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Byerwen Coal Project AIEIS Suttor River Receiving Environment Aquatic Ecology 

Impacts 

The purpose of this memo is to address a request from QCoal for further information on the 

impacts of mine water discharge into the Suttor River. The  ecological characteristics and 

values of aquatic species observed during field surveys and also those which are considered 

likely to occur based on habitat, have been assessed against their tolerance for potential 

variations in salinity (recorded as electrical conductivity), as reported in relevant literature.  

This assessment is based on information presented in KBR 2013a, which describes baseline 

and potential changes to salinity that may occur as a result of mine water discharge to the 

Suttor River receiving system.    

 

Assumptions and Limitations 

The information presented in this memo is subject to the following assumptions and 

limitations: 

 This memorandum should be read in conjunction with the EIS and associated 

technical reports; it is not intended to be a stand-alone document. 

 The maximum conductivity of discharges will be such that 701 µS/cm at the 

compliance point will not be exceeded as a result of project related water releases.  

 All material presented in this report is based on available information at the time of 

report preparation.  

 This memo only considers impacts to aquatic ecosystems; it does not consider other 

water values. 

 This assessment considers the potential impacts on aquatic ecosystems of elevated 

conductivity (EC), but does not consider other water quality parameters or potential 

changes in stream hydrology.  
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Site Description 

The proposed Byerwen coal mine lease is located in the upper Burdekin River Basin in 

central Queensland. The project is located within the Rosella Creek and Upper Suttor River 

sub-catchments, of the Bowen River and Suttor River catchments respectively. These 

catchments constitute part of the headwaters of the Burdekin Basin. Two key watercourses 

have been identified within the study area. In the north Kangaroo Creek, which is ephemeral, 

drains the project area, flowing into Rosella Creek which drains into the Bowen River. In the 

south the Suttor River drains the project area, which flows into the Burdekin Falls Dam 

downstream of its confluence with the Belyando River. Adjacent to and within the project 

area, the Suttor River is ephemeral, with flow less than 40% of the time. The proposed 

discharge zone is located on the western boundary of the Byerwen lease on the Suttor River, 

with the proposed compliance point immediately downstream of the discharge zone. 

Ecological assessments were conducted at three sites on the Suttor River during aquatic 

ecological surveys for the EIS, undertaken in May and December 2012 (AMEC 2012, AMEC 

2013). Site S1 was surveyed in May and December 2012, and is located immediately above 

the discharge zone (Figure 1a, 1b). R2 was surveyed in December 2012 as part of the pilot 

Receiving Environment Monitoring Program (REMP) studies, and is located approximately 

5 km upstream, at the confluence of the Suttor River with Rockingham Creek (Figure 1c). R4 

was approximately located at the proposed compliance point (Figure 1d).  
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The existing ecological values encountered at these sites are described under “Potential 
Impacts on Existing Ecological Values” below. 

  

  

Figure 1: a) Site S1 on the Suttor River in May 2012, b) Site S1 on the Suttor River in 

December 2012, c) Site R2 on the Suttor River in December 2012, d) Site R4 on the 

Suttor River in December 2012. 

 
Proposed Byerwen Project Activities 

Release conditions presented in KBR 2013b were developed with the objective of ensuring 

releases do not result in unacceptable water quality in the receiving environment. Factors 

that were considered included: 

 Receiving environment flow rates 

 Receiving environment water quality 

 Mine release rate 

 Mine release water quality. 

Releases from the mine would be structured such that they do not result in an increase in EC 

at the compliance location above 701 µS/cm, as a result of project related activities.  

Releases will only be permitted according to a range of flow conditions in the Suttor River, as 

measured by a flow gauging station to be established in the Suttor River upstream of all 

potential mine release points. Releases are expected to occur only around 5% of the time 

that the Suttor River is flowing. Therefore, the majority of the time the mine will not be 

discharging into the Suttor River. The discharge criteria are based on five flow bands, with 

a) 

d) c) 

b) 
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the majority of water released in the “high” flow band, followed by “very high” and “medium” 

flow bands. The flood and low/recession bands will receive the least volume of discharge.  

Preliminary modeling suggests that EC increases at the compliance point will be less than 

100 µS/cm for nearly 75% of the discharge time. The increase is less than 200 µS/cm 90% of 

the time, and the maximum predicted increase is 530 µS/cm.  

A detailed description of the proposed water quality objectives and receiving environment 

downstream releases is provided in KBR (2013a and 2013b). 

 

Potential Impacts on Existing Ecological Values  

The ecological values were assessed during two sampling events, including one in May 2012 

and one December 2012 (AMEC 2012, AMEC 2013). Site S1 was sampled in May 2012 (EC 

174 µS/cm during sampling) as part of the overall EIS surveys, when the Suttor was flowing, 

but was dry during assessments in December 2012. Sites R2 (EC 338 µS/cm during 

sampling) and R4 (EC 304 µS/cm during sampling) were sampled in December 2012 as a 

component of the pilot sampling for the REMP. These surveys encompassed collection of 

water quality, macrophytes, macroinvertebrates and fish data. Database searches 

undertaken as part of the EIS aquatic ecology technical studies (AMEC 2012) identified 

several species of vertebrates (all fish) as priority species under the Aquatic Conservation 

Assessment (ACA) framework (Inglis and Howell 2009) which potentially could occur in the 

upper Suttor River. Of these species, Mogurnda adspersa (southern purple-spotted 

gudgeon) was the only species recorded during the EIS and pilot REMP surveys (AMEC 

2012, AMEC 2013). Two other priority fish species listed under the ACA that were not 

recorded were Scortum parviceps (smallhead grunter) and Neosilurus mollespiculum 

(softspine catfish). 

Prior to the project EIS there was limited data available from previous ecological surveys for 

the stretch of the Suttor River upstream of the confluence of the Suttor River and Suttor 

Creek (i.e. in and immediately downstream of the project discharge zone). However, it is 

known that extensive data sets exist from surveys undertaken on Suttor Creek, and on the 

Suttor River downstream of the confluence with Suttor Creek. Those data sets are 

associated with other projects including Newlands mine (REMP), Central Queensland 

Integrated Rail Project (CQRIP) EIS and for the Bowen Arrow gasfield EIS. 

 Data from the Bowen Arrow gasfield EIS was available from a publically released technical 

study for the EIS. This study included one site on the Suttor River below the confluence with 

Suttor Creek at Eaglefield sampled in October 2011 with an EC of 631 µS/cm and a site 

along Suttor Creek sampled in October 2011 and April 2012 (EC measurements of 4,550 

and 2,475 µS/cm respectively) (Ecosure 2012). A comparison of the aquatic communities in 

the Suttor River (above the confluence with Suttor Creek) undertaken by AMEC is provided 

with each of the taxa groupings for aquatic flora, macroinvertebrates and fish below. 

A more detailed analysis of water quality is presented in KBR 2013b. 
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The following provides a description of the ecological values encountered during these 

surveys.  

Aquatic Flora  

The aquatic macrophyte communities of the Suttor River were depauperate with a total of 3 

taxa of emergent macrophytes identified during the May and December 2012 surveys. 

Considering the ephemeral nature of the Suttor River, the dry river banks and extended 

periods without flow, this is typical for streams in central Queensland. This assertion is 

supported by the surveys undertaken at sites in Suttor Creek and Suttor River (below the 

confluence with Suttor Creek) in October 2011 and April 2012 (Ecosure 2012) which 

recorded only two species at each site (lomandra being the only one recorded from both 

sites). All the taxa recorded are likely to be able to tolerate fluctuations in salinity resulting 

from mine discharges below 701 µS/cm. A brief summary of each taxa are described below.  

Cyperus spp (sedges) – Cyperus were recorded in both survey events but were more 

abundant in May 2012 than December 2012. Cyperus represents a large and diverse genus 

of annual or perennial plants many of which are aquatic or semi-aquatic. They are 

rhizomatous with a horizontal, usually underground stem that often sends out roots and 

shoots from its nodes allowing them to survive extended periods of dry conditions. As a 

genus they are extremely widespread and abundant throughout Queensland, and are 

represented by both introduced and native species. These species are likely to tolerate 

fluctuations in salinity resulting from mine discharges below 701 µS/cm and are considered 

unlikely to be significantly impacted by the release of water under the proposed release 

conditions.  

Juncus sp. (common rush) – Juncus sp. is an emergent, densely tufted, rhizomatous 

perennial plant that occurs in damp and periodically wet areas across eastern Australia. 

Juncus sp. are recorded as being salt-tolerant and can out-compete other species in saline 

conditions. They provide cover and food for animals, such as frogs and nesting sites for 

birds, and yabbys (Cherax spp) eat the tender, young stems. This species is likely to tolerate 

fluctuations in salinity resulting from mine discharges below 701 µS/cm and are considered 

unlikely to be significantly impacted by the release of water under the proposed release 

conditions. 

Lomandra longifolia (lomandra) – L. longifolia is a perennial, rhizomatous herb that occurs 

in eastern Australia, from Cape York to Tasmania. It is a widespread and common species 

on sandy or gravelly watercourses or alluvial plains, also in gullies and forested hillsides. It is 

known to be moderately drought tolerant and can tolerate salt-laden coastal winds, 

suggesting some resilience to increased salinity. This species is likely to tolerate fluctuations 

in salinity resulting from mine discharges below 701 µS/cm and are considered unlikely to be 

significantly impacted by the release of water under the proposed release conditions. 

 

Aquatic Fauna  

MACROINVERTEBRATES 

The aquatic macroinvertebrate community sampled in May and December 2012 comprised 

41 taxa at the family taxonomic level. Based on AMEC’s experience undertaking surveys in 

the Suttor River and Suttor Creek, as well as published data from aquatic surveys in the 
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area, all identified taxa were typical for the region. Significant increases in EC during high 

flow periods may impact recruitment, as release times may potentially coincide with periods 

of reproduction. While many of the species within these taxa are likely to be able to tolerate 

fluctuations in salinity resulting from mine discharges below 701 µS/cm, there may be a shift 

in species composition. This assertion is supported by the survey results from Suttor Creek 

and the Suttor River below the confluence with Suttor Creek in April 2011 and October 2012 

which recorded similar families in different abundance (Ecosure 2012). A brief summary of 

each taxon is provided below. 

Acarina (water mites) – Five families from the Order Acarina were recorded in December 

2012 at sites R2 and R4 (Eylaidae, Hydrodromidae, Limnesiidae, Oxidae, Unionicolidae). 

There is currently very little information on this order at the family level. As juveniles, aquatic 

mites spend a varying amount of time out of the water attached to aquatic insects as 

parasites. They can occur over a range of freshwater habitats but are typically more 

abundant and diverse in slower flowing waters. As an order they are widespread and 

abundant. Considering these capabilities, these families are expected to recolonise quickly if 

the community is affected and are considered unlikely to be significantly impacted by the 

release of water under the proposed release conditions. 

Bilvalvia (mussels) – Three families of bivalves (Corbiculidae, Sphaeriidae, Hyriidae) were 

collected in sites along the Suttor River. Corbiculidae are typically found in shallow fast 

moving streams buried in the sand. Sphaeriidae occur in creeks, rivers and ponds where 

they bury into the fine sediment. Hyriidae species typically occur in slow flowing rivers where 

they bury into the sand and mud. All three families are filter feeders and are an important 

component of nutrient cycling within river systems, with widespread distributions. These 

families are expected to recolonise quickly if the community is affected, and are considered 

unlikely to be significantly impacted by the release of water under the proposed release 

conditions. 

Coleoptera (beetles) – Coleopterans have a protective sheath over the wings and 

sclerotisation underneath the abdomen and thorax, which protects the adult from desiccation. 

These adaptations allow them to occupy a broad range of habitats. Eggs are placed in or 

near water and the larva develops in the water. Pupation typically occurs in soft mud and 

vegetation beside the water. When the adults emerge they can return to water or disperse to 

other locations due to their ability to fly. The five families recorded in the Suttor River 

(Dytiscidae, Hydrophilidae, Hydraenidea, Hydrochidae and Gyrinidae) are widespread and 

abundant across a range of habitats including slow moving rivers and billabongs. 

Considering these capabilities, these families are expected to recolonise quickly if the 

community is affected and are considered unlikely to be significantly impacted by the release 

of water under the proposed release conditions. 

Decapoda (yabbies, prawns and shrimps) – Two families of decapoda were recorded at site 

S1 in May 2012 (Parastacidae and Atyidae) with an additional species recorded at site R2 

and R4 in December 2012 (Palaemonidae). A single species (Cherax depressus) of the 

family Parastacidae (freshwater crayfish) was recorded at site S1 in May 2012. The orange-

fingered yabby (Cherax depressus) is a common and widespread species. Adults are 

typically semi-aquatic living in gullies, temporary pools and shallow creeks with limited flow. 

They are a strong burrower that can survive drought periods by burrowing deep down to 



 7 

water table. The family Palaemonidea (freshwater prawns) were recorded in all samples. 

Species in the family Palaemoindae feed on a mixture of decaying plant and animal 

vegetation and actively caught macroinvertebrates and juvenile fish. They occur across a 

range of freshwater habitats in rivers and billabongs. Species from the family Atyidae feed on 

decomposing vegetation, bacteria and algae and are found in slower flowing rivers and in 

billabongs across much of eastern Australia. The family Atyidae (shrimps) was recorded at 

site S1 in May 2012. Considering these capabilities, these families are expected to 

recolonise quickly if the community is affected and are considered unlikely to be significantly 

impacted by the release of water under the proposed release conditions. 

Diptera (true flies) – Adult dipterans (true flies) are agile fliers; capable of travelling long 

distances resulting in a widespread and abundant distribution. Many of these species exhibit 

an aquatic larval phase. The diversification of dipterans enables them to colonize a broad 

range of aquatic habitats. Seven families of diptera were recorded in the Suttor River in May 

and December 2012 surveys; Chaoboridae, Ceratopogonidae, Chironominae, Tanypodinae 

Ephydridae, Simuliidae and Tipulidae. All of these families are largely represented by 

species which inhabit soft sediments in slow moving and stagnant waters. Considering these 

capabilities, these families are expected to recolonise quickly if the community is affected 

and are considered unlikely to be significantly impacted by the release of water under the 

proposed release conditions. 

Ephemeroptera (mayflies) – The order ephemeroptera have a terrestrial adult phase and an 

aquatic larval phase. This allows widespread dispersal across waterbodies and enables them 

to colonize temporary wetlands. Three families of ephemeroptera (Baetidae, Caenidae and 

Leptophlebidae) were recorded in the Suttor River. There are species within all of these 

families which are tolerant of variable water quality, and they are typically found throughout 

central Queensland. Considering these capabilities, these families are expected to recolonise 

quickly if the community is affected and are considered unlikely to be significantly impacted 

by the release of water under the proposed release conditions. 

Gastropoda (freshwater snails) – Two families of Gastropoda were recorded in December 

2012 (Planorbidae and Thiaridae). Planorbidae inhabit a diverse range of habitats but are 

usually found in slow moving waters. Thiarids are periphyton grazers typically found in 

flowing waters. They can persist in soft sediment and thus withstand periodic drought. 

Considering these capabilities, these families are expected to recolonise quickly if the 

community is affected and are considered unlikely to be significantly impacted by the release 

of water under the proposed release conditions. 

Hemiptera (true bugs) – Seven families from the order Hemiptera were recorded in May 

2012 (Corixidae, Gerridae, Nepidae, Notonectidae, Pleidae, Veliidae). Aquatic Hemiptera are 

represented in a diverse range of genera which utilize water in range of ways. They are 

generally tolerant of many forms of pollution. As adults most have well-formed wings and 

typically fly away from the waterbody they grew up in to colonize new waterbodies. 

Considering these capabilities, these families are expected to recolonise quickly if the 

community is affected and are considered unlikely to be significantly impacted by the release 

of water under the proposed release conditions. 

Odonata (damselflies and dragonflies) – Aeshnidae, Libellulidae, Coenagrionidae, The order 

Odonata is comprised of two suborders; Epiproctophora (dragonflies) and Zygoptera 
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(damselflies). Three families of Epiproctophora were recorded in May and Decemebr 2012 

(Gomphidae, Hemicorduliidae and Libellulidae). These families represent large groups of 

species and are found in all types of aquatic habitats, but are most common in slow-flowing 

to stagnant water. They are opportunists capable of colonizing temporary waters as adults 

and going through several quick generations before the water dries up. A single family of 

Zygoptera was recorded in the Suttor River (Isosticidae). Isosticidae species typically have 

extensive distributions and are often found in flowing waters, amongst vegetation and leaf 

litter. Considering these capabilities, these families are expected to recolonise quickly if the 

community is affected and are considered unlikely to be significantly impacted by the release 

of water under the proposed release conditions. 

Oligochatea (worms) – One family Naididae was collected in December 2012. Naididae live 

in soft sediments rich in organic matter. Many oligochaetes are so tolerant of degraded 

habitats that they are often used as an indicator of poor health; however, they are not 

restricted to polluted waterbodies and also occur in pristine habitats.  Considering these 

capabilities, this family is expected to recolonise quickly if affected and is considered unlikely 

to be significantly impacted by the release of water under the proposed release conditions. 

Tripcoptera (caddis flies) – Tricoptera species exhibit an aquatic larval stage and an adult 

terrestrial stage. The adult stage enables wide dispersal and colonization of a range of 

waterbodies. A single family of Tricoptera were recorded at site S1 in May 2012 

(Hydropsychidae) with a further two families recorded at site R2 and R4 in December 2012 

(Ecnomidae and Leptoceridea). Larvae of Leptoceridae and Hydropsychidae construct cases 

from a variety of materials, while Ecnomidae larvae remain caseless. All three families have 

species which are often the only family occurring in temporary waterbodies, and are found 

across a broad range of habitats with varying water quality. Considering these capabilities, 

these families are expected to recolonise quickly if the community is affected and are 

considered unlikely to be significantly impacted by the release of water under the proposed 

release conditions. 

 

FISH 

Seven species of fish were recorded in the Suttor River in May 2012 and a further 3 species 

in December 2013. Of the ten species, eight are endemic, one was a translocated native 

(Oxyeleotris lineolata, sleepy cod) and one an introduced pest species (Oreochromis 

mossambicus, tilapia). None of the endemic fish species are listed as threatened in either 

State or Commonwealth legislation. While these fish species are likely to be able to tolerate 

fluctuations in salinity resulting from mine discharges below 701 µS/cm, if a shift in 

composition of macroinverbrate were to occur, a follow on shift in fish composition may also 

occur. This is supported by a single survey in the Suttor River below the confluence in 

October 2011 which recorded nine of the ten species recorded in the EIS and pilot REMP 

studies for the Byerwen project in differing proportions (Ecosure 2012). A brief summary of 

each taxon is provided below. 

Ambassis agassizii (Agassiz’s glassfish) – A. agassizii is a relatively widespread species 

occurring in coastal and inland drainages of eastern Australia. It is generally common across 

this range, and often locally abundant. A. agassizii is found in a variety of freshwater habitats 
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including still or slow-moving parts of large lowland rivers, upland rivers and small coastal 

streams. While there is little quantitative information concerning the movement biology of A. 

agassizii, it appears to undertake mass upstream dispersal movements often cued or 

facilitated by elevated discharges. There is no quantitative data available concerning the 

environmental tolerances of A. agassizii, although the range of sites in which it has been 

collected suggests that it may be tolerant to a wide range of physico-chemical conditions 

(Pusey et al. 2004). Considering these capabilities, these species are expected to recolonise 

quickly if the community is affected and are considered unlikely to be significantly impacted 

by the release of water under the proposed release conditions. 

Leiopotherapon unicolor (spangled perch) – L. unicolor is the second most widespread of 

Australia’s freshwater fish species and is often very abundant when present. Although 

experimental data are not available, tolerances for low dissolved oxygen and high turbidity 

are inferred from distributional studies. L. unicolor is a relatively fast swimming species and is 

capable of swimming through quite shallow water in order to colonize expanding habitat such 

as floodplains and ephemeral streams during storm events (Pusey et al. 2004). L. unicolor 

has been shown to exhibit tolerance to a wide range of salinities within inland systems, with 

the upper tolerance approaching that of seawater (35%), which is beneficial in enabling the 

species to survive in pools that evaporate to near dryness (Pusey et al. 2004). L. unicolor is 

highly adaptable and tolerant of a very wide range of environmental conditions. Considering 

these capabilities, these species are expected to recolonise quickly if the community is 

affected and are considered unlikely to be significantly impacted by the release of water 

under the proposed release conditions. 

Melanotaenia splendida (eastern rainbowfish) – M. splendida is a widely distributed species 

along the east coast of Queensland and is usually abundant where it occurs. M. splendida is 

a relatively fast swimming species and is capable of swimming through quite shallow water in 

order to colonize expanding habitat such as floodplains and ephemeral streams during storm 

events (Pusey et al. 2004). It is highly tolerant of water quality capable of thriving across a 

broad range of temperatures, pH, dissolved oxygen and salinity (Pusey et al. 2004). 

Considering these capabilities, these species are expected to recolonise quickly if the 

community is affected and are considered unlikely to be significantly impacted by the release 

of water under the proposed release conditions. 

Morgurnda adspersa (southern purple-spotted gudgeon) – M. adspersa is a common 

species of coastal drainages of Eastern Australia north of the Clarence River, NSW. It is 

found in a range of lentic and lotic habitats, most commonly in slow flowing and weedy areas 

of rivers, creeks and billabongs. While there is little data concerning environmental 

tolerances it has been collected over a relatively wide range of physico-chemical conditions 

and appears to tolerate low dissolved oxygen concentrations (Pusey et al. 2004). 

Considering these capabilities, these species are expected to recolonise quickly if the 

community is affected and are considered unlikely to be significantly impacted by the release 

of water under the proposed release conditions. 

Hypseleotris Sp. 1 (Midgley’s carp gudgeon) – There is considerable confusion over the 

identification of the Hypseleotris complex in south-eastern Australia. However, specimens of 

H. Sp 1. were clearly identified at sites R2 and R4 on the Suttor River in December 2012.  As 

a group, Hypseleotris are widespread and common throughout the eastern seaboard of 
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Australia (Pusey et al. 2004). This group of species is found in slow-flowing or still waters, 

normally associated with aquatic vegetation. Although experimental data are not available, 

tolerances for low dissolved oxygen and high turbidity are inferred from distributional studies. 

While originally thought to be a relatively sedentary species, recent studies have shown that 

large numbers of Hypseleotris attempt to move through fishways (Baumgartner 2003). 

Whether these movements reflect local dispersal or foraging movements is unknown. The 

Hypseleotris species’ are highly adaptable and tolerant of a very wide range of environmental 

conditions. Considering these capabilities, these species are expected to recolonise quickly if 

the community is affected and are considered unlikely to be significantly impacted by the 

release of water under the proposed release conditions. 

Nematalosa erebi (bony bream) – N. erebi is the most widespread fish species in Australian 

freshwater systems and is often the most abundant. Despite this, there is little information 

available regarding its microhabitat usage. N. erebi is omnivorous, occasionally feeding on 

molluscs and terrestrial or aquatic invertebrates, however the species largely feeds on 

detritus and algae. Whilst N. erebi is known to undertake significant movement within river 

systems, it is unclear whether mass migration for the purposes of spawning is part of the life 

history of the species. N. erebi is able to tolerate widely variable water quality and habitat 

conditions. Considering these capabilities, these species are expected to recolonise quickly if 

the community is affected and are considered unlikely to be significantly impacted by the 

release of water under the proposed release conditions. 

Neosilurus hyrtlii (Hyrtl's tandan) – N. hyrtlii is an extremely widely distributed species 

that is often locally abundant. While the distribution of N. hyrtlii throughout much its range is 

patchy, it is widespread and abundant throughout the Burdekin River system. N. hyrtlii is 

capable of occupying a diverse range of habitats from small intermittent streams through 

large lowland streams, to floodplain lagoons. It is a benthic species found over a wide range 

of depths, usually in close association with the substrate. The diet of N. hyrtlii is largely 

composed of aquatic insects (Pusey et al 2004). Little is known of the reproductive biology of 

N. hyrtlii, although upstream movement of adults has been observed. It is tolerant of a wide 

range of temperature, oxygen, pH, conductivity and turbidity levels. Considering these 

capabilities, these species are expected to recolonise quickly if the community is affected 

and are considered unlikely to be significantly impacted by the release of water under the 

proposed release conditions. 

