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ABSTRACT 

As the open pit mines at Northparkes near the end of their productive life, a better understanding of 

site hydrogeology is needed in order to set achievable aims for mine rehabilitation. This has been 

accomplished in this thesis by defining an improved conceptual hydrogeologic model for the open 

cut area, using an environmental framework to expound the interconnections between water in each 

component of the physical environment. 

Groundwater around the open pits is contained within secondary porosity features of 

trachyandesitic and intrusive lithologies. The water table is approximately 40 m below the land 

surface, overlain by regolith of variable thickness that has formed from a long history of chemical 

weathering. The hydrogeology is strongly influenced by the semi~arid environmental conditions, 

with long recharge and discharge pathways. Forming a conceptual understanding of the system has 

required rational analysis of sporadic data from short monitoring programs, which are prone to a 

high degree of error because of the heterogeneous and isotropic nature of the groundwater medium. 

Low mine inflows and subtle piezometric gradients are evidence for very slow groundwater 

movement in the area. There is a steep piezometric gradient surrounding each open~pit mine and 

less than 50 m from each pit perimeter the water table remains at its pre-mining position. The 

hydrogeologic data is consistent with a model whereby the bulk of groundwater occurs within a 

layer of oxide rock (saprock), situated beneath the intensely weathered saprolite and above fresh 

sulphide rock. The saprock represents a layer of enhanced permeability within the profile; it 

follows the undulating weathering front, and it has variable depth and thickness. In the sulphide 

rocks, hydraulic conductivity is strongly dependent on the type of fracture infill and the existence 

of open fracturing. Drilling data indicates that open fracturing declines with depth and is not 

encountered below a depth of 300 m. 

Classical pumping test data for the area is limited; estimates of hydraulic conductivity are <0.5 

m/day in fractured sulphide rock. The results of slug test testing are .::onsistent with tilis, indicating 

that hydraulic conductivity is variable but generally very low. Two new piezometers in the open 

cut area with short screened sections revealed that hydraulic conductivity in the oxide zone is at 

least an order of magnitude higher than in the sulphide zone. 



This research has shown that the position of the water table is controlled by rock fracture 

characteristics, the thickness of the weathered profile, and proximity to areas of shallow bedrock 

that receive direct rainfall recharge. Recharge in most areas is hindered by thick swelling clay soils 

and regolith units. Data from monitoring bores across the Upper Bogan valley showed that the 

water table responds very slowly to rainfall trends and land use changes. 

Groundwater quality in the area is moderate to poor, small pockets of low salinity water are 

confined to shallow depths near recharge outcrops. Groundwater composition is strongly 

influenced by the reactivity of fracture infill, mineralisation history, and the intensity of weathering 

processes. There is no evidence that mining at Northparkes has markedly altered groundwater 

chemistry. Analysis of groundwater samples from monitoring bores and pit wall seepage showed 

there are three general hydrochemical facies across the mine site. These represent consecutive 

stages in the evolution of groundwater chemistry with distance from recharge and with residence 

time in the rocks, according to a classic Chebotarev sequence. Groundwater with relatively low 

salinity «3000 mg/l TDS) and a calcium-bicarbonate signature occurs close to bedrock outcrops, 

where direct rainfall recharge is thought to primarily occur. A short distance from recharge 

outcrops, TDS increases to 3000-10000 mg/l and groundwater composition is calcium sulphate or 

calcium chloride type due to wall-rock reactions and reducing conditions in the formation. 

Groundwater with a sodium-chloride signature and high TDS (> I 0000 mg/I), is found deep in the 

profile and in areas overlain by thick, confining regolith material. Rapid evolution to sodium

chloride type groundwater is ensured by the nature of fracture infill in the crystalline lithologies, 

and high cation exchange capacity of the extensively weathered material. 

The hydrochemical data is consistent with geological evidence that groundwater in the Northparkes 

area is compartmentalised by lithologic, structural and weathering features in the profile. 

Exploration drilling has shown there are small basins of deeply weathered material isolated by 

faults and areas of low permeability, unaltered rock. Groundwater within each compartment is 

essentially stagnant and saline, and as a result it has very low resource potential. 

This research has provided a conceptual framework for the hydrogeologic system, which will 

facilitate further work to help to ensure environmental sustainability of open cut rehabilitation 

plans. Future work should be directed towards quantifying components of the system that are still 

poorly understood, such as recharge and vadose zone processes. 
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CHAPTER ONE - Introduction 

Chapter One 

INTRODUCTION 

"Human endeavour moves more material on the surface of 

the earth each year than the ice sheets of the last ice age. " 

Hooke (1995), cited in Cragg et al. (1995) 

1.1 The research issue 

Northparkes Mines (NPM) is a copper-gold operation located near Goonumbla, 27 km north-west 

of Parkes township in the Central West region of New South Wales, Australia (Figure 1.1). 

Situated in the upper reaches of the Bogan River, the 1630 Ha mine lease is buffered on all sides by 

6000 Ha of mine-owned and operated agricultural land. The mining operation exploits three Cu

Au porphyries in the Endeavour orebody group, by open-cut method (Endeavour 22 and 27) and 

underground block-cave (Endeavour 26 North). The Endeavour deposits are a group of Late 

Ordovician monzonite and quartz monzonite intrusions hosted by units of the Goonumbla Volcanic 

Zone (GVZ, Appendix lA). Hereafter, the deposits will be referred to as E22, E27 and E26N 

respectively. 

NPM site layout is shown in Figure 1.3. Open pit mining commenced at E22 and E27 in 1995, 

and underground mining began at E26N in 1997. An estimated 5 million tonnes of ore are 

extracted per year. In 2002 the predicted mine life based on the viability of additional deposits was 

until 2014 (NPM, 2002), however the future development of new deposits may extend mine life 

beyond this prediction. Predicted reserves in E22 will be exhausted in mid-2002 and as the open 

cut mines near the end of their productive life. rehabilitation plans have been re-examined to 

determine the most environmentally and economically sustainable solution. The original 

Environmental Impact Statement (EIS) stated the intention to rehabilitate the open cuts into small 

lakes for recreational use (Peko Wallsend Operations Ltd, 1988). However, at that time the 

hydrogeology of the area had not been well defined. Since 1988, further investigations have 

shown that the natural hydrogeologic system is not amenable to the establishment of artificial 

lakes. Mackie (1999) calculated that groundwater in the pit voids would take more than 20 years 
1 
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to recover to a level at equilibrium with the local area, and water quality in the lakes would be 

poor. The results of this hydrogeologic work and other mining operational issues have prompted 

discussions on alternative options for rehabilitation of the open pit voids. 

As part of the on-going rehabilitation study, the resources of a postgraduate student in 

Environmental Science were employed to further investigate the open cut hydrogeologic 

environment. This study began at Northparkes in January 2001, forming that basis of a thesis for 

the partial fulfilment of a Masters of Environmental Science at Canterbury University. 

1.2 Aim, purpose and objectives of the study 

1.2.1 Thesis objectives 

The objective of this project is to describe the hydrogeology of Northparkes Mines open pit area, so 

that the hydrogeologic impacts of mine development can be assessed and a site-specific 

rehabilitation plan can be formulated. This is accomplished by defining an improved conceptual 

hydrogeologic model, which uses an environmental framework to expound the interconnections 

between surface processes (climate, soils, vegetation, topography, historical land use) and the 

hydrogeology (groundwater, geology, recharge, regolith). 

The main aims of this project are; 

• To undertake a scientific investigation of the open pit hydrogeology that achieves a 

conceptual understanding of system dynamics, in order to assess groundwater resource 

potential, management, and protection; 

• To draw together all information, rationalize the groundwater monitoring program, and 

install additional strategically placed monitoring bores; 

• To build on existing knowledge and create a conceptual hydrogeologic model for the 

Northparkes Mines open pit area; 

• To assess and characterize groundwater quality and investigate the variation in 

groundwater salinity, to check the validity of the conceptual model; 

• To identify gaps in the information and understanding so that the ongoing monitoring 

programs and future studies can be economically designed. 
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Figure 1.1 Location of Go onumbl a in the Central West region of NSW, showing the extent of 

the Murray-Darling Basin and the southern limit of the Great Artesian Basin (GAB). Map adapted 

from Murray-DarlingBasinResources (1997). 
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Figure 1.2 Northparkes Mines site in February 1993, prior to mine 
development. Aerial photo: NPM archives. 

Figure 1.3 Northparkes Mines site in November 2000, showing mines 
and infrastructure. Aerial photo: NPM archives . 
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1.2.2 Research questions 

• What are the important controls on groundwater occurrence and quality in the Northparkes 

area of the Upper Bogan valley? 

• What is the regional groundwater flow direction and rate of movement? 

• What is the nature of groundwater occurrence in the open pit area? 

• What landscape, climatic and geological evidence can be used to determine the nature of 

interactions between surface and groundwater? 

• What are the characteristics of groundwater chemistry in the open pit area, and have they 

been altered by the mining activities? 

• Can hydrogeologic conditions at the end of mining in E22 and E27 be usefully predicted? 

• Does groundwater in the open pit area have resource potential? 

• Based on the conceptual hydrogeologic model, what are the environmentally viable 

rehabilitation options for the open pits? 

1.3 The Northparkes rehabilitation framework 

During the planning stage of mme development, North Mining Ltd (original mine owners) 

produced an Environmental Impact Statement (EIS) for the Northparkes Mines site based on 

environmental research carried out in the 1980s and early 1990s. The initial plan for pit 

rehabilitation was to allow the final voids to fill with grc!lndwater, forming deep bkes fer 

recreational use. The EIS states: 

"The inner faces of the pits will be battered to a safe angle. The eventual result will be 

three lakes fed from the groundwater with water levels 35-40m below the present land 

surface." (Peko Wallsend Operations Ltd, 1988, Summary p. 32). 

The groundwater regime at Northparkes had not been thoroughly studied when the EIS was 

prepared in 1988. At that time, groundwater investigations were driven by mine water 

requirements and a need to determine the effects of groundwater on the mining operation, rather 

than the impact of mining on the hydrogeologic system. Subsequent studies have shown that a pit

lake rehabilitation plan may not be suitable at Northparkes, because: 

• The static regional water table is deep, occurring 30-50m below the ground surface; 

• Groundwater quality is poor, salinity and TDS are high; 

• The water table shows very slow recovery; 
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• There are alternative rehabilitation options to a pit lake plan, which may encompass greater 

environmental and economic advantages. 

The Northparkes rehabilitation philosophy is to return as much land as possible to its former use 

(EIS, 1988). But since 1988 it has been recognised that certain areas of the site have been 

physically altered to the extent that returning them to farming is not practical, and alternative land 

use options have to be considered. It is the intention of the Northparkes Rehabilitation Committee 

to keep such areas to an absolute minimum (A. Ryan, pers. comm. 2001). 

1.4 Northparkes mine closure strategy 

A strategy for mine closure is currently being developed by the Northparkes Rehabilitation 

Committee, the purpose of which is to improve the mine closure concept based on new research 

and greater environmental understanding obtained since the original EIS in 1988. The 

rehabilitation objective is to: 

"Leave each site in a physically and geochemically safe and stable condition such 

that: Risks to public safety are minimised. 

Existing environmental values are protected. 

Disturbed areas are capable of supporting appropriate end land uses." 

(Ryan, 2001, p.39) 

Mine closure priorities as presented in the Draft Conceptual Mine Closure Plan (A.I. Ryan 2001) 

are: 

1. Ensuring community safety. 

2. Minimising generation of contaminated runoff(e.g., acid rock drainage, salinity). 

3. Containment of residual contaminated runoff. 

4. Revegetation of disturbed land." (Ryan, 2001, p.39) 

1.5 State of knowledge 

Previous groundwater studies at NPM consisted of investigations as part of the mine ElA, and 

subsequent consulting reports that addressed the impact of groundwater on the mining activities. 

ElA investigations were relatively detailed considering the decade, and the fact that Environmental 
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Impact Statements for mining operations were a new and developing requirement in Australia. But 

the EIA and subsequent consulting studies were confined to the immediate proximity of the known 

orebodies and were not related to a wider context, so catchment-scale understanding is lacking. 

The data obtained from all previous groundwater work at NPM has been compiled, re-analysed, 

consolidated and forms the basis of the conceptual model developed through this project. Detail 

about previous studies can be found in Chapter 3, of which the main findings were: 

• Groundwater at NPM is contained in fractures and joints of crystalline rocks, which include 

volcanic and intrusive lithologies; 

• The groundwater table is deep and there are varying levels of salinity across the area; 

• Very low hydraulic gradients are exhibited across the site, which indicates that groundwater 

is moving very slowly; 

• Pumping tests returned very low values of hydraulic conductivity (K), transmissivity (1) and 

storativity (S) across the site, which also indicates that groundwater is moving very slowly. 

1.6 Scientific framework 

The main environmental science disciplines used in this project are mine site rehabilitation and 

fractured rock hydrogeology. 

1.6.1 Mine site rehabiUtation 

Worldwide, there is a long history of environmental impact from mining activities. This 

accelerated in the early twentieth century with rapid technological advancements in exploration, 

mining and milling methods, and greater occurrence of large-scale mining operations (Atkinson 

and Mitchell, 1994). Early rehabilitation efforts aimed to improve the aesthetic appeal and land

use capability of mined land near urban areas (Bradshaw and Hiittl, 2(01). Increasing 

environmental awareness and the rise of the sustainability movement in the early 1980s brought 

about closer scrutiny of mining impacts. The 1983 United Nations World Commission on 

Environment and Development report "Our Common Future", defines sustainable development as 

"development that meets the needs of the present without compromising the ability of future 

generations to meet their own needs" (cited in Paehlke, 1995). During the 1980s it was recognised 

that many environmental effects of mining contravene the principles of sustainable development, 

and governments have moved to implement legislation that prevents or controls these effects (Kahn 

et al. 2001; Lambert, 2(01). There is less justification for treating environmental and social issues 

in isolation, and greater scientific understanding of ecological and hydrological interactions in the 
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landscape (Cragg et al. 1995; Bradshaw and Huttl, 2001). The specific effects of a mine on the 

surrounding environment depend on mine operational management, and the nature of the mineral 

being excavated (Beavis and Lindbeck, 1999). Problems generic to most mines are summarised in 

Table l.l. 

Table 1.1, Environmental effects of mining activities, after Unwin (1985) , At!<inson and Mitchell 

(1994) and Environment Australia (1998). 

Physical effects of mining Pollution generated by mining 

I) Geotechnical instahility around voids and pits I ) Acid rock drainage from the oxidation of 

2) Ground subsidence due to material or sulphiue mineral s in waste rock, tailings and 

groundwater ex traction mine wall rocks. The low pH waler can uissol w 

1) Waste disposal issues incluuing tailings anu minerals containing heavy metals and 

waste rock ma te rial rauionucleoliues 

4) Erosion of tailings impoundm ents 2) Erosion and sedimentation that allcets l,vatn 

5) Efrects on soils: erosion, compaction anu loss of courses anu aU jacent Janu surfaces 

soil krtility 3) Gaseous emissions from waste rock oxidation ')f 

6) Devegetation storeu chemica ls 

7) Di slllrhance to natural uraillage lines 4) Airborne particulates from wind erosion 

X) Visual pollution 5) Spillage of chemicals useu in mining and 

process ing. 
--

Reducing the environmental e ffects of mining involves ex-situ remediation, whereby contaminants 

are removed, or in-situ methods which modify the local environme nt in ways that improve stabiiity, 

prevent erosion, isolate contaminating materials , restore soil fertility, and re-establish a vegetative 

cover (Atkinson and Mitchell , 1994) . A major problem inherent in mine closure activities is 

temporal separation: the long time lapse between mine operation and mine closure activity. 

Another temporal separation occurs between mine closure and the onset of symptoms of 

environmental damage. This causes much uncertainty in the planning phase of mining, and makes 

it difficult for regulatory authorities to develop criteria for the mine closure process (Kahn et al. 

2001) . 

Surface mining presents more potential conflicts with competing current and future land uses than 

underground mining, because it generates more waste rock and a larger environmental footprint 

(Cragg et al. 1995). Rehabilitation of the final pit void is recognised as one of the most difficult 

aspects of rehabilitation planning. Options for pit rehabilitation include using i,t for water storage, 

waste disposal , or stabilizing and preserving it as an education or heritage site. Using pits as 

disposal sites rehabilitates the void whilst also solving the problem of waste encapsulation and 

stabilisation. However, the risks associated with pit disposal include differential subsidence, 

groundwater pollution, and resource sterilisation (Environment Australia, 1998). 
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1.6.2 Fractured rock hydrogeology 

The foundations of hydrogeology reside in the principles of fluid flow through porous, granular 

media, for which there is a wealth of literature (Domenico and Schwartz, 1998). The dynamics of 

fluid in fractured rocks differ to granular media in that fractured rocks usually have very low 

primary porosity. Groundwater exists and moves through secondary porosity characteristics such 

as fractures, faults and weathering characteristics, the permeability of which can be very difficult to 

measure or predict. Secondary porosity characteristics of fractured rocks can be highly 

heterogeneous, both spatially and temporally, and as a result the flow laws developed for porous 

media can be difficult to apply to fractured rocks (Witherspoon, 2000). 

The physical characteristics of fractured rocks limit their usefulness as reliable aquifers; they 

typically have low yield and storativity, and provide only localised water supplies (Price, 1985; 

Fetter, 1994). The effectiveness of a fractured rock aquifer frequently depends on the presence of 

an overlying weathered saprolite mantle that can store infiltrated water and release it to underlying 

crystalline rock (Welby, 1984). The relative importance of porous and fractured rock aquifers wa~ 

investigated by Stevenson in 1982, who interrogated a DIALOG database for the frequency of 

terms associated with groundwater in fractured rock. Out of a total 29889 'groundwater' items, 

less than 200 «0.7%) were concerned with fractured rock. Fractured rock groundwater was 

thought to have been neglected because the high degree of heterogeneity meant existing methods 

developed for porous media were too difficult to apply to fractured rocks (Stevenson, 1982). 

Despite trends in the literature, fractured rock aquifers represent the primary water supply for vast 

areas of Australia, Africa and the Indian sub-continent (Wright, 1992). Technological 

advancements in drilling methods, geophysics and numerical modelling techniques over the past 20 

years have greatly aided groundwater exploration in fractured terrain. Greater understanding of 

fractured rock systems has been gained through petroleum exploration and investigations into the 

suitability of low-permeability systems as waste disposal sites (Hsieh, 2000). However, the 

heterogeneous nature of fractured rock aquifer parameters makes them both practically and 

theoretically difficult to determine with consistent results, and the literature still reflects the wide 

gap in understanding between granular and fractured rock groundwater systems. In 2002, the 

widely-used GEOREF databases (1785-2002, produced by Silverplatter) were interrogated for the 

frequency of terms associated with groundwater in fractured rocks. Out of 153634 references to 

'groundwater' or 'ground water', only 7343 «5%) were associated with fractured rock. 
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In the Northparkes setting, the study of fractured rock hydrogeology has encompassed aspects of 

the geology, structural geology, regolith, soils, surface hydrology, climatology, hydrochemistry 

(groundwater quality) and groundwater salinity. 

1.7 Scope and contributions of the research 

This is the first formal study to draw together all sources of available information to compile a 

conceptual hydrogeologic model for the Northparkes Mines area of the Upper Bogan valley. The 

approach to the hydrogeology is from a functional, "environmental process" perspective rather than 

an "effects" perspective. It is the first study to: 

• Incorporate longer-term monitoring of groundwater levels; 

• Investigate the workings of separate water bearing zones on the NPM site; 

• Place the NPM groundwater model within a larger, catchment scale context; 

• Propose likely methods/pathways for recharge and identify typical recharge events from 

climatic monitoring; 

• Analyse general groundwater chemistry and trace elements across the NPM site, and use the 

hydrochemistry to verify the validity of the conceptual groundwater modeL 

The project was undertaken with a limited budget in terms of the time and resources available. -

Most of the available monitoring data was low quantity and collected over a relatively short period, 

so quantitative modelling has not been attempted. 

1.8 Research structure and methodology 

1.8.1 Literature research 

Two distinct types of literature research have been undertaken in this project. The first IS a review 

of primary (research papers), secondary (review articles) and tertiary (texts) literature sources, in 

order to describe the scientific context of the research, define its environmental content and explain 

the methods of data collection and analysis that were used. The second type of literature research 

involved a desk study and information review of NPM internal consulting reports, EIS reports, and 

DL WC publications, including an analysis of the data reliability. Because hydrogeology is both an 
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environmental and technica1/engineering issue, old documents at NPM were housed in one of 

several mine departments and were often difficult to find. The information provided early data for 

re-analysis, comparison and incorporation into the new work. It also provided key environmental 

information about the geology, soils, regolith, landscape development, and climate, and became a 

basis for the conceptual model. The methods used in previous studies were analysed to assess 

suitable data collection procedures for this study. Regional hydrogeologic information was 

obtained from the NSW Department of Land and Water Conservation (DLWC) offices in Forbes, 

Dubbo and Wellington. Climate data was obtained from NPM archives and the NSW Bureau of 

Meterology (BOM). 

1.8.2 Map compilation 

Various maps and schematic diagrams have been drawn to show lithologic and structural elements 

of hydrogeologic significance, using data from this work and from previous studies at NPM. The 

NPM Exploration Department compiled the map of Depth to RAB Refusal for this study from their 

existing database. This map provides an indication of the variable thickness of the weathering 

profile at NPM. 

1.8.3 Monitoring bore work 

a) Water level monitoring - Standing water level (SWL) measurements have not been regularly 

collected in open cut monitoring bores during the mine life. There are gaps in the dataset where 

SWL surveys did not occur for several months at a time. In January 2001, a regular monitoring 

program was implemented and monitoring bores were surveyed fortnightly. In addition to this, 

weekly measurements were taken during January - April 2001. All the available raw data from 

automatic SWL loggers has been calibrated, presented and analysed. Climatic data from the 

Northparkes weather station and BOM stations at Coradgery (Goonumbla), Parkes, Trundle and 

Peak Hill, has been analysed alongside the SWL data, to look for correlation with climatic trends. 

b) Groundwater quality survey - Where conditions permitted, groundwater samples were bailed 

from each bore for analysis of pH and electrical conductivity (Ec) in the NPM laboratory. In May 

2001, groundwater samples were collected for analysis of major ions and trace elements by the 

ALS Laboratory in Sydney. In some of the deeper, stagnant bores a pH/Ec profile was compiled 

by bailing samples from different depths. Practical constraints on this procedure meant this was 

not carried out all open cut monitoring bores. 

11 
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1.8.4 New piezometers 

Pre-existing piezometers in the open cut area were installed in response to several different 

consultants' studies since 1995. They are not evenly distributed, have different construction 

characteristics, and it is difficult to cross-correlate conditions between bores. In April 2001 three 

new piezometers were constructed in the E27 area, designed to investigate groundwater conditions 

at specific depths within the profile. In October 2001, two of the new bores were purged 

repeatedly during a three day pumping campaign. Water samples were collected, and water level 

recovery was recorded. The third new bore could not be purged because there was insufficient 

water level recovery in the five months since drilling. Other open cut monitoring bores could not 

be purged because their design did not permit entry and efficient operation of a pump that was 

powerful enough to lift water from depths greater than 70m. 

1.8.5 Pit face seepage surveys 

Detailed field mapping that relates groundwater seepage to pit form and geology in the open pit 

mines has been attempted. During February and March 2001, surveys of pit face fracture seepage 

in E27 were undertaken during dry periods and after rainfall events. The absence of fracture 

seepage in E22 pit was in stark contrast to E27, where permanent seepage was prevalent. In 

September 2001, weep holes were drilled into the walls of E22 to release water pressure in 

fractures oriented parallel to the pit face, and the pattern of weep hole seepage was monitored. 

Samples of pit fracture seepage and weep hole seepage were collected were possible; pH and Ec 

were measured in the NPM laboratory. Samples from permanent seepage points in E27 were also 

subject to analysis of major ions and trace elements by ALS Laboratory. 

1.8.6 Pit structural analysis 

In conjunction with ongoing structural studies by NPM personnel and consultants, detailed 

structural analysis of E22 pit has been undertaken. This involved structural surveys, analysis of 

previous structural work and geophysical data, and consultation with visiting consultants. 
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1. 9 Thesis structure 

Chapter 1 contains a rationalisation of the research, the research objectives and aims, the state of 

knowledge at commencement of research, the scientific framework, and methodology. 

Chapter 2 describes the environmental setting and proposes a regional hydrogeologic model 

based on the environmental parameters, giving an indication of the unknown aspects of this modeL 

Chapter 3 deals with open pit hydrogeology at Northparkes Mines based on a re-analysis of 

previous groundwater studies. The strengths and limitations of this work are discussed, with a 

rationalisation for the new work in 2001. 

Chapter 4 begins verification of the open pit hydrogeologic model by describing the results of 

data collection in 2001. 

Chapter 5 continues model verification, with a description of the in-pit hydrogeologic 

investigations and structural work from 2001. 

Chapter 6 contains a description and re-analysis of geochemistry studies from previous workers, 

and presents new hydrochemical data from 2001. This chapter examines whether geochemistry be 

used to support the findings of Chapters 4 and 5. 

Chapter 7 presents the conclusions and a new modified/tested conceptual hydrogeologic modeL 

This chapter contains a discussion of the findings, implications for future management and 

rehabilitation, and recommendations for further work. 
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Chapter Two 

ENVIRONMENT OF THE UPPER BOGAN V ALLEY 

2.1 Introduction 

"All water has a peifect memory 

and is forever trying to get back to where it was. " 

Toni Morrison, as quoted by Rita Dove (1989). 

Groundwater is a component of the hydrologic cycle, the activity of which can be examined on a 

number of spatial and temporal scales. In an absence of reliable hydrogeological data for the 

Upper Bogan valley (UBV), various aspects of the regional environment can be used to 

qualitatively assess the nature of the hydrological cycle, and provide clues about the type of 

groundwater system that exists (Fetter, 1994). This chapter describes the environmental 

components of the landscape: geology, soils and regolith, surface hydrology, vegetation, and the 

present and past climatic regimes. Their role in shaping and influencing the general hydrogeology 

is explored. 

2.2 Geology 

2.2.1 Regional geological setting 

Geology of the UBV is covered by the Parkes and Narromine 1 :250,000 Geological Map Sheets 

(NSW Department of Mineral Resources, NSW Geological Survey, 2000 and 1997). Mineral 

prospecting in the area prompted detailed geological mapping by the NSW Department of Mineral 

Resources, published as the Parkes Special 1: 100,000 Geological Map Sheet (DMR, 1990). eu-Au 

mineralisation at Northparkes Mines is associated with quartz-monzonite porphyry intrusions, 

hosted by Late Ordovician to Early Silurian volcanics, intrusives, and sediments of Goonumbla 

Volcanic Zone (GVZ). GVZ lies in the eastern region of the Lachlan Fold Belt (LFB), in a north

trending structural area known as Bogan Gate Synclinoral Zone (Heithersay et al. 1990; Crane et 

at. 1998). 
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The LFB is a composite orogenic assemblage that extends for over 1000 km from east Queensland, 

though New South Wales to east Victoria. To the north-east it is overthrusted by younger New 

England Fold Belt rocks. The central portion is unconformably overlain by sediments of the Great 

Australian Basin, and the southern boundary is marked by the presently passive continental margin. 

Internal composition of the LFB comprises numerous anticlinoral and synclinoral zones along a 

north to north-west structural trend. Major granitic units are found in the anticlines, and surface 

geology comprises Cambrian Early Carboniferous complexes that host the major metallogenic 

deposits of central NSW (Squire, 2000). Tectonic evolution of the LFB occurred in four main 

stages: 

1. Late Proterozoic - Early Palaeozoic; variable structural settings, extensive deep 

marine turbiditic sedimentation and submarine volcanism; 

2. Early Palaeozoic; convergent margin setting with subduction and island arc 

formation; 

3. Late Palaeozoic - Early Mesozoic; convergent tectonics, accretion of New England 

Terrains to the continental margin; 

4. Mesozoic - breakup of Gondwana and opening of the Tasman Sea under an extensional 

regime. (Watkins and Meakin, 1996). 

The east and west sections of Bogan Gate Synclinoral Zone differ in geology, structure and 

deformational history, and on this basis it is divided into two broad zones separated by Parkes 

Thrust Fault System: Eastern Tumut Synclinoral Zone, and Western Girilambone Anticlinoral 

Zone. The former is dominated by sediments with tight folding and strongly-developed axial 

cleavage. Major faulting and quartz veins are widespread. Locally, metamorphism reaches lower 

greenshist facies. Western Girilambone Anticlinoral Zone hosts volcanics, intrusives and 

sediments of GVZ, including volcanogenic lithics and minor reefal limestones (Heither~ay et al. 

1990; Squire, 2000). The zone has a complex magnetic signature but has undergone relatively 

little deformation; the sequence is gently folded with shallow dips, cleavage is poorly-developed 

and scarce, and metamorphism is weak to absent (Watkins and Meakin, 1996). The low level of 

deformation in the western zone compared to the east may be due to the presence of a major 

regional basement high evident in gravity data, called Parkes Terrace. The Terrace is bound to the 

east by Parkes Thrust and to the west by the Gilmore Structure. 
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2.2.2 GoonumbJa Volcanic Zone stratigraphy 

The Northparkes Area of GVZ is charactcrised by low relief; much of the basement geology is 

hidden beneath an extensive regolith mantle and Quaternary alluvial and colluvial deposits. 

