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Bird-In-Hand Prefeasibility Study – Stygofauna Desktop Study

Executive Summary
COOE Pty Ltd (COOE) was engaged by Terramin Australia Limited (Terramin) to provide
advice on stygofauna that supports pre-feasibility studies for the Bird-In-Hand (BiH) Gold
Project.
Water resource management is a key issue for the evaluation of the Bird-In-Hand mine due
to neighbouring groundwater users and environmental receptors such as groundwater
dependent ecosystems.
The report is a desktop study that reviews: previous groundwater studies of the BiH project;
groundwater dependent ecosystems and their relevance to stygofauna; the likelihood of
stygofauna occurring within the BiH project footprint determined by summarising
information relevant to stygofauna communities in South Australia; the historic and current
activities of the BiH mine site with respect to groundwater, and; a review of legislation
relevant to groundwater dependent ecosystems in South Australia. Recommendations are
then provided based on these findings.
Previous groundwater studies indicate a baseline understanding of the hydrogeology in the
project area including current groundwater quality, aquifer types and initial bore census.
However, despite historic mining activities at BiH, there is little quantitative data available to
determine the extent of change over time to both groundwater quality and volume.
Datasets for stygofauna for the Woodside area are not available; the science of stygofauna is
an emerging field, particularly in South Australia. However, a three year study (2008-2010) of
stygofauna in South Australia indicated stygofauna were found in most spring habitats
sampled in the Mount Lofty Ranges. Considering the existing data on the hydrogeology of
the project area, such as presence of fractured rock aquifers with water qualities suitable for
stygofauna, presence of a subsurface groundwater dependent ecosystems is very likely.
Though the current legislation is not specific to stygofauna, certain provisions give rise to the
protection and management of groundwater dependent habitats and thus indirectly to
stygofauna. The locally relevant Water Allocation Plan, developed for the Western Mount
Lofty Ranges Prescribed Area, states that it is not the aim to return water-dependent
ecosystems to a pristine condition, but to keep them at an acceptable level of risk
Recommendations from this desktop study include a two-stage baseline stygofauna
sampling survey in conjunction with groundwater quality sampling.

COOE Pty Ltd

Page i

8/12/2014

Bird-In-Hand Prefeasibility Study – Stygofauna Desktop Study

COOE Pty Ltd

Page ii

8/12/2014

Bird-In-Hand Prefeasibility Study – Stygofauna Desktop Study

Table of Contents
1 Introduction....................................................................................................................... 5
1.1
Stygofauna and Subsurface Groundwater Dependent Ecosystems ........................................ 6
2 Site Background ................................................................................................................ 8
2.1
Historic Mining and Groundwater Use............................................................................................ 10
2.2
Current Project Status and Previous Investigations ................................................................... 10
2.3
Existing Land Use and Relevant Stakeholders .............................................................................. 13
3 Geology and Groundwater.............................................................................................14
3.1
Regional Geology .................................................................................................................................... 14
3.2
Project Geology........................................................................................................................................ 15
3.3
Regional Groundwater Setting ........................................................................................................... 16
3.4
Project Area Groundwater Setting .................................................................................................... 16
3.4.1

Water Quality and Baseline Studies .................................................................................................................. 20

3.4.2

Bore Census ............................................................................................................................................................... 21

3.5

Stygofauna ................................................................................................................................................. 23

4 Legislation, Regulations and Guidelines.......................................................................24
4.1
Environment Protection Act 1993. .................................................................................................... 24
4.2
National Parks and Wildlife Act 1972 .............................................................................................. 24
4.3
Mining Act 1971....................................................................................................................................... 25
4.4
Environment Protection and Biodiversity Conservation Act 1999 ........................................ 25
4.5
Natural Resources Management Act 2004 .................................................................................... 25
4.6
Water Allocation Plan for the Western Mount Lofty Ranges Prescribed Water
Resources Area 2013 ........................................................................................................................................... 26
5

Recommendations ..........................................................................................................27

6

Conclusion .......................................................................................................................28

7

References .......................................................................................................................29

List of Tables
Table 1: BiH Regional and Local Geology (Aquaterra, 2008) ................................................................ 15
Table 2: Estimated Hydraulic Conductivity Values for Aquifer Units in the Catchment Area
(AquaTerra, 2008) .................................................................................................................................................. 19

List of Figures
Figure 2-1: Location of Bird-In-Hand mine site ............................................................................................ 9
Figure 2-2: Conceptual groundwater management issues for the BiH project (Source: AGT,
2013) .......................................................................................................................................................................... 12