Oreochromis mossambicus (tilapia) – O. mossambicus is an exotic fish species which has 

been gradually spreading through north eastern Australia from Brisbane through to Cairns, 

and in some parts of northern Western Australia. They are native to east Africa. It has spread 

rapidly in the Burdekin river system in recent years. O. mossambicus are capable of utilising 

a range of habitats including lakes, rivers, creeks, drains swamps and tidal creeks. They are 

often recorded over mud substrates and in close association with aquatic vegetation. It 

exhibits considerable plasticity in its diet, able to consume dietary items including fish, 

macroinvertebrates, macrophytes, algae and detritus (Froese & Pauly 2013). They have a 

high fecundity and are maternal mouthbrooders which further facilitates their success as a 

vagile invasive species. O. mossambicus is a listed noxious species under the Queensland 

Fisheries Regulation Act 2008. O. mossambicus is an extremely tolerant species capable of 

surviving and reproducing in salinities ranging from fresh to hypersaline (Allen et al 2003), 

and tolerating low dissolved oxygen levels by utilizing atmospheric oxygen (Chervinski, 
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1982). Considering these capabilities, these species are expected to recolonise quickly if the 

community is affected and are considered unlikely to be significantly impacted by the release 

of water under the proposed release conditions. 

Oxyeleotris lineolata (sleepy cod) – O. lineolata is widely distributed across northern 

Australia and is common in easterly flowing rivers of Queensland. While historically common 

below the Burdekin Falls, it is now common throughout the Burdekin River system due to 

translocation (Pusey et al. 2006). There is some evidence the establishment of abundant 

populations in the upper Burdekin, Bowen and Suttor Rivers has occurred largely since 1992 

(Pusey et al. 2004). In natural circumstances, it appears O. lineolata do not make substantial 

migrations. It is likely the spread of this species throughout the Suttor River River has been 

facilitated by the colonisation of juveniles, rather than the movement of adults. Although 

found across a wide range of mesohabitat types, O. lineolata have a definite requirement for 

abundant cover in the form of submerged macrophytes, root-masses or structural woody 

habitat. The main component of O. lineolata diets is aquatic insects, with molluscs, 

macrocrustaceans and fish also contributing major proportions. There is little information on 

the environmental tolerances of O. lineolata, however the wide distribution and range of 

habitats suggests that it is tolerant of a wide range of water quality parameters. Considering 

these capabilities, these species are expected to recolonise quickly if the community is 

affected and are considered unlikely to be significantly impacted by the release of water 

under the proposed release conditions. 

Porochilus rendahli (Rendahl’s tandan) – P. rendahli has a wide but patchy distribution 

across the Kimberleys and coastal streams of the east coast as far south as the Brisbane 

River and coastal streams of the Northern Territory (Allen et al. 2002). P. rendahli is a 

benthic species that prefers habitats with low water velocities and a muddy substrate and 

frequently associated with aquatic vegetation (Pusey et al. 2004). P. rendahli is a benthic 

feeder consuming mainly aquatic insects, molluscs and some detritus (Pusey et al. 2004). 

There is little information on the environmental tolerances of P. rendahli, however the wide 

distribution and range of habitats suggests that it is tolerant of a wide range of water quality 

parameters. Considering these capabilities, these species are expected to recolonise quickly 

if the community is affected and are considered unlikely to be significantly impacted by the 

release of water under the proposed release conditions. 

 

OTHER AQUATIC VERTEBRATES 

Single specimens of Hydromys chrysogaster (Water Rat) were observed at site R2 and at a 

point between sites R2 and R4 in December 2012. H. chrysogaster is an opportunistic 

predator feeding mainly on large aquatic insects, frogs, crustaceans and mussels. They are 

often found in permanent bodies of fresh or brackish water Australia wide. 

While no turtles were recorded in the baited fyke nets during the May or December 2012 

surveys, sampling in nearby downstream reaches by AMEC staff for other projects have 

collected large numbers of Emydura macquarii krefftii (Krefft’s turtles). E. macquarii krefftii is 

likely to be present upstream of the confluence with Suttor Creek and is tolerant of variable 

water quality and is abundant throughout much of eastern Queensland. 
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Neither of these is expected to be significantly impacted by the release of water under the 

proposed release conditions. 

 
Summary of Potential Impacts 

Field surveys undertaken by AMEC staff for other projects in the region (Suttor River below 

the confluence with Suttor Creek and sites along Suttor Creek) have recorded similar aquatic 

assemblages at sites with EC values exceeding 701 µS/cm, suggesting that discharges of 

701 µS/cm are unlikely to cause significant impacts to the aquatic assemblages in the Suttor 

River. 

Potential impacts (if any) on aquatic ecosystems would likely to be most pronounced in the 

mixing zone between the discharge and compliance points. However, the majority of 

discharge events will be during high flood events, when flow is likely to be relatively turbulent 

and discharge is mixed correspondingly rapidly. 

The aquatic flora species recorded at sites along the Suttor River are likely to be tolerant to 

the resultant changes in EC, when considered against the relatively high EC values 

encountered in other creeks and rivers of the region with similar ecological assemblages). 

This is also the case for most macroinvertebrate species. Some macroinvertebrate species 

(as distinct from families and orders) can be, however, relatively sensitive, and changes in 

the abundance and diversity of species may occur. Given the importance of 

macroinvertebrates in the diet of fauna higher up in the food chain (e.g. fish), if a shift in 

composition of macroinverbrate were to occur, a follow on shift in fish composition may also 

occur.  

Sampling prior to release of mine water is recommended to establish a robust baseline, as 

outlined below.  

 

Proposed Monitoring and Adaptive Management Approach 

A suitably designed aquatic ecology monitoring program undertaken as a REMP (which has 

been proposed as an EA condition in the EIS) will be established to further characterise 

aquatic communities and seasonal variation. The monitoring program will use carefully 

selected representative sites including: 

 Above the mixing zone and discharge site (control site)  

 Directly downstream of discharge locations, within the mixing zone (compliance point) 

 Below the compliance point but above the confluence with Suttor Creek (downstream 

impact site, to verify there are no impacts) 

 Downstream of the confluence with Suttor Creek (regional downstream impact site) 

 Along Suttor Creek (to ascertain regional differences in aquatic assemblages in 

relation to variations in EC) (reference site). 

The REMP monitoring locations may be revised if data indicates that some sites are 

unnecessary or additional sites are required.  
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The purpose of the aquatic monitoring program will be to: 

 Characterise spatial and temporal variation in aquatic community composition in 

control, impact and reference locations prior to activities associated with the Project 

 Provide a baseline against which potential impacts on aquatic communities can be 

assessed, to inform specific and adaptive mitigation/operational approaches if 

required.  
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Memo 

 

   

To Julian Dobos 
Senior Environmental Officer 
QCoal Group 

From Jeromy Claridge 

Principal Environmental Scientist 

AMEC Environment and 

Infrastructure 

Date 27 November 2013   

 

Threatened Species Potentially Impacted by the Byerwen Coal Project 

The purpose of this memo is to address submission 12.28 from the Department of 

Environment and Heritage Protection (EHP) in relation to the Byerwen Coal Project 

Environmental Impact Statement (EIS). This submission requests the provision of additional 

information pertaining to ecological assessments conducted for several species of 

conservation significance which have the potential habitat on Byerwen Coal‟s project area.  

This memo provides additional information on the methodology and survey effort for the 

following species which were noted in the submission as having potential habitat on Byerwen 

Coal‟s project area: 

 King blue-grass (Dichanthium queenslandicum) 

 Finger panic grass (Digitaria porrecta) 

 Red goshawk (Erythrotriorchis radiatus) 

 Star finch (eastern) (Neochmia ruficauda ruficauda) 

 Black-throated finch (Poephila cincta cincta) 

 Northern quoll (Dasyurus hallucutus) 

 South-eastern long-eared bat (Nyctophilus corbeni) 

 Brigalow scaly-foot (Paradelma orientalis) 

 Retro slider (Lerista allanae) 

 Yakka skink (Egernia rugosa) 

 Mount Cooper striped lerista (Lerista vittata). 

The submission also states that of the species listed above, king blue grass and finger 

panic grass were found as part of Newlands Coal Extension Project EIS. It should be 

noted that a review of the Newlands Coal Extension Project EIS in fact revealed that 

these species were not recorded in the project area. Nonetheless a review of the 

likelihood of occurrence for all species listed above was conducted with revised likelihood 

of occurrence also noted in this memo.   

 



 

 

2 

Additional Information on Survey Methodology and Revised Likelihood of Occurrence 
Assessment 

Relevant survey guidelines, project survey methodology and assessment of the likelihood of 

occurrence, including any revisions of likelihood of occurrence (where applicable), for those 

species discussed above are provided in Table 1.   Note that the total survey effort included 

in this table is taken from methodologies where the effort is known.  The total survey effort for 

surveys undertaken by CQU is well documented, but the breakdown of hours against 

different survey techniques undertaken was not specified.  As a result hours against specific 

survey techniques relevant to the CQU surveys have not been included and the survey effort 

specified in Table 1 should be considered an underestimate of the total survey effort actually 

undertaken. 

 

Fauna survey methodologies were developed in accordance with the following survey 

guidelines: 

 Reptiles 
o Guidelines for detecting reptiles listed as threatened under the  Environment 

Protection and Biodiversity Conservation Act 1999  (Department of the 

Environment, Water, Heritage and the Arts 2011a) 

o Environment Protection and Biodiversity Conservation Act 1999 Draft referral 

guidelines for the nationally listed Brigalow Belt reptiles (Department of the 

Environment, Water, Heritage and the Arts 2011b). 

 Birds 

o Guidelines for detecting birds listed as threatened under the Environment 

Protection and Biodiversity Conservation Act 1999  (Department of the 

Environment, Water, Heritage and the Arts 2010) 

o Black-throated finch: SEWPaC Significant impact guidelines for the 

endangered black-throated finch (southern) (Poephila cincta cincta) (BTF 

Recovery Team 2009). 

 Mammals 
o Guidelines for detecting mammals listed as threatened under the Environment 

Protection and Biodiversity Conservation Act 1999  (Department of the 

Environment, Water, Heritage and the Arts 2011c) 

 Bats 

o Guidelines for detecting bats listed as threatened under the Environment 

Protection and Biodiversity Conservation Act 1999 (Department of the 

Environment, Water, Heritage and the Arts 2010). 
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Table 1 Relevant survey guidelines and survey methodology undertaken  

Common 

Name 

Species Name EPBC 

Act 

Status 

NC Act 

Status 

AMEC Likelihood 

of Occurrence (as 

per AMEC, 2012) 

AMEC 

Revised 

Likelihood of 

Occurrence 

Survey Guidelines Methods Person 

Hours 

Days Timing No. of 

Surveys 

King blue-

grass  

Dichanthium 

queenslandicum 

E V May occur Likely to occur 

(likelihood 

changed to 

„likely to 

occur‟, given 

that a single 

HERBRECS 

record occurs 

for the species 

just outside 

the eastern 

boundary of 

the project 

area in non-

remnant 

grassland 

immediately 

west of the 

Newlands 

Coal Mine)   

No specific guidelines, but survey 

requirements in “Nationally Threatened 

Ecological Communities: Natural 

Grasslands on Basalt and Fine-textured 

Alluvial Plains of Northern New South 

Wales and Southern Queensland, and 

Natural Grasslands of the Queensland 

Central Highlands and the Northern 

Fitzroy Basin: A guide to the identification, 

assessment and management of 

nationally threatened ecological 

communities Environment Protection and 

Biodiversity Conservation Act 1999” 

(DSEWPaC 2012), state that grasslands 

must be assessed during a good season 

and after the site has not been disturbed 

(for example, by fire, overgrazing, mowing) 

for at least two months before sampling, 

and within two months of effective rain, to 

optimise the biodiversity assessment of a 

site”. 

Survey effort concentrated on areas 

mapped as RE 11.8.11, the primary 

habitat for this species. The areas 

mapped as RE 11.8.11 (and a 2 km 

radius surrounding these polygons) 

in the southeast of the project area 

were subject to the following survey 

effort:   

- three 2,500 m
2
 survey plots were 

established by CQU within (or in the 

ecotone) of RE 11.8.11 – ground-

truthed polygons (Wormington et al, 

2009) (polygons 117, 119 & 121) 

-three 500 m
2
 polygons were 

established within (or in the ecotone) 

of 11.8.11 – ground-truthed polygons 

(Unidel, 2011) (Polygons 62, 63 & 

93) 

-two 2,500 m
2
 survey plots were 

established within 2 km  of  RE 

11.8.11 – ground-truthed polygons  

(Wormington et al, 2009) (Polygons 

118 & 120) 

-six 500 m
2
 polygons were 

established within 2 km of the RE 

11.8.11-ground-truthed polygons 

(Unidel, 2011) (Polygons 58-61; 64 & 

92)  

-significant traversing within the area 

bound by the noted survey plots was 

undertaken to define the extent of RE 

11.8.11 polygons (18 sites in  RE 

11.8.11 across an area of 117 ha) 

30 5 April 2009 

June 2011 

March 2012 

October 2010 

 

4 

Finger panic 

grass 

Digitaria porrecta E NT May occur N/A No specific guidelines, but survey 

requirements in “Nationally Threatened 

Ecological Communities: Natural 

Grasslands on Basalt and Fine-textured 

Alluvial Plains of Northern New South 

Wales and Southern Queensland, and 

Natural Grasslands of the Queensland 

Central Highlands and the Northern 

Survey effort for Dichanthium 

queenslandicum (above). Also a total 

of 7 sites were surveyed in RE 11.8.5 

for the purposes of ground-truthing 

this RE.  This included 4 Tertiary 

level surveys and 3 Quaternary 

surveys. During these surveys a 

targeted search for this species was 

34 5 April 2009 

June 2011 

March 2012 

October 2010 

 

4 
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Common 

Name 

Species Name EPBC 

Act 

Status 

NC Act 

Status 

AMEC Likelihood 

of Occurrence (as 

per AMEC, 2012) 

AMEC 

Revised 

Likelihood of 

Occurrence 

Survey Guidelines Methods Person 

Hours 

Days Timing No. of 

Surveys 

Fitzroy Basin: A guide to the identification, 

assessment and management of 

nationally threatened ecological 

communities Environment Protection and 

Biodiversity Conservation Act 1999” 

(DSEWPaC 2012), state that grasslands 

must be assessed during a good season 

and after the site has not been disturbed 

(for example, by fire, overgrazing, mowing) 

for at least two months before sampling, 

and within two months of effective rain, to 

optimise the biodiversity assessment of a 

site”. 

undertaken given the potential for 

this species to occur in this RE.   

Red goshawk Erythrotriorchis 

radiatus 

V E May occur N/A Survey guidelines for Australia‟s 

threatened birds – Guidelines for detecting 

birds listed as threatened under the EPBC 

Act 1999 (2010b). Guidelines specify 

targeted surveys to search for their 

characteristic nests within patches of the 

tallest forest. 

The following survey effort is 

recommended; 80 person hours over 10 

days per 50 ha of suitable habitat. 

CQU: No targeted surveys specified 

in Terrestrial Ecology Impact 

Assessment report for the red 

goshawk. Hours are for diurnal bird 

observations based on a minimum of 

two searches in the early morning 

(totalling 2 person hours at each site) 

Six sites, over two seasons. 

Insufficient information to determine 

whether surveys were within potential 

habitat for the red goshawk 

48 10 Wet season: 

30 March–10 

April 2009 

Dry season: 

3–12 August 

2009 

2 

AMEC: Transects along the riparian 

habitats and a habitat analysis of 

riparian areas throughout the project 

area was conducted.  Desktop 

analysis identified these areas as 

potentially supporting suitable high 

quality habitats (i.e. permanent 

water), and the additional in-field 

assessments were used to search for 

further suitable habitats. 

Wherever possible, vehicle and 

walking transect surveys for the 

black-throated finch and red goshawk 

were combined.  Vehicle and walking 

transects were conducted across the 

project area during the March 2012 

survey.  Vehicle traverses were 

made at approximately 5 km/hr along 

all accessible tracks, primarily in 

remnant vegetation, but also in areas 

of cleared land when moving 

80 10 Wet season: 

5-9 March 

2012 

Dry season: 

14–22 

October 2010 

2 
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Common 

Name 

Species Name EPBC 

Act 

Status 

NC Act 

Status 

AMEC Likelihood 

of Occurrence (as 

per AMEC, 2012) 

AMEC 

Revised 

Likelihood of 

Occurrence 

Survey Guidelines Methods Person 

Hours 

Days Timing No. of 

Surveys 

between remnant areas. 

Total 128 20 - 3 

Star finch Neochmia 

ruficauda ruficauda 

E E May occur N/A Survey guidelines for Australia‟s 

threatened birds – Guidelines for detecting 

birds listed as threatened under the EPBC 

Act 1999 (2010b). Guidelines specify 

targeted surveys at waterholes. 

The following survey effort is 

recommended: 10 person hours 4 days 

per 50 ha. 

CQU: No targeted surveys specified 

in Terrestrial Ecology Impact 

Assessment report for the star finch. 

Hours are for diurnal bird 

observations based on a minimum of 

two searches in the early morning 

(totalling 2 person hours at each site) 

Six sites, over two seasons. 

Not enough information to determine 

whether surveys were within potential 

habitat for the star finch. 

48 10 Wet season: 

30 March–10 

April 2009 

Dry season: 

3–12 August 

2009 

2 

AMEC: As the star finch is heavily 

reliant on permanent and seasonal 

water, survey sites were selected in 

proximity to potential water sources.  

Prior to the commencement of 

targeted surveys, an in depth on-

ground assessment of potential water 

sources was undertaken.  Potential 

water sources were identified from a 

combination of farm infrastructure 

maps and inspection of high 

resolution aerial imagery covering the 

project area.  During field surveys 

each potential water source was 

inspected and its permanency 

assessed. Based on the results of 

these habitat assessments, a total of 

six permanent water sources were 

identified for further detailed surveys.  

Each of these six sites was assessed 

as containing permanent water and 

good quality potential breeding and 

foraging habitat. 

Vehicle and walking transects were 

also undertaken in areas of remnant 

vegetation in close proximity to 

potential water sources. Vehicle 

212 10 Wet season: 

5-9 March 

2012 

Dry season: 

14–22 

October 2010 

2 
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Common 

Name 

Species Name EPBC 

Act 

Status 

NC Act 

Status 

AMEC Likelihood 

of Occurrence (as 

per AMEC, 2012) 

AMEC 

Revised 

Likelihood of 

Occurrence 

Survey Guidelines Methods Person 

Hours 

Days Timing No. of 

Surveys 

traverses were made at 

approximately 5 km/hr and walking 

transects undertaken in areas of high 

bird activity for at least 1.5 hr/site. 

Total 260 20 - 4 

Black-throated 

finch 

Poephila cincta 

cincta 

E E Likely to occur N/A Survey guidelines for Australia‟s 

threatened birds – Guidelines for detecting 

birds listed as threatened under the EPBC 

Act 1999. Significant impact guidelines for 

the endangered black-throated finch 

(southern) (Poephila cincta cincta) – 

Background paper to the EPBC Act policy 

statement 3.13 (2009).   

Surveys targeting waterholes and wood 

swallow nests. 

The following survey effort is 

recommended: 6 person hours over 2 

days per 50 ha 

CQU: No targeted surveys specified 

in Terrestrial Ecology Impact 

Assessment report for the black-

throated finch. Hours are for diurnal 

bird observations based on a 

minimum of two searches in the early 

morning (totalling 2 person hours at 

each site) 

Six sites, over two seasons. 

Insufficient information to determine 

whether surveys were within potential 

habitat for the black-throated finch 

48 10 Wet season: 

30 March–10 

April 2009 

Dry season: 

3–12 August 

2009 

2 

AMEC: As the black-throated finch is 

heavily reliant on permanent and 

seasonal water, survey sites were 

selected in proximity to potential 

water sources.  Prior to the 

commencement of targeted surveys, 

an in depth on-ground assessment of 

potential water sources was 

undertaken.  Potential water sources 

were identified from a combination of 

farm infrastructure maps and 

inspection of high resolution aerial 

imagery covering the project area.  

During field surveys each potential 

water source was inspected and its 

permanency assessed. Based on the 

results of these habitat assessments, 

a total of six permanent water 

sources were identified for further 

detailed surveys.  Each of these six 

sites was assessed as containing 

permanent water and good quality 

potential breeding and foraging 

habitat. 

Vehicle and walking transects were 

also undertaken in areas of remnant 

vegetation in close proximity to 

212 10 Wet season: 

5-9 March 

2012 

 

1 
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Common 

Name 

Species Name EPBC 

Act 

Status 

NC Act 

Status 

AMEC Likelihood 

of Occurrence (as 

per AMEC, 2012) 

AMEC 

Revised 

Likelihood of 

Occurrence 

Survey Guidelines Methods Person 

Hours 

Days Timing No. of 

Surveys 

potential water sources. Vehicle 

traverses were made at 

approximately 5 km/hr and walking 

transects undertaken in areas of high 

bird activity for at least 1.5 hr/site. 

Total 260 20 - 3 

Northern quoll Dasyurus 

hallucatus 

E - May occur N/A Survey guidelines for Australia's 

threatened mammals: Guidelines for 

detecting mammals listed as threatened 

under the EPBC Act (2011c).  

Cage trapping or Elliot trapping best 

conducted between May and August to 

minimise disturbance during reproductive 

period. Traps set for a minimum of three 

nights with a minimum of four cage traps 

used per trap configuration (as Elliot traps 

were the primary trapping technique). 

10 traps at each sampling site, with one 

sampling site per representative habitat. 

Placement of Elliot traps and camera 

traps within preferred and non-

preferred habitat for the northern 

quoll. Non-invasive latrine searches 

in suitable habitat 

Trap nights are total trap nights for all 

locations, Not enough information to 

determine whether traps were placed 

in potential habitat for the northern 

quoll. 

- 196 

trap 

nights 

Wet season: 

5-9 March 

2012 

Wet season: 

30 March–10 

April 2009 

Dry season: 

3–12 August 

2009 

3 

South-eastern 

long-eared bat 

Nyctophilus 

corbeni 

V V May occur N/A Survey guidelines for Australia‟s 

threatened bats (2010). 

Harp nets
^
 for 20 trap nights over 5 nights 

for project area <50 ha.  

Harp traps - 40 

trap 

nights 

Wet season: 

5-9 March 

2012 

1 

Mist nets
^
 for 20 trap nights over 5 nights 

for project area <50 ha. 

Mist net along creek line - 5  trap 

nights 

Dry season: 

14–22 

October 2010 

1 

Brigalow scaly 

foot 

Paradelma 

orientalis 

- 

(remove

d from 

listing) 

V Unlikely to occur May occur: 

project area is 

within the 

modelled 

distribution 

where this 

species may 

occur 

(DEWHA, 

2011a) and 

potential 

habitat occurs 

within the 

Survey guidelines for Australia's 

threatened reptiles: Guidelines for 

detecting reptiles listed as threatened 

under the EPBC Act (2011b).  

Diurnal searches
 #*

: 1.5 person hours per 

hectare of habitat of average complexity 

over min. 3 days 

Diurnal searches CQU: 

48hrs 

AMEC: 

212hrs 

Total: 

260hrs 

Total: 

20 

days  

Wet season: 

30 March–10 

April 2009 

Dry season: 

3–12 August 

2009 

Wet season: 

5-9 March 

2012 

Dry season: 

14–22 

October 2010 

4 
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Common 

Name 

Species Name EPBC 

Act 

Status 

NC Act 

Status 

AMEC Likelihood 

of Occurrence (as 

per AMEC, 2012) 

AMEC 

Revised 

Likelihood of 

Occurrence 

Survey Guidelines Methods Person 

Hours 

Days Timing No. of 

Surveys 

project area. 
Spotlighting

#*
: 1.5 person hours per ha x 

3 nights 

Spotlighting CQU: 

12hrs 

AMEC: 

52hrs 

Total: 

64hrs 

Total: 

20 

nights 

Wet season: 

30 March–10 

April 2009 

Dry season: 

3–12 August 

2009 

Wet season: 

5-9 March 

2012 

Dry season: 

14–22 

October 2010 

4 

Transects
*
: positioned in large habitat 

patches (>10 ha) to adequately sample 

representative microhabitats in each 

habitat type 

Transects: 12 sites surveyed across 

project area in representative habitat 

- Total: 

20 

days 

Wet season: 

30 March–10 

April 2009 

Dry season: 

3–12 August 

2009 

Wet season: 

5-9 March 

2012 

Dry season: 

14–22 

October 2010 

4 

Pitfall/funnel traps
#*

: 6 x 20 L buckets 

over 30 m of drift fencing with funnel traps 

placed at either end (2 replicates per 

habitat type deployed over 4 days) 

Pitfall/funnel traps: CQU: 3 x 20L 

buckets over 30 m drift fence  with 8 f 

funnel traps (12 replicates over 5 

days) 

AMEC: 5 buckets over 30 m drift 

fence with 6 x funnel traps (12 

replicates over 5 days) 

Total= 24 replicated each assessed 

over days 

- Pitfall: 

380 

trap 

nights 

Funnel

: 700 

trap 

nights 

Wet season: 

30 March–10 

April 2009 

Dry season: 

3–12 August 

2009 

Wet season: 

5-9 March 

2012 

Dry season: 

14–22 

October 2010 

4 

Retro slider Lerista allanae E E Unlikely to occur May occur: 

project area is 

in proximity to 

the modelled 

distribution 

Survey guidelines for Australia's 

threatened reptiles: Guidelines for 

detecting reptiles listed as threatened 

under the EPBC Act (2011b).  

