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EXECUTIVE SUMMARY 
 
This document is a hydrogeological assessment for the Snapper Mineral Sands Project (the Snapper Mine) by 
BEMAX Resources Limited (BEMAX).   
 
The Snapper Mine area comprises the Snapper Mine Mining Lease Application (MLA) area and the electricity 
transmission line (ETL) and highway access road (HAR) extensions. 
 
The Snapper mineral sand deposit lies within the broad shallow Murray Geological Basin.  The Basin contains 
several aquifer layers.  The mineral sands lie within the Loxton-Parilla aquifer which contains saline groundwater.  
The groundwater study area for this hydrogeological assessment of the Snapper Mine extends north to the 
Menindee Lakes, south to the Murray River, east beyond the Darling River and west beyond the Silver City 
Highway.  The aquifer system in this area is recharged by regional seepage from the north, leakage from the 
Menindee Lakes and recharge from rainfall in the order of 0.1 to 3 millimetres per year (mm/year).  Additional 
leakage to the saline Loxton-Parilla aquifer occurs via the alluvial deposits along the Darling River and 
intermittently via the alluvial deposits along the Great Darling Anabranch when water is present.  These alluvial 
deposits are considered to be weakly connected to the underlying Loxton-Parilla aquifer.   
 
Mining the Snapper deposit using a floating dredge as at the Ginkgo Mineral Sands Project (the Ginkgo Mine) 
would require groundwater extraction.  Most of the water extracted would be returned to groundwater but some 
would be lost to evaporation, retained in fines, slurried mineral sand residues and slurried overburden deposited 
above the water table and exported off-site as entrained water.   
 
Two four day pumping tests in the Snapper Mine area gave transmissivity results of 860 square metres per day 
(m2/day) and 730 m2/day for the Loxton-Parilla aquifer.  These are comparable to the results of 700 m2/day to 
950 m2/day obtained from three seven day pumping tests at the Ginkgo Mine in 2001.  As both sites are in similar 
geological formations they are considered together in assessing the aquifer transmissivity in the area around the 
Snapper and Ginkgo Mines. 
 
Preliminary water balance studies were carried out for the 16 year mine life planned for the Snapper Mine.  These 
studies were based on heavy mineral production rates of up to 450,000 tonnes per year (t/year) and assessed an 
initial start-up period as well as an operation period. The results indicate a net water consumption (borefield 
pumping minus seepage to groundwater) for the start-up period of approximately 100 litres per second (L/s) while 
filling the initial water dam over six months before mining commences and then approximately 70 L/s during the 
first six months of mining.  Over the remaining mine life the net water consumption is estimated to be in the range 
50 L/s to 100 L/s.  The higher consumption rates in later years are associated with higher production rates for 
dredged ore and slurried overburden. 
 
Two borefields are planned, the central borefield for up to the first three and a half years of mining and the 
northern borefield for the latter years.  A mine-scale groundwater model was developed to estimate the flows 
required for adjustment of the dredge pond level in order to mine at high water levels in the early years and low 
levels in later years.  Borefield demand is calculated to be up to 111 L/s during start-up, up to 328 L/s during 
Years 1 and 2 when the dredge pond needs to be raised by approximately 14.5 metres (m) above the water table, 
263 L/s in Year 4 when the dredge pond needs to be raised by approximately 8 m and 370 L/s in Year 14 when 
the dredge pond needs to be lowered by approximately 10 m. 
 
A water disposal dam would be constructed within the mine path during approximately Year 7 behind the dredge 
pond.   Excess water during Years 12 to 16 would be pumped to the water disposal dam and allowed to seep 
through the permeable sand backfill to the groundwater table. 
 
A regional groundwater model was developed for the broader study area to assess sustained groundwater 
availability for the long-term dredging operation and to evaluate the magnitude and extent of drawdowns 
generated by withdrawal of groundwater for the Snapper and Ginkgo mines.  The model was set up to include the 
effects of interconnections between groundwater and the Darling and Murray Rivers, Menindee Lakes and the 
Great Darling Anabranch.  Provision was made for recharge by a small fraction of rainfall and seepage from 
ephemeral lakes and for groundwater loss by evaporation in groundwater discharge areas.   
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The regional model was then used to simulate the transient effects of mining at the Ginkgo and Snapper Mines by 
applying groundwater extraction to the relevant areas.  The net extraction rates applied were based on the 
estimated borefield pumping less the seepage to groundwater within the Snapper Mine area.   
 
The predicted drawdowns proximal to the Snapper Mine are greatest at the end of mining, while the maximum 
predicted drawdowns further from the Snapper Mine occur years after completion of mining.   
 
The Loxton-Parilla aquifer is not used for domestic or pastoral activities due to its high salinity.  Where existing 
bores for stock watering access brackish or freshwater lens aquifers which overly the denser and more saline 
water of the Loxton-Parilla aquifer, these bores could potentially experience a reduction in water levels as a result 
of the lowering of the water levels in the Loxton-Parilla saline aquifer.  In the event that freshwater lenses are 
lowered, no significant impact on groundwater quality is expected.  Groundwater monitoring would be provided to 
identify variance to modelled groundwater impacts.   Remedial actions (e.g. lowering of the pump set or providing 
an alternative water supply) would be undertaken in the event of a significant adverse effect on a landholder bore 
that is attributable to the Snapper Mine.   
 
Drawdown induced in The Salt Lakes area is likely to result in some minor reduction in the rate of groundwater 
loss via evaporation, although the Salt Lakes would remain a net groundwater loss area and no alteration to the 
surface features is anticipated.  
 
The predicted drawdown of the saline water table below surface water features (e.g. Darling River) would be 
immeasurable given natural variation and fluctuations (i.e. less than 0.5 m during and after mining).   
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A1 INTRODUCTION 
 
This document is a hydrogeological assessment for the development of the Snapper Mineral Sands Project (the 
Snapper Mine) by BEMAX Resources Limited (BEMAX).   
 
The Snapper Mine is located approximately 70 kilometres (km) north of Wentworth and 40 km west of Pooncarie, 
New South Wales (NSW).  It is 10 km south-west of the existing Ginkgo Mineral Sands Project (the Ginkgo Mine) 
(Figure A-1).  The Snapper Mine general arrangement is shown on Figures A-2 and A-3.   
 
Golder Associates was commissioned by BEMAX to carry out this hydrogeological assessment as part of the 
Environmental Assessment (EA) for the Snapper Mine.  
 

A1.1 Scope 
 
The scope of this hydrogeological assessment comprises: 
 
• characterisation of the existing hydrogeological regime in the vicinity of the Snapper Mine; 

• field investigations to characterise the groundwater aquifer which underlies the Snapper deposit; 

• assess the effect of water adjustments to raise and lower the water in the dredge pond using a mine-scale 
model;   

• development of a mine water balance; 

• development of a regional groundwater model for assessment of the sustained water availability for the 
dredging operation and potential cumulative effects of the Snapper Mine and the Ginkgo Mine on the 
groundwater aquifer, including potential impacts to other groundwater users and features such as The Salt 
Lakes and the Darling River; and 

• development of measures to manage, mitigate and/or avoid potential impacts. 
 

A1.2 Snapper Mine Overview  
 
The Snapper Mine would utilise conventional wet dredge mining techniques to recover the valuable heavy 
minerals from the Snapper deposit.  The dredge and primary gravity concentration unit would operate in the 
dredge pond, while overburden would be moved via conventional mobile equipment haulage and via overburden 
slurrying.   
 
There are a number of key components of the Snapper Mine that influence this hydrogeological assessment 
including the operation of the two borefields which would provide the water required (Figures A-2 and A-3).  Each 
bore in the borefields would be capable of producing up to either 10 litres per second (L/s) or 15 L/s, depending 
on their location.   
 
The two borefields would supply process water to the following: 
 
• dredge pond; 

• primary gravity concentration unit via the dredge pond; 

• overburden slurrying and pumping system via the dredge pond; 

• initial water supply dam; 

• reverse osmosis (RO) plant; 

• salt washing facility and Wet High Intensity Magnetic Separators (WHIMS) circuit via the RO plant; and 

• water disposal dam. 
 
Process water would also be supplied to the dredge pond and overburden slurry system indirectly (i.e. via 
recycling of water). 
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Aspects of the Snapper Mine which would have significant influence on the hydrogeological assessment include: 
 
• the water demand during the initial stages of operation when the initial water dam would be filled, the dredge 

pond is flooded and initial sand residue dam and slurried overburden emplacement commenced; 

• water demand associated with the heavy mineral concentrate (HMC) treatment; 

• the requirement to raise and lower the dredge pond elevation relative to the existing groundwater table to 
provide access to the deposit as mining progresses; 

• the return of water to the dredge pond from water treatment dams where fines1 are managed and other 
on-site uses; 

• the pumping of water to the water disposal dam (later in the mine life) to allow lowering of the dredge pond 
level; and 

• the loss of some water entrained in deposited residue and overburden.   
 
These components are further outlined below and a detailed description is provided in Section 2 of the EA. 
 
Initial Water Demand 
 
Water from the central borefield would be used to fill the initial water dam during the final six months of 
construction.  The water within the initial water dam, together with water from the borefield, would then be used to 
flood the construction pit and create the dredge pond.   
 
Heavy Mineral Concentrate Treatment Facility Water Demand 
 
The HMC treatment facility (including the RO plant, salt washing facility and WHIMS circuit) would put a maximum 
demand on the borefield of approximately 80 L/s when the WHIMS circuit is operating, though a majority of this 
water (in the order of 60 L/s) is returned as make-up water to the dredge pond via the reject water pond. 
 
