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EXECUTIVE SUMMARY 

This report presents the findings of a Groundwater Assessment of the proposed Hera Project 
(“the Project”).  The report was prepared for R.W. Corkery and Co. Pty. Limited on behalf of 
YTC Resources Ltd ("the Proponent"). 

The site of the proposed mining, processing and associated activities for the Project (“the 
Project Site”) would be located at "The Peak", a property located approximately 4.4km south of 
Nymagee, NSW (Figure 1).   

The Project would involve the excavation of ore and waste rock from an underground mine.  
The underground mine would be accessed by a surface portal and decline.  Sub-level open 
stope mining techniques would be used to remove targeted ore zones.  The underground mine 
has a maximum proposed depth of approximately 550m below ground level (bgl) and 
underground mining is planned to last for a period of approximately 7 years.   

Ore would be transported to the surface for processing to produce a final product of gold d’oré 
and a base metals concentrate.  In addition, some waste rock would also be transported to the 
surface for temporary storage before being transported back underground to backfill void 
space.  The remaining waste rock material would be transported directly to open voids and 
would not be bought to the surface. 

The tailings left at completion of the ore processing would be placed in a dedicated tailings 
storage facility (TSF).  The Project Site would be rehabilitated at the completion of mining, 
which is estimated to be undertaken for a period of approximately 9 years (including post 
mining rehabilitation).  Section 2 provides further information on the proposed activities of the 
Project. 

The area that is the subject of this groundwater assessment (“the Study Area”) is the area 
within a 10km radius from the proposed Project Site.  

The objectives of this assessment were to: 

 identify and describe legislation and guidelines that are relevant to the protection 
of groundwater resources in NSW; 

 identify and describe the groundwater resources in the vicinity of the Project Site 

 identify mining activities that have potential to impact on the quality and/or 
quantity of groundwater available at and adjacent to the Project Site; and 

 assess potential impacts to groundwater at the Project Site and quantify these 
impacts, where possible. 
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In order to meet the project objectives outlined above, The Impax Group completed the 
following. 

 A review of legislation relevant to groundwater management to identify potential 
constraints on the Hera Project was conducted. 

 A review of available groundwater bore data and geological information to assess 
the location and characteristics of groundwater aquifers located within and 
surrounding the Project Site, and to establish a conceptual model of groundwater 
processes within and surrounding the Project Site (the "Study Area”).  This 
review was also undertaken to assess groundwater quality and potential 
beneficial uses of groundwater within the groundwater Study Area. 

 Identification of available groundwater bore data to identify groundwater users 
within the Study Area  

 Assessment of potential beneficial uses of groundwater within the Study Area. 

 Assessment of the potential impacts to groundwater quality within the Study 
Area. 

 Assessment of the potential impacts on the availability of groundwater to other 
groundwater users within the Study Area. 

 Assessment of potential impacts to groundwater dependant ecosystems. 

 Estimation of the volume of groundwater that would need to be removed from the 
underground mine to keep the mine free of water. 

 Assessment of the recovery and long term steady state groundwater conditions 
around the underground mine after the cessation of mining. 

Based on the results of groundwater review and groundwater modelling undertaken as part of 
the nominated scope of works, The Impax Group concludes the following. 

 Near surface soil and alluvium at the Project Site is typically less than 3m deep.  
Significant groundwater resources have not been identified in near surface soils 
or shallow alluvium at the Project Site. 

 Groundwater is typically encountered in fractured rock aquifer(s) underlying the 
proposed Project Site.  Groundwater is typically encountered at the interface of 
weathered sandstone / siltstone profile and underlying hard siltstone and 
sandstone basement.  The uppermost water bearing zone is typically 
encountered at a depth of approximately 70m bgl and in some bores water 
bearing features were identified to a depth of approximately 130m bgl.   

 The measured EC of groundwater from bores located at the site indicates that 
groundwater at the Project Site is generally not suitable for human consumption.  
Groundwater at the Project Site is suitable for watering all but the most sensitive 
types of livestock.  The measured EC in some bores indicates that groundwater 
could potentially be used for irrigation of salt tolerant crops and for fresh water 
aquaculture; however, limited yields are likely to preclude these potential 
beneficial uses.   
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 Three non-Project-related registered groundwater bores were identified within 
10km of the Project Site.  These bores were registered for "stock" use.   

– GW017385 is located approximately 2,400m north of the centre of the 
proposed underground.   

– GW017386 is located approximately 3,100m south of the proposed centre of 
the underground mine, and is 650m from the nearest groundwater production 
bore (WB11).   

– GW018014 is located approximately 10,300m southwest of the proposed 
centre of the underground mine and 8,300m from the nearest groundwater 
production bore (WB11).   

 Drilling observations and results of aquifer pumping tests indicate that there may 
be several discrete aquifers at the site, rather than one regional scale aquifer.   

 The results of pumping tests indicate that the aquifer has "dual porosity".  Initial 
groundwater yields are typically relatively high due to the presence of 
transmissive fractures; however, as the transmissive fractures are dewatered the 
rate of groundwater recharge appears to be limited by the permeability of less 
transmissive fractures and the surrounding rock matrix.   

 The water demand of the proposed mine is approximately 5.3L/s (or 167ML/yr).  
Water will be sourced from groundwater inflow into the proposed decline and 
underground mine, from surface water sources, and/or from a field of 
groundwater production bores located to the southeast, south and west of the 
proposed mine.   

 Based on the results of aquifer pumping tests it was estimated that up to 
466ML/yr may be extracted from the existing groundwater production bore field.  
At the time this report was prepared groundwater licencing conditions for the 
groundwater production bores were pending.   

 Analytical modelling indicates that approximately 12L/s to 93L/s of groundwater 
will flow into the proposed underground once it has reached its maximum depth 
of 550m bgl.  Based on the modelling the resulting cone of depression would 
extend to a distance of between 5.9km and 15.9km from the centre of the 
underground.  Qualitative assessment of available groundwater information 
suggests that this is a conservative estimate (i.e. it is likely to overestimate the 
actual drawdown impacts).  In the likely event that a zero-recharge aquifer 
boundary is present within a 2km radius of the underground actual groundwater 
inflows are predicted to be less than 1.5L/s and drawdown impacts would be 
restricted to the area within the zero recharge boundary.  

 A qualitative assessment of subsurface conditions based on observations from 
recently completed aquifer pumping tests indicates that a zero recharge aquifer 
boundary condition is likely to be encountered relatively close to the proposed 
underground.  In this event aquifer drawdown would be limited to the area within 
the aquifer boundary and actual groundwater inflows would be much less than 
the predicted 12L/s to 93L/s.  It is anticipated that the Proponent would have to 
supplement water supplied from dewatering the underground with water sourced 
from surface dams and the existing groundwater bore field.   
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 In the case where drawdown impacts propagate a sufficient distance to adversely 
impact on the closest non-Project related bores, the Proponent would ensure that 
an alternative supply of water is provided.  Alternatively, the impacted bore may 
be deepened or a mutually agreeable arrangement would be negotiated.    

 Dewatering will be required for the duration of the proposed 7 year mine life.  
Some of the remaining void space in the mine will be reinstated with waste rock.  
It is estimated that approximately 850,000m3 of void space will remain in the 
underground at the completion of mining and rehabilitation works.  Analytical 
modelling indicates that groundwater would return to pre-mining levels within 20 
to 100 years of cessation of mining depending on the actual average aquifer 
permeability.  Analytical modelling indicates that where the lateral extent of 
drawdown impacts are significant (high average K) aquifer recover would be 
relatively fast.  Where the lateral extent of drawdown impacts are limited (low 
average K or presence of zero-recharge boundary conditions) aquifer recovery 
would be relatively slow.     

 Residual drawdown within the decline and underground would result in 
groundwater flow toward the underground.  As such, any changes in groundwater 
chemistry or quality within the open cuts would not impact on groundwater quality 
within the surrounding fractured rock.   

 Surface activities have the greatest potential to impact on groundwater quality.  
The absence of a significant groundwater resource in near surface soils or 
shallow alluvium at the Project Site means there is little risk of mining processes 
impacting on groundwater quality.   

 Chemical and fuel storages at the Project Site would be above ground and 
appropriately bunded to minimise potential for groundwater contamination to 
occur.   

 The ore body and waste rock located adjacent to the ore body has potential to 
generate acid when exposed to the atmosphere and water.  The Proponent 
proposes to manage potentially acid generating waste rock appropriately to 
minimise any potential groundwater impacts at the site.  The bulk concentrate 
produced at the mine will be stored appropriately to minimise potential for 
leaching of acid, heavy metals and cyanide.   

 Leachate from the mine tailings may contain traces of heavy metals and cyanide 
from ore treatment process, and may also be potentially acid forming.  .  The 
tailing storage facility has been designed, and would operate, in a manner which 
would prevent leachate entering groundwater aquifers.   

 Groundwater dependant ecosystems were not identified on, or in the vicinity of 
the Project Site.  Standing water levels are such that there are unlikely to be any 
naturally occurring springs within 10km of the proposed Project Site.   

 A groundwater monitoring plan would be implemented at the Project Site once 
mining commences.  The proposed plan would include regular monitoring of 
water levels, field water quality parameters and basic water chemistry in existing 
groundwater production bores and/or piezometers at the site.   
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1. I N T RO D U C TI ON  

1.1 BACKGROUND 

This report presents the findings of a Groundwater Assessment of the proposed Hera Project 
(“the Project”).  The report was prepared for R.W. Corkery and Co. Pty. Limited on behalf of 
YTC Resources Ltd ("the Proponent"). 

The site of the proposed mining, processing and associated activities for the Project (“the 
Project Site”) would be located at "The Peak", a property located approximately 4.4km south of 
Nymagee, NSW (Figure 1).   

The Project would involve the excavation of ore and waste rock from an underground mine.  
The underground mine will be accessed by a surface portal and decline.  Sub-level open stope 
mining techniques would be used to remove targeted ore zones.  The underground mine has a 
maximum proposed depth of approximately 550m below ground level (bgl) and underground 
mining is planned to last for a period of approximately 7 years.   

Ore would be transported to the surface for processing to produce a final product of gold d’oré 
and a base metals concentrate.  In addition, some waste rock would also be transported to the 
surface for temporary storage before being transported back underground to backfill void 
space.  The remaining waste rock material would be transported directly to open voids and 
would not be bought to the surface. 

The tailings left at completion of the ore processing would be placed in a dedicated tailings 
storage facility (TSF).  The Project Site would be rehabilitated at the completion of mining, 
which is estimated to be undertaken for a period of approximately 10 years (including post 
mining rehabilitation).  Section 2 provides further information on the proposed activities of the 
Project. 

1.2 STUDY AREA 

The area that is the subject of this groundwater assessment (“the Study Area”) is the area 
within a 10km radius from the proposed Project Site.  

1.3 OBJECTIVES 

The objectives of this assessment were to: 

 identify and describe legislation and guidelines that are relevant to the protection 
of groundwater resources in NSW; 

 identify and describe the groundwater resources in the vicinity of the Project Site 

 identify mining activities that have potential to impact on the quality and/or 
quantity of groundwater available at and adjacent to the Project Site; and 

 assess potential impacts to groundwater at the Project Site and quantify these 
impacts, where possible. 
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Figure 1 Locality Plan 
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Note:  A colour version of this figure is available on the Project CD. 
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In order to meet the project objectives outlined above, The Impax Group completed the 
following. 

 A review of legislation relevant to groundwater management to identify potential 
constraints on the Hera Project was conducted. 

 A review of available groundwater bore data and geological information to assess 
the location and characteristics of groundwater aquifers located within and 
surrounding the Project Site, and to establish a conceptual model of groundwater 
processes within and surrounding the Project Site (the "Study Area”).  This 
review was also undertaken to assess groundwater quality and potential 
beneficial uses of groundwater within the groundwater Study Area. 

 Identification of available groundwater bore data to identify groundwater users 
within the Study Area  

 Assessment of potential beneficial uses of groundwater within the Study Area. 

 Assessment of the potential impacts to groundwater quality within the Study 
Area. 

 Assessment of the potential impacts on the availability of groundwater to other 
groundwater users within the Study Area. 

 Assessment of potential impacts to groundwater dependant ecosystems. 

 Estimation of the volume of groundwater that would need to be removed from the 
underground mine to keep the mine free of water. 

 Assessment of the recovery and long term steady state groundwater conditions 
around the underground mine after the cessation of mining. 

2. P R OP OS E D DE VE L OPM E N T 

2.1 PRE-APPROVED MINING ACTIVITIES 

As identified in Section 1.7 of the Environmental Assessment, a number of components of the 
Hera Project have been previously approved.  These include the following (Figure 2). 
 

 Construction and use of infrastructure required for an underground mine including 
a box cut, portal and decline, magazine and ventilation rises. 

 Construction and use an integrated ore stockpile area and temporary Waste 
Rock Emplacement. 

 Installation and use of one or more diesel generators within the power station and 
the associated Fuel Storage and Recycling Area. 

 Construction and use of site offices, ablutions facilities, vehicle parking, 
workshop, laydown area and associated infrastructure. 

 Establishment of on-site communications facilities. 
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 Construction and use of water management structures.  

 Construction and use of an access road (referred to in this document as the Light 
Vehicle Access Road).  For the purposes of this application, the Light Vehicle 
Access Road would be used by light vehicles only. 

The Project would include the following activities which would require approval (Figure 2). 

 Extraction of waste rock and ore material, using underground sublevel open-
stope mining methods at the maximum rate of material would be approximately 
350 000t per year for approximately 5.5 years. 

 Construction and use of a Surface Facilities Area that would incorporate a range 
of approved infrastructure, including expanded site offices for the  Proponent and 
Contractors, ablutions facilities, vehicle parking, power station, fuel storage, 
refuelling area, workshop and laydown areas. 

 Construction and use of a Processing Plant within the Surface Facilities Area 
comprising crushing and grinding, gravity separation, flotation, leach and gold 
recovery circuits and ancillary infrastructure to produce approximately 33 000oz 
of gold, 74 000oz of silver, 10 000t of lead and 10 000t of zinc per year. 

 Construction and use of a temporary Waste Rock Emplacement, incorporating an 
acid rock drainage encapsulation area and an associated Leachate Management 
Pond. 

 Construction and use of a Tailings Storage Facility with the associated Seepage 
Collection Pond. 

 Construction of a Mine Camp and Mine Camp Access Road for mine personnel. 

 Construction and use of a surface water harvesting system, including expansion 
of Pete’s Tank and construction of Back Tank East and associated water 
reticulation system. 

 Construction and use of the Main Site Access Road and the associated 
intersection to allow site access from Burthong Road by light and heavy vehicles. 

 Transportation of concentrate from the Project Site to the Proponent’s customers 
via public roads surrounding the Project Site. 

 Construction and use of ancillary infrastructure, including soil stockpiles, core 
storage yards, internal roads and tracks, and sediment and erosion management 
structures not already approved. 

 Construction and rehabilitation of a final landform that would be geotechnically 
stable and suitable for an end land use of agriculture or nature conservation. 

 



SPECIALIST CONSULTANT STUDIES 2 - 15 YTC RESOURCES LIMITED 
Part 2:  Groundwater Assessment  Hera Project 
  Report No. 659/07 
 

The Impax Group 

 

Figure 2 Project Site Layout  
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2.2 PROPOSED MINING ACTIVITIES 

The Project would include the following activities which would require approval (Figure 2). 

 Extraction of waste rock and ore material using underground sublevel open-stope 
mining methods. 

 Construction and use of a surface facilities area that would incorporate a range of 
approved infrastructure, including expanded Proponent’s and Contractor’s site 
offices, ablutions facilities, vehicle parking, power station, fuel storage and 
refuelling area and workshop and laydown areas. 

 Construction and use of a processing plant within the surface facilities area 
comprising crushing and grinding, gravity separation, flotation, leach and gold 
recovery circuits and ancillary infrastructure. 

 Construction and use of a temporary Waste Rock Emplacement, incorporating an 
acid rock drainage encapsulation area. 

 Construction and use of a Tailings Storage Facility. 

 Construction of a Mine Camp to house mine personnel. 

 Construction and use of a surface water harvesting system, including expansion 
of Pete’s Tank and construction of Back Tank East and associated water 
reticulation system. 

 Construction and use of the Main Site Access Road and the associated 
intersection to allow site access from Burthong Road. 

 Transportation of concentrate from the Project Site to the Proponent’s customers 
via public roads surrounding the Project Site. 

 Construction and use of ancillary infrastructure, including soil stockpiles, core 
storage yards, internal roads and tracks, and sediment and erosion management 
structures not already approved. 

 Construction and rehabilitation of a final landform that would be geotechnically 
stable and suitable for a final land use of agriculture or nature conservation. 

It is noted that during the life of the Project, the Proponent proposes to undertake additional 
exploration drilling to further define the mineralisation identified to date, and to identify any 
additional resources, both within and in the vicinity of the Project Site.  Extraction of additional 
mineralisation does not form a part of this application, and would be the subject of a 
subsequent application.  

2.3 WATER SUPPLY AND CONSUMPTION 

Operational water requirements, namely water for processing operations, dust suppression, 
underground operations and workshop wash down purposes are estimated to be 
approximately 187ML per year.   