Diurnal searches CQU: 

48hrs 

AMEC: 

212hrs 

Total: 

Total: 

20 

days 

Wet season: 

30 March–10 

April 2009 

Dry season: 

4 
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Common 

Name 

Species Name EPBC 

Act 

Status 

NC Act 

Status 

AMEC Likelihood 

of Occurrence (as 

per AMEC, 2012) 

AMEC 

Revised 

Likelihood of 

Occurrence 

Survey Guidelines Methods Person 

Hours 

Days Timing No. of 

Surveys 

where this 

species may 

occur 

(DSEWPaC, 

2011) and 

potential 

habitat occurs 

within the 

project area. 

Diurnal searches
#*

: 1.5 person hours per 

hectare over 3 days  

260hrs 3–12 August 

2009 

Wet season: 

5-9 March 

2012 

Dry season: 

14–22 

October 2010 

Pitfall and funnel traps
#*

: 6 x 20 L 

buckets over 30 m of drift fencing with 

funnel traps placed at either end (2 

replicates per habitat type deployed over 4 

days) 

Pitfall/funnel traps: CQU: 3 x 20L 

buckets over 30 m drift fence  with 8 f 

funnel traps (12 replicates over 5 

days) 

AMEC: 5 buckets over 30 m drift 

fence with 6 x funnel traps (12 

replicates over 5 days) 

Total= 24 replicated each assessed 

over days 

- Pitfall: 

380 

trap 

nights 

Funnel

: 700 

trap 

nights 

Wet season: 

30 March–10 

April 2009 

Dry season: 

3–12 August 

2009 

Wet season: 

5-9 March 

2012 

Dry season: 

14–22 

October 2010 

4 

Supplementary technique - Artificial 

shelter sites
#*

: 50 tiles placed at 5m 

intervals in suitable habitat; 20 grids for 

sites >40ha 

Placed at least 3 months before survey 

period and checked once per week over a 

minimum of a month‟s survey period 

Supplementary technique not 

employed. Due to the intensive time 

and effort required by this technique, 

project constraints, and the 

uncertainty of success, this technique 

was not employed.  

- - - - 

Yakka skink Egernia rugosa V V May occur N/A Survey guidelines for Australia's 

threatened reptiles: Guidelines for 

detecting reptiles listed as threatened 

under the EPBC Act (2011b). 

Diurnal searches
*#

: 1.5 person hours per 

hectare over 3 days 

Diurnal searches CQU: 

48hrs 

AMEC: 

212hrs 

Total: 

260hrs 

Total: 

20 

days  

Wet season: 

30 March–10 

April 2009 

Dry season: 

3–12 August 

2009 

Wet season: 

5-9 March 

2012 

Dry season: 

14–22 

October 2010 

4 

Transects
*
: positioned in large habitat Transects: 12 sites surveyed across - Total: Wet season: 4 
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Common 

Name 

Species Name EPBC 

Act 

Status 

NC Act 

Status 

AMEC Likelihood 

of Occurrence (as 

per AMEC, 2012) 

AMEC 

Revised 

Likelihood of 

Occurrence 

Survey Guidelines Methods Person 

Hours 

Days Timing No. of 

Surveys 

patches (>10 ha) to adequately sample 

representative microhabitats in each 

habitat type 

project area in representative habitat 20 

days 

30 March–10 

April 2009 

Dry season: 

3–12 August 

2009 

Wet season: 

5-9 March 

2012 

Dry season: 

14–22 

October 2010 

Spotlighting
#*

: 1.5 person hours per ha x 

3 nights 

Spotlighting CQU: 

12hrs 

AMEC: 

52hrs 

Total: 

64hrs 

Total: 

20 

nights 

Wet season: 

30 March–10 

April 2009 

Dry season: 

3–12 August 

2009 

Wet season: 

5-9 March 

2012 

Dry season: 

14–22 

October 2010 

4 

Elliot and cage traps
#*

: 1 Elliot and 1 

cage trap placed as close as possible to 

burrow network for 4 days/nights 

Elliot and cage traps:  

CQU: 12 replicates of  23x Elliot A 

and 2x Elliot B, each deployed for 5 

days/nights 

 

AMEC:  

Elliot A: 2 replicates of 10x Elliot A 

traps each deployed for 5 nights; 

AND 4 replicated of 5x Elliot A traps 

each deployed for 5 nights 

Elliot B: 2 replicates of 5x Elliot B 

traps each deployed for 5 nights 

- Total:  

Elliot 

A: 

1,980 

trap 

nights 

 

Elliot 

B:  

196 

trap 

nights 

Elliott A: 

30 March–10 

April 2009 

Dry season: 

3–12 August 

2009 

Wet season: 

5-9 March 

2012 

Dry season: 

14–22 

October 2010 

Elliot B: Wet 

season: 5-9 

March 2012 

Wet season: 

30 March–10 
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Common 

Name 

Species Name EPBC 

Act 

Status 

NC Act 

Status 

AMEC Likelihood 

of Occurrence (as 

per AMEC, 2012) 

AMEC 

Revised 

Likelihood of 

Occurrence 

Survey Guidelines Methods Person 

Hours 

Days Timing No. of 

Surveys 

April 2009 

Dry season: 

3–12 August 

2009 

Mount Cooper 

striped lerista 

Lerista vittata V V May occur N/A Survey guidelines for Australia's 

threatened reptiles: Guidelines for 

detecting reptiles listed as threatened 

under the EPBC Act (2011b).  

Diurnal searches
#*

: 1.5 person hours per 

hectare over 3 days. 

Diurnal searches CQU: 

48hrs 

AMEC: 

212hrs 

Total: 

260hrs 

Total: 

20 

days  

Wet season: 

30 March–10 

April 2009 

Dry season: 

3–12 August 

2009 

Wet season: 

5-9 March 

2012 

Dry season: 

14–22 

October 2010 

4 

Pitfall/funnel traps
#*

: 6 x 20 L buckets 

over 30 m of drift fencing with funnel trap 

placed at either end. (2 replicates per 

habitat type over 4 days) 

Pitfall/funnel traps: CQU: 3 x 20L 

buckets over 30 m drift fence  with 8 f 

funnel traps (12 replicates over 5 

days) 

AMEC: 5 buckets over 30 m drift 

fence with 6 x funnel traps (12 

replicates over 5 days) 

Total= 24 replicates each assessed 

over days 

- Pitfall: 

380 

trap 

nights 

Funnel

: 700 

trap 

nights 

Wet season: 

30 March–10 

April 2009 

Dry season: 

3–12 August 

2009 

Wet season: 

5-9 March 

2012 

Dry season: 

14–22 

October 2010 

4 

 
#
Survey guidelines for Australia’s threatened reptiles - Guidelines for detecting reptiles listed as threatened under the Environment Protection  and  Biodiversity  Conservation  Act  1999  (Department  of  the Environment, Water, Heritage and 

the Arts 2011a)  
*
Environment Protection and Biodiversity Conservation Act 1999 Draft referral guidelines for the nationally listed Brigalow Belt reptiles (Department of the Environment, Water, Heritage and the Arts 2011b). 

^
Survey guidelines for Australia’s threatened bats (Department of the Environment, Water, Heritage and the Arts, 2010a) 
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Threatened Fauna Species Impact Assessment 

Section 8.4 of the Byerwen Coal Project Terrestrial Ecological Impact Assessment (AMEC, 

2012) provides an assessment of impacts on threatened or migratory fauna species known 

or likely to occur in the project area, including the black-throated finch.  

 

 An assessment of the impacts on the following species, not assessed as part of the 

Byerwen Coal Project Terrestrial Ecological Impact Assessment (AMEC, 2012) is 

provided below: King blue-grass (Dichanthium queenslandicum) 

 Finger panic grass (Digitaria porrecta) 

 Red goshawk (Erythrotriorchis radiatus) 

 Star finch (eastern) (Neochmia ruficauda ruficauda) 

 Northern quoll (Dasyurus hallucatus) 

 South-eastern long-eared bat (Nyctophilus corbeni) 

 Brigalow scaly-foot (Paradelma orientalis) 

 Retro slider (Lerista allanae) 

 Yakka skink (Egernia rugosa) 

 Mount Cooper striped Lerista (Lerista vittata). 

Table 2 below provides a summary of impacts on potential habitat for the fauna species 

listed above based on RE associations (i.e. remnant vegetation) within the project area. It 

should be noted that these calculations provide an estimate of habitat loss based on broadly 

suitable habitat only. Furthermore these species were assessed are not likely to occur in the 

project area. As such, areas of broadly suitable habitat which have been identified are 

unlikely to be of significance, or therefore require mitigation, when determining impacts on 

the species in question.  
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Table 2 Summary of impacts on threatened fauna and migratory species 

Species Status 

Brief Habitat Requirements 
RE Associations within the 

Project Area 

Area (ha) of Remnant Vegetation 
Impacted within the Project Area 

Common 
Name 

Scientific Name 
EPB

C Act 
NC 
Act 

Not of 
Concern 

Least 
Concern 

Endangered 

May Occur   

red 
goshawk 

Erythrotriorchis 
radiatus 

V E Known to occur in wooded and 
forested lands of tropical and 
warm temperate Australia. This 
species nests in large trees within 
one kilometre of permanent water. 

11.3.25, 11.3.2, 11.3.4, 
11.5.1, 11.7.4, 11.7.6, 11.9.9 

1037.1 10.3 0 

star finch Neochmia 
ruficauda 
ruficauda 

E E Occurs mainly in grasslands and 
grassy woodlands that are located 
close to bodies of fresh water and 
also in cleared or suburban areas. 

11.3.4, 11.3.25 0 10.3 0 

northern 
quoll 

Dasyurus 
hallucatus 

E - Known to occur in a diversity of 
habitats across its range which 
includes rocky areas, eucalypt 
forest and woodlands, rainforests, 
sandy lowlands and beaches, 
shrubland, grasslands and desert. 

11.7.1, (& 11.7.1x1), 11.7.2, 
11.7.3, 11.7.4, 11.7.6, 11.8.3, 

11.8.4, 11.8.5, 11.8.11, 
11.8.13, 11.9.1, 11.9.2, 

11.9.3, 11.9.5, 11.9.9, 11.9.10 

1560.8 298.5 0 

south-
eastern 
long-
eared bat 

Nyctophilus 
corbeni 

V V Known to occur in a range of 
inland woodland vegetation types, 
including box, ironbark and 
cypress pine woodlands. 

11.3.1, 11.3.2, 11.5.1, 11.7.1, 
11.7.4, 11.7.6, 11.8.3, 11.9.1, 

11.9.5 

1037.1 214.1 8.7 

brigalow 
scaly-foot 

Paradelma 
orientalis 

- V Known to occur in a wide variety 
of remnant and non-remnant open 
forest to woodland habitats. 

11.9.5, 11.3.1, 11.3.4, 11.5.1, 
11.7.1, 11.7.2, 11.7.4, 11.7.6, 

11.9.1, 11.9.9, 11.9.10 

1277.8 215.7 8.7 
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Species Status 

Brief Habitat Requirements 
RE Associations within the 

Project Area 

Area (ha) of Remnant Vegetation 
Impacted within the Project Area 

Common 
Name 

Scientific Name 
EPB

C Act 
NC 
Act 

Not of 
Concern 

Least 
Concern 

Endangered 

yakka 

skink 

Egernia rugosa V V Known to occur in open dry 
sclerophyll forest, woodland and 
scrub. Requires shelter such as 
large hollow logs, rocky outcrops, 
and log piles. 

11.3.2, 11.5.1, 11.3.1, 11.7.1, 
11.7.2, 11.7.4, 11.9.1, 11.9.5, 

11.9.9, 11.9.10 

435.9 214.1 0 

Mount 

Cooper 

striped 

lerista 

Lerista vittata V V Known to occur in ironbark 
(Eucalyptus crebra and E. 
melanophloia) and bloodwood 
(Corymbia clarksonia and C. 
intermedia) dominated woodland 
with shrub and/or grassy ground 
layers on deep red earths, 
undulating plains and steep hills 
on granitic rocks, Semi-Evergreen 
Vine Thicket, which extends onto 
areas of ironstone (duricrust) and 
spinifex communities.  

11.5.9, 11.5.15 1.8 0 0 

Unlikely to Occur   

retro 
slider 

Lerista allanae   Recent records of this species 
were from leaf litter and friable 
soils beneath trees and shrubs in 
areas where the soil is described 
as chocolate to dark chocolate-
coloured, non-cracking clay-based 
soils. 

11.8.5, 11.8.11 and areas 
where 11.8.5 and 11.8.11 
were historically cleared 

188.1 84.4 0 
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Species Status 

Brief Habitat Requirements 
RE Associations within the 

Project Area 

Area (ha) of Remnant Vegetation 
Impacted within the Project Area 

Common 
Name 

Scientific Name 
EPB

C Act 
NC 
Act 

Not of 
Concern 

Least 
Concern 

Endangered 

Stripe-

tailed 

delma 

Delma labialis - V Known to occur in a variety of 
habitats, including low and tall 
open forests and open woodland 
(all with grassy understory), wet 
sclerophyll forest, coastal 
microphyll/notophyll vine 
forests/thickets, eucalypt forest 
and woodland with dense 
Xanthorrhoea and Acacia mid-
storey to understory, spinifex, and 
seasonally dry tea-tree. Suitable 
habitats found in land zone 12 are 
core habitats for this species. 

None identified 0 0 0 
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King bluegrass – Likely to occur  

King bluegrass (Dichanthium queenslandicum) was not recorded in the project area although 

given that a single HERBRECS record occurs for the species just outside the eastern 

boundary of the project area in non-remnant grassland immediately west of the Newlands 

Coal Mine it is considered likely to occur.  Dichanthium queenslandicum in mostly confined to 

natural grassland on the heavy black clay soils (basalt downs, basalt cracking clay, open 

downs) on undulating plains. This species is considered likely to occur in: 

 Native grasslands (RE 11.8.11) (84.4 ha to be impacted) and grassy open woodlands 

(RE 11.8.5) in the south-east of the project area which would be removed by the 

establishment of the East Pit 2 

 Grassy open woodlands (RE 11.8.5) (188.1 ha to be impacted) located in the footprint 

of the Northern Infrastructure Area.   

Table 3 provides an assessment of the potential impacts on king bluegrass against the 

EPBC significant impact criteria.  As outlined in this table, no significant impacts to this 

species is predicted.  Additionally, no offsets for potential impacts to this species are 

proposed. 

Table 3 King Bluegrass Significant Impact Assessment 

Significant Impact Criteria Response 

An action is likely to have a 
significant impact on vulnerable 
species if there is a real chance or 
possibility it will: 

 

Lead to a long-term decrease in the 
size of an important population of a 
species. 

There are known occurrences of king bluegrass 
(Dichanthium queenslandicum) adjacent to the 
project area and this species is considered likely to 
occur.  Any populations present in the project area 
could be locally important sources for dispersal and 
may constitute an „important population‟ of this 
species.   

The proposed disturbance areas are located 
adjacent to other areas of suitable habitat (including 
intact areas of natural grasslands TEC beyond the 
project boundary).  If this species is present in 
impacted areas, it is also likely to be present in 
undisturbed areas which would continue to act as 
source populations.  As such, the project would not 
be expected to lead to a long-term decrease in the 
size of the population.   

Reduce the area of the occupancy 
of an important population. 

Approximately 275.5 ha of potential habitat for this 
species would be disturbed as a result of the 
project.  This represents approximately 19% of the 
available habitat in the project area, leaving 
approximately 81% undisturbed.   
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Significant Impact Criteria Response 

Fragment an existing important 
population into two or more 
populations. 

The project would not be expected to fragment an 
existing important population into two or more 
populations, but could fragment unknown 
populations.  

Adversely affect habitat critical to 
the survival of a species. 

The project would not adversely affect habitat 
critical to the survival of the species. 

Disrupt the breeding cycle of an 
important population. 

As described above, if this species is present in 
impacted areas, it is also likely to be present in 
undisturbed areas which would continue to act as 
source populations.  Topsoil potentially containing 
soil seed banks will be stripped and used for 
rehabilitation with no or minimal stockpiling.   

Modify, destroy, remove or isolate or 
decrease the availability or quality 
habitat to the extent that the species 
is likely to decline. 

The project would not destroy, remove, isolate or 
decrease the availability of habitat to the extent that 
the species is likely to decline.   

Result in invasive species that are 
harmful to a vulnerable species 
becoming established in the 
vulnerable species‟ habitat. 

Displacement by parthenium weed is a recognised 
threat to grassland habitats for this species 
(Fensham 1999).  Parthenium was recorded at a 
number of locations in proximity to occurrences of 
natural grasslands TEC in the south-east of the 
project area.  Establishment of the East Pit 2 would 
disturb intact areas of native grassland with limited 
incursion of exotic species.  Disturbance would 
create a new edge which has the potential to allow 
parthenium to establish within adjacent areas of 
natural grasslands.   

Appropriate measures will be taken to prevent 
parthenium becoming established in retained areas 
of natural grassland to the east of the disturbance.  
Measures include: 

 Development of a pest management plan 
which addresses measures to prevent 
spread of parthenium into intact areas of 
natural grasslands TEC. 

 Implementation of appropriate weed 
management protocols, including the 
provision of vehicle wash down facilities. 

 Monitoring of the extent and distribution of 
weed populations and undertaking 
appropriate weed eradication programs as 
required. 

Introduce disease that may cause 
the species to decline. 

Disease is not a known threat to this species.   

Interfere substantially with the 
recovery of the species. 

The project is not expected to substantially interfere 
with the recovery of this species.   
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In addition to direct impacts on potential habitat, indirect impacts include the altered 

distribution of cracking clay soils supporting natural grassland communities that provide 

potential habitat and weed invasion. The project‟s Pest management plan will address 

measures to prevent the spread of parthenium into adjacent areas of natural grassland in the 

vicinity of the East Pit 2. 

 

Finger panic grass – May occur 

Finger Panic Grass usually occurs in grasslands on extensive basaltic plains, and in 

undulating woodlands and open forests with an underlying basaltic geology. It usually occurs 

on dark and fine textured soils with some degree of seasonal cracking (Leigh et al., 1984; 

Halford, 1995). It also persists in disturbed habitats, such as fallow paddocks, but its 

capability to maintain a viable population is unknown. This species is may occur in: 

 Native grasslands (RE 11.8.11) (84.4ha to be impacted) and grassy open woodlands 

(RE 11.8.5) in the south-east of the project area which would be removed by the 

establishment of the East Pit 2 

 Grassy open woodlands (RE 11.8.5) (188.1 ha to be impacted) located in the footprint 

of the Northern Infrastructure Area.  

In addition to direct impacts on potential habitat, indirect impacts include the altered 

distribution of cracking clay soils supporting natural grassland communities that provide 

potential habitat and weed invasion. The project‟s pest management plan will address 

measures to prevent the spread of parthenium into adjacent areas of natural grassland in the 

vicinity of the East Pit 2.  

 

Red goshawk – May Occur 

This species nests in large trees within one kilometre of permanent water in riverine forests, 

wooded and forested lands. Tall eucalypts, bloodwoods and weeping paperbarks (>30 m in 

height) are favoured by this species for nesting (Czechura et al., 2009). The red goshawk is 

a sedentary species but their home range has been estimated at up to 22 000 ha. Neither 

this species nor its characteristic stick nests were recorded during the field surveys. Eucalypt 

forest and woodlands adjacent to the Suttor River and the south-west of the project area 

afford foraging and potentially breeding habitat. The removal or degradation of vegetation 

along permanent water features, such as the Suttor River is expected to potentially have the 

largest effect on red goshawk breeding and foraging habitat. Based on RE associations, 

approximately 1 047 ha of potential breeding habitat occur in the disturbance footprint while 

foraging habitat would also include areas of non-remnant vegetation. Mitigation measures for 

this species include the avoidance of water features (permanent water) and large trees 

(>30 m) wherever practicable to limit potential impacts to this species. 
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Star finch – May Occur 

This species may occur in grasslands and grassy woodlands containing Eucalyptus 

coolabah, E tereticornis, E. tessellaris, Melaleuca leucadendra, E. camaldulensis and 

Casuarina cunninghamiana, located in close proximity to permanent water or areas of 

regular inundation (Holmes, 1996). This species was not recorded during field surveys, nor 

are there records in proximity to the project area.  Poplar box/blue gum woodlands 

associated with the Suttor River may represent potential habitat for this species. Based on 

RE associations, approximately 10 ha of potential breeding and foraging habitat occur in the 

disturbance footprint.  Mitigation measures for this species include the avoidance of water 

features (permanent water), grasslands and grassy woodland habitats wherever practicable 

to limit potential impacts to this species. 

 

Northern quoll – May Occur 

The northern quoll occupies a variety of habitats across its range including rocky areas, 

eucalypt forest and woodlands, rainforests, sandy lowlands and beaches, shrublands, 

grasslands and deserts. This species was not recorded in the project area despite targeted 

trapping efforts and active searching for scats and overhangs which may provide shelter for 

denning purposes.  Although undetected, it is possible that this species may utilise the area. 

Approximately 1 859 ha of potential breeding and foraging habitat occur in the disturbance 

footprint.  To mitigate potential impacts, the following management measures are proposed:  

 avoid clearing wherever practical this species‟ habitat 

 where practical have a suitably qualified spotter-catcher available when clearing 

potential habitats of this species (rocky areas in eucalypt forest and woodlands) 

 undertake progressive rehabilitation of mined areas 

 relocation of rocks and logs from the work areas for use as microhabitats in areas of 

rehabilitation. 

 

South-eastern long-eared bat – May Occur 

This species is found in a range of inland woodland vegetation types, including box, ironbark 

and cypress pine woodlands. Known populations of this species are concentrated in the 

southern part of its range (Schulz and Lumsden, 2010), with the project area located at the 

northern extent. This species was not recorded during the fauna surveys, however potentially 

suitable habitat occurs in woodland vegetation dominated by eucalypt and bloodwood 

species as well as box, ironbark and cypress pine woodlands. Loose bark, fissures and 

hollows on trees afford roosting habitat.  Approximately 1 260 ha of potential breeding and 

foraging habitat occur in the disturbance footprint. To mitigate potential impacts, the following 

management measures are proposed: 

 eliminate clearing wherever practical from the habitat of this species 

 where practical have a suitably qualified spotter-catcher available when clearing 

potential habitats of this species (i.e. roost sites in box, ironbark and cypress pine 

woodlands) 

 undertake progressive rehabilitation of mined areas 

 relocation of suitable trees and logs from the work areas for use as microhabitats in 

areas of rehabilitation. 
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Yakka skink – May Occur 

The yakka skink inhabits open dry sclerophyll forest, dry eucalypt and acacia woodlands and 

scrub. This species requires shelter such as large hollow logs, tree stumps and roots, rabbit 

warrens, rocky outcrops, and log piles (McDonald et al., 2012). This species was not 

detected during fauna surveys however remnant vegetation on the uplifts and escarpments 

in the north-western parts of the site within areas that have dense ground cover and fallen 

hollow logs may provide suitable habitat for this species.  Approximately 650 ha of potential 

habitat occur in the disturbance footprint. To mitigate potential impacts, the following 

management measures are proposed: 

 eliminate clearing wherever practical from the habitat of this species 

 where practical have a suitably qualified spotter-catcher available when clearing 

potential habitats of this species (i.e. potential shelter in dry eucalypt and acacia 

woodlands and scrub) 

 undertake progressive rehabilitation of mined areas 

 relocation of suitable trees and logs from the surface of work areas for use as 

microhabitats in areas of rehabilitation. 

 

Brigalow scaly-foot – May Occur 

The brigalow scaly-foot is found within a wide variety of remnant and non-remnant open 

forest to woodland habitats, where it shelters beneath stone slabs, leaf litter, bark, woody 

debris and grass tussocks (McDonald et al., 2012). This species may occur within open 

forests and woodland containing remnant vegetation with abundant coarse woody debris and 

dense leaf litter in the central and southern parts of the project area afford habitat however, 

this species reaches its northern distributional limit near Nebo. The species was targeted 

during the fauna surveys however it was not recorded. Additionally, several surveys 

conducted over the last decade between Nebo and Collinsville have failed to detect this 

species further north of Nebo and, as such, it is considered unlikely to occur in the project 

area. Approximately 1 502 ha of potential habitat occur in the disturbance footprint.  To 

mitigate potential impacts, the following management measures are proposed: 

 eliminate clearing wherever practical from the habitat of this species 

 where practical have a suitably qualified spotter-catcher available when clearing 

potential habitats of this species (i.e. cracking clay soils, riparian zones and brigalow) 

 undertake progressive rehabilitation of mined areas 

 relocation of suitable trees and logs from the surface of work areas for use as 

microhabitats in areas of rehabilitation. 