A proportion of the water sourced from the borefield for the HMC treatment facility would be desalinated in the RO 
plant prior to use in the salt washing facility and WHIMS circuit.  The RO plant would produce approximately 
20 L/s of desalinated water for the salt washing facility and WHIMS circuit.  Wastewater from the salt washing 
facility would be piped to the salt wash reject water dam for use when slurrying backloaded MSP process waste 
from the Broken Hill Mineral Separation Plant (MSP). 
 
Dredge Pond Adjustments  
 
The Snapper deposit extends over about 8 km and strikes approximately north-west to south-east. Figure A-4 
shows a diagrammatic longitudinal section along the Snapper deposit. This section indicates the orebody is above 
the water table near the southern end of the deposit. From its highest point, the orebody plunges gently to the 
north-west and steeply to the south-east before flattening.  Recent drilling has shown that the Snapper deposit 
extents a further 800 metres (m) to the south-east than is shown on Figure A-4.  
 
While the dredge pond water level is required to be increased various times along the mine path, the maximum 
increase in dredge pond water level is required during Years 1 and 2, when the dredge pond water level is 
required to be increased by approximately 14.5 m above the existing water table (Section A5.2).  The dredge 
pond water level would return to the natural groundwater level gradually via seepage and water losses. 
 

                                                      
1  “Fines” is a term used to describe fine particles (generally below 53 microns) that naturally occur within mineral sand 

orebodies, which are well below the economic mineral particle size.    
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The dredge pond water level is required to be lowered by a maximum of approximately 10 m below the existing 
water table in the north of the mine path in Years 14, 15 and 16 in order to maintain dredge access to the orebody 
and to allow stripping of overburden below the present water table.  To reduce the dredge pond water level 
sufficiently to mine in Years 14, 15 and 16, water would be pumped to the water disposal dam from Year 12 
(Section A5.2).  During these years, the dredge pond water level would be lowered by pumping from the northern 
borefield and directly from the dredge pond.   
 
The excess water produced as a result of the reduction in the dredge pond elevation would be pumped to the 
water disposal dam and allowed to seep back to the groundwater table (refer water disposal dam discussion 
below). 
 
Water Treatment Dams 
 
Water treatment dams would be constructed to facilitate the removal of fines material.  The water treatment dams 
would comprise a series of clay-lined cells.   
 
A number of water treatment dams would be constructed as mining advances along the mine path.  The initial 
water treatment dams would be located south of the mine path as shown on Figure A-2.   
 
After approximately 48 hours of settling time, some 50% of the process water would be decanted from the surface 
of the cell and returned to the dredge pond; the remainder would be lost to evaporation, minor seepage or 
retained with the fines material.  After approximately seven days, the material would have compressed to 
approximately 15% of its original depth through evaporation and minor seepage and would exist as a thin layer of 
concentrated fines.  After 14 to 21 days the material would be ready for disposal in the mine path area and the 
cells would be re-used.  
 
The cells would be used on a rotational basis to allow for continual treatment and filled with process water to a 
depth of up to approximately 3 m.    
 
As an alternative to the water treatment dams described above, process water containing the fines material may 
be pumped to purpose built cells within the sand residue dam. Similar to the water treatment dams, recoverable 
water would be returned to the dredge pond with the remaining fines material being managed as part of the 
overall sand residue management process.   
 
Water Disposal Dam 
 
The water table in the northern part of the deposit would be lowered by 10 m to allow mining in this area in 
Years 14, 15 and 16.  Water would be extracted from the dredge pond and/or northern borefield.  Extracted water 
would be pumped to the water disposal dam and allowed to seep through backfilled sand residues to 
groundwater.   
 
The water disposal dam would be constructed within the mine path approximately in Year 7 as shown on 
Figure A-3.  The dam walls would be clay-lined to minimise lateral seepage. The base of the dam would not be 
clay-lined, rather the base would overlay the permeable slurried overburden and sand residues to encourage 
vertical seepage to the groundwater table.  The concept for the water disposal dam is shown on Figure A-5.  On 
completion of mining and once the water disposal dam has drained, it would be decommissioned and 
rehabilitated. 
 
Water Losses Associated with Entrained Water 
 
Replacement of the majority of the deeper overburden would be undertaken by feeding the overburden to an 
overburden slurrying facility in which it would be screened, slurried and then pumped via a slurry pipeline behind 
the dredge pond and placed on top of the sand residues from the primary gravity concentration unit.   
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The water retained in sand residues and slurried overburden deposited above the water table is estimated at 
approximately 10% by mass of sand.   This is considered to be a conservative estimate of water losses from the 
deposited sand residues and slurried overburden since there would be additional drainage to groundwater over a 
period of several months to years following placement as the moisture content of the material equilibrates towards 
the in-situ moisture content of the surrounding material.  The initial moisture content of these materials is 
estimated at 5% so the net loss in retained water would be about 5% by mass of sand. 
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A2 DESCRIPTION OF THE EXISTING ENVIRONMENT 
 
The hydrogeological assessment study area extends from the Menindee lakes in the north to the Murray River in 
the south, east of the Darling River and west of the Great Darling Anabranch (Figure A-6). 
 
A description of the climate, regional hydrogeology, regional groundwater use and surface water features are 
provided in the following sections. 
 

A2.1 Climate 
 
Monthly rainfall data was obtained form the Bureau of Meteorology (BOM) for Pooncarie (BOM monitoring site 
47033) based on 125 years of records.  Pan evaporation has been recorded at the Ginkgo Mine since July 2005.  
There is insufficient evaporation data from the Ginkgo Mine on which to base the water balance.  Pan evaporation 
data has been sourced from the nearest monitoring station with sufficient records, which is Mildura Airport (BOM 
monitoring site 076031).  Figure A-7 shows a reasonably good correlation between pan evaporation at the Ginkgo 
Mine and Mildura.  The average monthly rainfall at Pooncarie and pan evaporation at Mildura are presented in 
Table A-1 along with the estimated average pan evaporation for the Ginkgo Mine. 
 
 
 
 
Regression line indicates pan evaporation at the 
Ginkgo Mine is approximately 15% greater than 
at Mildura. 
 

Figure A-7: Monthly Pan Evaporation from the Ginkgo 
Mine for July 2005 to October 2006 versus Mildura.   
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Table A-1 
Climatic Data 

 
Month Pooncarie Rainfall 

(millimetres [mm]) 
Mildura Pan Evaporation 

(mm) 
Ginkgo Mine Pan Evaporation* 

(mm) 
January 19.5 325.5 374 

February 20.9 274.4 316 

March 19.9 229.4 264 

April 17.8 138.0 159 

May 25.6 80.6 93 

June 25.5 54.0 62 

July 21.4 62.0 71 

August 22.6 89.9 103 

September 21.7 132.0 152 

October 25.6 198.4 228 

November 19.8 255.0 293 

December 20.2 313.1 360 

Annual 262.2 2,152.3 2,475 
* Calculated from the regression between the Ginkgo Mine and Mildura records. 

 

A2.2 Regional Hydrogeology 
 
The region of interest to this investigation is part of the broad and shallow Murray Geological Basin.  The Basin 
contains Tertiary and Quaternary aeolian, marine and marginal marine sediments and overlies a basement of 
Proterozoic to Mesozoic sediments and granitic rocks (Brodie, 1998; SKM, 1999).  The regional hydrogeology is 
influenced by surface features as well as the geological formations. 
 
The groundwater distribution and movement through the study area is controlled mainly by the regional geological 
and hydrostratigraphic conditions, hydraulic properties of the sediments and soils, surface hydrology and climate 
and is also influenced by man made features such as the Menindee Lakes and activities such as irrigation.   
 

A2.2.1 Tertiary Deposits 
 
Three main regional aquifers exist in the study area and are an integral part of the Tertiary deposits within the 
Murray Basin, namely the Renmark Group aquifer, Murray Group Limestone aquifer and Loxton-Parilla aquifer.  
The regional relationship between aquifers is shown on Figure A-8.   

 
The aquifers are described below from oldest to youngest. 
 
1. The Renmark Group aquifer contains basal Warina Sand and sands of the overlying Olney Formation.  In 

the southern part of the study area the Renmark Group aquifer is overlain by the Murray Group Limestone 
aquifer from which it is separated by the low permeability confining beds of the Ettrick Formation.  The 
Renmark Group is an aquifer with variable hydraulic properties reflecting variation in the grain size of the 
sediments.  The regional groundwater flow direction is generally to the south-west.  The total dissolved 
solids (TDS) concentration in groundwater is typically in a range from about 10,000 milligrams per litre 
(mg/L) in the north-west margin of the aquifer to more than 35,000 mg/L in the central and southern part of 
the broader study area (Golder Associates, 2001a).  In the central and north-east part of the study area, 
the upper Renmark Group aquifer is overlain by the Loxton-Parilla aquifer and generally both aquifers act 
as a part of the same hydraulic system.  
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2. The Murray Group Limestone aquifer occurs in the southern part of the study area.  It acts as a confined 
aquifer and is separated from the overlying Parilla Sands by clays of the Bookpurnong Beds, Geera Clay 
and Winnambool Formation.  The calcareous sediments of the Murray Group Limestone formation 
represent the most productive aquifer in the Murray Darling Basin.  The groundwater flow direction in the 
Murray Group Limestone aquifer is to the south-west.  The TDS concentration in groundwater is typically 
over 20,000 mg/L (Golder Associates, 2001a).  Laterally, towards the north and north-east, the aquifer is 
separated from the middle and upper Renmark Group aquifers by a low permeability aquitard consisting of 
the Geera Clay and Winnambool Formation. The Ettrick Formation forms a thin aquitard between the 
Murray Group Limestone and the lower Renmark Group in the southern part of the study area.   