COOE Pty Ltd

Page iii

8/12/2014

Bird-In-Hand Prefeasibility Study – Stygofauna Desktop Study

Figure 3-1: Onkaparinga River Catchment within the Prescribed Water Resources Area
(WMLR WAP, 2013) .............................................................................................................................................. 17
Figure 3-2: Regional groundwater elevation (mAHD) September 2013 (AGT, 2013) ................. 18
Figure 3-3: Proposed drilling program to intersect Tarcowie Siltstone, Brighton Limestone
and Tapley Hill Formation (Terramin, 2014)................................................................................................ 20
Figure 3-4: Private bores categorised by depth and target aquifer (AGT, 2013) .......................... 22

COOE Pty Ltd

Page iv

8/12/2014

Bird-In-Hand Prefeasibility Study – Stygofauna Desktop Study

1 Introduction
COOE Pty Ltd (COOE) was engaged by Terramin Australia Limited (Terramin) to provide
advice on stygofauna that supports pre-feasibility studies for the Bird-In-Hand (BiH) Gold
Project.
This advice is part of a broader investigation into stygofauna that is being undertaken in a
staged approach, starting with a desktop study. The outcomes of this desktop study are
presented in this report.
The desktop study aims to determine:


the likelihood of stygofauna occurring within the BiH project footprint



the legislative context for groundwater dependent ecosystems in general and
stygofauna in particular



recommendations for additional stygofauna related investigations.

Reports, databases and studies that were considered for this desktop study were:


Terramin Australia (2013) – Bird-in-Hand Gold Project, Scoping Study (unpublished,
October 2013)



Australian Groundwater Technologies (2013) – Bird-In-Hand Underground Gold
Project, Desktop study and work program (unpublished) 29 November 2013



Aquaterra, (2008a). Hydrogeological Scoping Study, Bird-In-Hand Gold Project,
Woodside, South Australia, Prepared for Maximus Resources, Report No R001d,
October 2008
AMRNRM, (2013) Water Allocation Plan for the Western Mount Lofty Ranges
GDE Atlas Map: Water Information: Bureau of Meteorology
Costar A, Heinson G, and Wilson T, (2008) – Hydrogeophysical mapping of fracture
orientation and groundwater flow in the Western Mount Lofty Ranges, South
Australia, DWLBC Report 2008/32, Government of South Australia, through
Department of Water, Land and Biodiversity Conservation, Adelaide.
Database of stygofauna sampling records (Leijs@South Australian Museum)







The report begins with a brief description of groundwater dependent ecosystems and their
relevance to stygofauna. The likelihood of stygofauna occurring within the BiH project
footprint is determined by summarising information relevant to stygofauna communities in
South Australia and the historic and current activities of the BiH mine site with respect to
groundwater. A review of legislation relevant to groundwater dependent ecosystems in
South Australia and stygofauna in particular is provided. Recommendations are then
provided based on these findings.
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1.1 Stygofauna and Subsurface Groundwater Dependent Ecosystems
A subsurface groundwater dependent ecosystem (SGDE) is defined as ‘an aquatic ecosystem
occurring below the surface of the ground that would be significantly altered by a change in
the chemistry, volume and/or temporal distribution of its groundwater supply’ (Tomlinson &
Bolton 2010 as adapted from Parsons and Wentzel 2007). SGDE’s lack light and rely on low
levels of allochthonous carbon for energy (Tomlinson and Boulton 2008). At the base of aquifer
food webs are microbial assemblages that, through heterotrophic or chemotrophic pathways,
capture energy from the passing water (Gounot 1994). The majority of microbes in these
aquifers form biofilms (Gounot 1994) that are grazed by protozoa and the meiofauna, such as
rotifers and nematodes, which in turn are grazed by macro-invertebrates (stygofauna),
predominantly crustacean orders, such as copepods and amphipods but also worms, snails
and insects (water beetles), and occasionally vertebrates such as blind (cave) fish (Humphreys
2008a). Stygofauna species complete their entire lifecycle in subterranean water. They are
often de-pigmented eyeless and have adapted body shapes.
Stygofauna are considered species that have naturally small distribution areas because
dispersal is restricted by voids in the aquifer. Individual species are therefore often limited to
single aquifers and have small geographical distributions, in some cases less than 10 km 2 (Leys
et al. 2003, Cooper et al. 2007, Guzik et al. 2008). Species with geographical distributions of
less than 10 km2 are categorized as Short Range Endemics (SRE) (Harvey 2002). A number of
ecological and life-history traits of stygofauna, such as poor dispersal ability, confinement to
discontinuous habitats; and low levels of fecundity, therefore makes them vulnerable to
disturbance of their natural habitat, such as water level drawdown, changes in salinity,
dissolved oxygen (Humphreys 2008b, Dillon et al 2008).
Stygofauna have been found in a range of aquifer types such as fractured rock, alluvial and
limestone aquifers and additionally is often found in the underflow (hyporheic) of rivers. They
are also found in the interstitial spaces of coarse sediment beaches (coarse sands, pebbles). In
general they are more prevalent in unconfined aquifers as opposed to confined aquifers.
Stygofauna research has a strong tradition in Europe (Chappuis 1927; Delamare Deboutteville
1960) and North America (Packard 1871). However, stygofauna research in Australia is
relatively new: less than two decades ago there was little knowledge of the groundwater fauna
of Australia, but it is now known to be very biodiverse, especially in the arid zone (Humphreys
2006, 2008). Most stygofauna research has been done in Western Australia, through systematic
surveys in the Pilbarra (Eberhard 2005) and the Yilgarn (Humphreys 2001). There is some
information available for calcrete aquifers in the Ngalia Basin, Northern Territory. Data on
stygofauna from Queensland, New South Wales and Tasmania are restricted to a small number
of catchments (Hancock & Boulton 2008, Ashmyr and Cooper 2012) and caves (Thurgate
2000).
Knowledge of stygofauna in South Australia accumulated during a three year (2008-2010)
survey by the Flinders University (Leijs unpublished, Leijs 2008, Leijs 2010) has resulted in the
discovery of more than 100 new species. This taxonomic diversity ranged across a number of
different invertebrate groups from all aquifer types in various parts of South Australia (South
East, Lofty Ranges, Flinders Ranges, York Peninsula and Eyre Peninsula). Although the Lofty
Ranges area was not systematically surveyed, stygofauna were found in most spring habitats
sampled. Species diversity was high and the majority of the species were only found at single
localities.
COOE Pty Ltd
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Stygofauna and their community ecology are sensitive to groundwater disturbances. In
particular, they have small distribution ranges, which are often restricted to single aquifers or
even a single spring connected to an aquifer. Their low dispersal capabilities and fecundity
makes them susceptible to habitat disturbances and at risk of extinction.
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2 Site Background
The historic BiH Mine site is located within the Western Mount Lofty Ranges (Figure 2-1),
three kilometres east of the Adelaide Hills township of Woodside, and 25 km east of
Adelaide, South Australia.
Groundwater in the vicinity of the mine is reported at around 45 m below ground level and
appears to be controlled by regional structural regimes (Terramin, 2014).
Historic mining activity has been qualitatively recorded via photographs and limited reports.
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Figure 2-1: Location of Bird-In-Hand mine site
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2.1 Historic Mining and Groundwater Use
Understanding the historic use of land and groundwater, may assist in understanding the
likely quality of current groundwater conditions and therefore groundwater dependent
ecosystems.
However, there is limited quantitative understanding of the historic groundwater quality
levels, therefore the potential extent of changes in water level and contamination over time
would be speculative in regards to the potential to host groundwater dependent ecosystems.
A history of the BiH minesite, including mining and industrial activity since the 1880s was
reported in 2006, by Parsons Brinkerhoff. A summary of historical mine and groundwater use
is as follows:


The BiH resource was discovered in 1881, and the BiH mine established in 1882.



The BiH mine closed in 1889 due to competition for capital as well as dewatering
difficulties.



Between 1932 and 1934, the mine was dewatered and explored by the (then) South
Australian Mines Department.



Groundwater was used as a supply for Inverbrackie Barracks between 1934 and 1967.



From the 1960s until the 2000s, the BiH site was transferred from Commonwealth to
State government ownership and primarily used for dumping of fill materials,
including concrete, building rubble and asphalt road base.

Throughout much of this historic mining and industrial activity, likely potential
contaminating activities include:


backfill material into disused mine workings



non-classified surficial fill material



storage and use of explosives



gold extraction processes



storage and/or disposal of unclassified waste



potential production of acid mine drainage.

2.2 Current Project Status and Previous Investigations
Terramin acquired the BiH mine site from Maximus Resources in July 2013. In 2014 Terramin
conducted an initial Scoping Study that identified the following items relevant to
groundwater conditions:


the resource is currently open at depth



the resource is suitable for underground mining



ore will be processed off-site



mining effectiveness will rely on the ability to manage groundwater inflow into the
mine



groundwater has been identified as the highest potential risk to the project and
needs to be managed according to that risk profile

COOE Pty Ltd

Page 10

8/12/2014



there are large volumes and high flow rates in the existing fractured rock aquifer of
high quality water currently used by existing landholders.

