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Dean, Julie (DEM)

From: Andrew Downer <andrew@murdochhill.com.au>
Sent: Thursday, 19 September 2019 3:46 PM
To: DEM:Mining Reg Rehab
Cc: DEM:Minister Dan van Holst Pellekaan; kavel@parliament.sa.gov.au
Subject: BIRD-IN-HAND GOLD PROJECT  - Public Submission
Attachments: 0c9957_2b0f0f6846684adf83b7f0f42077d20f.pdf; ATT00001.htm

 
Dear Mining Regulator 
 
My Family has lived and worked in the Woodside area since 1939. We have had many enterprises on our 
land including a dairy, potato growing, cut flowers and vineyards. Currently a beef cattle, vineyard and 
Cellar Door & Winery that employs 4-6 people with the hope that the business will grow in the future. My 
Main concern with the mine is how can the government guarantee that this mine will not substantially affect 
us as the local landholders and residents? some points include. 
 
Concern 1 Water 
Most of Woodside’s water comes from a fragile network of underground aquifers, which could be 
irreversibly damaged through underground blasting, tunnelling and drilling. This would affect hundreds of 
local homes and businesses surrounding the mine whilst destroying the pristine image of the Adelaide Hills. 
There is no way that testing can adequately predict the impact of underground blasting on our precious 
aquifer system. An independent study by CDM Smith (Attached) shows that it is almost impossible to 
accurately model and predict the behaviour of underground water. Terramin’s has had no assurances that 
this process will cause no harm to water supply, levels and quality. The only way to ensure the security of 
our water is to stop this mine from going ahead. what happens if there is to much water in the mine? What 
happens to the water once the above ground dam is full? What happens when we can no longer run cattle or 
vineyard on our property because there is no water? will the government be prepared to compensate us? 
 
Concern 2: Night Time Lighting 
The Mine has been proposed for 24 hour operation, no detailed lighting plan has been submitted. The only 
document I could find was a engineers report from the Angus zinc mine in Strathalbyn. I would like to 
know how the local residents would not be affected at night in regards to the light from the operation. 
 
The Adelaide Hills attracts 1.4 million visitors every year thanks to its pristine landscape and world-class 
wineries. If damage to water supply kills local wineries, the resulting dip in tourism will have huge 
consequences for the 744 tourism-based businesses in the area (South Australian Tourism Commission). 
The Amount of gold the mine will produce and hence the value to the state will be short-term gain to ruin 
the pristine Adelaide Hills Environment. 
 
I would like the Minister to Take in all these facts and deny Terramin a mining license for the Bird in Hand 
Mine Site. 
 
 
Regards 
 
Andrew Downer 
Murdoch Hill 
260 Mappinga Road  
Woodside SA 5244 
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Executive Summary 
The Inverbrackie Creek Catchment Group has engaged CDM Smith Australia Pty Ltd to undertake a 
third party hydrogeological review of the proposed Bird in Hand mine located near Woodside 
township in the Adelaide Hills.  The proponent (Terramin Australia Ltd) conducted hydrogeological 
investigations and groundwater modelling to assess potential impacts of the proposed mining 
operation on groundwater users and ecosystems. This report provides a review of the proponent’s 
report (issued on 19 June 2017) summarising those investigations, along with relevant information 
available in the public domain. 

It is CDM Smith’s understanding that Terramin have committed to the Woodside community that 
the proposed mine will not adversely impact other groundwater users.  However, the groundwater 
assessment report prepared for the proponent indicates that groundwater users within 600 m to 
2 km of the proposed mine may be impacted to varying degrees by groundwater drawdown in 
response to the mining operation.  The groundwater assessment conducted by the proponent 
indicates some existing users may experience reduced access to groundwater (groundwater levels 
decline of up to 10-20 m, depending on the groundwater management strategy) and groundwater 
level rise at another location, which may result in local waterlogging.  

The hydrogeological investigations conducted by Terramin to develop the conceptual 
understanding and describe the existing environment is adequate for the purpose of the report.  
However, the presentation of information in the groundwater model and impact assessment report 
(e.g. figures and tables) is poor at times, making it difficult to assess the results and review the 
assessed changes to groundwater flow during the proposed and simulated mining.  

The following provides a list of additional information required to demonstrate adequacy of the 
groundwater impact assessment: 

 Demonstration that re-injection is an appropriate mine water management strategy 

 Demonstration that grouting will be an effective mine water control measure, particularly to 
mine areas outside of the decline and development drives 

 Potential impact of the proposed mining operation on springs that potentially occur within the 
zone of drawdown influence, other than those associated with the Inverbrackie Creek 

 Presence of groundwater dependent ecosystems other than springs, such as terrestrial and 
riparian vegetation and subterranean fauna, and the potential impact on these ecosystems (if 
present) 

 The potential impact on existing users (private wells and the environment) under a ‘no 
mitigation’ scenario 

 Discussion on how predicted changes in groundwater levels will impact the operation of third 
party wells and ecosystem water access 

 Demonstration that proposed management strategies will be effective in mitigating impacts to 
third party wells and ecosystems 

 Further detail and quantification regarding the criteria for when grouting of water-bearing 
fractures will be conducted (i.e. the ‘specified levels’) 

 Risk assessment of potential groundwater impacts, prior to and following proposed 
management measures 
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Based on advice from the Department of Environment, Water and Natural Resources, it is 
understood that the West Mount Lofty Ranges Prescribed Water Resources Area is fully allocated, 
therefore the reported groundwater abstraction from the proposed mine will exceed the allocation 
limit for the West Mount Lofty Ranges area.  Water use on the mine (including potable supply, dust 
suppression and concrete batching), if sourced from groundwater, will require an allocation.  In 
addition, whether abstractions can be offset by reinjection under the rules of the Water Allocation 
Plan is not clear. 
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Section 1 Introduction 

1.1 Background 
The Inverbrackie Creek Catchment Group (ICCG), has engaged CDM Smith Australia Pty Ltd (CDM 
Smith) to undertake an external third party hydrogeological review of the proposed Bird in Hand 
(BIH) mine operation located near Woodside township in the Adelaide Hills, approximately 30 km 
east of Adelaide (Figure 1).  The proponent for the mine is Terramin Australia Ltd (Terramin). 

The proposed mine is located within close proximity to businesses that play an important role in 
South Australia’s tourism, agricultural, and food and winery industries, and there is concern from 
the local community that groundwater management for the proposed mine may result in changes 
to groundwater and connected systems that pose a risk to existing groundwater users.  Local 
businesses and producers rely on groundwater abstracted from private wells for drinking water, 
irrigation, wine production, and stock water supply. 

1.2 Objectives and work scope 
The overall objective of CDM Smith’s engagement is to provide an independent hydrogeological 
review of available information, identification of potential threats to groundwater from the 
proposed mining activities, requirements for managing those impacts and advice regarding 
Terramin’s due diligence.  The study documented in this report is the first part (Stage 1) of a two 
stage project that includes: 

 Stage 1 – Desktop review and identification of potential impacts associated with the proposed 
mining operation 

 Stage 2 - A third party review of the hydrogeological impact assessment presented within the 
MLP 

The scope of work for Stage 1 is as follows: 

 Review available reports and documents that inform the hydrogeological understanding of the 
study area, including: 

- A report prepared by Australian Groundwater Technologies (AGT) (issued on 19 June 
2017), which summarised hydrogeological investigations and groundwater modelling 
conducted on behalf of the proponent  

- The Water Allocation Plan (WAP) for the Western Mount Lofty Ranges (WMLR) 

- Maps (topography, geology, discrete geological features, surface water features, 
groundwater dependent ecosystems) 

- Climate and stream flow data 

- Existing hydrogeological studies 

 Development of a hydrogeological conceptual model 

 Identification of proposed mine related water affecting activities, and potential groundwater 
effects and exposure pathways 

 Preparation of a report outlining the findings of the review work and identifying potential 
threats associated with the proposed mine in relation to water management 
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Figure 1
Locality plan
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1.3 Water management area and mining approval 
approach 
1.3.1 Water management and allocation 

The proposed mine is located within the WMLR Prescribed Water Resources Area (PWRA), which 
is managed under the WMLR WAP and administered by the South Australian Department of 
Environment, Water and Natural Resources (DEWNR).  The WMLR PWRA covers an area of around 
2,750 km2, from Gawler in the north to Middleton and Cape Jervis in the south (AMRLNRMB, 2013).  