 
3. Deposition of the third and final major Tertiary sequence commenced with a new marine transgression that 

occurred in the late Miocene.  An initial sea level rise lead to deposition of the Bookpurnong Beds, made 
up of fossiliferous clays and marls up to 50 m thick.  This unit occurs in the southern part of the study area 
with a maximum thickness of 30 to 50 m. The basal Loxton Sands and the marine Parilla Sands were 
deposited over the Bookpurnong Beds in the southern part, and over Olney Formation (upper Renmark 
group) in the central and northern part of the study area.  

 
The Loxton-Parilla aquifer comprises the Loxton-Parilla Sands formation.  They consist mainly of yellow-
brown, weakly cemented, fine to coarse sands, which contain heavy minerals and host several economic 
deposits of zircon, tourmaline, ilmenite, leucoxene and rutile.  The unit is considered to have been 
deposited in various shelf to seashore environments (shallow marine, beach and estuarine deposits 
intersected by younger river systems).  The aquifer exists throughout the study area.  At the Snapper and 
Ginkgo Mine sites, the Loxton-Parilla Sands directly overly the sandy sediments of the upper Renmark 
Group (Olney Formation).  Results of three pumping tests carried out at the Ginkgo Mine site indicate that 
the two formations respond as one aquifer (Golder Associates, 2001b).  The Loxton-Parilla aquifer is partly 
confined by the Shepparton formation in the north and Blanchetown Clay in the south. 

 
In the northern part of the study area (the northern reach of the Great Darling Anabranch and north-east of 
Pooncarie) the Shepparton Formation overlies the Loxton-Parilla Sands.  This formation was deposited in 
a fluvial environment and consists of poorly consolidated clay and silt with lenses of fine to coarse sands 
and typically is 30 to 40 m thick.  Deposition of the Shepparton Formation continued into the early 
Quaternary. 

 

A2.2.2 Quaternary Sediments 
 
Following the retreat of the Tertiary sea in the late Miocene there was a hiatus in sediment deposition, allowing 
erosion of the late Tertiary surface to occur.  The Pliocene uplift of the Pinnaroo Block resulted in the damming of 
the ancestral Murray River and formation of a freshwater megalake (Brodie, 1998).  The Blanchetown Clay 
formation, consisting of silty to sandy clay and dolomitic limestone, was deposited on this lake bed.  This unit is 
typically less than 10 m thick with a maximum thickness of 90 m.  It is considered to be of low hydraulic 
conductivity and acts as a barrier to groundwater flow. 
 
Deposition of alluvial sediments also occurred through the Quaternary with the Coonambidgal Formation 
deposited in the stream channels and floodplains of the Murray and Darling River system.  Recent alluvium 
associated with floodplains of the present Murray–Darling river system consist mainly of clayey sands and silts 
with thickness up to 15 m. 
 
The alluvial Quaternary sediments are considered to be low yielding aquifers and not significant as water 
resources except locally along the Darling River.  Much of these deposits are above the water table. 
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A2.2.3 Groundwater Flows and Recharge Mechanisms 
 
The regional groundwater flow direction in all aquifers is from the north margin of the basin and from the east 
toward the south-west. The Neckarboo Ridge east of the Darling River acts as a groundwater divide. The 
groundwater levels observed in regional groundwater monitoring bores indicate an upward hydraulic gradient from 
the deeper Renmark Group and the Murray Group aquifers to the shallow Loxton-Parilla aquifer. The freshwater 
equivalent head difference between deep and shallow Loxton-Parilla aquifers progressively increases along the 
flow path (Brodie, 1998). 
 
Recharge to the deep aquifers occurs from the basement at the basin margins especially in the Broken Hill area 
north of the study area.  Recharge to the shallow Loxton-Parilla aquifer occurs by infiltration of rainwater through 
the surface soil and by leakage from streams, rivers, lakes and other surface water bodies.   
 
Rainfall infiltration rate depends greatly on vegetation type and soil composition.  Generally it ranges from less 
than 0.1% of rainfall to more than 5% (Brodie, 1998). Higher infiltration rates are associated with bare sandy soils 
and local depressions.  Recharge under undisturbed mallee is considered to be about 0.1 millimetres per year 
(mm/year) or about 0.05% of rainfall (Brodie, 1998). 
 
Leakage of surface water to the shallow Loxton-Parilla aquifer associated with the Menindee Lakes results in 
groundwater mounding around the lakes and freshening of otherwise saline groundwater.  Some limited leakage 
of surface water from the Darling River and Great Darling Anabranch is also indicated by freshening of the saline 
groundwater along the river courses as indicated in Figure A-6 (Brodie, 1998; Williams, 1991; SKM, 1999).  It is 
considered that there is minimal discharge of saline groundwater from the Loxton-Parilla Sands to the Darling 
River or the Great Darling Anabranch.  In contrast, there is discharge of saline groundwater from this aquifer 
system to the Murray River to the south. 
 
Groundwater discharge to surface depressions results in the formation of salt lakes due to concentration by 
evaporation.  A broad, regional surface discharge zone occurs in a 50 km wide corridor north of Lake Victoria to 
Lake Popiltah and west of the Silver City Highway.  There are also smaller areas of discharge in low ground near 
the southern end of the Darling River.  A surface discharge zone called The Salt Lakes exists about 8 km south of 
the Snapper Mining Lease Application (MLA) area (Section A2.4).   
 

A2.3 Regional Groundwater Use 
 
The Ginkgo Mine is the only significant user (i.e. from a volume perspective) of groundwater in the vicinity of the 
Snapper Mine.  The aquifer used by the Ginkgo Mine would also be used by the Snapper Mine.  The Ginkgo Mine 
uses groundwater for very similar purposes as the Snapper Mine.  The Snapper Mine would use relatively more 
groundwater than the Ginkgo Mine because the Ginkgo orebody is located at the groundwater table level and as 
such, significant dredge pond water level adjustments are not required at the Ginkgo Mine. 
 
Other groundwater use in the region includes stock water.  Section A7.2 assesses the potential impacts on 
landholder bores in the region. 

A recent listing of groundwater bores in the region obtained from the NSW Department of Natural Resources 
(DNR) shows a number of groundwater bores close to the Darling River.  Between the Darling River and Great 
Darling Anabranch, bores that produce or have produced water suitable for stock are generally shallow bores 
located in topographically enclosed basins.  Runoff is contained within these local basins leading to increased 
local recharge.  This relatively concentrated recharge produces a freshwater lense on top of the denser saline 
groundwater.  These lenses are thin because of the relatively high hydraulic conductivity of the aquifer.  These 
bores are generally windmill operated with limited flow rates of approximately 3-4 litres per minute (L/min) when 
pumping.   
 



March 2007 A-9 06613504/016 

 
 

Golder Associates  Hydrogeological Assessment 

The following bores were identified in the Golder Associates (2001b) study: 
 
• “Greenvale” Station, located approximately 6 km north-east of the Ginkgo Mine, has a cluster of three 

windmills which produced water suitable for stock but in 2001 were disused.  These bores remain disused at 
the time of reporting. 

• Chalky Well, located approximately 15 km north-northwest of the Ginkgo Mine.   

• Court Nareen, located approximately 16 km north-northeast of the Ginkgo Mine. 
 
Table A-2 provides the available water quality data for bores between the Darling River and the Great Darling 
Anabranch.  Chalky Well is the nearest used landholder bore to the Snapper Mine and Greenvale Well is the 
nearest disused landholder bore to the Snapper Mine.  Based on the TDS concentrations, water from the Chalky 
Well and Greenvale Well is suitable for livestock watering and irrigation use.  The concentrations of chloride in 
Chalky Well and sodium in both bores are indicated to be above the recommended Australian and New Zealand 
Environment and Conservation Council (ANZECC) (2001) guideline level for sensitive crops but are within the 
ranges recommended for moderately sensitive crops (between 115 mg/L and 230 mg/L for sodium, 175 mg/L and 
350 mg/L for chloride).  The TDS concentrations reported in the deep groundwater bores indicate this water to be 
unsuitable for any domestic use. 
 
In general, little groundwater between the Darling River and the Great Darling Anabranch is withdrawn and used 
due to either its poor quality and/or limited availability in comparison to freshwater piped from the two river 
systems (Golder Associates, 2001b).   
 

A2.4 Surface Water Features 
 
Stream-aquifer interaction is an important component of the regional hydrogeology.  Gaining and losing streams 
both affect nearby groundwater levels and losing streams affect groundwater chemistry.  
 
Flow through these river systems is now largely controlled.  The Menindee Lakes and the Great Darling 
Anabranch are used for storage and flood control on the Darling River.  During periods of high flow, water is 
diverted into the Great Darling Anabranch.  The Great Darling Anabranch is generally at a higher elevation than 
the Darling River and rarely flows all the way through to the Murray River.  
 
Figure A-6 shows the extent of the regional groundwater model.  The main surface water features in this area are 
summarised below, along with a summary of their connectivity to the Loxton-Parilla aquifer, within which the 
Snapper Mine would operate: 
 

1. The Darling River generally flows continuously.  The Darling River is surrounded by a fresh to brackish 
groundwater lens (alluvial lens) (CSIRO, 2004).  The Darling River provides some local freshwater 
recharge to groundwater systems, however, the level of connection and rate of flux between the alluvial 
system and the underlying deeper groundwater system is considered to be low.  This is demonstrated by 
salinity measurements in the vicinity of the stream.  The paper Salinity Impact Assessment by CSIRO, 
2004, states “considering both the shallow and deeper aquifer groundwater levels in the lower parts of the 
Darling River and Great Darling Anabranch it appears that the shallow and deep aquifers are not well 
connected.” 

2. The Menindee Lakes are natural lakes with weirs to raise their water level for storage.  These also provide 
local freshwater recharge to groundwater systems, and localised freshwater mounding is occurring due to 
the man-made alteration of lake water levels (as described above). 