Geological interpretations have relied heavily on regional geophysical surveying and exploration 

drilling (Sherwin, 1997). Owing to the Ordovician metallogenic deposits, GVZ geology has been 

extensively expounded in numerous research projects and exploration reports . Detailed geology is 

described by G.J . Jones (1985), Krynen et a!. (1990), Heithersay et a!. (1990), Heithersay and 

Walshe (1995), and Simpson et a!. (2000). The associated stratigraphic units found on the 

Northparkes site are presented in Table 2.1, and their locations in Figures 2.1 and 2.2. 

Table 2.1 Goonumbla area stratigraphic relationships, from Heithersay et. a!. 1990; Simpson 

and Cass, 1999; SRK Consulting, 2000. 

Age Name of Unit Lithologic Description 
- . 

Tertiary/ Alluvium! Sands, gravels and clays overlying Palaeowic basemenl in the north and 

Quaternary colluvium southern paris of the region. 

Late 

Devonian 
Hervey Group Continental clastics comprising quartz sandstone and eonglomeratc. 

Early 
Relatively unddmllled, wesl-dipping heds overlying Silurian units in lhe 

Devonian 
Trundle Group weslern and easlern margi ns u I' the area. 

Siluru- Derriwong 

Devunian Group 
Shallow marine-continenlal sediments and felsic vl)lcanies , 

Mid-Late 
unconformably overlying Late Ordovician unils in the west and raull 

Silurian 
Forbes Group hounded with them in the east (along Parkes Faull Zone). 

Late Igneous Inlrusions of diorile, lllonzonite, yuartL monwnile and syenile. Porrhyry 

Ordovician Intrusions mineralisation is associated with the youngesl inlrusions at4X2-43R Ma. 

Cunformahlc sequcnce of lavas , volcaniclastics and limestone beds. 

Rerrese nt s the suhaqueous volcanic arran of a shallow marine 

Goonumhla stratovolcanic centre that evolved in eompositiun from basallic through 

Mid-Late and trachyandesitic to trachytic. Layers of fossil-roor micrite and bedded 

Ordllv ic ian Womhin IS crystal rich vllicanic sandslones contain allochthonous limestone hlocks. >-
Volcanics 0 Welded ignimhrites in the uprer horiwns arc evidence of inereasingly 

explosive-style (and thus suh-aerial) eru[ltillns. Includes Billabong Creek 

Limestone, Gunninghland Shale and Cotton Formatiun. 

Low grade intercalated intermediate volcanics and sedimenls, 

Early Nelungaloo representing the distal rart of a stratovolcanic centre. Fine grained 

Ordovician Volcanics turbidic sedimentation interfingers with coarse dehris !low deposits, 

andesitic sills and suhaqueous lava tlows. 

Cambro- Giril,unbone 
Inferred basement beneath the GVZ units. 

Orclovician Group 
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Geological evolution of GVZ was intimately related to LFB genesis, which is thought to have 

occurred in a subduction-related oceanic island arc setting (Simpson and Cas, 1999). The 

Nelungaloo, Goonumbla and Wombin Groups (Table 2.1) represent several volcanic successions 

from the distal part of a single stratovolcano complex. GJ. Jones (1985) identified a discrete 

circular Bouger gravity low surrounding the mineralisation at Goonumbla, and attributed this 

"circular feature" to a large (>22 km diameter) collapsed caldera (Figure 2.1). The prevalence of 

mass flow type deposits and allochthonous clasts in the Goonumbla Volcanics appeared to support 

the "Goonumbla Caldera" theory, and it has been central to all models on the geology and 

mineralisation of GVZ (Hall, 1993; Heithersay and Walshe, 1995). But recent stratigraphic work 

by Simpson et al. (2000) claimed that the evidence for such a large caldera feature is unconvincing. 

The Goonumbla Volcanics are interpreted as a thick, subaqueous volcaniclastic sequence from the 

slopes of a shallow marine-subaerial stratovolcano. 
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Goonumbla Volcanics: crystal-rich trachyandesite 

Zone of enhanced magnetisation 

Monzonite, quartz monzonite 

D Monzonite, diorite 

Scale 1 :115000 0 ... -===-_==2 km 

Figure 2.2 Northparkes Mines near-field 
geology, source: Northparkes Exploration 
Department, 2001 
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2.2.3 Copper-gold mineralisation at Northparkes Mines 

Cu-Au mineralisation at E22, E27 imd E26N is associated with small-diameter, pipe-like 

monzonite and quartz monzonite intrusions within the Goonumbla Volcanic Succession. 

Mineralisation is both disseminated and vein-controlled, occurring in the intrusives and volcanic 

country rocks. Figure 2.3 shows the mineralisation zones at E22 and E27 in cross-section and plan. 

Figure 2.3 
Mineralisation 
zones of E22 and 
E27,from 
Heithersay et al. 
(1990). For 
locations of the 
deposits refer to 
Figure 2.2. 

The deposits lack strong alteration zoning, but three general concentric zones are observed at each 

orebody whereby an outer weak pyritic zone surrounds a chalcopyrite zone, and in the centre is a 

potassic bornite and chalcocite zone. Potassic alteration dominates, and the strongest 

mineralisation occurs within quartz stockwork veining in the central pota. ... sic alteration zone of 
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each intrusion. This veining may comprise up to 20% of the rock volume; fracture infill includes 

orthoclase, carbonate, fluorite, anhydrite, bornite, chalcopyrite and chalcocite (Heithersay et al. 

1990). Surrounding E22 and E27, propylitic alteration is expressed in blebs of epidote, chlorite, 

carbonate and pyrite. 

The volcanic succession in the E22 and E27 area ~trikes SW-NE, dipping 25-35° SE. The 

succession at E27 contains a higher proportion of massive porphyritic andesitic flow rocks than at 

E22. E22 volcanics are characterised by welded pyroclastic debris horizons, and the potassic 

alteration zone is more intensely developed than at E27 (Heithersay et al. 1990). Supergene 

weathering has resulted in significant oxide mineralisation in all three deposits. Most copper is 

leached to lower levels and occurs as a 1-3 m zone of enrichment just below the base of oxidation. 

Gold is concentrated in a residual layer within the oxide zone (Heithersay et al. t 990, Tonui, 1998). 

A schematic model of supergene enrichment that shows the near-surface vertical structure of each 

orebody is shown in Figure 2.4. 

2.3 Structural regime 

Parkes Fault Zone runs along the eastern margin of GVZ and is thought to have been initiated by 

extension during the early to Mid-Ordovician. GVZ contains structural elements associated with 

subsequent oblique sinistral reverse movement during the Late Ordovician. The zone formed a 

rigid crustal block that allowed strain partitioning around its margins during later tectonic events. 

Tectonism in the Early Devonian resulted in oblique dextral movement on Parkes Fault Zone, and 

this regime continued during late Early Devonian and Early Carboniferous tectonic events (Squire, 

2000). 

A detailed structural evaluation of the NPM exploration lease was undertaken by SRK Consulting 

in t 999 and 2000, using drilling data and high resolution geophysics. This work has provided a 

comprehensive study of local structural features and identified four major tectonic episodes from 

the Late Ordovician to Early Carboniferous (Table 2.2). Faulting in the area closely reflects the 

brittle lithologies; steeply-dipping structures trending NW-SE and SW-NE dominate, but fault 

length is highly variable and some structures extend for several kilometres. Only one major 

shallow structure has been identified on the NPM lease: the Altona fault which is early 

Carboniferous in age. It passes to the east of E26, dips ESE, and has a 10m-thick brecciated zone. 

Its continuity is uncertain as there is no evidence of this structure further north at the E22 and E27 

deposits. Chapter 5 contains more detailed analyses of pit-scale structural data. 

20 



Figure 2.4 Schematic 3-D profile through the Upper Bogan valley (view looking south) 
showing detailed features of the soils, regolith and supergene weathering characteristics. 
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Table 22 Major deformational events identified in the GVZ afte r SRK Consultina (1999) , , '5 

Age Tectonic Deformation Associated Structures 

(a) 440 Ma: lateral compression . Broad NE-trending folds, conjugate 

Late Oruovician -
forming open foluing anu uuctile ESE-trenuing anu N-trending shear 

shearing zones 
Early Silurian 

(h) E-W extension in response to N- Dilational structures trending NW-NE 
Benamhran Orogeny 

(440-4 30 Ma) 
S principal compression 

(c) 430 Ma: NW-SE compression 
Strike slip shear zones oriented NW 

sinistral and ENE dextral 

Ea rly Devonian 
Lateral compression causi ng foluing 

NW to north-trending reverse faults, 

Bowning Orogeny which form the uominant structures in 

(-4 10Ma) 
anu thrus t faulting. 

the region . 

E.-Late Devonian 
Minor conjugate strike-slip faults, anu 

(400-3YO Ma) 
NNE-SSW compression possi hl e transpressional reactivation o f 

Parkes Fault Zone 

Earl y Carhoni femus Major conjugate strike-slip faults and 

Kanimhlan Orogeny Renewed lateral compression reversal o f Siluro-Devonian normal 

(-35 0 Ma) fault s. 

2.4 Landscape and surface hydrology 

2.4.1 Landscape evolution 

The Ce ntral W es t area of NSW is characterised by wide plains and dissected table-lands, with an 

average elevation of 300m ASL. Bogan palaeoc hannel sediments are littered across the valley 

between low bedrock ridges, and two such features are seen in the walls of E22 and En pits 

(Figure 2.5 ). Palaeomagnetic dating of the landscape by Pillans (1998) , suggests surface 

weathering in the NPM area has been ongoing since at least the late Palaeozoic. This is consistent 

with a poplliar view that the region has experienced long-term stabilit y since the early 

Carboniferous. Dating by Pillans (1998) indicated that the Bogan palaeoc hannels postdate 

underlying weathered, truncated saprolite horizons of Carboniferous age. Pillans attributed the 

channels to an ancient drainage system of N-S trending rivers that predate formation of the Murray 

Bas in in the Late Tertiary. Murray Basin subsidence later caused peripheral bul g ing in the Central 

West area. capturing the headwaters of north-fl ow ing rivers and causing them to tlow in a westerly 

direc tion . A new cast-west drainage divide was created, called Canobo.las Divide after the 

Canobolas Volcanic Complex near the city of Orange. Thi s separated the reduced northerly 

drainage (Macquarie-Bogan) from westerly drainage (Lachlan and Murrumbidgee) (Adamson, 

1996). KI Ar dating of Mt Canobolas lavas indicate the divide had formed by the Middle Eocene, 

and it continues to control present-day drainage configuration (Oilier and Pain, 1994: Tonul, 1998). 

22 



N 
W 

Figure 2.5 E27 pit east wall profile showing major lithologic units, weathering features, palaeochannel sediments with mottled clays, and pit wall 
seepage, April 2001. Photograph by Miriam Raymond, 2001 
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O'Sullivan et al. (2000) used fission track and palaeomagnetic data to date saprolite units and 

determine the history of in-situ Carboniferous weathering in the UBV. Their data is at odds with 

the 'stable landscape' theory: the authors propose that since the end of LFB genesis in the early 

Carboniferous, the area has undergone a complex development history involving a number of 

surface drainage regimes and numerous weathering and depositional cycles. The data is consistent 

with kilometre-scale uplift and erosion during the mid-Cretaceous, which suggests the area was 

previously buried after the Carboniferous, and then exhumed again in the Cretaceous (O'Sullivan et 

al. 2000). In light of the different models proposed from the age dating work, more research is 

needed to clarify the sequence of landscape evolution in the area. 

2.4.2 Surface hydrology 

Northparkes Mines lies at the southern-most edge of the Macquarie-Bogan River Basin (see Figure 

1.1, Chapter 1). The Bogan arises just south of the mine site at Goonumbla, flowing north into the 

Darling River system through a low gradient valley with subdued topography and a deep 

weathering mantle. Canobolas divide between the Bogan and Lachlan catchments is found just 8 

km south of NPM. It is marked by Goonumbla Hill, a small rocky outcrop with a height of 386 m 

ASL. The Gunning Ridge Hills and Hervey Ranges contain the UBV to the west and east. These 

ranges comprise Devonian sandstone strike ridges of the Tullamore and Hervey Synclines, 

unconformably overlying GVZ rocks. The valley floor is essentially planar with extremely subtle 

slope variation of 1_50. 

There has been significant alteration to the surface hydrologic regime in the Goonumbla area since 

vegetation clearance for farming in the late 18oos. Infiltration and runoff have been altered 

through removal of native vegetation, construction of farm dams, and soil compaction from grazing 

and cultivation (Nakken, 1999). The Bogan and its tributaries are all intermittent streams with 

poorly-defined channels. Flow only occurs after sustained periods of intense rainfall, in response 

to overland runoff. Losses to evaporation are significant and there is no permanent baseflow 

because the groundwater table lies well below the base of the channel. Isolated lenses of shallow 

perched groundwater have been found beneath some channel sections where alluvial deposition has 

accumulated sufficient sediment (Adamson, 1996). Owing to the high evaporation rate, recharge to 

these perched aquifers is likely to be very low and they do not have substantial resource potential 

(KH. Morgan and Associates 1996b). Relative to groundwater, surface water quality is reasonably 

good although slaking in heavy clay soils can cause elevated turbidity (Table 2.3). 
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Table 2.3 Analysis of pH, Ec and suspended solids for water in the Bogan River and adjacent 

farm dams, from Croft and Associates, 1981. 

Goonumbla Area Sample site Date pH Ee (mS/em) Suspended Solids (mg/L) 

Dec 19ljO 7.5 0.1 940 

Bogan River Jan 19~1 7.3 0.2 964 

Mean. 19W1-x4 6.';1 0.19 179R 

Dec II)~() 7.~ 0.3 19n 

! Farm Dams Jan 11)01 7.1 0.5 9X 

I Mean . ll)X J -X4 6.7 0.17 1210 
i 

NPM has a policy of "zero discharge", which means all surface runoff on sitc is incorporated in a 

reticulation system and no runoff is allowed to enter the Bogan River or nearby streams (A. RYJn, 

pers. comm. 2001). In the NPM vicinity, the Bogan River channel constitutes a subtle depression 

about 10-20 m wide, partially lined by river red gum (Eucalyptus comaldlflentis). For some 

months after a flow evellt a line of shallow, reed-filled pools lie in the channel. River hed 

sediments comprise grey or brown clays. Flow in the Bogan River becomes more continuous about 

160 km from its source near Nyngan , and runs into the Darling River near Bourke (Croft :md 

Associates, J 981 and 1985; NSR, 1986). Occasional floods occur after prolonged rainfall due to 

the undefined nature of the watercourses and extensive clay cover on the plains. which has low 

infiltration capacity. The Illost recent major Bogan River flood event occurred in 1990 when the 

town of Nyngan was inundated (Nakken, 1999). 

2.5 Regolith development 

2.5.1 The regolith profile 

Outcrop in the UBV is rare: exploration drilling has encountered regolith thicknesses of more than 

120 m (S . Smith pers. comm. 20(1). Topographic rises in the landscape correlate well with 

outcrop (Adamson , 1996). Regolith research at NPM by Tonui (1998), has identified paragenetic 

sequences that characterise an older Palaeozoic weathered landscape, now overlain by younger 

Tertiary and Quaternary weathered alluvial and colluvial material. The regolith materials range 

from coarse gravelly clay to fine silty clay and their mineralogy is largely controlled by the nature 

of the parent rock. The weathering profile that develops on transported material typically contains 

thick mottled , nodular clay horizons dominated by kaolin clays, whereas the profile developeu on 

in-situ weathered trachyandestitc does not have mottled clay units (Tonui, 1998). Thi s distinction 
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is presented in Figure 2.4. Unlike many regions of Australia, the weathering profiJe at Northparkes 

does not exhibit typical 'lateritic' development (Aspandiar, 1990: Tonui, 1998). 

2.5.2 Regolith classification 

Regolith profile development is exceptionally site-specific, controlled by a combination of factors 

including parent lithology, climate, topographic position, and soil fauna (Ollier and Pain, 1996). 

Regolith material can vary greatly in mineralogy, chemical composition and fabric, and currently 

there is no universally-recognised system of terminology for deeply weathered regolith (Tonui, 

1998). Tonui adopted a site-specific approach to classifying regolith units seen in the walls of the 

NPM open pits. The first broad classification was on the basis of the parent material, into residual 

and transported units. These were then subdivided according to their stratigraphic position and 

other attributes such as texture, fabric and color, which reflect the dominant clay type in the 

material (Table 2.4). Secondary cementation by gypsum, calcite, iron oxides anu dolomite i ~ 

common (Tonui, 1998) . 

Table 2.4 The common terms, subdivisions and major characteristics of regolith surrounding 

the Northparkes Mines open pit" (after Tonui, 199~) 

! Preferred Term Subdivisions Major characteristics 

Soil over trans ported High pH (7-9), high carbonate and gypsum. thick mamles 

Soil 
parent material (3-45m) 

Soil over residual parenl Moderate pH (5 -7) , shallow depths (1.S-2.Sm), lower 

material gyp~um and carbonates. higher primary mineral content 

Mini-mottled clay Illne 
Zone of ir,cipient development of mottling in clay, Mn 

nodules present, mottle size <Smm 
Mottled clay 

Medium-mottled clay 
zone Nodular horilOn, mottle si/.e 5-30mm 

zone 

Mega-mottled clay mne Nodules ahsell!. mottle sil.e 30-300mm 

Mottled saprolite 
Infused with iron from the mottled moe, iron oxide 

eontent IS-30t;, 

Greenish-grey saprolite 
High green smectite (nontronite) content. plagioclase and 

kaolin 
Saprolite 

High K-kldspar content, muscovite, kaolin and iron 
Orange-pink saprolite 

oxides 

White clay unit 
White to whitish-grey kaolinite and smectites, with some 

dolomite 

Saprock 
None 

Nontronitc \vith primary rock forming minerals, opaques 

(Oxide zone) (sulphides, iron oxides) and ferrnmagnesians 

BASE OF OXIDATION (BOX) 

Fresh rock 
None 

I Primary roek forming minerals, opaques (sulphides, 

(Sulphide zone) iron oxidcs) and ferrnmagnesians 
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2.5.3 Regolith profile evaluation using RAB data 

The Northparkes Exploration Rotary Air Blast (RAB) drilling program has shown that RAB refusal 

usually occurs at the top of the oxide zone, where saprolite grades into more competent saprock (S. 

Smith, pers. comm. 2001). Variable RAB refusal depth across the NPM site indicates that the 

upper surface of the oxide zone is undulating. Using data from the RAB drilling program, maps 

have been generated that contour depth to RAB refusal within the NPM exploration lease. The 

data was retrieved and contoured by Mick Sharry in ERMapper©, and map layout was completed 

by Dr Stuart Smith using ArcInfo©. Final presentation was completed in CorelDraw© by Miriam 

Raymonu. Figure 2.6 is a map of contoured depth to RAB refusal in the near-mine area. Figure 

2.7 shows outcrop geology superimposed on RAB refusal for the exploration lease, using 

Geological information from Northparkes geologists and the Parkes Special Geology Map (1990). 

Figure 2.6 shows an area of shallow bedrock running west-east across the middle of the mine lease. 

Regolith thickness increases to the west along the Bogan channel, and north around tails dam 1. In 

the open cut area, shallow bedrock occurs between the two pits and on the west side of E22. This 

is consistent with the position of the oxide zone seen in both pits, which is shallow on the western 

sick: and deepens toward the east (Figure 2.5). Figure 2.7 shows that an area of shallow bedrock 

occurs just south of NPM, along the surface drainage divide between Lachlan and Bogan 

catchments. North of the divide, RAB refusal depths vary between outcrop and 130 m, and areas 

of very thick regolith show a vague linear arrangement oriented north-south. This may be related 

to the orientation of major regional structures. There is generally good correlation between shallow 

RAB refusal and outcrop. Areas where outcrop does not coincide with shallow RAB refusal are 

testament to the error inherent in RAB drilling data, due to: 

1) The strength of the RAB rig and amount of air pressure it can maintain at depth, which 

affects its ability to penetrate materials; 

2) The nature of the regolith and presence of core-stones, secondary hardpan layers or 

concretionary substances that can hinder RAB penetration; 

3) The skill and patience of the drilling team, which can influence the depth of borehole 

termination (S. Smith, pers. comm. 2001). 

In Figure 2.7, the Bogan River and several of its tributaries appear to run parallel to deep regolith 

areas, skirting patches of shallow bedrock. A thick regolith profile can act as a confining layer, 

impeding water percolation through the vadose zone. Where the regolith mantle is thin, rainfall 

can infiltrate more easily into the underlying fractured rocks and contribute to groundwater 

recharge. It is proposed that recharge across the UBV occurs primarily through bedrock outcrops. 
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596000 598000 600000 602000 

Figure 2.6 Map of depth to RAB refusal in the near mine area, from the Northparkes Mines 
Exploration Drilling Database. RAB refusal can be used as a proxy for the depth at which oxide 

rock (saprock) is encountered in the profile. Red and yellow areas indicate shallow RAB refusal; 

blue and purple areas indicate deep RAB refusal. 

28 



CHAPTER TWO - Environment of the Upper Bogan Valley 

"59"OIJOO' 1)(J(J(J(JO-

Crystalline Outcrop + 
Volcaniclastic Outcrop 

N 

t 

-l Refusal 

~~Pth 1m) 

g -21 

~. \+ 
~ -50 

0. 
!i 

-78 , 
-107 

5 km L -138 

590000 595000 600000 

Figure 2.7 Map of outcrop geology superimposed on depth to RAB refusal in the Upper 
Bogan area, from the Northparkes Mines Exploration Drilling Database. The position of 

Canobolas Divide is marked by a wide area of shallow bedrock in the southern part of the map. 

~ 
g 
0 

29 



CHAPTER TWO - Environment of the Upper Bogan Valley 

2.6 Soils 

Soil is the interface through which surface water must pass to become part of the groundwater. A 

knowledge of soil properties is important for understanding the nature of that interface; its 

permeability, spatial variability, and changes to its characteristics through time. 

2.6.1 Soil surveys 

Soil surveys were carried out at NPM by Natural Systems Research as part of a reconnaissance 

study for the EIS (NSR, 1986), and by the Department of Conservation and Land Management to 

improve construction and rehabilitation management of the soil resources on the mine lease. 

(DCLM, 1991). The original soil maps have been transferred to topographic maps of equivalent 

scales, and the results are presented in Figures 2.8 and 2.9. Of the six profiles described by NSR 

(1986) only three soil types are distinguished, but six soil types are depicted on the accompanying 

map. The report does not state the basis of the mapping, but was probably done by relating 

topography to a simple catenary relationship noted between the soil profiles. However, when soil 

boundaries from the NSR map were transferred to a more recent topographic map (Figure 2.8), the 

expected link between topography and profile type was not evident and it is possible that the 

topographic map available to the soil survey was not very accurate. NSR (1986) used the term 

'forest soils' to describe the thin stony soils along hill crests. This is not a term in normal use in 

Australian pedology and is a colloquial reflection of the land management system in the area, 

where these poorer soils are left uncultivated and remain under woodland cover. 

Soil structure at Northparkes is characterised by thin and weakly developed A-horizons, and 

strongly pedal B-horizons that can extend in some areas to 1700 mm below the surface. The B

horizons have very high c1ay content, high cation exchange capacity, and when dry they are subject 

to cracking. Saturated permeability in the topsoil is low, and in the subsoil very low. Alkalinity 

increases with depth (NSR ,1986; DCLM, 1991). NSR (1986) described the presence of iron or 

manganese nodules in the A2-horizon, which in turn suggests seasonal or infrequent water-logging 

above the c1ay B-horizon. These findings are consistent with work in 2000 from the E22 surface 

area: analysis of 7 clay samples from A- and B-horizon material showed pH increased with depth, 

soil salinity ranged from 1.0-1.9 dS/cm, and samples were all moderately to highly saline and sodie 

(Ryan and Pedersen, 2000). 
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Figure 2.8 Natural Systems Research, Goonumbla Project 
Preliminary Soils Map (NSR, 1986). This survey had only six 

sample sites and is considered less accurate than the later survey by 

the Department of Conservation and Land Management (DCLM, 

1991). 
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Forest soils 

Grey cracking clay 

Brown cracking clay 

Soil sample site 

Figure 2.9 Northparkes Mines Soil Survey, Department of Conservation and Land 
Management (DCLM, 1991). This survey had a greater number of sample sites and shows a more 

logical catenary relationship that the earlier survey by Natural Systems Research (NSR, 1986). 
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DCLM (1991) identified the same catenary soil pattern as NSR (1986) and perpetuated the term 

'forest soils'. The reliability of their map is greater than that of NSR (1986) although some small 

mismatches with topography on the more recent map still exist (Figure 2.9). The catenary 

relationship identified hy both reports contains the following classification, where ppf indicates 

principal profile forms in the classification of Northcote (1974): 

• Hill crests - stony red-hrown earths termcd 'forest soils', ppf of Or2.13, minimal red

brown earths in the sense of Staee et a!. (1968). 

;) Midslopes - normal red-brown earths, ppfs of Dr2.11, 2.] 3 nnd 2.23. 

• Lower slopes - (where colluvial material merges with alluvial clays) brown coloured and 

slightly heavier textured variant of the red-brown earth. 

• Drainage lines - cracking brown and grey clays, probably Ug profiles in Northcote terms 

but insufficient data is provided to fully classify thern. 

Tcnui (1998) also studied soils at NPM in relation to regolith profile development. He found that 

soils developed on in-situ, weathered trachyandesite had a simple structure hnd [he mottled clays 

were not present. By contrast , soils developed on weathered, transported sediments overlying 

weathered trachyandesite had a deeper profile and more complex structure, the B-horizon had two 

suh-components. and a distinctive mottled clay zone. These ohservations arc incorporated into 

Figure 2.4. The mottled clays are characterised hy high kaolinite clay content, indi ·.; ative of a 

poorly-drainl~d site prone to seasonal waterlogging (Tonui, 1998) . 

2.6.2 Soil cracking surveys 

A soi I cracking survey was carried out in the proposed tailings dam one area in Octoher 1990, after 

a period of average minfaU, and again in May 1991 after drought conditions had prevailed over the 

Sl:mmer (McCorkell , 1991 ). The width and depth of soil cracks were measured at six sites over the 

tailings dam area. Three soil types were represented in the six sites, as shown in Table 2.5 . 

Table 2.5 Results of 1990/1991 Soil Cracking Surveys, after McCorkell, 1991 (Peko-Wallsend 
o r I) peratlons _te. . 

Number of October 1990 May 1991 
Soil Type sites 

represented Width (cm) Depth (cm) Width (cm) Depth (cm) 

St()ny . forest soil' I .) 75 6 65 

Red-hrown earths I 7 56 () 35 

Brown and grey clay 4 3-1 () 60- I ()() 2-7 35-62 
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In order to fully define the relationships between cracking characteristics, soil type, and rainfall 

trends, the survey should have included more sample sites and measurements of crack spacing and 

density. However, the work demonstrates that significant cracking into the B-horizon can occur in 

all soil types, and the cracks present a major 'macropore' characteristic that may aid vertical 

infiltration of water for a short period at the start of a rainfall event. The surveys noted that after a 

very wet month in June 1991 (73.8 mm rain), all the' surface cracks had closed over (McCorkell, 

1991). The survey does not indicate how quickly the observed cracks closed after the rainfall. 

2.6.3 Soil engineering properties 

A number of geotechnical investigations have been carried out in the open pit area to determine 

engineering properties of surface materials including soil, saprolite and oxide rock. The integrity 

of the data (Table 2.6) is uncertain since the studies were performed by a number of different 

contractors, and the exact location from which samples were taken is not recorded. How~ver, the 

investigations provide a general indication of soil engineering properties. 

Table 2.6 Summary engineering properties of soils in tbe E22 open cut area, from K&H 

Construction services (1999), and Australian Tailings Consultants (2000). Data in Appendix 2A. 

Number of samples 5 

Field moisture (%) 21.9-27.3 

Average dry density (tim") 1.52 

Average wet density (tlm's) 1.85 

Atterberg Limits: 
Liquid limit (%) 62-80 

Plastic Limit (%) 16-22 
Plasticity Index (%) 40-61 

Particle Size Distribution 
Finer than 2.36 mm (%) 87-100 
Finer than 0.075 mm (%) 73-96 

Standard Compaction 
Maximum Dry Density (tlm3

) 1.56 
Optimum Moisture Content (%) 23.5 

Permeability (m/s) 4.3-2.6 x 10-10 

2.6.4 Soil permeability 

Soil permeability characteristics have been determined from in-situ falling head permeability tests 

carried out by two consultants. The results are presented in Table 2.7, which shows in-situ 

permeability of surface materials is generally low but can be quite variable, ranging from 2.9x1O-6 
-

2.7x 10-10 mls. This is a fairly realistic reflection of field conditions. Australian Tailings 
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Consultants (ATC, 2000) also conducted laboratory permeability tests on material from 2.0m 

depth, which was probably basal B-horizon material. Their results ranged from 2.6x 10-7
_ 4.3x IO-JIJ 

mis, and represent disturbed material. Low hydraulic conductivity of swi'ace materials will impede 

infiltration, and this is demonstrated during rainstorms by the extent of surface ponding and 

sheetwash in the open pit area. 