 

Mount Cooper striped Lerista – May Occur 

This species occurs in a variety of habitats including ironbark (Eucalyptus crebra and E. 

melanophloia) and bloodwood (Corymbia clarksoniana and C. intermedia) dominated 

woodland with shrub and/or grassy ground layers on deep red earths, undulating plains and 

steep hills on granitic rocks, SEVT which extends onto areas of ironstone (duricrust) and 

spinifex communities. REs 11.5.9 and 11.5.15 are considered important habitat to this 

species. 

 

The field surveys of REs identified approximately 1.8 hectares of RE 11.5.9 within the 

disturbance footprint. The areas of SEVT within the project area were generally found to be 

historically cleared and in poor condition and therefore would be unlikely to represent good 

habitat for this species. It is therefore considered that this species is may occur within the 



 

 

21 

project area. To mitigate potential impacts, the following management measures are 

proposed: 

 eliminate clearing wherever practical from the habitat of this species 

 where practical have a suitably qualified spotter-catcher available when clearing 

potential habitats of this species (i.e. ironbark (Eucalyptus crebra and E. 

melanophloia) and bloodwood (Corymbia clarksoniana and C. intermedia) dominated 

woodland) 

 undertake progressive rehabilitation of mined areas 

 relocation of suitable trees and logs from the surface of work areas for use as 

microhabitats in areas of rehabilitation. 

 

Retro slider – Unlikely to Occur 

This species has a restricted distribution with all known records taken from the Basalt Downs 

sub-region of the Brigalow Belt Bioregion in proximity to Clermont (Covacevich et. al., 1996). 

The species is associated with non-cracking black soils on undulating plains formed on 

basalt, shale, sandstone and unconsolidated sediments). Recent studies recorded the 

species within leaf litter and friable soils between trees and shrubs in the Basalt Downs sub-

region.  These records were taken on brown to dark brown, non-cracking clay based soils 

(30–60% clay content) in RE 11.8.5 and RE11.8.11/11.8.5 or in areas where this RE did 

occur but are now non-remnant. Given its restricted distribution the presence of this species 

within the project area is considered unlikely. Approximately 273 ha of potential habitat 

occurs in the disturbance footprint. 

 

Stripe-tailed delma – Unlikely to occur 

This species inhabits low open coastal forest with grassy understorey as well as dry, very 

open rocky hill slopes, seasonally dry paperbark tea-tree (Melaleuca viridiflora) swamp, and 

in wet sclerophyll forest (Shea, 1987).  The species is diurnal and shelters under leaf litter, 

logs and sheets of iron. Given that known recordings of this species are generally restricted 

to coastal areas and preferred habitat features, it is not expected that this species distribution 

extends past the Clarke Range located approximately 100 km east of the project area.  

Should this species occur it would expected to be found in low land remnant vegetation 

located on the foothills of the uplifts that occur in the north-west of the project area. It is 

considered unlikely that this species would occur within the project area.   
  



 

 

22 

References 

AMEC (2012) Byerwen Coal Project Terrestrial Ecological Impact Assessment, Report to 

Byerwen Coal Pty. Ltd. 

Covacevich, J.A., P.J. Couper & K.R. McDonald (1996). Reptiles of Queensland's Brigalow 

Biogeographic Region: Distributions, Status and Conservation. Page(s) 148. Canberra: 

Australian Nature Conservation Agency (ANCA). 

 
Curtis, L.K. Dennis, A.J. McDonald, K.R Kyne, P.M. and Debus, S.J.S (eds).(2012), 
Queensland’s Threatened Animals, CSIRO Publishing, Melbourne. 

 
Czechura, GV; Hobson, RG and Stewart, DA (2009). Observations on the Biology of the Red 
Goshawk 'Erythrotriorchis radiatus' in Queensland [online]. Australian Field Ornithology, Vol. 
26, No. 4, Dec 2009: 148-156. 
 
Department of the Environment, Water, Heritage and the Arts (DEWHA) (2009), Background 
Paper to EPBC Act Policy Statement 3.13: Significant impact guidelines for the endangered 
black-throated finch (southern) (Poephila cincta cincta). Department of the Environment, 
Water, Heritage and the Arts, Canberra. 
 
Department of the Environment, Water, Heritage and the Arts (DEWHA) (2010a), Survey 
guidelines for Australia‟s threatened bats. Department of the Environment, Water, Heritage 
and the Arts, Canberra. 
 
Department of the Environment, Water, Heritage and the Arts (DEWHA) (2010b), Survey 
guidelines for Australia‟s threatened birds. Department of the Environment, Water, Heritage 
and the Arts, Canberra. 
 
Department of the Environment, Water, Heritage and the Arts, (DEWHA) (2011a), Survey 
guidelines for Australia‟s threatened reptiles; Guidelines for detecting reptiles listed as 
threatened under the Environment Protection and Biodiversity Conservation Act 1999, 
Department of the Environment, Water, Heritage and the Arts, Canberra. 
 
Department of the Environment, Water, Heritage and the Arts (DEWHA) (2011b), Survey 
guidelines for Australia's threatened reptiles: Guidelines for detecting reptiles listed as 
threatened under the EPBC Act, Department of the Environment, Water, Heritage and the 
Arts, Canberra. 
 
Department of the Environment, Water, Heritage and the Arts (DEWHA) (2011c), Survey 
guidelines for Australia's threatened mammals: Guidelines for detecting mammals listed as 
threatened under the EPBC Act, Department of the Environment, Water, Heritage and the 
Arts, Canberra. 
  
Department of Sustainability, Environment, Water, Population and Communities (DSEWPaC) 
(2012), A guide to the identification, assessment and management of nationally threatened 
ecological communities: Nationally Threatened Ecological Communities: Natural Grasslands 
on Basalt and Fine-textured Alluvial Plains of Northern New South Wales and Southern 
Queensland, and Natural Grasslands of the Queensland Central Highlands and the Northern 
Fitzroy Basin. 
 



 

 

23 

Halford, D. (1995), „Digitaria porrecta S.T.Blake (Poaceae) – Draft Recovery Plan‟, 
Queensland Herbarium, Brisbane.  
 
Holmes, G. (1996). Distribution and status of the Southern Star Finch [online]. Sunbird: 
Journal of the Queensland Ornithological Society, The, Vol. 26, No. 3, Sep 1996: 49-59. 
 
Leigh, J., Boden, R. and Briggs, J. (1984), Extinct and Endangered Plants of Australia, 
Melbourne, Macmillan. 
 
Schulz, M. and Lumsden, L.  (2010). National Recovery Plan for the South-eastern Long-
eared Bat Nyctophilus corbeni.  Draft for  public comment. Victorian Government Department 
of Sustainability and Environment, Melbourne, Australia 
 
Shea, G.  M. (1987).  Two new species of Delma (Lacertilia: Pygopodidae) from northeastern 
Queensland and a note on the status of the genus Aclys. Proceedings of the Linnean Society 
of New South Wales 109(3):203–212.  
 
Wormington, K., Hendry, R.  Black, R., Black, L.  and Tucker, G.  (2009).  Flora and Fauna 
Assessment of the Exploration Permit Coal 614 Project area near Glenden, Central 
Queensland.  A report to QCoal Pty Ltd.  Centre for Environmental Management, Central 
Queensland University. 
 
Xstrata Coal (2012) Newlands Coal Extension Project EIS. 
 
Young, P.A.R., Wilson, B.A, McCosker, J.C, Fensham, R.J, Morgan, G, Taylor, P.M (1999). 
Chapter 11 Brigalow Belt, taken from: Sattler, P and Williams, R (1999).  The Conservation 
Status of Queensland‟s Bioregional Ecosystems.  Environmental Protection Agency, 
Queensland Government, Queensland. 
 



    

  

  

APPENDIX 8 – ASSESSMENT OF CUMULATIVE IMPACTS 
TO THREATENED AND MIGRATORY SPECIES MEMO 
 

BYERWEN COAL PTY LTD – BYERWEN COAL PROJECT   



 
AMEC Env
ABN 38 12
GPO Box 
Brisbane, Q
Australia 
Tel +61 (
Fax +61 (

 

Memo 
 
To 

Date 

 

Byerwe
Threat

This m
Protecti
provided
fauna s

Cumula
known 
planned

Method

This cu
all threa
may oc
within th

Project 
regiona
Table 1

Table 1
species

Specie

Denison

Nettapu
coroma

Ephippi
asiaticu

Lophoic

vironment & Infr
22 798 814 
1957 
Queensland  40

(7)3229 2500 
(7)3229 2018 

 

Julian Do
Senior En
QCoal Gro

25 Novem

en Coal Pr
ened and M

memo addre
ion (DEHP)
d describin
pecies whic

ative impact
to occur, li

d projects w

dology 

mulative im
atened and
ccur within t
he Brigalow

impacts fo
l ecosystem
).   

 Habitat as
s 

s Name 

nia maculata

us 
andelianus 

iorhynchus 
us 

ctinia isura 

rastructure Pty L

001 

obos 
vironmenta
oup 

mber 2013 

roject AIEIS
Migratory S

esses subm
) (issue nu
g the cumu
ch have suit

ts have bee
ikely to occ

within the Br

mpact asses
 migratory 
the Byerwe

w Belt North 

or threaten
m (RE) ass

ssociations

Com

a orna

cott
goo

blac

squ

Ltd   

al Officer 

S Response
Species Me

missions b
mber 12.33
ulative impa
table habita

en calculate
cur, or may
rigalow Belt 

ssment sum
fauna spec

en Coal Pro
Bioregion.

ed and m
sociations s

s (Regiona

mmon Name

amental snak

on pygmy- 
se 

ck-necked sto

are-tailed kit

 

From

 

e – Assess
emo 

by the Dep
3 and 21.1)
acts at a re
at within the

ed for all th
y occur wit
North biore

mmarises th
cies that are
oject area a
 

igratory fau
specified as

al Ecosyste

e RE As

ke REs th

Landz

ork Landz

te 11.3.2
11.3.1
11.4.1
11.5.5
11.7.7
11.10.

 

m Jeromy
Principa
AMEC E
Infrastru
 

sment of C

partment o
) requiring 
gional scale

e Byerwen C

hreatened a
hin the pro
egion.  

he potential
e known to
as result of 

una specie
s preferred 

ems) for thr

ssociations

hat occur on 

zone 1 and 3

zone 1 and 3

25, 11.3.2, 11
9, 11.3.26,1
2,11.5.1,11.

5,11.5.20,11.
7,11.9.1, 11.9
.1,11.10.1d,1

y Claridge 
al Environm
Environmen
ucture 

umulative 

f Environm
that additio
e to threate

Coal Project

and migrato
oject area, 

cumulative
 occur, like
current an

es were ca
habitat for 

reatened an

Landzone 3 

1.3.3, 11.3.4,
1.3.27b,11.3
5.1a, 11.5.4,
5.21,11.7.1,1

9.7,11.9.9, 11
11.10.3, 11.1

mental Scien
nt and 

Impacts to

ment and H
onal inform
ened and m
t area.  

ory species 
for 39 curr

e loss of ha
ely to occur
nd planned 

alculated ba
each spec

nd migrato

 and 4, 

, 11.3.14,11.
3.39,11.4.7, 1
,11.5.4a, 
11.7.4., 11.7
1.9.10, 
10.7,11.10.11

 

ntist 

o 

Heritage 
ation be 

migratory 

that are 
rent and 

abitat for 
r, or that 
projects 

ased on 
cies (see  

ory 

3.17, 
11.4.10, 

7.4c, 11.7.6, 

1,11.10.13 

















  
 

APPENDIX 9 – FINAL VOID ASSESSMENT  

 

BYERWEN COAL PTY LTD – BYERWEN COAL PROJECT  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 

Prepared for: 

QCOAL PTY LTD 
40 Creek Street 
BRISBANE  QLD  4000 

Prepared by: 

Kellogg Brown & Root Pty Ltd 
ABN 91 007 660 317 
Level 11, 199 Grey Street, SOUTH BANK  QLD  4101 
Telephone (07) 3721 6555, Facsimile (07) 3721 6500 

9 August 2013 

BEW106-TD-WE-REP-0006 Rev. 1 

 
 
 

BYERWEN COAL PROJECT 
 
 
Final Void Assessment 

 

 

 



@ KG .gg Brown , RootPty Ltd

Limitations Statement

The sole purpose of this report and the associated services performed by KGllogg Brown & RootPty Ltd (KBR) is to provide
information in accordance with the scope of services set out in the contract between KBR and QCoalPty Ltd ('the Client'). That
scope of services was defined by the requests of the Client, by the time and budgetary constraints imposed by the Client, and by the
availability of access to the site.

KBR derived the data in this report primarily from examination of records in the public domain and information supplied by the
Client. The passage of time, manifestation of latent conditions or impacts offuture events may require further exploration at the site
and subsequent data analysis, and re-evaluation of the findings, observations and conclusions expressed in this report

In preparing this report, KBR has relied upon and presumed accurate certain information (or absence thereof) relative to the site
provided by government officials and authorities, the Client and others identified herein. Except as otherwise stated in the report,
KBR has not attempted to verify the accuracy or completeness of any such information.

The findings, observations and conclusions expressed by KBR in this report are not, and should not be considered, an opinion
concerning detailed design or constructability. No warranty or guarantee, whether express or implied, is made with respectto the
data reported or to the findings, observations and conclusions expressed in this report. Further, such data, findings, observations and
conclusions are based solely upon site conditions, information and drawings supplied by the Client in existence arthe time of the
investigation

This report has been prepared on behalfofand forthe exclusive use of the Client, and is subject to and issued in connection with the
provisions of the agreement between KBR and the Client. KBR accepts no liability or responsibility whatsoever for or in respect of
any use of or reliance upon this report by any third party.
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Summary 

This report provides an assessment of the four voids that will remain as permanent depressions 
following mining activities within the Project area. This assessment forms part of a wider study 
which feeds into the Environmental Impact Statement (EIS) for the Project. The Project is 
located in central Queensland around 130 km west of Mackay within the headwaters of the 
Burdekin Basin.  

The primary objective of this study was to evaluate the risk of discharge from the voids and to 
predict the void water quality. This required a water balance to capture the steady state water 
level conditions within the voids as well as modelling to predict the salinity concentrations 
within the voids over time. An assessment of the voids in terms of limnology and potential for 
eutrophication was also carried out along with the predicted storage capacity of void water 
during a range of storm events. These tasks help to predict the quality of void water during 
potential release events, predict impacts on the environment caused by the release of any void 
water and determine whether the final void water would meet the rehabilitation criteria (being 
safe, stable and non-polluting).  

Pit lakes will form within the final voids as a result of groundwater inflows (from 
predominantly the coal measure aquifers), surface water runoff from immediate areas 
surrounding the pit (and from the pit walls) and from incident rainfall. In the case of one of the 
pits (South pit) a small surface water catchment that cannot to be re-directed also contributes to 
inflows into this void. The water level within the pits will rise over several hundred years until a 
steady state water level is reached. The steady state water levels within the pits are under most 
scenarios lower than the regional groundwater table. The difference in hydraulic gradient 
between the pit lake and the surrounding groundwater table elevation results in groundwater 
flowing down gradient towards the pit. This effectively precludes water from within the pit 
moving off-site via groundwater flow. It is noted that there is a remote chance that one or more 
pit lakes may eventually stabilise at or above the regional groundwater table as a result of higher 
than expected groundwater inflows or a significant change in climate.  

Water quality data (assumed and observed) of the void inflow sources was used to predict void 
water quality in the long term as well as the stratification and eutrophication potential of the 
lakes. At steady state water level conditions, a prominent layer of dense water is expected to 
form in the lower section of the lake. This water will have a higher salinity than the upper layer 
of the lake. Nutrient concentrations within the lakes could at times be sufficiently high to cause 
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eutrophication and support algal growth, however, additional data needs to be captured before a 
reliable prediction can be made.  

Currently it is anticipated that the pit lakes which form within the final voids will not reach 
surface level and will not require any ongoing maintenance. Some effort will be required in the 
early stages of pit lake establishment to promote biological activity and ecological development 
which can have significant benefits. 

Data is to be collected over the life of the mining operation which will provide key indictors to 
the likely quality of the water that will ultimately contribute to the pit lakes. This qualitative and 
quantitative data will be used to support a refined strategy for the Byerwen final voids which 
will aim to ensure the voids are safe and stable, minimising risk of environmental and health 
impacts from the final voids.  
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Glossary of terms, abbreviations and 
acronyms 

µS/cm Micro-Siemens per centimetre. A measure of the electrical 
conductivity of a sample. 

ANC Acid Neutralising Capacity 

ARI Average Recurrence Interval. The average or expected value of the 
periods between exceedances of a given rainfall total accumulated 
over a given duration.     

AWBM Australian Water Balance Model 

Chemocline A separation between two layers in a water body brought about by 
differences in chemical properties (salinity, oxygen etc). 

Datadrill A service provided by the Queensland Government that produces 
continuous patched-point meteorological datasets for any given 
location in Australia 

DYRESM A Dynamic Reservoir Simulation Model commonly used to predict 
the vertical distribution of the key stratification indicators being 
temperature, salinity and density. 

EC Electrical Conductivity 

Emerson Class A measure of the dispersive characteristics of a soil when exposed to 
water. 

Epilimnium The less dense upper layer of a water body under stratified conditions. 

Eutrophic A eutrophic lake is a lake with high nutrient content. These lakes are 
subject to excessive algal blooms, resulting in poor water quality. 

Goldsim A generic, dynamic simulation program, widely used for water and 
mass transport modelling.  

Hypolimnium The dense bottom layer of a water body under stratified conditions. 

Incident rainfall Water that falls directly onto a water body or surface without
 

passing 
through any land phase of the runoff cycle.  

Limnology The scientific study of the life and phenomena of inland waters. 

mAHD metres Australian Height Datum 

mbgl metres below ground level 

Mesotrophic An intermediate system with respect to biological production.   
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Monte Carlo A class of computational algorithms used in Goldsim that rely on 
repeated random sampling to compute their results. Monte Carlo 
analysis is used when there is uncertainty in defining the system or the 
system inherently varies.  

NTU Nephelometric Turbidity Units. A common measurement of turbidity. 

Oligotrophic A system with limited biological production. 

Patched Point Continuous climate record developed by interpolated (using splining 
and kriging techniques) point observations from the Bureau of 
Meteorology 

PHREEQC A geochemical modelling package produced by the USGS. 

PMP Probable Maximum Precipitation 

Pycnocline The layer that separates water of two different densities. 

Redfield ratio A widely used indicator of the algal species composition in lakes 

Relisation A single model run, which represents one possible path the system 
could follow through time 

SAR Sodium Adsorption Ratio 

SD Standard Deviation 

SI Saturation Index with respect to mineral geochemistry. 

TDS Total Dissolved Solids 

Thermocline A separation between two layers in a water body brought about by 
differences in temperature. 

TN Total Nitrogen 

TP Total Phosphorus 

TSS Total Suspended Solids 

USGS United States Geological Survey 
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1 Introduction 

1.1 BACKGROUND 

Kellogg Brown & Root Pty Ltd (KBR) has been commissioned by Byerwen Coal Pty 
Ltd (‘the proponent’) to undertake an assessment of the risk of discharge and 
prediction of water quality within the final voids left by the Byerwen Coal Project 
(herein referred to as the ‘Project’). The Project is located in central Queensland 
around 130 km west of Mackay within the headwaters of the Burdekin Basin. 

This final void assessment forms part of a wider Environmental Impact Statement 
(EIS) for the Project and provides technical information which addresses the final void 
component of the EIS Terms of Reference (ToR). 

Four final voids will be created by the Project. These are identified as North Pit, West 
Pit, South Pit and East Pit which are shown in Figure 1.1. 

1.2 SCOPE 

The scope of this assessment reflects the ToR which requires an evaluation of the risk 
of discharge and prediction of water quality within the final voids. Specifically, these 
requirements include: 

• Water balance to capture the steady-state water level condition within the voids and 
to determine the risk of environmental discharge. 

• Modelling and assessment of practicable management measures to mitigate 
contaminant increases in storage dams (includes salinity and nutrient predictions). 

• Qualitative assessment of void water limnology. 

• The predicted storage capacity of void water during annual exceedance probability 
1 in 25, 50, 100, 200 and 1000 year rainfall events including potential for 
discharge.  

• The predicted quality of void water during potential release events. 

• The predicted impact on the environment caused by the release of any void water. 

• The ability of the final void water to meet the rehabilitation criteria – being safe, 
stable and non-polluting. 
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1.3 STUDY APPROACH 

The approach adopted in this study involves: 

• Assessment of final void geometry with respect to final land use within the Project 
area. 

• Assessment of key model input factors such as climate and hydrological 
considerations (surface water and groundwater).  

• Water balance assessment to capture the range of possible water level conditions 
that may develop within the voids. 

• Mass balance (coupled with the water balance) to predict salinity changes over 
time. 

• Assessment of void water quality including salinity, stratification potential, 
biological succession, trace metals, geochemical behaviour and water quality 
evolution. 

• Overview of void management principles that should be considered. 

1.4 REPORT STRUCTURE 

This report contains the following chapters: 

• Rehabilitation approach 

• Surface and groundwater hydrology 

• Water level prediction 

• Pit lake water quality 

• Management Strategy 

• Conclusions 

• References 

• Appendices. 
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2 Rehabilitation approach 

2.1 MINE REHABILITATION 

The areas disturbed by mining will be rehabilitated as per a rehabilitation management 
plan and specific rehabilitation details are specially addressed in the EIS. Spoil will be 
graded and a shedding-type cover provided to direct water away from the spoil and 
minimise infiltration. There may also be opportunities for grazing in sections of the 
site. Further details of the rehabilitation strategy are provided in the EIS. 

2.2 FINAL VOID END-USE 

A range of options were considered for the final void end-use based on the former 
Department of Mines and Energy Technical Guidelines for Environmental 
Management of Exploration and Mining in Queensland (DME, 1995) on open pit 
rehabilitation. These options include: 

• Backfilling: The proposed mining process involves limited out-of-pit dumping of 
waste rock in the early stages of mining, with the remainder being dumped in-pit. 
Backfilling the final void will require waste rock from the out-of-pit dump to be 
transported to the final void. This will require either the out-of-pit dumps to be left 
in an unrehabilitated state during mining, or disturbance of a previously 
rehabilitated area. It will also require additional earthworks after the saleable 
product has been exhausted and will sterilise any remaining resource. While it is 
financially viable to backfill some of the pits which have become available for 
backfilling during operation of other pit areas, the backfilling of all pits is not 
considered viable.  

• Water storage: Final voids could be used for water storage. However the quality of 
water in the voids is likely to be brackish due to groundwater inputs and evapo-
concentration effects. Use of the final voids for water storage may be undertaken 
on an opportunistic basis, but will not be the primary end-use. 

• Wetland/wildlife habitat: The final voids will be depressions in the landscape, have 
a much higher depth to width ratio than natural lakes and as noted above are likely 
to contain brackish water. Use of the final voids for wetland/wildlife habitat may 
be undertaken opportunistically by birds, but will not be the primary end-use. 

• Waste disposal: Final voids proposed as part of the Project are a small addition to 
the existing and proposed final voids that exist in the region. The main waste 
produced in the region is mining wastes (e.g. waste rock and rejects). There are no 
current plans to utilise the proposed final voids for post operational placement of 
mining waste. The final voids could be used for municipal solid waste if economics 
and environmental considerations are favourable, however this is not currently 
planned or catered for in this study. 
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• Restrict access and ensure public safety: This option involves making the final 
voids safe by re-contouring and preventing or deterring access. This option allows 
for a progressive rehabilitation approach and requires minimal works to implement 
once mining has concluded on the site. This option also allows for minimal 
maintenance and ongoing inspection of elements and is complemented by the 
remote location of the site. 

An assessment of the above options determined that restricting access and ensuring 
public safety is the preferred option for dealing with final voids. There are a number of 
impracticalities arising from the remote location of the site and relative costs 
associated with some of the other final void options. The potential brackish nature of 
the water collected in the pits limit the use of the final voids for water storage (though 
this will be undertaken on an opportunistic basis). Similarly, the conditions of the final 
void structures will not be complimentary to a wetland habitat. Economic factors limit 
the use of the final void structures for municipal waste disposal (due to the remoteness 
of the site) and backfilling has been prepared for 4 of the 8 pits where this was 
financially viable.  