The mining method and depth of the proposed underground mine are yet to be confirmed,
however the desktop hydrogeological investigations (AGT, 2013) indicate a conceptual
dewatering and managed aquifer recharge program is required for mining to occur (Figure
2-2) and an expected minimum mining depth of 500 m below ground level.
AGT (2013) also state that, depressurisation of the Brighton Limestone around the area of
mining is required to enable safe access to the ore body. In addition, the inflows and
dewatering requirements will depend on the hydraulic properties and extent of the Brighton
Limestone and its hydraulic-connectivity to the underlying and overlying water bearing
formations (such as Tapley Hill Formations and Cox Sandstone). The level of hydraulic
connectivity between the Brighton Limestone and surrounding water bearing formations will
depend on the degree of fracturing and weathering that has occurred, which is poorly
understood and requires further investigation.
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Figure 2-2: Conceptual groundwater management issues for the BiH project (Source: AGT, 2013)
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2.3 Existing Land Use and Relevant Stakeholders
The BiH project has a long-standing mining history and more recently the area has
supported irrigation and stock use as well as domestic and recreational uses. There are
numerous private bores in and around the Woodside area that are primarily used for
irrigated agriculture (i.e. vineyards) and some stock and domestic purposes (see Section
3.4.2).
Recent attempts by Maximus Resources in 2005 to re-invigorate the BiH project has seen the
formation of local action groups, namely the Inverbrackie Groundwater Focus Group
(previously the Woodside Groundwater focus Group). The community interest in the BiH
project focusses on the potential long-term effects of groundwater availability and quality.
Permission from local landowners will be necessary if access is required for sampling of
private bores for stygofauna.
From a legislative perspective, there is little definition or understanding (see Section 4) with
regards to environmental water requirements for groundwater dependent ecosystems
(GDEs) and subsurface groundwater dependent ecosystems (SGDEs), especially related to
stygofauna. Discussions with the Department of Environment, Water and Natural Resources
(DEWNR) and the Adelaide and Mount Lofty Ranges Natural Resources Management Board
are recommended in order to gain clarity of GDE and SGDE requirements and their potential
management for the BiH project.
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3 Geology and Groundwater
An understanding of both the regional and local hydrogeology of the project area will assist
in determining the presence and thus likelihood of impact on stygofauna. Conditions in
which stygofauna have been known to occur include aquifers with reasonable porosity and
permeability, such as limestone or alluvial, but also fractured rock aquifers. Stygofauna
communities may also exist as relict fauna at springs fed by fractured rock systems. An
understanding of the nature and extent of both primary porosity, which are inherent
properties of the lithology as pore spaces in the rock and secondary porosity, which may
occur as either fracturing or faulting overprints, of the project area will assist in
understanding potential connectivity of aquifers, (NB: information on when pore size
becomes too small for fauna is not available). This may give insight into the extent of impact
on groundwater drawdown and the effects of mixing.
Apart from the physical parameters of the area’s geology, an understanding of regional and
local groundwater parameters, such as levels of dissolved oxygen, salinity and hydrological
conductivity will assist in determining the likelihood of presence of stygofauna. Knowledge
about the physical and chemical properties of groundwater in the area will then be useful to
assess the spatial extent of potential impacts on stygofauna communities.

3.1 Regional Geology
The Onkaparinga Catchment is underlain by consolidated basement rocks identified as the
Barossa Complex, Adelaidean sediments and Kanmantoo Group. Quaternary alluvium
typically lines the valley floors and long drainage courses (Zulfic, 2002). The Inverbrackie
Creek Catchment, is a sub-catchment of the Onkaparinga Catchment, and incorporates the
Kanmantoo Group, Tapley Hill Formation and Belair Subgroup.
A regional unconformity separates the Belair Subgroup from the overlying Umberatana
Group. The base of the Umberatana Group is identified as the Sturt Tillite, overlain by the
Tapley Hill Formation, the Brighton Limestone and the Tarcowie Siltstone.
During the Cambro-Ordovician Delamarian Orogeny, retrograde metamorphism occurred in
the area, and deformation has resulted in north-south trending, south plunging folds and
complex faulting (Costar, 2008).
A study undertaken in 2008 by the then Department of Water, Land and Biodiversity
Conservation (DWLBC), mapped the fracture orientation and the groundwater flow in the
Western Mount Lofty Ranges. Surveys conducted at numerous sites within the WMLR have
confirmed that dominant fracture sets in the Adelaidean metasediments and Kanmantoo
Group are controlled by the major north- north-west to north – north-east structural trends
in the area.
A summary of the regional and local geology can be seen in Table 1.
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Table 1: BiH Regional and Local Geology (Aquaterra, 2008)
Group

Kanmantoo

Cambrian

Metamorphic &
Igneous Rocks of
the Delamerian
Orogeny

Period

Upper Cambrian
to Lower
Ordovician

Palaeozoic

Era

Formation

Undifferentiated

Undifferentiated

Cryogenian

Dark grey to black, fine-grained
phenocrystic meta dolerite, areas
of pronounced metamorphism
(including andalusite and
staurolite)
Metamorphosed schist,
sandstones with minor marble,
greywacke, gneiss

Medium to fine siltstone with Cox
Sandstone Member near base.
Locally dolomitic and frequently
contains disseminated pyrite

Brighton
Limestone

Massive marble with siltstones
and calcareous sandstone

Tapley Hill

Fine to medium-grained
calcareous sandstone with
laminated siltstone

Sturt Tillite

Tillite, laminated shales, siltstone
and mudstone

Regional Unconformity

Burra

Neoproterozoic

Umberatana

Tarcowie
Siltstone

Typical Lithology

Belair Subgroup

Highly felspathic sandstone &
quartzite (Mitcham Quartzite –
locally Mt Charles Quartzite) with
minor conglomerate & slate.