A WAP provides for the allocation and use of water, and for the transfer of and other dealings with 
water allocations.  The purpose of a WAP is to ensure the economic, social and environmental needs 
of the Prescribed Area are met for future generations and to provide secure and equitable access to 
water for all users. 

The proposed mine and surrounding area is located within the Inverbrackie Creek Adelaidean 
groundwater management zone.  The groundwater abstraction limit for this management zone is 
940 ML per year (AMRLNRMB, 2013).  DEWNR has advised that the Inverbrackie Creek Adelaidean 
groundwater management zone is fully allocated and allocations have not increased since initial 
licences were issued to existing users after the WAP was adopted in 2013, i.e. essentially this means 
there is no water available for future allocation increases (pers. comm., S. Barnett, DEWNR, 7 April 
2017).  

In addition to the allocation limits, buffer zones are assigned to existing wells and new groundwater 
abstraction must not impact on the buffer zone of an existing user / well.  The size of a buffer zone 
varies depending on the volume abstracted (size of the allocation): 

 For allocations <10 ML/yr, the well buffer zone radius = 50 m 

 For allocations 10- 50 ML/yr, the buffer zone radius = 100 m 

 For allocation >50 ML/yr, the buffer zone radius = 200 m 
 

The WAP discusses groundwater injection in the context of groundwater discharge to a well (during 
a seasonal aquifer recharge period) for later abstraction (i.e. to store and then later abstract for use), 
rather than groundwater abstraction that is then reinjected. In addition, the WAP states: 

 The volume of water allocated (to be taken) must not exceed 80% of the volume of water that 
was drained or discharged into a well, as recorded by a water meter, in the recharge period; and 

 The water must be taken from the same allotment and from the same aquifer that the water was 
drained or discharged into. 

It is not clear whether abstractions can be offset by reinjection under the rules of the WAP. 

1.3.2 Mining approvals 

A Mining Lease Proposal (MLP) is required to support a Mining Lease, Retention Lease or 
Miscellaneous Purpose Lease application under the Mining Act 1971.  The MLP needs to describe the 
existing environment, the proposed mining operations (including the mining approach, use of 
explosives, water management, sequence of mining and rehabilitation operations, waste 
management, vegetation clearing, mine completion), and management of environmental impacts. 
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If the MLP is approved and tenement granted, the mining company is then required to prepare a 
Program for Environmental Protection and Rehabilitation (PEPR), which forms the criteria under 
which the mine (if approved) must be operated.  The purpose of the PEPR is to ensure the tenement 
holder achieves the construction, operational and mine completion environmental outcomes 
derived from the results of the environmental impact assessment included in the mining lease 
application and / or PEPR review.  

Terramin will need to provide these documents and meet reporting and government requirements 
if the proposed mining operation is to proceed. 

1.4 Groundwater effects assessment approach 
The National Water Commission, as part of the National Water Initiative, developed a framework 
for assessing the potential local and cumulative effects of mining on groundwater resources and to 
develop tools to help predict and assess these effects (Howe, 2011).  The mining risk framework 
adopts a staged approach comprising context setting, groundwater effects assessment, receptor 
exposure and threat assessment, and risk management and mitigation measures. 

For the purpose of this work, an explanation / definition of some terms is provided below: 

 A ‘threat’ is defined as a negative consequence occurring to a sensitive receptor as a result of a 
groundwater affecting activity   

 Sensitive receptors include environmental (e.g. groundwater dependent ecosystems, such as 
riparian and terrestrial vegetation, baseflow fed creeks and springs), social (e.g. third-party 
groundwater users), and economical (e.g. irrigators and industry, such as wineries)   

 A groundwater affecting activity is any activity associated with the proposed mining operation 
that has the potential to alter groundwater conditions, in terms of quantity and quality of 
groundwater, surface water – groundwater interaction or physical disruption of aquifers   

 Groundwater effects can only result in a threat if an exposure pathway exists that links the effect 
to a sensitive receptor 
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Section 2 Historical and current land use 

2.1 Historical land use 
2.1.1 Mining history 

The original BIH gold mine was first established in 1881 and was mined until 1889 when it was shut 
down due to complications with managing groundwater inflows to the mine.  The mine consisted of 
two main shafts extending to depths of approximately 120 m and three minor shafts linked with 
horizontal drives and open stope areas.  In 1933, the mine was dewatered, surveyed and sampled 
but work then ceased.  From 1934 to 1966, the Department of Defence abstracted groundwater from 
the mine for use at the Woodside Army Barracks. 

Terramin acquired the project in late 2013 and proposes to re-establish the mine for gold 
production. 

2.1.2 Woodside town history 

The Johnston family of Oakbank, founded Woodside in the 1850s, primarily to improve their 
brewery business.   

The first commercial building was the Woodside Inn, now the Woodside Hotel.  The Heritage Park 
reflects more than a century of development for the Onkaparinga Cheese, Butter and Produce 
Factory.  It was the first such enterprise in the Onkaparinga Valley, starting in 1889.  The South 
Australian Company, which had farms in the area, probably built the factory to process milk from 
the farms run by its tenants. In 1919, it was bought by the SA Farmer's Co-operative Union and 
operated until the 1970s. 

2.2 Current land use 
Current land use in the area immediately surrounding the proposed BIH mine is primarily 
horticulture (vineyards and wineries), livestock and rural residential (Figure 2).  The Bird in Hand 
winery, Petaluma winery and Artwine vineyard are direct neighbours to the proposed BIH mine. 

The ICCG commissioned an assessment by EconSearch to estimate the economic contribution of 
existing land use in the Inverbrackie Creek sub-catchment area, and to demonstrate the economic 
contributions of local land use and businesses to the economy of the Adelaide Hills and South 
Australia that may be impacted by mine water affecting activities (EconSearch, 2017).  The 
assessment determined that existing businesses contribute approximately $148.7 million (gross 
state product) per year to the South Australian economy and $121.6 million (gross regional product) 
per year to the Adelaide Hills region economy.  Based on information available, most of these 
businesses rely on groundwater abstraction as part of normal operation.  Further discussion on 
groundwater users is provided in Section 3.4.6. 
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Figure 2
Land use in the proposed BIH mine area
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Section 3 Existing environment 

3.1 Climate 
The proposed BIH mine is located within the Inverbrackie Creek sub-catchment of the Onkaparinga 
River catchment (Figure 1).  The region is characterised by a Mediterranean climate (warm to hot 
summers and mild and typically wet winters).  The closest and longest recording weather station to 
the proposed mine is located at Woodside (station no. 23829), however climate data is not available 
between 1987 and 2000.  The Lenswood Research Centre (station no. 23801) is the next closest 
station and has climate data from 1968 to 2016.  The majority of rainfall occurs during the months 
of May to September (Figure 3), and the average annual rainfall is around 800 mm (BoM, 2017a).  
The average annual potential (pan) evaporation rate is 1,700 mm and the average annual actual 
evapotranspiration rate is approximately 300 mm (BoM, 2017). 

 

Figure 3 Average annual rainfall (1968-2016) – Lenswood Research Centre (#23801) 
 

Figure 4 presents the cumulative deviation from mean annual precipitation for Lenswood Research 
Centre (station no. 23801).  The graph shows decadal trends in rainfall are the norm in the area of 
the proposed mine with: 

 A consistent trend in above average precipitation between 1968 to 2008 

 Between 2008 and 2015, precipitation rates show a trend of below average rainfall.  
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Figure 4 Cumulative deviation from mean rainfall (1968-2016) – Lenswood Research Centre (#23801) 

3.2 Topography and hydrology 
The topography of Onkaparinga River catchment is undulating, with numerous creeks that mostly 
drain into the Onkaparinga River (Fradd and Morris, 2015).  The Onkaparinga River is the third 
largest watercourse in South Australia, and flows southwest from the headwaters near Charleston 
to discharge to the Gulf of St Vincent at Port Noarlunga South (AMLRNRMB, 2013).   