3. The Great Darling Anabranch normally consists of a series of pools and occasionally floods.  Similar to the 
Darling River, the Great Darling Anabranch is surrounded by a fresh to brackish groundwater lens (alluvial 
lens) (CSIRO, 2004).  There is considerable interaction between shallow groundwater and surface waters 
in the Great Darling Anabranch region, although connection between shallow and deep aquifers appears 
to be minimal (Earthtech, 2004).  It is expected that periods of high flow in the Great Darling Anabranch 
would result in some limited contribution to the underlying deeper groundwater systems, however, due to 
the intermittent nature of these events and the lack of significant connection between surface and deeper 
systems, this contribution is likely to be lower than that from the Darling River.   
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Table A-2 
Groundwater Quality at Various Bores and Applicable ANZECC Guidelines* 

 

EC TDS Chloride Sulfate K Na Ca Mg Fe Pb Mn P 
Sample 

μS/cma mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

MO2, M19, M21, M26, M27, 
GW36669, GW36670 31,500 - 66,100 21,105 - 44,287 - - - - - - - - - - 

GW36820-2 (The Salt Lakes) 79,200 53,064 27,000 9,600 98 20,000 770 1,800 0.4 0.004 0.4 0.04 

Chalky Well 3,100 2,077 190 180 4.9 290 630 64 9 0.02 0.09 0.2 

Greenvale Well 1,600 1,072 160 200 43 160 180 34 0.04 <0.001 0.3 1.3 

ANZECC Irrigation and General 
Water Use Guideline - - < 175b - - < 115b - - - - - - 

ANZECC Stock Watering 
Guideline - 0 – 2,000-5,000c - < 1,000 - - < 1,000 - - 0.1 - - 

Source: ANZECC (1001) 

*  Groundwater Quality Results as at November 2005. 
a μS/cm:  microSiemens per centimetre 
b Value based on  foliar injury in sensitive crops (almonds, apricot, citrus, plum, grapes).   
c  Depends on the livestock.  Higher concentrations (up to 10,000 mg/L, sheep) could be tolerated.  
 
EC = electrical conductivity;  TDS = total dissolved solids, K = potassium;  Na = sodium;  Ca = calcium;  Mg = magnesium;  Fe= iron;  Pb=lead,  Mn= manganese, P= phosphorus. 
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4. The lakes adjacent to the Great Darling Anabranch are gentle deflation basins that are normally dry but do 
receive water when the Great Darling Anabranch is in periods of high flow (Earthtech, 2004) or from 
localised rain.  

The DNR groundwater monitoring bore GW036670-1, west of Travellers Lake, shows a (saline) 
groundwater level of relative level (RL) 36.15 m Australian Height Datum (AHD).  The nearby lake floor 
levels in this area are about RL 41 m to 45 m AHD giving a depth to saline groundwater of about 5 m to 
10 m.  Occasional wet surface conditions in the lakes would provide small intermittent recharge to the 
deeper underlying saline groundwater.   

5. Locally, loss from the Loxton Parilla aquifer occurs via evaporation at The Salt Lakes, located 
approximately 8 km south of the Snapper Mine (Figure A-6).  The total area of The Salt Lakes is 
approximately 7 square kilometres (km2). The DNR groundwater monitoring site GW36820 has four bores 
at different depths.  Their monitored water levels fluctuate but are within about 1.5 m of the local ground 
surface.  The surface salt crusting in low-lying parts of The Salt Lakes area indicates upward movement of 
saline groundwater by capillary action driven by evaporation.  There is no permanent surface water in The 
Salt Lakes and this indicates that the lakes are not groundwater window lakes and that evaporative losses 
are dominant. 

In addition to the above, isolated freshwater lenses also occur in localised topographic depressions in the 
region.  This generally occurs in topographically enclosed basins where rainfall runoff is concentrated and 
recharges groundwater.  Low salinity recharge in these areas tends to form a localised freshwater lens 
over the denser, more saline groundwater. 
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A3 FIELD INVESTIGATIONS 
 

A3.1 Local Area Stratigraphy 
 
BEMAX have investigated the Snapper deposit over several years and drilled approximately 1,200 drill holes to 
investigate the resource.  The drill holes have been logged to record lithology, grain size, texture, cementation, 
moisture level, etc.  The results of additional drilling in the Snapper Mine area are reported in Golder Associates 
(2006). 
 
The general geology of the Snapper deposit comprises, from the top down: 
 
• About 2 m thick Quaternary age aeolian sand (Woorinen Formation). 

• Up to about 10 m thick Tertiary to Quaternary age sandy clay (Shepparton Formation). 

• At least 70 m of Tertiary aged sands (Loxton-Parilla Sands). Several sub-units of this formation have been 
identified through drilling within the Snapper deposit. These include: 
− 15 m to 20 m of sands; 

− 6 m of mica sands (not present everywhere); 

− 20 m to 30 m of fine to coarse grained Dune Sands and Beach Sands. This layer contains the orebody 
which is comprised of heavy mineral sands, chiefly zircon, rutile, leucoxene and ilmenite; 

− up to 10 m of coarse sands (Surf Zone); and 

− up to 12 m of fine sands and clays with organic material (Offshore deposit, probably part of the Upper 
Renmark Onley Formation). 

• Geera Clay Formation, encountered at 81 m depth in SW01 (Golder Associates, 2002) and at 77 m to 113 m 
at the Ginkgo deposit (Golder Associates, 2001a). 

 
The sands have varying degrees of cementation and some hard indurated zones, but are generally weakly 
cemented. 
 
From the grain size logging of air-cored exploration holes drilled by BEMAX, the more permeable layers have 
been identified as the Surf Zone and the overlying Dune Sands and Beach Sands. The orebody occurs within the 
Dune Sands and Beach Sands. These more permeable layers which contain some fine sand layers are termed 
herein, the aquifer zone.  The fine sands and clays of the Offshore deposit are considered to have relatively low 
hydraulic conductivity. The Geera Clay is considered to have very low hydraulic conductivity.   
 

A3.2 Pumping Tests 
 
As part of the Snapper Mine feasibility study, a long-term pumping test was conducted by BEMAX/Golder 
Associates at the southern end of the Snapper deposit in 2002 for a period of six days.  More recently in 2006, 
further long-term pumping tests were conducted by BEMAX/Golder Associates at two locations along the Snapper 
deposit, each for a period of four days.   
 
Long-term pumping tests were conducted by BEMAX/Golder Associates at three locations along the Ginkgo 
deposit in 2001, each for a period of seven days.  The results from long-term pumping tests which were 
conducted along the Ginkgo deposit are considered relevant to the Snapper deposit as geological studies of the 
area indicate that the geological properties of the main aquifer at the Snapper deposit (i.e. Dune Sand, Beach 
Sand and Surf Zone of the Loxton-Parilla Sands) are likely to be similar to those at the Ginkgo deposit.  
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Results from the pumping tests at the Ginkgo and Snapper deposits are summarised in Table A-3. The three 
pumping tests at the Ginkgo deposit (W01, W03 and W04) are reported in Golder Associates (2001b). The 
Ginkgo borefield, comprising six bores (P1 to P6), was installed in 2005. The results of short-term (24 hour 
testing) of these bores are reported in WorleyParsons (2005). The results of the pumping test in relatively low 
permeability Offshore Sand (SW01) at the southern end of the Snapper deposit are reported in Golder Associates 
(2002).  Results of the two pumping tests carried out in June 2006 are reported in Golder Associates (2006). 
 

Table A-3 
Pumping Test Results from the Ginkgo and Snapper Deposits 

 

Deposit Date Layer 
Tested 

Pump 
Bore 

Duration 
(days) 

Transmissivity 
(square meters 

per day [m2/day]) 

Hydraulic 
Conductivity 
(metres per 

second [m/s]) 

Specific 
Yield 

Saline 
Groundwater 

Level  
(m [RL AHD]) 

Ginkgo 2001 Dune 
Sands, 
Beach 

Sands and 
Surf Zone 

W01 
W03 
W04 

7 
7 
7 

700 
800 
950 

1.3x10-4 

1.4x10-4 

1.6x10-4 

0.076 
0.066 
0.088 

35.0 
35.0 
35.3 

Ginkgo 2005 Sand P1-P6 1 350 1.0x10-4 0.030 34.1 – 35.4 

Snapper 2002 Offshore 
sand 

SW01 6 10 4.2x10-6 0.060 34.4 

Snapper 2006 Dune 
Sands, 
Beach 

Sands and 
Surf Zone 

PW1 
PW2 

4 
4 

860 
730 

1.8x10-4 

2.8x10-4 
0.035 
0.043 

34.2 
34.2 

 
 
The sites of the pumping tests at the Snapper deposit in 2006 are marked on Figure A-1.  PW1 is located near the 
north-western end of the Snapper deposit where the more permeable layers are relatively deep.  The saturated 
aquifer zone (Surf Zone and mainly fine medium sand) at PW1 is about 55 m thick.  PW2 is located near the 
middle of the deposit where the more permeable layers are moderately deep.  The saturated aquifer zone at PW2 
is about 30 m thick. 
 
The pump test at the Snapper Mine in 2002 tested the Offshore fine sand which underlies the more conductive 
Surf Zone, Beach Sands and Dune Sands which were tested in the 2001 and 2006 tests.  The Offshore sand has 
much lower hydraulic conductivity. 
 
The specific yield results obtained from these pumping tests are considered to be affected by delayed yield and 
therefore tend to under-estimate the actual specific yield for long-term operational pumping.  Based on the 
available information on the materials near the water table level, we consider 0.1 to be a realistic estimate for the 
actual long-term specific yield. 
 