Saddleworth
Formation

Schist, siltstone and graphitic
shales with minor quartzite

Stonyfell
Quartzite

Felspathic and silty sandstone
and quartzite with minor shale

3.2 Project Geology
The BiH mine is part of the Woodside Goldfield, which extends over 4 km from Mount
Charles in the north to Mount Murdock in the south. The stratigraphy is broadly folded into a
south plunging syncline, the eastern limb of which is partly faulted out against the Nairne
Lineament approximately one kilometre east of the project area (AquaTerra, 2008). Gold
mineralisation occurs in quartz-sulphide reefs, striking north–south and dipping 50° to the
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east, hosted by Late Proterozoic Umberatana Group sedimentary rocks, and in more recent
alluvial deposits.
The BiH resource is hosted by the Brighton Limestone. Other local stratigraphic units include:
the Tapley Hill Formation; and the Tarcowie Siltstone, a laminated siltstone and sandstone
sequence (including the Cox Sandstone Member). A conceptual geological cross section of
the BiH project area can be seen in Figure 2-2.
Both localised geological mapping and ground magnetics surveys indicate numerous
structures associated with faults that interrupt local stratigraphy in a number of places. The
role or effect of these structures have on the local stratigraphy, and permeability is not yet
known. Further investigation would be required to determine the potential area of influence
from proposed groundwater abstraction with respect to local fractures and local stratigraphy.

3.3 Regional Groundwater Setting
The Western Mount Lofty Ranges Prescribed Water Resources Area (WMLR PWRA) covers an
area of approximately 2750 km2 stretching from Cape Jervis on the south coast to Gawler in
the north. It is a regional-scale prescribed resource for which groundwater, surface water and
watercourse water are prescribed under South Australia’s Natural Resources Management
Act 2004. A water allocation plan provides for the sustainable use of the water resources.
The Onkaparinga River Catchment forms part of the WMLR PWRA. The regional
hydrogeology of the Onkaparinga Catchment is typically referred to as a fractured rock
aquifer system. There are generally three groundwater flow systems operating within the
fractured rock aquifer rock systems. Firstly a shallow groundwater flow which may manifest
itself as seepage to drainage lines after a heavy rainfall event and movement of water
through the ground is typically in the order of days; these systems are generally short lived.
Secondly, an intermediate system which may provide much of the baseflow to streams and
other discharge points, and groundwater flow is typically in the order of weeks to decades
through these systems. Thirdly, the deeper regional systems, groundwater movement is
typically in the order of several decades to centuries or more (Zulfic 2002).
The climate of the WMLR PWRA is characterised as Mediterranean, with hot, dry summers
and mild, wet winters (DEWNR, 2012). Observation of temporal rainfall variation and local
monitoring bores indicate that major rainfall events regularly replenish local aquifers.

3.4 Project Area Groundwater Setting
The BiH mine site is situated within the Inverbrackie Catchment, a sub-catchment of the
Onkaparinga River Catchment, and is part of the Western Mount Lofty Ranges Prescribed
Water Resource Area (Figure 3-1); the Inverbrackie sub-catchment is characterised by a
steep-sided stream channel and elevations between 400 and 500 m AHD (Zulfic, 2002).
The eastern half of this sub-catchment is underlain by the Kanmantoo Group which has been
identified as a very poor aquifer and is not developed for irrigation. Younger geological
sequences such as the Tapley Hill Formation, consisting of blue-grey laminated siltstone and
slate, and the Saddleworth Formation, are most prominent in the rest of the catchment.
Salinity of the groundwater drawn from these formations is generally 500–1000 mg/L , with
yields from below 5 L/s to mostly 10 L/s. Occasionally, yields up to 20 L/s are obtained
(Zulfic, 2002).
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Figure 3-1: Onkaparinga River Catchment within the Prescribed Water Resources Area
(WMLR WAP, 2013)
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Figure 3-2: Regional groundwater elevation (mAHD) September 2013 (AGT, 2013)
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The depth to groundwater level is about 30 m below ground level in the central part of the
Inverbrackie Catchment and reduces to less than 10 m in the lower section of the catchment.
The interpreted groundwater contours indicate that groundwater flow across the area is to
the southwest, along the Inverbrackie Creek and generally towards the Onkaparinga River.
(AGT, 2013) as indicated in Figure 3-2 by the groundwater contours.
The BiH project area is associated with three Aquifer formations:


Brighton Limestone



Cox Sandstone



Tapley Hill Formation

The rate of groundwater flow between these water bearing units is likely to be controlled by
secondary porosity, for instance, fracturing across the different aquifer units. The majority of
the fractures are expected to be closed at depth which will reduce aquifer permeability (and
inter connectivity). Other areas of reduced permeability are likely to be associated with zones
of weathering which has led to the formation of clay in some of the fracture zones. The
heterogenous nature of fractured rock aquifers will need to be considered with respect to
interconnectivity between aquifer formations as well as area of influence with regard to any
groundwater abstraction for the BiH project. Defining the area of influence will be important
for planning baseline studies and ongoing monitoring points for any GDE studies.
Congruent with this, AGT (2013) have stated that the physical aspects of the groundwater
system will need to be investigated further as they will ultimately inform the mine’s
dewatering needs.
Table 2: Estimated Hydraulic Conductivity Values for Aquifer Units in the Catchment
Area (AGWT, pers. comm.2014)

^

Aquifer Unit

Hydraulic Conductivity (K
as m/day)

Transmissivity (K*b as
m2/day)

Tarcowie Siltstone

0.85^ – 12#

120^ and 200#

Cox Sandstone

Not tested but expected
to be <0.1

Not tested

Brighton Limestone

0.7

40

Tapley Hill Formation

0.1

2.5

bulk # fractured. b=aquifer thickness

AquaTerra (2008) note that no apparent increasing or decreasing trend with time regarding
water level data is detected from that analysed. This is despite the ongoing irrigation
pumping and the negative cumulative deviation from mean annual rainfall observed from
1975 to 2007.
Further groundwater studies for the BiH project include a groundwater bore drilling program
has been proposed by Terramin to intersect the Tarcowie Siltstone (hosting Cox Sandstone),
Brighton Limestone Formation, and Tapley Hill Formation (Figure 3-3). This drilling program
aims to characterise the hydraulic properties of the Brighton Limestone and the potential
connectivity with surrounding formations, namely the Tapley Hill Formation and Cox
Sandstone.
COOE Pty Ltd
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Figure 3-3: Proposed drilling program to intersect Tarcowie Siltstone, Brighton
Limestone and Tapley Hill Formation (Terramin, 2014)
3.4.1 Water Quality and Baseline Studies
Regionally, DEWNR have a continuous dataset since 2002 that has monitored quarterly for
groundwater levels and annually for salinity.
Within a 2 km radius of the BiH project area, AGT (2013) undertook a baseline groundwater
quality study where samples from eight private bores were analysed for a full suite of major
ion, metals and contaminants.
However, data collected in 2008 by AquaTerra, for groundwater levels and chemistry for both
ongoing baseline and project-specific purposes had poor spatial and temporal coverage.
Therefore, a groundwater monitoring programme has been proposed for 2014.
The 2008 groundwater quality data, indicate that Total Dissolved Solids ranged from 600 to
1,200 mg/L and the pH was neutral, from 6.65 to 7.94. Dissolved metals were also analysed,
and in some instances, were reported in excess of regulatory guideline levels for aluminium,
arsenic, barium, manganese, nickel and zinc. Analysis for nutrients and other organic
constituents did not indicate any temporal or spatial consistency that could be attributed to
direct land use or the geological structure of the area.
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The above groundwater quality data regarding TDS and pH are within suitable range for
stygofauna.
The groundwater quality data collected in 2008 may provide a reasonable baseline for
further studies in water quality. Ongoing water quality monitoring is important due to the
long history of mining activity in the area, which dates back to the 1800’s. Any contamination
resulting from these activities would be largely unknown.
3.4.2 Bore Census
The dominant use of water in the area has historically been irrigation, secondary to this is
stock and domestic use. Other historical uses of water in the area include mining, industrial
and recreational use; this water has been sourced from local groundwater and surface water
bodies. Historically, groundwater abstraction has been associated with both dewatering of
the BiH mine as well as water supply for the Inverbrackie Barracks.
Understanding the local use of groundwater and undertaking a bore census assists in
determining historic influences and impacts on SGDEs, as well as the ability to plan a
sampling program using existing groundwater infrastructure (private or public bores).
A bore census undertaken in 2007 (above as 2008), incorporated a 2 km radius of the BiH
project. The results of the bore census were not comprehensive and were inconsistent with
that provided by the DEWNR database (www.waterconnect.sa.gov.au). Data gaps have been
identified with respect to target aquifer, water usage, bore location and potential use of
bores in monitoring programs.
As stated by AGT (2013), bore data obtained from DEWNR database suggest that the
majority of private bores in the area target the Tapley Hill Formation to the west of the
Brighton Limestone outcrop and a reduced number of bores target the Cox Sandstone and
Backstairs Passage aquifers on the eastern side Brighton Limestone outcrop (Figure 3-4). The
impact that mine dewatering may have on these bores will depend on the level of hydraulic
connectivity between the Brighton Limestone and the surrounding aquifers.
There are no known private bores that target the Brighton Limestone, within the BiH project
footprint.
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Figure 3-4: Private bores categorised by depth and target aquifer (AGT, 2013)
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3.5 Stygofauna
Currently, there is no information available on SGDE’s (stygofauna) within the project area.
However, ad hoc stygofauna sampling in the Mt Lofty Ranges area indicated that at most
sites where sampling was undertaken fauna appeared to be present. Stygofauna localities
closest to the BiH project area are: Piccadilly Springs, springs on private properties near
Crafers and along Brown Hill Creek, and a hyporheic site in Cox Creek near Mylor. All these
localities had assemblages of fauna with unique species which are likely associated with
fractured rock aquifers.
Considering the existing data on the hydrogeology of the project area, such as presence of
fractured rock aquifers with water qualities (e.g. TDS, pH) suitable for stygofauna, presence of
a SGDE is very likely.
It should be noted that there is some stygofauna data for both the Saunders Creek
Catchment and the Lower Bremer River Catchment, however this data is not likely to be
relevant to this study area due to the relatively large distance to the project area and
because data associated with these catchments are relevant for alluvial aquifers.
The WMLR WAP states that there is limited information on the presence, distribution and
water requirements for stygofauna.
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4 Legislation, Regulations and Guidelines
Currently in South Australia there is no specific state legislation referring to stygofauna.
Instead, stygofauna communities and their habitats are likely to be protected indirectly by a
number of different Acts. Groundwater habitats are protected in general by the provisions of
the Environment Protection Act 1993. Additionally, if stygofauna habitat occurs within a
reserve proclaimed by the National Parks and Wildlife Act 1972, then it may be subject to
protection. The Mining Act 1971 contains provisions relating to the environmental
management of a mine site that may include stygofauna communities, particularly with
respect to a Mining and Rehabilitation Program (MARP). Stygofauna could also be protected
under the general provisions of the Natural Resources Management Act 2004 whose object
is to protect biological diversity, including micro-organisms; a definition which would apply
to stygofauna.
It is worth noting that the science of stygofauna is an emerging field, particularly in South
Australia and, as such, there is no data available for the Woodside area. However, methods
for stygofauna sampling are well established The SA EPA’s guidelines on Regulatory
monitoring and testing: Groundwater sampling (June 2007) advise that when sampling
stygofauna the sampler attempt to preserve as many of the conditions in the sample
container that were present in situ (for example temperature, darkness, pH, contact (or lack
of contact) with air).
A summary of each Act listed above and its relevance or otherwise to stygofauna is as
follows.