2.3 FINAL VOID DESIGN 

The primary objective of final void design is to make the voids safe to ensure public 
safety. This may involve re-contouring batters and discouraging public access. 

The other considerations in final void design are the catchment extent, void location 
and access arrangements. These variables affect the movement of water into and from 
the void. There are three general approaches as follows: 

• Isolated void: This approach aims to isolate the void from surface water and 
groundwater systems by minimising the catchment extent and creating a permanent 
groundwater sink. This is the preferred approach in situations where the void water 
quality is expected to be poorer than surface water systems and the void can be 
configured to avoid overflows. In situations of high groundwater inflows or large 
catchment extents, this may not be a feasible option.  

• Intermittent flushing void: This approach aims to isolate water in the void from 
surface water systems until there is a very large flow in the receiving environment. 
During large flows the void overflows and relies on dilution to minimise water 
quality impacts. The flushing arrangement is normally achieved by configuring 
weirs at the inlet and outlet of the void. 

• Regularly flushed void: This approach aims to regularly flush water from the void. 
This approach is well suited to situations of high groundwater input or when the 
risk of overflow of isolated void water (subject to evapo-concentration effects) to 
the environment is unacceptably high. 

Consideration was given to each of these approaches, however the isolated void was 
selected as the lowest risk option for reasons described further throughout this report.  

2.4 FINAL VOID GEOMETRY 

The final void geometry used in this report is based on the final landform profile as 
defined by the mine plan generated by Minserve in 2012. The void designs are 
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indicative of the final levels and shape, but are subject to change in the future in 
response to future mine planning, as well as resource and economic factors.  

Refinement to the geometry of final voids is unlikely to have a significant impact on 
the management approach or findings of this study given the large footprint and 
storage capacities of the voids. A summary of the elevation-area-volume relationship 
of the four voids is provided in Figure 2.1 
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Figure 2.1 
AREA-ELEVATION-VOLUME RELATIONSHIP OF EACH FINAL VOID 
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3 Surface and groundwater hydrology 

3.1 CLIMATE 

3.1.1 Rainfall and evaporation 

Rainfall and evaporation data has been collected from the Data Drill database which 
provides patched point data over a period of 123 years (1889-2012). The grids of data 
were interpolated (using kriging and splining techniques) from Bureau of Meteorology 
point observations (Queensland Government, 2011). 

The site is located in a semi-arid zone where on average annual evaporation rates are 
greater than annual rainfall. The relationship between pan evaporation and rainfall is 
presented in Figure 3.1. The long term rainfall record from Data Drill (Queensland 
Government 2011) is presented in Figure 3.2.    
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Figure 3.1 
MONTHLY AVERAGE RAINFALL AND EVAPORATION 

Due to the long term prediction timeframes required for this assessment, stochastic 
rainfall data was generated based on the Data Drill record. Stochastic rainfall data is 
synthetic data that has the same statistics as the historical record, but provides 
alternative realisation of the historical record that are equally likely to occur. 
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Figure 3.2 
ANNUAL RAINFALL DERIVED FROM DATA DRILL 

Evaporation is also an important input to the water balance models that predict pit lake 
formation. Various approaches are available to estimate evaporation from the lake 
surface. A common method, Morton’s lake evaporation equation, is not considered 
appropriate as the pit lake is not a conventional lake. The pit lake will be affected by 
shading from pit walls and reduced wind penetration which Morton’s Lake 
evaporation cannot account for. 

An alternative approach is to apply a pan factor to the measured evaporation to obtain 
a more accurate value for lake evaporation. The pan factor applied accounts for the 
difference between measured “pan evaporation” and actual evaporation from an open 
water body which is susceptible to reduced wind penetration (which increases 
localised humidity) and shading from pit walls. The small dish which is used to 
measure pan evaporation takes extra heat through the sides of the pan which can also 
contribute to an over-estimation of actual evaporation. 

There are no guidelines and very little research of appropriate pan factors for pit lakes 
which therefore introduces a large degree of uncertainty into water level predictions. 
An upper and lower bound of 0.4 and 0.8 was considered reasonable, and is consistent 
with assumptions adopted for various other long term pit lake models. This was 
implemented in the stochastic model using a normal distribution curve with a median 
value of 0.6 and a standard deviation of 0.1. The distribution remained constant for 
each given time series, but was re-sampled for each new realisation.  

3.1.2 Climate change 

The observed climatic data collected for the past 123 years may not be representative 
of the future conditions due to anthropogenic causes of climate change. In Australia, 
average temperatures have increased by almost 1 degree Celsius since 1950 
(CSIRO 2007). 
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The most widely recognised scientific findings on atmospheric change and the 
potential for human induced changes in the Earth’s climate have come from the 
Intergovernmental Panel on Climate Change (IPCC). The summarised findings of the 
2007 study are that it is very likely that there will be changes in the global climate 
system in the centuries to come, larger than those seen in the recent past. Future 
changes have the potential to have a major impact on human and natural systems 
throughout the world including Australia (IPCC, 2007). 

Algorithmic climate change data was sourced from the CSIRO (2007) and IPCC 
(2007) studies. These algorithms provide scenarios to quantify the impacts that climate 
change will have on rainfall and evapotranspiration.  

Climate change scenarios investigated have been restricted to the most sensitive 
parameters of the water balance model, rainfall and evaporation.   

Rainfall 

The IPCC predicts that anthropogenic change will impact the average rainfall, as well 
as the magnitude and frequency of rainfall extremes. CSIRO have compiled the 
outcomes of the fourth assessment report of the IPCC, and built on a large body of 
climate research that has been undertaken for the Australian region in recent years to 
provide climate change predictions for the different regions of Australia. 

Regional projections are available for low, mid-range and high greenhouse gas 
emission scenarios. The scenarios were developed by the IPCC, and are based on 
multiple assumptions regarding factors such as the economy, technology and 
demographic factors which could influence future emissions. Emission scenarios from 
the IPCC report presented were scenario B1 for low emissions, and scenario A1FI for 
high emissions (CSIRO, 2012). 

Table 3.1 below summarises the predicted climate change parameters for the Byerwen 
mining lease area for the year 2070. The 10th percentile was selected to model the 
smallest climate change for the Low emission scenario (IPCC emissions scenario B1), 
while the 90th percentile high emission scenario (IPCC emissions scenario A1F1) was 
selected to depict the worst case scenario. This approach should identify the bounds of 
potential changes resulting from anthropogenic climate change 

Table 3.1 Rainfall and evaporation change prediction adopted for Byerwen (2070) 

Year Season Percentile Emission Rainfall Potential Evapotranspiration 

2070 Autumn 10 Low -20 to -40% 2 to 4% 
2070 Spring 10 Low -20 to -40% 2 to 4% 
2070 Summer 10 Low -10 to -20% 2 to 4% 
2070 Winter 10 Low -20 to -40% 2 to 4% 
2070 Autumn 90 High 20 to 40% 16 to 20% 
2070 Spring 90 High 10 to 20% 12 to 16% 
2070 Summer 90 High 20 to 40% 16 to 20% 
2070 Winter 90 High 20 to 40% 16 to 20% 

Adapted from CSIRO, 2012.  
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Evaporation 

The IPCC predicts that potential evaporation is likely to increase as a result of climate 
change (IPCC, 2007). The changes predicted for the project area are presented in 
Table 3.1. These values are based on two of the scenarios developed by the IPCC, 
where low emissions are derived from scenario B1 and high emissions are derived 
from scenario A1FI. 

The 10th percentile was adopted for the Low emissions scenario as this gives the most 
conservative estimate of climate change predicted for 2070. This scenario shows a 
uniform 2 - 4% increase in potential evaporation for the area. For the high emissions 
scenario, the 90th percentile prediction was adopted as it would provide the most 
extreme prediction of climate change impact on the site.   

By comparing the two selected scenarios, both predict an increase in evaporation by 
the year 2070, however the rate of change is significantly different between the two 
models. As evaporation is the major outflow point for the final void model, changes to 
this factor can have significant impacts on both the depth of the pit lake and the 
associated salt concentration. 

3.2 SURFACE WATER HYDROLOGY 

3.2.1 Catchment areas 

Several catchment types exhibiting different runoff characteristics drain into the final 
voids. The catchments have been divided into three broad categories with associated 
runoff characteristics:  

• rehabilitated spoil 

• pit wall (or direct rainfall) 

• external catchment.  

The external catchment area for each pit was determined using Catchment Sim model 
of the site which predicts catchment areas based on contours of the area. For most of 
the pits considered, it was assumed that bunding around the perimeter of the pit would 
divert surface runoff away from the pit. Only south pit final void is predicted to have 
an external catchment component of inflow due to the shape of the final landform and 
the location of the creek diversions. 

Rehabilitated spoil catchment areas are derived from the spoil mounds in the final 
landform prediction provided by the proponent. The mounds will be contoured to 
direct surface runoff away from the pit lakes, effectively eliminating the surface runoff 
component of flow from this catchment. It is predicted however, that base flow from 
this catchment will, in part, flow towards the pit lake. Base flow describes the fraction 
of rainfall which permeates into the soil (as opposed to forming surface runoff). As the 
rehabilitated spoil dumps are not natural landforms, the base flow is not likely to flow 
to the groundwater, rather it is expected that a base flow mound will develop within 
the rehabilitated spoil. The framework of the spoil dump, its construction, the spoil 
characteristics and the volumetric content of the dump will all play a factor in 
determining the hydrology of the waste rock dump (Smith. et. al, 1995). As the 
textural properties of the rehabilitated spoil dump will be unknown until they have 
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undergone the rehabilitation process, it has been assumed that half of the base flow 
will drain towards the pit lake and half to the surface water system in the form of toe 
seepage from the spoil. The model did not appear to be sensitive to changes in the size 
of this catchment. For each pit, half of the adjacent spoil mound area was used to 
determine the inflow to the pit from the rehabilitated spoil catchment. 

The pit wall area has been calculated for each pit using a 12D model of the final void 
landform provided by the proponent. The area of each of these catchments will vary 
with time as the increasing elevation of each pit lake reduces the potential for runoff 
from the exposed walls. As the volume of water in the pit increases, the pit wall area 
will decrease at an inverse rate. The pit wall runoff is a function of pit wall area and 
incident rainfall. A summary of the catchment area for each pit lake is presented in 
Table 3.2. 

Table 3.2 Catchment areas for each final void 

Catchment North Pit West Pit South Pit East Pit 

Rehabilitated Spoil^ 100 ha 965 ha 531 ha 178 ha 
Pit Wall 0 – 163 ha 0 – 548 ha 0 – 542 ha 0 – 88 ha 
Pit Lake 0 – 163 ha 0 – 548 ha 0 – 542 ha 0 – 88 ha 
External 0 ha 0 ha 290 ha 0 ha 

^ Rehabilitated spoil will be contoured to drain away from the final void. Some infiltration into the cover is predicted, forming 
a groundwater mound within the spoil. It is assumed that the mound will be highest in the centre of the spoil, causing 
approximately half of the area to drain towards the pit. The catchment area presented represents the area over which 
infiltration could flow towards the final void. 

3.2.2 Incident rainfall 

Incident rainfall directly to the pit lake was assumed to contribute directly to the water 
levels (i.e. no losses). In the model, surface area of the lake was multiplied by the 
rainfall to determine the volume of incident rainfall. 

3.2.3 Catchment runoff 

Catchment hydrology was modelled using the Australian Water Balance Model 
(AWBM) (Boughton, 1993). AWBM is a partial area saturation overland flow model. 
The partial area method separates the catchments into regions that produce runoff 
(contributing areas) during a rainfall-runoff event and those that do not. These 
contributing areas can be modelled to vary within a catchment according to pre-
defined catchment conditions, allowing for the spatial variability of surface storage in 
a catchment. The use of partial area saturation overland flow approach is simple, and 
provides a good representation of the physical processes occurring in most Australian 
catchments (Boughton, 1993). 

Derivation of AWBM model input parameters is described in the Mine Water 
Management Strategy (KBR, 2012b). 

As discussed above, the catchment area for each pit is derived from the rehabilitated 
spoil area adjacent to the pit. The surface runoff will be directed away from the pit 
lake, however, the base flow component of approximately half of the rehabilitated 
spoil mound will enter the pit lake. As such, only the base flow component of the 
AWBM model was used to calculate catchment runoff. 
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3.3 GROUNDWATER HYDROLOGY 

The groundwater equations used were described by Marinelli and Niccoli in their 2000 
paper Simple analytical equation for estimating groundwater inflow to a mine pit. As 
discussed above, two separate zones of flow were considered. Zone 1 flow considers 
steady-state, unconfined, horizontal and radial flow. Zone 2 considers steady-state 
flow to one side of a circular sink of constant uniform drawdown.  

The analytical model uses interpolation to derive the radius of influence from the 
centre of the pit lake. Once the radius of influence is known, Zone 1 inflow is 
calculated. Zone 2 uses a slightly different approach, where a number of assumptions 
regarding the hydraulic head of the pit lake define the rate of flow from the circular 
sink. A summary of the model parameters is shown in Figure 3.3. 

 
Figure 3.3 
PIT INFLOW ANALYTICAL MODEL (AFTER MARINELLI AND NICCOLI, 2000) 

The equations used for the groundwater flow estimates are: 

Equation 1: Extent of drawdown 

ho=√(hp
2+(W/Kh1)[ro

2ln(ro/rp)-{(ro
2-rp

2)/2}] 

ho - Saturated thickness of aquifer 

hp - Height of aquifer seepage face 

W - Rainfall recharge rate 

Kh1 - Hydraulic conductivity 

ro - Radius of influence 

rp - Equivalent radius of mine pit as a cylinder 

By applying interpolation to Equation 1, the radius of influence could be estimated. 
This provides a key input to the inflow equation for Zone 1. 
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Equation 2: Zone1 inflow 

Q1=Wπ(ro
2-rp

2)  m3/day 

Zone 2 inflow could be calculated when considering the relative vertical and 
horizontal hydraulic conductivities. 

Equation 3: Zone2 inflow 

Q2=4rp(Kh2/ m2)   m3/day 

m2  = √(Kh2/ Kv2) 

Kv2 - Vertical hydraulic conductivity 

Inputs to the model such as regional groundwater level and hydraulic conductivity 
were provided by Rob Lait and Associates (2013).  

In the case where the water level in the pit was to rise above the regional groundwater 
level, Zone 1 and Zone 2 would cease to flow into the pit. Under these conditions the 
rate at which water would discharge from the pit to the surrounding groundwater 
system was estimated by applying Darcy’s equation. 
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4 Water level prediction 

4.1.1 Model platform 

A water balance model of the final voids was developed using Goldsim software. This 
included the use of the contaminant transport module to track salt movement and 
accumulation. Water level predictions were made using a water balance approach 
involving: 

• Incident Rainfall (I) 

• Catchment Runoff (R) 

– external catchments 

– pit walls 

• Groundwater Seepage (G) 

• Evaporation (E) 

Where,   Δstorage= I + R + G - E 

The Byerwen final void Goldsim model includes: 

• Uncertainty analysis using Monte Carlo techniques. 

• Consideration of climate change. 

• The relationship between pit water level and regional groundwater level and the 
associated affects on groundwater seepage. 

• Modification of pit wall catchment area based on pit lake area. 

• Modification of evaporation rates due to increasing salinity in the pit. 

4.1.2 Time step 

The model was based on a daily time step, and is therefore capable of addressing the 
impact of individual storm events or longer term climatic variations. The model was 
run for 500 years. 

4.1.3 Uncertainty 

Not all variables of the Goldsim model are measured values. As such there is some 
inherent uncertainty in the selection of appropriate values for certain variables. The 
water balance was constructed using probabilistic simulation, which involves 
explicitly representing this uncertainty by specifying inputs as probability distribution 
functions and specifying random events that could affect the system. The probability 
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distributions are either assumed based on the range of expected values, or derived 
based on analysis of available datasets. 

Goldsim uses advanced Monte Carlo techniques to propagate the uncertainty in model 
inputs to model outputs.  

Since the inputs describing the water balance are uncertain, the water level predictions 
in the voids are also approximations. That is, the result of any analysis based on inputs 
represented by probability distributions is itself a probability distribution. This type of 
result is typically more useful for understanding risks than avoiding traditional 
deterministic simulation, which provides a single result based on “the best guess” or 
“worst case” values, without providing context of the likelihood of this scenario 
actually occurring. 

The model was run 100 times (realisations) for each scenario in order to generate 
water level probability distributions. 

4.1.4 Scenarios 

Four key scenarios were modelled. The scenarios were designed to address key factor 
and uncertainties in the model. The scenarios included: 

• Base case scenario. 

• Higher hydraulic conductivity scenario. 

A higher hydraulic conductivity value was used to test the sensitivity of the pits 
to changes in hydraulic conductivity. The values selected were chosen based on 
the technical paper produced by Rob Lait & Associates (2013). 

• Climate change scenario 1 

Climate change variations applied to rainfall and evaporation based on the 
climate change predictions from CSIRO (2012). The factors were applied to each 
month for the high emission scenario (A1F1 scenario from IPCC (2007)) 90th 
percentile prediction for 2070.  

• Climate change scenario 2 

Climate change variations applied to rainfall and evaporation based on the 
climate change predictions from CSIRO (2012). The factors were applied to each 
month for the low emission scenario 10th percentile prediction for 2070 
(IPCC 2007) scenario B1).  

4.2 WATER BALANCE MODEL RESULTS 

This section provides a discussion of the water balance model results. More detailed 
model output including minimum, maximum and 5th, 25th, 50th, 75th, 95th percentile 
results is provided in the following appendices: 

• East Pit  – Appendix A 

• South Pit – Appendix B 

• North Pit – Appendix C 

• West Pit – Appendix D. 
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4.2.1 Base case 

The model predicts that a pit lake will develop in all of the final voids. The results are 
summarised in Table 4.1 and displayed in Figure 4.1. These suggest that pit lakes will 
form over a period of approximately 120–390 years depending on the void and lakes 
will have a steady state depth in the range of 50 to 194 m. The pit lake elevation will 
be depressed in the landscape, well below the adjacent ground level. A diagram 
showing these water levels is provided in Table 4.1.  

Table 4.1 Mean results 

Final 
Void 
Pit 

Ground 
Level 

(mAHD) 

Groundwater 
Level 

(mAHD) 

Evolution phase Steady State 

Evolution period 
(yr) 

Water level 
(mAHD) 

Lake depth 
(m) 

Fluctuation 
range (m) 

North 290 270 260 175 94 ± 5 
East 305 260 120 235 50 ± 3 
South 300 250 390 65 194 ± 5 
West 305 260 270 115 105 ± 4 

There is a high degree of uncertainty and variability in the model input parameters, 
which have been represented in the model. It is therefore important to consider the 
range of results (difference between the higher and lower percentiles). A discussion on 
these is included in the following sections. 

North pit 

The model indicates that the water level within the pit lake will be below the level of 
the (expected) regional groundwater (270 mAHD) in this area. The peak water level 
predicted is the greatest value predicted by any of the 100 realisations of the data. 
Statistically it represents the 99th percentile for the highest water level. The mean 
steady state water level is representative of the mean (of all realisations run) water 
level which the model predicts once the water level has reached a steady state. The 
peak water level of all realisations in the North pit occurred 340 years post mine 
closure, the water level predicted was 235 mAHD, some 35 m below the regional 
groundwater level (see Figure 4.2). The mean water level predicted at steady state for 
the model is 175 mAHD  

The period at which the model reaches a steady state condition is near 260 years post 
mine closure. The model predicts that there will be a definitive plateau of pit water 
level from around year 325 in all scenarios. 

Table 4.2  North pit results summary - scenario 1 

Parameter Result  

Pit depth 210m  
Assumed ground level 290 mAHD  
Regional groundwater level 270 mAHD (20 mbgl) 
Mean steady state water level 175 mAHD (115 mbgl) 
Peak water level (highest of 100 realisations) 235 mAHD (55 mbgl) 
Freeboard at peak 55m  
Peak water level to groundwater 35m  
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Figure 4.2 
NORTH PIT BASE CASE SCENARIO CROSS SECTION 

West pit 

The model indicates that the water level within the pit lake will be below the level of 
the (expected) regional groundwater (260 mAHD) in this area. From all scenarios (100 
realisations) run by the model the peak water level within the pit is 182 mAHD. This 
is well below the top of the pit which lies at approximately 305 mAHD (123m above 
the peak water level). 

The duration required to reach a steady state condition is uncertain, but the mean 
steady state is reached at approximately 270 years after mine closure.   

Table 4.3  West pit results summary – scenario 1 

Parameter Result  

Pit depth 295 m  
Assumed ground level 305 mAHD  
Regional groundwater level 260 mAHD (45 mbgl) 
Mean steady state water level 115 mAHD (190 mbgl) 
Peak water level (highest of 100 realisations) 182 mAHD (123 mbgl) 
Freeboard at peak 123 m  
Peak water level to groundwater 78 m  
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Figure 4.3 
WEST PIT BASE CASE SCENARIO CROSS SECTION 

South pit 

The model indicates that the water level within the pit lake will stabilise at a level well 
below the (expected) regional groundwater level of 250 mAHD in this area. The 
ground level around the south pit lies at approximately 300 mAHD. The peak pit 
water level from all realisations was 145 mAHD. This occurred approximately 
375 years post mine closure.  

The period at which the model reaches a steady state condition is uncertain, but 
appears to plateau at close to the 400 years post mine closure mark. The model 
predicts that there may be cases where steady state will not be reached with 400 years 
passed mining closure, however there is a plateau of the pit level by approximately 
360 years.  

Table 4.4  South pit results summary – scenario 1 

Parameter Result  

Pit depth 430 m  
Assumed ground level 300 mAHD  
Regional groundwater level 250 mAHD 50 mbgl 
Mean steady state water level 65 mAHD 235 mbgl 
Peak water level (highest of 100 realisations) 145 mAHD 155 mbgl 
Freeboard at peak 155 m  
Peak water level to groundwater 105 m  
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Figure 4.4 
SOUTH PIT BASE CASE SCENARIO CROSS SECTION 

East pit 

The predicted (mean) steady state water level for the east pit lake under this scenario 
is 235 mAHD. The model predicts that the east pit will reach steady state within 
120 years. The peak level of water in the pit from all realisations is 284 mAHD which 
occurred at approximately 340 years post mining. The ground level around the east pit 
lies at approximately 305 mAHD. The model does not predict a scenario where the 
water level in the pit will reach the ground level, however, there is a 15% chance that 
the water level in the pit will exceed the expected groundwater level (260 mAHD). 

Table 4.5  East pit results summary - scenario 1 

Parameter Result  

Pit depth 120 m  
Assumed ground level 305 mAHD  
Regional groundwater level 260 mAHD 45 mbgl 
Mean steady state water level 235 mAHD 70 mbgl 
Peak water level (highest of 100 realisations) 285 mAHD 20 mbgl 
Freeboard at peak 20 m  
Peak water level to groundwater -25 m  
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Figure 4.5 
EAST PIT BASE CASE SCENARIO CROSS SECTION 

Scenario 1 summary – Base case  

The two smaller pits (East pit and North pit) are both predicted to reach a steady state 
relatively quickly, 120 and 260 years post mine closure respectively, the model also 
predicts that the larger west pit will reach a steady state in approximately 270 years 
post mine closure. South pit is predicted to take longer to reach a steady state 
condition, around 400 years post mine closure.  

There is approximately a 15% chance that the East pit will exceed the regional 
groundwater level and result in a scenario where they are no longer acting as a sink 
feature but rather contribute to the regional groundwater. 

The model did not predict any scenario where the water level in any of the pits would 
reach the surface level. The closest of any of the pit lakes to reach the surface was the 
east pit which had a freeboard of 21m at the peak predicted level. 

4.2.2 Higher hydraulic conductivity scenario 

The hydraulic conductivity of the ground will change spatially and with each aquifer 
unit the groundwater moves through. The current information regarding hydraulic 
conductivity at the site is covered in a technical paper by Rob Lait and Associates 
(2013). In the technical paper two hydraulic conductivity scenarios are proposed, a 
low and high hydraulic conductivity case. The most likely scenario according to the 
technical paper is the low hydraulic conductivity scenario, and the predicted values for 
this scenario have been applied to the final void modelling. In order to assess the 
sensitivity of the predicted final void scenarios to the hydraulic conductivity of the in-
situ groundwater the higher hydraulic conductivity scenario proposed by Rob Lait and 
Associates (2013) was adopted and input to the model. The results follow. 