The Inverbrackie Creek sub-catchment is characterised by a steep-sided stream channel and 
elevations between 400 and 500 m AHD (Zulfic et al, 2002).  The Inverbrackie Creek is a moderately 
sized stream that rises to the north and east of Woodside in the southern Mount Lofty Ranges, and 
flows west into the Onkaparinga River, to the south of Woodside.   

The Environmental Protection Authority South Australia (EPA SA) conduct Aquatic Ecosystem 
Condition Reports for the Inverbrackie Creek, and in 2016 described the creek as having Poor 
condition (EPA SA, 2017).  Key points of the report are: 

 Permanent flowing stream in autumn and spring 2016.  The creek consisted of mostly still to 
slow-flowing pool habitats connected by tiny areas of faster-flowing, shallower sections (riffles) 
in both seasons sampled 

 Sparse macroinvertebrate community, lacking any rare or sensitive species 

 Water quality was moderately fresh, turbid and slightly coloured, and enriched with nutrients 

 Riparian vegetation consisted of weedy shrubs over introduced grasses 
 

The creek was given a poor rating because the site sampled showed evidence of major changes in 
ecosystem and moderate changes to the way the ecosystem functions.  There was evidence of human 
disturbance at the site due to the nutrient enrichment, the mobilisation of fine sediment, and the 
extent of weeds in the riparian zone.  Grazing modified pastures (53%) is the main land use in the 
2,589 ha catchment upstream from the site sampled, with smaller areas used for irrigated pastures 
and horticulture, cropping, roads, residential housing, plantation forestry, dams, irrigated cropping 
and native vegetation.  The site selected for monitoring is located in the lower reaches of the creek, 
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approximately 1.4 km from the confluence with Onkaparinga River (EPA SA, 2017) and 
approximately 1.5 km from the proposed mine.   

3.3 Geology 
The Mount Lofty Ranges are located within the southern portion of the Adelaide Geosyncline, which 
is a Neoproterozoic to Cambrian rift-related basin complex of more than 10 km.  Sedimentary rocks 
were formed in a fault controlled, north-northwest trending extensional basin over several phases 
of rifting and marine transgression-regression cycles.  Tectonic activity has resulted in deformation, 
faulting and faulting of these rocks (Zulfic et al, 2010).  

The Onkaparinga Catchment is underlain by consolidated basement rocks identified as the Barossa 
Complex, Adelaidean sediments and Kanmantoo Group.  Quaternary alluvium is found along valley 
floors and along drainage courses (Figure 5).  The Umberatana Group of the Adelaidean strata is the 
dominant geological unit at the proposed BIH mine and surrounding area, comprising the Appila 
Tillite, Tapley Hill Formation, Brighton Limestone and Tarcowie Siltstone.  The Tapley Hill 
Formation comprises dark grey to blue, carbonaceous, pyritic, sandy to dolomitic siltstones.  Locally, 
the upper zone of the Tapley Hill Formation is highly weathered and contains bleached siltstones 
and fine-grained sandstones.  The depth and extent of the bleaching reduces with distance away 
from the BIH orebody (adjacent to the orebody the weathering depth is approximately 90 m, 
whereas around 250 m northwest of the orebody the weathering depth reduces to 50 m and is then 
absent 350 m northwest of the orebody).  The Brighton Limestone is a grey to white pyrite-bearing 
marble containing silt- and sand-rich beds.  The Tarcowie Siltstone is a grey to beige siltstone unit 
containing sandstone beds.  These sandstone beds are uniform and continuous between drill holes 
on Terramin’s investigation site and have been interpreted (by Terramin) to be broadly equivalent 
to the regional Cox Sandstone member of the Tarcowie Sandstone.  Gold mineralisation in the BIH 
area is located within reef deposits of the Brighton Limestone.  The stratigraphy generally dips at 
45° to 50° to the southeast (AGT, 2017 and Griessmann, 2011). 

There are a number of dolerite dykes in the area, reported to be part of the Woodside Dolerite dyke 
swarm (AGT, 2017), which trends north-northwest and is mostly found within the Backstairs 
Package of the Kanmantoo Group (Figure 5).  The Nairne Fault, which is a major north-south 
striking, east dipping fault, cuts through the fold axis of the synclinal structure within Adelaidean 
strata (Griessmann, 2011). 

  



G

G

G

G

G

G

G

G

G

G

G

G

Woodside dyke swarm

Nairne Fault

Tapley Hill
Formation

Kanmantoo
Group

Tarcowie Siltstone

Ulupa
Siltstone

Belair Subgroup

Brighton Limestone

Mitcham Quartzite
Glen Osmond Slate Member

Saddleworth Formation

Appila Tillite

Quaternary
sediments

Seacliff Sandstone

Belair
Subgroup

Charleston

Inverbrackie Creek

Dawesley Creek

Mitchell Creek

Upper Bremer River

Western Branch

Upper Bremer RiverUpper Onkaparinga

HOLDERK     I:\AWS160058_BIH\GIS\DATA\MXD\TEMP\GeologyMap_20170818.mxd     8/24/2017

Figure 4
Geology map

N

0 0.80.4
Kilometers

Legend
Proposed BIH mine

G Towns
Water course
Faults
Surface water sub-catchments DATA SOURCE

Geoscience Australia, 2014.
Date:

1:40,000Scale @ A4
24/08/17

Drawn: KH



 

 Bird in Hand proposed mine hydrogeological review  •  Inverbrackie Creek Catchment Group 
 

 
3-5 

 AWS160058-01_RPT-01_Rev2.docx 

3.4 Hydrogeology 
3.4.1 Overview 

The hydrogeology of the MLR has been described by many authors (Zulfic et al, 2002 and 2010; 
Green et al, 2007; AGT, 2017).  The following sections provide a summary of the information 
provided by these sources. 

The WMLR PWRA is characterised by fractured rock aquifers (FRAs) and sedimentary aquifers that 
are of varying age, hold different water quality and report a range of yields.  There are two main 
aquifer types in the Inverbrackie Creek sub-catchment area: 

 A shallow alluvial / colluvial perched aquifer, associated with creeks.  The shallow aquifers are 
thin, have limited extent and limited water supply potential 

 Groundwater associated with fractures in the Cox Sandstone, Tarcowie Siltstone, Brighton 
Limestone and Tapley Hill Formation 

 

In general, the weathered upper zone of each stratigraphic unit is expected to be densely fractured, 
followed by a less-fractured transitional zone and a largely competent lower zone.   

The main water bearing feature in the proposed mine area is a large fault that has been identified 
and mapped towards the base of the Tarcowie Siltstone (in the proposed mine hanging wall, 
referred to by Terramin as the Hanging Wall Fault).  The fault and associated fracture zone dips 45-
50° to the west and intercepts the old mine workings at BIH.  The fault has been interpreted by 
Terramin to intercept the Brighton Limestone (which hosts the orebody), and could be 
characterised by secondary porosity formed by dissolution (AGT, 2017).  

The water supply potential and hydraulic conductivity of the: 

 Cox Sandstone and the Tarcowie Siltstone (away from the fracture zone) is generally low.  

 The water supply potential and hydraulic conductivity of the Brighton Limestone is generally 
low, however drilling by Terramin has identified cavernous areas associated with the main 
mineralised quartz vein.  

 

The majority of local wells are installed within the upper zone of the Tapley Hill Formation, where 
weathering and / or fracturing has enhanced hydraulic conductivity.   

The Kanmantoo Group, in the east of the Inverbrackie Creek sub-catchment (Figure 4) and to the 
east of the proposed BIH mine area, is considered to have poor water supply potential and 
groundwater hosted by these rocks generally has higher salinity.   