Based on the results from the pumping tests at the Snapper Mine, the yield of a groundwater bore is expected to 
vary from a fraction of 1 L/s in the southern part where the more conductive zone is unsaturated to about 10 L/s 
near the middle of the deposit near PW2 to 15 L/s at the northern end near PW1. 
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A4 SNAPPER MINE WATER REQUIREMENTS 
 

A4.1 General 
 
Mine water balance studies have been conducted for the mine start-up period (Section A4.3) and the life-of-mine 
(Section A4.4).   
 

A4.2 Assumptions 
 
A4.2.1 Mining Rate and Parameters  
 
Table A-4 shows the 16 year provisional production schedule and the percentage of ore above the water table to 
estimate the proportion of sand residues which would be placed above the water table.   
 

Table A-4 
Production Rates 

 
Year Total HMC 

(kilotonnes 
per year [Kt/yr]) 

Ore Dredged 
and Processed

(Kt/yr) 

Slurried 
Overburden 

(Kt/yr) 

Total HMC 
(tonnes per 
hour [t/h]) 

Ore Dredged 
and 

Processed 
(t/h) 

Slurried 
Overburden 

(t/h) 

Ore above
Water 
Table  
(%) 

Mine start-up - - - - 720 1,227 0 
1 250 3,126 10,747 28.5 357 1,227 0 
2 350 4,075 10,480 40 465 1,196 66 
3 450 5,681 9,548 51 649 1,090 86 
4 450 6,072 11,395 51 693 1,301 57 
5 450 6,216 15,048 51 710 1,718 59 
6 400 6,566 12,074 46 750 1,378 56 
7 400 6,636 18,305 46 758 2,090 35 
8 397 7,727 15,872 45 882 1,812 43 
9 400 6,597 16,533 46 753 1,887 42 
10 400 7,702 16,063 46 879 1,834 37 
11 362 8,145 17,099 41 930 1,952 23 
12 351 8,710 18,646 40 994 2,129 3 
13 336 8,782 17,631 38 1003 2,013 0 
14 278 9,325 17,872 32 1065 2,040 0 
15 275 9,678 18,115 31 1105 2,068 0 
16 255 11,721 15,632 29 1338 1,784 0 

 
 
The dredge pond commences at the water table level (RL 34.2 m AHD).  Late in Year 1 and early in Year 2 the 
dredge pond water level is required to be raised by 14.5 m.  Raising the dredge pond water level by 8 m is 
required in Years 4 and 5 and by 2 m in Years 7, 8 and 9 (Section A5.2).  Pond raising would be achieved by 
pumping initially from the central borefield and later from the northern borefield into the dredge pond.  
 
For Years 14, 15 and 16 the dredge pond is to be lowered by 10 m (Section A5.2).  This lowering comprises 
pumping from the northern borefield so that overburden can be dry-mined before the ore is dredged.   
 
Table A-5 provides the adopted water balance parameters. 
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Table A-5 
Snapper Mine Water Balance Parameters 

 
Parameter Value 

In-situ dry density of ore and overburden 1.7 t/m
3

Sand grain density 2.67 t/m3

Sand residue slurry density 60% by mass, 1.6 t/m
3

Slurried overburden slurry density 60% by mass, 1.6 t/m
3

Initial moisture content of sand above water table (by mass) 5% 

Final moisture content of drained sand deposited above the water table (by mass) 10% 

Moisture content of HMC sent to HMC stockpile (by mass) 25% 

Evaporation from the HMC stockpiles 0.7% of water in the system 

Water retained in HMC to Treatment Facility 0.4% of water in the system 

Water supply to RO plant 260 m
3
/hour 

Reject water from the RO plant (assumed constant) 181 m
3
/hour 

Fines slurry density as pumped to fines dam 12% by mass, 1.08 t/m
3

Percentage fines in orebody (by mass) 3% 

Percentage water loss to fines dams (by mass) 50% 

Pan evaporation factor for the Ginkgo Mine/Mildura 1.15 

Pond/pan evaporation factor for saline water 0.7 
 

A4.3 Start-up Water Balance 
 
The start-up mining period is the time during which the construction pit is deepened and extended to reach the 
required operating dredge pond dimensions.  Important water management considerations during this period 
include:  
 
• seepage to groundwater would occur from the initial sand residue dam and initial slurried overburden 

emplacement; 

• the construction pit would be developed in stages, each of which has specific water requirements;  

• material within the initial sand residue dam and initial slurried overburden emplacement would retain water 
above their initial moisture content; and 

• the initial water dam would be filled with water pumped from the central borefield. 
 
A4.3.1 Construction Pit 
 
The start-up water balance study considered the following steps: 
 
• Pumping water from the central borefield into the initial water dam. 

• Construction of the dredge and primary gravity concentration unit in a construction pit excavated to 1 m 
above the water table and subsequently flooding of the pit to float the equipment using water from the initial 
water dam and the borefield. 

• Deepening and extending the dredge pond to the required operational dimensions. 
 
The following stages of the construction pit are relevant to the water balance.  These are summarised in 
Table A-6 and are detailed below. 
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Table A-6  

Construction Pit Volumes and Times 
 

Construction Pit Stages Approximate Water 
Volume to Fill 

Excavations (m3) 

Time  
(mining days) 

Stage 1 flooding the  construction pit (not including seepage 
loss) 

160,000 -20 to 0 

Stage 2 excavation to deepen the pit (volume excavated 
between RL 35.2 m and 26.2 m AHD)  

410,000 0 to 40 

Stage 3 excavation to deepen the pit (volume excavated 
between RL 26.2 m and 19.2 m AHD) 

1,250,000 40 to 164 

 
 
Construction Pit Stage 1 
 
The construction pit would have a base area approximately 200 m by 200 m excavated to 1 m above the water 
table (RL 35.2 m AHD).  Following construction of the equipment (i.e. dredge and primary gravity concentration 
unit), the pit would be flooded to a level of 5 m above the water table (RL 39.2 m AHD).   
 
Construction Pit Stage 2 
 
The dredge would commence production by deepening (and extending) the base of the pit to 8 m below the water 
table (RL 26.2 m AHD).  During Stage 2 the dredge pond water level would be lowered to the water table level 
(RL 34.2 m AHD).  On completion of this stage the pit base would measure approximately 200 m by 150 m, with 
walls sloping at 20o. 
 
Construction Pit Stage 3 
 
Dredging would continue to deepen and extend the pit until it is large enough to accommodate stacking of sand 
residues behind the dredge and primary gravity concentration unit.  On completion of this stage the pit base would 
be 15 m below the water table (RL 19.2 m AHD) and would have a base area approximately 500 m by 150 m, 
with walls sloping at 200. 
 
A groundwater model (Seep/W) was used to estimate seepage losses from the construction pit over Stages 1 
and 2.  This model is axisymmetric, using a circular pit with surface areas equal to those of the Snapper Mine’s 
rectangular pits.  Results of this modelling are included in Attachment AA.   
 

A4.3.2 Seepage Losses from Dams and Emplacement 
 
The initial water dam, initial sand residue dam and initial slurried overburden emplacement would be constructed 
above ground using local clay in the embankments. Any shallow surface sand would be stripped from the site.  
The upper 0.3 m of clay would be reworked with moisture control and compaction and then covered with a 
protective layer to minimise drying before use.  Figure A-9 shows the conceptual cross-section for the initial water 
dam and initial sand residue dam and Figure A-10 shows the conceptual cross-section for the initial slurried 
overburden emplacement.  These conceptual designs are based on the recommendations resulting from seepage 
analyses carried out by Golder Associates for the Ginkgo Mine (Golder Associates, 2001b).   
 
Drilling in the area of these dams indicates suitable clays are present in thicknesses up to 6 m.  The slow leakage 
observed from the water disposal pit for the PW1 pumping test indicates the presence of an apparently similar 
clay in that area with low in-situ hydraulic conductivity. 
 
For this preliminary study, seepage losses were estimated assuming a 0.3 m thick compacted clay liner with a 
vertical hydraulic conductivity of 3x10-9 m/s.   
 
Management to avoid lateral seepage problems is discussed in Section A7.6.2. 
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A4.3.3 Start-up Water Demand 
 
After the filling of the initial water dam and flooding of the construction pit, start-up water demand would be 
incurred by: 
 
• Water from the central borefield used to fill the pit volume created by mining (approximately 55%). 

• Water retained in sand residues and slurried overburden deposited above ground, above their initial 
moisture content (approximately 25%). 

• Water consumed in the HMC treatment facility including evaporation from concentrate stockpiles and water 
transported off-site (approximately 9%).  

• Water lost to evaporation (approximately 6%). 

• Seepage (approximately 4%). 
 
Pumping from the central borefield to fill the initial water dam would be carried out over approximately six months.  
The borefield pumping rate was selected such that the initial water dam would be empty at the end of the start-up 
period.  Table A-7 lists the start-up water demand estimates.  The borefield demand continues through the 
start-up period but the operational demand (borefield pumping less seepage to groundwater) reduces when 
mining commences as operational requirements are met from the borefield and the initial water dam storage while 
seepage to groundwater increases due to the relatively large areas of the initial sand residue dam and the initial 
slurried overburden emplacement. 
 

Table A-7 
Start-up Water Demand Estimates 

 
Mining Year 

Start End 
Operational Demand (L/s) Borefield Demand (L/s) 

-0.5 0 102 111 

0 0.5 71 111 
 
From Table A-7, the following net groundwater consumption rates were used as inputs to the regional 
groundwater model during the start-up period: 
 
• a net rate of 102 L/s over the period –0.5 to 0 years; and 

• a net rate of 71 L/s over the period 0 to 0.5 years. 
 