North pit 

A higher hydraulic conductivity value was not used to test the sensitivity of the North 
pit. The hydraulic conductivity remained constant at 1.28 x 10-7 m/s. This assumption 
was based on the technical paper produced by Rob Lait & Associates (2013). As such, 
no change was recorded in the north pit lake water levels from the base case scenario. 
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West pit 

The base case hydraulic conductivity value applied to the west pit was 2.45 x 10-8 m/s. 
The higher hydraulic conductivity case applied for sensitivity analysis was 7.81 x  
10-7 m/s which was derived from the technical paper produced by Rob Lait and 
Associates (2013). 

The mean steady state water level for the west pit lake was 175 mAHD, while the 
peak predicted water level was 238 mAHD.  

The hydraulic conductivity brought about a substantial increase of 60 m in the mean 
depth of the lake compared to the Base Case. The model predicted a decrease of 20 
years to the amount of time required for the pit lake to reach steady state condition 
(250 years post mine closure).  

Table 4.6  West pit results summary - scenario 2 

Parameter Result  Change from Scenario 1 

Pit depth 295 m   
Assumed ground level 305 mAHD   
Regional groundwater level 260 mAHD (45 mbgl)  
Mean steady state water level 175 mAHD (130 mbgl) + 60 m 
Peak water level (highest of 100 realisations) 238 mAHD (67 mbgl) + 56 m 
Freeboard at peak 67 m  - 56 m 
Peak water level to groundwater 22 m  - 56 m 
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Figure 4.6 
WEST PIT HIGH HYDRAULIC CONDUCTIVITY SCENARIO CROSS SECTION 

South pit 

The hydraulic conductivity applied to the south pit in the base case scenario was 2.45 
x 10-8 m/s. The higher hydraulic conductivity case applied for sensitivity analysis was 
7.81 x 10-7 m/s which was derived from the technical paper produced by Rob Lait and 
Associates (2013). 
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The higher hydraulic conductivity brought about a significant increase in the depth of 
the lake. The high hydraulic conductivity increased the mean steady state water level 
to 186 mAHD. The model predicted the amount of time required for the pit lake to 
reach steady state would decrease slightly to 330 years post mine closure, with a 
noticeable plateau in the rise of the pit lake water level between 150 and 200 years 
post mine closure. The peak predicted water level of the south pit lake was 
248 mAHD across the 100 realisations the model ran and occurred 340 years post 
mine closure. 

The model did not predict any scenario where the water level in the pit exceeded the 
regional groundwater level (250 mAHD), however the peak water level was very close 
to that level.  

Table 4.7  South pit results summary – scenario 2 

Parameter Result  Change from Scenario 1 

Pit depth 430 m   
Assumed ground level 300 mAHD   
Regional groundwater level 250 mAHD (50 mbgl)  
Mean steady state water level 185 mAHD (115 mbgl) + 120 m 
Peak water level (highest of 100 realisations) 250 mAHD (50 mbgl) + 105 m 
Freeboard at peak 50 m  - 105 m 
Peak water level to groundwater 0 m  - 105 m 
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Figure 4.7 
SOUTH PIT HIGH HYDRAULIC CONDUCTIVITY SCENARIO CROSS SECTION 

East pit 

The hydraulic conductivity applied to the east pit in the base case scenario was 2.45 x 
10-8 m/s. The higher hydraulic conductivity case applied for sensitivity analysis was 
7.81 x 10-7 m/s which was derived from the technical paper produced by Rob Lait and 
Associates (2013). 

The higher hydraulic conductivity did not appear to have a large impact on the east pit 
lake water level. The mean steady state water level increased slightly to 251 mAHD. 
The model predicted the amount of time required for the pit lake to reach steady state 
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would remain similar (110 to 120 years post mine closure). The peak predicted water 
level of the east pit lake was 276 mAHD, this was a slight decrease from scenario 1. 
The peak level was predicted at approximately 320 years post mine closure. 

The model did predict that the peak water level in the pit exceeded the regional 
groundwater level (260 mAHD), this represents approximately a 5% chance that the 
water level in the pit will exceed the regional groundwater level.  

Table 4.8  East pit results summary – scenario 2 

Parameter Result  Change from Scenario 1 

Pit depth 120 m   

Assumed ground level 305 mAHD   
Regional groundwater level 260 mAHD (45 mbgl)  
Mean steady state water level 250 mAHD (55 mbgl) + 15 m 
Peak water level (highest of 100 realisations) 275 mAHD (30 mbgl) - 10 m 
Freeboard at peak 30 m  + 10 m 
Peak water level to groundwater -15 m  + 10 m 
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Figure 4.8 
EAST PIT HIGH HYDRAULIC CONDUCTIVITY SCENARIO CROSS SECTION 

Scenario 2 summary – Higher hydraulic conductivity  

The higher hydraulic conductivity scenario appeared to have varied affects on the pit 
lake water levels. The overarching affect of the higher hydraulic conductivity was to 
increase the mean steady state water level. This was visible in all three of the modelled 
pits. Only small increases were visible in the east pit, with more substantial increases 
in the west and south pits (60 m and 120 m increases respectively). Similar trends 
were observed for the peak water level. 

4.2.3 High emission climate change scenario 

The high emission climate change scenario (IPCC (2007) scenario A1F1) derived 
from the climate change predictions from CSIRO (2012) are expected to provide a 
“worst case” climate change outcome for the final void model. The climate change 
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factors for the year 2070 were applied to potential evapotranspiration and rainfall. The 
rate of change applied to the model was seasonally. 

North pit 

The high emission climate change scenario applied to north pit included a 10 - 40% 
increase in rainfall and a 12 - 20% increase in potential evapotranspiration, depending 
on the season. The resulting water levels in the north pit were 172 mAHD during 
steady state and a peak of 241 mAHD. 

Compared to the scenario 1 outcomes, only minor change is detected in the north pit 
lake. A 2 m decrease in the steady state water level and a 6 m increase in the peak 
water level. The year at which the model reaches steady state is fairly similar, only 
30 years apart.  

Table 4.9  North pit results summary - scenario 3 

Parameter Result  Change from Scenario 1 

Pit depth 210 m   
Assumed ground level 290 mAHD   
Regional groundwater level 270 mAHD (20 mbgl)  
Mean steady state water level 170 mAHD (120 mbgl) - 5 m 
Peak water level (highest of 100 realisations) 240 mAHD (50 mbgl) + 5 m 
Freeboard at peak 50 m  - 5 m 
Peak water level to groundwater 30 m  - 5 m 
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Figure 4.9 
NORTH PIT HIGH EMISSION CLIMATE CHANGE SCENARIO CROSS SECTION 

West pit 

The high emission climate change scenario applied to west pit included a 10 – 40% 
increase in rainfall and a 12 – 20% increase in potential evapotranspiration, depending 
on the season. The resulting water levels in the west pit were 112 mAHD during 
steady state and a peak of 190 mAHD. 
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Compared to the scenario 1 outcomes, only minor change is detected in the west pit 
lake. A 3 m decrease in the steady state water level and a 8 m increase in the peak 
water level. The year at which the model reaches steady state is fairly similar, only 30 
years apart. The model indicates that there are no scenarios where the water level in 
the pit will exceed the expected regional groundwater level. 

Table 4.10  West pit results summary – scenario 3 

Parameter Result  Change from Scenario 1 

Pit depth 295 m   
Assumed ground level 305 mAHD   
Regional groundwater level 260 mAHD (45 mbgl)  
Mean steady state water level 112 mAHD (193 mbgl) - 3 m 
Peak water level (highest of 100 realisations) 190 mAHD (115 mbgl) +8 m 
Freeboard at peak 115 m  - 8 m 
Peak water level to groundwater 70 m  - 8 m 
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Figure 4.10 
WEST PIT HIGH EMISSION CLIMATE CHANGE SCENARIO CROSS SECTION 

South pit 

The high emission climate change scenario applied to south pit included a 10 – 40% 
increase in rainfall and a 12 – 20% increase in potential evapotranspiration, depending 
on the season. The resulting water levels in the south pit were 60 mAHD during steady 
state and a peak of 154 mAHD. 

Compared to the scenario 1 outcomes, only minor change is detected in the south pit 
lake. A 4 m decrease in the steady state water level and a 9 m increase in the peak 
water level. The year at which the model reaches steady state is the same in both 
scenarios, reaching what appears to be a steady state at around 390 years post mine 
closure. The model predicts no scenario where the water level in the pit will exceed 
the regional groundwater level. 
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Table 4.11  South pit results summary - scenario 3 

Parameter Result Units Change from Scenario 1 

Pit depth 430 m   
Assumed ground level 300 mAHD   
Regional groundwater level 250 mAHD (50 mbgl)  
Mean steady state water level 60 mAHD (240 mbgl) - 5 m 
Peak water level (highest of 100 realisations) 155 mAHD (145 mbgl) + 10 m 
Freeboard at peak 145 m  - 10 m 
Peak water level to groundwater 95 m  - 10 m 
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Figure 4.11 
SOUTH PIT HIGH EMISSION CLIMATE CHANGE SCENARIO CROSS SECTION 

East pit 

The high emission climate change scenario applied to east pit included a 10 – 40% 
increase in rainfall and a 12 – 20% increase in potential evapotranspiration, depending 
on the season. The resulting water levels in the east pit were 235 mAHD during steady 
state and a peak of 285 mAHD. 

Compared to the scenario 1 outcomes, no significant changes were noted between the 
steady state water levels or the peak water levels (0 m and 5 m difference 
respectively). The only change noticeable in the model was the increase in uncertainty 
of the model predictions given the climate change scenario data. The model remains 
close to the predictions of scenario 1 in reaching steady state 140 years post mine 
closure, compared to 120 in scenario 1. The model predicts a 15 % chance the water 
level in the pit will exceed the regional groundwater level. 
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Table 4.12 East pit results summary – scenario 3 

Parameter Result Units Change from Scenario 1 

Pit depth 120 m   
Assumed ground level 305 mAHD   
Regional groundwater level 260 mAHD (45 mbgl)  
Mean steady state water level 235 mAHD (70 mbgl)  0 m 
Peak water level (highest of 100 realisations) 290 mAHD (25 mbgl) + 5 m 
Freeboard at peak 15 m  - 5 m 
Peak water level to groundwater -30 m  - 5 m 
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Figure 4.12 
EAST PIT HIGH EMISSION CLIMATE CHANGE SCENARIO CROSS SECTION 

Scenario 3 summary – Climate change scenario 1  

The high emission climate change scenario (IPCC (2007) scenario A1F1) appeared to 
have minimal impacts on the modelled water levels in each of the pit lakes. The 
greatest change detailed by the modelling was a 9 m increase in the peak predicted 
water level of south pit lake. The overall affect of the climate change scenario was an 
increase in uncertainty in each of the models.  

4.2.4 Low emission climate change scenario 

As there were minimal affects noted from the high emission climate change scenario, 
it was determined that producing and reporting on models for all pits for the low 
emission scenario would be repetitive. As such only one pit was selected to be 
analysed under the low emission climate change scenario (IPCC (2007) scenario B1). 
The west pit was selected as it displayed some receptiveness to the high emission 
climate change scenario and would be fairly representative of the changes witnessed 
across all pits.  

The low emission climate change scenario applied to west pit included a 10 – 40% 
decrease in rainfall and a 2 – 4% increase in potential evapotranspiration, depending 
on the season. The resulting water levels in the west pit were 98 mAHD during steady 
state and a peak of 155 mAHD. 
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Compared to the scenario 1 results, only minor change is detected in the west pit lake. 
A 17 m decrease in the steady state water level and a 27 m decrease in the peak water 
level. The year at which the model reaches steady state is the most substantial change 
noticeable in the low emission climate change scenario, with the model reaching a 
steady state some 100 years earlier in the low emission climate change scenario.  

Table 4.13  West pit results summary - scenario 4 

Parameter Result  Change from Scenario 1 

Pit depth 295 m   
Assumed ground level 305 mAHD   
Regional groundwater level 260 mAHD (45 mbgl)  
Mean steady state water level 98 mAHD (207 mbgl) - 17 m 
Peak water level (highest of 100 realisations) 155 mAHD (150 mbgl) - 27 m 
Freeboard at peak 150 m  + 27 m 
Peak water level to groundwater 105 m  + 27 m 
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Figure 4.13 
WEST PIT LOW EMISSION CLIMATE CHANGE SCENARIO CROSS SECTION 

Scenario 4 summary – Climate change scenario 2 

The low emission climate change scenario (IPCC (2007) scenario B1) appeared to 
have only small impacts on the predicted water levels in the west pit lake. As expected 
the water level changes were more or less in line with the observations from climate 
change scenario 1, but with smaller peaks and crests the water level output suggest the 
predictions from the low emission climate change scenario are slightly more certain. 
The outcomes from the west pit lake model give no reason to suggest further 
modelling is required to validate the results of this scenario given the results from the 
high emission climate change scenario.   

4.2.5 Extreme rainfall 

The effect of high and extreme rainfall events on the water balance was assessed by 
introducing the event during the quasi-steady state stage for each void 
(50th percentile). The effect of 25, 50, 100, 200 and 1,000 year ARI design storm 
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events was assessed, as well as Probable Maximum Precipitation (PMP). The rainfall 
depths associated with these storm events is summarised in Table 4.14. A 72 hour 
duration storm event was adopted for the assessment, being the design storm event 
resulting in the largest total rainfall.  

Table 4.14 Intensity–Duration–Frequency relationship 

ARI (yr) (72 hour 
storm duration) 

Intensity (mm/hr) Rainfall Depth (mm) 

25 3.6 259 
50 4.0 288 

100 4.7 338 
200 5.3 382 

1,000 6.8 490 
PMP 22.4 1,613 

The amount of runoff generated by these storm events is an area of considerable 
uncertainty. A runoff coefficient of 1.0 is appropriate for the PMP, but a lesser value 
would apply to lower ARI events. For this assessment a conservative runoff 
coefficient of 1.0 was applied to all storm events.  

The results of the assessment for each pit are discussed below. 

North pit 

Table 4.15 presents the runoff volume generated for storm events ranging from 25 
year ARI to PMP. The water level change resulting from runoff was calculated by 
comparing the runoff volume to the stage-storage relationship in the final void. Given 
that the runoff volume is very small compared to the capacity of the void, the resulting 
water level changes are also small. The PMP event would result in a water level rise of 
approximately 5 m, which is within the range of fluctuation likely to be experienced 
due to climatic variability.  

Table 4.15 Effect of extreme rainfall on pit lake water levels in north pit 

 ARI (yr) (72 hour storm duration) 

 25 50 100 200 1000 PMP 

Runoff volume (ML) 404 449 528 595 764 2,515 
Steady state water level (mAHD) 175.0 175.0 175.0 175.0 175.0 175.0 
Water level after event (mAHD) 165.7 175.8 175.9 176.1 176.4 179.4 
Water level change (m) 0.7 0.8 0.9 1.1 1.4 4.4 

West pit 

Table 4.16 presents the runoff volume and associated water level changes caused by 
storm events in West Pit. The PMP event would result in a water level rise of 
approximately 6 m, which is within the range of fluctuation likely to be experienced 
due to climatic variability.  
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Table 4.16 Effect of extreme rainfall on pit lake water levels in west pit 

 ARI (yr) (72 hour storm duration) 
 25 50 100 200 1000 PMP 

Runoff volume (ML) 1,285 1,428 1,678 1,892 2,428 7,998 
Steady state water level (mAHD) 115.0 115.0 115.0 115.0 115.0 115.0 
Water level after event (mAHD) 115.9 116.0 116.2 116.3 116.7 120.6 
Water level change (m) 0.9 1.0 1.2 1.3 1.7 5.6 

South pit 

Table 4.17 presents the runoff volume and associated water level changes caused by 
storm events in South Pit. The PMP event would result in a water level rise of 
approximately 8 m, which is within the range of fluctuation likely to be experienced 
due to climatic variability.  

Table 4.17 Effect of extreme rainfall on pit lake water levels in south pit 

 ARI (yr) (72 hour storm duration) 

 25 50 100 200 1000 PMP 

Runoff volume (ML) 1,909 2,121 2,492 2,810 3,606 11,877 
Steady state water level (mAHD) 65.0 65.0 65.0 65.0 65.0 65.0 
Water level after event (mAHD) 66.3 66.4 66.7 66.9 67.4 72.9 
Water level change (m) 1.3 1.4 1.7 1.9 2.4 7.9 

East pit 

Table 4.18 presents the runoff volume and associated water level changes caused by 
storm events in East Pit. The PMP event would result in a water level rise of 
approximately 6 m, which is within the range of fluctuation likely to be experienced 
due to climatic variability.   

Table 4.18 Effect of extreme rainfall on pit lake water levels in east pit 

 ARI (yr) (72 hour storm duration) 

 25 50 100 200 1000 PMP 

Runoff volume (ML) 214 237 279 314 403 1,329 
Steady state water level (mAHD) 235.0 235.0 235.0 235.0 235.0 235.0 
Water level after event (mAHD) 236.0 236.1 236.2 236.4 236.8 240.7 
Water level change (m) 1.0 1.1 1.2 1.4 1.8 5.7 

4.2.6 Flooding 

Figure 4.1 shows mainstream flooding in the Suttor River during a Probable 
Maximum Flood (PMF) event. These floodwaters would not interact with any of the 
final voids. The PMF inundation extent is shown in Figure 4.1. 

Floodwaters from local tributaries near final voids have the potential to interact with 
final voids. In the event that floodwater entered a final void, this would substantially 
change the pit lake water quality and water level. This risk will be mitigated by the 
construction of levees around the perimeter of the final voids at these locations. The 
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levees will serve two purposes: access control for safety and protection of floodwaters 
during extreme events (i.e. isolation of the pit lakes from surface runoff). The levees 
will be designed to a 100 year ARI design standard. 

The proposed levees around the pits are to be regulated structures. They are to be 
designed to cope with a 1:1000 year storm event with appropriate geotechnical safety 
factors. The structures will be permanent features and will not require any monitoring 
or maintenance. With levees in place around the final voids there is no opportunity for 
floodwaters to enter the final voids. 
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5 Pit lake water quality 

The water quality within the Byerwen voids is an important consideration that requires 
an understanding of the key processes that can affect pit lake water quality. These 
include hydrogeological, limnological, biological and biochemical processes.  

As the hydrological and chemical factors concerning a final void differ from those of 
natural systems, the evolution of the pit lake in a water quality sense is difficult to 
predict. Notwithstanding this, the Byerwen voids have been assessed in terms of the 
physical processes (in particular inputs and outputs) which can influence the dynamics 
of the pit lakes. Key factors in this assessment include an assessment of pit lake water 
quality in terms of salinity, stratification potential, biological succession and trace 
metals and geochemical behaviour.  

5.1 PHYSICAL FACTORS AFFECTING PIT LAKES 

Some of the key physical factors affecting pit lakes include meteorological drivers, 
inflows in the form of rainfall, surface runoff and groundwater and losses in the form 
of evaporation. These are discussed in later sections.  

The Byerwen voids are expected to operate like groundwater sinks. The regional water 
table surrounding the voids is expected to be elevated above the pit lake water level, 
thus drawing groundwater towards the void.  A diagrammatic cross section of this is 
presented in Figure 5.1.  A local increase in salinity due to evapo-concentration effects 
as depicted by the orange zone in Figure 5.1 could occur within the Byerwen pit lakes. 

 
Figure 5.1 
PREDICTED HYDROGEOLOGICAL MAKE-UP OF THE BYERWEN VOIDS 
Source: Johnson and Wright (2003) 

Although the annual average rate of evaporation is almost four times greater than that 
of annual average rainfall, inflows from other sources are predicted to match losses 
through evaporation when the pit lake is at steady state. A high percentage of the 

Groundwater 
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Evaporation 
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inflow on a volume basis is expected to come from pit wall runoff, with less coming 
from direct rainfall and groundwater inflows.  

A water balance analysis of the South Pit final void was conducted in order to 
determine the relative source of inflows under steady state water level conditions. The 
South Pit final void was selected as it was considered a typically representative 
example of the other Byerwen voids in terms of system dynamics and relationship 
with key influences. Results from the dataset analysed are presented in Table 5.1. 

Table 5.1 Average inflow relationship for South Pit at 400 years post mine closure 

Inflow source Rate of flow 
(ML/yr) 

% of total 
inflow  

Direct rainfall 254 24 
Groundwater 134 12 
Pit wall runoff (highwall and lowwall) 658 61 
Waste rock dump seepage 36 3 

In addition to understanding the dynamics of the pit lakes from a water quantity 
perspective, the quality of these inflow sources is significant as this can have a major 
bearing on pit lake dynamics. The effect of the quality of the inflow sources on the 
water quality within the voids is discussed in the following sections. 

5.2 ASSESSMENT OF SOURCE WATER QUALITY 

5.2.1 Groundwater 

Groundwater inflows are a contributor to the water within the Byerwen voids. In 
addition to groundwater flows from the greater area surrounding the void, 
groundwater inflows include rainfall that has fallen on the waste rock stockpile and 
percolated through to the saturated zone. As discussed in Section 3, it is assumed that 
a groundwater mound would form underneath the rock stockpile allowing for water to 
flow down-gradient and into the pit lake. In order to understand the potential effects of 
these inflow sources on the water quality within the pit lake, data from groundwater 
monitoring bores and from waste rock spoil samples have been assessed.   

Groundwater quality 

Groundwater monitoring for a range of physico-chemical parameters has recently been 
undertaken at a number of monitoring bores within the Project area. These 
groundwater monitoring bores are screened within a number of different geological 
units. These geological units (along with the number of groundwater monitoring bores 
within each included in brackets) include: 

• Basalt (2). 

• Exmoor formation (1). 

• Tertiary sand below basalt (1). 

• Fort Cooper coal measures (3). 

• Moranbah coal measures (1). 
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• Rangal coal measures (3). 

Groundwater quality data is available from monitoring undertaken during wet and dry 
seasons over 2011 and 2012 over four separate monitoring events. Summary water 
quality data (expressed as median values) for a suite of key water quality parameters is 
presented in Table 5.2 for each geological unit. It is noted that the groundwater data 
from the Fort Cooper, Moranbah and Rangal coal measure aquifers have been grouped 
for the purposes of this assessment. The number of observations is presented alongside 
the median value for each parameter. It should be noted that when interpreting the data 
in Table 5.2, that as with any numerical data set, the median values presented from a 
smaller data set not be as representative as values from a larger data set.   

Table 5.2 Median groundwater quality data for various geological units 

  Coal 
measures 

n Basalt n Exmoor 
formation 

n Tertiary sand 
below basalt 

n 

pH# pH units 7.7 20 8.7 6 11.4 2 7.6 3 
SAR ratio 12.4 19 23.8 6 31.9 2 20.4 3 
TDS (Total 
Dissolved Solids) 

mg/L 1,900 19 7955 6 13,100 2 1310 3 

EC µS/cm 2,930 20 12215 6 20,200 2 2010 3 
Total anions meq/L 28.2 19 109.4 6 175 2 20.6 3 
Total cations meq/L 26.9 19 103.7 6 167 2 19.3 3 
Total alkalinity mg/L 259 26 435.5 8 865 3 265 4 
Ammonia as N* mg/L 0.96 20 1.0 6 2.5 2 0.36 3 
Nitrite as N* mg/L 0.01 19 0.01 6 0.01 2 0.01 3 
Nitrate as N* mg/L 0.02 19 0.015 6 0.02 2 0.02 3 
Total P* mg/L 0.065 20 0.045 6 0.185 2 0.09 3 

Limit Of Reporting (LOR) has been adopted for values <LOR when determining statistics 
* by discreet analyser 
# field observation 

It is expected that groundwater flow into the pit lakes will predominantly be 
associated with the coal measure aquifers. The water quality within the coal measures 
is neutral to slightly alkaline, within the brackish range, and generally contains low 
concentrations of oxidised nitrogen and total phosphorus. Ammonia concentrations 
have been observed higher than the oxidised form of nitrogen.  

The general water chemistry of the Basalt and Exmoor Formation aquifers are 
markedly different to that of the coal measures. These two different types of 
geological formations exhibit a higher pH (slight to moderate alkalinity), higher 
salinity (up to four times), and generally higher concentrations of nutrients. Total 
alkalinity values and the Sodium Adsorption Ratio (SAR) ratio are higher in these 
formations than the coal measures.  

The water chemistry of the “tertiary sand below basalt” is generally consistent with 
that of the coal measures. However, it is noted that the small number of data points 
used to derive the summary data is not likely enough to provide a representative 
snapshot of the range in groundwater quality within this aquifer. 

The water quality characteristics of the coal measures (the aquifer most expected to 
contribute to pit lake inflows) are of moderate quality. The slightly alkaline, brackish 
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groundwater with generally low concentrations of nutrients is expected to have some 
bearing on the water quality within the pit lake during initial inflows. Inflows from the 
waste rock dump are expected to be relatively minor when compared with other 
inflow sources. Therefore, the quality of this water is expected to have a limited 
influence on pit lake water quality. 