The hydraulic characteristics of the Nairne Fault, located approximately 1.6 km east of the proposed 
BIH mine, are not well documented.  

3.4.2 Groundwater levels 

3.4.2.1 Data availability 

Groundwater monitoring data from wells in the region is available via DEWNR’s Water Connect 
database and Terramin has been conducting groundwater level monitoring in the Inverbrackie 
Creek sub-catchment area since November 2013 (AGT, 2017). 
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3.4.2.2 Fractured rock aquifer 

Groundwater flow generally follows the topography, where it typically discharges to surface water 
in low-lying areas (DEWNR, 2016).  FRA groundwater elevation (measured in summer 2015) ranges 
from 470 mAHD in the northeast of the Inverbrackie Creek sub-catchment (Kanmantoo Group) to 
345 mAHD in the southwest / lower reaches of the sub-catchment (AGT, 2017).  Groundwater 
elevations within the FRAs within the BIH proposed mine area are around 407 to 411 mAHD.  
Groundwater monitoring data indicate groundwater elevations within the different FRA 
stratigraphic units are similar, suggesting hydraulic connection between the units exists. 

A groundwater divide is interpreted to exist east of the proposed BIH mine area, consistent with the 
surface water sub-catchment boundary (Figure 6). 

Based on the groundwater level measurement data (AGT, 2017), depth to groundwater typically 
ranges from 10 to 50 m below ground surface and many wells show seasonal variation (shallower 
in winter and deeper in summer) driven by seasonal factors (rainfall in winter causing groundwater 
levels to rise) and social and economic factors (such as increased domestic use and irrigation in 
summer, causing groundwater levels to decline).  Figure 7 presents available groundwater level for 
local wells. 

3.4.2.3 Shallow alluvial aquifer 

AGT (2017) report that groundwater levels at wells installed in the shallow alluvial aquifer in the 
BIH area are generally 1 to 3 m below ground surface (434 to 438 mAHD) and that monitoring data 
show groundwater levels in the shallow aquifer(s) are not in hydraulic connection with the deeper 
FRAs.  Based on the information presented, this appears to be an appropriate assessment. 
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Figure 7 Private well hydrographs (AGT, 2017) 
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3.4.3 Groundwater quality 

Groundwater quality monitoring data (salinity and major ion chemistry) for wells in the region are 
available via DEWNR’s Water Connect database and Terramin has been conducting water quality 
sampling in the Inverbrackie Creek sub-catchment area since November 2013 (AGT, 2017). 

The salinity of groundwater sampled from the Cox Sandstone, Tarcowie Siltstone, Brighton 
Limestone and Tapley Hill Formation is generally fresh, with salinity generally less than 1,500 mg/L 
total dissolved solids (TDS).  Higher groundwater salinity has been recorded in the east of the 
Inverbrackie Creek area (around 4,000 mg/L TDS), from wells completed in the Kanmantoo Group.   

Groundwater samples have been collected by Terramin for major ion chemistry analysis.  AGT 
(2017) report that:   

 Groundwater sourced from the shallow aquifers and water collected from some springs 
resemble waters that are close to rainfall recharge (based on stable isotope analysis and typical 
rainfall water quality signature) 

 Groundwater sourced from private wells completed in the Tapley Hill Formation, Tarcowie 
Siltstone and Kanmantoo Group are sodium-chloride dominant, indicating the groundwater is 
older, as expected of the deeper FRA 

3.4.4 Surface water – groundwater interactions 

Historical creek level data from a gauging station in the upper reaches of the Inverbrackie Creek 
indicate that this section of the creek is ephemeral, only flowing during winter and following major 
rainfall events (AGT, 2017).  In addition, inferred groundwater elevations (AGT, 2017) in the upper 
reaches of the creek are below the creek elevation, indicating that the upper reaches are most likely 
losing streams (lose water to groundwater). 

As part of a groundwater census conducted by AGT in April 2015 (on behalf of Terramin), a number 
of pools along the Inverbrackie Creek were identified and major ion chemistry shows that water 
collected from the pools is characteristic of groundwater quality observed at nearby wells.  In 
addition, groundwater elevations measured in wells nearby the creek pools were higher than the 
base of creek, suggesting that these sections of the creek receive groundwater (baseflow) discharge 
(gaining stream).  As groundwater levels rise in winter, it is possible that other sections of the 
Inverbrackie Creek are also fed by groundwater discharge (AGT, 2017) thereby sustaining rainfall 
runoff flows for some time after rainfall runoff events occur. 

The census also identified springs away from the Inverbrackie Creek.  However, these are not 
discussed in AGT’s report (2017), beyond identifying them in a figure (Figure 8).  One of the 
identified springs appears to be within close proximity to the proposed mine.  Additional 
information regarding these springs is a data gap that should be assessed as part of the groundwater 
effects assessment. 

In addition to the monitoring conducted by the EPA SA, Terramin has also conducted water 
sampling at selected locations along the Inverbrackie Creek.  Salinity of the water upstream of the 
proposed BIH mine area is generally around 800 mg/L TDS and downstream is around 1,200 mg/L 
TDS.  AGT (2017) report that the higher salinity water downstream may be due to contribution of 
groundwater in these areas or evaporation of water in the pools.   
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Figure 8 Springs identified from groundwater census completed by AGT (Figure 34 in AGT, 2017), red 
circles represent the springs identified and the purple rectangle represents the approx. location of 
the proposed mine 

3.4.5 Groundwater dependent ecosystems 

In addition to groundwater used by private landholders, groundwater can also support surface 
(above ground) and subsurface (below ground) ecosystems that are assessed as beneficial users of 
these resources.  The Australian Groundwater Dependent Ecosystems Atlas (GDE Atlas) presents 
the current knowledge of ecosystems that may depend on groundwater across Australia (BoM, 
2017b). The GDE Atlas contains information about three types of ecosystems: 

 Aquatic GDEs – ecosystems that rely on the surface expression of groundwater, including 
surface water ecosystems which may have a groundwater component such as rivers/ 
creeks, wetlands and springs. 

 Terrestrial GDEs – ecosystems that rely on the subsurface presence of groundwater, 
including vegetation ecosystems such as forests and riparian vegetation. 

 Subterranean GDEs – ecosystems that reside in aquifer and caves (e.g. stygofauna). These 
ecosystems typically include karst aquifer systems and fractured rock groundwater 
environments. 
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The GDE Atlas provides a national assessment which considers largescale spatial datasets such as 
water courses, water table depth and vegetation types.  Potential GDEs identified by the GDE Atlas 
within 5 km of the proposed BIH mine area are presented on Figure 9 and described below: 

 Terrestrial GDEs: 

- Low potential GDEs (from a national assessment) located on the eastern boundary of 
the BIH property boundary 

- Eucalyptus leucoxylon woodland 

- Moderate potential GDEs (from a national assessment) located east and northeast of 
the proposed BIH mine area 

- E. camaldulensis woodland 

- E. leucoxylon woodland 

- High potential GDEs (from a national assessment) located north and southeast of the 
proposed BIH mine area 

- E. viminalis woodland 

- E. camaldulensis woodland 
 

 Subterranean GDEs 

- The GDE Atlas contains no information regarding potential subterranean GDEs in this 
area. 

 

AGT (2017) do not report on the potential groundwater dependence of vegetation in the area or the 
potential for the presence of subterranean GDEs, such as stygofauna.  Given that Terramin has 
identified cavernous areas associated with the main mineralised quartz vein, there is the potential 
for subterranean GDEs to be present.  This should be assessed as part of Terramin’s groundwater 
effects assessment. 

3.4.6 Existing groundwater users 

There are a number of private wells in the Inverbrackie Creek sub-catchment area, with most wells 
100 to 150 m deep.  Terramin conducted a groundwater census to identify existing well status and 
groundwater usage (refer Figure 10).  They identified 30 operational wells in the Inverbrackie Creek 
sub-catchment area.  The majority of the operational wells are installed in the Tapley Hill Formation 
and AGT (2017) report that there are no wells installed within the Cox Sandstone or Brighton 
Limestone.  