4.1 Environment Protection Act 1993 .
This general duty (as detailed in Part 4 (Section 25)) specifies that a person must not
undertake an activity that pollutes, or might pollute, the environment unless the person
takes all reasonable and practicable measures to prevent or minimise any resulting
environmental harm.
In determining what measures are required to be taken, consideration must be given to:





the nature of the pollution or potential pollution, and the sensitivity of the receiving
environment
the financial implications of the various measures that might be taken as those
implications relate to the class of persons undertaking activities of the same or a
similar kind
the current state of technical knowledge and likelihood of successful application of
the various measures that might be taken.

4.2 National Parks and Wildlife Act 1972
The National Parks and Wildlife Act 1972 (NPW Act) provides for the establishment and
management of reserves for public benefit and enjoyment; the conservation of wildlife in a
natural environment; and for other purposes. The NPW Act was designed to allow for the
establishment and maintenance of a system of reserves. Where stygofauna are found within
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a designated reserve their habitat may be subject to protection. The NPW Act also protects
threatened species of flora and fauna however no stygofauna are listed under the relevant
Schedules 7, 8 and 9 of the NPW Act.

4.3 Mining Act 1971
Approval for mining activities is granted via the Mining Act 1971. Pursuant the requirements
of the Mining Act 1971, all operations undertaken on MLs, EMLs and MPLs must be done so
in an orderly and skilful manner in accordance with an approved Mining and Rehabilitation
Program (MARP). The MARP (Construction) will be endorsed by the Minister for Environment
and Conservation and approved by PIRSA and will become the key operational document for
environmental management during construction. Environmental management of stygofauna
may be required at this stage.
Following construction of the ancillary mine infrastructure, the MARP (Construction) will be
revised and updated to form an Operational MARP for the project which will cover the
establishment of the mine infrastructure and the operation of all elements of the project i.e.
all activities on the ML, EML and MPLs. The MARP (Operations) will also require endorsement
by the approval by the Minister for Environment and Conservation and approved by PIRSA.
Ongoing environmental management of stygofauna may be required at this stage.

4.4 Environment Protection and Biodiversity Conservation Act 1999
Under the provisions of the Commonwealth Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act), actions that have, or are likely to have, a significant impact
on a matter of national environmental significance require approval from the Australian
Government Minister for the Department of the Environment.
Where there is the potential for an action to have a significant impact on a matter of national
environmental significance, an action must be referred to the Minister for a decision on
whether assessment and approval is required under the EPBC Act. For this to occur, the
species would need to be Commonwealth-listed. It should be noted that, in general,
stygofauna species are unique to locations and listing new and individual species under the
Commonwealth would incur a considerable time-frame (years) after official scientific
description. Some applications have occurred for stygofauna communities to be listed,
however this has not yet eventuated.