This water would be obtained in priority order from the following sources (Figure 2).  

i) Groundwater sourced from dewatering operations within the proposed mine. 

ii) Stormwater run-off stored in the Three Gates Tank either following treatment in 
the settling ponds or captured directly. 
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iii) Stormwater run-off stored in the proposed expanded Pete’s Tank or the 
proposed Back Tank East.  These dams would store approximately 20ML and 
90ML of water, respectively.  

iv) Groundwater sourced primarily from four bores located within the Project Site 
namely, Back Bore and Bores WB8, WB11 and WB13.  At the time of 
preparation of this report groundwater extraction licences for the subject 
groundwater bores were being considered by the NSW Office of Water (NOW). 

It is likely that water from within the surface water storage dams would be available only 
intermittently.  As a result, the Project would rely entirely on water sources i) and iv) for all 
operational water requirements during extended dry periods. 

Groundwater would be sourced principally from the proposed underground mine, with 
additional water sourced from the four bores, namely Back Bore and Bores WB8, WB11 and 
WB13 (Figure 2). 

Groundwater within the proposed underground mine would be pumped to the surface and 
stored within either the Header Tank or the Raw Water Dam (Figures 2 and 3).  The rate of 
extraction would depend on the inflow to the underground workings. 

Groundwater from Back Bore and Bores WB8, WB11 and WB13 would be extracted as 
needed and/or in accordance with the groundwater extraction licence conditions for the bores.   

Groundwater and surface water for mining-related purposes would be pumped to the Raw 
Water Dam via a proposed pipeline (Figure 2).  The proposed pipeline would be constructed 
of polypipe and buried.  The pipeline route would, wherever practicable, follow established 
tracks and would only disturb areas that are currently disturbed.  Where the proposed pipeline 
route cannot be located along existing tracks, care would be taken to ensure that no vegetation 
more than 3m high would be disturbed. 

In August 2010 the NSW Office of Water (NOW) informed the Proponent that they intended to 
issue three groundwater licences for the Project Site.  The groundwater licences were 
numbered 85BL243254, 85BL256001 and 85BL256002.  Draft conditions for the licences 
allowed extraction of up to 147ML/yr.  A maximum of 95ML/yr could be extracted from the 
proposed decline and underground mine, a maximum of 47ML/yr could be extracted from the 
Back Bore and a maximum of 5 ML/yr could be extracted from Skirka's Bore (Figure 2).   

On 9 September 2010 the Proponent requested that the issue of the groundwater licences be 
deferred pending the results of further aquifer testing.  The Impax Group completed a 
comprehensive groundwater exploration drilling programme in late 2010 and early 2011, 
including six aquifer pumping tests.  The Proponent has submitted the aquifer pumping test 
results to NOW for assessment and has requested the following. 

 The conditions of the original licences be amended to allow extraction of the 
147ML/yr of groundwater from the licensed groundwater works (Skirka's Bore, 
Back Bore and Decline) as well as newly installed groundwater bores (WB8, 
WB10, WB11 and WB13).   

 That the total allowable extraction amount be increased by 100ML/yr to 150ML/yr 
based on the results of more comprehensive aquifer testing.   

At the time this report was prepared NOW were assessing the submission but had not yet 
made a determination on the Proponents requests.   
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Figure 3 Indicative Surface Facilities Area Layout 
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Note:  A colour version of this figure is available on the Project CD. 
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3. G R O U N DWAT E R  LE G I S L AT I ON  AN D  
G UI D E LI NE S 

3.1 REGULATORY AND LEGISLATIVE INSTRUMENTS & GUIDELINES 

The Impax Group completed an evaluation of legislation and regulatory instruments that may 
be relevant to the Hera Project.  These are as follows. 

 Water Act 1912.  Groundwater extraction or groundwater interference due to 
mining operations is currently regulated under Part 5 of the Water Act 1912.  This 
act was supplemented on 19 December 2008 to include an embargo on the 
issuing of new groundwater extraction licences within the Murray-Darling Basin.  
The embargo is discussed in more detail in Section 3.3. 

 Water Management Act 2000.  Under this Act a Water Access Licence (WAL) is 
required to extract or interfere with groundwater in areas where a Water Sharing 
Plan (WSP) is in place.  The Project Site is not located within an area covered by 
a WSP so the Water Management Act 2000 is not relevant to the groundwater 
related aspects of the Project.   

 Water Sharing Plan (WSP).  At the time this report was prepared the Project Site 
was not subject to a WSP.   

 Guidelines for Groundwater Protection in Australia (ARMCANZ and ANZECC 
1995).  This guideline provides a framework for preventing groundwater 
contamination in Australia. 

 NSW State Groundwater Policy and Framework Document (NSW Department of 
Land and Water Conservation 1997).  The Framework document sets out the 
overall direction of groundwater management in NSW and provides broad 
objectives and principles to guide groundwater management.  The document 
refers to the specific policy documents listed below which outline the objectives 
and principles of minimising impacts to groundwater quality and quantity, and 
impacts to groundwater dependant ecosystems. 

 NSW State Groundwater Quantity Protection Policy (NSW Department of Land 
and Water Conservation 1998).  Builds on the concepts outlined in the framework 
document (see above) and provides more detail and guidance on how to manage 
and protect groundwater quantity. 

 NSW State Groundwater Quality Protection Policy (NSW Department of Land 
and Water Conservation 1998).  Builds on the concepts outlined in the framework 
document (see above) and provides more detail and guidance on how to manage 
and protect groundwater quality. 

 NSW State Groundwater Dependant Ecosystems Policy (NSW Department of 
Land and Water Conservation 2002).  This policy is specifically designed to 
protect valuable ecosystems which rely on groundwater for survival.  It aims to 
maintain or restore the ecological processes and biodiversity of groundwater 
dependent ecosystems for the benefit of present and future generations.   
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 Guidelines for Fresh and Marine Water Quality (ANZECC 2000).  These 
guidelines would be adopted to assess groundwater quality, potential beneficial 
use of groundwater at the Project Site, and to assess potential impacts to 
groundwater quality from operation of the Hera Project. 

 Approved Methods for the Sampling and Analysis of Water Pollutants in New 
South Wales (NSW EPA 2003).  These guidelines would be adopted where 
sampling and analysis of groundwater samples is required as part of this 
assessment and during groundwater monitoring.   

3.2 GROUNDWATER WORK LICENCE 

Under the NSW Water Act 1912, any excavation or borehole that intersects groundwater is 
regarded as a groundwater work and must be licenced as such by NOW.  The proposed 
decline and underground mine would intersect groundwater and would therefore require a 
groundwater work licence.   

Any groundwater monitoring wells installed at the Project Site would also require a 
groundwater work licence.   

All existing groundwater works at the site were registered, or were in the process of being 
registered, at the time this report was prepared.   

3.3 MURRAY-DARLING BASIN GROUNDWATER EMBARGO 

On 19 December 2008 an embargo was made under the Water Act 1912 to prohibit the issuing 
of new groundwater extraction licences within the Murray-Darling Basin (subject to a number of 
exceptions).  The embargo applies to areas within the Murray-Darling Basin which are not 
already subject to a WSP.  Therefore, this embargo applies to the Project Site, which is located 
within the Murray Darling Basin but outside an area already subject to a water sharing plan or 
similar water sharing regulation. 

Groundwater licence applications were originally lodged by the former owner of the Project 
Site (Triako Resources Ltd) prior to the implementation of the embargo.  As such, the embargo 
has not been applied to the groundwater licence applications, which were being assessed by 
NOW at the time this report was prepared.   

The embargo would apply to any future requests for additional groundwater licences and/or an 
additional extraction allowance.  The Special Supplement outlining the conditions of the 
embargo is presented in Appendix 1.  Schedule 2 of the supplement lists circumstances that 
may give rise to an exemption from the embargo.  These include the following. 

 A licence may be granted for a monitoring or test bore installed for groundwater 
investigation and environmental management purposes. 
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 A licence can be granted for water supply for a person where the Minister 
determines that a failure to supply the water would cause a prohibitively high 
social, economic or national security cost and the supply of water will cause no 
more than minimal environmental harm to any aquifer, or its dependant 
ecosystems. 

 A licence may be granted for a dewatering activity provided that the annual 
extraction does not exceed 10ML per annum. 

 A licence may be granted to use saline water where the salinity level exceeds 
14,000mg/L (this equates to an electrical conductivity of approximately 
21000μS/cm). 

 Bores on property where there is an existing licence under Part 5 of the Water 
Act 1912 and there is no increase in entitlement. 

The groundwater embargo only applies to the issuing of new groundwater licences.  If 
additional groundwater licences are required at the Project Site the embargo will apply.  If 
additional groundwater is required at the site the Proponent could purchase any existing 
groundwater entitlement valid for extraction of groundwater from fractured rock aquifers 
located within the Lachlan Fold Belt.   

4. E X I S T I NG EN VI RO NM E N T 

4.1 SURROUNDING LAND USES 

The Project Site is surrounded by agricultural land used for grazing purposes.   

The village of Nymagee is located approximately 4.4km to the north of the site.  The village 
consists of residential dwellings, a hotel / public bar and a police station.   

4.2 GEOLOGY 

The Project Site is located entirely within the Nymagee 1:100,000 Geological Sheet.  A 
detailed account of the geology within this area is presented within MacRae (1987) and an 
overview is presented within the Environmental Assessment that accompanies the application 
for project approval.  The setting, structure and mineralisation of the Cobar Basin region has 
been summarised by NSW Geological Survey publications, including Glen (1991 and 1994), 
Glen et al. (1996), Suppel and Gilligan (1993) and Gilligan and Byrne (1994).   

The geology of the Project Site and the regional geology are shown in Figure 4.  The regional 
geology is associated with the Girilambone Group, Silurian Granitoids, the Mouramba Group, 
the Lower Amphitheatre Group and Shume Formation.  

The Girilambone Group comprises a predominantly sedimentary sequence of rhythmically 
bedded fine to coarse-grained quartz sandstone with lesser quartzo-feldspathic sandstone, 
siltstone and chert. Minor amounts of intercalated basic volcanics, conglomerate and marl are 
also present (Suppel and Gilligan, 1993).  
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Figure 4 Regional Geology 
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Two major granitoid bodies intrude the Girilambone Group within the Nymagee area. The 
Nymagee Igneous Complex occurs to the north and northeast of Nymagee and the Erimeran 
Granite is located to the southeast and south of Nymagee. Both of these granitoid bodies have 
been categorized “S-type” (MacRae, 1987) and are described as porphyritic, medium to 
coarse-grained biotite granites or adamellites (Suppel and Gilligan, 1993). 

The Mouramba Group is the eastern-most component of the Cobar Basin and comprises 
shallow-water sediments with minor volcanics. Two units are described as follows. 

 The Burthong Formation consists of a sequence of very fine to medium sandstone 
to inter-bedded sandstone and siltstone (MacRae, 1987). Several volcanic 
horizons occur in the more eastern parts and the Hathaway Conglomerate 
Member, a polymict arkosic conglomerate, occurs in the southern area of 
Burthong Formation outcrop.  

 The Roset Sandstone overlies the Burthong Formation and comprises thick-
bedded, cross-bedded and ripple cross-laminated sandstone. The Roset 
Sandstone is interpreted to have a lensoidal character with inter-fingering between 
the Roset Sandstone and the underlying Burthong Formation.  

The Lower Amphitheatre Group is the western-most or younger portion of the Cobar Basin and 
comprises inter-bedded fine to medium grained sandstone and siltstone. The unit is typically 
medium-bedded (5 cm to 30 cm) with a turbiditic character. Sedimentary features include 
massive, parallel laminations, ripple cross laminations and graded bedding (MacRae, 1987). 

The Shume Formation is the interface between the Upper Amphitheatre and the Winduck Shelf 
and comprises inter-bedded silicified sandstone and minor siltstone. The unit is typically 
massive, sandstone dominant and forms prominent ridges. The Shume Formation has been 
correlated to the Biddabirra Formation (MacRae, 1987) and contains minor porphyritic 
volcanics to the west of the Nymagee licence areas. 

An interpretation of local geology is presented as Figure 5. 

4.3 STRUCTURAL GEOLOGY 

Over the period of exploration and definition of the Hera Deposit considerable effort has been 
made to define the structural elements of the Hera Orebody.  The dominant structural 
elements of the deposit are shown in Figure 6.  The north northwest trending structures are 
traced for some 700m along strike.  The Main Lens is interpreted to be separated by an east-
west trending offset fault which has largely been annealed with quartz infill. 

Figure 6 shows the main ore structures in red, the Decline and Mine layout (Pink) and 
diamond drilling results.  The diamond drilling results are coloured by Rock Quality Designation 
(RQD) %.  Bright colours indicate zones of fracturing or blockieness which is interpreted to 
indicate main structural corridors. 
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Figure 5 Local Geology 
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Figure 6 Structural Elements around the Hera Deposit 

By utilising the geotechnical parameters of drillcore in particular the RQD which is a proxy for 
rock fragmentation it is possible to identify some key bounding fault structures approximately 
250m either side of the main Ore Structures.  These strike approximately parallel to the 
identified ore bodies.  To the south, it is apparent the structures terminate or are significantly 
offset to either the East or West.  To the north the structural definition is not fully defined but 
geological evidence would suggest immediately beyond the limit of the known orebody the 
structures are less well defined. 

Thus we can interpret a potential zone of structural disruption of approximately 500m wide 
(east to west) and approximately 1000m long (north to south).   

Further support for this structural model and the assumptions made for the zone of structural 
connectivity is provided by the structural interpretation made from aeromagnetic data, 
geological data and topographic models as shown in Figure 7.  Zone 6 is the Hera deposit 
zone. 
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Figure 7 Interpretation of Structural Lineament in the Vicinity of the Mine Site 
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4.4 TOPOGRAPHY AND DRAINAGE 

Areas immediately surrounding the Project Site are typically flat to gently undulating, with 
elevations ranging from approximately 300m AHD to 380m AHD (Figure 8).  A number of 
small hills with a maximum elevation of more than 400m AHD occur to the north, northwest, 
south and northeast at distances of between 4km and 10km from the Project Site boundary.  
Slopes on the flanks of the small hills may be as steep as 1:10 (V:H). 

A number of indistinct, ephemeral, unnamed creeks and drainages occur in the vicinity of the 
Project Site (Figure 8).  Drainages to the south, west, north and immediately east of the 
Project Site within the Box Creek Catchment all typically flow to the northwest.  Drainages 
further east within the Grahway Pangee Creek Catchment typically flow to the east while 
drainages in the Crowal Creek Catchment typically flow to the southwest. 

The western and south-western sections of the Project Site are typically gently west-sloping, 
with elevations approximately 303m AHD to 320m AHD and slopes of 1:80 (V:H) or less 
(Figure 9).  The southern section of the Project Site is dominated by a small hill with a 
maximum elevation of approximately 355m AHD and slopes of up to 1:10 (V:H).  The 
northeastern section of the Project Site is dominated by a series of four hills with maximum 
elevations from south to north of approximately 368m AHD, 363m AHD, 358m AHD and 375m 
AHD.  Maximum slopes on these hills may be as steep as 1:2 (V:H).   

An unnamed creek flows from east to west through an open valley between the hills in the 
northeastern section of the Project Site and those in the southeastern section.  This creek line 
is ephemeral and has been dammed to form Back Tank at the narrowest section of the open 
valley.  This creek flows to the southwest corner of the site and then follows the eastern 
boundary past Pete's Tank and drains into the House Dam.   

4.5 CLIMATE 

Meteorological data (temperature and humidity, rainfall and evaporation) were sourced from 
the following Bureau of Meteorology stations for the calculations of monthly averages of 
climatic parameters presented in Table 1.  

 Cobar MO NSW – Open station (1962 – present) 

 Cobar Post Office NSW – Closed (1881 – 1965) 

These meteorological stations are located approximately 90 km to the northwest of the Project 
Site. Data from both stations were combined to obtain average temperature and rainfall data 
for the period 1881 to 2009.  

4.5.1 Temperature 

The Cobar region is characterised by a mild to hot climate.  January is the hottest month, with 
a maximum mean temperature of 35°C.  July is the coldest month with a mean maximum 
temperature of 16°C and a minimum temperature of 4°C. 
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Figure 8 Local Topography 
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Note:  A colour version of this figure is available on the Project CD. 
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Figure 9 Project Site Topography 
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Note:  A colour version of this figure is available on the Project CD. 
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Table 1 
Climate Data  

 Jan Feb Mar April May June July Aug Sept Oct Nov Dec Annual
Temperature (°C) 

Mean maximum 
temperature 

35 34 31 26 20 17 16 18 22 27 30 33  

Mean minimum 
temperature  

20 19 17 12 8 6 4 6 9 12 16 18  

Rainfall (mm) 

Mean rainfall  38.6 39.1 32.0 26.2 30.1 29.6 25.7 28.5 23.6 32.2 31.5 35.8 373 
Highest rainfall  239.6 281.2 238.1 201.4 144 103.6 102.4 114.4 104.6 130.5 157.1 157.8 799.7 
Lowest rainfall 1.4 0 0 0 0 0.3 0.2 0 0 0 0.4 1.4 116.3 
Highest daily 
rainfall 113.3 89.7 114.3 71.4 59.4 43.4 44.6 56.9 44.4 52.6 56.6 78.7 114.3 

Evaporation (1975 to 2010) 

Mean Daily 
Evaporation 11.5 10 8.2 5.3 3.1 2.1 2.3 3.4 5.4 7.4 9.5 11.2 6.6 

Note  Temperature and rainfall data were sourced from Cobar MO station for the months of May 1962 – December 2009, and 
from the Cobar Post Office station for the months of February 1881 – December 1965  

Source: Bureau of Meteorology Stations – Cobar MO NSW (Station No.: 0428027) & Cobar Post Office (Station No. 0428237) 

4.5.2 Rainfall and Evaporation 

Mean annual rainfall is 373mm, with rainfall distributed reasonably evenly throughout the year, 
the mean monthly rainfall in the range 23.6mm to 39.1mm.  However, rainfall is extremely 
variable, with infrequent, high intensity rainfall events and maximum daily rainfall values are 
between 2 and 3.5 times average monthly rainfall values.  On average 69 rain days occur per 
year, with 4 to 7 rain days experienced each month on average. 