A4.4 Life-of-Mine Water Balance 
 
The operational water demand for each year was estimated using the production rates from Table A-4, the 
parameters from Table A-5 and net evaporation estimated from the climate data in Table A-1.  An average 
operating pond length of 300 m was adopted.  The width varies as indicated in Figures A-2 and A-3.   
 
The operational water demand would be incurred by: 
 
• dredge pond water level adjustments; 

• water retained in sand residues and in slurried overburden deposited above the water table, above the initial 
moisture content; 

• water retained in fines deposited above the water table; 

• water consumed in the mineral concentrate treatment facility including evaporation from concentrate 
stockpiles and water transported off-site; and 

• water lost to evaporation. 
 
Water required to meet the demand would be supplied from either the central or northern borefields. 
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Attachment AB contains a table providing details of the operational water demand calculations.  Table A-8 shows 
the estimated operational net water demand, including the net demand during the start-up period.  These results 
show the estimated net demand (pumped from borefield less seepage to groundwater) and do not include the 
flows required for dredge pond level adjustments which are considered in the next section.   Due to the close 
proximity of the borefield (i.e. water extraction) to the water disposal dam (i.e. water recharge), the effects of 
water transfer would be negligible at a regional scale. 
 
 

Table A-8 
Operational Water Demand 

 
Mining Years 

Start End 
Operational Net Water Demand* 

(L/s) 

-0.5 0 (start-up) 102 

0 0.5 (start-up) 71 

0.5 1 53 

1 2 61 

2 3 69 

3 4 73 

4 5 82 

5 6 77 

6 7 87 

7 8 90 

8 9 88 

9 10 92 

10 11 95 

11 12 96 

12 13 97 

13 14 89 

14 15 91 

15 16 93 
* Excludes water required for dredge pond water level adjustments. 
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A5 MINE-SCALE GROUNDWATER MODEL  
 

A5.1 General 
 
A mine-scale groundwater (Modflow) model was developed to estimate the flow rates required to adjust the pond 
levels to those required by the Snapper operation.  The regional groundwater model is discussed in Section A6.  
Results of the mine-scale model are presented in Attachment AC.  This model has three layers.  It is based on a 
BEMAX longitudinal section (Figure A-4) and additional data from several cross-sections as well as the results 
from the three pumping tests carried out along the Snapper deposit (Section A3.2).   
 
Each model run commenced with a horizontal water table at RL 34.2 m AHD.  The flows applied to the model 
over each time step (Section A5.2) included: 
 
• total borefield demand applied at the relevant borefield; 

• water level adjustment flow at the dredge pond location; and 
• water disposal in Years 12 to 16 centred at the water disposal dam (Figure A-3). 
 
Repeated simulations were run with modifications to the water level adjustment flow and the corresponding 
borefield demand until the calculated pond level matched the desired level. 
 

A5.2 Mine Model Results 
 
Table A-9 summarises the operational water demand including the dredge pond level adjustments and the rates 
of disposal required in the water disposal dam in the latter years. Pond raising was simulated in the model by 
applying recharge over the dredge pond area, concentrated around its perimeter. 
 

Table A-9 
Water Level Adjustment Flows 

 
Mining Year 

Start End 

Desired 
Pond 

Level1 (m 
RL AHD) 

Pond Level 
Adjustment 
Flow (L/s) 

Operational 
Demand (L/s) 

To Disposal 
Pit (L/s) 

Borefield 
Demand 

(L/s) 
Borefield 

-0.5 0 39.2 0 102 - 111* 
0 0.5 34.2 0 71 - 111* 

0.5 0.71 34.2 0 53 - 53 
0.71 0.85 40.7 130 53 - 183 
0.85 1 48.7 275 53 - 328 

1 1.31 48.7 200 61 - 261 
1.31 1.69 40.7 55 61 - 116 
1.69 2 34.2 0 61 - 61 

2 3 34.2 0 69 - 69 
3 3.5 34.2 20 73 - 93 

Central 

3.5 4 42.2 190 73 - 263 Northern 
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Table A-9 (Continued) 
Water Level Adjustment Flows 

 

Mining Year 
Desired 

Pond 
Level1 (m 
[RL AHD]) 

Pond Level 
Adjustment 
Flow (L/s) 

Operational 
Demand (L/s) 

To Disposal 
Pit (L/s) 

Borefield 
Demand 

(L/s) 
Borefield 

4 5 42.2 150 82 - 232 
5 5.5 34.2 0 77 - 77 

5.5 6 34.2 0 77 - 77 
6 6.5 34.2 20 87 - 107 

6.5 7 36.2 80 87 - 167 
7 8 36.2 80 90 - 170 
8 9 36.2 90 88 - 178 
9 9.5 34.2 50 92 - 142 

9.5 10 34.2 60 92 - 152 
10 11 34.2 60 95 - 155 
11 12 34.2 -175 96 79 175 
12 13 34.2 -230 97 133 230 
13 14 24.2 -370 89 281 370 
14 15 24.2 -320 91 229 320 
15 16 24.2 -310 93 217 310 

Northern 
(continued) 

1 Pond level to be achieved at the end of the mining year period. 
* Difference in operational demand and borefield demand are due to seepage from the initial water dam, initial sand residue dam and the 

initial slurried overburden emplacement during start-up. 

 

A5.3 Water Disposal Dam 
 
The mine groundwater model represented the water disposal dam as a 200 m square pond leaking directly 
through backfilled sand residues to groundwater (Figure A-5).  The modelling indicated a maximum discharge rate 
to this dam of 280 L/s in Year 14 and a maximum mounding of the groundwater level beneath the dam to about 
51 m AHD (17 m above the current water table) at the end of Year 16. 
 

A5.4 Discussion 
 
Key points to note from Table A-9 include: 
 
• Maximum central borefield water demand is expected during the first year of mining operation (i.e. 328 L/s) 

when the dredge pond level would be raised by 14.5 m. 

• Peak northern borefield water demands are expected during Year 4 of operation (i.e. 263 L/s) when the 
dredge pond level would be raised by 8 m and during Year 14 (i.e. 370 L/s) when the dredge pond level 
would be lowered by 10 m. 

• When accounting for losses through seepage, the peak net operational water demand would occur during 
start-up (i.e. 102 L/s). 

 
The model assumed a direct connection between the dredge pond and the relatively permeable aquifer zone.  In 
practice the connection is not likely to be so direct, partly due to deposition of fines on the dredge pond floor, and 
therefore losses through leakage from the dredge pond are likely to have been over-estimated in Table A-9.   
  



March 2007 A-21 06613504/016 

 
 

Golder Associates  Hydrogeological Assessment 

A6 REGIONAL-SCALE GROUNDWATER MODEL 
 
A6.1 Regional Model Description 
 
A regional groundwater model was developed for the broader study area shown in Figure A-6 in order to assess 
sustained groundwater availability for the long-term dredge mining operation, and evaluate the magnitude and 
extent of drawdowns generated by the withdrawal of groundwater by the Snapper and Ginkgo Mines.   
 
Analysis was carried out using a three-dimensional finite-difference groundwater model MODFLOW (McDonald 
and Harbaugh, 1988).  Visual Modflow software was used as pre- and post-processor to prepare model-input files 
and to extract results of the numerical model.  The previous Ginkgo Mine model described in Golder Associates 
(2001a) was originally developed in PMWIN software and this model was converted to Visual Modflow for this 
study. 
 
The model covers an area of about 32,500 km2, between Menindee Lakes to the north, the Murray River to the 
south, the Neckarboo Ridge to the east, and the regional groundwater discharge zone to the west (Figure A-6).  
The model was set up with x-axis parallel to the orebodies (azimuth 130o) and y-axis perpendicular to the 
orebodies and approximately coincident with the regional flow direction.  Model co-ordinates relate to the AMG84 
co-ordinate system.  The general model cell size is 5 km by 5 km with a finer cell size of 50 m by 50 m and 100 m 
by 100 m close to the orebodies. 
   
The groundwater model was subdivided into five model layers.  The conceptual north-east/south-west 
cross-section and the numerical model cross-section along the same line are shown in Figure A-11. 
 
The five numerical model layers are: 
 
Layer 1 - Undifferentiated Quaternary Sediments (Q) and Shepparton Formation (TQs) are included in this top 
model layer.  This layer is dry in most of the central and eastern parts of the model but includes the water table 
(unconfined aquifer) in the low-lying regional discharge zone and recent alluvial sediments along the Darling 
River, the Great Darling Anabranch and the Murray River.   
 
Layers 2 and 3 – These two layers together represent the Loxton-Parilla Sands (Loxton-Parilla aquifer) and the 
upper Olney Formation (Renmark Group).  Layer 2 represents the upper part, approximately 20 m to 30 m thick.  
This combined layer is a water table aquifer in the central, north-east and eastern parts of the model but is 
overlain by saturated Quaternary sediments (Layer 1) in others. Hence, this combined layer was modelled as an 
unconfined/confined aquifer.  This combined layer is particularly important because all activities associated with 
the mining operation occur within this layer (mining and groundwater pumping).  The bores in the region such as 
Greenvale and Chalky Well are relatively shallow and would be located in the upper part of Layer 2. 
 
Layer 4 – Bookpurnong Beds (Tpb), Geera Clay (Tmg) and Winnambool Formation (Tmw) are included in model 
Layer 4.   
 
Layer 5 – The lower model layer consists of Murray Group Limestone (Tml), Ettrick Formation (Toe), middle and 
lower Olney Formation (Ter2 and Ter1) and Warina Sand (Tew) of the Renmark Group.  In the conceptual 
groundwater model the Murray Group Limestone aquifer and Renmark Group aquifer were described as two 
aquifers separated by the Ettrick Formation.  Given that the Murray Group Limestone aquifer in the study area is 
separated from the Loxton-Parilla aquifer (Layer 3) by a thick layer of low permeability Geera Clay and 
Winnambool Formation (Layer 4), we considered that for simplicity of modelling it was appropriate to include both 
aquifers in one layer.  
 
