedded aquitards, and mining operations more than 

30 km from the Project Site are expected to be too far away to impact on the Project Site 

(SLR 2020).   

Stygofauna of the Project study area were only found in the alluvium, indicating that there 

is unlikely to be an increased risk of physical disturbance to the groundwater ecosystem or 

stygofauna habitat.  A risk to stygofauna due to cumulative drawdown of the alluvial aquifer 

will be managed via a groundwater level and quality monitoring program targeting bores 

RN13020177, EC11, EC13 and EC14, and others, and will be continued using the same 

procedures and requirements associated with the existing operations, specifically the 

existing EA. 

4.2 Risk-based Impact Assessment 

The risk assessment determined the level of risk as an outcome of the consequence and 

likelihood of the potential impact (Table 4.1 to Table 4.3). The 5 x 3 risk matrix (Table 4.3) 

gives risk scores ranging between one and 15, with risk being: 

− low, when the score is less than 5 

− medium, when the score is more than 5 but less than 10 

− high, when the score is more than 10. 
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Table 4.1 Ratings used to assess the likelihood of potential impacts. 

Rating  Likelihood of occurrence 

Very high (5) Almost certain to occur frequently  

High (4) Probably would happen sometimes to frequently 

Moderate (3) Could happen sometimes 

Low (2) Remote possibility of occurring or not expected to occur 

Very low (1) Definitely would not happen at all 

 

Table 4.2 Ratings used to assess the consequence of potential impacts. 

Rating  Consequence of potential impacts 

High (3) Catastrophic, irreversible or critical long-term environmental harm or loss; 

significant harm or loss of sensitive components of the environment; significant 

harm or loss of protected components of the environment, such as protected 

wetlands or MNES. 

Moderate (2) Significant short-term but reversible harm of the environment; minor 

environmental harm to sensitive or protected components of the environment, 

such as protected wetlands or MNES. 

Low (1) Unfavourable impact with no material harm to the environment and no impact 

on sensitive or protected components of the environment. 

 

Table 4.3 Environmental risk matrix. 

  Likelihood 

  Very low (1) Low (2) Moderate (3) High (4) Very high (5) 

C
o

n
s
e
q

u
e
n

c
e

 

Low (1) 1 2 3 4 5 

Moderate (2) 2 4 6 8 10 

High (3) 3 6 9 12 15 

Risk assessment methodology determined through the industry recognised quantitative risk assessment 

methodology outlined in AS ISO 31000:2018 Risk Management Guidelines 
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Table 4.4 Risk-based Impact Assessment. 

Source of potential 

impact 
Mitigation Consequence of impact Likelihood of impact 

Mitigated risk 

to stygofauna 

Localised 

contamination of 

groundwater 

 

The Project will operate using the same 

procedures and requirements associated 

with the existing operations, specifically: 

• Environmental Impact Management 

Plans (EIMP; EIMP.06.00.03 Water 

Management and Minimisation 

Plan 

• EIMP.05.00.02 Hydrocarbons), and 

• Standard Operating Procedures 

(SOP; SOP.09.01.04 Using 

Hazardous Substances) 

All applicable materials will be stored and 

handled in accordance with the relevant 

legislative requirements and Australian 

Standards, including but not limited to the 

provisions of: 

AS 3780:2008 – The storage and handling 

of corrosive substances 

AS 1940:2017 – The storage and handling 

of flammable and combustible liquids 

Refuelling will be in designated bunded 

areas  

Moderate (2) 

Shallow alluvial groundwater 

systems of the Project study 

area has moderate 

environmental value for 

stygofauna 

Groundwater system of the 

target coal seam in the 

Project study area has low 

environmental value for 

stygofauna 

Low (2) 

Not expected to occur given 

mitigations 

Low (2 x 2 = 4) 
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Source of potential 

impact 
Mitigation Consequence of impact Likelihood of impact 

Mitigated risk 

to stygofauna 

Physical disturbance 

of groundwater 

ecosystems leading 

to impacts on 

stygofauna 

Mining operations only within coal seam 

water table and outside (below) alluvium 

Water level and quality monitoring across 

an appropriately designed bore field will be 

continued using the same procedures and 

requirements associated with the existing 

operations, specifically the existing EA. 

Moderate (2) 

Shallow alluvial groundwater 

systems of the Project study 

area has moderate 

environmental value for 

stygofauna 

Groundwater system of the 

target coal seam in the 

Project study area has low 

environmental value for 

stygofauna 

Low (2) 

Increased drawdown of 

shallow alluvial groundwater 

system is not predicted to 

occur 

 

Increased localised drawdown 

of coal seam aquifer occurs 

outside of favourable 

stygofauna habitat within the 

Project study area 

Low (2 x 2 = 4) 

Cumulative 

drawdown of alluvial 

and coal seam 

aquifers 

Mining operations only within coal seam 

water table and outside (below) alluvium 

Water level and quality monitoring across 

an appropriately designed bore field will be 

continued using the same procedures and 

requirements associated with the existing 

operations, specifically the existing EA. 

Moderate (2) 

Shallow alluvial groundwater 

systems of the Project study 

area has moderate 

environmental value for 

stygofauna 

Groundwater system of the 

target coal seam in the 

Project study area has low 

environmental value for 

stygofauna 

Low (2) 

Increased drawdown of 

shallow alluvial groundwater 

system is not predicted to 

occur 

Increased localised drawdown 

of coal seam aquifer due to 

nearby mining operations is 

not expected to occur  

Increased localised drawdown 

of coal seam aquifer occurs 

outside of favourable 

stygofauna habitat within the 

Project study area 

Low (2 x 2 = 2) 
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5 Conclusions 

Stygofauna were assessed using a desktop review and field surveys, as described for a 

‘comprehensive survey’ in the Guideline for the Environmental Assessment of 

Subterranean Aquatic Fauna (DoSITIA 2015); see also DES (2019).  

Overall, the stygofauna community of the Project study area was assessed as having: 

 moderate environmental value in alluvium based on: 

− the presence of one stygobitic taxon and 3 stygoxene taxa 

− overall hydrogeological characteristics generally suitable for stygofauna (i.e. 

suitable depth to water table and pH; potentially suitable electrical 

conductivity) 

 low for the Rewan and Coal Measure groundwater systems based on: 

− the absence of stygofauna detections 

− overall hydrogeological characteristics generally unsuitable for stygofauna 

(i.e. depth to water table unsuitable, electrical conductivity potentially 

suitable and pH suitable). 

The following sources of potential impact on stygofauna associated with the Project were 

identified: 

 contamination of groundwater 

 physical disturbance of groundwater ecosystems by: 

− drawdown of water tables 

− compaction of soil and aquifers and reduce habitat quality of groundwater 

ecosystems for stygofauna 

 cumulative impacts of the Project interacting with other nearby, existing mines such 

as the Kestrel Coal Project, Wilton and Fairhill Project and Curragh Project. 

However, a risk-based assessment determined that the mitigated risk of impact was low for 

each of these potential sources of impact.  

Monitoring and management plans associated with existing operations were identified as 

being adequate for the ongoing monitoring of impacts to the stygofauna community, with 

the moderate stygofauna values of the alluvial aquifer in the Project study area to be 

managed via a groundwater level monitoring program.  
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