As part of the census, Terramin gathered information regarding groundwater abstraction rates from 
39 landholders.  The estimated groundwater abstraction volume for FRA in the Inverbrackie Creek 
sub-catchment is up to 550 ML/yr (AGT, 2017), which is around 58% of the volume available for 
allocation for the area.  The groundwater abstraction information collated from landholders by 
Terramin is shown on Figure 11 (AGT, 2017). 

As mentioned in Section 1.3.1, DEWNR has advised that groundwater available for abstraction in 
the Inverbrackie Creek Adelaidean groundwater management zone is fully allocated (pers. comm., 
S. Barnett, DEWNR, 7 April 2017).  
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Figure 10 Groundwater census – well status (Figure 32 in AGT, 2017), the purple rectangle represents 
the approx. location of the proposed mine 

 

Figure 11 Groundwater census – groundwater abstraction (Figure 33 in AGT, 2017), the purple 
rectangle represents the approx. location of the proposed mine 
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3.4.7 Conceptual hydrogeological understanding 

Figure 12 presents the conceptual hydrogeological understanding of the Inverbrackie Creek sub-
catchment area, incorporating data from the preceding sections and adapted from AGT (2017).  Key 
processes include: 

1. Recharge areas – outcropping fractured rock and losing reaches of streams (estimated by 
AGT (2017) to be between 6 to 60 mm/yr to FRA units) 

2. Discharge areas – groundwater discharge to the Inverbrackie Creek, springs (not well 
understood) 

3. Groundwater abstraction from FRA units by private wells 

4. Irrigation, e.g. wineries / vineyards 

5. Evapotranspiration losses where groundwater dependent vegetation occur and the water 
table is shallow 

6. A groundwater and surface water divide occurs between the Inverbrackie Creek and 
Dawesley Creek sub-catchment areas 
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Figure 12 Conceptual hydrogeological understanding (adapted from AGT, 2017) 
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Section 4 Proposed mine  

4.1 Mine plan and schedule 
The proposed underground gold mine has a proposed life of 5.5 years and the mine plan comprises 
a decline within the Tapley Hill Formation and a series of horizontal drives to access ore hosted by 
the Brighton Limestone.  Based on information available, it appears that the underground mine will 
progress to a depth of around 400 m below ground surface and the first stope will be at around 
300 mRL (100 m below ground surface) (Figure 13).  

 

Figure 13 Cross-section of proposed BIH mine (Terramin, 2017) 
 

The proposed mining method will be via drilling and blast, and cut and fill methods, backfilling 
mined areas as the mine progresses.  It is assumed that the backfill material will be waste (non-
mineralised rock).  Terramin has advised that the proposed underground mine will have minimal 
surface disturbance and that all ore will be removed from site and trucked to their existing Angus 
Zinc Mine at Strathalbyn for processing. 

The hanging wall comprises Tarcowie Siltstone, which drilling has shown to be highly fractured and 
a likely “conduit for high groundwater flow” (yielding flows of up to 40 L/s; AGT, 2017).  The decline 
and footwall occurs in the upper zone of the Tapley Hill Formation, which has higher fracture 
density than the deeper intersections of the formation.   
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4.2 Site infrastructure 
Based on Terramin’s fact sheets (2017), site infrastructure (Figure 14) comprises of: 

 Site offices 

 Ore storage silo 

 Concrete batching plant 

 Fuel storage 

 Waste landform (“Integrated Mullock Landform”) 

 Mine water dam 
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Figure 14 Proposed BIH mine site infrastructure (Terramin, 2017) 

4.3 Proposed groundwater management 
Based on information presented in AGT’s report (2017) and information available on Terramin’s 
website, the mine plan has been designed to avoid the main water-bearing structures (the Hanging 
Wall Fault) to minimise groundwater inflows to the mine.  Where the proposed mine development 
(access drives and ore drives) will occur near water-bearing fractures associated with the Hanging 
Wall Fault, probe drilling and grouting ahead of development will be undertaken.  The probe drilling 
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will allow detection of water-bearing fractures and cement will be pumped into the fractures (to 
approximately 2-5 m around the mine void) prior to the tunnel / drives advancing.  The probe 
drilling will also provide information regarding rock strength and confirming geology.  Terramin 
propose to drill additional holes after the grouting to assess the effectiveness of the grouting.  If the 
groundwater inflows are above “specified levels” (not quantified by Terramin), additional grouting 
will be conducted.  

Groundwater that enters the mine workings will be pumped to the surface and Terramin proposes 
to reinject this water (once treated) back into the FRAs via injection wells in a radial pattern around 
the mine (AGT, 2017).  Terramin and AGT (2017) are referring to this water management approach 
as managed aquifer recharge (MAR), however MAR is the “intentional recharge of water to aquifers 
for subsequent use or environmental benefit” (CSIRO, 2017).  Terramin’s proposed approach differs 
to this definition.  Therefore, the proposed approach will be referred to as ‘reinjection’ in this report. 

There do not appear to be any groundwater inflow mitigation measures in place for the decline or 
mine development in the Tapley Hill Formation (other than pumping the water to the surface and 
reinjecting it). 

4.4 Groundwater modelling and impact assessment 
AGT (2017) conducted numerical groundwater modelling to assess the possible scale of 
groundwater inflow to the proposed mine and potential groundwater related impacts of mining on 
existing users and the Inverbrackie Creek, and to assess the effectiveness of Terramin’s proposed 
water management strategies.  The following points summarise the groundwater modelling 
conducted by AGT: 

 Hydraulic properties simulated by the model were derived from aquifer testing (8 constant rate 
tests) conducted at wells drilled by Terramin and private wells that are constructed in the 
Tarcowie Siltstone, Cox Sandstone, Brighton Limestone and Tapley Hill Formation 

 Observed groundwater levels in spring (late August) 2014 were used for the model ‘steady state’ 
calibration (to represent pre-mine development conditions).  Most of the wells used for the 
steady state calibration are within the Tapley Hill Formation, with a smaller number of wells in 
the Brighton Limestone, Tarcowie Siltstone, Cox Sandstone and Kanmantoo Formation.  The 
model predicted groundwater elevations are a reasonable representation of the observed and 
conceptual understanding of the groundwater flow patterns, which is represented in the scaled 
root mean squared error (SRMS) of the steady state calibration.  The SRMS is a model 
performance measure and compares model predicted groundwater levels with measured 
groundwater levels. The SRMS of the steady state calibration is 6%, which is within the 
recommended and acceptable range (<10%) as outlined in the Australian Groundwater 
Modelling Guidelines (Barnett et al, 2012).  Other model performance measures and targets 
include model water balance (assessing movement of water into and out of the model), model 
convergence (small change in hydraulic heads between model iterations) and qualitative checks 
(e.g. predicted groundwater level contours and groundwater flow patterns being consistent 
with the conceptual understanding; Barnett et al, 2012).  Based on the information presented, 
this was achieved in the model calibration 

 Transient model calibration was involved a ‘local’ transient calibration (based on a 6-day 
aquifer test) and a ‘regional’ transient calibration process (based on groundwater abstraction 
from private wells and the measured groundwater levels).  The model predicted groundwater 
level drawdown was reasonable in most wells, with the exception of three wells located close to 
the existing underground mine working.  AGT (2017) state that the difference in the transient 
calibration results with observed water levels at those wells is likely due to anisotropy 
associated with the Hanging Wall Fracture and recommend that simulation of a local scale 
fracturing be presented in future model updates 
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 Groundwater abstraction rates at private wells were simulated based on the information 
collected as part of the census and not the allocation limit 

 Groundwater flow barriers (faults inferred by AGT from analysis of aquifer testing completed at 
the proposed site) within the Tarcowie Siltstone within close proximity to the proposed mine 
were simulated in the base model(s) 