The driest year on record was 1982 when 116.3mm of rain was recorded.  By contrast, the 
wettest year on record was 1891 when 799.7mm of rain was recorded.   

Mean daily evaporation varies through the year, from 11.5mm/day in January to 2.1mm/day in 
June.  Annual average evaporation is 2,409mm/year. 

5. G R O U N DWAT E R  D ATA 

5.1 INTRODUCTION 

The Impax Group completed a review of available groundwater bore information for the area 
located within a 10km radius of the Project Site.  This included a review of the registered 
groundwater bore database, which is maintained by the NSW Office of Water, and 
supplementary information collected during preliminary groundwater studies of the Project Site 
undertaken by Geoterra Pty Ltd.   
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5.2 NSW OFFICE OF WATER REGISTERED BORE DATABASE 

The Impax Group conducted a search of the NOW Registered Groundwater Bore database 
(www.nratlas.nsw.gov.au) on 8 June 2011.  A total of 9 registered groundwater works were 
identified within an approximate 10km radius of the Project Site.   

Registered groundwater bore locations relative to the Project Site are presented in Figure 10.   

Information obtained from groundwater bore work summary forms is summarised in Table 2.  
Groundwater work summary forms are presented in Appendix 2.   

Of the 9 registered groundwater works identified, 4 were bores located within the Project Site.  
These included the house bore (GW020657), Skirka's Bore (GW802946), the original Back 
Bore (GW020656), and WB4 (GW804185).  These bores are all Project-related.  GW020656 
was the original “Back Bore” which was replaced with a new bore (the current Back Bore) in 
2005.   

Five of the identified registered bores were located off the site.  These included WB2 
(GW804183) and WB3 (GW804184), which were groundwater exploration bores advanced by 
Triako Resources Ltd on the property located to the north of the Project Site.  At the time this 
report was prepared WB2 was an open hole.  WB3 had been converted to a 50mm diameter 
piezometer.   

Three privately owned bores were identified within the search area.   

 Registered bore GW017385 is located on the property to the north of the Project 
Site, approximately 2000m from the nearest site boundary.  This bore was 
registered for "Stock" watering.   

 Registered bore GW017386 is located on the property to the south of the Project 
Site, approximately 50m from the nearest site boundary.  This bore was 
registered for "Stock" watering.   

 Registered bore GW018014 is located to the southwest of the Project Site, 
approximately 7400m from the nearest boundary.  This bore was registered for 
"Stock" watering.   

The bores identified in the search of the NOW database were all less than 120m deep.   

Groundwater was encountered in each of the registered bores in "siltstone", "slate", "schist" 
and "quartzite" at depths ranging from 19m to 120m bgl.  Groundwater yields were recorded as 
ranging from 0.25L/s to 2.5L/s.  Groundwater quality descriptions ranged from "good" to as 
high as 7000ppm of total dissolved solids (TDS).  Borehole lithology was typified by shallow 
clayey soils underlain by "slate", "schist", "sandstone" and "siltstone".   

Based on NOW registered groundwater bore information for registered bores located within 
10km of the Project Site, the siltstones and sandstones of the Lower Amphitheatre Group in 
the west and Burthong Formation in the east provide a minor groundwater source from 
basement aquifers.  The bores located away from the Project Site were registered for "Stock" 
watering or as "monitoring bores".   
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Figure 10 Registered Groundwater Work Locations 
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Note:  A colour version of this figure is available on the Project CD. 
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Table 2 
Summary of NOW Registered Groundwater Bores Located Within 10km of the Project Site 

Bore ID Depth 
(m) 

SWL 
(m) 

Water Bearing 
Zone 

Yield
(L/s) 

Lithology EC/TDS 
(ppm) 

Date 
Installed 

GW017385 61 46.6 19.2-19.2m (Schist) 
50.3-50.3m (Slate) 

0.51 Loam Sandy (0-1m) 
Schist (1-46m) 
Slate (46-61m)  

500-1000 1959 

GW017386 100.9 58.2 85.3-85.3m (Slate) 0.25 Clay (0-2m) 
Slate Soft (2-30m) 
Slate Hard (30-101m) 

1000-3000 1960 

GW018014 82.9 15.2 70.1-70.1m (Quartzite) 0.51 Clay (0-2m) 
Quartzite Soft (2-24m) 
Quartzite Solid (24-83m) 

3000-7000 1960 

GW020656 
(Original 

Back Bore) 

74.1 55.8 68.6-68.6m (Slate) 0.63 Clay (0-2m) 
Slate (2-34m) 
Quartzite (34-46m) 
Slate (46 - 74m) 

"Good" 1963 

GW020657 
(House 
Bore) 

74.1 54.3 59.7-59.7m (Slate) 0.63 Clay (0-2m) 
Slate (2-46m) 
Quartzite (46-48m) 
Slate (48-74m) 

"Good" 1963 

GW802946 
(Skirka's 

Bore) 

85 65 72-76m (Siltstone) 1.1 Alluvium (0-10m) 
Silcrete (10-12m) 
Kaolinitic Clay (12-25m) 
Siltstone (25-85m) 

- 2004 

GW804183 
(WB2) 

108 100 88-102m (Siltstone) 
102-108m (Siltstone) 

2.5 Gravel (0-5m) 
Siltstone (5-108m) 

- 2005 

GW804184 
(WB3) 

108 - 74-90m (Siltstone) 0.6 Gravel (0-2m) 
Clay (2-8m) 
Siltstone (8-108m) 

- 2005 

GW804185 
(WB4) 

120 52.8 88-120m (Siltstone) 1 Clay (0-4m) 
Sandstone / Siltstone (4-
30m) 
Siltstone (30-120m) 

- 2005 

5.3 HERA PROJECT PRELIMINARY GROUNDWATER DATA 

Initial hydrogeological studies and management plans for the Project Site were undertaken by 
Geoterra Pty Ltd on behalf of the former Project Site owner (Triako Resources Limited).  
Results of these studies are outlined in the following reports: 

 Hydrogeological Assessment of Skirka's Bore at "The Peak" Station, Nymagee, 
NSW, Geoterra Pty Ltd, 25 October 2005. 

 Hera Project Groundwater Status Report, Nymagee, NSW, Geoterra Pty Ltd, 31 
May 2006. 

 Hera Project Groundwater Management Plan, Nymagee, NSW, Geoterra Pty Ltd, 
11 May 2007.   

The works undertaken by Geoterra Pty Ltd on behalf of Triako Resources Ltd included the 
following: 

 Supervision of the drilling of several groundwater exploration boreholes, and a 
replacement of the Back Bore. 

 Sampling and analysis of groundwater from several groundwater bores and/or 
groundwater exploration bores.   
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 A 24 hour aquifer pumping test at Skirka's Bore. 

 Submission of the original groundwater licence application for extraction of 
groundwater from the proposed Decline, Skirka's Bore and Back Bore.   

A copy of the Geoterra Pty Ltd Groundwater Management Plan is presented as Appendix 3.  
A copy of the Geoterra Pty Ltd reports are presented as Appendix 4.  The reports formed the 
basis for the granting of groundwater extraction licence for extraction of up to 147ML/yr.  The 
grant was made by the NOW on 19 August 2010.  A copy of the granted licences is presented 
as Appendix 5.   

Results of aquifer pumping tests conducted at the site were reported by The Impax Group in 
May 2011 (The Impax Group, 2011).   

5.4 PROJECT SITE BORES 

The Proponent oversaw the installation of three additional observation bores (Observation 
Bore 1, Observation Bore 2 and Observation Bore 3) and one additional test bore at the 
Project Site in October 2010.  These bores were installed for use during the Back Bore and 
Decline Bore pumping tests.   

Further test bore drilling to identify additional groundwater resources at the Project Site was 
conducted by The Impax Group in February and March 2011.  Seven groundwater exploration 
boreholes were advanced at the site.  Four of the boreholes were converted into 125mm 
diameter production bores, one borehole was converted to a 50mm diameter piezometer and 
two boreholes were abandoned.   

5.4.1 Test Bore Licences 

Monitoring Bore and Test Bore licences were obtained in accordance with NOW requirements 
prior to the commencement of drilling works.   

Groundwater works licence numbers are summarised in Table 3.   

Table 3 
Groundwater Monitoring and Test Bore Licence Details 

Licence Number: Works Permitted 

85BL256061 Installation of Observation Bore 1 

85BL256062 Installation of Observation Bore 2 

85BL256063 Installation of Observation Bore 3 

85BL256001 Installation of Decline Bore 

85BL256083 Drilling / Installation of WB7-WB13 

5.4.2 Groundwater Exploration Hole Locations 

Groundwater exploration hole locations are shown in Figure 2.  Hole coordinates are 
presented in Table 4.   
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Table 4 
Groundwater Exploration Hole Locations 

Bore ID: Easting Northing 

WB7 439171 6445583 

WB8 437115 6444465 

WB9 437653 6446153 

WB10 438459 6447005 

WB11 435231 6444889 

WB12 434958 6446287 

WB13 436525 6446629 

 

5.4.3 Groundwater Exploration Hole Geology 

Drill cuttings were collected at one metre intervals throughout each borehole to allow the 
geology to be logged.  The geology encountered in each exploration hole is outlined in the test 
bore logs presented as Appendix 6.  The following presents a summary of those results. 

Near surface soils consisted of red-brown clayey sandy loam.  This was typically underlain by 
weathered shale or siltstone from a depth of 1m to 3m bgl.  The weathered shale / siltstone 
was typically light brown or yellow brown in the upper 30m grading to greeny-grey colour and 
eventually to a grey colour above bedrock.  Bedrock was encountered at depths ranging from 
43m bgl to 95m bgl.  Bedrock consisted of grey fine grained sandstone and siltstone.  Quartz 
fragments were typically returned in drill cuttings after weak zones or fractures were 
encountered.   

The uppermost water bearing zones were encountered at depths ranging from 73m to 
99m bgl.  In the more productive holes (WB8, WB11 and WB13), groundwater yields increased 
with depth as more fracturing was encountered.  In less productive holes (WB10 and WB12) 
groundwater yield did not increase after the initial groundwater bearing zone was encountered 
even though additional zones of fracturing were encountered.  Groundwater was typically 
encountered near the interface of the weathered rock and bedrock.  Higher groundwater yield 
was typically identified in holes with a deep weathered profile.  Bedrock was encountered at 
relatively shallow depths in WB7 and WB9 and these holes were dry.   

Groundwater yields during drilling ranged from nil (WB7 and WB9) to in excess of 7.5L/s 
(WB8).   

5.4.4 Production Bore Construction Details 

Bores were constructed of 125mm Class 12 uPVC blank and screen, with the exception of 
WB12, which was completed with 50mm diameter uPVC screen and blank.  Screens were 
machine slotted with a 2mm aperture.  The borehole annulus was backfilled with 5mm to 7mm 
Macquarie River gravel from the bottom of the borehole to above the uppermost water bearing 
zone.  A bentonite seal was placed above the gravel pack.   
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Test bore logs and/or bore construction details for all newly installed production bores are 
presented as Appendix 6.  Bore construction details are summarised in Table 5. 

Table 5 
Groundwater Exploration Hole Construction Details 

Bore ID: Hole Depth Well Depth Screened 
Interval 

Gravel Pack 
Interval 

Decline Bore 150m 148m 136-148m 50-150m 

WB7 103m No Construction No Construction No Construction 

WB8 140m 140m 98-104m 
110-122m 
128-134m 

79-140m 

WB9 115m No Construction No Construction No Construction 

WB10 120m 90m 72-84m 66-90m 

WB11 144m 122m 98-116m 82-122m 

WB12 136m 96m 84-96m 70-96m 

WB13 136m 108m 90-102m 80-108m 

5.4.5 Water Quality - During Drilling 

During the installation of the new production bores The Impax Group monitored the 
groundwater yield, groundwater Electrical Conductivity (EC) and groundwater pH at the 
change of each rod.  The measured EC and pH were consistent throughout each hole and 
were generally within the same range across the Project Site.  Water quality results are 
summarised in Table 6.  Water quality was not monitored during the installation of the Decline 
Bore.   

Table 6 
Groundwater Quality in Groundwater Exploration Boreholes 

Bore ID: Range of EC Range of pH 

WB8 5600-5800µS/cm 7.8-8.0 

WB10 4700-5800µS/cm 7.7-7.9 

WB11 5600-5800µS/cm 7.7-7.9 

WB12 5600-5800µS/cm 7.7-7.9 

WB13 5600-5800µS/cm 7.7-7.9 

Groundwater quality in existing bores is outlined in the Geoterra (2006) report presented as 
Appendix 4.   

5.4.6 Existing Production Bore Construction Details 

Prior to the commencement of the 2010/2011 aquifer testing programme the Project Site 
featured the following production bores. 

 The House Bore. 

 The Back Bore. 

 Skirka's Bore. 
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Construction details of the existing groundwater production bores are summarised in Table 7.   

Table 7 
Construction Details - Existing Groundwater Bores 

Bore ID: Hole Depth Well Depth Screened Interval Gravel Pack  Interval 

Back Bore 120m 120m 108-114m 86-114m 

Skirka's Bore 85m 85m 71-77m 71-85m 

House Bore 74m 74m Open Hole Below 30m Open Hole Below 30m

5.4.7 Observation Bore Construction Details 

Prior to the testing of the Back Bore and the Decline Bore additional observation bores were 
installed at the Project Site.  Observation Bore 1 was installed approximately 160m to the 
south of the Back Bore.  Observation Bore 2 was installed approximately 800m west of the 
Back Bore.  Observation Bore 3 was installed approximately 250m northeast of the Decline 
Bore.  The boreholes were advanced to a depth of 150m bgl.  The observation bores were 
constructed with 50mm diameter Class 9 uPVC casing.  Each observation bore featured 12m 
of screen at the base.  The borehole annulus was filled with 3mm to 5mm Macquarie River 
gravel from the base of the borehole to a depth of approximately 50m bgl.  The annulus was 
then sealed with bentonite pellets.   

In addition to Observation Bores 1, 2 and 3 the Project Site and surrounds also featured 
several open holes from an earlier groundwater exploration programme.  These included the 
following. 

 WB2. 

 WB3. 

 WB4. 

 WB5. 

WB2 and WB3 are located on the property to the north of the Project Site.  WB2 is an open 
hole with no casing.  WB3, WB4 and WB5 were cased with 50mm uPVC prior to the testing of 
the Back Bore and the Decline Bore.  The location of all production and observation bores are 
shown on Figure 2. 

The Impax Group also monitored groundwater levels within GW017386 (referred to as the 
"Neighbour's Bore" in The Impax Group (2011) pumping test report) during testing of WB8, 
WB11 and WB13.  GW017386 was an unequipped open hole with steel surface casing.  
Construction details for the GW017386 were obtained from the database of registered 
groundwater works, which is maintained by NOW.   

Observation bore details are summarised in Table 8.   
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Table 8 
Construction Details - Existing Groundwater Bores 

Bore ID: Hole Depth Well Depth Screened 
Interval 

Gravel Pack 

WB2 108m Open Hole Open Hole Open Hole 

WB3 108m 108m 88-108m 50-120m 

WB4 120m 120m 114-120m 50-120m 

WB5 150m 150m 144-150m 50-150m 

Observation Bore 1 150m 150m 138-150m 50-150m 

Observation Bore 2 150m 150m 138-150m 50-150m 

Observation Bore 3 150m 150m 138-150m 50-150m 

Neighbours Bore 
(GW017386) 

101m 101m Open Hole 
Below 41m 

Open Hole 
Below 41m 

5.5 STANDING WATER LEVELS 

Relative bore elevations, standing water levels (SWL) and relative groundwater levels are 
presented in Table 9.   