The top and the base of each model layer, except the top of Layer 1, were defined based on data compiled from 
regional groundwater monitoring bores and site bore logs, cross-sections included in the published 
hydrogeological maps (AGS, 1992) and structural contours and isopach maps from Brodie (1998).  The top of 
Layer 1 was defined as a flat surface at RL 80 m AHD. 
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The following boundary conditions were used in the model: 
 
Constant head boundary.  Constant head boundary conditions were applied at the northern edge of the model to 
allow for regional inflow from the north and along the Murray River to allow for outflow to the Murray River at the 
south.  
 
River boundary. A river boundary condition was used to simulate the interaction between the Darling River and 
the adjacent alluvial aquifer included in Layer 1.  The flux to or from the river depends on the head difference 
between the river and aquifer and the river bed conductance value.  The available data on river levels was used 
to establish river boundary conditions.   
 
Drain boundary. A drain boundary condition was used to simulate upward seepage (evaporation loss) from 
Layer 2 in The Salt Lakes area.  The flux depends on the head difference between the specified drain level and 
the conductance from the aquifer to the drain. 
 
General head boundary. This boundary condition was used to simulate upward seepage in the regional discharge 
zone to the west and downward leakage from the Menindee Lakes and the Anabranch Lakes to the Layer 1 
aquifer. 
 
Recharge.  Recharge was applied over the model area to the uppermost active layer.   
 
Wells. Wells were used to simulate groundwater pumping from Layer 3 (Loxton-Parilla aquifer) during the mine 
life (model transient simulation).   
 

A6.2 Model Inputs and Calibration 
 
Initially, a steady state model was set up and calibrated.  During the model calibration process, adjustments were 
made to the input data.  Numerous calibration simulation runs were carried out for steady state conditions.  The 
criterion was to match with a reasonable accuracy the observed groundwater levels within the model area.   
 

A6.2.1 Hydraulic Conductivities 
 
The adopted values of the horizontal and vertical hydraulic conductivity for all model layers are summarised in 
Attachment AD. 
 
The horizontal hydraulic conductivity of Layers 2 and 3 is generally uniform in the majority of the area, with the 
value of 1.2x10-4 m/s (10 m/day).  A lower hydraulic conductivity zone is located north-west of the Snapper and 
Ginkgo deposits beneath the Great Darling Anabranch and a very low hydraulic conductivity zone is located near 
the south-eastern margin of the model.  The simulated saturated aquifer thickness at the Snapper Mine was 
approximately 70 m and the transmissivity simulated was about 700 m2/day. 
 
For the Ginkgo Mine groundwater assessment (Golder Associates, 2001b), consideration was also given to 
adopting the hydraulic conductivity and groundwater gradient values that were utilised in the Lower Darling 
Regional Steady State Groundwater Flow Model (Brodie, 1998).  The Australian Geological Survey Organisation 
(AGSO) model was a regional model based on higher groundwater gradients than were actually observed in the 
field during the original Ginkgo Mine groundwater assessment (AGSO, 1998).  Review of site specific hydraulic 
conductivities and groundwater levels for the Ginkgo Mine investigations indicated that the hydraulic gradient 
within the aquifer was much lower and the hydraulic conductivity much higher than the 1998 AGSO model had 
allowed for.  This has subsequently been supported by the Snapper Mine site investigations and model 
calibration.   
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A6.2.2 Recharge  
 
The recharge rate in the model varies from about 0.1 mm/year (or 0.05% of the average rainfall) to 3 mm/year (or 
1.2% of the average rainfall).  The average rainfall varies from about 275 mm/year at the southern end of the 
model to 225 mm/year at the northern end (Brodie, 1998).  An average value of 250 mm/year was adopted for the 
whole model area.  
 
An infiltration rate of 0.13 mm/year was adopted for most of the model area.  A higher recharge rate of 
1.1 mm/year was adopted for the area around the Anabranch Lakes (in the vicinity of bore GW36670 – 
Figure A-6) that is characterised by less developed vegetation cover.   
 
A6.2.3 The Salt Lakes 
 
The Salt Lakes groundwater discharge area was represented in the model by drain cells with a drainage level set 
at RL 31 m AHD and a total vertical conductance over the area of 4,000 m2/day.  The surveyed ground surface 
level at the GW036820 monitoring bore group is about RL 34.1 m AHD.  The drain condition in the model 
assumes the low points in The Salt Lakes area are a little above RL 31 m AHD and that upward seepage by 
capillary action and loss through evaporation is occurring. 
 
A6.2.4 Results of Steady State Calibration 
 
Figure A-12 shows the simulated groundwater elevation and the location of the calibration bores.  Table A-10 lists 
the hydraulic head results of the model calibration for steady state conditions at monitoring bores.  This shows the 
observed head, calculated head and the Error = Calculated minus Observed head.  The observed groundwater 
levels have all been converted from their observed saline water levels to the equivalent freshwater levels.  This is 
appropriate where waters of various salinities are involved in a system in which the flow system is predominantly 
horizontal.  The saline water levels for the Snapper bores were reported in Table A-3.  The saline water levels for 
the Ginkgo bores were provided by BEMAX and for the regional bores the observations were provided by the 
DNR.   
 
The results of the calibrated model indicate that the main contribution of water to the model is from the infiltration 
of rainfall (155 L/s), because of the large model area, leakage from the Menindee Lakes and inflow from the 
northern boundary (37 L/s).  The main discharges are to the Murray River (85 L/s) and to the regional discharge 
area west of the Silver City Highway (82 L/s).  Model results indicate that the Darling River is generally a losing 
stream except in its southern reach (close to the Darling River and Murray River confluence).  Most of the leakage 
to groundwater however occurs in the Menindee Lakes area. 
 

Table A-10 
Observed and Calculated Groundwater Levels in Bores 

 
Groundwater Level (m [RL AHD]) 

Bore ID 
Observed Calculated 

Error = Calculated  
minus Observed (m) 

Chalky Well  36.17 37.03 0.86 
Greenvale Well 35.64 36.59 0.95 
Court Nareen 37.43 37.53 0.10 
GW036665-1 
GW036665-2 

40.65 
41.03 

41.68 
41.68 

1.03 
0.65 

GW036668-1 
GW036668-2 

40.74 
41.32 

39.85 
39.85 

-0.89 
-1.47 

GW036669-1 35.54 35.35 -0.19 
GW036670-1 
GW036670-2 

36.15 
36.65 

36.17 
36.17 

0.02 
-0.48 

GW036784-1 31.31 30.38 -0.93 
GW036820-2 Salt Lakes 32.48 32.45 -0.03 
Trelega 33.56 34.28 0.72 
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Table A-10 (Continued) 
Observed and Calculated Groundwater Levels in Bores 

 
Groundwater Level (m [RL AHD]) Bore ID 
Observed Calculated 

Error = Calculated  
minus Observed (m) 

M02 35.10 36.01 0.89 
M19 35.38 36.15 0.77 
M21 35.35 35.93 0.58 
M26 35.71 36.03 0.32 
M27 36.01 36.08 0.07 
PW1 35.43 34.98 -0.45 
PW2 34.69 34.83 0.14 
SW01 34.81 34.71 -0.10 

Note:  The observed levels have been corrected to equivalent freshwater heads using an adopted 
borewater salinity of 32,000 mg/L. 

 
A6.3 Predictive Simulations 
 
The calibrated model was used to simulate the combined effects of groundwater pumping from the Ginkgo and 
Snapper mines.   
 
The water extracted from the borefields for the purpose of adjusting the dredge pond water level (i.e. water 
pumped to the dredge pond to increase the water level and the water pumped to the water disposal dam to 
decrease the water level) would return to the natural groundwater via seepage or direct return.  The net 
groundwater extractions (Table A-11) rather than the total borefield demands (Table A-9) were applied to the 
regional model because of the close proximity of the points of extraction (i.e. the borefields) and points of return 
(i.e. the dredge pond and water disposal dam).  
 

Table A-11 
Net Groundwater Extractions Applied to Regional Model 

 
Snapper Year Ginkgo Mine Snapper Mine 

From To Borefield (L/s) Central Borefield 
(L/s) 

Northern Borefield 
(L/s) 

-4 -3 100  - -  
-3 -0.5 68  -  - 

-0.5 0 68 102  - 
0 0.5 68 71  - 

0.5 1 68 53  - 
1 2 68 61  - 
2 3 68 69  - 
3 4 68  - 73 
4 5 68  - 82 
5 6 68  - 77 
6 7 68  - 87 
7 8 68  - 90 
8 9 68  - 88 
9 10 68  - 92 

10 11 68  - 95 
11 12 68  - 96 
12 13 68  - 97 
13 14  -  - 89 
14 15  -  - 91 
15 16  -  - 93 

Note: Excludes water required for dredge pond level adjustments. 
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The specific yield for the predicative runs was set at 0.15 for Layer 1 and 0.1 for Layers 2 and 3.  Materials in 
Layer 1 are likely to be less consolidated than those in Layers 2 and 3.  Specific storage was set at 0.0001 m-1 in 
all layers.   
 
A6.4 Results of Predictive Simulations 
 
The cones of depression induced by the Snapper and Ginkgo Mines as defined by the 0.5 m drawdown contour is 
shown on Figure A-13 for the end of Snapper mining Year 7, the cessation of mining and 20 years post-mining.   
   
The regional groundwater model indicates a groundwater drawdown of less than 0.5 m at landholder bores, such 
as Greenvale Well, Chalky Well and Court Nareen Well.   
 