 Simulation of the underground mine (decline and mine drives) was conducted using drain cells 
with high conductance values.  Grouting in the underground was simulated by reducing the 
conductance of the drain cells through trial and error until predicted mine inflows reduced by 
70% and 90% (depending on the scenario) 

 The report states that two reinjection approaches were simulated: (1) reinjection of treated 
water pumped from the underground; and (2) active depressurization of the Hanging Wall Fault 
to reduce mine water inflows and reinjection (without treatment).  However, only the results of 
the first approach was discussed in the model report.  Reinjection was simulated using eight 
injection wells: one well in the Tarcowie Siltstone to maintain the groundwater divide between 
the WMLR and EMLR, and prevent saline groundwater intrusion from the east; two wells in the 
Tarcowie Siltstone towards the northeast and southwest outside of the inferred groundwater 
flow barriers; and five wells in the Tapley Hill Formation to offset groundwater level decline at 
existing wells and to maintain baseflows to Inverbrackie Creek.  The reinjection rate was 
equivalent to the average total mine inflows (abstraction volume) during each stress period 

 

The groundwater model results presented in AGT’s report (2017) show: 

 Without any management of groundwater inflows, the predicted extent of groundwater level 
decline in the FRA is ~2 km from the proposed mine, and the groundwater divide between the 
EMLR and WMLR is removed.  The maximum predicted drawdown at the end of mining is 
around 100 m at the proposed mine.  The figures presented in the report make it difficult to 
assess the maximum predicted drawdown below the neighbouring properties.  Based on the 
figures, provided the maximum drawdown below the neighbouring properties is predicted to 
be around 5 m to 20 m 

 Simulation of grouting to 70% and 90% effectiveness (without MAR), reduced the extent of 
groundwater drawdown to 1.6 and 1.2 km, respectively.  The maximum predicted drawdown at 
the end of mining is still predicted to be around 100 m at the proposed mine, however the area 
of the 100 m drawdown is reduced.  Based on the figures, provided the maximum drawdown 
below the neighbouring properties and at existing wells is predicted to be around 5 m to 20 m 

 Reinjection reduces the predicted radius of influence to around 600 m from the proposed mine, 
maintaining groundwater levels at private wells and the groundwater divide between the 
WMLR and EMLR 

 The predicted total groundwater abstraction rates will range from 110 to 430 ML/yr from the 
WMLR PWRA under the various groundwater management scenarios. 

 The supergene zone, which has the potential to generate Acidic Metalliferous Drainage (AMD) 
is unlikely to dewater and oxidise 

 5 years after mining ceases, the maximum residual drawdown is predicted to be:  

-  1 to 10 m without any groundwater management, with the largest residual 
drawdown predicted to occur in the area of the proposed mine and southeast of the 
proposed mine 

- 1 to 4 m without reinjection and 0.5 m with reinjection for the 70% effective grouting 
scenario 
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Model predictions are uncertain because models are dependent on the availability of information 
and because the capacity to capture real-world complexity in a model is limited (Barnett et al, 2012). 
AGT (2017) also conducted uncertainty analysis to assess knowledge gaps and specifically assessed: 

 The underground mine intercepting the Hanging Wall Fault at 130 m and 300 m below ground 
surface –  
Mine water inflows are predicted to peak when the mine (decline or drives) intercept the 
Hanging Wall Fault at 70 L/s, however the mine water inflow rates are expected to decline 
back to the same inflow rates predicted by the base model (around 10 L/s after the initial peak 
and then increasing to around 25 L/s) 

 Removal of the inferred groundwater flow barriers simulated in the Tarcowie Siltstone –  
Predicted extent of groundwater level drawdown increases, most notably to the south of the 
proposed mine in the unmitigated scenario and to the east in the scenario with 70% effective 
grouting and reinjection 

 A zone of weathering near the upper decline (in the Tapley Hill Formation, resulting in 
increased clay content) –  
Simulated by lowering the horizontal hydraulic conductivity of the zone in the model, which 
predicts a reduction in groundwater inflows to the proposed mine 

 Sensitivity to aquifer properties –  
Assessed by varying the hydraulic conductivity and aquifer storage of the Tapley Hill 
Formation, ‘cavernous zone’ in the Brighton Limestone and the Hanging Wall Fault.  The 
results of this analysis shows minor changes in predicted groundwater inflows to the mine and 
minor changes to the extent of drawdown 

 

The groundwater model was peer reviewed by Innovative Groundwater Solutions (IGS), who 
determined that the numerical groundwater model is fit-for-purpose. 
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Section 5 Adequacy assessment 
Table 1 summarises the outcomes of CDM Smith’s review of the information provided in AGT’s 
(2017) report, and assessment of the adequacy of the work presented in the report and information 
available in the public domain.  Table 1 also summarises the additional information or work that 
Terramin would be expected to provide as part of the MLP and hydrogeological impact assessment. 

Table 1 Adequacy assessment 
Task Comment Adequacy 

Surface water – 
groundwater 
interactions 

Groundwater discharge areas in the 
Inverbrackie Creek were identified during 
the groundwater census conducted by AGT 
(on behalf of Terramin).  These locations 
were sampled to confirm groundwater 
interaction and were assessed as part of the 
groundwater modelling to determine 
potential impacts from the proposed mine.   
However, the census also identified springs 
away from the Inverbrackie Creek that have 
not been discussed or assessed for potential 
impacts from the proposed mine.  

Additional information 
regarding these springs is a 
knowledge gap that should be 
assessed as part of Terramin’s 
groundwater effects 
assessment. 

Groundwater 
dependent 
ecosystems 

The GDE Atlas identifies potential 
groundwater dependent vegetation near 
the proposed mine.  However, it appears 
that this has not been assessed and was not 
discussed in AGT’s (2017) report.  In 
addition, there is the potential for presence 
of subterranean fauna (stygofauna) within 
the ‘cave zones’ of the Brighton Limestone.   

Terramin should address the 
potential for these aquifer 
GDEs to occur as part of the 
groundwater effects 
assessment in the MLP. 

Groundwater 
management 
and impact 
assessment 

Terramin has not conducted an injection 
trial to assess the effectiveness of 
reinjection as a water management 
approach.  The results of the groundwater 
modelling suggest that reinjection is a 
significant mitigation measure to reduce 
the impact of the mine on the environment 
(Inverbrackie Creek) and existing users (via 
drawdown), and water quality changes by 
changing the position of the groundwater 
divide between the WMLR and EMLR. 

Terramin should conduct an 
injection trial to assess the 
effectiveness of reinjection as 
a mitigation measure to 
prevent impacts to existing 
users. The trial should also 
assess the potential for 
clogging during injection 
(operational use), 
management of injection wells 
(to ensure effectiveness) and 
whether the FRA at this 
location is conducive to 
groundwater injection. 

The model results (for the scenarios with 
grouting) predict the radius of impact from 
mining (groundwater level drawdown) will 
extend from 1.2 to 2 km from the proposed 
mine, with some private wells expected to 
have groundwater levels decline by 10 m 
(with 70% effective grout and reinjection) 

This impact breaches a 
requirement of the WAP that 
the radius of influence of a 
new groundwater abstraction 
cannot encroach within 50-
200 m of an existing licensed 
user. 
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Task Comment Adequacy 
to 20 m (with 70% effective grout and no 
reinjection).  The report does not discuss 
how this will affect the continued operation 
of the existing wells. 

Terramin will need to address 
the predicted impact on 
existing private wells and the 
intended management or 
mitigation of this impact for 
each existing user. 

The groundwater model predicts that 110 
to 430 ML/yr will be abstracted from the 
FRA in the WMLR PWRA under the various 
groundwater management scenarios.  
However, AGT’s (2017) report does not 
provide the predicted annual groundwater 
abstraction volume under the scenario 
without water management measures.   
 

Terramin should advise what 
the predicted groundwater 
abstraction volume is under 
the scenario without water 
management.  As stated in 
Section 1.3, it is understood 
there is no groundwater 
available for allocation within 
the WAP, meaning the 
proposed management 
strategies need to be 100% 
effective.   