5.2.2 Waste rock geochemistry 

A geochemical assessment of spoil and potential coal reject materials has been 
prepared for the Project by RGS and is included in RGS (2012). The assessment 
comprised an analysis of 238 waste rock samples and 41 potential coal reject samples 
for the following parameters: 

• pH and EC (1:5 w:v) 

• Total sulphur 

• Acid neutralising capacity (ANC) 

• Net Acid Producing Potential 

• Chromium reducible sulphur* 

• Sulphate* 

• Carbon (total, organic and inorganic)* 

• Net Acid Generation (including sequential)* 

• Total elements in solids* 

• Exchangeable cations* 

• Soluble elements and major ions in 1:5 water extract* 

• Soluble elements, major ions, nitrite and nitrate by TCLP* 

• Emerson Class*. 

Parameters followed by an asterisk (*) were not analysed on the full range of samples.  

Of the 238 waste rock samples, 35% were taken from the Quaternary and Tertiary 
materials, 6% from the Fort Cooper coal measures, 56% from the Moranbah coal 
measures and the remaining 3% from the Exmoor Formation. As this assessment is 
focussed on the geochemistry of the waste rock, geochemistry results of the potential 
coal reject samples are not discussed further. 

The waste rock samples analysed were generally alkaline with a median pH of 9.2, 
whilst exhibiting a moderate salinity with an estimated median Total Dissolved Solids 
(TDS) of approximately 360 mg/L, based on a median EC of 539 µS/cm with an 
applied conversion factor of 0.67 times EC. The majority of the waste rock samples 
did not show any signs of acid generation (very low concentrations of sulphur and 
sulfide) with 97% classified as non-acid forming. Although many of the waste rock 
samples analysed were strongly sodic, concentrations of total metals and metalloids 
were generally below the applied health-based guideline for waste rock (RGS, 2012).  

Interpretation of the waste rock analysis results can provide an indication on the 
quality of water that is expected to enter the voids both via groundwater flow from 
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rainfall on the rehabilitated waste rock dump and as surface runoff from the exposed 
walls of the pit lake. As the void represents an area where coal resource and waste 
rock have been mined, the pit lake walls are expected to be generally consistent with 
the waste rock data discussed previously.  

Seepage into groundwater from rainfall percolating through the rehabilitated waste 
rock dump would be within the alkaline range. Although the salinity of rainfall would 
be very low (typically <20 mg/L) contact between the percolating water and the waste 
rock is expected to increase the salinity of the water before entering the saturated zone. 
It is assumed that some of the rainfall will be transported to the saturated zone. 
Surface runoff from rainfall on the exposed faces of the void is expected to be of 
similar quality to the water from the waste rock dump.  

As the waste rock generally exhibits low concentrations of total metals and metalloids, 
the water entering the pit lake from both the rehabilitated waste rock dump and from 
surface runoff from exposed sections of the pit lake walls is not expected to 
significantly affect the water quality within the pit lake. Although there would remain 
the added benefit of mixing and dilution associated with transport of water from the 
rehabilitated waste rock dump within the saturated zone, this process has not been 
captured in the predictive analysis presented in this report. It is noted that the waste 
rock dump will be rehabilitated to a standard that is generally consistent with natural 
areas in the region. Therefore surface runoff quality from this rehabilitated area into 
the downstream surface water catchment is expected to be characteristic of a typical 
natural area.  

5.2.3 Direct rainfall 

Direct rainfall onto the surface area of the pit lake will likely remain in the upper 
section of the water column due to density effects of the low salinity rainwater. As 
noted previously, the salinity of rainwater will be much lower than the salinity within 
the pit lake. The amount of rainfall added to the pit lake on an annual average basis is 
expected to be in the order of 24% of total inflows. Although there will be some 
degree of dilution from rainfall within the pit lake, the effects of the other inflows 
which are predominantly brackish to saline is expected to offset the benefits in water 
quality received from direct rainfall.   

5.2.4 Summary of source water quality 

Acting as a groundwater sink, the Byerwen voids will receive flows from a number of 
different sources including the regional groundwater, the waste rock dump 
(percolation of surface water into groundwater), pit wall surface runoff and direct 
rainfall. The primary source of inflow by volume is from pit wall surface runoff, from 
exposed walls of the pit lakes. The quality of the surrounding groundwater (coal 
measures aquifer) is generally alkaline and brackish with low concentrations of 
nutrients and metals. Inflows from the waste rock dump and from pit wall surface 
runoff is expected to be in the alkaline range. These sources of inflow are expected to 
have a lower salinity than the groundwater inflows. Direct rainfall onto the pit lake 
will be of a higher quality than the other sources of inflow. The behaviour of the voids 
in terms of salinity predictions, stratification and mixing potential, biological 
succession and trace metals is included in the following sections. These considerations 
have been based on the source water quality of the void water inflows. 
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5.3 SALINITY PREDICTION METHODOLOGY 

5.3.1 Overview 

Salt will be present in water inflows to the final voids. The major water outflow from 
each pit is evaporation, and salt is a species in water which does not evaporate – it will 
remain in solution and increase within the system. As the water evaporates and salinity 
within the pit increases, a partial reduction in evaporation potential will be observed. 

The contaminant transport module was adopted as part of the Goldsim model to 
predict the movement and accumulation of salt within the system. The model couples 
salts associated with water inflows to determine the change in salt mass and associated 
concentration over time. 

5.3.2 Model inputs 

Three separate salinity profiles were generated for the model. The profiles are 
assigned to the catchment types entering the final void.  Each profile was derived 
based on available data sets (for each catchment) by arranging the data into 
histograms. Monitoring data was selected based on suitable reference sites (in the case 
of overland flow from external catchments), or observed conditions within the defined 
catchment system. 

The range of water quality data used for these salinity profiles were collected from: 

• Surface water monitoring. 

• Geochemical investigations of the rock types likely to be present in the waste rock 
dumps and exposed in the pit wall (RGS, 2012). 

• Groundwater monitoring. 

There is a large scatter in the results, both temporary and spatially, which needs to be 
reflected in the final void model. The distribution of TDS values for each water type 
which are reflected in the water balance model is provided below. 

Natural External Catchments 

A suitable reference site for the Suttor River catchment (KBR, 2012a) has been 
adopted in this assessment to represent any external catchment inputs from areas not 
distributed by mining. The distribution of TDS values in this data is shown in 
Figure 5.2. 
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Figure 5.2 
SUTTOR RIVER CATCHMENT TDS VARIATION (BASED ON FSS07) 

Waste rock geochemistry 

Waste rock reporting to the spoil dumps would be a mixture of various overburden 
lithologies. The available TDS data for all lithologies were lumped together to provide 
an indication of the likely spread of results from a mixed waste rock dump. The results 
are presented in Figure 5.3. 
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Figure 5.3 
PREDICTED WASTE ROCK TDS (BASED ON ALL LITHOLOGIES)  
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Groundwater quality 

As previously stated, groundwater quality data is available from monitoring 
undertaken during wet and dry seasons over 2011 and 2012 over four separate 
monitoring events; however, any numerical data analysis can be improved with a 
larger data set. The electrical conductivity information adopted was gathered between 
September 2011 and July 2012 and compiled for following units: 

• Rangal Coal Measures (RCM) – 15 independent observations. 

• Fort Cooper Coal Measures (FCCM) – 15 independent observations. 

• Moranbah Coal Measures (MCM) – 4 independent observation. 

On the basis that the majority of the groundwater will be attributed to the coal 
measures, the electrical conductivity values observed from the coal measures were 
extracted, transformed and analysed, as shown in Figure 5.4. 
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Figure 5.4 
GROUNDWATER EC VARIATION IN THE COAL MEASURES  

Adopted total dissolved salt ranges 

Probability functions were fitted to the TDS distributions presented above. Two of the 
datasets followed a log normal distribution and one was best represented with a 
gamma distribution. The probability distribution functions are shown in Table 5.3. 
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Table 5.3 Adopted probability distribution functions 

Water quality 
characteristics 

Probability distribution 

Undisturbed - Suttor 
 
Type: Log Normal 
Distribution 
 
Mean: 470mg/L 
SD:580mg/L 

 
Waste Rock 
 
Type: Log Normal 
Distribution 
 
Mean: 495mg/L 
SD: 742mg/L 

 
Groundwater 
 
Type: Gamma 
Distribution 
 
Mean: 3100mg/L 
SD: 2200mg/L 

 

The table above provides a visual representation of the probability distribution for 
each catchment. Table 5.4 describes the statistical variation between the raw data sets 
and the probability distributions by comparing the values at given percentiles. From 
the data below, TDS values for water draining from the waste rock catchment may be 
slightly underestimated at the upper and lower extremes of the dataset, but there is a 
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good fit of the median values. Groundwater concentrations of TDS have a slightly 
longer “tail” of data at both ends of the probability distribution as well as a higher 
median value.  

The TDS distribution for the Suttor River catchment underestimates the concentrations 
at both “tails” of the data slightly, while overestimating the peak of the median 
concentration. This is not considered to significantly skew the salinity predictions.  

Table 5.4 Comparison of data distribution 

 
 

Percentile 

TDS Waste Rock  
(mg/L) 

TDS Groundwater  
(mg/L) 

TDS Suttor River Catchment  
(mg/L) 

Raw Data Probability 
Distribution 

Raw Data Probability 
Distribution 

Raw Data Probability 
Distribution 

0.1 140 130 1,000 820 130 90 
0.25 200 210 1,210 1,480 210 150 
0.5 340 360 2,130 2,570 250 290 
0.75 580 610 4,910 4,600 450 540 
0.9 1,210 930 6,970 5,840 910 920 
0.95 1,560 1,270 7,310 6,980 1,830 1,230 
0.99 2,120 1,940 7,600 8,910 1,970 1,790 

5.4 SALINITY PREDICTION RESULTS 

The model results confirm the conceptual model that salinity will increase over time 
due to evapo-concentration effects. As described in Section 6, the pit lake water level 
model suggests that the final voids will act as sinks in most scenarios predicted. Under 
these conditions each pit is expected to gradually accumulate salts over time.  

There is a large amount of uncertainty surrounding salinity concentration in the pit 
lakes, and how these conditions are likely to change over time. This is reflected in the 
model predictions in the form of very high peak salinity values with minimal impact 
on the mean salinity value. The overall trend of increasing salinity with time in each 
pit is consistent however, with time and increasing salt in the pit lake uncertainty also 
increases. Most of the pit lakes have a mean salinity concentration which falls within 
the slightly brackish range by the 400 year post mine closure timeframe. 

5.4.1 Scenario 1 – Base case 

The mean predictions of salinity for the base case is summarised in Table 5.5 with 
three time steps to show the gradual increase. The range of results taking into account 
model uncertainties is discussed in the following sections. 

Table 5.5 Mean salinity predictions 

 
Final Void 

Salinity (mg/L) 

Year 100 Year 200 Year 400 

North 3,500 5,500 10,000 
East 1,750 3,000 6,500 
South 1,250 1,500 2,000 
West 1,650 2,500 4,500 
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North pit 

Salinity in the model is predicted to steadily increase. At 100 years post mine closure, 
the range of salinity in the north pit lake is likely to fall between 2,000 and 
5,000 mg/L (25th/75th percentile). By 200 years post mine closure the expected salinity 
range has increased to between 2,500 and 8,000 mg/L. Towards the end of the 
modelled time series the modelled results show some peaks in the outlying 
concentrations, these have a limited effect on the most likely scenarios, however the 
range of values predicted at 400 years post mine closure is between 3,500 and 
15,000 mg/L. The peak values of salinity predicted was in excess of 27,000 mg/L. 

West pit 

At 100 years post mine closure the range of salinity is predicted to fall between 1,200 
and 1,900 mg/L (25th/75th percentile). There is a considerable amount of uncertainty 
and a number of peaks in the early stages of the west pit model which are attributed to 
the size of the pit surface area, during the early stages the pit is modelled to have large 
losses due to evaporation which skews the concentration of salinity, this is not likely 
to have a significant impact on the overall trend of salinity in the west pit lake. By 
200 years post mine closure, the salinity ranges expected has increased to between 
1,700 and 3,200 mg/L. Towards the end of the modelled time series the modelled 
results show some high peaks associated with evaporation of the pit lake. The range 
(25th/75th percentile) of values predicted at 400 years post mine closure is between 
2,800 and 5,900 mg/L. The peak predicted salinity concentration for the west pit lake 
was 34,000 mg/L at 360 years post mine closure. 

South pit 

At 100 years post mine closure the range of salinity is predicted to fall between 600 
and 1,700 mg/L (25th/75th percentile). By 200 years post mine the expected salinity 
range has increased to between 700 and 2,000 mg/L. Towards the end of the modelled 
time series the modelled results show some peaks in the outlying concentrations, these 
have a limited effect on the most likely scenarios, however the range of values 
predicted at 400 years post mine closure is between 800 and 4,500 mg/L. Peak values 
of salinity predicted were close to 6,750 mg/L. 

East pit 

At 100 years post mine closure the range of salinity is predicted to fall between 750 
and 2,500 mg/L (25th/75th percentile). By 200 years the expected salinity range has 
increased to between 1,000 and 4,500 mg/L. Towards the end of the modelled time 
series the modelled results show some extreme peaks of the outlying concentrations 
which in turn create smaller spikes in the most likely scenarios. The range of values 
predicted at 400 years post mine closure is between 1,500 and 11,500 mg/L. Peak 
values of salinity are well in excess of 66,000 mg/L. 

Scenario 1 summary 

The overall trend of increasing salinity concentration with time was upheld in all of 
the pit lakes. As time increased, so did uncertainty in the model. At 400 years post 
mine closure, peak values were often well in excess of 10,000 mg/L (with the 
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exception of south pit lake), but none of the pit lakes became hyper-saline. Spikes in 
the peak values had limited effect on the mean values predicted, however the range 
(25th to 75th percentile) was considerably increased by spike predictions.  

5.4.2 Scenario 2 – High hydraulic conductivity scenario 

The mean predictions of salinity for the high hydraulic conductivity scenario is 
summarised in Table 5.6 with three time steps to show the gradual increase. The range 
of results taking into account model uncertainties is discussed in the following 
sections 

Table 5.6 Mean salinity predictions 

 
Final Void 

Salinity (mg/L) 
Year 100 Year 200 Year 400 

North 3,500 5,500 10,000 
East 5,500 9,000 16,000 
South 3,000 3,500 4,500 
West 3,900 5,300 8,500 

North Pit 

A higher hydraulic conductivity value was not used to test the sensitivity of the North 
pit. The hydraulic conductivity remained constant at 1.28 x 10-7 m/s. This assumption 
was based on the technical paper produced by Rob Lait & Associates (2013). 

West Pit 

The change in hydraulic conductivity resulted in a significant increase in the salinity 
of the West pit, and also a notable reduction in the magnitude of the peak outlying 
values predicted by the model. The range of salinity concentration predicted (25th to 
75th percentile) at 100 years post mine closure is 3,250 mg/L to 4,400 mg/L. At 
200 years post mine closure, the range predicted has increased to 4,000 mg/L to 
6,250 mg/L. The range of values predicted at 400 years post mine closure is between 
6,100 and 10,500 mg/L. Peak values of salinity are around 21,000 mg/L after 400 
years.  

South Pit 

At 100 years post mine closure the range of salinity is predicted to fall between 2,250 
and 3,750 mg/L (25th/75th percentile). By 200 years post mine the expected salinity 
range has increased to between 2,500 and 4,500 mg/L. The range of values predicted 
at 400 years post mine closure is between 2,500 and 8,000 mg/L. Peak values of 
salinity predicted were close to 10,000 mg/L at 395 years post mine closure. 

East Pit 

At 100 years post mine closure the range of salinity is predicted to fall between 2,250 
and 9,000 mg/L (25th/75th percentile). By 200 years post mine the expected salinity 
range has increased to between 3,000 and 15,000 mg/L. The range of values predicted 
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at 400 years post mine closure is between 4,000 and 25,000 mg/L. Peak values of 
salinity predicted were close to 42,000 mg/L at 395 years post mine closure. 

Scenario 2 summary 

The higher hydraulic conductivity scenario resulted in a large increase in the mean 
prediction of the salinity of the pit lakes, but a reduction in the peak values predicted 
by the model. This outcome would suggest less uncertainty in the model overall. The 
trend of an increase in salinity concentration with time was still prevalent in all of the 
pit lake models. As in the previous scenario, uncertainty in the model also increased 
with time.  

5.4.3 Scenario 3 – High emission climate change scenario 

The mean predictions of salinity for the high emission climate change scenario is 
summarised in Table 5.7 with three time steps to show the gradual increase. The range 
of results taking into account model uncertainties is discussed in the following 
sections 

Table 5.7 Mean salinity predictions 

 
Final Void 

Salinity (mg/L) 
Year 100 Year 200 Year 400 

North 4,000 6,000 11,000 
East 2,000 3,000 6,500 
South 1,250 1,500 2,250 
West 1,800 2,800 5,200 

North Pit 

The high emission climate change scenario had little effect on the North pit lake 
salinity concentration. The peak value predicted was 29,900 mg/L (similar to the base 
case scenario) after 360 years. The expected range for 100 years post mine closure 
(25th to 75th percentile) was between 2,000 mg/L and 5,500 mg/L. The expected range 
for 200 years post mine closure (25th to 75th percentile) was between 2,500 mg/L and 
10,000 mg/L. The expected range for 400 years post mine closure (25th to 
75th percentile) was between 3,000 mg/L and 16,500 mg/L. 

West Pit 

The range of salinity concentration predicted (25th to 75th percentile) at 100 years post 
mine closure is 1,250 mg/L to 2,100 mg/L. At 200 years post mine closure, the range 
predicted has increased to 1,750 mg/L to 3,600 mg/L. The range of values predicted at 
400 years post mine closure is between 3,000 and 6,650 mg/L. Peak values of salinity 
are around 48,000 mg/L around 400 years post closure.  

South Pit 

At 100 years post mine closure the range of salinity is predicted to fall between 600 
and 2,000 mg/L (25th/75th percentile). By 200 years post mine the expected salinity 
range has increased to between 750 and 2,500 mg/L. The range of values predicted at 
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400 years post mine closure is between 1,000 and 5,000 mg/L. Peak values of salinity 
predicted were close to 9,250 mg/L at 375 years post mine closure. 

East Pit 

The range of salinity concentration predicted (25th to 75th percentile) at 100 years post 
mine closure in the east pit lake is 750 mg/L to 3,500 mg/L. At 200 years post mine 
closure, the range predicted has increased to 1,000 mg/L to 5,000 mg/L. The range of 
values predicted at 400 years post mine closure is between 1,500 and 16,000 mg/L. 
Peak values of salinity are well in excess of 105,000 mg/L predicted after 360 years 
post mine closure. 

Scenario 3 summary 

The high emission climate change scenario did not result in any unusual changes in 
the mean salinity predictions for any of the pit lakes, however there were large 
increases to the peak values predicted by the model. This outcome would suggest there 
is a significant increase in uncertainty in the model. As in the previous scenario, 
uncertainty in the model also increased with time, but spikes in the early years were 
much more prevalent in the scenario 3 predictions.  

5.4.4 Low emission climate change scenario 

The low emission climate change scenario had little effect on the salinity 
concentration trends realised by the model, however the concentration of salinity 
predicted was generally higher than the Base Case predictions. The mean predicted 
salinity level at 100 years post mine closure is 1,250 mg/L with a range (25th to 75th 
percentile) of between 750 mg/L and 2,250 mg/L. The mean predicted salinity level at 
200 years post mine closure is 2,500 mg/L with a range (25th to 75th percentile) of 
between 750 mg/L and 4,500 mg/L. At 400 years the expected range of concentrations 
is between 2,000 and 11,000 mg/L, and the mean salinity concentration is 6,500 mg/L.  

The peak salinity concentration recorded in scenario 4 was 220,000 mg/L occurring 
120 years post mine closure. Similar to scenario 3 (high emission climate change 
scenario) there are a number of “spikes” in concentration during the first 100 - 200 
years post mine closure. This is an uncertainty of the modelling but is likely attributed 
to the decrease in rainfall (less dilution) and increase in evaporation. 

5.5 STRATIFICATION AND MIXING 

Stratification refers to the separation of a water body into multiple layers. This 
separation is brought about by the different properties of the water body which can 
occur at different depths. Mixing throughout the profile is another important factor 
which can impact on pit lake water quality. Mixing and stratification are related 
factors as the potential for and degree of mixing and stratification is primarily driven 
by meteorological conditions.  

Stratification can occur in relatively shallow water bodies such as lakes and reservoirs 
(typically <10 m in depth) and is more likely to occur in deeper water bodies such as 
the Byerwen pit lakes. Additionally, the relatively steep gradient of the void walls 
(below the void water level) would increase the potential for stratification to occur. In 
addition to the physical characteristics of the void, other factors such as 
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meteorological conditions can influence the likelihood of the voids developing either a 
thermocline (temperature separation between layers) or a chemocline (salinity, oxygen 
or other chemical separation between layers).  

5.5.1 Meteorological drivers 

Wind, temperature and rainfall are the dominant meteorological drivers which can 
have the greatest affect on the stratification potential of the pit lakes. These factors are 
considered seasonally variable and have varying degrees of influence throughout each 
of the four seasons.  

Variations in meteorological conditions over the seasons are expected to greatly 
influence the stratification and mixing potential of the Byerwen voids. Figure 5.5 
shows the temperature range between the average monthly minimum and maximum 
temperatures along with average 9 am and 3 pm wind speeds. This data has been 
sourced from over 50 years of observations. Presented in Table 5.8 is the variation in 
temperature, wind speed, rainfall and evaporation between seasons. Rainfall and 
evaporation data is from DataDrill (refer Section 3.1). 
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Figure 5.5 
TEMPERATURE AND WIND SPEED (COLLINSVILLE P.O. BOM STATION) 

Table 5.8 Variation in temperature and rainfall between seasons 

 Average 
minimum 

temperature 
(oC) 

Average 
temperature 

(oC) 

Average 
maximum 

temperature 
(oC) 

Average 
9am wind 

speed 
(km/hr) 

Average 
3pm wind 

speed 
(km/hr) 

Average 
rainfall 
(mm) 

Average 
evaporation 

(mm) 

Summer 21.7 27.5 33.4 5.5 7.4 307 622 
Autumn 16.9 23.4 29.9 5.3 7.8 114 439 
Winter 10.0 17.8 25.7 4.8 7.6 58 325 
Spring 17.0 24.4 31.7 7.1 8.9 90 614 
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Wind 

Wind through shearing forces on the water’s surface can increase the mixing potential 
of the water within the Byerwen pit lakes. The effect of this would likely be limited to 
the upper layer of the water column. The average 9 am and 3 pm wind speeds (refer to 
Table 5.8) are generally consistent throughout the seasons, however, slightly higher 
wind speeds are observed during Spring than during the other seasons.  

Due to the geometry of the voids whereby the water is confined within an excavation 
with generally steep side slopes and at a considerable distance from the surface, the 
potential for the wind to have an impact on the surface of the pit lake would likely be 
very limited. 

Temperature 

During the warmer seasons (summer, autumn and spring) the upper layers of the pit 
lake water column are expected to be warmer than the water in the lower section of the 
void water column as a result of direct radiation from the sun. This would produce a 
thermocline at a point in the water column. During the cooler months (winter plus the 
months either side), the variation in temperature between the upper and lower sections 
of the pit lake is expected to be much smaller. A typical thermocline may not be 
developed during this period. It is noted that from the affect of shading from the void 
walls and other features surrounding the voids, heating of the surface waters from 
direct radiation is expected to occur at a lower rate than what would normally be 
observed in natural lakes with minimal shading. 

Rainfall 

Rainfall is an important input which can have a bearing on the stratification dynamics 
of the pit lakes. Direct rainfall onto the lakes surface would bring about an injection of 
freshwater (likely at cooler temperatures than the pit water lake) into the upper section 
of the water column. Higher rainfall is more common during the warmer seasons 
(refer Table 5.8) at a time when the temperature differences are expected to produce a 
thermocline. This influx of freshwater is expected to occupy the top layer of the water 
column due to the lower densities in comparison to the more dense deeper waters. 
Evaporation rates (which are greater than double that of rainfall for each season) will 
have an effect on increasing the concentration of constituents within the pit lake 
through evapo-concentration. 