An assessment of the potential hydrogeological impacts is provided in Section A7. 
 

A6.5 Model Considerations 
 
The model is considered to reasonably represent the hydrogeological setting of the site and the broader study 
area.  The following considerations should be noted: 
 
• The model did not take into account some features of the regional land and water management such as 

pumping along the Murray River and higher recharge rates and some groundwater pumping in the areas of 
irrigation activity in the Darling flood plain close to Wentworth. 

• The values of the TDS concentrations used for correction of the observed to equivalent freshwater heads 
were approximate and mainly based on data from the Ginkgo bores.  Correction for water temperature was 
not included in the calculation. 

 
• Survey data of some regional monitoring bores were not available and in some cases not reliable (e.g. bores 

36785, 36784, 36782, 36722), hence the steady state calibration was carried out based on the limited 
regional groundwater data listed in Table A-10.   

• The groundwater model did not take into account long-term leakage of water from the sand residues that 
would be stacked above the water table in the vicinity of the Ginkgo mine.  In this sense the model is 
conservative.  
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A7 ASSESSMENT OF POTENTIAL HYDROGEOLOGICAL IMPACTS 
 

A7.1 Drawdown Predictions 
 
The numerical groundwater model has been used to generate predicted groundwater drawdown contours for 
Year 7 of Snapper Mine operation, the cessation of mining and for 20 years post-mining (Figure A-13).  These 
predictions include the predicted drawdown effects of the Ginkgo Mine.   
 
The modelling indicates that drawdown of the saline groundwater aquifer would increase over the mine life, with 
groundwater level recovery commencing at the cessation of mining when pumping from the borefields would 
cease.  When borefield pumping ceases, drawdown in the mining area would reduce in depth while the overall 
extent of the shallow drawdown area would continue to extend until the cone of depression stabilises, after which 
the depth of shallow drawdown would gradually reduce towards zero.  
 
Due to the limited recharge rate to the Loxton-Parilla Sands, there would be a slow recovery of groundwater 
levels over the area between the Darling River and the Great Darling Anabranch following the cessation of 
mining.   
 

A7.2 Potential Impacts on Existing Bores 
 
Due to the high salinity of the Loxton-Parilla aquifer, this aquifer is not used for domestic or pastoral activities.  
Where existing bores for stock watering access brackish or freshwater lens aquifers which overly the denser and 
more saline water of the Loxton-Parilla aquifer, these bores could potentially experience a reduction in water 
levels as a result of the lowering of the water levels in the Loxton-Parilla saline aquifer (e.g. Chalky Well).    
 
Figure A-13 illustrates the locations of all known landholder bores in the vicinity of the Snapper Mine.  The 
maximum drawdown in the bore can be expected to closely mirror the drawdown predicted for the saline 
Loxton-Parilla aquifer.  In the event that freshwater lenses are lowered, no significant impact on groundwater 
quality from the bore is expected (e.g. Chalky Well).  This can be monitored as part of the programme outlined in 
Section A7.6.1.  
 

A7.3 Potential Impacts on Regional Natural Features 
 
The saline groundwater in the Loxton-Parilla aquifer receives little recharge from the Darling River, Menindee 
Lakes and intermittently from the Great Darling Anabranch, and moves very slowly to the south.  Areas of 
discharge from this aquifer include The Salt Lakes, the regional discharge area to the west of the Silver City 
Highway and the Murray River.   
 
The Darling River and Great Darling Anabranch 
 
As described in Section A2.4, there is some limited connectivity between the major surface water features of the 
Darling River, Menindee Lakes and the Great Darling Anabranch and the saline groundwater aquifer of the 
Loxton-Parilla Sands, however, the flux between these alluvial and shallow groundwater features and the deeper 
saline aquifer is low (due to the layer of quaternary clay sediments that act as a barrier to groundwater flow, the 
small head gradient from the Darling River and the Menindee Lakes and the limited availability of surface water in 
the Great Darling Anabranch).   
 
No significant drawdown of the saline aquifer beneath these features is predicted.  Any mine drawdown of the 
Loxton-Parilla aquifer beneath these features that does occur (i.e. potentially in the order of centimetres) would be 
within the range of natural variations and would not result in any significant changes to the loss of surface water 
from the Great Darling Anabranch or Darling River to the saline aquifer. 
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The Salt Lakes 
 
As described in Section A2.4, at The Salt Lakes localised groundwater loss from the saline Loxton-Parilla aquifer 
occurs as a result of evaporation through capillary action, with a salt crust forming on the surface of low lying 
areas.  While there is likely to be some minor reduction in the rate of groundwater loss via evaporation, The Salt 
Lakes would remain a net groundwater loss area and no alteration of the surface features at The Salt Lakes (e.g. 
a surface salt crust when not inundated by surface runoff) are anticipated.   
 
Other Surface Groundwater Expression Features 
 
There would be no increase in the flux of saline groundwater discharging to any surface water bodies as a result 
of dredge mining of the Snapper Mine orebody. 
 
The reduction in the water table in the vicinity of the Snapper Mine would ultimately have the effect of slightly 
reducing the flux of saline groundwater to all areas of discharge (e.g. the Murray River and salt lakes to the west 
of the Silver City Highway).  Due to the significant distances between the centre of the Snapper Mine groundwater 
drawdown cone and these features, the reduction in flux to these features is expected to be very low and is 
unlikely to be measurable within the range of natural variation in the fluxes to these systems.   
 

A7.4 Groundwater Quality 
 
The Snapper Mine is not predicted to have any significant impact on the local groundwater quality.  The Snapper 
Mine operation would use groundwater to physically convey ore, overburden, concentrate and sand residues 
through the mining and separation process and would not use any significant chemical reagents.  Groundwater 
which is returned to the water table would retain the same characteristics as the existing groundwater although a 
minor volume of the water returned would have a higher concentration of dissolved salts.   
 

A7.5 Lateral Saline Seepage from Dams and Slurried Materials 
 
Saline seepage from mine storages and from slurried overburden could potentially move laterally into adjoining 
surface materials and adversely affect both soils and vegetation.  This potential is limited by the high permeability 
of the sands that form the majority of the materials involved, however if areas of low permeability occur beneath 
entrained saline water, there is some potential for lateral seepage to occur.  Lateral seepage of saline 
groundwater from the initial water dam, initial sand residue dam and the initial slurried overburden emplacement 
could develop if they are placed over a relatively thick, low permeability in-situ clay layer.  Such a layer would 
reduce seepage losses (and start-up borefield demand) to values less than those estimated in Section A4.3.   
 

A7.6 Measures to Manage, Mitigate or Avoid Potential Impacts 
 

A7.6.1 Groundwater Users 
 
A revision of the current Ginkgo Mineral Sands Project Borefield Impact Management Plan (BIMP) is proposed.  
This revision would produce a BIMP that is relevant to both the Snapper and Ginkgo mines.  It is anticipated that 
the revised BIMP would provide: 
 
• a method for using groundwater monitoring data to identify variance to modelled groundwater impacts and 

thereby trigger investigations or remedial action; 

• bore monitoring trigger levels for relevant landholder bores (e.g. Chalky Well); 

• investigation methodology to examine any exceedance of relevant triggers; and  

• suitable remedial measures (e.g. lowering of the pump set or providing an alternative water supply) that 
would be undertaken in the event of a significant adverse effect on a landholder bore that is attributable to 
the Snapper Mine.   
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A7.6.2 Seepage Management 
 
For the Ginkgo Mine, seepage analyses were carried out to identify seepage management practices that should 
be incorporated in the design of dam structures so that lateral seepage of saline water did not impact on the 
environment outside of the initial water dam or initial sand residue dam (Golder Associates, 2001c).  The criteria 
for seepage management adopted for the Ginkgo Mine analysis were that surface breakout seepage and the 
lateral extent of seepage in the sand horizon did not extend past the downstream toe of the dam embankments.   
 
As a result of the seepage analysis, a number of seepage management measures were adopted into the design 
of dams and other mining features at the Ginkgo Mine.  These features included: 
 
• Initial sand residue dam comprised a clay-lined zoned embankment, a cut-off key trench, a toe drain and a 

compacted clay floor liner.   

• Foundation preparation under embankments generally consists of reworking the in-situ soils by moisture 
conditioning and compaction.   

• Spoon drains constructed around the perimeter of the dams to intercept runoff from the downstream batter 
slope.  The drains grade to sumps for storage and evaporation of the runoff water.  

 
The Snapper Mine initial water dam, initial slurried overburden emplacement and initial sand residue dam would 
also be constructed with this configuration.   
 
In addition, disposal of fines material from the water treatment dams within the Snapper Mine path would be 
separated (i.e. a continuous fines layer would not be constructed across the mine path within the rehabilitated 
profile) to minimise the potential for lateral seepage to occur.  
 
If investigations indicate an in-situ clay barrier is present beneath the initial water dam, initial sand residue dam 
and the initial slurried overburden emplacement, the embankment designs would need to include perimeter 
subsurface toe drains as for the Ginkgo Mine.  If the in-situ clay barrier is more like that assumed in Section A4.3, 
modelling indicates seepage would be predominantly vertical downwards and lateral seepage would not be 
expected.  In any case, monitoring of the ground surface around these dams for seepage, salt deposition and 
effects on vegetation would be included as part of the site monitoring programme. 
 

A7.6.3 Groundwater Monitoring 
 
It is recommended that groundwater depth and salinity continue to be monitored monthly at the local and regional 
bores as described in the BIMP and that additional monitoring bores be installed at the northern and eastern 
margins of the Snapper Mine MLA area.  The purpose of these bores would be to identify drawdown of the water 
table or changes in groundwater quality if they occur as result of the Snapper Mine.   
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