The groundwater model includes flow 
barriers (as faults) in the base case models 
that were inferred from the 6 day aquifer 
test at one of Terramin’s investigation 
bores (IB4).  While the 6-day test did not 
impact groundwater levels at existing wells 
outside these zones, a flow barrier 
(discharge boundary) effect was not 
evident in the drawdown data at the 
production well.  In addition, the flow 
barriers were not discussed in much detail 
in the aquifer test discussion section of 
AGT’s (2017) report.   

Based on the information 
provided in the report, CDM 
Smith believe that the base 
case model should not include 
the simulation of these flow 
barriers until they have been 
assessed further, alternatively, 
if it has been assessed further 
with additional field data, the 
information should be 
presented in Terramin’s 
groundwater section of the 
MLP.  

Figures in the groundwater model section 
of AGT’s (2017) report are poor and not 
well labelled, making it difficult to read or 
allow review of results.  For example, scales 
and legends are missing and charts with 
private wells do not clearly show the 
change in groundwater levels and figures 
throughout the report do not show where 
the mine is in relation to existing private 
wells.  

Report figures should be 
presented so that the results 
can be easily interpreted and 
reviewed (including providing 
scales, legends, 
distinguishable symbol 
assignment to wells in charts 
and not crowding information 
in figures) 

Figure 68 of AGT’s (2017) report shows 
that even under reinjection with 90% 
effective grouting, there is predicted to be 
some level of impact to existing users, 
under 70% grouting effectiveness and 
reinjection, 8 operational private wells are 
predicted to be impacted by a reduction in 
groundwater levels 

The report does not clearly 
define Terramin’s planned 
groundwater management 
measure (i.e. 70% grouting 
effectiveness with reinjection 
or 90% grouting effectiveness 
with reinjection). This should 
be provided in the MLP 
document, along with clear 
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Task Comment Adequacy 
explanation of predicted 
impacts and planned 
management of those impacts, 
and commitment to triggers 
that will initiate additional 
management or mitigation 
measures 

The AGT (2017) report states that two 
reinjection approaches were simulated: (1) 
reinjection of treated water pumped from 
the underground; and (2) active 
depressurization of the Hanging Wall Fault 
and reinjection (without treatment) to 
reduce mine water inflows.  However, only 
the results of the first reinjection approach 
was discussed. 

Terramin should present the 
results of the other MAR 
scenario if it is being 
considered for groundwater 
management 

Terramin advises that mining will include 
probe drilling in advance of the mine 
drives, and if water-bearing structures are 
intercepted, grout will be pumped into the 
fractures to limit groundwater inflows to 
the mine. However, the information 
available at the time of this review did not 
include information regarding the grouting 
approach, or testing the effectiveness of the 
grouting procedure.  In addition, the 
information available stated that grouting 
will be used if groundwater inflows are 
‘above specified levels’, however these 
levels have not been quantified. 

Terramin will need to include 
details regarding the proposed 
grouting approach, including 
the ‘specified levels’ that 
triggers the need to grout 
fractures, effectiveness of the 
approach and confirmation on 
how many times Terramin will 
cycle through probing, 
grouting, testing, and re-
grouting if inflows are above 
‘specified levels’ before they 
advance the mine. 

The water demand (and water quality 
requirements) of the water for the planned 
concrete batching plant has not been 
specified in the information available. 

Terramin will need to provide 
information on the concrete 
batching plant water demand, 
as well as other project water 
demands, along with the 
proposed source of the water 
and, if groundwater will be 
used, Terramin will need to 
obtain a permit / allocation to 
abstract and use the water.  
However, as outlined in 
Section 1.3.1, it is understood 
that the WMLR PWRA is 
already fully allocated. 

The groundwater assessment report did 
not provide risk rankings of the potential 
impacts to the environment and other 
users.  

A risk assessment (prior to 
controls and following applied 
management or mitigation 
measures) should be included 
in Terramin’s MLP 
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The hydrogeological investigations conducted by AGT (on behalf of Terramin) to develop the 
conceptual understanding and describe the existing environment is adequate for the purpose of the 
report.  However, the presentation of the information in the report (e.g. figures and tables) is 
sometimes challenging to interpret, making it difficult to assess the results and review the predicted 
changes to groundwater flow conditions during mining.  
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Section 6 Preliminary effects assessment 

6.1 Potentially sensitive groundwater receptors 
As described in Section 2, potentially sensitive groundwater receptors in the proposed BIH mine 
area include: 

 Social and economic -  domestic water users, livestock, horticultural enterprises 

 Environmental – aquatic ecosystems in baseflow maintained pools or watercourses 
(Inverbrackie Creek, springs / seeps), potential riparian vegetation, potential subterranean 
fauna (aquifer GDEs) within the Brighton Limestone where it is cavernous 

 

6.2 Effects assessment 
Table 2 presents a summary of the possible mine-related water affecting activities at the proposed 
BIH mine and the likely associated direct effects (changes to groundwater quantity and quality, 
changes to groundwater and surface water interaction, and aquifer disruption).  The threats 
identified will need to be addressed by Terramin as part of the MLP submission document.  Any 
identified threats will need to include an assigned risk (based on likelihood and consequence), 
proposed management of the threat / impact and the residual risk following application of the 
management / control measure. 

Table 2 Summary of preliminary groundwater effects assessment 
Direct effect Present Threat Description 

Groundwater affecting activity:  UNDERGROUND MINE DEVELOPMENT 

Groundwater 
quantity Yes 

Groundwater intercepted by the decline and mine drives will be 
pumped to the surface for re-injection into the FRA.  This will 
result in a lowering of water tables and groundwater pressures 
resulting in a cone of drawdown / depressurisation that 
extends for some distance away from the mine. 
Lowering of the water table has the potential to impact local 
existing groundwater users (including the environment and 
private wells).  The extent of the impact is dependent on the 
hydraulic properties of the geology in the area of the proposed 
mine, groundwater abstraction rate, mining duration and any 
water control management strategies. 

Groundwater 
quality Potential 

Exposure of Potential Acid Forming (PAF) materials during 
mine development can give rise to AMD generation, which may 
impact on existing landowner wells, receiving environment, 
and abstracted water will require water treatment prior to 
discharge from site (including reinjection). 
The act of mining may result in the interconnection of aquifers, 
which can have implications for water quality changes between 
connected aquifers.  The interconnection of aquifers / fractures 
that were not previously in hydraulic connection can result in 
the mixing of poorer quality groundwater with better quality 
groundwater. 
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Direct effect Present Threat Description 

Groundwater & 
surface water 
interaction 

Yes 

Groundwater abstraction for mine dewatering may result in a 
reduction in baseflow to local watercourses (Inverbrackie 
Creek), springs and wetlands, and increased water table 
beneath riparian zones.  
The extent of the impact is dependent on the hydraulic 
properties of the geology and groundwater abstraction rates.  

Aquifer 
disruption Yes 

As stated above, mining will likely interfere with aquifers, 
including removal of aquifer material. The mining method (drill 
and blast) also has the potential to disrupt aquifers. The extent 
of the impact is dependent on the extent of the mine, the aquifer 
connectivity, the mining approach and geotechnical properties 
of rocks within the mine area. 

Groundwater affecting activity:  ABANDONED MINE 

Groundwater 
quantity Yes 

Underground mine workings will likely act as groundwater 
sinks until ‘re-filled’ after closure (i.e. this effect is not enduring) 
but will result in drawdown near the mine enduring after mine 
closure, i.e. the impact on nearby affected users will be 
sustained into the future until full recover of groundwater 
levels / pressures occurs. 

Groundwater 
quality Potential 

If underground mining results in the interconnection of 
aquifers / fractures of varying water quality, there is the 
potential to alter groundwater quality at existing landowner 
wells, at least until full recovery of groundwater levels / 
pressures occurs.  

The potential exists for local (underground mine) water quality 
to impact on groundwater quality, particularly where AMD 
potential exists. 