T bl 271 't a c n-sl u perrnea bT I Ity 0 f rf su t . I . th ace rna ena S In 't e open pI area. D . A ata 111 .ppen IX _ 

Study and Date Site Reference Depth (01) K (m/s) 

TP 2 1.5-3.~ 2.7 x ](r
1o 

TP 5 2.0-.3.6 2.6 x 10-') 
K&H Construction. 1999 

TP 7 0.4-1.5 2.~ x 10- 111 

TPI2 I.R-3.0 3.7 x IOlu 

BH I O.44-2.Sg 1.3 x 10(' 
! 

BH 2 0.67-1.27 2.3 x 10') 

.'\ustr:>.lian Tailings Consultants , 2000 BH 2<1 0.46-0.52 1.9 x 10 ' 

BH .3 0.53-5.20 2.9 x 10' 

BH4 O.6~-5.61 5.6xIO" 

2.7 Climate 

The eastern margin of the Central West region is a semi-arid zone. lying between the influence of 

winter wcster! ies and summer rains from the north. Geomorphological. geological and bio

geographical research indicates that the climate has shown considerable variation since the Last 

Glacial Maximum (LGM, c.25-18 ka), and the present semi-arid regime has deveh)ped lNithill the 

past 12,000 years (Williams et al.. 19(8). 

2.7.1 Palaeoclimate 

In pre-Quaternary time, a warm and wet climate contributed to the development of the deeply 

weathered rock mantle seen in the UBV and across many parts of southeastern Australia (Young, et 

al. 2002: Tonui. 1998; George and Conacher, J (93) . By contrast, conditions were arid during the 

Uppcr Pleistocene LGM, w!~en rivers carried sandy sediment loads ,llld ile~)lian dune sy~;tems we~e 

active. It is generally accepted that the climate gradually became warmer and wetter through the 

late Upper Pleistocene until the Holocene (12 ka), when a trend of increasing aridity began. 

Knowledge of Holocene climatic history in the Bogan area is important for understanding the 

present climatic regime, and predicting future climate changes. However the Holocene geologic 

evidence is aIso the most difficult to study. correlate with other localities and analyse with great 
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confidence, because the influence of external factors such as anthropogenic activity increases in 

younger geologic units (Williams et al. 1998). 

Most palaeoclimatic research in NSW has concentrated on the Murray Riverine Plain region, which 

encompasses drainage from the foothills of the SE highlands though the Murray, Murrumbidgee 

and Lachlan Rivers (labelled the 'Southern Riverine Plain' in Figure 2.10) (Page et al. 1991 and 

1996). By contrast, palaeoclimatic work in the Upper Darling catchment is scarce. Cupper et al. 

(2000) undertook pollen analyses from sediments in small lake basins in the Southern Riverine 

Plain area, which show a marked decline in Casuarinacea woodland since c. 4.5 ka. The authors 

attribute this to either increasing aridity or greater seasonal climatic variation in the Murray region 

during the Holocene. However, alternative explanations include the role of natural fires, 

aboriginies and fire, and increasing soil salinity, which can all contribute to woodland destruction 

(P. Mitchell, pers. comm. 2002). 

Figure 2.10 Riverine 

alluviaJ plains of the 

Murray and Darling 

catchments, from Young 

et al. (2002). 

In a study of fine-grained aquitard units in the Lower Murrumbidgee alluvial fan, Tims and 

Acworth (2002) found that the upper-most units contain increasing quantities of illite and kaolinite 

clay, with significant quantities of soluble salts. This is attributed to deposition of aeolian dust 

containing cyclic salts, in response to increasing aridity during the Holocene. The salts may be the 
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cause of increasing shallow groundwater salinisation in the area. Page et aI. (1991 and 1996) 

studied surficial fluvial and aeolian sediments from palaeochannels in the Murrumbidgee 

catchment, using thermoluminescence methods to date changes in the Darling fluvial regime during 

the Holocene. Since the LGM, the alluvial sediments record a shift from a temperate river system 

carrying sandy detritus, to a semi-arid system dominated by fine-grained sediments and increasing 

aeolian dust inputs. They found that the present flow regime had established by 12,000 ka, when 

the switch from sandy to muddy units occurred. This is a reflection of the change to a warmer and 

dryer climate in the Murray Riverine Plain region at the end of the Pleistocene (Page et aI., 1991 

and 1996). 

Due to the inferred tectonic stability of inland NSW since the Tertiary, the general palaeoclimatic 

trends identified in Murray Riverine Plain alluvial sediments were thought to have occurred at a 

regional scale across all of southeast Australia. However, recent work on extensive alluvial 

deposits in the Namoi and Gwydir catchments has shown that using the Murray stratigraphic model 

as an analogue for the Darling is an erroneous generalisation (Watkins and Meakin, 1996). 

Thennoluminescence dating of Namoi alluvial units by Young et at. (2002) shows the oldest 

palaeochannels in the Namoi correspond to the youngest units on the Southern Riverine Plain. 

Therefore, the Namoi preserves more recent sediments and river discharge history than found in the 

~:Iurray catchments. The Namoi data suggest that l<!rger river discharges associakd with a weUer 

climate prevailed until the mid-Holocene. The switch from coarse sandy units to fine muddy units 

in the Namoi and Gwydir valleys occurred after 6 ka, approximately 6000 years ufter this change 

occurred in the Murray. The authors propose that a wet climate pf'rsisted for longer in the Namoi 

because of its higher latitudinal position and the continued large-scale incursion of lropical 

maritime air into northern NSW during the Holocene (Young et aI., 2002). 

The Bogan catchment lies mid-way between the Murray and Darling Riverine Plain research sites, 

and a definitive palaeoclimatic model for the area would require that similar stratigraphic dating be 

carried out in the Bogan. In the absence of this work, it is prudent to assume that the Bogan 

climate switched from a temperate to a more arid regime sometime between the end of the 

Pleistocene and the Middle Holocene (c. 10-6 ka). 
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2.7.2 Rainfall 

The eastern (higher) edge of Parkes Shire receives an average annual rainfall of 600 mm/yr. 

whereas on the western edge it is 480 mm/yr (NSW Bureau of Meterology (BOM), 2001). Figure 

2.11 shows mean monthly rainfall for Parkes. Coradgery (Goonumbla). Alectown and Peak Hill 

from the BOM database (Appendix 2B). Average rainfall distribution through the year is similar 

for all four stations, with a slightly dryer period in September. The graph illustrates the influence 

of elevation on the spatial variation of rainfall: lowest mean monthly rainfall occurs in Trundle 

(260 m ASL), and highest in Parkes (324 m ASL). 

Average annual rainfall is 589 mm/yr at Parkes (Table 2.8, based on 109 years of data), and 542 

mm/yr at Coradgery/Goonumbla (Appendix 2C, 114 years of data). The NPM weather station was 

established in January 1993, to continue collecting data for the former Coradgery Station. The 

NPM data for 1993-2000 (Figure 2.12) demonstrates that although the long-term average suggests 

uniform rainfall distribution for each month, on an annual basis monthly rainfall can be highly 

irreguJar. 

Small-scale climatic variability in the Bogan is reflected in Coradgery station rainfall records for 

the past 100 years (Appendix 2C). There is increasing evidence for the influence of EI Nino

Southern Oscillation (ENSO) cycles on the climatic regime, which may be responsible for up to 

30% of the variability in rainfall records (Bryant, 1997, Nakken, 1999). Much speculation has 

been made on the effects of predicted greenhouse variation and global warming trends on the 

ENSO system. Hassell and Associates (1998) modeled climate change scenarios for the Macquarie 

catchment using a regional climate model nested into a global model. They predicted that by the 

year 2030, rainfall will be 0-15% lower, and temperature OA-1.2 °C higher than present. When 

these figures were used in a catchment runoff model, it predicted an 11-30% decrease in water 

entering Burrendong dam, which has severe implications for water resource management in the 

Macquarie catchment (Hassell and Associates, 1998). In light of the scientific uncertainty, it seems 

prudent to assume that the climate of the area will continue to be one of variation in the future, 

experiencing at the very least the same scale of variation witnessed over the past 1000 years. 
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Figure 2.11 Comparison of mean monthly rainfall for stations in the Northparkes area. 

Data Source: NSW Bureau of Meterology, 2001 (Appendix 2B). 
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Figure 2.12 Rainfall records for Northparkes Mines 1993-2000, showing monthly rainfall 

variability compared with the Coradgery (Goonumbla) mean average based on 116 years of data 

(Appendix 2C). 

39 



CHAPTER TWO - Environment of the Upper Bogan Valley 

2.7.3 Temperature Regime 

The UBV experiences high seasonal temperature variation. Summers are hot, the maxllnum 

temperature frequently exceeds 30 degrees. In winter the days are mild and nights cold, frosts may 

occur. Table 2.8 contains mean monthly temperature and evaporation data for the Parkes Climate 

Station. 

Table 2.8 Average monthly rainfall, temperature and evaporation figures for Parkes Climate 

Station and average monthly rainfall for Coradgery. Source: NSW BOM, 200 I. The souncc 

of the evaporation figures is not known. and they appear to overestimate evaporation. 

Climate 
Jan Feb 

Attribute 
Temperature 
(OC): 

32.1 31.5 
Mean Daily 
Max imum 
Temperature 
( OC): 

17.X 17.7 
Mean u8ily 
\-linimum 

EvaporatioJl 
10.3 92 

(Illill/uay) 

Ev,lpol'ation 
319 260 

(mm/moJlth) 

Parkes Rainfall 
61 4X * (mmirllllllth) 

Coradgery 
Rainfall ± 55 46 
(mIll/month) 

'" Based Oi1 90 years of records 
± Based on I 14 years of records 

2.7.4 Evaporation 

Mar Apr May 

2R.4 2].4 IX.5 

15.0 109 7.0 

6.7 4.2 2.5 

20X I 126 
I 

7X 
I 

48 4:1 50 

4:1 43 46 

Jun Jul Aug Sep Oct Nov Dec Ann 

14.X 13.Y 15.1l 19.3 23.5 27.5 30.6 23.3 

5.2 4.0 5.0 7.4 10.4 13.4 16.2 10.9 

1.9 1.9 2.4 3.4 5.2 7.X 9.5 5.3 

57 5Y 74 102 161 234 295 1973 

49 4() 49 42 52 47 51 589 

44 44 45 3X 47 45 47 542 

Average monthly rainfall and daily pan evaporation for Parkes and Peak Hill are shown in Figure 

2.13. The NSW BOM provides various estimates of average annual evaporation at Parkes, ranging 

between 1500- ~ 980 mmlyr (Table 2.8 and Appendix 2B). The only available pan evaporation data 

for Parkes is for 1970-1982, and a re-examination of this data shows that during the 11 year 

measurement period evaporation varied between I 198-1927 mm/yr, ave raglllg 1550 mm/yr 

(Appendix 28) . At Peak Hiill rainfall is lower and evaporation higher than Parkes. Evaroration 

data for Coradgery is not available, but from the Peak Hill/Parkes comparison it is estimated that 

Goo!1umbla daily evaporation is slightly higher than. Parkes . 

Figure 2.13 shows that according to mean monthly average data, there is a moisture deficit 

throughout the year at both stations. This indicates that groundwater recharge is low, pos~ihly less 
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than 10(/e of annual rainfall, and low permeabi lity soils of the UBV are also likely to reduce deep 

infiltration. Recharge probably occurs on an event basis, when daily evaporation is less than 

rainfall, and may be more effective after dry spells when deep cracks in the surface clays provide 

macropore channels for water at the beginning of a rainstorm. These cracks would gradually close 

with progression of the rainfall event. Hydrogeologists from the DL WC offices in Forbes and 

Dubbo use a general figure of 1-7% of average annual rainfall for recharge in heavy clay soil areas 

of Central West NSW (A. Carter, pers comm. 200 I; A. Srnithson, pers comm. 200 I). 

Parkes and Peak Hill Average Monthly Rainfall and Evaporation 
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Figure 2.13 Average monthly rainfall and evaporation for Parkes and Peak Hill, 
Data source: NSW Bureau of Meterology (Appendix 2B). 

2.8 Vegetation and land use 

DEC 

The original eucalypt woodland in the Bogan valley comprised Grey Box, Yellow Box, Blakely's 

Red Cium, Kurrajong and White Cypress Pine , with River Red Gum along the stream channels and 

Casuarina in the swamps (Table 2.9). Vegetation clearance for farming in the UBV began in the 

late 1800's; today the area is typical of the 'wheat-sheep woodland landscape' found across central 

NSW (Worrall, 1997; Nakken, 1999). Across the clay plains root penetration by kurrajong and 

eucalyptus trees is generally no deeper than the base of the B-horizon. The main winter crops arc 
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wheat, canola, legumes and lucerne. Merino sheep grazing is widespread, with some cattle, pigs 

and goats (Croft and Associates, 19)) I). 

Very few areas of undisturbed forest remain in the valley although forest remnants survive along 

roadsides, travelling stock routes, creek-lines and in State Forest areas. Selective logging and 

grazll1g III the forests have decreased regeneration rates and created an open gra . .;sy woodland of 

eucalyptus and callitris pine. An example of this on the Northparkes mine lease is Limestone 

National Forest, an area of about I km 2 under stewardship to the mine (see Figure J .3). In an effort 

to improve habitat value of the lease , many thousands of nati ve trees have been planted to provide 

corridors between forest fragments along travelling stock routes, forest clumps, and waterways (A. 

Ryan, pers. comm. 2(01). 

Table 2.9 Main vegetation species found in the Northparkes Mines area, after Croft and 
Associates.1981. 

Grey Bux, Euculypl"s woo{{siw((( Kurrajong, BmchychilVll pupllllleulII 

Yelluw Bux, E. ml'llioc/ora Bull Oak. Casllarina lel/hmannii 

Trees Bimble Box , E. puplIlllea Red lronbark , E. sideroxylun 

Blakely's Red Gum, £. /J{akelyi White Box. E. iI/hen.1 

White Cypress Pine, Cullilris ji/uucu Belah. Cusllurinu c,-i.I/UI(/ 

Mothe rumhah Acuciu cheelii Prickly Parrot Pca Di/lwyni(/ juniperina 

Shrubs Western Rosewoud Heleroril'nriron Srfeading Bush-Pea PU/lellueu lIlicrophyl/u 

vlei/i)lum W este rn Black Wattle Acacia hakeoides 

Native Wircgrass ASlridu sp. Kangaruo Grass Themed(/ auslra/is 

Gl'asses Sreargrass Slip(/ sp. Wallaby Grass DUlllhulliu sp. 

Introduced Barley Cirass Hurdeum leporillum Burr medics Meriic(/go sp. 

Grasses Wimmera ryegras s Lu/iulII rigirlllIll Subterranean cluvl'l' Trifo/iulI/ silblerrunelllil 

2.9 Chapter summary 

The environment of the Upper Bogan valley is characterised by a high degree of spatial and 

temporal variability. This variability will also be refccted in the hydrogeologic regime, which 

responds in different ways to variations in the geology, regolith, soils, climate, surface hydrology 

and vegetation. In addition to natural variation, a long history of human occupation in the Bogan 

area has altered the hydrological regime through vegetation and lund usc changes. Nakken (1999) 

quotes: "The Australia/! whealhells. including the ccntral western region of New Soulh Wales, arc 

argu([bly the most altered landscapes in Australia." (p.39) . 
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The Upper Bogan valley is part of an ancient weathered landscape mantled in deep saprolitic 

material, with heavy clay soils. The geology can be divided into three broad groups: 

1. Ordovician-Silurian crystalline rocks, comprising volcanics and intrusives of GVZ; 

2. Devonian sediments of the Hervey Group, preserved in Tullamore Syncline and the 

Herveys Ranges; 

3. Tertiary-Quaternary sediments and in situ weathered material overlying basement 

geology across the valley, the thickness of which varies from 0-130m. 

Of concern in this thesis are crystalline GVZ lithologies in the viscinity of Northparkes Mines, and 

the overlying regolith materials. Exploration drilling has highlighted the geological complexity of 

the area, which includes a plethora of crystalline lithologies and associated lithic sediments. Each 

lithology will permit entry, storage and movement of groundwater in unique ways. At least four 

major deformational events since the Ordovician have subjected the rocks to a variety of stress 

regimes. A long weathering history has resulted in curious secondary features such as scams, 

gossans and oxide zones. 

Biogeographical studies show that the vegetation has been responsive to climatic change through 

the Holocene, which encompassed a gradual change to warmer, dryer conditions. This change 

would have brought about lower rainfall, higher evapotranspiration, and reduced groundwater 

recharge. The valley experiences an average annual rainfall of 540 mm/yr, but rainfall can vary 

between 292-1193 mm/yr. Potential evaporation is approximately 1550 mmlyr, and this combined 

with low permeability soils is likely to result in a low rate of groundwater recharge. Recharge 

probably occurs on an event basis when the evaporation rate is less than rainfall, and is restricted to 

areas where bedrock outcrops at the surface. 

Flow in the Bogan River only occurs after rainfall events and the creeks are all ephemeral, which 

indicates that the water table does not intersect the surface drainage lines. If the water table profile 

reflects surface topography, then the piezometric gradient across the valley will be subdued but will 

slope gradually towards the north. Low permeability clay soils and regolith units in the valley 

impede rainfall infiltration and can cause localised perched water table conditions, indicated by 

areas of surface ponding after rainstorms. 

Environmental conditions in the UBV indicate a hydrogeologic regime strongly influenced by the 

semi-arid conditions, with long recharge and discharge pathways. Significant quantities of 

groundwater will occur in more permeable units that receive direct rainfall recharge, such as 
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Devonian sediments in the Gunning and Herveys Ranges. By contrast, crystalline lithologies 

across the valley floor have poor outcrop and will receive a much reduced recharge rate. They are 

likely to have very low primary permeability, and will convey groundwater mainly in secondary 

permeability features such as fractures, major fault structures, and along stratigraphic 

unconformities. The lithologic, structural and weathering features of the rocks indicate a high 

propensity for groundwater compartmentalisation across the valley. 
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Chapter Three 

NORTHPARKES MINES HYDROGEOLOGY 

"Large variations within a single rock type are possible over small areas, 

so that detailed investigations are necessary before any predictions can be made 

as to well yields or the amount of water likely to enter an excavation. 

Unfortunately the cost of detailed investigations can only rarely be justified ... " 

Price, 1985, p.86 

3.1 Introduction 

This chapter provides a broad overview of previous hydrogeologic work in the Upper Bogan valley 

(UBV), beginning with regional groundwater resource definition and then scaling in to the NPM 

site by reviewing all previous hydrogeologic work by consultants. Groundwater exploration is 

expensive and has been hindered by the practical difficulties associated with fractured rock 

geology, a deep water table, and widespread salinity. The area has poor economic potential for 

groundwater exploitation, thus there has been little financial commitment to the exploration work. 

Hydrogeologic investigations at NPM have occurred in three main stages: 

1) Mine planning and design, 1984-1988 - investigations into the potential effect of 

groundwater on the mining operation, reported in the mine feasibility studies (Golder 

Associates, 1986) and Environmental Impact Statement (Peko Wallsend Operations Ltd, 

1988); 

2) Mine operation, 1985-1999 - groundwater exploration for a suitable mine processing 

resource, and ongoing investigations to assess the effects of groundwater on the mining 

operation (Golder Associates, 1985a and 1987; Mackie Martin and Associates, 1985 and 

1988a, b and c); 

3) Mine rehabilitation, 1999-2001 - investigations to assess options for mine site 

rehabilitation, including the effects of mining and rehabilitation on the environment 

(Mackie Environmental Research, 1999). 
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Consultants' reports from each stage of the investigation have been reviewed, and the data re

analysed so that it can be incorporated into the conceptual model. 

3.2 Groundwater in the Upper Bogan valley 

The UBV occurs within a wide swathe of fractured rock groundwater systems in the Central West 

region of NSW, which extends from the Victorian Boarder north-westward to the Darling River. 

The earliest mention of groundwater in the Parkes area was with reference to deep lead alluvial 

gold mining in the 1860s (Andrews, 1910). These gravel-filled palaeochannels drained quartz 

reefs near Parkes and Forbes and contained considerable amounts of groundwater. Across 

Canobolas divide towards Goonumbla, coarse-grained alluvial deposits are less common due to the 

low carrying capacity of Bogan drainage compared with Lachlan drainage to the south. In 1975 

the Australian Water Resources Council wrote of groundwater potential in the Bogan: 

"The Bogun (sic) Valley alluvium has poor groundwater potential because of unfavourable 

topography, rainfall and source rocks. Both quality and yield restrict groundwater use to 

stock purposes. Aquifers are thin and fine-grained and early bores were abandoned 

because of the difficulty of controlling the entry of silt and water." (p. 53) 

The 'alluvium' probably refers to both in-situ and transported materials in the profile. Bore 

instability in soft materials suggests that the profile was not completely dry, and perched layers of 

groundwater were encountered during drilling. Minor water bearing zones perched above the deep 

regional water table occur in thin palaeochannels deposits across the valley floor, and within 

gravel fans flanking topographically elevated areas such as the Hervey Ranges (Adamson, 1996, 

K.H. Morgan and Associates, 1996b). Two such channels are seen the walls of E22 and E27 pits 

where they exhibit very broad, shallow beds of fine-grained muddy sediments, stained dark red 

with iron oxide and pyrolusite alteration (shown in Figure 2.5). Iron and manganese nodules at the 

base of each channel indicate deposition by a sluggish river that had a seasonal anoxic 

environment at the river bed. It is unlikely that groundwater lenses in the Bogan palaeochannels 

are recharged regularly because of the thickness of the overlying mottled clays, unless they are 

hydrogeologically connected upslope to outcrop areas. 

Drilling for farm bores in the UBV has shown that the vertical and horizontal occurrence of 

groundwater varies greatly, as does its quality (G. Salas, pers. comm. 2001). Groundwater is 
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typically deep, saline, and yields are poor. The lithologies are not conducive to aquifers of high 

storativity or transmissivity, and groundwater is only used for potable farm supply in a few areas 

where water quality is reasonable (Australian Water Resources Council, 1975; Croft and 

Associates, 1981; Smithson, pcrs. comm. 200 I). 

3.2.1 Regional Bore surveys 

The Department of Land and Water Conservation (DL WC) carried out bore surveys across the 

Macquarie sub-catchments in 1987/88, and 2000101, to measure standing water levels (SWL) and 

salinity in fractured rock areas (Muller and Lennox , 1999; Smithson, 2002). The data obtained for 

the Urper Bogan/Alectown area was of variable quality, due to the low number of suitable bores in 

the area, their poor spatial distribution , and loss of information about their construction history . 

Most bores were more than 20 years old, they were cased through the clay regolith and left open 

through bedrock. A few were finished as piezometers, but the depth of the screened section varied 

hetween each bore and in some cases it was unknown. Out of more than 120 Upper Bogan bores 

registered in the DLWC uatabase, only 17 were suitable for use in the DLWC survey. The survey 

showed that the maximum and minimum depths to the water table across the UBY were 48.4m and 

-0.8m respectively (Table 3.1 ) Smithson, 2002) . 

Table 3.1 SWL data for UBV groundwater bores from the DLWC regional surveys, 1987/88 
and 1989 (Smithson 2002). 

DLWC Location Bore Screen 
SWL 

Change I 
Bore depth section 

Drilling (m below tOl!of pipe) 
date When 1987 

(m) 
No. Easting Nort:ling (m) (m) 

drilled /88 
1999 1987-99 

8586 610040 6352940 31.7 open* 1950 27.4 14.6 7.05 7.55 
14120 616925 6356465 42.7 32.LJ-42.7 1958 27.4 29 22.45 6.55 
18967 615090 6349350 37.2 32.5-38.6 [961 :n.5 36.2 29.14 7.06 
21542 617200 6364750 24.4 6.1-23.8 1964 4.1,) 8.8 3.59 5.2J 
21708 602510 6353770 36.6 Open ' 1964 29.6 29.4 25.75 3.65 
23049 609760 6349360 17.7 9.1-9.1 " ILJ65 7.9 7.7 2.07 5.03 
34768 599380 6349240 56.3 open'" .) 30.4 45.2 48.4 -3.2 
34840 639610 6362500 .) .} . } 15.2 8 12.43 -4.43 
35885 634620 6363000 60.LJ 53.6-57.8 1973 42.6 15.5 3 l.5 4 
46769 631240 6367140 23.5 15.2-16.1 1977 7.6 4 \'1,) 2.1 
47564 609170 6360650 30.5 14.9-16.5 IYSO 12.2 16.7 12.65 4.05 
49323 593814 6350206 29 [9-27 1978 18 14.1 lUs5 5.25 
50210 608890 6357250 16 open* 1965 .'14 34 2R.45 5.55 
51614 601,)075 636J J50 42.7 open* 1980 22.1,) 26.3 21.08 5.22 
54099 634440 6370000 "! .} .} 1.2 0.5 -0.8 1.3 
56594 612575 6375925 54.2 open '" 1982 49.15 48.35 35.04 n.3 I 
ALI 633290 6365400 . } .) " 30 27.6 25.8 l.l\ 

.. 
'c' Rellahillty uncertaIn 
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It is difficult to determine a regional flow gradient from the data, but the surveys have allowed a 

limited evaluation of long-term changes in piezometric levels across the basin. Smithson (2002) 

analysed a limited dataset of two-point SWL readings for 17 bores in the UBV and reported that 

between 1987/88 and 2000, the maximum water table rise was 13.31 m, the maximum fall was 

4.43 m, and the average change was 3.54 m. The rate of water level change varied from -0.4-1.21 

m/yr (bore 56594), with a median of 0.47 m/yr (Table 3.1). The analysis showed that groundwater 

levels in the UBV bores were rising faster than any other sub-catchment in the DLWC survey, 

where rates of groundwater change varied from 0.04 - 0.2 m/yr. (Salas and Smithson, 2001; 

Smithson, 2002). 

The findings of the DL WC study are limited, due to the nature of the survey data. Poor spatial 

distribution of bores made it difficult to interpolate between them. It was impossible to assess 

absolute rates of change or the three-dimensional nature of groundwater characteristics on the 

basis of this survey alone, because two-point data is inherently biased to only represent the 

climatic conditions being experienced at the time of measurement. This is pertinent in areas such 

as the UBV where there may be a significant time lag between climatic events and groundwater 

response. The DL WC survey results may reflect seasonal water table variation, because the 1988 

survey was carried out from May to August (winter) but the 2000 survey was carried out from 

August to February (spring/summer) (Smithson, 2002). But the general rising trend throughout the 

Macquarie basin may also be a reflection of changing land use patterns, and slightly higher annual 

rainfall averages since the early 1950's (Salas and Smithson, 2001). The effect of rainfall patterns 

on groundwater levels is explored in more detail in Chapter 4. 

Figure 3.1 is a map of regional geology (from the Parkes Special 1: 1 00,000 Geological Map Sheet, 

1990) with the DLWC 1999 bore survey data (Smithson, 2002). There are very few bores in the 

centre of the valley, so the map has been augmented with seven additional bores from the DLWC 

database, data from the NPM monitoring program, and groundwater exploration data from Mackie 

Martin and Associates (MMA, 1988) and KH Morgan and Associates (KHM, 1996b, Appendix 

3A). Groundwater levels are expressed as a depth below the top of the pipe (m btp). Because an 

accurate altitude for each bore collar was not available, the SWL reduced level is approximate 

only. Near the divide between Bogan and Lachlan catchments, groundwater levels are quite 

variable: the water table is within 10 m of the surface in the gravels of Gunningbland Creek (a 

Lachlan tributary), but it is more than 30 m deep in volcanics at Goonumbla Hill. Shallow 

groundwater also occurs in the east, on the flanks of the Hervey Ranges where gravel fans drain 
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Figure 3.1 Geology and groundwater standing 
water levels in bores across the Upper Bogan 
valley. SWL reduced levels (MSL) are approximate only, 

because accurate bore collar altitudes were not recorded for 
all bores. Geological infonnation from the Parkes Special 
1: 100,000 Geological Map Sheet (1990). Groundwater 
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the sandstone units. In the centre of the valley, NPM data shows that the water table is 20-50 m 

below the surface in igneous lithologies. SWL variation due to regional piezometric gradients is 

less than the accuracy range of SWL measurement, and it is not possible to determine a regional 

groundwater flow direction using the data on the map. 

3.2.2 Salinity in the Upper Bogan 

When saline groundwater rises and intersects the zone of capillary evaporative action near the 

ground surface, salts from the groundwater can be mobilised in the soil. The NSW government 

estimates that soil salinity affects up to 174000 ha of land, and about 40% of land owners in NSW 

(DLWC, 2000 and 2001). The mechanisms by which the water table may intersect the capillary 

zone are numerous, and include many complex topographic and lithologic controls (Conacher, 

1990). 

The DL WC uses SWL data from regional bore surveys to identify areas where the water table is 

rising and potential for soil salinity is high. The results of Smithson's work (2002) show a deep 

but rising water table across the UBV, and a similar trend has been observed in some monitoring 

bores at the Northparkes Mines site (see Chapter 4, Northparkes Bore Surveys). Groundwater 

salinity measured in samples from pumped bores varied between 400 - 6000 J.lS/cm (Smithson 

2002). Smithson found that salinity increases toward lower parts of sub-catchments and toward 

the northwest, correlating with an increase in distance along the postulated groundwater flow 

paths. The mineralised rocks at Northparkes represent source areas for saline groundwater. Even 

though potential for soil salinity at NPM is low due to the deep water table, the problems 

associated with saline water at the land surface need to be carefully considered during 

rehabilitation planning because the hydrogeologic system dynamics are still not fully-understood. 