Table 9 
Construction Details - Existing Groundwater Bores 

Bore ID: Collar Elevation 

(m AHD) 

Approximate SWL 
(m bgl) 

Approximate SWL 
Elevation (m AHD) 

Skirka's Bore 322m 63m 259m 

Decline Bore 322m 63m 259m 

Back Bore 321m 63m 258m 

WB2 316m 54m 262m 

WB3 322m 45m 277m 

WB4 325m 53m 272m 

WB5 320m 71m 249m 

WB8 317m 70m 247m 

WB10 326m 55m 271m 

WB11 308m 63m 245m 

WB12 306m 60m 246m 

WB13 320m 71m 249m 

Observation Bore 1 322m 63m 259m 

Observation Bore 2 317m 69m 248m 

Observation Bore 3 325m 71m 254m 

Neighbours Bore 
(GW017386) 

310m 52m 258m 

 

The standing water level of groundwater at the Project Site ranges from approximately 245m 
AHD to 277m AHD.  Relative elevations of borehole collars range between 306m AHD and 
325m AHD.  In general, groundwater elevation is highest to the east Hera Deposit (WB4, 
WB10 and WB3) and lowest in the southwest corner of the Project Site (WB8, Observation 
Bore 2, WB11, WB12).   
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The data presented in Table 9 shows that there are some relatively large variations in 
groundwater elevation over relatively short horizontal distances at the site.  For example, the 
groundwater elevation in the vicinity of the Back Bore and Observation Bore 1 is approximately 
258m AHD, whilst the groundwater elevation at WB8 and Observation Bore 2 is approximately 
248m AHD, or 10m lower.  These bores are located approximately 800m from each other and 
surface elevations between the two areas only vary by approximately 5m.  The groundwater 
elevation between GW017386 and WB11 varies by approximately 13m even though the two 
bores are located within 1km of each other and have similar surface elevations.  Similarly, the 
relative elevation of groundwater in the area around WB13 and WB5, and the area around 
Skirka's Bore and the Decline Bore varies by approximately 10m even though these areas are 
located relatively close to each other, have similar surface elevations, and are located in a 
similar part of the landscape.   

The variation in groundwater elevations indicates that there may be several discrete or semi-
discrete aquifer systems across the Project Site.  The site is typically characterised by 
northwest to southeast trending structures that are close to vertical.  Based on the variation in 
observed groundwater elevations across the study area it is possible that groundwater flow 
occurs primarily along a northwest / southeast plane with little connectivity in the southwest to 
northeast plane.   

5.6 WATER QUALITY MONITORING 

The Impax Group collected groundwater samples from several groundwater bores located 
within or close to the Project Site in November 2010.  Bores sampled included WB3, WB4, 
WB5, Back Bore, House Bore, Observation Bore 2 and Observation Bore 3 (Figure 2).   

Each bore was purged prior to sampling to ensure samples were indicative of groundwater 
from the adjacent aquifer.  Samples were collected from the Back Bore using the fitted 
submersible pump during aquifer testing.  Samples from the House Bore were also collected 
using the fitted submersible pump.  Samples were removed from all other bores by air lifting.  
This purging and sampling method is not ideal for groundwater sampling, however, given the 
depth of boreholes and the diameter of bore casing it was the only feasible way to collect water 
samples.   

Bores were purged for a period of at least 1 hour prior to sampling.  Field water quality 
parameters were measured at regular intervals during purging to assess when the bore had 
been adequately purged.  Once the bore was purged, samples of the groundwater were 
collected in appropriate laboratory supplied containers.  Samples were placed on ice in an 
esky immediately after sampling.  Samples were shipped by express courier to LabMark 
Environmental Laboratories (Sydney) for analysis.  Samples were analysed for major cations, 
major anions, nutrients, physical parameters, total cyanide, free cyanide and weak acid 
dissociable (WAD) cyanide.   

Measured field parameters are summarised in Table 10.   
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Table 10 
Field Water Quality Parameters 

Bore ID Dissolved 
Oxygen 
(ppm) 

EC (uS/cm) pH Redox (mV) Temp 
(oC) 

Back Bore 2.42 3010 6.68 +193 23.2 

House Bore 8.57 2550 7.24 +121 23.1 

WB3 7.01 5240 8.01 +46 22.5 

WB4 7.17 5350 8.34 +92 22.1 

WB5 8.03 3540 8.58 +57 20.5 

Observation Bore 2 7.45 5110 8.21 +74 22.9 

Observation Bore 3 6.56 4460 8.03 +25 22.9 

 

A shown in Table 6 and Table 10 measured electrical conductivity (EC) of groundwater in the 
vicinity of the Project Site ranges between 2500µS/cm and 5800µS/cm.  In most of the 
sampled bores, and the exploration bores installed in 2011 (WB7 - WB13), the EC was 
typically between 5000 µS/cm and 6000 µS/cm.  EC was lowest in the House Bore and Back 
Bore.   

Measured pH ranged from 6.7 to 8.6 but was generally in the range between 7.7 and 8.2 
indicating mildly alkaline conditions within the aquifer.  The measured pH values in the House 
Bore and Back Bore were lower than those in all other bores.   

Measured dissolve oxygen (DO) ranged from 2.42ppm to 8.57ppm.  DO values were typically 
elevated due to the use of air lifting to purge wells and obtain samples.  The measured DO in 
the Back Bore is most likely to reflect conditions within the aquifer as it was sampled using a 
submersible pump.   

The measure redox potential ranged from +25mV to +193mV indicating groundwater is 
oxidised.   

Measured groundwater temperature ranged from 20.5oC to 23.2oC.  Temperature was 
measured ex-situ and is likely to have varied due to ambient temperature changes.   

Laboratory Analytical Results are summarised in Table 11.   

5.7 CURRENT GROUNDWATER USE 

The groundwater bores identified within the Project Site are registered for "industrial / stock" 
use, "stock" use or groundwater "monitoring".  Bores located on privately owned land within 
10km of the Project Site are registered for "stock" watering and "monitoring".   

At the time this report was prepared, the House Bore was used by the Proponent for bathing 
and sanitation as well as irrigating a small area around the existing homestead.   



SPECIALIST CONSULTANT STUDIES 2 - 41 YTC RESOURCES LIMITED 
Part 2:  Groundwater Assessment  Hera Project 
  Report No. 659/07 
 

The Impax Group 

Table 11 
Summary of Analytical Results  

Analyte Observation 
Bore 2 

Observation 
Bore 3 

WB3 WB4 WB5 Back 
Bore 

House 
Bore 

Lab pH (pH units) 8.1 8.1 8.1 8.0 8.4 7 7.5 

Field pH (pH units) 8.21 8.03 8.01 8.34 8.58 6.68 7.24 

Lab EC (S/cm) 5490 4640 5650 5800 3910 3170 2740 

Field EC (S/cm) 5110 4460 5240 5350 3540 3010 2550 

TDS 3650 2310 2790 2560 1810 2210 2010 

TSS 54 10 528 <5 984 <5 8 

Chloride 922 1070 1340 1420 692 576 484 

Sulphate 990 408 400 393 662 224 190 

Calcium 197 162 195 224 159 104 26 

Magnesium 253 208 221 240 182 121 47 

Sodium 696 553 700 690 439 393 455 

Potassium 40 26.8 29.4 28.6 27.6 17.3 27.9 

Total Cyanide <0.005 0.005 0.005 <0.005 <0.005 <0.005 <0.005 

Free Cyanide <0.005 <0.005 0.007 <0.005 <0.005 <0.005 <0.005 

WAD Cyanide <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

NO2 as N <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

NO3 as N 0.01 0.01 0.04 0.13 0.01 0.89 2.94 

Ammonia 0.1 0.06 0.1 0.24 0.34 <0.01 <0.01 

Total N <0.1 <0.1 <0.1 0.1 1.8 0.9 2.9 

Ortho Phosphate 0.009 0.005 0.008 0.017 0.032 0.03 0.024 

Total Phosphorous <0.01 0.01 <0.01 0.01 0.05 0.03 0.03 

All results expressed in mg/L unless stated otherwise. 

5.8 POTENTIAL BENEFICIAL GROUNDWATER USE 

Groundwater salinity is the only measure of groundwater quality information available for the 
majority of bores used in this assessment.  Groundwater salinity is a simple way to assess 
potential beneficial uses of groundwater.   

5.8.1 Drinking Water 

The National Water Quality Management Strategy, Australian Drinking Water Guidelines 
(2004) provide aesthetic based guidelines for total dissolved solids (TDS).  These are 
presented in Table 12.  The aesthetic guidelines refer to the TDS concentration which affects 
the taste or palatability of drinking water.  These guidelines are not based on potential to cause 
adverse impacts to human health.   

Measured EC for bores located within the study area ranged from 2550 µS/cm to 5800 µS/cm.  
The results indicate that groundwater within the existing bore network at the Project Site is not 
suitable for use as drinking water without treatment. 
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Table 12 
Palatability of Drinking Water According to TDS Concentration 

TDS EC Equivalent Drinking Water Quality 

<80ppm <120μS/cm Excellent 

80-500ppm 120-750μS/cm Good 

500-800ppm 750-1200μS/cm Fair 

800-1000ppm 1200-1500μS/cm Poor 

>1000ppm >1500μS/cm Unacceptable 

5.8.2 Irrigation 

The ANZECC Australian and New Zealand Guidelines for Fresh and Marine Water Quality 
(2000) provide salinity thresholds for a broad range of commonly grown crops and host soil 
types (sand, loam and clay).  Salinity thresholds for crops grown in clay soils range from 
700μS/cm to 4,200μS/cm.   

Based on the existing EC data for groundwater bores located at the Project Site groundwater 
from selected bores (in particular the House Bore and Back Bore) may be suitable to irrigate 
the most salt tolerant crops.  However, groundwater from most bores at the Project Site would 
not be suitable for irrigation of crops.    

5.8.3 Stock Water 

The ANZECC Australian and New Zealand Guidelines for Fresh and Marine Water Quality 
(2000) provide typical salinity tolerance thresholds of common livestock.  These are 
summarised in Table 13.   

Table 13 
Tolerance of Livestock to TDS in Drinking Water 

Livestock Type Stock Will Drink Without Loss of 
Production 

Loss of Production and Decline in Animal 
Condition and Health Expected 

Beef Cattle 4000-5000ppm 5000-10000ppm 

Dairy Cattle 2500-4000ppm 4000-7000ppm 

Sheep 5000-10000ppm 10000-13000ppm 

Horses 4000-6000ppm 6000-7000ppm 

Pigs 4000-6000ppm 6000-8000ppm 

Poultry 2000-3000ppm 3000-4000ppm 

 

Using a conversion factor of EC = 1.5 x TDS the measured TDS of groundwater from bores at 
the Project Site ranges from approximately 1600ppm to 4000ppm.  Based on the measured 
EC (and TDS) groundwater from bores at the site would be considered suitable as drinking 
water for all livestock except poultry.   
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5.8.4 Discharge to Surface Water 

The ANZECC Australian and New Zealand Guidelines for Fresh and Marine Water Quality 
(2000) provides a range of default trigger values for electrical conductivity in slightly disturbed 
river ecosystems located in Southeast Australia.  The trigger value range provided for 
"Lowland Rivers" is 125μS/cm to 2200μS/cm. 

Based on measured EC groundwater from bores at the Project Site would not be suitable to be 
discharged to surface water.   

5.8.5 Freshwater Aquaculture 

The ANZECC Australian and New Zealand Guidelines for Fresh and Marine Water Quality 
(2000) indicates that a salinity of <3000ppm is desired for the protection of freshwater 
aquaculture species.   

Based on measured EC, groundwater from those bores with relatively low EC (House Bore 
and Back Bore) may be suitable for use in freshwater aquaculture.  However, groundwater 
from other bores at the Project Site would not be suitable for fresh water aquaculture.   

5.8.6 Industry 

The availability of groundwater for other industry must be considered as part of this 
assessment.  There are no relevant water quality guidelines for industrial use of groundwater.  
Whilst good quality water is usually required to protect infrastructure, water treatment plants 
can be used to achieve the desired water quality.   

At present, there are no groundwater reliant industries located within the groundwater Study 
Area and agricultural use of groundwater is limited.   

6. AQ U I F E R  TE S T I NG  

Six aquifer pumping tests were conducted at the site between November 2010 and March 
2011.  Bores tested included the Back Bore, Decline Bore, WB8, WB11 and WB13 (Figure 2).   

6.1 PUMPING TEST PROGRAMME 

The timing of pumping tests conducted at the Project Site is outlined in Table 14. 

6.2 PUMPING TEST METHODOLOGY 

The Impax Group collected water level data for a period of at least 24 hours prior to 
commencing each pumping test to establish pre-test standing water levels.   
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Table 14 
Pumping Test Dates 

Bore ID: Pumping Period 

Back Bore 2 November 2010 - 9 November 2010 

Decline Bore 13 December 2010 - 21 December 2010 

WB8 1 March 2011 - 7 March 2011 

WB10 8 March 2011 - 9 March 2011 

WB11 11 March 2011 - 17 March 2011 

WB13 19 March 2011 - 22 March 2011 

 

The test bore was pumped using a Grundfos submersible pump.  A diesel powered generator 
was used to supply power to the pump during each test.   

Each bore was pumped for a brief period prior to the pumping test to assess the pumping rate 
for each test.  For all but two of the pumping tests, the bore was pumped at the maximum 
possible flow rate.  The Impax Group observed drawdown vs time for a range of pumping rates 
to determine the ideal pumping rate for the Decline Bore pumping test and the WB10 test.   

A stopwatch was used to monitor the duration of the pumping test.  All measurements were 
recorded based on the time displayed by the stopwatch to ensure consistency.   

A data logging pressure transducer was installed at the bottom of each pumping bore prior to 
each test commencing.  Loggers were typically set up to record water levels every 2 minutes 
for the duration of pumping and recovery period.  The logger recorded changes in water level 
during the tests.  A 25mm diameter poly pipe was installed above the pump in the pumping 
bore to enable manual drawdown readings during the pumping tests.   

Water level loggers were installed in key observation bores during each pumping test.  Data 
loggers were typically setup to record the water level every five minutes.  Manual readings 
were recorded at all observation bores as regularly as possible for the duration of the pumping 
test.   

The pumping rate was monitored regularly during each pumping test.  The flow rate was 
measured by timing how long the discharge took to fill a container of known volume.     

At the completion of pumping the aquifer was allowed to recover.  Aquifer recovery was 
monitored for at least the same period of time as the pumping test was conducted.  

Sources of potential interference were noted prior to and during each pumping test.  Potential 
sources of interference included: 

 Drawdown and recovery associated with use of groundwater by other drilling 
crews at the Project Site. 

 Extraction of groundwater during drilling of additional groundwater exploration 
bores.  Water flows during drilling were up to 7.5L/s. 

 Drawdown and recovery associated with other recent pumping tests. 
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6.3 PUMPING TEST ANALYSIS 

Pumping test results were analysed using a range of methods.  Drawdown data during 
pumping was assessed using the Cooper and Jacob (1946) method.  Recovery data was 
analysed using the Thies Recovery method.  Where drawdown was observed in an 
observation bore the distance drawdown method was also used to assess the results.   

The safe yield for each tested bore was estimated using the observed rate of drawdown from 
the pumping test to estimate the pumping rate which could be sustained for long term 
pumping.  The following formula (Fetter, 1994) is used to estimate the safe yield: 

Test

Safe

Q

Q
sSDrawdownAvailable )4( 100   

Where: 
  Available Drawdown = depth between the SWL and pump intake 
  S100 = drawdown after 100 minutes of pumping 
  Δs = drawdown difference per log cycle of time 
  QTest = Pumping Rate during the pumping test 
  QSafe = Estimated safe pumping rate (1,000,000min continuous pumping) 

This equation assumes that after 100 minutes of pumping drawdown occurs in a linear fashion 
for the next 4 log cycles of time (for 1,000,000 minutes or 1.9 years) and that the magnitude of 
drawdown is directly proportional to the pumping rate.  The Impax Group also calculated the 
safe pumping rate assuming continuous pumping for 5 log cycles of time after 100 minutes (i.e. 
for 10,000,000min or 19 years).   

The methods used to assess the pumping test data are based on the following assumptions: 

 The water bearing strata is confined. 

 The aquifer is infinite in radial extent. 

 The aquifer is homogenous and isotropic. 

 Groundwater recharge does not occur and therefore steady state conditions will 
never be reached. 

 The pumping bore has fully penetrated the aquifer. 

 There is no interference from extraction of water from the aquifer at other 
locations. 

6.4 BACK BORE PUMPING TEST RESULTS 

Drawdown and recovery plots for the Back Bore and Observation Bore 1 are presented in 
Appendix 7.  Pumping test details and data assessment results are summarised in Table 15.   
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Table 15 
Pumping Test Details - Back Bore 

Bore ID: Back Bore 

Bore Depth: 120m 

Screened Interval: 108-114m 

SWL: 63m 

Available Drawdown: 40m 

Pumping Duration: 7.1 Days - 10230min 

Start Date: 2 November 2010 

End Date: 9 November 2010 

Average Pumping Rate: 3.8L/s 

Drawdown at 100min: 3.3m 

Maximum Drawdown: 9.05m 

Maximum Drawdown in Observation Bores: Observation Bore 1 - 4.26m 
No drawdown in other observation bores. 

% Recovery (Pumping Period) 68% 

ΔS1 - Pumping Data 9.0m 

ΔS1 - Recovery Data 9.0m 

ΔS1 - Pumping Data - Observation Bore 1 6.0m 

ΔS1 - Recovery Data - Observation Bore 1 9.0m 

Calculated Transmissivity: 6.7m2/day 

Calculated Storativity (Observation Bore 1) 6.7 x 10-4 

Calculated Storativity (Distance Drawdown 
Method): 

1.3 x 10-7 

Estimated Safe Yield (1,000,000min): 3.9L/s 

Estimated Safe Yield (10,000,000min): 3.1L/s 

 

The Back Bore was pumped at an average rate of approximately 3.8L/s for the duration of the 
test.  The test ran for a period of 10230 minutes or 7.1 days.   