4.5 Natural Resources Management Act 2004
The Natural Resources Management Act 2004 (NRM Act) is administered by DEWNR. It
promotes sustainable and integrated management of the State's natural resources and
provides for their protection. The NRM Act “seeks to protect biological diversity” meaning
the variety of life forms represented by plants, animals and other organisms and microorganisms. This would include stygofauna.
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4.6 Water Allocation Plan for the Western Mount Lofty Ranges Prescribed
Water Resources Area 2013
Pursuant to section 80(3)(a) of the NRM Act, a Water Allocation Plan (WAP) was prepared by
the Western Mount Lofty Ranges (WMLR) Natural Resources Board. This WAP encompasses
the WMLR Prescribed Water Resources Area (PWRA) and includes underground water,
surface water and water course water. The BiH project area is located within the WMLR
PWRA; if a water allocation is required for dewatering or water extraction purposes, during
mining activities, a licence application must be in accordance with the objectives and
principles of the WMLR WAP.
Section 6.2(4) of the WMLR WAP states that:


Water must not be allocated if the taking and/or use of water would, in the opinion
of the Minister, have the potential to cause a significant adverse impact on any of
the following:
o underground water, surface water or watercourses;
o water-dependent ecosystems;
o other water users;
o the productive capacity of the land, including (but not limited to) causing or
exacerbating soil salinity or water logging.

Section 76(4)(b)(i) of the NRM Act provides that a water allocation plan must achieve an
equitable balance between environmental, social and economic needs for water.
The WMLR WAP states that the provisions for the Prescribed Area do not aim to return
water-dependent ecosystems to a pristine condition, but to keep them at an acceptable level
of risk.
Additionally, the WMLR WAP indicates there is limited information on the presence,
distribution and water requirements of stygofauna and phreatophytic vegetation in the
Prescribed Area; which means it is currently not possible to assess their dependence on
underground water and hence their Environmental Water Requirement (EWR).
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5 Recommendations
The purpose of this desktop study was to establish a legislative context for SGDEs and
stygofauna, and the likelihood of occurrence of stygofauna communities within the
proposed mining footprint.
Though the current legislation is not specific to stygofauna, certain provisions give rise to the
protection and management of groundwater dependent habitats and thus indirectly to
stygofauna. Stygofauna may need to be considered by the Mining Act 1971 during the
preparation of a Mining Lease Proposal or a Mining Rehabilitation Program.
Although there is no relevant baseline data for stygofauna within the project area it is likely
they are present and potentially impacted given the historic mining and dewatering activities
specific to this orebody that have occurred since the 1800s. It is important to note that there
is little quantitative data available to determine the extent of change over time to both
groundwater quality and volume.
With these aspects in mind, a baseline stygofauna survey is recommended with the following
provisions:


Provide definition of the expected area of influence resulting from any
depressurisation, dewatering or Managed Aquifer Recharge (MAR) activities
associated with the BiH project. Defining the area of influence will assist in
determining spatial extent of baseline studies and monitoring points.



Meaningful bore census should be undertaken to determine if there are bores
accessible and suitable for stygofauna sampling.



At specified locations, baseline samples should be taken for stygofauna presence and
identification. This can be done in a two stage project: once the area of impact is
established, sample within this area, preferably at a number of sites to minimize the
effect of the stochasticity of encountering groundwater taxa due to small population
sizes (Dillon et al 2008). When and if the presence of a SGDE is identified, it is
preferable to expand the sampling area to outside of the impact area in order to
establish if the SDGEs stygofauna species extend also outside the impact area. This is
important because if it can be shown that the same SGDE is present outside the
project area, protection within the area may be considered less important.



Collect baseline data of existing groundwater chemistry of adequate temporal and
spatial extent. If stygofauna exist in contaminated water (from historical mining
activities), this may indicate robustness of the stygofauna communities; they can
survive modern mining techniques and MAR.



An understanding of existing connectivity between aquifers. If aquifers are well
connected then presence of SGDEs may extend outside the proposed mining
footprint.
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6 Conclusion
The desktop study aimed to determine both the legislative relevance and potential triggers
for a stygofauna survey as well as the likelihood of stygofauna occurring within the proposed
mining footprint.
Currently in South Australia there is no specific state legislation referring to stygofauna.
Instead, stygofauna communities and their habitats are likely to be protected indirectly by a
number of different legislative requirements. Groundwater habitats are protected in general
by the provisions of the Environment Protection Act 1993 and specific assessment of
stygofauna may be triggered by the Mining Act 1971.
Recommendations for further work are a baseline stygofauna survey. This can be conducted
in a staged process to account for the spatial distribution of potential stygofauna
communities.
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