Because groundwater in the Upper Bogan is moving very slowly, the system is operating at a large 

spatial and temporal scale and it is not known if or where this saline groundwater discharges 

within the Darling System. 

3.2.3 Northparkes resource exploration 

In 1988, Mackie-Martin and Associates carried out a groundwater exploration program near NPM 

in search of a mine water supply of at least 35 lIs (MMA, 1988a, b and c). They investigated 

groundwater conditions at E7 (near Gunningbland Creek, SW of NPM, Figure 3.1), where 

exploration drilling suggested possible cavernous aquifer development in the mineralised skarns. 

The situation at E7 was found to be hydraulically complex, with very low resource potential; 
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groundwater occurs primarily in material with high 'vuggy' porosity, variable permeability and 

compartmentalisation by faulting. At Wombin Gossan, north of E22 and E27, resource 

exploration was also abandoned due to poor airlift testing results. 
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Figure 3.2 Stratigraphic model of Devonian sandstone aquifers, Tullamore syncline, from 

MMA 1988. No horizontal scale or location coordinates were provided in the original figure. It 

appears that SS3 is thicker than the other units and has outcrop permitting direct rainfall recharge. 

SS4 is comparatively thin and covered by surface material, in addition to being confined by 

siltstone units, but was found to be the best aquifer in the sequence. 

MMA (1988) continued groundwater exploration in Devonian sedimentary units of Tullamore 

Syncline, which outcrop west of NPM (Figures 3.1 and 3.2). Two preliminary bores returned 

favourable storage and permeability measurements, but pumping test yields were low. Siltstones 

interlayered with the sandstones had poor yields and represented confining layers. Further drilling 
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revealed a stratigraphic profile dominated by impermeable siltstones and potential aquifers within 

five sandstone units. The sequence was inferred to have continuity for at least 8 km, and possibly 

more than 20 km. Bore yields ranged from <1 - 20 Us, which was attributed to variable fracturing 

in the sandstones. Hydrochemical testing indicated a TDS of 1050 mgIL (MMA, 1988c). Only 

one borehole offered favourable permeability and porosity for mine water supply, and although 

this could have provided an adequate groundwater supply for the mine it has not been exploited. 

Groundwater resource investigations continued in 1996 by K.H. Morgan and Associates (KHM, 

1996a and b). In addition to bore records and geological information provided by the DL WC, the 

authors used aeromagnetic imagery and aerial photographs to delineate photolineaments (inferred 

faults) that might host a groundwater resource. Seventeen reverse circulation (RC) bores were 

drilled at four sites west of NPM (Figure 3.1), in shallow sands beneath the Bogan River bed 

(drillholes NBE 3-8 and 17, Figure 3.3), a photolineament beneath Deception Creek (NBE 12 and 

13), Devonian Rocks (NBE 1, 2 and 14) and regional structures associated with the Tullamore 

syncline (NBE 9-11 and 13). 

The only site where relatively permeable materials were encountered was near the Bogan River 

(NBE 7 and 8), where drilling delineated an alluvial sand palaeochannel adjacent to the present 

river channel (Figure 3.3). Situated approximately 50 m below ground surface, the maximum 

thickness of the unit was 2 m and airlift yields of 0.8 lis were obtained. Water quality was 

reported to be potable. KHM proposed that the alluvial system would thicken downstream in a 

northerly direction, where it may develop sufficient aquifer thickness for sustainable mine water 

supply. In NBE 2 a thick, coarse grained alluvial bed was encountered above the Devonian 

basement at a depth of 36 m. The authors interpreted the unit to be a TertiarylMesozoic 

palaeochannel, due to its significant gravel component. While yields of up to 2.1 lis were 

obtained, pump testing returned decreasing yields which indicated a restricted resource. The 

extent of the palaeochannel was not investigated at that time (KHM, 1996b). 

KHM (l996b) reported that in crystalline rocks, significant water yields could be obtained from 

fault zones in areas where the base of oxidation (BOX) is deep. This suggests that the oxidized 

layer is a zone of enhanced permeability and storage. By contrast, the authors report that fractures 

below the base of oxidation are characterised by carbonate and gypsum in fill, which greatly 

reduces fracture permeability and groundwater occurrence (KHM, 1996b). These findings are in 
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agreement with groundwater observations in the NPM open pit area (as discussed in Chapters 4 

and 5). 
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Figure 3.3 Hydrogeologically significant alluvial unit adjacent to the Bogan River, from 
KHM, 1996b. 

3.3 Previous hydrogeologic studies at Northparkes Mines 

The 18 previous groundwater studies at NPM have been reviewed and are summarised in 

Appendix 3B. From these reports, an inventory of all bores used in hydrogeologic investigation at 

NPM has been prepared (Appendix 3C). A reassessment of the data obtained in previous studies 

has been difficult because very little detail was recorded and few of the bores still exist. Essential 

information needed to reassess the validity of bore data includes: 

1) Location - Some bore records do not include a location, and old reports cite locations 

according to a local exploration grid that is no longer in use. Considerable effort has been 

made to retrieve old bore locations and convert them to the current grid system, but of 167 

bores identified, 30 could not be located. 

2) Collar RL - SWL data is recorded as a dip level (m btp) and then converted to a reduced 

level (RL) according to the collar altitude. By convention, the RL is recorded in AHD, 
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which is MSL +1000Om. A review of all SWL data has highlighted errors where SWL 

measurement was not correctly reduced. 

3) Date of drilling - This is needed in order to determine whether enough time had passed 

since drilling to allow complete groundwater recovery. In fractured rock with low hydraulic 

conductivity such as at Northparkes, full water table recovery to an equilibrium level may 

take two years or more from the time of drilling (Smithson, 2002). 

4) Total depth, and screen length - indicates which water bearing zones the bore intersects. 

5) Angle of bore - Early hydrogeologic data was based on angled diamond drill holes, but the 

SWL was not corrected for this and it resulted in erroneous SWL readings. A correction for 

the bore angle cannot be applied unless the true angle is measured in a borehole survey, 

because collar or drill head angles are not a reliable indicator of hole angles and azimuth at 

depth. 

The failure of previous studies to fully document bore details means the data cannot be checked 

and it is necessary to take the report findings at 'face value'. Where hydrochemical data is 

presented, authors frequently do not provide information on the sampling depth or method. 

However, allowing for the shortcomings of each study and sOUices of error discussed above, 

information from previous studies at NPM does contribute to conceptual understanding of 

groundwater at each mine. Groundwater at NPM occurs within fractured volcanic and intrusive 

rocks with anisotropic characteristics, low permeability and low storage capacity (AGC, 1984; 

Golder Associates 1985a and 1987). All studies have concluded that very little groundwater flow 

occurs in the area, because: 

• The water table profile is essentially horizontal at each deposit; 

• There is very little water table variation between deposits; 

• Groundwater quality across the site is poor, indicating long recharge pathways and low 

fluxes. 

Almost all hydrogeologic work at NPM has been confined to the immediate proximity of known 

orcbodies, and little is known of groundwater conditions further afield. AGC (1984) neted that 

"aquifers associated with the orebodies" were unlikely to show regional continuity, and 

groundwater quality would decline with distance from recharge zones. Coffey Partners 

International concluded their groundwater investigations by stating: "Conditions are essentially 

static with negligible recharge or discharge through the surface confining clays" (CPI, 1993, p. 

11). 
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3.4 Hydrogeology at E26N and E26S 

The pre-mining topography at E26N was gendy undulating with a prominent rocky outcrop just 

south of the E26N open' cut. In the upper part of the deposit, secondary minerals such as gypsum, 

quartz, anhydrite, carbonates, sulphides and magnetite have been leached out by groundwater and 

precipitated at a depth of approximately 160-180 m as a feature called the carbonate cemented 

zone (CCZ). An 'upper aquifer' occurs in the gypsum leached zone (GLZ) which extends from the 

water table 40 m below the surface, to the top of the CCZ (Figure 3.4). A 'lower aquifer' occurs 

below the CCZ from 21O-230m. The lower boundary occurs at the 'gypsum line': the maximum 

depth to which gypsum leaching has progressed. Below the gypsum line, fracturing retains its 

secondary mineralisation and the rock has reduced hydraulic conductivity and storage potential 

(MMA 1988; CPI 1993). The CCZ is variable in thickness and in some areas is absent, therefore it 

acts as a partial1y-permeable barrier separating the upper and lower aquifers at E26N. Chemical 

analysis of groundwater samples by Australian Groundwater Consultants (AGC, 1984) indicated 

the CCZ is still developing, because groundwater remains undersaturated with gypsum and 

supersaturated with calcium and magnesium carbonate. 

E26N is hydraulically separated from E26S by a fault complex between the deposits, oriented 

approximately WSW-ENE. Hydrogeologic work at E26S has been limited, but mineral 

exploration drilling at E26S indicates the Gypsum Line is at least 300m deeper than at E26N, 

possibly due to tectonic displacement of the E26S block. Carbonate cementation in this area 

s~rves to create a dual aquifer system similar to that found at E26N. The upper E26S aquifer wa:. 

investigated by CPI (1994), but little is known about the lower aquifer. 

3.4.1 Position of the water table at E26 

The early dataset contains 26 reliable SWL readings for E26N prior to mining. Golder Associates 

(GA, 1985a and 1987) placed the water table at approximately 10248.5 m RL. Later work by CPI 

(1994) used several additional bores and showed water table variation between 10223 - 10259 m 

RL (Figure 3.5). The upper aquifer at E26N has been significantly dewatered since 1994 by 

mining activities in the block-cave operation. The water table at E26S was initially higher than 

E26N, between 10252-10266 m RL, which raised concerns for possible groundwater inflows once 

mining breached the E26S fault structure that separates the two aquifers. Progressive dewatering 

in E26S upper aquifer has abated this risk. 
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Figure 3.4 Cross-section through aquifers at E26N, from CPI 1993. 
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3.4.2 E26 Aquifer Characteristics 

Variability in aquifer characteristics between boreholes at E26N (Table 3.2) is attributed to the 

anisotropic nature of fractured rock conditions, especially the type of secondary fracture infill. 

Hydraulic conductivity (K) is generally quite low, but by contrast an aquifer test in DDH45 was 

unsuccessful because recovery was too quick for analysis (AGC 1984, the depth at which the test 

was performed is not given). Away from the depos,it beyond the GLZ, K and transmissivity (T) are 

lower. The E26N upper aquifer is semi-unconfined and behaves as a delayed yield aquifer system. 

K and T are low to a depth of 100 111, but increase immediately above the CCZ. The lower aquifer 

is semi-confined by the CCZ, it has higher K and T but also behaves as a delayed yield aquifer 

system (GA, 1987). Very slow recovery in bores following pumping tests suggests the aquifers 

have limited horizontal extent (CPI 1994). 

Table 3.2 Aquifer characteristics at E26N and E26S. Somce: Australian Groundwater 

Consultants (1984), and Golder Associates (IY85a and 1987). 

E26N T (m2/day) K (m/day) Confined Storage Unconfined Storage 

All bores 1.1 - 122 0.0\-0.2 1.4x 10 '- 6.4x 10 .1 -

Within GLZ Upper aquifer 9.4 - 1.9x1O ' 5x102- 5x10·4 

Lower aquifer 24.2 - 6.4x I 0 1 2xl()'2- 2x10 \ 

Outside GLZ All hares 0.07-0.2 0.001-0.02 - -

E26S upper aquifer O.IS-:W.O - 9xIOl_4xIO \ -

3.5 Hydrogeology of the open pit area: E22 and E27 

The pre-mine surface area at E22 and E27 sloped slightly towards the northwest (Figure 2.9), and 

there were three small areas of shallow bedrock with less than two meters topographic expression. 

These have been located in aerial photos (Figure 1.2) and RAB drilling data (Figure 2.6), and are 

situated on the west side of E22, the SW side of E27, and to the north of the open pit area (now 

buried beneath the sound bunds) . The rocks at E22 and E27 have a lower gypsum content than at 

E26N, and the gypsum line effect is absent (S. Smith, pers. comm. 2001), Below the oxide zone, 

groundwater was thought to move only along isolated fault and shear zones with enhanced 

permeability characteristics . Groundwater at E22 and E27 was described by AGC (1984) as a 

"continuotls stage reservoir" within fractured oxide rock, beneath a thick but highly variable depth 

of regolith and soil. Golder Associates predicted that nune inflows would occur mainly in the 

oxide lithologies above 60 tn, and that inflow would decrease with depth (GA, \985a). After 
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further work in J 987, Golder concluded that most of the groundwater at E22 and E27 was 

contained in a 10m zone of fractured oxide rock immediately below the base of intense weathering 

and above the Base of Oxidation (BOX). 

3.5.1 Position of the Water Table at E22 and E27 

Standing water level (SWL) surveys were conducted at Northparkes by AGC (1984) before the 

mine was established, but low bore numbers, their poor spatial distribution, and errors associated 

with reading the SWL in angled drillholes meant the local piezometric gradient was not 

established . The pre-mining position of the water table in the E22/27 area was determined by 

Golder Associates in 1985 and 1987, who attributed SWL variation at each deposit to borehole 

blockages. But SWL variation may have been due to measurement error, or caused by variable 

fracture spacing in the rock. The pre- ancI post-mining water levels at E22 and E27 are presented 

in Table 3.3. Mining activities have caused little appreciable change to groundwater levels around 

the open cuts . 

Table 3.3 Standing water levels at E22 and E27 

Area SWL 198517 (GA 198517) SWL 2000 (Mine Records) 

E22 lon5 - I0245m RL 10235 - 10242 m RL 

E27 10236 - J0250m RL 10234 - 10252m RL 

3.5.2 Aquifer characteristics at E22 and E27 

Very little pumping test data exists for E22 and E27, and all known results arc presented in Table 

3.4 

Table 3.4 Aquifer characteristics at E22 and E27, from Australian Groundwater Consultants 
(1984) and Golder Associates (198')a and 1987) , . 

Bore Study Method! Analysis 
Depth T K 

S 
(m) (m2/day) (m/day) 

E22 
DOH 3 AGC 1984 Pump, Bouwer & Rice 'N/R 0.28 0.02 -

037 GA 1985 Airlift: risin~ head 40-99m - 0.0067 -

PI57 GA 1987 Pump, Jacohrrheis N/R 0.0 I - -

E27 
DDH 7 AGC 1984 Pump, Bouwt.:r & Rice N/R 0.022 0.002 -

P29 GA 1985 Airlift: rising head 54-100m - 0.42 -

P250 GA 1987 Pump, JacoblThcis 103111 6.2 - 4.3x 10·:1 

*N/R - Not Recorded. 
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Golder Associates (1985) concluded bulk permeability at E22 and E27 was 0.01 m/day and 0.4 

m/day respectively, the higher value at E27 due to the more open nature of fracturing in that 

deposit. But they identified shortcomings in their methodology and recommended further testing. 

Further work in 1987 by Golder Associates provided results consistent with the 1985 tests, with T 

higher at E27 (Table 3.4). From these figures they estimated average K was 0.001-0.1 m/day in 

E22, and 0.002-0.42 m/day in E27. Jacob analysis of the E22 pumping test data showed a delayed 

yield aquifer system, and Theis analysis of E27 data suggested confined aquifer conditions for the 

duration of the pumping test. They concluded that passive dewatering in the open cut mines would 

be sufficient to control groundwater inflows, and dewatering with pumping bores would only be 

viable if the bores intersected heavily fractured zones (GA, 1987). 

3.5.3 Investigations post-commencement of mining 

Most hydrogeologic work has been undertaken at E27 because mining started there before E22, 

and groundwater conditions at the two deposits were thought to be very similar. A dewatering 

investigation to aid continued mining at E22 and E27 was undertaken by K.H. Morgan in 1995. At 

that time, the pits had progressed to a depth of 41m at E27 (10242 m RL) and 30m at E22 (10251 

m RL), so predictions of groundwater inflows provided by earlier workers could be practically 

assessed. 

The pit exposures also allowed a more detailed analysis of the weathered profile at each deposit. 

In the pit area the Ordovician basement is overlain by a thick oxidation zone comprising regolith 

with highly variable weathering intensity and textural characteristics. KHM (1995a) identified an 

'oxidation transition zone' in saprock below the base of intense weathering but above the base of 

oxidation (BOX). The 'principal' or 'upper aquifer' at both deposits was defined as the region 

within the transition zone, between the water table and the base of oxidation. The transition zone 

essentially follows the oxide rock layer (saprock), which at E27 slopes from just beneath the 

ground surface by the SE wall to more than 40 m on the NE side of the deposit (Figure 3.6). The 

'principal aquifer' extends to greater depths along isolated oxidised structures (fractures and 

faults) that penetrate and allow groundwater to enter fresh sulphide rock, as shown in Figure 2.5 

(KHM, 1995a, 1995b and 1997). 

KHM (1995a) examined drill core for both deposits and demonstrated that isolated oxidised 

structures could be found at depths of up to 120 m at E27. At E22 however, open oxidation 

structures beneath the oxidation transition zone were not as common, suggesting less 
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interconnection between the 'principal aquifer' and deeper fractured sulphide rock. The authors 

recommended a program of drilling investigation to target conductive structures in the oxidation 

transition zone aquifer, and provide monitoring piezometers around the developing pit. 

Subsequent to this, 12 groundwater exploration bores (WI-W12) were drilled by KHM (l995b), 

five of which were finished as monitoring piezometers (Figure 3.7). These bores allowed greater 

accuracy in water table measurements and showed that the water table at E27 sloped toward the 

east, following the BOX. This was the first observation to suggest that the position of the water 

table could be related to the depth or thickness of the oxidation zone. The authors predicted 

groundwater inflows at E27 would be greatest on the eastern wall where the oxidation transition 

zone (or principal aquifer) was thickest (KHM 1997b). 
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Figure 3.6 Section through E27 deposit showing hydrogeologically significant features, 
from KHM, 1997b. 

KHM identified a second 'aquifer' at E27 in sulphide rock beneath the oxidation transition zone, 

where groundwater is confined to faults, shear zones and intrusive contacts to depths of about 

300m. The authors examined diamond drill core and drilling reports to characterise typical 

sulphide 'aquifer structures'. At drill hole D390, a fault zone was encountered from 176-205 m, 

containing carbonates, gypsum and sericitic alteration. The exact location of D390 is unknown. 
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Drilling reports did not document lost drilling fluid when penetrating fault structures, which 

suggests the faults had low permeability. In drillhole DDH21, a structure that yielded groundwater 

was intersected at 124 m (bore location in Appendix 3C). The same structure was intersected by 

W9 and provided yields of 0.25 m3lhr, thought to be typical of the deep fractures. Water level 

measurements showed a 'bumpy' piezometric surface surrounding E27 pit, which the authors 

attributed to poor interconnections between the fracture systems (KHM 1995b). 
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KHM (1 995b ) discussed the implications of their work in terms of pit wall stability analysis and 

showed that wall depressurisation would be necessary as mining progressed. They recommended 
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weep holes to relieve hydrostatic pressure within structures, especially where structures were 

oriented parallel to the wall face or where no pit face seepage was evident. During further work in 

1997, KHM analysed two years of data gathered from the E27 piezometers and estimated that in 

February 1997, the average radial limit of drawdown was 1200 m from the centre of the pit (KHM, 

1997). This figure is quite large considering only two years of monitoring data were available at 

that time, and no SWL change was measured in piezometers outside the pit rim. Since 1997, 

piezometers W3 and W5 have been destroyed, and WI and W2 within the pit show evidence of 

collapse (Figure 3.7). W6 is located outside the pit rim and continues to provide useful SWL data 

(see Appendix 4A). 

3.5.4 Hydrogeologic Modelling at E22 and E27 

In 1999, Mackie Environmental Research (MER) conducted a hydrogeologic study of the open pits 

to assess their suitability as storage reservoirs for process water. A model was developed to assess 

the two components of seepage identified in the pits: deep groundwater in the fractured rock 

system, and shallow groundwater released from unconsolidated soil and regolith material that 

receives direct rainfall recharge. The conditions were simulated using a conjunctive seepage 

model that incorporated numerical modelling of the deep groundwater, and soil moisture 

accounting for the shallow system. This was the first water balance model for the pit area to 

incorporate climatic conditions and assess local recharge. 

MER (1999) concluded that an inward hydraulic gradient would always be maintained in the pits 

provided reservoir levels were held below the level of the original static water table in the area. 

Only if reservoir levels were allowed to rise above the local water table would the hydraulic 

gradient change direction, allowing water to migrate away from the pits. This study also predicted 

the water table recovery rate for an end of mine scenario, whereby the pits were allowed to fill 

with groundwater and surface runoff. It was estimated that it would take more than 20 years for 

the pit lake level to recover to the level of the pre-mining static water table (MER 1999). 
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3.6 Chapter summary and discussion 

3.6.1 Groundwater in the Upper Bogan valley 

Limited groundwater exploration in crystalline lithologies of the Upper Bogan valley has shown 

that the water table is approximately 35 m beneath the land surface, and groundwater quality is 

variable but generally saline. Relatively good quality groundwater has been located in sandstones 

and in isolated palaeochannel deposits. In the igneous lithologies, significant groundwater has 

been found in isolated fractures in areas there the base of oxidation is deep. However, salinity 

generally increases with depth in the profile and there are only small areas where salinity is low 

and groundwater can be abstracted for farm supply. 

A map of bore SWL across the valley shows the water table is slightly higher around the valley 

margins in Silurian sandstone units of the Hervey Ranges and Gunning Ridge Hills, and along the 

surface drainage divide between Bogan and Lachlan catchments (Figure 3.1). It has not been 

possible to determine a hydraulic gradient across the vaHey due to poor bore distribution, varying 

bore construction parameters and errors in SWL readings. In the absence of hydrogeological 

information, the DLWC considers that groundwater in the Upper Bogan flows in a northerly 

direction away from the surface drainage divide at Goonumbla Hill, broadly following the course 

of the Bogan River and the topographic gradient (A. Carter and A. Smithson, pers. comm. 2(01). 

Previous hydrogeologic studies at Northparkes Mines have characterised groundwater occurrence 

only in the immediate areas surrounding E26N, E22 and E27. The weaknesses of all previous 

studies lie in the quality of their datasets, which span only short time periods and include limited 

information about the bores used to gather data. The hydrogeologic regime at E26N is better 

defined than other areas due to the potential influence of groundwater on the block-cave operation. 

Supergene weathering has created a dual 'aquifer' system at E26N, separated by a layer of 

carbonate cementation. Previous workers have determined that K at is <0.2 mJday and T varies 

from 1.1-122 m2/day. Where gypsum leaching has not occurred, K is an order of magnitude lower 

and T varies from 0.01-6.2 m2/day. 

There has been less groundwater investigation in the open pit areas and most work was based at 

E27 only. Previous workers identified that the bulk of groundwater around E27 pit occurs in a thin 

zone of oxide rock (saprock) below the base of intense weathering and above the base of oxidation. 
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Below this, groundwater is confined to isolated joints and fractures in the igneous rocks. Limited 

pump test data indicated that K is <0.45 mlday, and T varies from 0.01-6.2 m2/day in the open pit 

area. 

3.6.2 Terminology 

Previous groundwater studies have used the term 'aquifer' to describe host rocks for groundwater 

at NPM. But this term is misleading because according to a formal definition, the rocks at NPM 

do not behave as aquifers. The word 'aquifer' was first used by O. E. Meinzer in 1923, who 

stated: "An aquifer is a geological formation, group of formations, or part of a formation that 

contains sufficient saturated permeable material to yield significant quantities of water to wells 

and springs" (as cited in Price (1985), p.65). In] 972, the United States Geological Survey 

published recommendations which sought to end confusion over the use of some hydrogeological 

terms. They reinforced Meinzer's definition of 'aquifer', and recommended that non-aquifers or 

"impermeable" material stratigraphically adjacent to one or more aquifers be referred to simply as 

'confining beds'. The USGS suggested that indefinite terms such as 'aquiclude' and 'aquitard' 

should no longer be used (Lohman et al. 1972). 

A wide variety of definitions for an 'aquifer' can still be found in the literature and geological 

dictionaries, and a number of examples are provided in Appendix 3D. Terms such as 'aquiclude', 

'aquitard' and 'aquifuge' are still used, but they are all essentially qualitative and their definition 

relies on relative K values: a rock unit that is an aquiclude in some settings may be an aquifuge in 

others. However, resounding uniformity can be seen in definitions for an 'aquifer': they all refer 

to the ability of the rock to supply water to wells or springs in 'useable' or 'economic' quantities. 

The McGraw-Hill Encyclopaedia of Science and Engineering states that an aquifer is "a 

subsurface zone that yields economically important amounts of water to wells ... (which) may vary 

from less than a gallon a minute for cattle water in the desert to thousands of gallons per minute 

for industrial, irrigation or municipal use" (Parker and Corbitt, ] 992, p.37). At present, 

groundwater at NPM does not provide a supply for domestic or economic use, the water is saline 

and corrosive and so it is inaccurate to describe the rocks as 'aquifers'. They are therefore referred 

to as water-bearing zones in this thesis. 
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3.6.3 Basement aquifer systems 

The situation at Northparkes shows many similarities to basement aquifer systems. which are 

found in areas of deeply weathered crystalline rock in parts of Africa. South America. and India. 

where they constitute small but important groundwater supplies. Research shows most basement 

rocks have low primary permeability and storage characteristics. but significant secondary 

permeability and there are typically two sub-aquifers (Wright. 1992). A 'weathered zone aquifer' 

occurs in the regolith which has high primary porosity and storativity, but low permeability. 

Underlying this is a 'fractured aquifer' in saprock and fresh rock, which has slightly higher 

permeability but low primary porosity and storativity (Hazell et al. 1992). The regolith aquifer is 

usually in hydraulic continuity with the fractured rock system, which draws on storage in the 

overlying regolith (Barker et al. 1992). A model for a typical basement aquifer system is show in 

Figure 3.9. 

Basement aquifers are unique in that their occurrence and characteristics are largely a consequence 

of the interaction of weathering processes related to recharge and groundwater throughflow 

(Wright, 1992). M.J. Jones (1985), Wright (1992), and Hazell et al. (1992) showed that within the 

profile, specific yield and hydraulic conductivity are highest in arenized saprolite at the base of the 

argillized (clay-rich) saprolite and above fresh fractured bedrock. Well records commonly show 

groundwater at the base of the saprolite to be semi-confined and the aquifers respond as leaky 

artesian systems (Ollier and Pain, 1996). The usefulness of the regolith as an aquifer depends on 

site-specific controls on clay mineralogy and permeability, such as parent lithology, past and 

present climate, relief, surface hydrology, and the rate and duration of weathering. It has been 

demonstrated that even slight variations in the composition or texture of adjacent lithologies will 

produce different regolith aquifer characteristics. (Farquharson and Bullock, 1992). Features of 

the fresh rock mass such as cleavage, bedding planes and structural entities are important in the 

early stages of weathering and regolith formation. They control the maximum depth to which 

groundwater can penetrate (the groundwater base), which can equate to the maximum depth of 

weathering (the weathering front). In fractured rocks, structural features allow deep penetration of 

groundwater in some areas so the groundwater base and weathering front will be very diffuse and 

irregular, following a profile similar to the water table (which is a smooth surface in porous and 

permeable rocks but a more diffuse and theoretical surface in fractured or impermeable rocks) 

(Ollier and Pain, 1992). 
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Figure 3.9 A typical weathering profile and grade classification in northern Nigeria, with an 

idealized cross-section showing the influence of lithology on bore productivity, from Hazell et 

al. 1992. Productive bores are sited in the deepest and most permeable part of the regolith, 

tapping the 'weathered zone aquifer'. Bores sited in the 'fractured aquifer' draw on storage in 

overlying weathered material. 

Hydraulic conductivity in the profile shows a tendency to be in equilibrium with the flow rate 

though it, and is therefore thought to reflect the history of groundwater movement (Acworth, 
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1987). In the regolith, lateral flow is significant due to the prevalence of clay minerals with low 

but highly anisotropic penneability characteristics. The clays often favour horizontal rather than 

vertical water migration, and exert a catenary control on soil development even in areas with low 

topographic gradient (Wright, 1992). Vertical flow in the unsaturated zone is usually confined to 

'rapid throughflow' (macropore) channels along stone lines and remnant structures such as dykes, 

which weather less readily and retain higher penneability than the surrounding argillized materials 

(Herbert et al. 1992). 

Factors controlling the rate at which groundwater moves through the weathered profile include: 

• The rate of recharge - depends on climate and the soil water balance. Where massive 

clay cover is extensive (zones IV and III in the classification of Hazell et al. 1992), 

recharge will be low; 

• HydrauJic conductivity of the weathered materia) - a function of lithology, extent of 

chemical weathering and history of groundwater flow through the system; 

• Hydraulic gradient between recharge and discharge points - a function of topography 

(Acworth,1987). 

Small groundwater basins or compartments can develop III response to localised chemical 

weathering of the fractured basement rocks (Figure 3.9). Ollier and Pain (1992) described 

groundwater in the lower part of the saturated zone as "stagnant" and "trapped in compartments 

by irregularities in the groundwater base. The confined water is frequently highly saline." (p. 67). 