Drawdown within the Back Bore was logarithmic for the first 1000 minutes of pumping.  After 
1000 minutes of pumping, drawdown continued in a linear fashion, indicating that the cone of 
depression may have encountered a zero-recharge boundary.  Alternatively, the drawdown 
behaviour may have been indicative of dual porosity system, where initial drawdown is the 
response of the relatively large and permeable fractures adjacent to the bore screen.  The late 
time drawdown behaviour may be indicative of the permeability of the actual rock matrix and/or 
the permeability of minor fractures which recharge the large fractures.   

The Impax Group monitored water levels in the Back Bore, Observation Bore 1, WB4, 
Observation Bore 2 and WB5 during the test (Figure 2).  It should be noted that WB7 through 
WB13 had not been installed at the time the Back Bore pumping test was conducted.  
Drawdown was observed in Observation Bore 1 and the response to pumping was generally 
consistent with that of the Back Bore.  Drawdown was not observed in any other monitoring 
bore.   
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Aquifer parameters were assessed using late time drawdown and recovery data to account for 
potential dual porosity effects observed during the pumping test.  The late time drawdown and 
recovery behaviour was likely to more accurately reflect the average aquifer properties and 
was considered the most appropriate for assessment of the sustainable pumping rate.   

The standing water level within the Back Bore had only recovered approximately 68% after 
10230 minutes of recovery indicating that the ability for the aquifer to recover could limit the 
sustainable extraction rate.   

6.5 DECLINE BORE PUMPING TEST RESULTS 

Drawdown and recovery plots for the Decline Bore and Skirka's Bore are presented as 
Appendix 7.  Pumping test details and data assessment results are summarised in Table 16.   

Table 16 
Pumping Test Details - Decline Bore 

Bore ID: Decline Bore 

Bore Depth: 148m 

Screened Interval: 136-148m 

SWL: 63m 

Available Drawdown: 40m 

Pumping Duration: 7 Days - 10800min 

Start Date: 13 December 2010 

End Date: 21 December 2010 

Average Pumping Rate: 0.75L/s 

Drawdown at 100min: 9.0m 

Maximum Drawdown: NA - See discussion below 

Maximum Drawdown in Observation Bores: Skirka's Bore - 1.31m 
No drawdown in other observation bores. 

% Recovery (Pumping Period) NA - See discussion below 

ΔS1 - Pumping Data NA - See discussion below 

ΔS1 - Recovery Data 3.9m 

ΔS1 - Pumping Data - Skirka's Bore 2.4m 

ΔS1 - Recovery Data - Skirka's Bore 1.4m 

Calculated Transmissivity: 3.0m2/day 

Calculated Storativity (Skirka's Bore) 9.0 x 10-4 

Calculated Storativity (Distance Drawdown): NA - See discussion below 

Estimated Safe Yield (1,000,000min): 1.2L/s 

Estimated Safe Yield (10,000,000min): 1.1L/s 

 

A step drawdown test was conducted to assess the ideal pumping rate for the test.  The 
Decline Bore was pumped at an average rate of approximately 0.75L/s for the duration of the 
test.  The flow rate ranged from 1.0L/s to 0.6L/s during the first 48 hours of pumping but was 
steady at 0.75L/s for the last 5 days of pumping.  The test ran for a period of 10800 minutes or 
7.5 days.   
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The maximum drawdown in the Decline Bore was up to 50m while the maximum observed 
drawdown in Skirka's Bore (located approximately 100m to the west) was 1.31m.  Drawdown 
was very sensitive to minor changes in the flow rate.  Based on the observed drawdown 
behaviour it was concluded that the bore casing was inefficient due to incorrect placement of 
the screen.  Drawdown observed within the Decline Bore was not considered representative of 
the surrounding aquifer and was not suitable for analysis.  Late time recovery data for the 
decline bore was considered indicative of aquifer response and was used to estimate aquifer 
properties.   

The Impax Group monitored water levels in Skirka's Bore, Observation Bore 3, WB2, WB3 and 
WB5 during the test.  Drawdown was observed in Skirka's Bore.  Drawdown was not observed 
in any other monitoring bore.   

Aquifer parameters were assessed using late time recovery data from the Decline Bore, and 
late time pumping and recovery data from Skirka's Bore.   

6.6 WB8 PUMPING TEST RESULTS 

Drawdown and recovery plots for WB8 and Observation Bore 2 are presented as Appendix 7.  
Pumping test details and data assessment results are summarised in Table 17.   

Table 17 
Pumping Test Details - WB8 

Bore ID: WB8 

Bore Depth: 140m 

Screened Interval: 98-134m 

SWL: 70m 

Available Drawdown: 35m 

Pumping Duration: 6 Days - 8630min 

Start Date: 1 March 2011 

End Date: 7 March 2011 

Average Pumping Rate: 2.2L/s 

Drawdown at 100min: 2.2m 

Maximum Drawdown: 3.8m 

Maximum Drawdown in Observation Bores: Observation Bore 2 - 1.34m 
Neighbours Bore - 0.47m 
No drawdown in other observation bores. 

% Recovery (Pumping Period) 88% 

ΔS1 - Pumping Data 1.8m 

ΔS1 - Recovery Data 1.7m 

ΔS1 - Pumping Data - Observation Bore 2 1.4m 

ΔS1 - Recovery Data - Observation Bore 2 1.4m 

Calculated Transmissivity: 19.3m2/day 

Calculated Storativity (Observation Bore 2) 1.7 x 10-3 

Calculated Storativity (Distance Drawdown): 2.8 x 10-5 

Estimated Safe Yield (1,000,000min): 8.2L/s 

Estimated Safe Yield (10,000,000min): 6.9L/s 
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WB8 was pumped at an average rate of approximately 2.2L/s.  The pumping rate dropped to 
approximately 1.9L/s during the first 1000 minutes of the test due to interference from the 
cable hanging the water level logger.  The discharge rate picked up to 2.2L/s for the last 5 
days of the test.  The test ran for a period of 8630 minutes or 6 days.   

Drawdown within WB8 followed a logarithmic trend for the duration of the test.  The rate of 
drawdown vs log time increased after 1000 minutes of pumping.  The drawdown behaviour is 
inferred to indicate that the aquifer has dual porosity, where initial drawdown is the response of 
the relatively large and permeable fractures adjacent to the bore screen.  The late time 
drawdown behaviour may be indicative of the permeability of the actual rock matrix and/or the 
permeability of minor fractures which recharge the large fractures.   

The Impax Group monitored water levels in Observation Bore 2, Observation Bore 1 and the 
Neighbours Bore during the test.  It should be noted that WB9 through WB13 had not been 
installed at the time the WB8 pumping test was conducted.  Drawdown was observed in 
Observation Bore 2 and in the Neighbours Bore.  Drawdown was not observed in Observation 
Bore 1.  Based on observations during the WB8 test and the Back Bore test it is unlikely that 
there is any significant hydraulic connection between these bores.   

Aquifer parameters were assessed using late time drawdown and recovery data to account for 
potential dual porosity effects observed during the pumping test.  The late time drawdown and 
recovery behaviour was likely to more accurately reflect the average aquifer properties and 
was considered the most appropriate for assessment of the sustainable pumping rate.   

A distance vs drawdown analysis was also conducted using maximum drawdown observations 
from WB8, Observation Bore 2 and the Neighbours Bore.   

The standing water level within WB8 had recovered approximately 88% after 8630 minutes of 
recovery.   

6.7 WB10 PUMPING TEST RESULTS 

Drawdown and recovery plots for WB10 are presented as Appendix 7.  Pumping test details 
and data assessment results are summarised in Table 18.   

A step drawdown test was undertaken to determine the pumping rate for the test.  WB10 was 
pumped at an average rate of approximately 0.5L/s.  The pumping rate was approximately 
0.7L/s for the first 20 minutes of the test.  The flow rate was adjusted to 0.6L/s from 20 minutes 
to 270 minutes and dropped further to 0.5L/s for the remainder of the test.  The test ran for a 
period of 1620 minutes or 1.1 days.   

Late drawdown data was used to assess the aquifer parameters as the early drawdown data 
was influenced by changes in the pumping rate.  Late time recovery data was also used as 
early recovery data was influenced by backflow of water from the discharge line in the 5 
minutes following pump shutdown.   
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Table 18 
Pumping Test Details - WB10 

Bore ID: WB10 

Bore Depth: 90m 

Screened Interval: 72-84m 

SWL: 58m 

Available Drawdown: 14m 

Pumping Duration: 1.1 Days - 1620min 

Start Date: 8 March 2011 

End Date: 9 March 2011 

Average Pumping Rate: 0.5L/s 

Drawdown at 100min: 10.0m 

Maximum Drawdown: 16.47m 

Maximum Drawdown in Observation Bores: No drawdown in observation bores. 

% Recovery (Pumping Period) 98% 

ΔS1 - Pumping Data 4.1m 

ΔS1 - Recovery Data 6.2m 

Calculated Transmissivity: 1.3m2/day 

Calculated Storativity NA 

Estimated Safe Yield (1,000,000min): 0.2L/s 

Estimated Safe Yield (10,000,000min): 0.2L/s 

 

Monitoring bores were not used during the WB10 test.   

The standing water level within the WB10 had recovered approximately 98% after 1620 
minutes of recovery.   

6.8 WB11 PUMPING TEST RESULTS 

Drawdown and recovery plots for WB11 are presented as Appendix 7.  Pumping test details 
and data assessment results are summarised in Table 19.   

WB11 was pumped at an average rate of approximately 2.0L/s which was consistent 
throughout the test.  The test ran for a period of 8640 minutes or 6 days.   

Drawdown within WB11 followed a logarithmic trend for the duration of the test.  The rate of 
drawdown vs log time increased after 1000 minutes of pumping.  The drawdown behaviour is 
inferred to indicate that the aquifer has dual porosity, where initial drawdown is the response of 
the relatively large and permeable fractures adjacent to the bore screen.  The late time 
drawdown behaviour may be indicative of the permeability of the actual rock matrix and/or the 
permeability of minor fractures which recharge the large fractures.   

The Impax Group monitored water levels in WB8, Observation Bore 1, Observation Bore 2, the 
Neighbours Bore and WB12 during the test.   
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Table 19 
Pumping Test Details - WB11 

Bore ID: WB11 

Bore Depth: 122m 

Screened Interval: 98-116m 

SWL: 63m 

Available Drawdown: 35m 

Pumping Duration: 6 Days - 8640min 

Start Date: 11 March 2011 

End Date: 17 March 2011 

Average Pumping Rate: 2.0L/s 

Drawdown at 100min: 12.5m 

Maximum Drawdown: 16.3m 

Maximum Drawdown in Observation Bores: Neighbours Bore - 0.56m 
No drawdown in other observation bores.  
Possible slowed recovery in WB8 and 
Observation Bore 2.   

% Recovery (Pumping Period) 93% 

ΔS1 - Pumping Data 3.1m 

ΔS1 - Recovery Data 3.0m 

Calculated Transmissivity: 10.2m2/day 

Calculated Storativity (Distance Drawdown): 2.8 x 10-4 

Estimated Safe Yield (1,000,000min): 2.8L/s 

Estimated Safe Yield (10,000,000min): 2.5L/s 

 

The water level within the Neighbours Bore dropped from 52.12m at the commencement of the 
test to 52.55m at the end of pumping.  It should be noted that the Neighbours Bore had not 
recovered from the WB8 pumping test.  Prior to the WB8 test the water level within the 
Neighbours Bore was 51.45m.  The Neighbours Bore was observed to drop further in the 
weeks following the test.  On 13 April 2011 (approximately 27 days after pumping ceased at 
WB11) the water level within the Neighbours Bore was 54.11m.  The cause of the gradual 
downward trend in water levels in the Neighbours Bore was not known.   

During the WB11 test, Observation Bore 2 and WB8 were recovering from the WB8 test.  
Drawdown within these bores did not increase during the WB11 test, however, the rate of 
recovery may have been slowed due to pumping at WB11.  Drawdown was not observed in 
Observation Bore 1 or WB12.   

Aquifer parameters were assessed using late time drawdown and recovery data to account for 
potential dual porosity effects observed during the pumping test.  The late time drawdown and 
recovery behaviour was likely to more accurately reflect the average aquifer properties and 
was considered the most appropriate for assessment of the sustainable pumping rate.   

A distance vs drawdown analysis was also conducted using maximum drawdown observations 
from WB11 and the Neighbours Bore.   
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The standing water level within WB11 had recovered approximately 93% after 8640 minutes of 
recovery.   

6.9 WB13 PUMPING TEST RESULTS 

Drawdown plots for WB13 and WB5 are presented as Appendix 7.  Pumping test details and 
data assessment results are summarised in Table 20.   

WB13 was pumped at an average rate of approximately 1.7L/s which was consistent 
throughout the test.  The test ran for a period of 4620 minutes or 3.2 days.   

Drawdown within WB13 followed a logarithmic trend for the duration of the test.  The rate of 
drawdown vs log time increased after 1000 minutes of pumping.  The drawdown behaviour is 
inferred to indicate that the aquifer has dual porosity, where initial drawdown is the response of 
the relatively large and permeable fractures adjacent to the bore screen.  The late time 
drawdown behaviour may be indicative of the permeability of the actual rock matrix and/or the 
permeability of minor fractures which recharge the large fractures.   

The Impax Group monitored water levels in WB5, the Decline Bore, Skirka's Bore and 
Observation Bore 3 during the test.   

Drawdown within WB5 (located approximately 5m from WB13) was consistent with that 
observed in WB13.  The water level within Skirka's Bore and the Decline Bore rose during the 
pumping period.  The rising standing water levels in Skirka's Bore and the Decline Bore are 
inferred to have been related to recovery following water supply pumping from Skirka's Bore in 
the days leading up to the test.  The water level within Observation Bore 3 did not change 
during the test.   

Water level recovery within WB13 was not monitored manually as a water level logger had 
been installed prior to the test.  The water level logger was lost in the process of removing the 
pump from the bore.  As such recovery data is not available for WB13.   

Aquifer parameters were assessed using late time drawdown data for WB13 and WB5 to 
account for potential dual porosity effects observed during the pumping test.  The late time 
drawdown and recovery behaviour was likely to more accurately reflect the average aquifer 
properties and was considered the most appropriate for assessment of the sustainable 
pumping rate.   

The standing water level within WB11 had recovered approximately 99% by 13 April 2011 
(approximately 21 days after pumping ceased).  
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Table 20 
Pumping Test Details - WB13 

Bore ID: WB13 

Bore Depth: 108m 

Screened Interval: 90-102m 

SWL: 72m 

Available Drawdown: 18m 

Pumping Duration: 3.2 Days - 4620min 

Start Date: 19 March 2011 

End Date: 22 March 2011 

Average Pumping Rate: 1.7L/s 

Drawdown at 100min: 1.8m 

Maximum Drawdown: 6.2m 

Maximum Drawdown in Observation Bores: WB5 - 5.8m 
No drawdown in other observation bores. 

% Recovery (Pumping Period) NA - See discussion in text 

ΔS1 - Pumping Data 5.4m 

ΔS1 - Recovery Data NA - See discussion in text 

ΔS1 - Pumping Data - WB5 5.6m 

ΔS1 - Recovery Data - WB5 NA - See discussion in text 

Calculated Transmissivity: 4.8m2/day 

Calculated Storativity (WB5) NA - See discussion in text 

Calculated Storativity (Distance Drawdown): NA - See discussion in text 

Estimated Safe Yield (1,000,000min): 1.3L/s 

Estimated Safe Yield (10,000,000min): 1.0L/s 

6.10 DISCUSSION OF PUMPING TEST RESULTS 

6.10.1 Safe Yields 

The Impax Group used the results of the aquifer pumping tests to estimate the long term safe 
yield for each bore using the method outlines in Section 6.3.  The estimates are presented in 
Table 21. 

Table 21 
Estimated Safe Yields 

Bore ID Estimated Safe Yield 
(1,000,000min Continuous Pumping) 

Estimated Safe Yield 
(10,000,000min Continuous Pumping) 

Back Bore 3.9L/s or 122ML/yr 3.1L/s or 97ML/yr 

Decline Bore 1.2L/s or 37ML/yr 1.1L/s or 34ML/yr 

WB8 8.2L/s or 258ML/yr 6.9L/s or 217ML/yr 

WB10 0.2L/s or 6ML/yr 0.2L/s or 6ML/yr 

WB11 2.8L/s or 88ML/yr 2.5L/s or 78ML/yr 

WB13 1.3L/s or 41ML/yr 1.0L/s or 31ML/yr 

TOTAL 17.6L/s or 555ML/yr 14.8L/s or 466ML/yr 
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In calculating the safe yields presented in Table 21 it is assumed that drawdown impacts from 
other pumping bores are negligible.  In reality it is possible that drawdown from an individual 
production bore may impact on other pumping bores.  In this case the actual safe yield of the 
bores may be less than those stated in Table 21.   