5.5.2 Likely cycle of the Byerwen voids 

Further to the above preliminary discussions on the likely dynamics of the Byerwen 
pit lakes on the basis of simplistic relationships between meteorological, inflow, 
outflow and void geometry data, a more complex assessment on the likely behaviour 
of the pit lakes was carried out. The one-dimensional Dynamic Reservoir Simulation 
Model (DYRESM version 2) was used to further assess the stratification and mixing 
potential of the lake predicted to form in the South Pit. The South Pit, as one of the 
deeper voids, was selected for investigation as the potential for stratification was 
considered more likely than the voids with a shallower water depth. DYRESM can be 
used to predict the vertical distribution of the key stratification indicators temperature, 
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salinity and density. This assessment of the South Pit can be used to draw conclusions 
for the other pit lakes. 

Four scenarios involving South Pit 1 were simulated to determine the variation in pit 
lake behaviour under different conditions. Key inputs for the four scenarios are 
presented in Table 5.9.  

Table 5.9 South Pit 1 DYRESM scenarios and key inputs 

 Scenario 1 Scenario2 Scenario 3 Scenario 4 

Conditions 50th percentile 
(median) 

50th percentile 
(median) 

95th percentile 95th percentile 

Simulation period 30–50 years 480–500 years 30–50 years 480–500 years 
Initial pit lake salinity 
(TDS) 

1,270 mg/L 4,490 mg/L 4,690 mg/L 22,240 mg/L 

Salinity of groundwater 
inflow (TDS) 

2,570 mg/L 2,570 mg/L 6,980 mg/L 6,980 mg/L 

Salinity of pit wall 
runoff  (TDS) 

360 mg/L 360 mg/L 1,270 mg/L 1,270 mg/L 

Salinity of waste rock 
dump inflows (TDS) 

360 mg/L 360 mg/L 1,270 mg/L 1,270 mg/L 

Typical physical and chemical features representative of a generic mine pit lake are 
presented in Figure 5.6. Each of these processes is expected to occur within the 
Byerwen pit lakes with the exception of the groundwater outflow feature. The 
Byerwen voids under most conditions are expected to form groundwater sinks below 
the elevation of the regional groundwater table. The aim of this detailed analysis is to 
predict the dynamics of the pit lake during the early stages of the lake filling period 
(Scenarios 1 and 3) and at a quasi steady state level (Scenarios 2 and 4). 

 
Figure 5.6 
GENERIC CHEMICAL AND PHYSICAL PROCESSES WITHIN MINING VOIDS 
Source: Johnson and Wright (2003) after Miller et al (1996) 
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The results of Scenarios 1 and 2 are presented in Figure 5.7, and the results of 
Scenarios 3 and 4 are presented in Figure 5.8. These results present the vertical 
distribution of the pit lake over the simulation period for temperature, salinity and 
density.  

Early on in the filling of the void (years 30 to 50), South Pit 1 is predicted to be 
somewhat responsive to seasonal changes in temperature (refer Figure 5.7). This is 
highlighted by the annual mixing (warming and cooling) of the upper 15 m of the pit 
lake. A distinct hypolimnium (the dense bottom layer of the water column) comprising 
a salinity of around 1,300 mg/L and a density of around 998 kg/m3 is predicted to 
develop from about 40 m above the floor of the pit (~45 m below the lake surface). 
Salinity behaviour in the epilimnion (the less dense upper layer of the water column) 
is sporadic and does not exhibit any trends. This could be a function of the higher 
salinity groundwater (2,570 mg/L) which was modelled as surface runoff or seepage 
from the pit walls. In addition, the predicted increase in water level as the void 
progressively fills is captured throughout this simulation period. 

Under the same conditions but at a quasi state water level (years 480 to 500), there is 
further distinction between the saline hypolimnion and the fresher and less dense 
eplimnion (refer Figure 5.7). Salinity concentrations in the hypolimnion have 
increased to around 4,600 mg/L from the initial salinity observed during the previous 
simulation. Additionally, density has increased to around 1,001 kg/m3 in this deeper 
layer. The effects of the cooling and warming of the surface layer throughout the 
change in seasons is predicted to extend to about 25 m below the surface. The water 
below this thermocline is stable and is expected to remain at around 25 ºC. It is noted 
that the water level is more stable during this ‘steady state’ simulation period.       

The results of the simulations under the 95th percentile conditions (Scenarios 3 and 4 
in Figure 5.8) are comparable to what was observed in terms of general stratification 
and mixing processes within the lake. Salinity concentrations within the stratified 
hypolimnion are predicted to be in the order of 5,000 mg/L and 22,000 mg/L after 
50 and 500 years respectively. At steady state, salinity concentrations increase from 
about 6,000 mg/L in the epilimnion to around 22,000 mg/L within approximately 5 m 
of water depth.  

After 30 years, the epilimnion experiences the same warming and cooling effect 
during changes in seasons, however, the depth to which this occurs appears slightly 
greater than the 50th percentile condition scenario. For the steady state scenario, 
temperature changes in the upper layer of the lake have been predicted. In addition, a 
distinct thermocline is expected to develop approximately 35 m below the surface.  

As a function of the higher salinity within the hypolimnium, the densities are greater 
than what was simulated for the 50th percentile scenarios (998 kg/m3 vs 1,001 kg/m3 
after 50 years and 1,001 kg/m3 vs 1,014 kg/m3 after 500 years). 

In the early filling of the void (years 30 to 50) and at a quasi steady state water level 
(years 480 to 500) the South Pit lake is predicted to behave similarly under the two 
different conditions. The stratification potential and mixing processes within the pit 
lake involve the formation of a stable saline layer in the hypolimnium. The surface 
layer of the water column (upper 15 m at year 30 or upper 30 m at year 500) 
undergoes seasonal mixing from the warming and cooling of the surface layers. 
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5.6 BIOLOGICAL SUCCESSION 

5.6.1 Primary production 

Primary production is considered as the photosynthetic process whereby organic 
compounds are produced in the presence of carbon dioxide (CO2)and nutrients. Algal 
growth in open water bodies such as the Byerwen voids is determined by the 
availability of bioavailable forms of nutrients, with total phosphorus the primary 
limiting nutrient. The concentration of nutrients within a water body (being the level 
of primary production or degree of eutrophication) can be broadly classified into three 
main groups.  

Oligotrophic refers to a system that has limited biological production and has 
<10 μg/L total phosphorus on an annual average basis. Mesotrophic systems are 
intermediate systems with between 10 μg/L and 20 μg/L total phosphorus by 
definition. Eutrophic systems have an over supply of nutrients (>20 μg/L total 
phosphorus on an annual average basis) and can often generate algal blooms under the 
correct conditions (Schnoor, 1996). Among other undesirable effects on water quality, 
anoxic conditions (a loss of dissolved oxygen) can be generated in highly productive 
eutrophic systems.  

Median nutrient data for the groundwater inflows (coal measure aquifers) indicate TP 
concentrations of 65 μg/L and TN concentrations of 0.99 μg/L. Considering only this 
inflow, the pit lake is expected to reach eutrophic status. However, as the groundwater 
inflow is only a small percentage of the total volume of inflows, the other inflow 
sources (in particular direct rainfall) are expected to contain a lower concentration of 
nutrients which will in-turn produce a dilution effect on the lake. 

In addition to using TN and TP concentration data for the inflows into the pit lake, the 
ratio between these two nutrients can provide both an indication on the trophic status 
of the lake as well as the limiting factor for eutrophication potential. The ‘Redfield 
ratio’ is expressed as TN divided by TP (N:P). A ratio of greater than 16:1 usually 
indicates a low potential for eutrophication, whereas a ratio of less than 16:1 can be 
indicative of waters with eutrophication potential. By adopting the median values of 
the water quality data, the N:P ratio of the groundwater inflows is around 15:1. The 
ratio of the other sources of pit lake inflow cannot be estimated due to the lack of 
available data. On the basis of the available information, it is considered possible that 
the nutrient concentrations within the pit lake could at times be sufficient enough to 
cause eutrophication and support algal growth. However, additional data for the 
inflow sources (including soluble phosphorus) is required before a reliable prediction 
can be made. 

The final voids will have steep sides and will be fenced/bunded around the perimeter 
so as to minimise the potential for stock access to the waters edge. The pit lake will 
incorporate deep zones and areas of shallow water. It is acknowledged that mosquito 
populations will colonise within the pit lakes however, due to the characteristics of the 
lake, these populations are not anticipated to develop into plague like proportions.  

5.7 TRACE METALS AND GEOCHEMICAL BEHAVIOUR 

There are three main inflow sources to the final voids: direct rainfall, groundwater 
inflow and void runoff. Direct rainfall typically has very low solutes and the main 
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influence on water geochemistry is to lower the ionic strength of the water through 
dilution. This can be significant in the near surface layers of the lake, causing density 
differences as discussed previously.  

The main source of solutes into the pit lakes will be from groundwater and void 
runoff. Several groundwater systems would be intersected by the pits and would mix 
within the void. A summary of the water chemistry observations for these 
groundwater systems is provided in Table 5.10.  

Water that enters waste rock dumps may eventually report to the pit lake, and carry 
solutes derived from the waste rock. Estimates of the likely water quality from waste 
rock have been the subject of a study by RGS (2012). 1:5 extracts were analysed from 
a range of lithogies that represent the waste rock that will be produced by the Project. 
These extracts are typically conservative (i.e. overestimate the solute production) that 
would occur in the field, unless the rock types are particularly reactive, which is not 
the case for the Project. Waste rock data from all lithologies tested were combined in 
order to assess the likely runoff chemistry from the mix of rock types. Waste rock 
runoff chemistry is also provided in Table 5.10. 

Table 5.10 Median values of key water quality parameters in groundwater and waste rock 

Parameter Unit Coal 
Measures 

n Basalt n Exmoor 
Formation 

n Tertiary sand 
below basalt 

n Waste 
rock 

n 

pH pH units 7.7 20 8.7 6 11.425 2 7.63 3 8.6 10 
EC μS/cm 2930 19 12215 6 20200 2 2010 3 537 10 
TDS mg/L 1963 C 8184 C 13534 C 1347 C 360 C 
Total 
Alkalinity 

mg 
CaCO3/L 

259 26 436 8 865 3 265 4 107 10 

Bicarbonate 
alkalinity 

mg 
CaCO3/L 

163 26 182 8 1 3 216.5 4 84 10 

Carbonate 
alkalinity 

mg 
CaCO3/L 

1 26 11 8 75 3 29.5 4 4.7 10 

Major Ions 
(dissolved) 

           

Calcium mg/L 57.6 26 99.3 8 661 3 13 4 2 10 
Magnesium mg/L 6.93 26 27 8 1 3 11 4 2 10 
Sodium mg/L 444 26 870 8 2880 3 419 4 104 10 
Potassium mg/L 9.5 26 11 8 61 3 4 4 4 10 
Chloride mg/L 689 26 1055 8 5087 3 235 4 55 10 
Sulphate mg/L 49 26 190 8 88 3 13 4 61 10 

Nutrients            
Ammonia as 
N 

mg/L 0.96 20 1.0 6 2.5 2 0.36 3 n/a n/a 

Nitrite as N mg/L 0.01 19 0.01 6 0.01 2 0.01 3 n/a n/a 
Nitrate as N mg/L 0.02 19 0.015 6 0.02 2 0.02 3 n/a n/a 
Total P mg/L 0.065 20 0.045 6 0.185 2 0.09 3 n/a n/a 
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Parameter Unit Coal 
Measures 

n Basalt n Exmoor 
Formation 

n Tertiary sand 
below basalt 

n Waste 
rock 

n 

Dissolved 
Metals 

           

Aluminium mg/L 0.07 27 0.045 8 0.13 3 0.024 4 0.2 10 
Antimony mg/L N/A - N/A - N/A - N/A - 0.02 10 
Arsenic mg/L 0.004 27 0.002 8 0.006 3 0.0115 4 0.02 10 
Boron mg/L N/A - N/A - N/A -  - 0.2 10 
Cadmium mg/L 0.0001 27 0.0001 8 0.0001 3 0.0001 4 0.02 10 
Chromium mg/L N/A - N/A - N/A - N/A - 0.02 10 
Cobalt mg/L N/A - N/A - N/A - N/A - 0.02 10 
Copper mg/L 0.002 27 0.0035 8 0.033 3 0.001 4 0.02 10 
Iron mg/L 0.07 27 0.1465 8 0.08 3 0.1445 4 0.2 10 
Lead mg/L 0.001 27 0.001 8 0.004 3 0.001 4 0.02 10 
Manganese mg/L 0.058 27 0.0445 8 0.002 3 0.008 4 0.02 10 
Mercury mg/L N/A - N/A - N/A - N/A - 0.0001 10 
Molybdenum mg/L N/A - N/A - N/A - N/A - 0.02 10 
Nickel mg/L N/A - N/A - N/A -- N/A - 0.02 10 
Selenium mg/L N/A - N/A - N/A - N/A - 0.02 10 
Vanadium mg/L N/A - N/A - N/A - N/A - 0.02 10 
Zinc mg/L 0.005 27 0.005 8 0.005 3 0.005 4 0.02 10 

n  number of observations 
N/A  data not available 
C  calculated 

The water quality results presented in Table 5.10 were analysed using the geochemical 
modelling package, PHREEQC, produced by the United States Geological Survey 
(USGS). The acronym PHREEQC stands for the most important parts of the model 
which includes pH (PH), redox (RE), equilibrium (EQ) and the C programming 
language (C) (Parkhurst and Appelo, 1999).   

Minerals are chemical precipitates generated when constituent ions jointly exceed the 
"solubility product" for that mineral. Waters where this occurs are described as 
"saturated" with respect to that mineral.  

Characterisation of waters by the minerals with which each is saturated (in relation to 
a solid phase) provides a system for classifying waters in terms of potential mineral 
formation. This classification can be quantified by calculation of a ‘saturation index’ 
(SI). Minerals that have SI values that equal or exceed zero are saturated and if 
environmental conditions are suitable and kinetics favourable, the supersaturated 
mineral phases may begin to precipitate. 

Table 5.11 presents a summary of the saturation state of major mineral phases for 
input waters to the pit lake. The table indicates whether a mineral phase is either 
supersaturated () or under-saturated (). The saturation state of minerals is often 
sensitive to the redox conditions. Redox conditions have been assumed for each water 
type based on the likely exposure of water to oxygen prior to entering the pit lake.  
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Table 5.11 Saturation state of mineral phases for input waters 

 
Mineral phase 

Groundwater  
Waste rock  Coal 

measures 
Basalt Exmoor 

formation 
Tertiary sand 
below basalt 

Apatite phases     ID 
Ferrihydrite      
Aluminium oxyhydroxides      
Calcite      
Gypsum      
Magnesite      
Malachite      
Manganese oxides      
Manganese carbonates      
Halite      

 supersaturated   under-saturated  ID - insufficient data 

Table 5.11 indicates that input waters are supersaturated with respect to various 
mineral phases, meaning they could precipitate and alter the quality of the water 
entering the pit lake. Ferrihydrite and aluminium oxy hydroxides are likely to play a 
key role in the geochemistry of the pit lake. These minerals adsorb a range of anions 
and cations onto their surface and cause a reduction in their concentration in the water 
column. 

Other phases that are likely to have an important role in pit lake chemistry include 
calcite and gypsum, which are likely to compete for the available calcium. 

Redox sensitive minerals such as copper and iron are likely to undergo cyclical 
precipitation in the upper oxygenated zone of the pit lakes, and dissolution at depth 
under anoxic conditions. In the event that destratification occurs during winter, copper 
and iron concentrations are likely to remain low throughout the water column.  

The precipitation of mineral phases identified in Table 5.12 can also influence a range 
of other metals and ions in the water column through adsorption and co-precipitation. 
A summary of the likely changes caused by these minerals is summarised in 
Table 5.12. 
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Table 5.12 Mineral precipitation and geochemical consequences 

Mineral  Influences 

Apatite phases Aluminium, Fluorine, Calcium, Carbonate, Phosphorus, Lead(a) 
Ferrihydrite Iron, Lead(b), Zinc(b), Copper(b), Calcium(b), Nickel(b), Manganese(b), 

Barium(b), Uranium(b), Magnesium(b), Sulfate(b), Fluorine(b), 
Phosphorus(b), Arsenic(b) 

Aluminium oxyhydroxides Aluminium 
Calcite Calcium, Carbonate, Manganese(a), Zinc(a), Nickel(a), Magnesium(a) 
Gypsum Calcium, Sulfate, Barium(a) 
Magnesite Magnesium, Carbonate 
Malachite Copper, Carbonate 
Manganese oxides Manganese 
Manganese carbonates Manganese, Carbonate 
Halite Sodium, Chloride, Lead(a) 

* co-precipitation 

^ adsorption 

The available data suggests that metal concentrations will be low in the near surface 
layers (the epilimnion). This is attributed to the alkaline conditions and the oxidising 
conditions in this zone, which will promote precipitation of mineral phases, many of 
which incorporate, co-precipitate or adsorb metals during the process. This is further 
supported by the fact that acid forming materials have not been identified in the 
geochemical characterisation studies.  

5.8 OTHER WATER QUALITY CONSIDERATIONS 

5.8.1 Dissolved oxygen 

In natural open water bodies such as in lakes, dams and reservoirs, the surface area to 
depth ratio is generally quite large. For mine voids, this ratio is usually a lot lower due 
to the abnormal shape of the mine void (deep with a small surface area). Given this, 
the meteorological effects on the void water are expected to be very limited when 
compared with a natural system. This will reduce the potential for dissolved oxygen to 
mix throughout the void water profile.  

For the Project pit lakes, the oxic zone is expected to be limited to the upper layers of 
the void water column, whereas the anoxic zone will comprise the deeper more stable 
saline section of the water column. A typical chemocline that reflects a distinct change 
in dissolved oxygen concentration between the epilimnion and the hypolimnion is 
expected to develop.  

5.8.2 Turbidity 

Turbidity is a measure of the finer particles within a water body and is measured in 
Nephelometric Turbidity Units (NTU). A low turbidity relates to a water body with a 
low fraction of suspended particulates and in-turn high clarity, whereas a high 
turbidity relates to a water body with a high fraction of suspended particles. Turbidity 
is an important indicator of the health of an aquatic system as light penetration (and 
the subsequent processes which require light) can be reduced due to even moderate 
levels of turbidity.  
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Turbidity as a relative measure of water quality (not concentration based) is often 
correlated with Total Suspended Solids (TSS) measurements. This facilitates the 
concentration based assessment of sediment loads within a water body. Generally, 
TSS and turbidity measurements correlate around a mg/L:NTU ratio of 1:1 up to a 
ratio of around 1:1.5. This ratio is dependent on the specific characteristics of the 
sediment investigated. 

During the early filling of the void when the surface area of the pit wall is greatest, 
turbidity within the pit lake is expected to be higher than the average turbidity levels 
under quasi steady state water level conditions. As the majority of the Byerwen voids 
are not influenced by external surface water runoff, the sources of turbidity are likely 
limited to runoff from the pit wall. The characteristics of the particulates within the pit 
lake will have a bearing on the settling rates of these particles and as such the turbidity 
profile throughout the water column.  

5.9 LIMNOLOGY CHANGES DURING PIT LAKE EVOLUTION 

The final water quality of the voids is dependent on a number of key factors. These 
may include void water pH, oxygen status, hydrogeological flow, void wall 
composition, evapo-concentration potential, rate of biological activity and 
hydrothermal inputs. Although steady state is predicted within the voids, many of the 
biological and chemical processes enacting within the void may continue to evolve 
with time. This evolution may have a bearing on the routine physical changes which 
occur during the different seasons.   
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6 Management strategy 

The strategy for the Byerwen voids will be refined over the life of the mining 
operation prior to closure. The strategy will aim to: 

• ensure the voids are safe and stable over the long term and require no ongoing 
management 

• ensure that bunding and levees are permanent, self sustainable and require no 
ongoing management 

• minimise the potential for environmental impacts from the voids 

• minimise the potential for health risks from the voids 

• maximise (where practicable) the future usage potential of the voids 

• develop an overall approach that requires no ongoing management inputs (Johnson 
and Wright, 2003). 

Data will be collected over the life of the mining operation to help inform these 
strategies. This should include data on groundwater inflow rates, surface water 
hydrology, surface water quality and groundwater quality, which will reduce the 
uncertainties associated with the understanding of pit lake behaviour.  

It is currently anticipated that the pit lakes will not require ongoing maintenance. 
Additional effort may be required in the early stages of filling to establish conditions 
that promote biological activity and ecosystem development. This may include 
addition of nutrients, fish etc. This is an area of science subject to a number of current 
research projects, which over time should help inform decision making and result in 
better environmental outcomes.  
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7 Conclusions 

The Byerwen Coal Project will create four voids that remain as permanent depressions 
in the landscape and will act as groundwater sinks following the cessation of mining. 
Water inflows from groundwater, surface water runoff and direct rainfall will result in 
the formation of pit lakes within these voids. These pit lakes will increase in depth and 
area slowly, over several hundred years, until a steady state condition is reached where 
water losses (evaporation) are equivalent to water inputs.  

It is most likely that the steady state water level of all four pits will lie below the 
regional groundwater level, meaning that they will cause a permanent groundwater 
sink. As the voids will form a regional sink, environmental discharge to surrounding 
groundwater is not expected.  

There is a remote chance that if higher than expected groundwater inflows occur, or 
anthropogenic climate change results in higher rainfall and lower evaporation, then 
one or more pit lakes may eventually stabilise above the regional groundwater table. 
Discharges to the groundwater system could occur under these conditions, however 
the modelling suggests there is a very low probability of this occurring.  

Despite the uncertainty around some of the water balance inputs to the final voids, the 
uncertainty analysis completed indicates that under no conditions will water from 
within the void rise to final void rim. Therefore discharges to the surface water system 
should not occur. 

The water quality of all water inflows to the voids has been assessed. Pit wall runoff is 
expected to be the primary source of void water inflow (refer Table 5.1). Waste rock 
geochemistry testing suggests that there is a very low risk of acid generation, and the 
water quality entering the voids from the void walls would not adversely affect void 
water quality.  

Although meteorological drivers can have an effect on the stratification and mixing 
potential of open water bodies, the geometry of the voids significantly reduces its 
influence. As a consequence of the depth of the voids, a prominent thermocline is 
expected to develop during the warmer seasons. A less distinct thermocline is 
expected during the cooler winter months. Chemoclines in the form of dissolved 
oxygen and salinity are expected to develop. As the pit lakes mature, the salinity is 
expected to gradually increase causing strong and permanent stratification to occur.  

The salinity of near surface water is expected to be much lower that at depth, with 
high dissolved oxygen, neutral to slightly alkaline with low to very low dissolved 
metal concentrations. These conditions should support an aquatic ecosystem that can 
function independently of the poorer quality water below the pycnocline (the layer 
separating water of two different densities).  
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Appendix A 
 

EAST PIT RESULTS 
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  SCENARIO: Base 
 

Void rim: 305 MAHD 

REGIONAL  
GROUNDWATER: 260 MAHD 
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Scenario: Base Case 
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Scenario: High Hydraulic Conductivity 
 

 VOID RIM: 305 MAHD 
REGIONAL  
GROUNDWATER: 260 MAHD 
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Scenario: High Hydraulic Conductivity 
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Scenario: High Emission Climate Change 

VOID RIM: 305 MAHD 

REGIONAL  
GROUNDWATER: 260 MAHD 
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Scenario: High Emission Climate Change 
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Appendix B 
 

SOUTH PIT RESULTS 
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 SCENARIO: Base Case 
 VOID RIM: 300 mAHD 

Regional  
Groundwater: 250 mAHD 
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Scenario: Base Case 
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Scenario: High Hydraulic Conductivity 
 

Void rim: 300 mAHD 
Regional  
Groundwater: 250 mAHD 

 
BEW106-TD-WE-REP-0006 Rev. 1  B-3- 
9 August 2013 



 Scenario: High Hydraulic Conductivity 
 

 
BEW106-TD-WE-REP-0006 Rev. 1  B-4- 
9 August 2013 
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SCENARIO: Base Case 
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Scenario: Base Case 
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Scenario: Base Case 
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Scenario: High Hydraulic Conductivity 
 Void Rim: 305 mAHD 

Regional  
Groundwater: 260 mAHD 
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Scenario: High Hydraulic Conductivity 
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Scenario: High Emissions Climate Change 
 Void Rim: 305 mAHD 

Regional  
Groundwater: 260 mAHD 

 
BEW106-TD-WE-REP-0006 Rev. 1 D- 5 - 
9 August 2013 



0

1000

2000

3000

4000

5000

6000

7000

8000

0 2.0e04 4.0e04 6.0e04 8.0e04 1.0e05 1.2e05 1.4e05 1.6e05

S
al

in
ity

 (m
g/

L)

Time (day)

 Greatest Result  95% Percentile  75% Percentile  25% Percentile 
 5% Percentile  Least Result  Mean  Median 

 

Scenario: High Emissions Climate Change 
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Scenario: Low Emission Climate Change 
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Scenario: Low Emission Climate Change 
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