Weathering rates in the compartments are very slow but hydrolysis is still significant and 

weathering products migrate away by diffusive processes through the stagnant water. Over long 

time scales, this slow process has been shown to produce deep pockets of saprolite surrounded by 

barriers of fractured rock on each side. 

Acworth (1987) states that in basement aquifer systems, "Groundwater table contours are 

normally a subdued reflection of the surface topography. The low values of hydraulic conductivity 

and the generally subdued sUrface relief of basement aquifers precludes the possibility of 

significant groundwater flow across surface drainage divides. In general, therefore, recharge 

occurs on drainage divides and groundwater is discharged in the valley bottoms, " (p. 268.). The 

UBV presents a very long valley profile and no groundwater discharge has been identified in the 

area south of Peak Hill. 

68 



CHAPTER THREE - Northparkes Mines Hydrogeology 

3.7 Rationale for further work 

Owing to the complex geologic and structural history of the UBV and a lack of groundwater data, 

many aspects of Bogan hydrogeology are poorly understood. There has been little commitment to 

groundwater exploration due to low resource potential in the valley, and the expense of explorative 

work. Very little is known about groundwater conditions away from the three mines at 

Northparkes. Owing to the complexity of groundwater configuration there has been no attempt in 

the past to place Northparkes conditions within a basin context, as part of the Upper Bogan valley 

system. The regional flow gradient is not well defined and the position of the groundwater divide 

between Lachlan and Bogan catchments is not known. The water balance model for the catchment 

is poorly developed, and recharge pathways for the fractured rock aquifers remain undefined. It is 

not unreasonable to assume that owing to the complex geologic environment, groundwater 

conditions across the UBV are extremely localised. 

The hydrogeologic systems operating at E26N, E22 and E27 may represent three inferred 

groundwater compartments, isolated from adjacent areas by complex geologic, structural, 

lithologic and secondary weathering features that are characteristic of this area. Owing to the high 

variability of conditions, it is difficult to interpolate between compartments or predict groundwater 

occurrence any distance away from inferred compartment boundaries. The size and distribution of 

groundwater compartments across the Upper Bogan must be highly variable, and defining this 

system would require a detailed, expensive program of investigation. 

The data collected in previous groundwater studies at NPM indicate that the hydrogeology may be 

similar to a basement aquifer system, where groundwater resides in two hydraulically connected 

layers in the profile within and above fractured bedrock. More data is needed to confirm this. 

Important questions that remain to be answered include: 

• What is the nature of interactions between the surface hydrology and groundwater system 

in the open cut area at Northparkes Mines? 

• What is annual groundwater recharge? 

• What is the nature of interactions between groundwater in weathered materials and 

groundwater in deep fractured bedrock? 

• What are the controls on groundwater chemistry? 

• How has open cut mining changed the local hydrogeologic system? 

• Does groundwater in the open cut area have resource potential? 
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Chapter Four 

GROlTNDWATER BORE MONITORING 

"Even to the least cynical, it may appear by now that aquifers are so variable, and 

the methods for studying them so imprecise and beset with problems, that the prediction 

of groundwater behaviour requires a crystal ball rather than a computer." 

Price, 1985, p.l44 

4.1 Introduction 

The aim of this chapter is to review and analyse groundwater monitoring data coHee-ted since 

mining commenced, in order to continue developing the conceptual hydrogeologic model for the 

open pits and for the Northparkes area. This is the first time that all available groundwater 

information from each area of the mine site has been included in one ~tudy. By considering the 

hydrogeologic system at a mine site scale, detailed processes in smaller areas can be more readily 

assessed and inferred. 

Since mining commenced in 1993, 15 groundwater monitoring bores have been constructed in the 

Northparkes open cut area. Bores WI-W8 were installed around E27 as part ot a study by KH 

Morgan and Associates in 1995. Many of these were placed within or close to the pit, and were 

destroyed by subsequent perimeter enlargement. Five new piezometers were constructed in 1999 

(W1I-WI5) and these have been monitored sporadically (Figure 4.1). By early 2001, seven bores 

had been destroyed and only eight piezometers and one pumping bore (P29) remained. WI and 

W2, located on the 10250 m RL berm within E27, continued to provide useful data but were 

beginning to collapse. 

WII-WJ5 were constructed with screen lengths >120 m, and these bores have been useful for 

monitoring groundwater in relation to pit dewatering and wall stability. But for rehabilitation 

research it is important to understand the characteristics of groundwater at specific depths. 

Therefore, in 2001 three new piezometers with short screen lengths were installed near E27 to 

monitor groundwater at specific depths. The new bores have provided hydraulic information about 

groundwater in the oxide and sulphide rocks, and sampling has been possible (Chapter 6). 
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Table 4.1 Summary characteristics of open cut monitoring bores, 2001. For bore locations see Figure 4.1 

Bore 
Location Date Depth 

Screened Interval Construction parameters 
N E Collar RL constructed (m) 

Was 100 
Drill hole size = 128 mm, piezometer. gravel pack 4 mm. Developed 

WI 56889.11 10945.1 10250.87 Sept 1995 
Now 31 

to-100m 15 mins along entire length. ID = 40 mm OD = 44 mm. No 
bentonite seal 

Was 100 
Drill hole size = 128 mm. piezometer, gravel pack 4 mm. Developed 

W2 57003.8 10971.94 10249.91 Sept 1995 
Now61 

1O-90m 15 mins along entire length. ID = 40 mm OD = 44 mm. No 
bentonite seal 
Drill hole size = 128 mm, piezometer, gravel pack 4 mm. Developed 

W6 56718.59 10807.0 10283.70 Sept 1995 108 36-108 m 15 mins along entire length. ID = 40 mm OD = 44 mm. No 
bentonite seal 

P29 57302.18 10847.98 10280.30 1984 ? 100 No screen Open bore, steel cased to unknown depth. ID = 150 mm 

-35-150m, 6 inch collar to 2m, 4.5 inch bore, Class 18 poly-pipe sections glued 
Wll 56791.52 10305.66 10282.12 July 1999 150 alternating 6 m & riveted, ID=50mm OD = 60mm. Gravel pack 3mm. 

blank, 3 m slotted Bentonite seal at WT (--35 m) 
-35-l50m, 6 inch collar to 2m, 4.5 inch bore, Class 18 poly-pipe sections glued 

WI2 57127.0 9743.28 10285.38 July 1999 150 alternating 6 m & riveted, ID=50mm OD = 60mm. Gravel pack 3mm. 
blank, 3 m slotted Bentonite seal at WT (--35 m) 

-35-150m, 6 inch collar to 2 m, 4.5 inch bore, Class 18 poly-pipe sections glued 
WI3 56589.65 9682.84 10280.53 July 1999 150 alternating 6 m & riveted, ID=50 mm OD = 60 mm. Gravel pack 3 mm. 

blank, 3 m slotted Bentonite seal at WT (--35 m) 
-35-150m, 6 inch collar to 2 m, 4.5 inch bore, Class 18 poly-pipe sections glued 

WI4 57290.58 11500.42 10283.00 July 1999 150 alternating 6 m & riveted, ID=50mm OD = 60 mm. Gravel pack 3 mm. 
blank, 3 m slotted Bentonite seal at WT (--35 m) 

-35-150m, 6 inch collar to 2 m, 4.5 inch bore, Class 18 poly-pipe sections glued 
WI5 57356.80 10274.61 10281.36 July 1999 150 alternating 6 m & riveted, ID=50 mm OD = 60 mm. Gravel pack 3 mm. 

blank, 3 m slotted Bentonite seal at WT (--35 m) 

WI6 56826.92 11042.45 10283.81 April 2001 100 93 99m 
8 inch collar to 6 m, 5.25 inch bore. Piezometer, poly-pipe sections 
glued. 3-9 mm washed gravel pack. ID=50 mm, OD=60 mm. 

WI7 56820.59 11042.6 10283.64 April 2001 60 53 59m 
8 inch collar to 6 m, 5.25 inch bore. Piezometer, poly-pipe sections 
glued. 3-9 mm washed gravel pack. ID=50 mm, OD=60 mm. 

WI8 57147.43 11064.73 10282.02 April 2001 100 93 99m 
8 inch collar to 6 m, 5.25 inch bore. Piezometer, poly-pipe sections 
glued. 3-9 mm washed gravel pack. 10=50 mm, OD=60 mm. 
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4.2 Standing water level data 

4.2.1 Groundwater monitoring in the open cut area 

Table 4.1 contains details of all the existing monitoring bores in the open cut area, and their 

locations are in Figure 4.1. Bore standing water level (SWL) monitoring by mine staff has been 

sporadic, its frequency depends on the state of mining in each pit. W15 and W14 are outside the 

sound bund and can be difficult to access after wet weather. The SWL data (Appendix 4A) shows 

that the horizontal influence of passive dewatering in the open pits is limited; there is a steep 

drawdown cone that closely follows the outline of each pit. Less than 100 m from the pit rim the 

water table remains at the pre-mining position, as indicated by SWL data from Golder Associates 

(1985a and b, 1987, refer to Table 3.3, Chapter 3). 

In the open cut area the water table is highest at W6, located SW of E27 in an area where the 

regolith is thin and bedrock outcrops at the surface. Bedrock outcrops are more likely to receive 

direct rainfall infiltration than areas with a thick clay cover. The higher water table beneath W6 

suggests that groundwater mounds beneath recharge outcrops, flowing radially away from them 

along lithologic discontinuities and enhanced fracture pathways. 

4.2.2 Data from automatic loggers 

Pressure transducers with automatic loggers were installed in bores W13, W14 and W15 in August 

1999, to measure small, short-term SWL changes. The loggers took measurements three times 

each day. This data has been collated, reduced and graphed for analysis (Appendix 4D). 

The loggers were not well maintained and consistently calibrated, so the dataset from 1999-2001 is 

incomplete and relatively unreliable. The data was not downloaded frequently enough, and the 

bore water level rose above the top of the logger resulting in a loss of data. Manual SWL readings 

were taken after logger withdrawal, so logger readings were slightly higher owing to the volumetric 

displacement of water by the logger. Occasionally the loggers were withdrawn from the bores and 

the data downloaded, but the SWL was not manually measured before the logger was replaced so it 

has been difficult to reduce the logger data to a known datum. There is no data for May 2000 

because the loggers were removed and not replaced until June. Owing to these problems, only 60% 

of the dataset from 1999-2001 was suitable for analysis (Table 4.2). October 2000 is the only 

month in the monitoring period when all three loggers appear to have been working. The data for 

this month has been plotted against daily mean sea level pressure (MSLP) taken at Parkes BOM 

station (Figure 4.2). 
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Figure 4.2 SWL responses in W13, W14 and W15 to atmospheric pressure changes, October 
2000. Data source: NPM Data loggers and NSW BOM (Appendix 4D). 
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All the bores show similar responses to atmospheric pressure change, indicating confined or semi

confined groundwater conditions (Seo, 2001). Confinement must be due to overlying low

permeability clay and regolith, and partial confinement could also be provided by the thickness of 

the overlying low-permeability fractured rock. W 13 began to malfunction in November 2000, and 

this may be responsible for the more muted response to pressure fluctuation seen in WI 3. 

Table 4.2 Characteristics of data from automatic loggers in W13, W14 and WIS. All bores 
screened from -')5-150 m . - -

Bore Data available Characteristics of automatic logger data 

14 nut of 17 
Complete data record from Sep I 999-Nov 2000. Bore SWL ros;: 1.9 m in 

WI3 13 months. SWL was responsive to large atmospheril: pressure 
mont hs 

Iluduations, retlel:ting semi-I:onfined conditions. 

10 out of 16 
Bore SWL rose 2.9 m from Nov I 999-Jan 2001. Missing 6 months in 

WI4 2000. SWL was responsive to large atmospheric pressure flul:tuations, 
months 

relleding semi-I:onfineu conuitions. 

IOoutorl9 
Bore SWL rose 2.3 III from Scp I 999-Nov 2000. SWL was dearly 

WI) responsive to large and small atmospheril: pressure Iluctuations , retlecting 
months 

I confineu conuitions. 

4.2.3 Groundwater monitoring across the NPM site and near-mine area 

Monitoring bores around the tailings dams, underground mine at E26N, and farms south-east of 

E26, have been monitored sporadically since mining began (figures 4.3 and 4.4; Appendix 48 and 

4C). The SWL data indicates a rising trend in some bores across the mine site but not in the farm 

bores , which are located in areas of relatively shallow bedrock near the surface drainage divide. 

SWL in farm bores may be inllucnced by pumring, but this cannot be confirmed because rumring 

records are not kept. SWL monitoring data for bores in the open cut area is in Figures 4.7 and 4.8, 

where Wil and WJ3 -WJ5 also show a rising trend from August 1999 - February 200J. This 

trend is consistent with work by Smithson (2002) who showed that from J 988- J 999, groundwater 

levels around the Alectown an:a were rising at a median rate of 0.47 m/yr. The rising water table 

across the upper Bogan suggests that recharge has increased in response to climatic ancllor land use 

changes (discussed in sec tions 3.2.1 and 4.3.3). 

The spatial di:~tributiG:1 of mor.itoring beres across the ~;:te :s very uneven, but the !::n:ted jat~::;~t 

shows a number of general patterns which are illustrated in Figure 4.5. The depth to the water table 

is different in each bore around the tailings dams, but on the NE side of the dams it is about 10 m 

lower than the open cut area. The water table just south of E26 is approximately 10 m higher than 

in the open cut area. The farm bores show that the water table drops to the south-east of E26, but 

rises around Goonumbla Hill (approximately 4.5 kill SE of £26). This coincides with an area 
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Figure 4.3 Standing water levels in monitoring bores near E26, March 1998-Feb 2001. All 

bore levels have increased slightly since 1999_ Bore locations shown in Figure 4.5, data in 

Appendix 4B. Some SWL measurement error is likely. 
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Figure 4.4 Standing water levels in farm monitoring bores, E26N (P149) and E28 (D123), 
March 1998-Feb 2001. Most bore levels have been fairly static but P149, Moss's and Wright's 

increased slightly from 1999-2001. Bore locations shown in Figure 4.5, data in Appendix 4B. 
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Figure 4.5 Standing water levels across the Upper Bogan catchment and the North parkes 
Mines site. Data from February 2001 except tailings dams bores which are 1999. Data in 
Appendices 4A, 4B, and 4C. 
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along the surface drainage divide between Bogan and Lachlan catchments where the weathered 

profile is thin. The water table is also higher in the vicinity of Rosedale Hill, due east of the mine. 

In Figure 4.6, SWL data'from NPM has been overlain on the map of depth to RAB refusal that was 

generated from the Nortnparkes Exploration database (presented in Chapter 2). The composite 

map shows that a deep water table corresponds to areas where the weathered profile is very thick. 

Conversely, areas where the water table is closer to the surface correspond to rocky outcrops or 

shallow depth to RAB refusal. This is the first time that this relationship has been confirmed in the 

UBV. 

There are several possible sources of error in the datasets used to generate Figures 4.5 and 4.6. The 

RAB refusal maps are only a proxy for depth to bedrock (as discussed in section 2.5.3), and SWL 

measurement error is likely. The SWL data in the map is for February 2001, except the tailings 

dams bores because the dataset for those bores only continued until 1999. Many bores showed a 

slow SWL rise between 1999-2001, so SWL in the tailings dams bores in 2001 was probably 

slightly higher than indicated in Figures 4.5 and 4.6. Measurements in the farm bores may have 

been influenced by pumping, for which there is no record. 

4.2.4 The effects of mining on the hydrogeologic system 

The SWL monitoring data shows that the horizontal influence of mine dewatering is limited. But 

the dataset is unusual because it indicates the water table is rising near the mines (where 

groundwater is being abstracted), yet away from the mines the groundwater table appears to femain 

static. The sporadic nature of dewatering in the open pits and pumping in the farm bores has made 

it difficult to constrain actual quantities of groundwater extraction (MER, 1999 and 2000; G. Love, 

pers. comm. 2001). There is also potential for mining activities to indirectly disrupt natural 

recharge processes and .influence groundwater levels. The effects of the mines on the hydrological 

balance are likely to be quite complex, and might include some or all of the following: 

• 

• 

• 

• 
• 

Increased infiltration and reduced evapotranspiration due to removal of vegetation and 

topsoil; 

Increased runoff and evaporation due to paving and compaction of surface materials; 

Decreased groundwater storage due to mine dewatering; 

Increased groundwater flow due to the gradients created by the mine voids; 

Increased groundwater recharge due to hydrofracturing in the block-cave mine at E26. 
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596000 598000 600000 602000 

Figure 4.6 Groundwater piezometric level superimposed on depth to RAB refusal across the 
near-mine area, February 2001. A relationship between piezometric level and depth to RAE refusal 

can be inferred, whereby a deep groundwater table coincides with deeply weathered areas. Areas 

where the water table is closer to the surface coincide with shallow depth to RAB refusal. 
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Surface drainage has been an ongoing problem around the open pits, mill and administration area 

due to compaction of low permeability surface clays (Hooper, 1998). In 2000, Ore Processing 

Services staff were investigating foundation conditions for a new grinding mill when they 

intercepted shallow gro1:lndwater under the flotation plant. Subsequent geotechnical investigations 

showed that the water existed primarily in fill materials placed in the plant foundations, which have 

higher permeability than underlying in-situ clay and saprolite (B. Jilbert, 2001 pers. comm.). The 

electrical conductivity of the water was 35.5 mS/cm, an order of magnitude higher than process 

water which is approximately 4.0 mS/cm. The source of the water was not verified, but it was 

considered to be from one or a number of sources including process water leaks, increased runoff 

from sealed areas around the plant, or a natural perched water table formed by successive years of 

above average rainfall in 1998 and ] 999 (McMullen, 2000). What was not considered in the 

investigations was the nature of the foundation fill material, which may have contained soluble 

salts and been contributing to the salinity of the shallow groundwater. 

Distinguishing the effects of mine development from ongoing natural changes to the regional scale 

recharge-discharge regime is very difficult. The limited spatial and temporal nature of the dataset 

means it is not possible to ascertain what the overall effect of mining has been on the hydrological 

balance. Considering that a general rising trend has been identified by Smithson (2002) across a 

wider area of the UBV, it is prudent to assume that rising groundwater levels are in response to a 

large-scale climatic and/or land use change rather than mining specifically. 

4.3 Groundwater response to climatic factors 

4.3.1 Data presentation 

SWL monitoring data for the open cut area has been graphed against monthly rainfall records, in 

order to identify a relationship and see if there are temporal trends in SWL changes (Figures 4.7 

and 4.8). Appendix 2C contains rainfall data for CoradgerylNPM; bore monitoring data is in 

Appendix 4A. Figure 4.7 shows there were similar long-term trends in groundwater levels in WI, 

W2, W6 and P29 (PDH29), but W6 had more short-term fluctuation than the other bores. This may 

be because W6 is located in an area of shallow bedrock that receives direct rainfall recharge (as 

discussed in section 4.2.1). SWL in WI-W5 and P29 fell between October 1995 and August 1996. 

This may have been in response to rapid expansion of E27 oxide pit, construction of the sound 

bunds and associated dewatering activities at that time. W5 was cut out during pit enlargement in 

October 1996, and W3 was destroyed in July 1998. Bore levels recovered sharply in December 
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Figure 4.7 SWL in bores WI - PDH29 (P29) Oct 1995-0ct 2001, graphed against actual 
monthly rainfall and mean monthly rainfall for CoradgerylNPM. Bore locations shown in 

Figure 4.1. 
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Figure 4.8 SWL in bores Wll - W15, Aug 1999-0ct 2001, graphed against actual monthly 
rainfall and mean monthly rainfall for CoradgerylNPM. Bore locations shown in Figure 4.1. 
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J 996 and have shown small fluctuations about a slowly rising mean since early 1997. Bores W 11-

W 15 were constructed in 1999 and have recorded a gradual rise in SWL, although a slight drop 

occurred in 2001 (Figure 4.8). SWL genera lly changes very slowly in most bores, and the changes 

do not appear to correlate with monthly rainfall. Bores W6 and W II have more short-term 

fluctuations, but they are not typical rainfall responses. These observations suggest that except 

ncar outcrop areas, the groundwater system has long recharge pathways due to low infiltration rates 

and slow groundwater migration across the area. 

4.3.2 Groundwater response to longer-term climatic variation 

Because it is difficult to identify a relationship between bore SWL and monthly rainfall, longer

term rainfall trends have been considered by composing a Rainfall Residual Mass Curve (RRMC, 

Figure 4.9) . This is a measure of cumulative annual deviation from mean annual rainfall, based on 

data collected at Coradgery since 1885 (Appendix 2C). The RRMC for Coradgery shows a strong 

positive trend from 1885-1895, indicating that annual rainfall was higher than the mean average 

(Figure 4.9) . This became negative from 1895-1950, with small fluctuations from 19 I 5- I 935 . The 

negative index in 1945 corresponds with a severe drought experienced through the region during 

that year. The trend was generally positive from 1950- 1978. and since 1975 it has followed a 

pattern similar to the period 1920- I 935, with small positive and negative fluctuations. The index 

was negative from \993- I 997. and has been strong y positive since 1997. 
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Figure 4.9 RRMC for Coradgery rainfall data, 1885 - 2001. Data in Appendix 2C. 
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Figure 4.10 Open cut monitoring bore data for 1995-2001, graphed with the annual and 
monthly RRMC. Data in Appendices 2C and 4A. 
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Figure 4.11 Open cut monitoring bore data for 1999-2001, grapbed with the monthly RRMC. 
Data in Appendices 2C and 4A. 

83 



CHAPTER FOUR - Groundwater Bore Monitoring 

A rainfall residual mass curve has also been composed for monthly rainfall, to identify particularly 

wet or dry months in each year. In Figures 4.10-4.11, monitoring bore data has been superimposed 

on sections of the annual and monthly RRMC. This shows there is a relationship between SWL in 

W6 and the shape of the-monthly RRMC, with an apparent lag of less than 3 months. W6 is located 

in an area with thin surfaCe cover and shallow bedrock, which would allow more rainfall-recharge 

than areas overlain by a thick clay and regolith layer. W6 may also be responding to leakage from 

a small dam located approximately IS m from the bore. WI I has a more subdued relationship with 

the monthly RRMC. The SWL in other bores appears to follow the trend of the annual RRMC, 

which indicates rainfall has been slightly above average since 1995. This is particularly wen 

illustrated by W13, W14 and W15 in Figure 4.10. 

4.3.3 Recharge in the Upper Bogan area 

The monitoring data shows that groundwater levels around the open cuts and E26 area have been 

slowly rising since 1999, and this is consistent with similar observations in the Upper Bogan by the 

DLWC (Smithson, 2000). The implication of this is that recharge is increasing in the area. The 

recharge rate in the Upper Bogan is poorly constrained due to rainfall variability, high 

evapotranspiration, and poor understanding of the fractured rock hydrogeologic system. The 

dominant control on recharge is rainfall, particularly the balance between rainfall and actual 

evapotranspiration (EA), so recharge declines with increasing aridity and the recharge rate will vary 

with annual rainfall variability (Sharma, 1989; Wright, 1992). Potential evapotranspiration in the 

UBV is estimated to be approximately three times the average annual rainfall (Appendix 2B). 

Evapotranspiration is highest in summer and lowest in winter, following a predictable trend each 

year. Recharge is likely to be typically event-based or episodic, occurring when rainfall occurs 

during the cooler months of the year. 

The DLWC has estimated that recharge is 1-7% of annual rainfall in the Central West region (A. 

Carter, 2001 pers. comm.), but the source of this figure is not known. Rainfall at Coradgery has 

varied between 183-1193 mm/yr since 1886, therefore according to the DLWC estimate recharge 

may vary from 13-84 mm/yr with an average of 41 mm/yr. But this calculation is too simplistic: 

there is probably an annual rainfall threshold below which no recharge occurs, and since recharge 

is typically episodic it is misleading to describe mean annual recharge as a proportion of mean 

annual rainfall (de Vries and Simmers, 2002). In humid areas, an estimation of recharge usually 

forms one of the components of an overall water balance study. But in arid regions, the recharge 

calculated from the difference between rainfall and EA is normally less than the accuracy range of 

84 



CHAPTER FOUR - Groundwater Bore Monitoring 

EA measurement. Recharge estimation in arid regions is usually an iterative process, and it is 

important to first identify the dominant recharge processes for an area based on the features of the 

locality. Most researchers recommend that multiple, independent recharge estimation methods be 

used (Sharma, 1989). 

Because arid and semi-arid regions have high EA, recharge is more susceptible to near-surface 

conditions than in humid/temperate regions. The complex interactions between climate, geology, 

morphology, soil condition and vegetation are all important controls on recharge at a local scale. 

Rainfall infiltration is usually hampered by clayey soils with high retention storage, so recharge 

will depend on the characteristics of the rainfall event (particularly intensity and duration) and the 

ability of water to escape evapotranspiration by rapid infiltration through soil macropores (cracks 

and burrows), and enhanced fracture pathways in the underlying bedrock. There are three main 

types of recharge: 

1. Direct involves vertical percolation of infiltrated water through the vadose zone, as a 

result of water in excess of the soil moisture requirement and/or evapotranspiration; 

2. Indirect percolation to the water table through the bed of a loosing stream; 

3. Localised - results from the horizontal surface concentration of water in depressions and 

gullies (de Vries and Simmers, 2002). 

As aridity increases, direct recharge will become less important that localised and indirect recharge. 

Favorable conditions for recharge in semi-arid areas are provided by poor vegetative cover on a 

thin or permeable soil with bedrock near the surface, together with high intensity rainfall (de Vries 

and Simmers, 2002). At NPM, direct recharge is probably low because of the high 

evapotranspiration and soil moisture requirements. Downward percolation of infiltrating water is 

further impeded by the swelling characteristics of the clays on wetting. Considering the relatively 

low permeability of the clay plains, direct recharge must occur primarily where the weathered layer 

is thin at rocky outcrops, and it is therefore very localised. Exceptions to this might occur after 

long dry periods when the clays are deeply cracked, forming macropores that allow rainfall 

infiltration at the beginning of a rainstorm. 

Problems with estimating recharge in arid areas include: 

• Spatial and temporal variability of recharge - includes the effects of climatic or land-use 

changes, problems with spatial extrapolation of point data, and the determination of 

representative water balance parameters; 
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• Accurately assessing the regional hydrogeologic consequences of localized and indirect 

recharge; 

• The impacts of human development on the recharge regime. 

Major changes to the recharge regime in the Central West are thought to have occurred at the tum 

of the century when native vegetation was cleared for pastoralism, and gradually over the past 60 

years as grazing gave way to wheat cultivation (Nolan, 1989). Nolan (1989) provides a review of 

recharge research in the Riverine Plain region of southern NSW. The recharge estimate for dryland 

areas under agriculture is 10 mm/yr «5% annual rainfall), where rainfall is typically around 300 

mmlyr and evaporation is typically three to five times greater than annual rainfall. By contrast, the 

pre-European recharge rate has been estimated at less than 5 mm/yr (based on work by Dyson 

(1983), and Dwyer and Leslie (1984), cited in Nolan (1989». Studies by AlJison et al (1990) in the 

Mallee region, in the lower Murray River catchment of south-west NSW, show that vegetation 

clearance for farming in the early part of the 20th century caused a 10-100 fold increase in recharge. 

Because the water tables across the region are deep and there are low drainage fluxes, there is a 

significant time delay between the land-use change and recharge to the groundwater. Allison et aI. 

(1990) suggested that recharge time lags vary across the Riverine Plain region from 40-100 years. 

George and Conacher (1993) researched methods for calculating recharge in the semi-arid wheat 

belt of SW Australia, where average annual rainfall varies from 300-500 mm/yr. They estimated 

recharge using specific yield, groundwater balance and vertical discharge techniques. Their 

finnings showed that recharge was 2% of annual rainfall, although 100% error was possible so 

actual rates could vary from 0.24%. Similar work cited in Williams et al. (1989) suggests at least 

15% variation in recharge estimation using methods of baseflow analysis, chloride balance, and 

estimates of evapotranspirative discharge from seepage points. In light of these findings, the 

DL WC recharge estimates for the UBV may be subject to a similar degree of error. Mackie (1999) 

undertook conjunctive modeling to estimate pit seepage at Northparkes Mines and used a nominal 

figure of 6 mm recharge per year (I % of average annual rainfall). The model parameters were 

deduced by back analysis until they fitted anecdotal estimates of pit seepage. Considering that this 

model and the geological evidence both suggest very slow groundwater flows, actual recharge in 

the Upper Bogan is likely to be less than 7%, (ie. <20 mm/yr). 

It has been recognized that in semi-arid areas, the groundwater system has a long 'relaxation' time 

which means that a residual hydraulic gradient may exist in the system from past rainfall variability 

or land use changes. Such a situation could exist in the Upper Bogan, where permeability and 
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recharge are low, and the groundwater system appears to respond very slowly to rainfall trends. 

The system could still be adjusting to land-use changes over the past century, and rising 

groundwater levels across the valley are probably due to a combination of land use changes and 

rainfall variability. In the past 10 years, crop types and fanning methods have continued to change 

and there is increasing use of zero tillage to minimize soil moisture loss over the summer months. 

It must also be remembered that where formation porosity is low, recharge can cause large 

variations in groundwater level (Walker et aI., 2002). Porosity variations may be responsible for 

non-unifonnity in rising groundwater levels across the UBV. 