Observations made during pumping test suggest that pumping from the Back Bore will not 
impact on standing water levels within WB8, WB11, WB13 or the Neighbours Bore.  Similarly 
pumping from WB8, WB11, WB13 or the Neighbours Bore should not impact on water levels 
within the Back Bore.   

There is expected to be some interaction between WB8 and WB11.  Pumping from these 
bores appeared to impact on water levels within the Neighbours Bore indicating that all three 
bore are hydraulically connected.   

Pumping from WB8 and WB11 is not expected to impact on water levels within WB13 and vice 
versa.   

Drawdown was not observed in Skirka's Bore or the Decline Bore during pumping from WB13.  
Similarly pumping from the Decline Bore did not impact on water levels within WB5 (and 
therefore WB13).  However, it is possible that these bores are hydraulically connected and that 
drawdown impacts will present following longer term pumping from WB13 and/or the 
underground mine.   

The existing groundwater extraction licences for the Project Site (85BL243254, 85BL256001 
and 85BL256002) allow extraction of up to 147ML/yr as follows. 

 A maximum of 95ML/yr can be extracted from the proposed underground mine. 

 A maximum of 47ML/yr can be extracted from the Back Bore. 

 A maximum of 5 ML/yr can be extracted from Skirka's Bore.   

A copy of the existing extraction licences is presented as Appendix 5.   

The calculated safe yields indicate that the existing maximum groundwater extraction limit of 
147ML/yr should be achievable from the Back Bore, the decline and Skirka's Bore.  However, if 
147ML/yr is not available from these sources pumping test results indicate that the newly 
installed groundwater bores should be capable of providing 147ML/yr of groundwater.  The 
results also demonstrate that additional groundwater could be extracted from the Project Site.   

6.10.2 Zero-Recharge Aquifer Boundaries and Dual Porosity 

The drawdown observed in most of the bores tested increased on the log time scale after 1000 
minutes of pumping.  The increased rate of drawdown vs log time may be an indication of the 
following. 

 The cone of depression encountered a zero-recharge or low-recharge boundary 
condition. 

 The aquifer has a dual porosity.  That is, water is present within large permeable 
fractures but recharge of groundwater into the large fractures is limited to flow 
through the solid aquifer matrix (rock) or through minor fractures with much lower 
permeability.   
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In each case the limiting factor is the ability for the large fractures to recover through inflows 
from the less permeable surrounding material.  The Impax Group took these factors into 
account when analysing the pumping test data.  The Impax Group estimated aquifer 
parameters using late time drawdown and recovery data as this was most likely to provide an 
indication of the average aquifer properties and the most conservative results.   

In the event that zero-recharge boundaries are present in close proximity to the production 
bores actual safe yields may be significantly lower than those predicted within this report.  In 
this case bores may be pumped dry within a relatively short time frame, with little or no impact 
to water levels in surrounding bores.  Recharge to the bore would then be dependent on 
localised recharge primarily from rainfall.   

The Back Bore pumping test may indicate the presence of zero-recharge boundaries at the 
Project Site.  Late time drawdown in this bore occurred in a linear fashion suggesting that 
available storage was being depleted with little or no recharge from surrounding formation.  
Drawdown was not observed in observation bores located approximately 600m to the east and 
800m west of the Back Bore.  Residual drawdown in the Back Bore only recovered to 66% 
after the bore was allowed to recover for the same duration as the pumping period.  The Back 
Bore had fully recovered approximately 3 months after the pumping test.  If the Back Bore has 
little or no connection to a regional scale aquifer the available yield will be significantly less 
than estimated in this report.  However, the bore could be used to its full capacity without 
impacting on water levels within surrounding bores.   

The results of pumping at WB8 and WB11 differed from those at the Back Bore, with 
drawdown observed a significant distance from the pumping bore and approximately 90% 
recovery over the same period as pumping.  The results for WB8 and WB11 indicate the 
aquifer intercepted at these locations has better connectivity to an aquifer with larger extent.  
These bores are more likely to provide a steady and reliable source of groundwater.   

7. M I NE  D E WAT E R I NG  

7.1 ANALYTICAL MODEL - MARINELLI AND NICCOLI (2000) 

The assessment of likely groundwater seepage rates into the proposed decline and 
underground mine and the radius of influence on groundwater levels of dewatering was 
undertaken using equations developed by Marinelli and Niccoli (2000).   

Discussions with NOW indicated that an analytical model would be acceptable to assess 
potential groundwater impacts given the relatively low risk site location and setting.  The site is 
located a significant distance from any permanent surface water bodies, groundwater use 
within the study area is limited and the potential for groundwater related development within 
the study area is limited by the water quality.   

The analytical method of Marinelli and Niccoli requires a simplification of the hydrogeological 
environment and is used to provide a ‘broad’ range of potential drawdown and mine inflow. 
The equations calculate groundwater inflow from the adjacent aquifer through the walls and 
base of the underground workings separately, based on the conceptual model presented in 
Figure 11.  
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The Impax Group measured the distance around the outer edge of the underground workings 
and decline.  The perimeter was found to be approximately 1550m, which is approximately the 
same as the circumference of a circle with a radius of 250m.  In order to apply the Marinelli 
and Niccoli (2000) method to the completed underground the underground and decline were 
represented as an open excavation in the shape of a circular cylinder, with radius of 250m and 
with vertical walls approximately 550m high.   

Figure 11 Underground Inflow Analytical Model 

Groundwater inflows were calculated for Zone 1 and Zone 2 using the following equations: 
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where: 

kh1 — hydraulic conductivity value for the aquifer in Zone 1 

ho — saturated thickness of aquifer 

W — rainfall recharge rate 

hp — the height of the aquifer seepage face in the open excavation  

rp — equivalent radius of pit as a cylinder 

Kh2 — horizontal hydraulic conductivity value for the aquifer in Zone 2 

kv2 — vertical hydraulic conductivity values for the aquifer 

D — depth of water level in base of pit 

For Zone 1 the analytical solution considers steady-state, unconfined, horizontal, radial flow 
and assumes that: 

 The underground walls are approximated as a circular cylinder. 

 Groundwater flow is horizontal; the Dupuit-Forchheimer approximation is used to 
account for changes in saturated thickness due to depression of the water table. 

 The static (pre-mining) water table is approximately horizontal. 

 Uniform distributed recharge occurs across the site as a result of surface 
infiltration from rainfall; all recharge within the radius of influence (cone of 
depression), of the excavation is assumed to be captured by the excavation. 

 Groundwater flow toward the excavation is axially symmetric. 

 The aquifer is infinte in extent (i.e - the cone of depression does not encounter 
any zero recharge boundaries).   

7.2 ASSUMPTIONS AND CONCEPTUAL SITE MODEL 

7.2.1 Aquifer Parameters 

Estimated aquifer permeability results calculated from the results of aquifer pumping tests 
conducted by Geoterra Pty Ltd in 2005 and The Impax Group in 2010 and 2011 are 
summarised in Table 22.  The average effective aquifer permeability is calculated by dividing 
the aquifer transmissivity by the thickness of exposed (screened and/or gravel packed) aquifer 
adjacent to the bore.   

The average effective aquifer permeability calculated from the results of aquifer pumping tests 
ranged from 4.5 x 10-7m/s to 5.1 x 10-6m/s.  The average of all calculated effective aquifer 
permeability values was 3.0 x 10-6m/s.   
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Table 22 
Estimated Aquifer Permeability 

Borehole ID Calculated 
Transmissivity 

(m2/day) 

Aquifer Thickness 
(m) 

Average Effective 
Aquifer 

Permeability 
(m/day) 

Average Effective 
Aquifer 

Permeability (m/s)

Back Bore 6.7 52 0.129 1.5 x 10-6 

Decline Bore 3 78 0.038 4.5 x 10-7 

WB8 19.3 55 0.351 4.1 x 10-6 

WB10 1.3 17 0.076 8.9 x 10-7 

WB11 10.2 23 0.443 5.1 x 10-6 

WB13 4.8 12 0.400 4.6 x 10-6 

Skirka's Bore 5 13 0.385 4.5 x 10-6 

Average - - 0.260 3.0 x 10-6 

 

The calculated values of effective aquifer permeability are likely to overestimate the actual 
average effective permeability of the formation adjacent to the decline and underground.  The 
data set is biased as production bores were only installed in groundwater bores with relatively 
good groundwater yields.  During the 2011 groundwater exploration programme two out of 
seven boreholes drilled did not encounter groundwater.  Aquifer tests were not conducted on 
these boreholes.  Similarly, during 2005 and 2006 groundwater exploration programme, 
several bores were observed to have low yields and permeability tests were not conducted on 
these bores.   

In addition, groundwater bores that were tested were restricted to the upper 150m of the 
subsurface which is inferred to have a higher average permeability than deeper strata.  There 
is no quantitative data with which to assess the permeability of the deeper strata.   

7.2.2 Site Conceptual Model 

The proposed decline and underground mine would be advanced to a maximum depth of 
approximately 550m bgl.  The decline would provide vehicular access to the underground 
workings.  The decline spirals to depth and would typically be located within 200m of the 
targeted ore bodies.   

Underground mining would commence at a depth of approximately 150m bgl and would reach 
a maximum depth of 550m bgl.    

Available groundwater data indicates that the standing water level is approximately 60m bgl in 
the vicinity of the proposed underground.  The uppermost water bearing zone in Skirka's Bore 
was encountered at a depth of approximately 72m bgl (250m AHD).   

Groundwater is likely to be encountered at depths greater than 70m (below 250m AHD) during 
the excavation of the decline and the underground mine.  Groundwater inflow would be 
collected within the decline and underground mine and pumped to the surface for use in 
mining-related operations.  Some groundwater will also be used underground and would not 
be returned to the surface.  No pre-mining dewatering activities would be undertaken.   
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The requirement to dewater the underground workings would be dependent on the 
underground water balance.  The underground workings would not receive any significant 
rainwater inflow.  Water input to the underground would be comprised solely of groundwater 
inflow.  Water outputs from the underground would be comprised of groundwater discharge 
(dewatering) and through evaporation, which will primarily be related to losses through the 
underground ventilation system.   

The standing water level within the vicinity of the underground workings would need to be 
lowered by up to approximately 490m below the pre-mining level to allow mining to occur 
safely.  Observations from existing groundwater bores indicate that groundwater is typically 
encountered in fracture systems intercepted between depths of 70m and 150m bgl.  There are 
no groundwater bores at the site which extend below 150m bgl.   

Observations during groundwater bore installation works indicated that the formation became 
much harder below a depth of approximately 130m bgl.  The Decline Bore (located in the 
vicinity of the Hera Deposit) encountered water bearing strata between 70m and 80m bgl.  The 
borehole was extended to a depth of approximately 150m bgl, however, there was no 
observable increase in groundwater yield in the lower 70m of the borehole.   

Groundwater conditions within the upper 150m of the subsurface are well understood as a 
result of comprehensive round of groundwater exploration drilling, installation of several new 
groundwater production bores and several aquifer pumping tests conducted at the site in late 
2010 and early 2011.  The results of aquifer tests have allowed aquifer properties to be 
estimated.  In addition, and perhaps more importantly, The Impax Group made many 
qualitative observations during aquifer testing which are important in developing a conceptual 
model of subsurface conditions at the site.  Important observations made during the aquifer 
testing works include the following: 

 Standing water levels vary across relatively short distances at the site indicating 
that there may be several discrete aquifers at the site, rather than one regional 
scale fractured rock aquifer.   

 Based on observed drawdown during the testing of the Back Bore and WB8 there 
is unlikely to be any significant hydraulic connection between these bores even 
though they are located within 800m of each other.  This is further evidence that 
there may be several discrete aquifers located across the Project Site, rather 
than one larger regional scale aquifer.   

 Similarly, drawdown was not observed in Skirka's Bore or the Decline Bore 
during the pumping test conducted on WB13, even though these bores were 
located relatively close together.   

 Anecdotal information provided by on-site mining geologists indicates that the 
formation becomes tighter with depth.   

 Fracturing was encountered in all groundwater exploration bores.  In some 
boreholes (WB7 and WB9) fractures did not yield groundwater.  In other 
boreholes fracturing yielded relatively good water supply.   

 Results of aquifer testing of most bores at the site indicate that the aquifer(s) at 
the site exhibit dual porosity or zero or low recharge boundaries.  Groundwater is 
typically encountered in transmissive fractures, however, after pumping for 
extended periods an increased rate of drawdown appears to indicate that the rate 
of groundwater recharge to the transmissive fracturing limits the bore yield, and is 
a more likely indicator of average formation permeability.   
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Based on available information The Impax Group believes the decline will encounter water 
bearing strata at a depth of approximately 70m bgl.  Initial groundwater inflows to the decline 
may be relatively high until stored water from within the breached fracture is drained and 
inflows become more reliant on seepage of groundwater through less significant fractures and 
the rock matrix.  Water bearing strata is likely to be encountered between depth of 70m and 
250m bgl.  Below a depth of 250m groundwater inflows are likely to decrease with depth as the 
formation becomes tighter.  Groundwater will flow into the decline and underground workings, 
where it will be collected and pumped to the surface for use in the mine processes.   

7.2.3 Model Inputs – Pre-Mining Phase 

The decline would be partially constructed prior to the commencement of ore extraction 
operations.  In summary, the decline is a tunnel approximately 5m wide and 5m high.  
Groundwater will not be needed for processing operations during the initial construction of the 
decline as those operations would not have commenced.   

Given the smaller footprint of the decline compared to the completed mine, initial inflows to the 
decline are predicted to be less than those in the completed mine.   

In order to assess potential inflows to the decline during the initial construction phase the 
Impax Group relied on the following assumptions:   

 It was assumed the decline could be represented as an open circular cylinder 
with radius of 5m and vertical walls 200m high.   

 It was assumed that the bulk of groundwater inflow to the decline would be via 
seepage from the walls between depths of 60m and 200m bgl.   

 It was assumed that groundwater inflows from the base of the decline would be 
negligible.   

 Groundwater inflow to the underground and drawdown in water level was 
undertaken for hydraulic conductivity values ranging from 5 x 10-8m/s to  
5 x 10-6m/s.  Results of aquifer pumping tests conducted at the site indicate that 
the average permeability of the formation between a depth of 60m and 200m bgl 
was likely to range between 3 x 10-7m/s and 3x10-6m/s.  The hydraulic 
permeability values adopted are assumed to reflect the upper limit for the 
fractured rock mass. Thus they could be considered conservative and are 
considered to represent a worst case scenario.   

The inputs used in the estimates were as follows: 

kh1 hydraulic conductivity for zone 1  = 5 x 10-8m/s to 5 x 10-6m/s 

kh2 hydraulic conductivity for zone 2  = 5 x 10-8m/s to 5 x 10-6m/s 

kv2 vertical hydraulic conductivity zone 2  = 5 x 10-8m/s to 5 x 10-6m/s 

ho saturated thickness of aquifer  = 190m 

W rainfall recharge to aquifer  = 1% of annual rainfall or 3.7mm/yr 

hp the height of seepage face in the decline  = 10m 

rp equivalent radius of decline as a cylinder  = 5m 

d assumed depth of water level in base of decline  = 0m 
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7.2.4 Model Inputs – Completed Mine Phase 

In order to obtain an approximate indication of potential groundwater inflows to the 
underground, and to assess the potential magnitude and extent of drawdown impacts The 
Impax Group relied the following assumptions:   

 It was assumed to underground mine and decline could be represented by an 
open circular cylinder with radius of 250m and vertical walls 550m high. 

 It was assumed that the bulk of groundwater inflow to the underground would be 
via seepage from the walls of the underground and decline between depths of 
60m and 250m bgl.   

 It was assumed that groundwater inflows from the lower 300m of the walls and 
from the base of the underground would be negligible.   

 Groundwater inflow to the underground and drawdown in water level was 
undertaken for hydraulic conductivity values ranging from 5 x 10-8m/s to  
5 x 10-6m/s.  Results of aquifer pumping tests conducted at the site indicate that 
the average permeability of the formation between a depth of 60m and 250m bgl 
was likely to range between 3 x 10-7m/s and 3x10-6m/s.  The hydraulic 
permeability values adopted are assumed to reflect the upper limit for the 
fractured rock mass. Thus they could be considered conservative and are 
considered to represent a worse case scenario.   

The inputs used in the estimates were as follows: 

kh1 hydraulic conductivity for zone 1  = 5 x 10-8m/s to 5 x 10-6m/s 

kh2 hydraulic conductivity for zone 2  = 5 x 10-8m/s to 5 x 10-6m/s 

kv2 vertical hydraulic conductivity zone 2  = 5 x 10-8m/s to 5 x 10-6m/s 

ho saturated thickness of aquifer  = 190m 

W rainfall recharge to aquifer  = 1% of annual rainfall or 3.7mm/yr 

hp the height of seepage face in the underground  = 10m 

rp equivalent radius of mine as a cylinder  = 250m 

d assumed depth of water level in base of mine  = 0m 

7.3 ANALYTICAL ESTIMATE OF GROUNDWATER INFLOW 

7.3.1 Pre-mining Phase 

Table 23 shows the estimated inflow to the decline versus depth of decline assuming the 
average aquifer permeability is 4.5 x 10-7m/s. 