Groundwater & 
surface water 
interaction 

Potential 

As the underground mine workings are expected to act as 
groundwater sinks, there is potential for continued reduction in 
baseflow to local watercourses / wetlands, and sustained water 
table drawdown beneath riparian zones, at least until full 
recovery of groundwater levels / pressures occurs. 

Aquifer 
disruption No No additional disruption is expected 

Groundwater affecting activity:  WASTE ROCK DUMPS 

Groundwater 
quantity Potential 

Potential enhanced groundwater recharge through dump 
materials may give rise to local mounding of the water table and 
/ or water logging. 

Groundwater 
quality Potential The potential for water draining through waste rock to 

encounter PAF material exists, which could give rise to 
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Direct effect Present Threat Description 
mobilisation of ‘contaminants’ to groundwater or surface 
water.   

Groundwater & 
surface water 
interaction 

Potential If groundwater mounding occurs, there is the potential to 
increase discharge to riparian zones / wetlands. 

Aquifer 
disruption No n/a 

Groundwater affecting activity:  TAILINGS STORAGES 

Groundwater 
quantity No n/a   

Groundwater 
quality No n/a   

Groundwater & 
surface water 
interaction 

No n/a 

Aquifer 
disruption No n/a 

Groundwater affecting activity– CONCRETE BATCHING PLANT 

Groundwater 
quantity Potential 

Terramin have not advised of the intended use of the concrete 
batching plant. It is assumed that the concrete batching plant 
will require water to provide grout for the planned grouting of 
water-bearing fractures. Therefore. the water demand of the 
concrete batch plant has the potential to influence the volume 
of groundwater that will be reinjected into the FRA (assuming 
that groundwater will be the water source), and will require a 
groundwater abstraction permit in an area that is already fully 
allocated.  

Groundwater 
quality Potential 

Potential spills from the concrete batching plant may infiltrate 
to the water table and mobilise ‘contaminants’ to groundwater. 
However it is assumed that the site will be sealed and bunded. 

Groundwater & 
surface water 
interaction 

No n/a 

Aquifer 
disruption 

 
No n/a 
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Direct effect Present Threat Description 

Groundwater affecting activity – FUEL STORAGE 

Groundwater 
quantity No n/a 

Groundwater 
quality Potential Spillage / leaks from fuel storage areas has the potential to 

mobilise contaminants to groundwater 

Groundwater & 
surface water 
interaction 

Potential 

Spillage / leaks from fuel storage areas has the potential to 
impact riparian vegetation and / or springs / water courses 
where groundwater that has become contaminated from a spill 
discharges 

Aquifer 
disruption No n/a 

Groundwater affecting activity – WATER STORAGE FACILITIES 

Groundwater 
quantity Yes Seepage from the planned mine water dam has the potential to 

give rise to local mounding of the water table and water logging. 

Groundwater 
quality Potential 

Depending on the quality of the water stored in the mine water 
dam, water draining from the dam may be contain 
‘contaminants’ to groundwater. 

Groundwater & 
surface water 
interaction 

Potential  The potential for groundwater mounding to increase discharge 
to riparian zones / wetlands and waterlogging is a possibility. 

Aquifer 
disruption No n/a 
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Section 7 Summary and conclusions 
As stated in the Australian Groundwater Modelling Guidelines (Barnett et al, 2012), “groundwater 
management and policy decisions must be based on knowledge of the past and present behaviour 
of the groundwater system, the likely response to future changes and the understanding of the 
uncertainty in those responses”.   

The groundwater investigation work completed by Terramin is considered adequate to develop a 
conceptual understanding of the interactions between potentially sensitive receptors (social, 
economic and environmental) and the groundwater system, and how proposed mining activities 
may impact on the water resource and most receptors.   

Without the groundwater management measures, the proposed mine is expected to impact an area 
2 km from the proposed mine.  Terramin proposes to grout water-bearing fractures (intercepted in 
the mine drives) and reinjection to manage impacts of the mine on existing groundwater users 
(private wells and Inverbrackie Creek).  With groundwater management measures, the area of 
impact is predicted to reduce to 600 m with reinjection or 1.2 km with 90% effective grouting of 
water-bearing fractures.  However, Terramin has not conducted an injection trial to assess the 
appropriateness and effectiveness of reinjection in managing impacts on existing users of 
groundwater, and this would need to be undertaken before the strategy can form the primary 
groundwater management strategy for the project.  In addition, evidence of where the proposed 
grouting of water-bearing rocks has been successfully undertaken to reduce 70 to 90% of potential 
inflows needs to be presented.  

In addition to the injection trial and demonstration that grouting will be an effective mine water 
control measure, Terramin will need to address the following as part of their MLP document: 

 Potential impact of the proposed mining operation on springs, other than those associated with 
the Inverbrackie Creek 

 Presence of GDEs and the potential impact on these GDEs (if present) 

 Fully explain the potential impact on existing users (private wells and the environment) under 
a ‘no mitigation’ scenario 

 Provide further detail and quantification regarding the criteria for when grouting of water-
bearing fractures will be conducted (i.e. the ‘specified levels’), and details regarding the concrete 
batching plant water requirements 

 Risk assessment of the potential impacts, prior to and following proposed management 
measures, including assessing the potential impacts (and proposed management) of the 
groundwater affecting activities identified in Section 6.2 that have not been raised in AGT’s 
(2017) report (e.g. mine water dam and fuel storage) 

 

Based on advice from DEWNR, it is understood that the WMLR PWRA is fully allocated, therefore 
the reported groundwater abstraction from the proposed mine will exceed the WMLR WAP 
allocation limit.  Water use on the mine (including potable supply, dust suppression and concrete 
batching), if sourced from groundwater, will require an allocation.  In addition, whether abstractions 
can be offset by reinjection under the rules of the WAP should also be considered. 
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Disclaimer and Limitations 
This report has been prepared by CDM Smith Australia Pty Ltd (CDM Smith) for the sole benefit of 
Inverbrackie Creek Catchment Group for the sole purpose to provide an independent 
hydrogeological review of available information and identification of potential groundwater 
related impacts associated with the proposed Bird in Hand mining operation.  

This report should not be used or relied upon for any other purpose without CDM Smith’s prior 
written consent. Neither CDM Smith, nor any officer or employee of CDM Smith, accepts 
responsibility or liability in any way whatsoever for the use of or reliance on this report for any 
purpose other than that for which it has been prepared.   

Except with CDM Smith’s prior written consent, this report may not be:  

(a) released to any other party, whether in whole or in part (other than to officers, employees 
and advisers of Inverbrackie Creek Catchment Group); 

(b) used or relied upon by any other party; or 

(c) filed with any Governmental agency or other person or quoted or referred to in any public 
document. 

Neither CDM Smith, nor any officer or employee of CDM Smith, accepts responsibility or liability 
for or in respect of any use or reliance upon this report by any third party. 

The information on which this report is based has been provided by Inverbrackie Creek Catchment 
Group and third parties.  CDM Smith (including its officers and employees): 

(a) has relied upon and presumed the accuracy of this information; 

(b) has not verified the accuracy or reliability of this information (other than as expressly 
stated in this report); 

(c) has not made any independent investigations or enquiries in respect of those matters of 
which it has no actual knowledge at the time of giving this report to Inverbrackie Creek Catchment 
Group; and 

(d) makes no warranty or guarantee, expressed or implied, as to the accuracy or reliability of 
this information. 

In recognition of the limited use to be made by Inverbrackie Creek Catchment Group of this report, 
Inverbrackie Creek Catchment Group agrees that, to the maximum extent permitted by law, CDM 
Smith (including its officers and employees) shall not be liable for any losses, claims, costs, 
expenses, damages (whether in statute, in contract or tort for negligence or otherwise) suffered or 
incurred by Inverbrackie Creek Catchment Group or any third party as a result of or in connection 
with the information, findings, opinions, estimates, recommendations and conclusions provided in 
the course of this report. 

If further information becomes available, or additional assumptions need to be made, CDM Smith 
reserves its right to amend this report. 
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