4.4 Slug testing open cut bores 

4.4.1 Introduction 

The hydraulic properties of fractured volcanic and intrusive rocks in the open cut area are not well 

constrained, although previous studies and observed pit l>eepage rates indicate low permeability 

conditions. Pumping tests were carried out in the past, but the original bores used were destroyed 

by mining (Australian Groundwater Consultants, 1984, Golder Associates, 1985a and 1987). 

Pumping is not feasible in most of the remaining bores because they have an internal diameter less 

than 50 mm, which is too small to insert a pump strong enough to lift deep groundwater to the 

surface. There are also insufficient observation bores to conduct classical pumping tests. 

Assessment of hydraulic conductivity (K) on core samples is not suitable for fractured rock 

formations, because it does not include the influence of large-scale preferential flow paths (Hseih, 

2000). 

Slug tests are a useful alternative method for determining hydraulic properties in low-permeability, 

fractured formations, as they do not require pumping and are performed on a single bore. In a slug 

test, the bore SWL is perturbed and the recovery characteristics are measured with a dipper or an 

automatic recorder. The change in head is achieved by adding (or removing) a known volume of 

water, after which the water level will return to equilibrium as water moves out of (or into) the 

surrounding formation. If water cannot be injected or pumped out, a solid slug comprising a piece 

of pipe of known volume is submerged in the bore and the water level allowed to stabilise. The 

slug displaces an equal volume of water in the bore, which flows into the surrounding formation. 

By withdrawing the slug suddenly, the water level is lowered and slowly recovers to the initial 

SWL (Butler, 1997). 
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When a solid slug is used, no handling of water is required so slug tests are lJseful where the 

groundwater is contaminated or at risk of contamination (Kruseman and de Ridder, 1991; Butler, 

1998). They are used in situations where constant-rate pump tests are impractical due to the 

difficulty of maintaining a very low discharge rate in low permeability conditions, where there are 

insufficient monitoring bores to conduct a pump test, or when very localised aquifer characteristics 

are of concern. Slug tests are quick, logistically simple, relatively cheap to perform, and do not 

require specialised equipment. But the estimates of hydraulic conditions are subject to various 

limitations because K is only measured in a restricted volume of rock around the bore, and 

hydraulic conditions may have been altered during drilling and piezometer installation. Despite 

this, slug tests are a useful tool in preliminary analyses of aquifer conditions and provide indicators 

for the design of piezometer nests for pumping tests (Domenico and Schwartz, 1990; Kruseman 

and de Ridder, 1991; Fetter, 1994; Butler, 1998). 

4.4.2 Slug test analysis 

The method chosen to analyze slug test data depends on factors such as bore geometry and 

hydraulic conditions in the rock. All the methods are based on theories that ignore the effects of 

fluid inertia in both the aquifer and the bore, and assume that water levels return to the equilibrium 

level exponentially. This assumption becomes less valid in deep bores or highly permeable 

formations, where inertia effects come into play and the bore water level may oscillate after an 

instantaneous change in water level (Kruseman and de Ridder, 1991). For partially-penetrating 

bores in confined aquifer cOl1ditions, the Hvorslev Slug Test Method (1951) is suitable. For fully

penetrating bores in confined aquifer conditions, three curve-fitting methods may be employed: 

Cooper et al. (1967), Papadopulos et aL (1973), and Ramey et aL (1975, cited in Butler, 1998). 

Where bore and aquifer parameters are not well constrained, the Bouwer and Rice (1976) method 

may be more suitable (Domenico & Schwartz, 1990; Butler, 1998). 

The Bouwer and Rice (B-R) method has a theoretical basis and was originally developed for slug 

test analysis in partially penetrating bores in unconfined formations. However, experimental 

success has shown it can be used in confined or unconfined conditions, water may be injected or 

withdrawn and the borehole may be open or screened, and fully or partially penetrating (Hyder and 

Butler, 1995). The applicability of the B-R method has been investigated by several researchers, 

who showed that its accuracy is approximately 10-25%, which is superior to results obtained using 

Hvorslev's 1951 method (Hvorslev, 1951; Brown et aL, 1995; Bouwer, 1989; Butler, 1998). 
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All the bores at NPM are partially-penetrating and aquifer conditions are either confined or semi

unconfined, but detailed knowledge about bore geometry and aquifer conditions is lacking. Owing 

to this uncertainty, several geometric parameters have to be estimated and the B-R method of 

analysis is most suitable because of its versatility. In addition, the depth to the water table dictates 

that water will be injected rather than withdrawn in the test. The underlying assumptions of the B

R method and the degree to which they are fulfilled in the bores at NPM is discussed in Appendix 

,4G. Inaccuracies in K estimation with the B-R method will occur where: 

• Bore or aquifer geometry is inaccurate - Where possible the original construction 

parameters for each bore have been used, but in most bores the exact parameters are not 

known so some have been estimated. 

• A damaged zone exists around the bore - This is typically a result of drilling, which 

produces a high-K or low-K skin effect. Because bore diameters are small and groundwater 

is deep, most piezometers at NPM have never been pumped and minimal bore development 

occurred at the time of drilling (L. Elliot, pers. comm. 2001). Formation properties near the 

bore have probably been altered by drilling, creating a low-K skin. 

• The top of the bore screen is close to the water table - This is encountered in W 11-15, 

which are screened from -35 m btp to the base of the bore at ISO m. In these bores, the 

analysis will calculate K for the formation immediately adjacent to the water table, the 

properties of which will depend on the depth of weathering at that location. 

• The effects of elastic storage mechanisms are considerable - Estimates from pumping 

tests by previous workers indicate that even though the formation behaves as a confined 

aquifer, fractured rock storativity is low and the B-R method is applicable (Golder 

Associates, 1987). 

• The saturated thickness of the aquifer changes during the test - Previous pumping tests 

have shown that the drawdown cone around the well is very steep (Golder Associates, 

1987), therefore Re will be very small in a slug test and the change in saturated thickness is 

minimal (Butler, 1998; Kruseman and de Ridder, 1991; further detail in Appendix 4E). 

4.4.3 Slug test results 

Calculated hydraulic conductivity using the slug test data is within the range of values- calculated 

by previous workers from pumping tests, with the exception of W12 which was more than one 

order of magnitude lower than the other bores (Table 4.3). Considering about 20% error in the 

analysis, the slug tests indicate that K varies from 8 x 10-4 4.8 X 10-2 mlday in the open cut area. 

Due to the number of underlying assumptions that were violated, the slug test results should only 
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he used as an indication of relative variation in hydraulic conditions between bores. Such tests are 

likely to return lower K estimates than pumping tests because of the low-K well skin effect (Butler, 

J 997) . Slug tests are also more sensitive to anisotropy than pumping tests, the effect of which is 

very difficult to quantify in fractured rocks (Kruseman and de Ridder, 1991) . Considering this, 

actual K is probably slightly higher than measured in the slug tests, approximately 10-1 mJday. 

Table 4.3 Mean K values from slug tests in the open cut area, compared with results from 

pumping tests in previous studies (Australian Groundwater Consultants, 1984, Golder Associates, 

1985a and 1987). Formation properties have been inferred from the map of depth to RAB refusal 

(Figure 4.6) 

Bore Location Median K (m/day) Formation properties 

W6 E27 1.93 x 10" Frat:tured sulphide 

WI3 En 3.~n x 10 - Oxide rot:k 

WI2 E22 9.76 x 10-4 Oxide nxk 

WJ5 North of open cut area 3.49 x 10- Saprolite 

Previous Studies Open t:ut area 2.0xlO I -4.2xJO' Frat:tured sulphide 

4.5 Construction of new monitoring bores 

4.5.1 Location and characteristics 

An increased number and better distrihution of monitoring bores in tbe open cut area can greatly 

aid understanding of groundwater dynamics. Bores screened over sbort sections at specific deptbs 

will also help distinguish groundwater processes in tbe oxide zone from tbose occurring at greater 

depth in the sulphide zone . The eastern side of E27 was chosen for the location of tbree new 

monitoring bores, to replace W I and W2 which are collapsing, and W3 which was cut out during 

pit enlargement. The eastern wall of E27 is of concern because it has permanent seepage from the 

base of the oxide layer (Figure 2.5, Chapter 2). Bore construction using an RC drill rig was carried 

out on 30 March - I April 2001. Lithologic logs of the RC drill cultings are in Appendix 4F. 

All bores were drilled with a 200 mm collar and lined with ciass 9, 150 mm PVC to a deptb of 6 m. 

The remainder of the bore was drilled using a 135 mm bit. W 16 and W 18 are both 100 m deep, 

with a 6m screened section from 94-100 m in fresh sulphide rock. W 17 is located next to W 16 and 

is 60 IT1 deep, screened from 54-60 111 in the oxide zone above fresh sulphide rock (Table 4.4). This 

is tbe "weatbered zone aquifer" of Wright (1992) discussed in section 3.5.3. Piezometers were 

constructed with 6 m lengths of class 18, 50 mm (ID) PVC pipe , glued at the joins. Screens 
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consisted of a 6 m length of class 18 PVC pipe, machine slotted at 4 mm intervals. A filter pack of 

3-6 mm diameter washed gravel was placed around each screen, then isolated with a 4 m seal of 9 

mm 'Holeplug' granular bentonite. Each bore was backfilled with drill cuttings . 

T hi 44 Ch a e t . f arac ens ICS 0 f t new plezome ers a t E27 

Bore Location Collar Screened 
Depth Add!tional Information 

name N E RL(m) section 

Wl6 56~2o.92 11042.45 lO2R3.81 100m 94-100m 
DesigneJ to target deep 

groundwater in sulphiJe rock 

WI7 56X20.59 11042.60 I02X3.64 60m 54-60 III 
Designed to target groundwater 

at the hase of the weathered zone 

WI8 57147.43 11046.73 I 02 ~Q.02 100m 94-100 m 
Designed to target deep 

groundwater in sulphide rock 

4.5.2 Bore recovery post-construction 

SWL recovery in each new piezometer was monitored following construction (Figure 4.12). 1n 

W17, the SWL had already recovered significantly by the time the drill rods were withdrawll. 

Recovery in WI6 was more gradual over the following month . WI8 was dry when it was drilled 

~md showed exceptionally slow recovery over the following months. It is expected that the water 

table in W I X wi II eventually recover to a position similar to the other bores (-10242 m RL). 

10250 .-----------------------------------, 

Jf-'fE"'-H- .w--..;;:r.a'--fr---B-e.- -;a-- . - - - -fJ 

10240 

I ~=====================-'=-=-----...,. 
10230.H

1-- - - .- - /- -.v"'/'-------- - --- - ---.-.--- - ----l 

5 10220 ---------{j-:::H-
~ 
...J 

~ 102 10 ----- -- .----- ----- ------- ---- -- ---- - --1 

10200 --

10 190 1 ~~~~~-~ 
t--tr-&-.«-+. ---.tr~.- .. --~--------.-.. -,,------.--.---- -... -----.. --.-.- ------ .-- --.,. 

10 180 '---':........:~:........:'----.,__-----__r_-----~-----~----_---r_' 
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Figure 4.12 Post-drilling groundwater SWL recovery in new monitoring bores W16, WI7 
and WIS. Refer to Appendix 4G for data . 
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4.6 Pumping open cut bores 

4.6.1 Objectives and practical problems 

The monitoring bores at N.orthparkes presented a number of practical problems for pumping. The 

groundwater is deep, varying from 32-46 m below the surface, so a strong pump was needed that 

could lift a large head of water. However the internal diameter of each piezometer is <50 mm so 

the size of pump that would fit was restricted. Also, the poly-pipe sections of piezometers WI 1-

Wl5 were joined with pop-rivets that protrude into the joint and present a further obstacle to pump 

entry. 

The primary objective of the pumping campaign was to determine if it is possible to pump deep 

groundwater from small-diameter bores at NPM. This is a useful exercise for future reference, if 

groundwater samples are to be obtained during the remainder of the mine life or during 

rehabilitation. If pumping is not possible in the existing bores, then new bores constructed in the 

future should have a geometry that permits pumping. A second objective was to flush out fine 

sediment that could be altering hydraulic conditions in the bore. Groundwater recovery was 

measured after pumping, in order to assess hydraulic conditions in the formation. The final 

objective was to obtain representative groundwater samples, and assess whether bore stagnation 

affects groundwater chemistry. The chemistry of groundwater can change when it leaves the 

formation, traverses the disturbed zone, gravel packing, poly-pipe screen, and is exposed to air in 

the bore. Pumping removes stagnant water from the bore, allowing it to be recharged with fresh 

groundwater. 

4.6.2 Pumping procedure 

The pump used was a TAD42, with a diameter of 45 mm and length approximately 1.2 m. It used 

compressed air to lift water to the surface; the theoretical maximum lift capacity with a 758 kpa 

(110 psi) compressor was 70 m. WII-WI5 are all 150 m deep, so even if a pump could fit into 

these bores it would be necessary to purge them several times, allowing new groundwater to dilute 

stagnant water in the bottom of the bore. However, the internal rivets in those bores reduce their 

diameter to less than 50 mm, and it was decided that they should not be pumped due to the risk of 

getting the pump stuck in them. 

Pumping took place from 3-6 October 2001; W 16 was pumped twice and W 17 pumped four times 

allowing for recovery between each pump. The equipment consisted of the pump and controller, 
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an A3104, 12 cfm air compressor rated to 758 kpa (110 psi), a 7.5 KVA GI110 generator, and a 

winch with steel cable and pressure hosing mounted on a mobile trailer (Figure 4.13). Technical 

problems slowed the start of pumping, and it was difficult to maintain a constant, low pumping rate 

because operation became problematic at depths greater than 30 m. As the water level in the bore 

dropped, the pump took longer to fill and the compressor took longer to rebuild pressure to lift the 

water the extra height. Difficulty was encountered when the pump became stuck in W 17 due to the 

weight of cable and hosing in the bore. 

Figure 4.13 Photograph showing the pumping equipment at W17. 

Water level recovery was monitored in the adjacent bore during pumping, and in each bore after 

pumping had ceased. Recovery curves are presented in Figures 4.14 and 4.15; full data is in 

Appendix 41. Groundwater samples were collected from the pump discharge line at regular 

intervals in clean Nalgene bottles. They were pH/Ec tested in the field using portable equipment, 

placed in insulated boxes, and later tested again in the NPM process laboratory. Table 4.6 (section 

4.6.4) contains a summary of the results of this analysis, for full data refer to Appendix 41. 

4.6.3 Post-pumping recovery analysis 

Figures 4.14 and 4.15 show that the SWL in W16 (screened in the sulphide zone) recovered much 

more slowly than W17 (screened in the oxide zone). W16 could only be purged twice during the 
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three-day campaign; maximum drawdown was 24.4 m btp, (l0217 m RL), and in the following 18 

hours only -20% recovery occurred. 

10245.--------------------------------------------------. 

10240 

__ 10235 
.s 
~ 10230 

1 
'2 
a: 10225 

10220 

1 sl 
pumping 

10215+---~----c_--~~--~----r_--_,----._--~----~--~ 

o 50 100 150 200 250 300 350 400 450 500 
Time Elapsed (hours) 

Figure 4.14 SWL in W16 during and after the pump campaign. W16 is screened from 
94-100 m in the sulphide zone. Refer to Appendix 41 for data. 
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Figure 4.15 SWL in WI' during and after the pump campaign, showing water level response 
to pumping 4 times over three days (lst - 4th). WI7 is screened from 54-60 m, in the oxide zone. 

Refer to Appendix 41 for data. 
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The SWL in WJ7 (oxide zone) recovered quickly , allowing the bore to be pumped four times over 

three days. The maximum drawdown was J7 .5 m btp (10227 m RL). The chart shows that 

recovery was initially rapid , but slowed toward the final 3 m in the bore. Recovery of -47% to the 

pre-pumping level (10235 m RL) occurred within 18 hours. This demonstrates that groundwater 

moves much more slowly in the sulphide rocks at this location than in the oxide zone. During 

pumping, no druwdown was observed in any of the other monitoring bores located within the E27 

area, the closes t being 6 m away. 

The quality of the recovery data is poor because SWL was measured manually; ideally, an 

automatic recorder should have been used. Despite this , K estimates have been made from the 

dataset using the pumping test Single We l.l Recovery Method and as a slug test using the Bouwer 

and Rice (1976) method (Table 4.5, methods summarised in Appendices 4E and 4H). The data was 

1I0t ideally suited for analysis by either method. and the results should be treated with caution. 

Table 4.5 Calculated K for WI6 and WI7 from pumping test recovery data, by the B-R 

method and a single well recovery method. See Appendices 4E and 4H for data and calculations. 

Bore Screen position 
Hydraulic conductivity (K), m1day 

Bouwer and Rice analysis Single well recovery analysis 

WI6 L)4-100 In (sulphide rock) 1).56 x 10.2 5.47 X 10'(' 

WI7 54-60 m (ox ide rock) 1.35 x IOJ X.37 x ]()" 

Both analysis methods indicate that K around WI 7 (oxide zone) is higher than W16 (sulphide 

zone), and this is supported by more profuse pit face seepage at the base of the oxide zone than in 

the sulphide zone in E27. The pumping data was better suited to analysis by the Single Well 

Recovery method , because drawdown was much greater than would be needed for a slug test and 

this is the most influential violation of B-R assumptions. However using the Recovery method, 

computed K is 3-4 orders of magnitude lower than the range of values from with slug tests or 

pumping tests by previous worker.~. The Recovery method assumes the aquifer is homogeneous 

and isotropic, two qualities that are unlikely to exist in fractured formations . It also assumes a 

constant pumping rate, which was not achieved with the T AD42 pump. The pump test violated 

more assumptions behind the mathematical model for the Recovery method than for the B-R 

method , and therefore the K values computed using the B-R method are probably more reliable 

(fetter, 1994; Butler, 1997). 
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4.6.4 Results of pH and electrical conductivity sampling during pumping 

Table 4.6 shows pH and electrical conductivity (Ec) of samples obtained during the pump 

campaign, compared with samples from stagnant bores (obtained with a baiJer before pumping). 

Ec is used as a proxy for salinity or TDS. A disadvantage of the T AD-42 pump was that unlike a 

bladder plump, it allowed mixing between the groundwater and compressed air. However, the 

rcsuits of this sampling are the only record of groundwater quality at specific depths within the 

profile surrounding the open pit area. 

Table 4.6 Comparison of groundwater quality from stagnant and pumped bores. for full data 

refer to Appendix 4J. 

Bore Screen position 
Stagnant bore samples Pumped bore samples 

pH Ee (mS/em) pH Ee (mS/em) 

WI6 94-100 III (sulphide rock) 7.1 I 1.99 SA II.4R 

WI7 54-60 ill (oxide rock) 7.2 3.71 7.8 3.75 

In both bores, the first pump returned water samples that were quite turbid with very finc, brown 

suspended material. When the bores were pumped the second time , the water was clear and this 

demonstrates that [inc material in the bore had been removed. Table 4.6 shows that groundwater Fc 

in the oxide zone (W 17) is much lower than the sulphide zone (W 16), which could reflect shorter 

recharge pathways, quicker groundwater fluxes and a lower residence time in the oxide zone. The 

results suggest that bore stagnation does not affect Ee, but does cause acidification. Therefore, 

groundwater Ec in stagnant bore samples can be taken as broadly representative of 'real' Ec in the 

formation, but pH readings will be more acidic in a stagnant bore than in the formation. 

Acidification is likely to result from redox reactions when the groundwater becomes aerated in the 

bore (Domenico and Schwartz, 19913) 
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4.7 Chapter discussion and summary 

Standing water levels in monitoring bores across the Northparkes Mines site indicate that the water 

table is 30-50 m below t~e natural ground surface. The horizontal influence of mine dewatering is 

low and the cone of depression surrounding each pit is very steep. When SWL data was 

superimposed on a map of depth to RAB refusal, it showed that the water table is deep in areas 

where the weathered mantle is thick (Figure 4.6). Conversely, the water table is shallower in areas 

where the weathered mantle is thin. The SWL in W6 is higher than other open cut bores and 

fluctuates more frequently. W6 is located in an area of shallow bedrock that will receive greater 

direct rainfall infiltration and recharge than areas overlain by thick regolith. 

The limited data available is consistent with a model whereby groundwater is recharged at rocky 

outcrops and mounds beneath them, then flows along the bedrock profile towards deeply weathered 

areas. Research on groundwater in weathered and fractured rock environments in Africa shows 

that groundwater flow will exploit lithologic discontinuities and enhanced fracture pathways in the 

most permeable part of the profile, which tends to be the oxide rock layer (Wright, 1992). 

Lithologic evidence anu pit seepage observations suggest that groundwater in the open cut area 

moves mainly within the saprock or oxide rock layer above bedrock. This is the zone defined by 

KH Morgan and Associates (1987) as the "principal aquifer" in the open cut area, called 'oxide 

zone groundwater' in this thesis. Controls on horizontal groundwater flow are likely to be the 

depth, thickness and hydraulic properties of the oxide zone. Pit wall exposure shows that the 

position of the oxide zone follows the undulating weathering front, and varies in depth and 

thickness. RAB refusal maps (Figures 2.6, 2.7 and 4.6) can be used as a proxy for the position of 

the top of the oxide zone, which changes from 0-130 m below the land surface. The maps are 

useful for identifying recharge areas but provide little information about the total thickness of the 

oxide layer. 

The NPM bore monitoring data shows slow temporal variation in SWL readings, except in W6 and 

WI! which are positioned in areas of shallow bedrock. The fluctuations in these two bores appear 

to lag behind rainfall trends by about 3 months. For the other bores, better correlation was 

observed when bore SWL was graphed against long-term rainfall trends represented by the annual 

RRMC (Figures 4.10 and 4.11). The only exception to this was the SWL in P29 (PDH29), which 

lagged behind rainfall trends by up to 12 months. P29 is situated in an area overlain by thick 

regolith and appears to be hydraulically isolated, probably due to variations in lithology, fracture 

intensity and weathering characteristics. 
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Bores WI1-WI5 are all 150 m deep and screened from -35m-150m, therefore SWL behaviour is a 

composite of all the water bearing zones that the bore intersects. Data from automatic loggers in 

W13-W15 shows that the bores are semi-confined to semi-unconfined. Groundwater confinement 

results from the clayey weathered profile, and the overlying thickness of low permeability fractured 

rock. 

It is likely that recharge in the UBV is predominantly localized or indirect; direct recharge will only 

occur where the weathered mantle is thin or where there are significant macropore channels 

through the low-permeability surface materials. The timing of recharge is probably episodic, 

occurring when daily rainfall exceeds evapotranspiration and soil moisture requirements. Recharge 

during the summer months is unlikely because of the high evapotranspiration demand. 

Groundwater levels have been rising in some bores at NPM and this consistent with observations 

by the DL WC that suggest recharge is increasing in the area. But because the system is 

characterized by low fluxes, there is probably a significant lag time between a climatic or land use 

change, and a groundwater level response. The system may still be responding to residual. 

hydraulic graclients created by historic rainfall variation or land use changes. 

Bail-in slug tests were carried out on four piezometers around the open cuts, analysed with the 

Bouwer and Rice method. The resulting K values fall within the range calculated by previous 

workers from pumping tests with the exception of W12, which was more than one order of 

magnitude lower than the other bores. Considering about 20% error in the analysis, the slug tests 

indicate that K varies from 8 x 10-4 
- 4.8 x 10-2 mlday in the open cut area. Due to the number of 

underlying slug test assumptions that were violated, the results should only be used as an indication 

of relative variation in hydraulic conditions between bores. Compared with pumping tests, slug 

tests tend underestimate K because of the well skin effect, consequently actual hydraulic 

conductivity is probably slightly higher, approximately 10-1 mlday. 

Three new monitoring piezometers were constructed in the E27 area. Bores WI6 and W18 are 

screened from 94-100 m and target groundwater in sulphide rock. WI7 is 60 m deep, screened 

from 54-60 m, and designed to assess groundwater conditions in the oxide zone. Post-drilling 

water level recovery was quickest in W17 (oxide zone), and slower in W16 and WI8 (sulphide 

zone). Extremely slow bore recovery in WI8 suggests this area north-east of E27 pit is 

hydraulically isolated. Six months after drilling, W16 and WI7 were pumped to purge stagnant 

water from the bores and obtain representative groundwater samples from the oxide and sulphide 

zones. The pump campaign successfully achieved its aims and showed that it is possible to pump 
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deep groundwater from piezometers with an intemal diameter of 50 mm. The Bouwer and Rice 

method and the Single Well Recovery method were used to analyse water level recovery in the 

bores, but returned K estimates that were different by several orders of magnitude. Using the 

Bouwer and Rice method, hydraulic conductivity at this location was estimated to be 1.4 x 10-1 

m/day in the oxide zone,and 9.6 x 10-2 m/day in the sulphide zone. Considering the errors in the 

pumping methodology and analysis, the results should be treated with caution and relative rather 

than absolute values should be considered. It can be inferred however that the oxide rock 

surrounding WI7 has higher hydraulic conductivity than the sulphide rock surrounding W16 and 

WIS. 

Groundwater samples taken during the pumping campaign demonstrate that groundwater in the 

oxide zone has much lower salinity than the sulphide zone. pH and Ec measurements from the 

pump campaign have been compared with samples bailed from stagnant bores. The results suggest 

bore stagnation does not affect the Ec of groundwater in the bore but causes acidification, possibly 

due to oxidation reactions with air in the bore. 

THE LIBRARY 
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Chapter Five 

IN-PIT 'GROUNDWATER INVESTIGATIONS 

"Notwithstanding the relative antiquity of most of the basement, 

it is the effects of high-level brittle fracturing and weathering 

which largely control groundwater storage." 

Key, 1992, p. 29. 

5.1 Introduction 

The volcanic and intrusive lithologies in the open pit area at Northparkes have very low primary 

porosity due to their tight, crystalline nature. Below the oxidised profile, groundwater at depth 

exists only in discrete fractures, faults and shear zones. In some cases these structural entities can 

result in significant secondary porosity, but the fractures will only pennit groundwater movement 

if they are sufficiently interconnected. Standing water level (SWL) surveys have shown that the 

hydrostatic gradient at NPM is reasonably flat and water quality is poor, suggesting groundwater 

movement in the area is extremely slow. Aquifer tests by previous workers indicate that hydraulic 

conductivity is 10-4 
- 10-2 m/day in the open pit area (as discussed in Chapter 3)_ Since the 

presence of a borehole serves to create and augment fracture connections, actual hydraulic 

conductivity for undisturbed areas could be even lower than this. 

Low groundwater inflows in the open pit mines are additional evidence for slow groundwater flux 

through the area. The pits are dewatered by allowing gravity drainage to a sump in the pit floor, 

which is pumped intennittently. This chapter studies the pattern of fracture flow in the open pit 

area, in an attempt to reconcile hydrogeologic knowledge with the structural model. This has been 

completed in three stages. First, all available structural work on the open pits was reviewed to 

formulate a provisional structural model. Then the validity of the model was assessed through 

additional structural surveying in E22 pit. Finally, pit seepage surveys were conducted. 
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5.2 Review of previous structural studies 

The bulk of all pit hydrogeologic work in the past has been carried out around E27, whereas most 

structural work was based on E22 due to ongoing geotechnical stability problems in that pit. All 

previolls geotechnical studies at E22 and E27 are summarised in Table 5.1. 

T bJ - 1 S a e ~. ummary 0 f prevIOus geotec h . mca wor k' th In e open pit area. 

Study Significance 

Dames and Moore, March 1984, First pre-mining geotechnical data collection for the 

Report on rock mechanics investigation.\" Northparkes area. Detailed diamond drill core analysis. 

dllring explorutorv drilling phose, £22, 

£26 und £27 Prospects. 

Golder Associates, Dec 1985, (19~5h) Pre-mining gcotechnical study. Detailed drill core study and 

Preliminary Fcasibility Study, re-analysi s ()f earlier data for mine design (Table 5.2) . 

Geotechnical and Mining Engineering Deseri hed pit fractures as either random. or occurring in a 

Component, Vol.2: Geutechnical tangential arrangement around the deposits. 

Studies. Text ({nd Appendices 

M.A. Couthard and Associates, Reviewed structural geol()gy and geotechnical 

Feb 1995, Numerical Modelling of E27 conditions at E27. Numerical modelling to assess 

Open Pit , Northparkes Mines. overall rock mass response to excavation. Identified 

Report No. 95-02 three classes ()f prominent structures: 

il randomly oriented joints and fractures; 

iii a fault !.One striking N-S and dipping steeply; 

iiil a fault zone striking NE-SW dipping 6()O NW. 

SRK Consulting, Oct 1999 and Oct Detailed evaluati()n of Goonumhla structural regime based on 

2000, Structural evolution and controls detai led geophysics and Northparkes exploration drill ing data. 

on Cu-Au mineralisation, Goonumbla 

Region. 

Kevin Rosengren and Associates, Aug Reviewed pit design in upper weathered material at E22. 

2000. E22 Open Pit Upper Weathered Recommenckd improved drainage around pit rim and weep 

Matcrial. holes to relieve hydrostatic pressure in oxide pit walls. 

Kevin Rosengren and Associates, Sept Reviewed geotechnical conditions at E22. Recommended weep 

2001, E22 Opcn Pit Geotechnical holes to relieve hydrostatic pressure in the sulphide pit walls. 