7.3.2 Completed Mine 

Figure 12 shows a plot of estimated groundwater inflow and the estimated extent of the cone 
of depression versus a range of average permeability values. 
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Table 23 
Estimated Groundwater Inflow Versus Decline Depth (assuming K = 4.5 x 10-7m/s) 

Depth of Decline (m 
bgl) 

Drawdown Required 
(m) 

Estimated Inflow (L/s) Radius of Influence 
(m) 

60m 0m 0.0L/s 0m 

80m 20m 0.1L/s 520m 

100m 40m 0.4L/s 1080m 

120m 60m 0.9L/s 1590m 

140m 80m 1.6L/s 2100m 

160m 100m 2.4L/s 2570m 

180m 120m 3.4L/s 3050m 

200m 140m 4.6L/s 3520m 

Assuming the effective hydraulic conductivity range for the rock mass is between 3 x 10-7m/s 
and 3x10-6m/s the analytical method indicates the following: 

 Theoretical groundwater inflows are expected to be between 12L/sec and 
93L/sec; and 

 The theoretical extent of drawdown (ie - radius of the cone of depression) will be 
between 5880m and 15850m from the centre of the proposed underground mine.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12 Estimated Groundwater Inflow and Extent of Cone of Depression Versus 
Average Aquifer Permeability 
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7.4 ANALYTICAL ESTIMATE OF GROUNDWATER DRAWDOWN  

Figure 13 shows a plot of the estimated drawdown versus distance from the centre of the 
underground for permeability values of 3 x 10-7m/s, 8 x 10-7m/s and 3 x 10-6m/s.   

Using the highest estimate of aquifer permeability (3 x 10-6m/s) it is estimated that the cone of 
depression would reach a distance of 15,880m from the centre of the underground.  The 
estimated drawdown 5km, 10km and 15km from the centre of the underground would be 
19.2m, 4.2m and 0.1m respectively.   

Assuming an aquifer permeability of 8 x 10-7m/s it is estimated that the cone of depression 
would reach a distance of 8,950m from the centre of the underground.  The estimated 
drawdown 5km from the centre of the underground would be 7.5m.   

Assuming an aquifer permeability of 3 x 10-7m/s it is estimated that the cone of depression 
would reach a distance of 5,880m from the centre of the underground.  The estimated 
drawdown 5km from the centre of the underground would be 0.8m.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13 Estimated Drawdown Versus Distance 
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7.5 LIMITATIONS OF THE ANALYTICAL ASSESSMENT 

The Marinelli and Niccoli (2000) method adopted for the analytical assessment is based on the 
assumption that the aquifer is infinite in lateral extent.  The method assumes that drawdown 
will propagate laterally until equilibrium is reached between water discharging into the 
underground and water recharging the aquifer (assumed to be 1% of the rainfall falling within 
the cone of depression).  The analytical method does not factor in the likely presence of zero 
recharge aquifer boundary conditions relatively close to the proposed underground.   

In addition, the estimates obtained using the Marinelli and Niccoli (2000) method are 
representative of steady state conditions at the completion of the underground mine.  The 
analytical estimate of groundwater inflow assumes the underground and decline are in their 
end of life status.  That is that the underground and decline have been completed to the 
proposed maximum depth of 550m bgl.  

7.6 QUALITATIVE ASSESSMENT OF GROUNDWATER INFLOW 

As outlined in Section 7.5, the analytical assessment presented does not account for aquifer 
boundary conditions.  As groundwater is removed from the decline and the proposed 
underground mine, drawdown will propagate out from the mine until it reaches equilibrium or 
reaches a zero recharge boundary.  Based on the observations during the pumping tests an 
aquifer boundary may be encountered within 1000m of the underground, which is within the 
extent of drawdown predicted by the analytical assessment.  In this case the standing water 
level within the underground would be lowered relatively quickly and the rate of inflow would be 
limited to local groundwater recharge (i.e. assumed to be 1% of rainfall that falls within the 
aquifer boundary or cone of depression).   

In reality it is likely that relatively high groundwater inflow may be encountered when the 
decline first penetrates the uppermost water bearing fractures.  In the initial stages of 
excavation, groundwater within relatively transmissive fractures is expected to discharge 
relatively quickly (i.e. within approximately 24 hours).  Initial inflows may be at the higher end 
of those presented in Section 7.3.1 for a day or two after water bearing strata is encountered.  
It is inferred that groundwater inflow will decrease with time as the highly permeable water 
filled fractures depressurise relatively quickly and longer term inflows become dependent on 
water released from less permeable fractures and the low permeability rock matrix.   

Longer term inflows to the underground and decline are identified in Section 7.3.2.  In the 
likely event that the cone of depression reaches a zero recharge aquifer boundary relatively 
close to the underground, inflows would be significantly less than those presented in 
Section 7.3.2 and would reflect the rate of groundwater recharge within the limit of the cone of 
depression. 

Table 24 presents estimated groundwater recharge for cone of depression with various radii, 
assuming the average rate of aquifer recharge is 3.7mm/yr (1% of average annual rainfall).   

Results of aquifer pumping tests conducted at the site and knowledge of structural lineaments 
adjacent to the Hera Deposit (refer to Section 4.3) it is likely that zero recharge boundary will 
be encountered within a 1000m radius of the underground.  In this case long term groundwater 
inflow to the underground would be as little as 0.4L/s.   
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Table 24 
Estimated Groundwater Inflow Versus Radius of Cone of Depression 

Radius of Cone of 
Depression (m) 

Area of Cone of 
Depression (m2) 

Estimated Recharge 
(m3/yr) 

Estimated Recharge 
(L/s) 

1000 3141593 11624 0.4 

2000 12566371 46496 1.5 

3000 28274334 104615 3.3 

4000 50265482 185982 5.9 

5000 78539816 290597 9.2 

6000 113097336 418460 13.3 

7000 153938040 569571 18.1 

8000 201061930 743929 23.6 

9000 254469005 941535 29.9 

10000 314159265 1162389 36.9 

7.7 QUALITATIVE ASSESSMENT OF GROUNDWATER DRAWDOWN 

The analytical estimates of drawdown presented in Section 7.4 assume that the aquifer is 
infinite in lateral extent.  Results of several pumping tests conducted at the site indicate that 
there may be several localised aquifers across the Project Site as opposed to one larger 
regional scale aquifer.  If this is the case it is inferred that the cone of depression would 
encounter a zero recharge aquifer boundary relatively close to the proposed underground 
mine.  Drawdown would be greater than predicted in Section 7.4 for areas within the aquifer 
boundary, and negligible outside the aquifer boundary.   

7.8 RESIDUAL DRAWDOWN AFTER MINING 

Once mining is completed, the underground workings and decline would be sealed.  As such, 
there would be no ongoing groundwater losses from the underground and decline.   

Groundwater inflows into the final void were estimated using a spreadsheet modelled based on 
the Darcy Equation: 

Q  =  KiA  m3/day 

The Impax Group relied on the following assumptions to assess groundwater recovery after 
mining: 

 The underground mine and decline were approximated by assuming they were a 
circular cylinder with 250m radius and vertical walls 550m high. 

 The proponent has indicated that the remaining void space within the 
underground and decline after mining will be approximately 850,000m3.  The 
average effective porosity of remaining rock material within the footprint of the 
underground and decline was assumed to be 5%.  Based on this assumption the 
effective pore space within the footprint of the underground and decline was 
calculated to be 6,250,000m3,.  Assuming even distribution of pore space the 
calculated total pore space below a depth of 60m was 5,570,000m3. 
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 Groundwater inflow was through aquifer(s) encountered between depths of 60m 
and 250m bgl.  It is assumed that groundwater inflow would occur at a constant 
"steady state" until groundwater filled the lower 300m of void space within 
underground and decline.  At this point groundwater elevation would increase 
above the base of the aquifer.  The hydraulic gradient would decrease and 
therefore the rate of groundwater inflow would also decrease above a depth of 
250m bgl.   

 Groundwater level recovery was estimated using three values of effective 
permeability K.  Similar to the cone of depression predictions, groundwater 
recovery was assessed for K values of 3 x 10-7m/s, 8.5 x 10-7m/s and 3 x 10-6m/s.   

 The hydraulic gradient (i) was determined iteratively for each time step based on 
the estimated groundwater elevation in the underground mine and decline and 
the radius of the cone of depression.  The regional pre-mining groundwater level 
was assumed to be 60m bgl for the duration of the simulation which is equivalent 
to the general pre-mining groundwater level measured in Skirka's Bore and the 
Decline Bore.  The radius of the cone of depression was calculated using the 
methods outlined in Section 7.1.   

 The area of exposed aquifer (A) within the underground and decline was 
assumed to be constant.  The area of exposed aquifer was assumed to be 
298,300m2 (the surface area of a circular cylinder between depths of 60m and 
250m bgl). 

 It was assumed that average rainfall occurred during the recovery period and that 
groundwater recharge represented 1% of average annual rainfall.   

 It was assumed there were no groundwater losses from the underground and 
decline during the recovery period.   

The model simulation was undertaken as yearly time steps until full aquifer recovery was 
observed.   

The calculated rates of groundwater recovery are presented in Figure 14. 

It is estimated that it will take between 20 years (K = 3 x 10-7m/s) and 100 years (K = 3 x 10-

6m/s) for water levels within the underground and decline to recover to pre-mining levels.   

Analytical modelling indicates that where the lateral extent of drawdown impacts are significant 
(high average K) aquifer recover would be relatively fast.  Where the lateral extent of 
drawdown impacts are limited (low average K or boundary conditions encountered) aquifer 
recovery would be relatively slow. 

8. P O TE N TI AL G R O U N DWAT E R  I M PAC T S  

8.1 INTRODUCTION 

This section of the assessment outlines the potential impacts to the availability and quality of 
groundwater to surrounding users and the environment as a result of the Project.   
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Figure 14 Calculated Water Level Recovery within Underground 

8.2 GROUNDWATER 

Shallow groundwater resources have not been identified and are unlikely to exist within the 
vicinity of the Project Site.  Based on existing data the uppermost water bearing zone in the 
vicinity of the proposed underground mine is approximately 70m bgl.   

The nearest identified groundwater receptors are the registered bores that were identified from 
the NOW registered groundwater work database.  Of the bores identified only three, namely 
registered bores GW017385, GW017386 and GW018014, are used for beneficial purposes 
and are non-Project related.  These are all registered for "stock" use.   

The nearest non-Project related registered bore to the proposed underground mine is 
GW017385, which is located approximately 2,400m north of the centre of the proposed 
underground.   

Registered bore GW017386 is located approximately 3,100m south of the proposed centre of 
the underground mine, and is 650m from the nearest groundwater production bore (WB11).   

Registered bore GW018014 is located approximately 10,300m southwest of the proposed 
centre of the underground mine and 8,300m from the nearest groundwater production bore 
(WB11).   
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Assessment of existing water quality data suggests that groundwater beneath the Project Site 
is mostly suitable for stock watering only.  Groundwater from some bores may be suitable for 
irrigation of the most salt tolerant crops or for use in fresh water aquaculture.  However, 
groundwater yields from the bores with highest water quality are unlikely to support significant 
irrigation or freshwater aquaculture.   

Groundwater dependent ecosystems are discussed in Section 8.4. 

8.3 GROUNDWATER QUANTITY 

As detailed in Section 7, water would be removed from the proposed decline and underground 
mine during mining operations.  If necessary, groundwater would also be extracted from one or 
more groundwater production bores located to the southeast, south and southwest of the 
proposed underground mine.   

Analytical modelling presented in Section 7.4 indicates that the radius of the cone of 
depression related to dewatering of the underground may range between 5.9km and 15.9km 
from the centre of the underground.  However, as stated in Section 7.7, it is likely that an 
aquifer boundary condition will be encountered within a radius of 2000m from the underground 
mine.   

In either case, the potential impacts to other groundwater users are considered to be not 
significant  In the case where drawdown impacts propagate a sufficient distance to adversely 
impact on the closest non-Project related bores, the Proponent would ensure that an 
alternative supply of water is provided.  Alternatively, the impacted bore may be deepened or a 
mutually agreeable arrangement would be negotiated.  The Proponent notes that these bores 
are not currently in use and have not been used for some time as the properties on which they 
occur are not stocked. In the case where groundwater inflows are restricted by the presence of 
zero recharge aquifer boundary, drawdown impacts are unlikely to propagate far from the 
mine, and would therefore not impact on bores beyond that boundary.  In this situation it may 
be necessary to extract groundwater from the existing groundwater bore field.  Similarly, in this 
case the inferred extent of drawdown impacts from the bore field would be limited to the extent 
of the aquifer in which they are located.   

As noted in Section 6.10.3, the final groundwater extraction licence will reference Geoterra's 
(2006) Groundwater Management Plan (Appendix 3), which stipulates that the Proponent has 
an obligation to minimise drawdown impacts to other groundwater users surrounding the 
Project Site, to reinstate the impacted groundwater users supply, and/or to come to some other 
form of arrangement that is agreed to by the Proponent and the impacted groundwater user.   

The existing draft groundwater extraction licence for the Decline, Skirka's Bore and Back Bore 
allows extraction of groundwater for mining related use only and stipulates that the 
groundwater licence is not transferable.  It is envisaged that the final groundwater extraction 
licence will contain similar conditions and restrictions.  As such, groundwater extraction would 
only take place during the operation of the mine.   
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Once mining is completed there would be no further losses from the underground workings 
and it is estimated that groundwater levels within the impacted aquifer(s) would recover over a 
period of 20 - 100 years after mining is completed depending on the average aquifer 
permeability (K) and lateral extent of drawdown impacts.  In the likely event that zero-recharge 
boundary conditions are present in close proximity to the underground and decline 
groundwater recharge within the impacted area would rely on direct groundwater recharge 
from rainfall.  The recovery time may be significantly longer than predicted, however, in this 
case drawdown impacts would be restricted to the area inside the zero recharge boundary 
only.   

8.4 GROUNDWATER DEPENDANT ECOSYSTEMS 

The Impax Group did not identify any groundwater dependant ecosystems on or in the vicinity 
of the Project Site.   

Groundwater was typically encountered at depths greater than 70m bgl across the Project Site, 
with standing water levels ranging from 50-70m bgl.  Taking the surface elevation into account 
the relative elevation of groundwater at the site ranged from 245m AHD to 277m AHD.  
Surrounding topography is typically well above these elevations.  Based on these observations 
it is unlikely that groundwater encountered in the underground mine and/or the groundwater 
bore field would discharge to the surface within the Study Area.   

The lowest part of the Project Site is the northwest corner which has a surface elevation of 
approximately 305m AHD.  The surface topography within the study area is typically above an 
elevation of 300m AHD.  The nearest location with a surface elevation of 277m or less AHD is 
along Box Creek, approximately 14 km northwest of the Project Site.   

Based on the observed difference between the relative groundwater elevation at the site, and 
the surface elevation of surrounding landscape it is unlikely that groundwater in the fractured 
rock aquifer supports any surface based groundwater dependant ecosystems. 

8.5 GROUNDWATER QUALITY 

The main potential sources of groundwater contamination within the proposed Project Site 
would be as follows. 

 Spillage of fuel, chemicals and/or reagents. 

 Leaching of acid from waste rock. 

 Leaching of acid, heavy metals and cyanide from tailings. 

 Leaching of acid and heavy metals from the concentrate. 

 Formation of acid from exposed rock beneath the surface  

With the exception of underground operation of machinery most activities with potential to 
impact on groundwater will be conducted at the surface.  Near surface soils beneath the 
Project Site would be the primary receptor of any contamination, should it occur.  Surface soils 
within the Project Site are typically less than 3m deep.  Groundwater was not identified in any 
near surface soils or alluvium within the Project Site during the 2011 groundwater exploration 
drilling programme.   
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The deep fractured rock aquifer within the Project Site is not vulnerable to contamination 
associated with spills or discharge of acid, chemicals or reagents at the surface.  The 
uppermost water bearing strata is encountered at least 70m bgl.  This provides a buffer against 
accidental release of contaminants from the surface.  It is envisaged that any significant spill of 
potentially hazardous material could be remediated prior to having any significant impacts on 
groundwater quality.   

Dewatering of the decline and underground would create a groundwater flow gradient toward 
the underground during the operation of the mine.  Any significant impacts to groundwater 
would be contained on site, and potentially recovered by dewatering.  If groundwater 
contamination did occur it would be unlikely to propagate far from the source and would be 
unlikely to affect groundwater quality outside the Project Site.   

Whilst the risk of groundwater quality decline is low, the Proponent would comply with all 
relevant industry guidelines to ensure the potential for degradation of groundwater quality at 
the Project Site is minimised.  

8.5.1 Storage and Handling of Chemicals 

Hazardous and non-hazardous chemicals to be used within the Project Site would be 
managed in accordance with the specifications of the Material and Safety Data Sheets and 
Hydrocarbon Chemical and Reagent Management Plan. 

In summary, however, the following measures would be implemented to prevent adverse 
environmental impacts associated with storage and use of reagents and chemicals within the 
Project Site. 

 All chemicals would be stored and used in accordance with the manufacturer’s 
instructions and the relevant Material Safety Data Sheets. 