Review. Linkcd pit wall instahility with pervasive north-dipping, s teep 

(40-55°)joints and shear zones, especially in thc south wall. 

Internal Memorandum, L. Pedersen, Variography analysis of mineralisation to optimise RC grade 

Sept 2001. Change of drilling direction control drilling, hased on structural mapping in E22. 

in 1:22 pit. 

Martyn Robotham, Rio Tinto Analysis to determinc suitahle geotechnical controls for E22, 

Technical Services, Oct 2001 . based on in-pit SlrUClllral survey data. Linked waH failures to 

Review of pit wall condition in E22. promincnt N-inclined discontinuities with occasional slickcn-

sidcs and scriciticlchloritic infill. Coni'irmed a pervasive pattern 

of tangential joints dipping into the pit facc . 

J. McEnhill, Geotechnical Consulting Structural mapping and gcotechnical assessment of wall stahility 

Pty Ltd, Nov 2001 and Dec 2001 in E22. Dividcd pit walls into 12 geotechnical zones based on 

Progress Reports # I and #2. dominant joint scts, major structure. mck mass conditions and 

slopc behaviour 
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5.2.1 Geophysical analysis of major structures 

SRK Consulting (1999 and 20(0) undertook a detailed evaluation of the Goonumbla structural 

regime based on Northparkes exploration drilling data and detailed geophysics. This has provided 

the most current and reliable interpretation of the area's structural history. The four main tectonic 

episodes identified in the Goonumbla area are as follows: 

1/ Late Ordovician - Early Silurian (440 - 430 Ma) - Synonymous with the Benambrian 

Orogeny that affected the eastern part of the Lachlan Fold Belt. In the Goonumbla area, three 

structural groupings are identified within this event: 

(a) Broad NE-trending folds and conjugate ESE- and N-trending sub vertical ductile shear 

zones up to 500m wide. These are the oldest structures in the area, found in Ordovician 

rocks that date at about 440 Ma. 

(b) DiIational vein structures that trend from NW to NE, with N-trending structures most 

abundant. These formed by east-west extension on a north-principal compression 

direction during the Late Ordovician. 

(c) Conjugate sets of strike-slip shear zones oriented NW sinistral and ENE dextral. 

Found in Ordovician rocks only, these structures formed during Late Ordovician (430 Ma) 

to Early Silurian NW-SE compression. The shear surfaces show subhorizontallineation in 

gypsum or carbonate and contain sericitic alteration. They are continuous in some 

examples for more than 10 km across the region, and displacements of up to 1000 m have 

occurred. 

2/ Early Devonian (-410 Ma) Browning Orogeny - This deformation event created the 

dominant regional structures, in the form of NW to N-trending reverse faults. Associated regional 

meridonal folding in Ordovician volcanics and the Forbes and Derriwong sediments created 

Milpose Syncline. This is a broad fold, with limbs dipping at 20° about a plunge axis trending 

NNE, which plunges gently to the SW (Heithersay et al. 1990, Figure 2.1). Around Goonumbla, 

deformation was greatest to the east of Parkes Fault Zone (PFZ), which may have been uplifted 

relative to areas west of the Zone. 

3/ Late Early Devonian (400 - 395 Ma) - The structural regime during this period was probably 

in response to NNE-SSW compression, which caused folding in the Parkes area and inversion of 

the Cobar Basin. This resulted in minor conjugate strike-slip fault sets, north dextral and east 

sinistral, and may have caused transpressional reactivation of PFZ. 
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41 Early Carboniferous Kanimblan Orogeny - Minor conjugate strike-slip faults formed in 

response to a renewed lateral compressional regime. PFZ and other Siluro-Devonian fault zones 

were reactivated, forming open folds. The GVZ probably acted as a rigid block in response to this 

tectonism, partitioning strain around its margins where there is a concentration of conjugate strike

slip faults, trending NE dextral and SE sinistral. They truncate older structures in the region and 

have displacements of up to 2000 m (SRK Consulting, 1999 and 2000). 

Figure 5.1 shows the major stress regimes that created structures relevant to the open pit area, as 

identified by SRK Consulting (1999 and 2000). E27 pit exhibits several sinistral faults trending 

84°/019°, likely related to the Kanimblan Orogeny. Another prominent feature seen at 

Northparkes relating to this period is Altona Fault, a shallow east-dipping structure that is 

continuous from the area slightly east of E27 to north of E26. The fault zone contains up to 4m of 

foliated clay plug, surrounded by brecciated and sheared margins up to 7m wide (SRK 1999). It is 

interpreted as an Early Carboniferous reverse fault structure, terminated by NW-trending 

discontinuities to the north and south. 

(a) (b) (c) 

Figure 5.1 Block diagrams illustrating the major stress regimes responsible for open 

structures in the open pit area, which are expected to control groundwater occurrence and 

movement: (a) NW to N-trending reverse faults, characterised by wide shear margins and 
significant clay infill; (b) NW and ENE oriented shear zones with sericite, gypsum and carbonate 

infill; and (c) major N-trending dilational structures, strike variation from NW to NE. 

Sericite is a characteristic product of feldspar alteration in the crystalline rocks at Northparkes. It 

is a muscovite-rich clay with high porosity but very low permeability (10-7_10- 10 rn!s), capable of 

absorbing and storing large volumes of water (Bell, 1993). 
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5.2.2 Open pit driUcore analysis 

As part of the NPM Geotechnical Feasibility Study, Golder Associates carried out geotechnical 

logging on all exploration diamond drill core from E22 and E27 prospects (GA, 1985a and b). 

Geotechnical conditions at E22 and E27 were thought to be very similar, relative to conditions at 

E26N. Golder's work is considered highly reliable, due to the care taken to correctly orient core 

from the exploration drilling program and re-analyse earlier geotechnical work by Dames and 

Moore (1984). Approximately 60% of the core sections available to GA were discarded because a 

satisfactory level of core orientation could not be achieved (refer to core logging manual, 

Appendix 5A). 

Based on Rock Quality Designation (RQD) and fracture frequency analysis, GA (1985) classified 

the vertical profiles at E22 and E27 into three geotechnical zones (Figures 5.2 and 5.3): 

(i) Surface material- highly weathered rock (regolith) from the surface to the base 

of RAB refusal (the 'Base of Weathering'); 

(ii) Oxidised zone highly fractured rock, upper and lower surfaces variable in depth 

but terminate at the base of oxidation (BOX); 

(iii) Primary zone - fresh sulphide rock below the BOX, more competent and less 

fractured than overlying zones. Extends beyond the maximum depth of 

exploration drilling. 

This geotechnical classification is similar to the tri-Iayer hydrogeologic description of the open pit 

area by KH Morgan and Associates in 1995 (KHM, 1985b). KHM (1985b) described the oxidised 

zone as the • principal aquifer', and primary sulphide rock contained a 'secondary aquifer'. 

Because these features are not strictly 'aquifers', they are referred to as the oxide water bearing 

zone and sulphide water bearing zone in this thesis. Golder (1985a) showed that the surface 

material (regolith) was predominantly unsaturated, although isolated perched water tables could be 

found associated with Bogan palaeochannel sediments. 

The geotechnical data of Golder Associates (1985a and b) has been re-analysed and summarised in 

Table 5.2, according to the characteristics of each geotechnical zone shown in Figures 5.2 and 5.3. 
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Figure 5.4 
Locations of 
geotechnically 

logged diamond 
drillholes and 

major fault 
structures 
identified at E22 
and E27, adapted 
from Golder 
Associates (1985). 
Two additional faults 

identified at E27 by 

Heithersay et al. 

(1990) are indicated 

by dashed lines. 
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Table 5.2 Summary of geotechnical logging, after Golder Associates (1985a and b). Refer to 

Appendix SA for a description of RQD methodology. 

Area E22 E27 

Core D35 , D36,D39 023 . D24, D25. 026.028 

Geotechnical Zone Oxide Volcanics Intrusives Oxide Volcanics Intrusives 

Rock Quality 
26-64 63-83 57-7'11. 13-66 73-~4 67-90 

Designation (RQD, %) 

Open Fracture 
- 53-417 50-259 - 62-541 64-321 

Frequency (FPM*) 
Total Fracture 

161-ll~4 203-1 1 16 184-1806 168-608 
Frequency (FPM*) 

- -

% Open Fractures - 350/" 23 C/,) - 30% 53% 

*FPM - Fractures per meter 

Table 5.2 shows that oxide rock quality is poor relative to the fresh (unweathered) sulphide rock , 

and maximum total fracture frequency and open fracture frequency are higher in the volcanics than 

the intll.lsives at both deposits . Rock quality in all geotechnical zones is slightly higher ilt E27 than 

E22, particularly in the intll.lsives. A similar proportion of the volcanic fracturing is open in nature 

at both deposits. There is a lower proportion of open fracturing in intrusives at E22 (23%) than 

E27 (53 % ) thus the intrusive fracturing at E22 is more healed than E27 . At both deposits the 

volcanic and intrusive sulphide rocks below the oxide zone are described as having ' prominent 

veining'. Quartz infill is more common in the intrusives and carbonate infill more common in the 

volcanics . Various secondary infill characteristics are also common, including zeolite and 

anhydrite (GA, 1985a and b) . 

The limitations of using Golder's (1985) findings are due to the small dataset for the E22/E27 area , 

and the directional bias inherent in the drillcore data. Most holes were drilled in a west-east 

direction so there was directional bias against structures oriented parallel to the drilling direction. 

and this is shown as the 'blind zone' in stereographic data presentation. GA (198Sa) noted that 

although many possible fault stnlctures were identified, limited core prevented correlation of these 

structures between drill holes . Two major north-trending faults were interpreted in the E27 area. 

one dipping 60° east and the other 70° east (Fi gure 5.3 and 5.4) . At E22 one near-vertical fault 

was interpreted , striking 070° (Figure 5.2 and 5.4). 

GA (l9R5b) presented the drillcore data in lower hemisphere, equal area stereonets (Appendix 

SA). Identifying trends in a large number of .stereonets can be difficult and the data is best 

compiled in summary nets, but this has not been possible because the raw geotechnical data was 
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not available. Therefore, to gain an appreciation of fracture trends in the drillcore data, schematic 

summary diagrams of the stereonets have been drawn that assimilate pole concentrations from 

each drillcore (Figure 5.5). The schematic nets were constructed by placing a symbol in the centre 

of a contoured area of poles of 5% or more of each 1 % area of projection, so that each symbol 

represents an area of pole concentrations for each drillhole. The resulting figure deviates from 

conventional stereonet construction but removes the noise from the data and provides a qualitative 

indication of pole concentration domains for both pits. 

Figure 5.5 shows that the structural data for E22 is very scattered, but more pronounced structural 

domains can be identified at E27. The intrusive rocks at both deposits show a greater degree of 

high-angle fractures than in the volcanics, possibly due to cooling and contraction in the intrusion. 

In addition to high-angle fracturing, the volcanic rocks show a sub-horizontal fracturing trend that 

may be due to volcanic bedding. This trend could also be attributed to tectonic unloading: as rocks 

undergo a transition between the isotropic stress regime at depth and an anisotropic regime nearer 

the surface, they tend to fracture in a characteristic way (Price and Cosgrove, 1990). The 

schematic stereoplots in Figure 5.5 show that because most drilling was oriented west-east at both 

deposits, blind zones cover the north and south areas so there are large gaps in the dataset. By 

comparison, the stereoplots for data from in-pit structural surveying show a strong concentration of 

poles in the north and south, particularly at E27 (Figures 5.7 and 5.8). 

5.3 In-pit structural surveying 

5.3.1 Ongoing structural surveying by open cut personnel 

NPM geologists have undertaken structural surveying at progressive depths in the open pits to 

assess wall stability and optimise drilling direction for grade control (Pedersen, 2001). The in-pit 

structural data includes both open and healed structures, and does not distinguish structures on the 

basis of their host lithology. Stereonet projections for this data have been compiled using the 

DIPS software package, and show that steeply dipping structures dominate in both pits (Figures 5.6 

and 5.7). In E22 the dominant structures have poor directional bias, but there is a slight strike 

trend between 100-150°. A secondary set of shallow-dipping structures strike at 60°. At E27 the 

strike trend is more definite, between 90-120°, and shallow structures are rarer. As part of a 

detailed study of pit wall stability in E22, McEnhill (2001) divided the walls into 12 structural 
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domains for stability analysis. Preliminary results from this work showed that in the north wall of 

E22, dominant structures are east-oriented and dip 80-120°. In all other walls, the dominant 

structures are steeply dipping, north-oriented fractures that strike between 300-80°. These findings 

are consistent with stereoplots of the structural mapping data for E22 (Figures 5.6 and 5.8). 
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Figure 5.6 Stereonet of E22 ongoing structural mapping data. Dataset of April 2001 (courtesy 
NPM Open Cut Mining Department). 
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Figure 5.7 Stereonet ofE27 ongoing structural mapping data. Dataset of April 2001 (courtesy 
NPM Open Cut Mining Department). 
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5.3.2 Structural surveying in E22 pit at 10210 m RL 

In October 2001, intensive structural surveying was undertaken at 10210 m RL in E22 pit. 

Stereonet projections of the field mapping data are presented in Figures 5.8-5.10, and compare 

favourably to ongoing structural mapping by Northparkes Staff (Figure 5.6). Full mapping data is 

in Appendix 5B. 
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Figure 5.8 Stereonet of data from E22 structural mapping at 10210 m RL, October 2001. 
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Figure 5.9 Scatterplot overlaid with unweighted contour plot of data from E22 structural 

mapping at 10210 m RL, October 2001. 
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Figure 5.10 Unweighted Rosette plot of data from E22 structural mapping at 10210 m RL, 
October 2061. 

Detailed structural mapping in E27 could not be conducted in Nove mber 2001, because the pit was 

being used for process water storage. From observations earlier in the year it was noted that the 

1-:27 pit walls had very high fracture density , and s hear sets of similar orientation and boudinage 

fill were founJ at various levels o f the pit walls . In E22 fracture density appears to be lower than 

E27 , an observation that is supported by Golder's drillcore data (1985a and b). The type of 

fracture infill also varies between pits , E 22 has more carbonate and zeolite infill , whereas fractur.:s 

at E27 are more clean and open. 

The fracture style at E22 is more blocky than E27, fractures have greater continuity and Jisplay 

sinuous planes oriented paralle l to the pit faces, dipping steeply towards the centre of the deposit 

(Figure. 5. 11). Fracturing at E22 appears to follow a cone-sheet arrange ment around the deposit, 

consistent with the general structural model of igneous and diapiric intrusion shown in Figure 5.12 

(Price and Cosgrove, 1990). The degree and type of brittle fracturing associa ted with an igneous 

intrusion depends on the depth of emplacement and stratigraphic level of concem. Heithersay et 

al. (1990) state that unless major faulting has occurred in the area, the volcanic sequence at E27 is 

400-500 m stratigraphically higher than at E22 . 
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Figure 5.11 North waH of E22 pit showing fracture characteristics, Nov 2001. Fractures are 

generally oriented parallel to the pit faces, following a tangential or cone-fracture arrangement 

around the pit. They dip steeply towards the centre of the deposit. 
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5.4 E27 seepage surveying 

Wall seepage in E27 and E22 differed markedly in quantity and character in 2001. During mining 

in E27 from February - May, both diffuse and point seepage occurred below 10230 m RL from the 

level of the oxide zone to the pit floor, and was persistent even after very dry periods (Figure 5.13). 

By contrast, E22 pit had no seepage until September 2001, when wet walls were encountered 

below the 10210 m RL level. Dewatering activities in both pits followed a consistent trend: when 

a new dewatering sump was dug out in each floor \evel, it was generally dry. The sump only made 

enough water to be pumped after the pit floor had been blasted, which suggests that prior to 

blasting, there were insufficient fracture connections to permit groundwater flow to the sump. 

Pumping from the sump appeared to only be draining rock in the pit floor, and the quantity of 

water abstracted from the sump decreased as that floor level was mined . Actual quantities of sump 

abstraction are not known, and these observations are based on discussions with pit personnel 

during the mining campaigns in both pits. 

Figure 5.13 West and south walls of E27 pit, showing persistent seepage from a variety of 

different structures (February, 2001). 

5.4.1 Methodology 

In E22 and E27, seepage occurs from joints, fractures and shear zones with many different 

orientations and types of fracture infill and there does not appear to be a relationship between 

continuous seepage and particular structural features. In March 2001 , surveys were conducted in 
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E27 before and after rainfall events to determine the spatial distribution of seepage and the 

percentage that could be attributed to rainfall runoff. After dry periods of a week or more, the 

seepage in E27 was considered to be 'permanent' (or continuous) and representative of 

groundwater flow . After rain, the amount of seepage increased: new 'temporary' (or intermittent) 

seepage appeared and the 'permanent' seepage points flowed more strongly. Seepage locations are 

shown in Figure 5.14. Water samples from various seepage points were collected in Nalgene 

bottles, for pH and Ec testing in the NPM process laboratory. Table 5.3 contains a summary of this 

analysis, and full results are in Appendix 5C. 

5.4.2 Survey Results 

Figure 5.15 shows that there is a concentration of permanent seepage originating from the deepest 

and thickest part of the oxide zone in the east wall of E27, at approximately 10220 -10230 m RL 

(Figure 5.16). A deeper zone of permanent seepage was encountered at approximately 10170-

10180 m RL, associated with a fault oriented 1000 /800 S that appeared in the south wall at about 

10175m RL (Figure 5.14). The fault plane was slightly sinuous and contained up to 80 nun of 

greenish-grey, sericitic clay gouge. 

Figure 5.14 Seepage in the SE wall of E27 pit, photograph taken from the floor at 10170 m 

RL. A major fault with sericite intil! runs along the length of the south wall at approximately 

1000/800 S, and produced continuous seepage during mining from March-May 2001 . 
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Figure 5.15 Seepage, weathering features and major structures in E27 pit, March 2001. 
Seepage pH and Ec data is in Appendix 5C. Groundwater levels in monitoring bores are also 

shown. Base map adapted from E27 Mine Plan (N. Granger, Roche Mining 2001). 
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Figure 5.16 Permanent 

seepage characteristics on the 

east wall of E27. The oxide 

water bearing zone is the 

brown-grey layer beneath pale 

coloured saprolite and above 

fresh (grey) sulphide rock. 

Shallow seepage originates from 

the base of this zone and can be 

seen running down the ramp. 

Beneath the ramp are several 

points of seepage from 

structures in sulphide rock, and 

a fault in the south wall just 

above the level of the floor. 

The in-pit sump was constructed 

adjacent to the fault and drained 

groundwater from it. 

Within the sound bunds and stockpiles, the E27 pit area constitutes a catchment of approximately 

0.7 kIn2 (determined from aerial photographs). Rain falling in this catchment drains toward the pit 

which acts as a funnel , conveying runoff to the pit floor through open joints and fractures created 

in the walls by blasting. Temporary seepage in E27 is attributed to rainfall runoff. Since 

permanent seeps flow more strongly after rain, the fracture pathways must allow mixing between 

infiltrating rain water and the permanent groundwater seepage. The limited dataset of seepage 

characteristics in E27 (Table 5.3) indicates that after rainfall, seepage pH increases slightly and Ec 

decreases. The Ec of permanent seepage is higher than temporary seepage, and decreases slightly 

after wet periods suggesting rainfall flushes fresher, less-saline water through the system. 

However, only 37 samples were collected from E27 over a limited period, so the results should be 

used as a guide only . Further work is needed, and it would be useful to do a hydrochemical 

comparison of pit seepage with rainwater. 
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Table 5.3 pH and Ec characteristics of permanent and temporary wall seepage in E27, March 

2001. Full data in Appendix 5C. 

Attribute 
Permanent Seepage 

Temporary Seepage 
Before Rain After Rain 

pH 6.8 - 8.2 7.0 - 8.4 7.2 - 8.7 

Ee (mS/em) 2.91 - 3.96 2.62 - 3.79 0.46 - 2.11 

N umber of samples II 12 14 

5.5 E22 weep hole surveying 

There are only three monitoring bores surrounding E22 (WII-l3), and they indicate that the 

piezometric surface has a steep cone of depression around the pit, similar to E27 (Figure 4.1, 

Chapter 4). But unlike E27, pit wall seepage in E22 is sparse and occurs approximately 20 m 

lower in the pit walls than at E27. 

Figure 5.17 E22 pit in September 2001 when the floor was at 10210 m RL, view looking SE. 

Wall seepage was not encountered until the floor had been lowered below the 10210 m RL level. 

The base of the oxide zone can be seen dipping from right to left across the pit profile, it is 

shallowest in the SE comer and deepest in the eastern wall (similar to E27). The haul road is wet 

because it was sprayed to suppress the dust. 
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5.5.1 Weep hole construction and monitoring 

In response to geotechnical investigations, a program of weep hole construction commenced in 

September 2001 to reduce hydrostatic pressure in the pit walls (Rosengren, 2000 and 2001). Weep 

holes were drilled 30 m into the walls at 10m spacing, approximately 5° from horizontal. Most 

holes were lined to keep the hole open and aid drainage, using 40 mm PVC slotted 3 x 200 mm 

lengthwise at 0.5 m spacing. A number was assigned to each hole in the order of drilling. On 26 

September, 13-14 October, and 23 November 

each weep hole was surveyed for seepage and 

samples collected for pHlEc testing in the NPM 

process laboratory (Figure 5.18). Full results of 

the weep hole surveys are in Appendix 50. 

Table 5.4 shows that seepage quality varied; pH 

was 7.7-8.3, and Ec 2.3-2.8 mS/cm. This is 

consistent with groundwater quality data 

presented in Chapter 6. It was not possible to 

sample all wet holes due to safety concerns 

about working near unstable walls. Some 

samples were contaminated by drill cuttings, and 

this is indicated in Table 5.4 by low sample 

reliabi lity. 

Figure 5.18 Sampling seepage from weep 
hole 104, E22 pit east waH. 

Table 5.4 E22 weep hole pH and Ec measurements, Sept-Nov 2001 (from data in Appendix 
50). Weep hole 10 may be draining the ramp, which is sprayed by the water truck using water 
from the pit sump. 

Weep Pit level 
Location Date 

Seepage 
pH 

Ec 
Reliability 

Hole RL,m Quantity mSlcm 
10 10200 m E wall 26/10101 > IOllmin 8.0 2.7 high, no PVC 

17 10190 m ramp,E wall 26110101 damp 8.2 2.S medium 

19 10190 m ramp, SE wall 26110101 >ISlImin 7.7 2.6 high 
21 10190 m ramp, SE wall 2611 010 1 > IOl/min 8.1 2.S high 
23 10190 m ramp, SE wall 2611 010 1 <I IImin 8.3 2.4 high 
24 10190 m ramp, SE wall 26/10101 > IOl/min 8.0 2.3 high 
25 10190 m ramp, SE wall 2611 0101 > 1 IImin 8.0 2.S high 
42 10190 m W wall 26/ 10101 > 10 IImin 7.6 9.2 low (recently drilled) 

43 10190 m Wwall 2611 0101 > 10llmin 7.8 6.0 low (recently drilled) 

112 10182m S wall 2311110 I > IOllmin 7.8 2.8 high 
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Figure 5.19 Locations of surveyed wet weep holes aDd major lithology in E22 pit, October 2001. Weep holes that made water continuously are 
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Figure 5.19 shows the locations of weep holes that made water continuously between 26 Oct - 23 

November 2001. Wet weep holes were concentrated on the south and SE walls of the pit, which is 

similar to the pattern of fracture seepage observed in E27 (Figure 5.9). However, seepage on the 

SE wall originated approximately 20 m lower in E22 than E27. Weep holes that made water 

continuously generally coincided with walls that have groundwater seeping from structures 

oriented normal to the pit face. The general trend was for weep holes higher in the walls to 

become dry once a weep hole had been constructed below (see chronological relevance of the data, 

Appendix 5D). This is evidence that mining is lowering the groundwater table around the pit; 

however the cone of depression must be very steep because there has been no SWL change in 

monitoring bores surrounding E22. An exception to this is the SW wall where holes 26 - 29 were 

still wet whilst the holes below (73 -76) were dry. This may be due to a hydraulically conductive 

layer present in the wall that could be structural or geological in nature. Tuffaceous beds are 

encountered in the volcanics of the primary sulphide zone at E22 and these might provide suitable 

lithologic conditions for thin, hydraulically conductive layers within the low porosity volcanics. 

Weep holes in the SE wall on the ramp (no. 16a 25) made water continuously, and holes 111-113 

beneath the ramp flowed at rates of about 15 llmin. These weep holes must intersect structures 

with high fracture connectivity, that represent a pathway for enhanced groundwater flow. 

Considering no structures with significant seepage daylight in the south wall of E22, the structures 

intersected by weep holes 111-113 must strike in an east-west direction. 

Construction of holes 41-43 was observed, located on the north wall at 10190 m RL. Each hole 

made water immediately after drilling, but the flow waned a short while thereafter (Figure 5.20). 

By about 1 hour after drilling these holes were dry, and this trend was consistent for most weep 

holes in the north and west walls. This is evidence that weep holes 41-43 intersected and drained 

groundwater from structures oriented parallel to the pit wall, but those structures have low fracture 

connectivity and poor hydraulic connection with regional groundwater flow. Only isolated holes 

in the north-west wall (numbers 86 and 90) had continuous, minor seepage. 
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Figure 5.20 Drilling weep hole 42, north wall E22 pit, 10190m RL. Groundwater can be seen 

flowing from the hole, this flow waned and the hole became dry approximately one hour after 

drilling. 

5.5 Chapter discussion and summary 

A sununary of fracture flow conditions in both pits, as deduced from drilling data and in-pit 

surveys, is presented in Table 5.5 . Pit wall exposure in E22 and E27 has allowed identification of 

more structures than Golder Associates (1985a) were able to identify from drillcore alone. 

However in-pit structural surveying has several limitations; it takes an experienced eye to 

overcome the bias imposed by pit wall orientation, and it can be difficult to distinguish inherent 

fractures from those that are created by the presence of the pit (ie. wall damage from blasting and 

mining). Geotechnical studies have shown that blast damage in E22 is considerable and may 

penetrate 1-15 meters into the pit walls though the exact depth of blast damage penetration is 

unknown (M. Robotham, pers. conun. 2001). Consequently, in-pit mapping should only be used as 

a guide to the occurrence and orientation of structures, and is best augmented with the results of 

pre-mining core analysis which gives more reliable data on fracture spacing, infill, and percentage 

of open structures. 

122 



CHAPTER FIVE -In-Pit Groundwater Investigations 

Table 5.5 Summary of fracture flow conditions in E22 and E27 open pits, as deduced from 
d 'J), d t d' 't n 109 a aan lO-pl surveys. 

Attribute E22 E27 

Fracture 
Lower observed fracture density Higher observed fracture density 

density 

Structqral data is more chaotic, trends are Structural data shows clearer trends than 

less clear than E27. Major open E22. Major open structures are steeply 

Orientation of structures are steeply dipping, primarily dipping and primarily strike NE-SW, 

major strike NW -SE, with a secondary set with a secondary set striking NW -SE. 

structures striking NE-SW. There are also shallow- There are also shallow-dip structures in 

dip structures striking between 90-120·, both volcanics and intrusives, oriented 

that are more prevalent in the volcanics. between 90-120·. 

'Blocky' appearance: long, continuous, 
'Aggregate' appearance: many short 

planar and sinuous fracture planes in a 
Fracture 

conical pattern dipping into the orebody, 
planar fractures and high fracture 

characteristics 
which intersect shear zones of variable 

conectivity. Shear zones show a more 

orientation. 
predictable orientation pattern. 

Frequent stability problems. Failure 
Fewer stability problems, possibly 

along long, sinuous cone fractures 
because cone fracturing is not as 

Geotechnical 
oriented tangential to pit faces, which act 

pervasive and there is more spontaneous 

stability pit seepage. Drilling data indicates that 
as barriers to pit seepage and cause high 

defects at E27 have more cohesion than 
wall pore pressure. 

at E22. 

Groundwater 
No pit face seepage until 10210 m RL in Greater occurrence of pit face seepage, 

the sulphide zone. Seepage below this from the base of the oxide zone at 10230 
seepage 

level is minor only. m RL and throughout the sulphide zone 

Pit inflows concentrated in discrete 

fractures oriented normal to pit walls. Pit inflows are diffuse due to the 
Seepage 

Ongoing need for weep holes to drain abundance of fractures oriented normal 
characteristics 

groundwater from structures oriented to pit walls. No weep holes required. 

parallel to pit walls. 

Most weep holes produced only Persistent seepage from the oxide zone 

Seepage temporary flow when drilled. Continuous on south and east walls only. Deeper 

persistence seepage concentrated mainly on the south sulphide seepage occurs throughout the 

and east walls. pit. 

Effect of Weep hole flow increases after rain, 
Fracture seepage increases after rain, 

becoming more alkaline and less saline. 
rainfall on evidence that rain percolates down 

This is evidence that rain percolates 
seepage through fractures in the pit walls. 

down through fractures in the pit walls. 

Diamond drill core data show that open fracturing at both pits occurs mainly in the oxide zone and 

decreases with depth. In the sulphide zone many fractures are healed with secondary minerals 

such as quartz, zeolite, a variety of carbonates, and minor gypsum and anhydrite. Groundwater 

flow in the sulphide zone is restricted to discrete faults and shear zones where fracture 
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permeability has been significantly enhanced. Hydraulic conductivity in sulphide rocks at E27 is 

likely to be higher than E22, due to closer fracture spacing and more fracture intersections. 