 All liquid chemicals would be stored within an impermeable bunded area with a 
capacity of at least 110% of the capacity of the largest container. 

 Chemicals with the potential to react with each other would not be stored in the 
same area to prevent any reactions between them in the event of a spill. 

 Only the minimum volume of chemicals required for the ongoing operation of the 
Project would be stored within the Project Site. 

 Material Safety Data Sheets and appropriate spill management equipment would 
be available in the vicinity of all chemical storage areas.   

 A Hydrocarbon, Chemical and Reagent Management Plan, including emergency 
management procedures, would be developed and implemented throughout the 
life of the Project.  

 Personnel who will use chemicals would be provided with the appropriate training 
in the proper handling techniques.  

Refuelling for more mobile equipment would be undertaken in designated bunded areas 
outside of the underground.  Refuelling of less mobile equipment would be undertaken at the 
work site by a dedicated service vehicle. Spill kits would be kept on site to mitigate any spills 
from machinery working within the underground.  Spill response procedures would be 
documented in an Environmental Management Plan for the site.   
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8.5.2 Storage of Waste Rock 

During initial mining operations, material that contains insufficient metaliferous minerals to 
justify processing would be extracted and placed within the temporary waste rock 
emplacement (Figure 2).  Once mining operations have progressed sufficiently, waste rock 
material would typically be placed within completed stopes underground and would not be 
bought to the surface.  In addition, waste rock material stockpiled within the temporary waste 
rock emplacement would be transported back underground and placed within completed 
stopes.  

Rock and samples from drill core in the vicinity of the proposed exploration decline, boxcut, 
ventilation rise and the ore body have been analysed and characterised for acid rock drainage 
(ARD) potential, specifically to determine the Net Acid Production Potential (NAPP) and Net 
Acid Generation (NAG) characteristic (Geoterra (2006); Triako Resources Limited (2006)).  

Conclusions reached on the acid rock generation characteristics from the assessments 
conducted to date are as follows.  

 Samples tested showed low acid neutralisation potential.  

 Waste rock from the boxcut, ventilation rises and exploration decline, being 
predominantly unweathered siltstone, have low NAPP and NAG values and have 
been characterised as non-acid forming to uncertain.  

 The ore body samples or samples acquired close to the ore body are potentially 
acid forming due to the sulfide contents of these samples. 

Using the ARD assessment of all samples analysed it was conservatively estimated (Triako 
Resources Limited 2006) that approximately 30% of the waste rock recovered during various 
activities would be Potentially Acid Forming and the remaining approximately 70% would be 
non-acid Forming. 

Given the potentially acid forming nature of some of the waste rock, the temporary waste rock 
emplacement would be designed and constructed to minimise acid generation and prevent the 
discharge of any low pH leachate formed.  Once transported underground oxidation of 
potentially acid forming material to form a low pH leachate would be minimised through the 
exclusion of oxygen.   

In order to avoid the generation of any acidic leachate from the stockpiled waste rock and to 
manage any leachate generated, the following management measures would be implemented. 

 All waste rock material would be classified as non-acid forming or potentially acid 
forming prior to extraction and transportation to the surface.  

 The temporary waste rock emplacement would be constructed in two cells. One 
cell would be for non-acid forming waste rock, while the second would be for 
potentially acid forming waste rock. 

 The potentially acid-forming waste rock encapsulation area would be constructed 
in a manner that would prevent potentially acidic leachate from being discharged.   

 Water quality monitoring and visual inspections of the leachate management 
pond would be undertaken regularly during the life of the emplacement to identify 
any issues with the proposed management measures. 



YTC RESOURCES LIMITED 2 - 72 SPECIALIST CONSULTANT STUDIES 
Hera Project   Part 2: Groundwater Assessment 
Report No. 659/07 
 

The Impax Group 

The Proponent anticipates that approximately 280 000m3 of waste rock would be generated 
during the life of the Project.  Approximately 140 000m3 of waste rock material would be used 
during site establishment operations and a further 100 000m3 of waste rock would be used 
during stope backfilling operations.  As a result, there would be no waste rock surplus during 
the life of the Project and no waste rock material would remain on the surface at the 
completion of mining operations. 

8.5.3 Storage of Tailings 

The location of the Tailings Storage Facility is shown on Figure 2.  The Proponent anticipates 
that the tailings storage facility would be a “prescribed” dam and would be listed in Schedule 1 
of the Dams Safety Act 1978.  As a result, the facility would be constructed in accordance with 
the requirements of the NSW Dams Safety Committee.   

Clean water diversion structures would be constructed up-slope of the facility to ensure that 
clean water does not flow onto the Tailings Storage Area.  A seepage collection system, 
including collection trench and pond and automated pumping system would be established 
down slope of the Tailings Storage Facility.  A series of monitoring piezometers would be 
installed at strategic locations in the vicinity of the facility to enable monitoring of the quality of 
the groundwater in the vicinity of the facility. 

Tailings material, in the form of thickened slurry, would be pumped from the processing plant 
and discharged to the Tailings Storage Facility from a series of spigots or outlets along the 
embankment.  The tailings solids would settle from the slurry and a proportion of the water 
would flow to a decant pond in the eastern section of the facility from where it would be 
collected and returned to the processing plant for reuse.  

8.5.4 Storage of Concentrate 

The bulk concentrate produced by the mine process would have the potential to form acid 
leachate under certain conditions.  This issue would be managed by storing the concentrate 
under cover and on a concrete-sealed surface.  All water draining from the concentrate 
stockpiles would be directed to a sump and ultimately returned to the process water system.  

8.5.5 In-situ Acid Generation 

There is potential for acid to be generated by the oxidation of sulphur rich material in the ore 
once it is exposed to the atmosphere within the underground.   

Acid can only form when sulphur rich material is exposed to the atmosphere through 
excavation and/or lowering of the water table.  In the event that acid was generated within the 
underground impacts would be localised.  Dewatering of the underground will create a gradient 
toward the underground mine so potentially impacted groundwater would remain on site.  
Once the water level within the underground recovers to pre-mining levels acid generation is 
expected to be minimal.    
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9. G R O U N DWAT E R  M ONI TO RI NG 

There are several groundwater bores and piezometers at the site that would be suitable for 
monitoring purposes during the operation of the mine and rehabilitation of the Project Site.   

The Proponent would monitor groundwater levels and water quality at key locations to assess 
potential drawdown impacts on other groundwater users.   

9.1 OBJECTIVES OF GROUNDWATER MONITORING 

Groundwater monitoring would be undertaken to assess impacts to groundwater levels and 
groundwater quality in the vicinity of the underground mine open cuts and the Tailings Storage 
Facility.   

The objectives of the proposed groundwater monitoring program would be to: 

 establish baseline groundwater conditions at the Mine Site, from which potential 
future impacts can be assessed;  

 obtain data that can be used to assess mining-related impacts to groundwater 
levels and groundwater quality in the vicinity of the Mine Site; and 

 identify unforeseen groundwater problems through the use of trigger levels as 
early as possible to enable procedures to be changed or improved to prevent 
significant degradation of groundwater resources at the Mine Site. 

9.2 MONITORING BORE LOCATIONS 

The Proponent will utilise the existing network of deep bores and piezometers for monitoring 
purposes.  Equipped production bores would be used to monitor groundwater quality, where 
possible.  Piezometers would be used to monitor groundwater levels and for groundwater 
quality monitoring where no alternatives are available.   

In addition, shallow piezometers would be installed around the perimeter of the Tailings 
Storage Facility to detect leakages.   

9.3 MONITORING BORE DESIGN 

Construction details for the existing production bore and piezometer network are presented in 
Section 5.   

The monitoring bores installed around the Tailings Storage Facility would be constructed to a 
depth of approximately 5m bgl.  The bores would be constructed of 50mm Class 18 PVC and 
would consist of a 3m length of screen (2-5m bgl) and a 3m length of blank (1m above ground 
level to 2m bgl).  The annulus surrounding the bore casing would be filled with gravel pack 
(washed 2mm sand) from the base of the hole to a depth of approximately 1m bgl.  The 
remainder of the annulus would be sealed with bentonite, to minimise potential for surface 
water to 'short circuit' into the bore.  An above ground steel monument would be concreted in 
place over each of the bore heads to protect them from UV light and vehicular traffic.   
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Based on the observed absence of groundwater in near surface soils at the Project Site, the 
shallow monitoring bores around the Tailings Storage Facility are expected to be dry, when 
installed.  The bores would only fill with water if the adjacent soils became saturated.  This 
could occur as a result of a significant rainfall event or as a result of leachate leakage from the 
Tailings Storage Facility.  

9.4 MONITORING PROGRAM 

The Proponent has already conducted baseline monitoring of selected bores and piezometers 
and the results of this work are outlined in Section 5.6.   

The Proponent would conduct groundwater quality monitoring on an annual basis.  Bores 
monitored would include the House Bore, Back Bore, WB3, WB8, WB10, WB11 and WB13.  
Annual monitoring would include measurement of standing water levels (SWLs), measurement 
of water quality parameters (pH, EC, dissolved oxygen (DO) and redox potential) and 
laboratory analysis of samples for major cations, major anions, nutrients, physical parameters, 
total cyanide, free cyanide and WAD cyanide 

Regular monitoring of shallow bores located adjacent to the Tailings Storage Facility would 
commence as soon as the facility is in use.  The shallow bores would be gauged for the 
presence of water on a monthly basis.  If water is identified field water quality parameters 
would be measured to assess whether the water was leachate from the tailings storage facility 
or rainwater.  Laboratory analysis may also be necessary where water is identified.   

Groundwater levels would be monitored on a monthly basis using the existing network of 
piezometers.  These would include WB3, Observation Bore 1, Observation Bore 2, 
Observation Bore 3, WB4, WB5 and WB12.  Water levels would also be monitored in 
production bores when or where possible.  Production bores that would be monitored would 
include Skirka's Bore, Decline Bore, Back Bore, WB8, WB10, WB11 and WB13.  The 
Proponent would also monitor water levels in the non-project related groundwater bores 
GW017385 and GW017386 if access is made available by the owner of these bores.   

9.5 REPORTING 

A report outlining the results of groundwater monitoring and analysis would be prepared on an 
annual basis and included in the Annual Environmental Management Report (AEMR). 

9.6 EVALUATION AND REVIEW 

Based on the available information, the proposed mining and associated activities of the 
Tomingley Gold Project are not expected to have any significant impact on the groundwater 
quality, groundwater dependant ecosystems or other registered users of groundwater located 
within the Study Area.  The groundwater monitoring program provides a safeguard against any 
impacts that have not been anticipated in this assessment.  If significant unforseen 
groundwater impacts are identified during routine monitoring mining operations at the Project 
Site, the mining operation and/or monitoring program would be amended to prevent further 
degradation of groundwater resources.  In addition, any unforeseen or unexpected impacts to 
other groundwater users would be managed in accordance with the Geoterra (2006) 
Groundwater Management Plan.   
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The relevance and completeness of the groundwater monitoring program would be reviewed 
as part of each AEMR.  If the recommended groundwater monitoring plan is not sufficient it 
may be necessary to expand the plan.   

10. C O N C L U S I O NS 

Based on the results of groundwater review and groundwater modelling undertaken as part of 
the nominated scope of works, The Impax Group concludes the following. 

 Near surface soil and alluvium at the Project Site is typically less than 3m deep.  
Significant groundwater resources have not been identified in near surface soils 
or shallow alluvium at the Project Site. 

 Groundwater is typically encountered in fractured rock aquifer(s) underlying the 
proposed Project Site.  Groundwater is typically encountered at the interface of 
weathered sandstone / siltstone profile and underlying hard siltstone and 
sandstone basement.  The uppermost water bearing zone is typically 
encountered at a depth of approximately 70m bgl and in some bores water 
bearing features were identified to a depth of approximately 130m bgl.   

 The measured EC of groundwater from bores located at the site indicates that 
groundwater at the Project Site is generally not suitable for human consumption.  
Groundwater at the Project Site is suitable for watering all but the most sensitive 
types of livestock.  The measured EC in some bores indicates that groundwater 
could potentially be used for irrigation of salt tolerant crops and for fresh water 
aquaculture; however, limited yields are likely to preclude these potential 
beneficial uses.   

 Three non-Project-related registered groundwater bores were identified within 
10km of the Project Site.  These bores were registered for "stock" use.   

– GW017385 is located approximately 2,400m north of the centre of the 
proposed underground.   

– GW017386 is located approximately 3,100m south of the proposed centre of 
the underground mine, and is 650m from the nearest groundwater production 
bore (WB11).   

– GW018014 is located approximately 10,300m southwest of the proposed 
centre of the underground mine and 8,300m from the nearest groundwater 
production bore (WB11).   

 Drilling observations and results of aquifer pumping tests indicate that there may 
be several discrete aquifers at the site, rather than one regional scale aquifer.   

 The results of pumping tests indicate that the aquifer has "dual porosity".  Initial 
groundwater yields are typically relatively high due to the presence of 
transmissive fractures; however, as the transmissive fractures are dewatered the 
rate of groundwater recharge appears to be limited by the permeability of less 
transmissive fractures and the surrounding rock matrix.   
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 The water demand of the proposed mine is approximately 5.3L/s (or 167ML/yr).  
Water will be sourced from groundwater inflow into the proposed decline and 
underground mine, from surface water sources, and/or from a field of 
groundwater production bores located to the southeast, south and west of the 
proposed mine.   

 Based on the results of aquifer pumping tests it was estimated that up to 
466ML/yr may be extracted from the existing groundwater production bore field.  
At the time this report was prepared groundwater licencing conditions for the 
groundwater production bores were pending.   

 Analytical modelling indicates that approximately 12L/s to 93L/s of groundwater 
will flow into the proposed underground once it has reached its maximum depth 
of 550m bgl.  Based on the modelling the resulting cone of depression would 
extend to a distance of between 5.9km and 15.9km from the centre of the 
underground.  Qualitative assessment of available groundwater information 
suggests that this is a conservative estimate (i.e. it is likely to overestimate the 
actual drawdown impacts).  In the likely event that a zero-recharge aquifer 
boundary is present within a 2km radius of the underground actual groundwater 
inflows are predicted to be less than 1.5L/s and drawdown impacts would be 
restricted to the area within the zero recharge boundary.  

 A qualitative assessment of subsurface conditions based on observations from 
recently completed aquifer pumping tests indicates that a zero recharge aquifer 
boundary condition is likely to be encountered relatively close to the proposed 
underground.  In this event aquifer drawdown would be limited to the area within 
the aquifer boundary and actual groundwater inflows would be much less than 
the predicted 12L/s to 93L/s.  It is anticipated that the Proponent would have to 
supplement water supplied from dewatering the underground with water sourced 
from surface dams and the existing groundwater bore field.   

 In the case where drawdown impacts propagate a sufficient distance to adversely 
impact on the closest non-Project related bores, the Proponent would ensure that 
an alternative supply of water is provided.  Alternatively, the impacted bore may 
be deepened or a mutually agreeable arrangement would be negotiated.    

 Dewatering will be required for the duration of the proposed 7 year mine life.  
Some of the remaining void space in the mine will be reinstated with waste rock.  
It is estimated that approximately 850,000m3 of void space will remain in the 
underground at the completion of mining and rehabilitation works.  Analytical 
modelling indicates that groundwater would return to pre-mining levels within 20 
to 100 years of cessation of mining depending on the actual average aquifer 
permeability.  Analytical modelling indicates that where the lateral extent of 
drawdown impacts are significant (high average K) aquifer recover would be 
relatively fast.  Where the lateral extent of drawdown impacts are limited (low 
average K or presence of zero-recharge boundary conditions) aquifer recovery 
would be relatively slow.     

 Residual drawdown within the decline and underground would result in 
groundwater flow toward the underground.  As such, any changes in groundwater 
chemistry or quality within the open cuts would not impact on groundwater quality 
within the surrounding fractured rock.   
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 Surface activities have the greatest potential to impact on groundwater quality.  
The absence of a significant groundwater resource in near surface soils or 
shallow alluvium at the Project Site means there is little risk of mining processes 
impacting on groundwater quality.   

 Chemical and fuel storages at the Project Site would be above ground and 
appropriately bunded to minimise potential for groundwater contamination to 
occur.   

 The ore body and waste rock located adjacent to the ore body has potential to 
generate acid when exposed to the atmosphere and water.  The Proponent 
proposes to manage potentially acid generating waste rock appropriately to 
minimise any potential groundwater impacts at the site.  The bulk concentrate 
produced at the mine will be stored appropriately to minimise potential for 
leaching of acid, heavy metals and cyanide.   

 Leachate from the mine tailings may contain traces of heavy metals and cyanide 
from ore treatment process, and may also be potentially acid forming.  .  The 
tailing storage facility has been designed, and would operate, in a manner which 
would prevent leachate entering groundwater aquifers.   

 Groundwater dependant ecosystems were not identified on, or in the vicinity of 
the Project Site.  Standing water levels are such that there are unlikely to be any 
naturally occurring springs within 10km of the proposed Project Site.   

 A groundwater monitoring plan would be implemented at the Project Site once 
mining commences.  The proposed plan would include regular monitoring of 
water levels, field water quality parameters and basic water chemistry in existing 
groundwater production bores and/or piezometers at the site.   
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