In-pit surveys have rev~aled the complexity of the structural regimes at E22 and E27, and shown 

that distinct structural trends have very poor spatial continuity. In-pit structural mapping is 

ongoing, though this work has been consistently confounded by the dense nature of pit fracturing, 

its apparent random orientation, and difficulty distinguishing inherent rock fracturing from blast 

damage (L. Pedersen, pers. comm. 2001). These problems are reflected in the following quote 

from Couthard and Associates (1995), who concluded: "Despite the significant number of oriented 

cored boreholes that have been drilled at Northparkes, and the large amount of orientation data 

that has been obtained, it is still not possible to provide a consistent interpretation of fracture 

patterns" (pA). 

E22 and E27 exhibit different structural styles, and correspondingly they have different 

groundwater seepage characteristics and wall stability problems. At E22, distinct cone-fractures 

were observed in the form of sinuous fracture planes, arranged tangentially around the walls and 

dipping towards the centre of the pit. A cone fracture arrangement is not seen at E27, and this may 

be attributed to the different intrusive history of the two deposits. 

The structural dataset for E27 pit is more limited, but shows a predominance of steeply dipping 

structures striking NW-SE (Figure 5.7). Provided these are open in nature, the preferred direction 

of groundwater flow at E27 will be parallel to the strike of the major structures. The prevalence of 

open structures generally striking north-south in both pits may favour groundwater flow in a NW

NE direction, following the surface topographic gradient. Significant flow in the order of 

-15 lImin has been observed seeping from wall fractures in sulphide rocks in both pits. But with 

the data available at present, it has not been possible to identify a relationship between wall 

seepage and fracture type, depth or orientation in either E22 or E27. 

A conventional model suggests that open fractures with good continuity and fracture intersections 

with other continuous, open structures will have high effective porosity and permit groundwater 

flow. This is called effective porosity, the fundamental principle behind Percolation Theory 

whereby a percolation threshold is the density of fractures that intersect sufficiently to promote 

flow (Domenico and Schwartz, 1998). Healed fractures, or those with clay infill, present barriers 

to groundwater flow. Almost all the observed shear zones in both pits were dry, but only about 

50% contained sericitic infill. By contrast, a fault structure in the south wall of E27 pit with 
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approximately 80 mm of sericite infill maintained a constant groundwater flow of 2-3 IImin in 

April 2001 (Figure 5.14). This suggests that in the open pit area, structures with sericite infill may 

store, convey and also retard groundwater flow, adding to the highly anisotropic nature of the 

groundwater medium. 'Welby (1984) found that owing to its high porosity (35-60%), sericitic 

fracture-infill can act as a'reservoir, storing infiltrated water and releasing it slowly to boreholes at 

a rate dependent on its specific yield. 

By drilling weep holes and monitoring seepage from them, it has been shown that despite the lack 

of seepage in E22, significant quantities of groundwater exist in the pit walls. As each successive 

bench is mined and new weep holes are constructed deeper in the walls, the weep holes above go 

dry. This is evidence that mining is lowering the groundwater table around the pit. However the 

cone of depression must be very steep because there has been no SWL change in monitoring bores 

surrounding E22. Weep hole seepage in E22 increases after rainfall, indicating that rain can 

percolate down through the pit walls. The lack of dispersed seepage in E22 is probably a function 

of the orientation of continuous structures which strike parallel to the pit faces, arranged in cone 

sheets around the orebody (Figure. 5.11). The cone sheets are characterised by long, sinuous 

planes, and a random jointing pattern overprints the conical regime (Figure 5.21). 

Groundwater seepage in E22 and E27 is slightly alkaline and average salinity is 2.5 mS/cm. The 

salinity of fracture and weep hole seepage in both pits is less than samples bailed from water 

monitoring bores around the pit perimeter (presented in Chapter 4). This may be due to dilution of 

groundwater seepage by rainfall infiltration through the fractured pit walls. Also, the bores are 

screened over long sections that may intersect a number of water bearing zones with varying 

salinity values. 

All the hydrogeologic, lithologic and structural data from the open pit area at Northparkes is 

consistent with conditions of very low hydraulic conductivity and storativity. Although fracture 

density may be considerable, fracturing in the open pit area has poor continuity and connectivity, 

resulting in low effective porosity. Inherent fracturing in undisturbed rock is likely to be less than 

that observed in the pit walls, which have been damaged by blasting and mining. Blasting has 

opened up the pit fractures, allowing rainfall to percolate through the walls from the surface area 

and accumulate in the pit floor. This is the reason for increased pit wall seepage following rainfall 

events. 
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Figure 5.21 Schematic cross-section through E22 open pit at 56850 N showing the position of 
the water table in monitoring bores W13 and Wll, and a possible arrangement of cone 
fractures a~ound the deposit. This structural regime is overprinted by a much more chaotic 
pattern, associated with multiple post-emplacement tectonic phases. 

In considering the source areas of pit groundwater flow, the relative importance of regional-scale 

gradients vs. gradients generated by local scale recharge zones is still not understood. Considering 

that Northparkes Mines is situated in the headwaters of the catchment, localised groundwater flows 

are probably dominant and a defined regional gradient may not develop until further down the 

catchment. Groundwater recharge is likely to be localised, occurring where the surface weathered 

zone is thin. In the pit walls shallow, open structures with iron-staining were observed dipping 

gently away from recharge outcrops. These may have been the original conduits for recharge water 

moving through the vadose zone to the water table. 
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Chapter Six 

GROUNDWATER CHEMISTRY 

"Tales sunt aquae, aualis terra per quamfluunt" 

(Waters take their nature from the strata through which they flow) 
PLINIUS, quoted in Chebotarev (p. 36, 1955) 

6.1 Introduction 

Hydrochemistry is the study of substances dissolved in water and the concentrations in which they 

occur (Fetter 1994). Hydrochemical analysis makes an important contribution to hydrogeology as 

a tool for determining the suitability of groundwater for different uses, inferring its flow history 

though the subsurface, and revealing contamination from anthropogenic activities (Bouwer, 1978). 

The aim of this chapter is to identify hydrochemical signatures in groundwater from Northparkes 

Mines, in order to ascertain its chemical evolution and flow history. Hydrochemical analysis will 

be used to verify the conceptual model that was developed through the preceding chapters, by 

confirming the trends identified in bore and pit work. Hydrochemistry may also identify additional 

features of the hydrogeologic system that were not shown in other datasets. 

The results of hydrochemical analyses from NPM in 2001 have been presented in Piper and pie 

diagrams with data from previous groundwater studies. The strengths and limitations of the data 

have been examined, in order to assess the reliability of the dataset. The plots show the abundance 

and relative abundance of chemical constituents, and aid in comparing groundwater samples from 

different bores by highlighting distinct chemical signatures (Domenico and Schwartz 1998). 

6.1.1 Factors influencing groundwater chemistry 

The major ionic solutes in groundwater are Na+, Ca2+, K+, cr, SO/, and TC03 (the sum of all 

carbonate species). These ions constitute most of the salinity or total dissolved solids (TDS) in a 

water sample, and the relative concentrations of each solute determine its chemical signature 

(Domenico and Schwartz, 1998). The chemical signature of a water sample is controlled by many 

different natural and anthropogenic characteristics of the surrounding environment. Water 

undergoes characteristic chemical changes as it moves through the atmosphere, over the ground, 
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and through the subsurface environments. Infiltrating water is an important participant in many 

chemical reactions in the soil zone, including plant respiration, oxidation of organic matter, and 

kaching of soluble materials (Freeze and Cherry, 1979). In the saturated zone, groundwater 

chemistry continues to evolve in response to precipitation and solution reactions with the 

surrounding materials , aoid-base reactions, and redox conditions (Drever, \988). Time is an 

important control on the chemical changes in water, particularly the rate at which water is moving 

through the system. With increasing distance along the flow path, residence time in the rock , and 

increasing TDS, groundwater composition tends to follow a predictable sequence of changes in the 

dominant anion species (Figure 6 . I). This is known as the Chebotarev Sequence, after a classic 

paper by Chebotarev (\955) in which the chemistry of nearly 10 000 groundwater samples was 

descriheu. 

Distance along flow path 

Bicarbonate 
waters 

o 0 ~>- Increasing age of groundwater 

Sulphate 
waters 

Increasing TDS 00 ~~> 

Chloride 
waters 

Figure 6.1 Geochemical evolution of groundwater according to the Chebotarev Sequence 
(after Chehotarev, 1955; Freeze and Cherry, 1979). 

The changes in anion dominance in groundwater depenu on mineral availability and solubility in 

the formation (Chebotarev, 1955). Bicarbonate is derived from absorption of carbon dioxide gas in 

the soil zone, and dissolution of calcite (CaCO,) and dolomite (CaMg(C01h). Sulphate is uerived 

from dissolution of gypsum (CaS04·H20) or anhydrite (CaS04), which have higher solubility than 

calcite, but are less soluble than chloride minerals such as halite (NaCl) or sylvite (KCI) which 

contribute chloriue ions to groundwater. Proviued that soluble minerals are available ., groundwater 

can evolve directly to the sulphate or chloride stage very quickly , requiring on .ly a short residence 

time in the rock . By contrast, some grounuwater flow systems do not evolve past the bicarbonate 

or sulphate stage uue to the absence of auequate minerals in a soluble form (Freeze and Cherry, 

1979). The Chebolarev sequence is not applicable in all groundwater systems because dominant 

anion reversal can occur, for example biochemical sulphate reuuction can cause an increase in 

bicarbonate and reduction in sulphate along the flow path. 
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Cation composition in groundwater is controlled by cation exchange processes which are more 

varied and unpredictable than anion changes. However the general evolutionary trend along the 

flow path is a dominance of calcium ions, then calcium and magnesium, and finally sodium (Pyne, 

1995). 

Groundwater also tends to follow an electrochemical evolution sequence whereby the redox 

potential of the water decreases along the flow path. Recharge water entering the system has high 

dissolved oxygen, and thus high redox potential. In the soil zone, oxidation of organic matter 

consumes dissolved oxygen and the redox potential declines. The rapidity of this process depends 

on soil structure and permeability, nature and depth distribution of organic material, frequency of 

infiltration events, depth to the water table, and the subsurface temperature gradient which controls 

the rate of chemical reactions. In recharge areas with little or no soil overlying permeable fractured 

rock, the infiltrating water maintains high redox potential to greater depths than recharge areas 

overlain by heavy clay soils (Freeze and Cherry, 1979). Nitrate reduction occurs as the redox 

potential of groundwater declines, then oxides of manganese and ferric iron are reduced, followed 

by sulphides. Groundwater with very low redox potential will have low sulphate concentration and 

an odour of hydrogen-sulphide, due to sulphate reduction. These reactions are biologically 

catalysed, controlled by the ability of the necessary redox bacteria to thrive in the aquifer 

environment. (Lloyd and Heathcote, 1985; Pyne, 1995). 

With adequate knowledge of the geologic and hydraulic properties of the formation. it is possible to 

model the way in which the groundwater chemical signature will change with distance from the 

point of recharge. The chemical signature of a groundwater sample from a bore can thus provide 

an indication of groundwater age, flow rate and direction, wall-rock interactions and the location of 

recharge areas (Pyne, 1995). Groundwater chemistry also can also reflect anthropogenic activities. 

Whilst small-scale mining has occurred sporadically in the Parkes area since the late 1890's, large 

scale mining is a comparatively recent development in the Upper Bogan valley (UBV). Acid mine 

drainage (AMD) is a common problem associated with mining operations. It is caused by 

oxidation of pyritic minerals in the ore and waste rocks, which generates sulphuric acid and lowers 

the pH of water in the mine (Banks et aI., 1997). Potential for AMD generation in the open cut 

area at NPM was investigated by Dowdeswell in 1997, and Knox in 1999. They found that the 

material being extracted from the pits had low acid generating potential and high pH-buffering 

capacity, and the potential for AMD in ore stockpiles or waste rock dumps was low. However, the 

acid generating potential of wall rocks in the open pits was not tested, and this needs to be 

investigated in future studies. 
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6.1.2 Groundwater sampling 

Due to the sensitivity of laboratory analytical methods, care must be taken to reduce (if not 

eliminate) all possible chemical changes to the groundwater from the moment it leaves the rock, 

until the time it is analysed in the laboratory (Tchobanoglous and Schroeder, 1985; Mazor, 1991). 

It is difficult to access groundwater without disturbing it because a monitoring bore is an alteration 

of subsurface conditions; when groundwater traverses the bore screen it is prone to chemical 

changes that alter the original groundwater signature. Therefore the method used to drill and 

construct the bore can influence groundwater chemistry due to the presence of drill cuttings, 

drilling fluids and lubricants, and contaminants on the bore lining or in the gravel screen (Fetter, 

1994). 

When sampling groundwater, details about the bore and sampling techniques should always be 

noted, especially if they differ from the standards (Sinton, 1986), It is desirable to first pump the 

bore for a few minutes, which allows new water to enter from the surrounding formation. In order 

to avoid aerating the water, a sample is then taken from the pump outlet or with an airtight bailer. 

The pump, bailer, bailer cord and sample bottles must all be clean (Brassington, 1990). Samples 

should ideally be preserved with a suitable agent, and kept at a constant temperature during 

transport to the laboratory. Finally, it is important to use a reputable laboratory and choose 

analytical methods suitable for the type of groundwater being studied (Fetter, 1994). If the 

groundwater sampling guidelines cannot be fulfilled and the sample is aerated or obtained from a 

stagnant bore, any possible chemical changes that may have occurred during the sampling process 

must be considered in the hydrochemical analysis (Brassington, 1990). 

Figure 6.2 shows some of the factors that could influence the chemistry of a groundwater sample 

from the NPM site. They have been divided into natural and anthropogenic influences, which 

include chemical changes associated with sampling technique. The influence of mining on 

groundwater chemistry in the UBV is probably relatively minor compared with large-scale land use 

changes over the past 200 years, and associated changes to the recharge regime. Different farming 

methods employ the use of various fertilizers, soil conditioners and chemicals, all of which can 

potentially enter the groundwater. 
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Figure 6.2 Factors controlling the chemistry of groundwater samples from bores at NPM. 

6.2 Re-analysis of data from previous groundwater studies 

Like other hydrogeologic data from prevIous groundwater studies at NPM, a review of all 

hydrochemical work has been confounded by poor documentation of details such as bore location, 

the sampling method, sampling depth, analytical me thod and laboratory , or the de tec tion limit for 

each chemical constituent. Appe ndix 6A contains an invcntory of all the bores llsed for 

hydroche mical sampling during previous hydrogeologic studies at Northparkes Mines; their 

locations are shown in Figure 6 .3, except Coradgery Farm bore which is shown in Figure 6.5, 
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Figure 6.3 Location of bores used for groundwater sampling in 2001 and in previous 
groundwater studies. Bores which have been destroyed are shown in yellow, bores that are still 
periodically monitored are shown in red. Tabulated bore information is inAppendix 6A. 
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6.2.1 Baseline water quality data 

A detailed sampling program for surface and ground water was carried out by Croft and Associates 

from 1981-1984 (CA, 1985), to gather data for the Northparkes Mines ElS (Pcko-Wallsend 

Operations Ltd, 1988). This study is significant in that it provides a database of pre-mine, baseline 

environmental data. The authors sampled a range of water sources across the proposed mine site 

on a monthly basis for up to 38 months . Surface water quality was assessed by sampling farm 

dams and pools in the creeks, and rainwater was characterized by sampling farm water tanks (see 

Chapter 2, Table 2.3). Groundwater quality was tested in five bores across the site, either by 

pumping or bailing. A different number of samples were collected from each bore . The data were 

presented in summary statistical form (Appendix 6B) and the median constituents shown in a piper 

diagram. A summary of the Croft and Associates (1985) dataset is given in Table 6.1. The water 

type, as determined from the dominant median cation and anion species, has been added to the 

uble. 

Table 6.1 Summary of the Croft and Associates (1985) pre-mine groundwater data. For a full 

statistical summary see Appendix 6B . Bore locations shown in Figures 6.3 and 6.5. 

Sample #of Median 
Median 

Water 
Bore Ee Comments 

method samples pH 
(mS/em) 

type 

SO,,-. pH, Co, Cu, Mo and~ 

[26 Pumped 25 6.6 23.94 Na-CI 
highly variahle compared with cr, 

indicating changing redox 

conuitions. 

Rocklands 
Pumped 21 7.4 tI.905 Na-CI 

Minor constituents anu pH highly 

Farm hore variahlc, hut not SO/ or cr --, 
Minor constituents, pH, TDS anu r 

Coraugery 
Pumpeu 2t1 7.2 0.17:1 

Na- HCO, ' highly variable, hut not 
farm hore HCO] 

504
2 or cr 

Minor constituents , Na+ anu HC01-

E27 
Bailed 6 6.9 OAn 

Ca-Na- highly variahle, hut pH changes 
urillhole HCOl 

only minor. 

E2t1 
Bailed 6 7.2 0.275 

Na- Exceptionally high variahility in 

urillhole HCOl K+ and Cu 2+ concentrations. 

The statistical summary in Appendix 6B shows that within each bore the concentration of aJl 

constituents varied greatly. The authors do not provide detail on the sampling method, but the 

analyses returned low dissolved iron and high total iron concentrations which sugges ts that all 

samples were aerated, regardless of whether they were pumped or hailed. Variation in pH and the 

major ions indicates that sample chemistry was influenced by changing redox conditions in the 

bore between sampling times. This could be either an environmental or a sampling phenomenon 
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(or both). It is not known how frequently the bores were pumped or for how long, but anecdotal 

evidence suggests they were being pumped intermittently between sampling times for use on the 

farms and exploration drilling rig (Jeff Love, 2001 pers. comm.). The bores that were bailed show 

less variability in major ion concentrations, however there were fewer samples taken than from the 

pumped bores. In all groundwater samples, carbonate was not detected and the pH varied from 

5.0-8.3, therefore total alkalinity is attributed to the presence of bicarbonate alone. High copper, 

cobalt and molybdenum concentrations were attributed to mineralization in the surrounding rocks. 

Croft and Associates (1985) showed that total salinity decreased away from the E26N orebody, and 

concluded that the mineralized rocks were the main source of groundwater salinity. They did not 

comment on the magnitude of variation in major and minor ion concentrations during the sampling 

program, and data presentation in summary statistics has effectively erased the temporal nature of 

these changes. It is therefore impossible to determine whether the variation was due to one or all of 

the following factors: 

• Changing redox conditions in the formation due to groundwater movement, driven by 

episodic recharge pulses; 

• Rainfall dilution; 

• Different pumping regimes at each bore; 

• Contamination during sampling. 

6.2.2 Summary of all previous studies 

Tables 6.2 - 6.4 summarise the available groundwater quality data from all previous studies for 

E26N, E22, and E27 areas, (Appendices 6A, 6B and 6C). The sampled bores have poor spatial 

distribution across the mine site, as most bores were constructed in the known orebodies. The 

dataset shows high variation in groundwater quality across the site, even between bores located 

close to each other. This may be attributed to sharp lithological changes associated with the 

intrusive history and mineralisation, and also the influence of rock hydraulic properties on the 

residence time of water in the formations. Near E26, groundwater quality was generally poorer 

compared with the other orebodies, with high electrical conductivity (Ec), TDS, and metals such as 

cobalt and molybdenum. Ec can be used as a proxy for TDS because it is directly related to total 

dissolved ions in the water. In all areas carbonate alkalinity was nil, and because the pH was less 

than ten, total alkalinity must have been due to the presence of bicarbonate. 
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It has been difficult to ascertain the quality of much of the data because essential details were not 

recorded , and because the original laboratory reports have been lost so information about the 

analytical method is not known. The reliability of the data has been ranked according to the flow 

chart in Figure 6.4. Data from Croft Associates (1985) was considered to be more reliable than the 

other studies because their monitoring program spanned a number of years and at least two samples 

were collected from each bore. Abbreviations for each study are in Table 6.2. 

Numher or samples taken I 1--_. ,-_2_0_r_l_cs_s_L I LOW RELIABILITY I 

EXCEPT where stuuy was uone 
by C A 1985, then rciiability for 2 
or less samples isVlEDIUM 

~ 
Bailed ~ ~IUVI RELIABILITY 

I p"L I----.!·I HIGH RELIABILITY 

Figure 6.4 Flow chart for selecting reliability ranking for hydrochemical data. 

Table 6.2 Previous groundwater studies, the sampling method used and abbreviation for 
reference in Tables 6.3-6.5 

Stud~ Abbreviation Sampling method 
Croft anu Associales Pty. Ltu, ]9~] CAI981 Baileu 

Reporteu in AGe. Il)X4 Geopcko, 19X4 Unklh)wn 

Australian Groundwater Consultants Pty. Ltd , 19X4 AGC 1984 Pumpeu 

Croft and Associates Pty . Ltu , 19X5 CA 19X5 Pumped and hailed 

Golder Associates PlY. Ltd. 19X5 GA 19X5 Unknown 

Golder Associates PLY. Ltu. 1987 GA 19R7 Pumpeu 

Coffey Partners International. ]993 CPI 1993 Pumped 

According to the median concentrations of chemical constituents from Tables 6.3 and 6.4, 

groundwater in the E22 and E27 area was Na-Cltype and generclily quite harei. At E22 (Table 6.3) 

groundwater was neutral to alkaline, TDS varied between 1400-4210 mg/L and Ec was 

approximately 2.7 mS/cm. Work by Golder (1985a) returned high values of barium, manganese, 

aluminium, boron, and molybdenum. Chloride and bicarbonate were the major anions and sulphate 

was low compared with E26N (Table 6.5). 
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T bl 63 C a e .roun d t wa er c emls ry III e h 't ' th E22 area, f rom prevIOus groun wa er s u les d t t d' 

I 

Attribute Unit Min Max Median 
# of 

Source Reliability 
samples 

pH 7.S 7.R 7.7 3 AGC, GA 19H5 & 19H7 High 

Conductivity mS/c m 2100 3370 2735 .1 AGC, GA 19H5 & 1987 High 

TDS mg/l 14()0 4210 2R05 3 AGC, GA 19H5 & 1987 High 

Suspended solids mg/l - - - - - -

Total hardness 
Ing 

460 J30R H84 3 AGe, GA 1985 & 1987 Hi gh 
CaCO·,!1 

Total alk alinity 
nlg 

170 440 305 2 GA 19H5 & 1987 Mcd 
CaCOll 

Carhonate 
mgll 

alkalinity 
- - - - - -

13 karbonatc mg/l 20S 630 417.5 3 AGC, GA 19H5 & 19H7 High 

Carbunate mg/l 0 1 0.5 -' AGC, GA 19H5 & 1987 High 

Calcium mg/I H5 190 137.5 .1 AGe, GA In5 & 1987 High 

Magnesium mg/I 60 200 130 3 AGC, GA 1985 & 1987 High 

Sodium mgll 150 .155 252.5 .1 AGC, GA In5 & 1987 High 

Potassium Illgl1 6 21 U .S 3 AGC, GA 1985 & 1987 HIgh 

Iron -total mgll 70 120 95 2 AGe, GA 1985 Med 

Iron-dissolved mg/l - - - - - -

Chloride lJlgll 340 940 640 3 AGC, GA 1985 & 19H7 Hi gh 

Sulphate mg/I I I )00 55.5 3 AGC, GA I lIH5 & 19H7 High 

Copper mg/I 1 5 3.1 2 AGe. GA 19H5 Vlcd 

Cohalt 1lg/1 - I IO I GA 1985 I Low 

Ylolybdenum Ilg/1 - D 23 I GA 19H5 Low 

Arsenic pg/l - 4 4.0 I GA 19R5 Low 

Selenium Ilg/1 - - - - - -

Silica mg/I - - - - -

Boron ~Ig/I - 290 290 1 GA 19H5 Low 
-

Aluminium pg/l - 1.10 130 I GA 1985 Low 

Chromium pg/l - 7 7.0 I GA 19H5 Low 

\1anganesc pg/I - 91 91 I GA 1985 Low 

Mercury pg/ I - - - - - -

Zillc 1l g/1 - \) 9 I GA lllS5 Lov. 

Barium ~lg/I - 110 110 1 GA 1985 Low 

Uranium 11 gil - 2 2 I GA IlI85 Low 

Groundwater at E27 was similar in composition to E22, but with higher TDS (3800-4210 mg/L) 

and Ec was approximately 4.3 mS/cm (Table 6.4) . Work by Golder Associates (1985a) returned 

high values of boron , manganese, zinc and uranium. Bore P29 (PDH29) at E27 had very high total 

iron concentration. which is inconsistent with other results from the area and probably due to 

contamination from a rusty iron bore casing. 

136 



CHAPTER SIX - Groundwater Chemistry 

T hi 64 G a e roun d water c h . t emls rv III t h E27 e area, f rom prevIOus groun d water stu d" les. 

Attribute Unit Min Max Median 
# of 

Source Reliability 
samples 

plJ 6.5 ~.I 7 4 CA 1985, AGe. GA 1lJ85 High 

CondlKtivity mS/em 2600 5900 4250 4 CA 19X5. AGC, GA 19X5 Med 

TDS mgJl 3~()0 4210 4005 2 AGC, GA J 9X5 Med 

Suspended solids mg/I - - - - - -

Total hardness 
Ing 

205 2UIU 1 lOX 4 CA 19X5, AGC, GA 1985 High 
CaCOJI 

Total alkalinity 
mo 

161 720 441 3 CA X I-X4, GA J 9X5 High " C~CO,/l 

Carbonate 
mg/I () 0 0 2 CA 81-~4 Mcd 

alblinity 

Hicarhonate mg/I 196 8X2 539 4 CA InS, AGe. GA 1985 High 

Carhonate mgll 0 0 0 2 AGe. GA Ins Med 

Calcium mg/I 35 370 103 4 CA 19X5, AGe. GA 19S5 High 

Magnesium mgll 12 264 Ll~ 4 CA J 9~5. AGe. GA J 9X5 High 

Sodium mg/l II ')O() 4X6 4 CA 19X5. AGe. GA 19X5 High 

I'lltassium mgtl 5.9 22 14 4 CA 1985, AGe. GA 1985 High 

Iron -total mgll 6 157 82 3 CA InS, AGe. GA 1985 Low: P29 

Iron-dissolved mg/J - - - - - -

Chloride mg/l 14 16<)0 XS1 4 CA 1985. AGe. GA 1985 High 

Sulphate mgll I 620 J II 4 CA Il)X5. AGe. GA 19X5 High 

Copper mgll 1.26 18 10 3 CA 1985, GA J 985 Vi ed 

Cobalt pg/I 1.0 6.2 4 .1 CA 1985, GA 19X5 Hi gh 

ivl ()I yhdenlll1l pgll 22 22 I GA 19~5 Low 

Arsenic pgll 5 9 7 3 CA Jl)X5. GA 1l) ~5 VIed 

Selenium pg/ I - - - - - - I 

SihcI mg/l - 7.6 7.6 I AGC 1984 Low 

u()ron flgll - 300 300 I GA 19X5 Low 

Aluminium ,llg/l - 70 70 I GA 1985 Low 

Chromiulll ;Ig/I - 5 5 I GA 19X5 Low 

ivl anganese pg/I - 140 140 I GA 19~5 Low 

Mercury pg/ I - - - - - -

Zinc pg/I - 35 35 I GA 1985 Low 

Bariulll pgll - 30 30 I GA 19~5 Low 

l!raniul1l flgll - 16 16 I GA 19X5 Low 
--

Groundwater from bores at E26 (Table 6.5) was slightly alkaline to moderately acidic. TDS 

exceeded I 1000 mg/L and Ec was high: approximately 30 mS/cm. This is consistent with Class 5 

salinity groundwater (sec glossary). Sodium dominated the major cations although magnesium and 

ca lcium were abundant. Chloride and su.lphate were the major anions, followed by bicarbonate. 

The groundwater was Na-CI type. it was very hard and contained high levels of cobalt, 

molybdenum and arsenic. 
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T bl 65 G l a e roun d water c h emlstry In t . e , h E26 area, f rom preVlOUS groun d water stu d' les. 

Attribute Unit Min Max I Median 
# of 

Source Relia bili ty 
samples 

1 CA 19~5. AGC, GA 19~5 & 
pH 5.0 7.~ 6.4 9 Hiuh 

19X7 '" 
Conductivity mS/em 4200 4~000 26100 10 

CA 1985. AGe. GA 1985 & 
High 

19~7 . CPI 1993 

TDS mg/I 11300 30700 I 21000 IX 
CA 1985. AGC, Geopcko, 

High 
GA 1085 & 19~7 . CPI 1993 

Suspended 
mg/I 0 1300 6XO 2 CA 1985 MeJ 

solids 
Total mg 

1960 7950 4955 IX 
CA 1 9~5, AGe. Geopeko. 

High 
hardness CaCOJI GA 19~5 & 1987. CPI 1993 

Total Inn 
lCiO 400.5 

CA 1985, GA 19X5& 1987. 
High '" 641.0 6 

alkalinity CaCOJI CPI 1993 
Carbonate 

mgtl 0 0 0 I CA 1985 Med 
alkalinity 

: 

Bicarbonate mg/I 
I 

73 ?X2 427.5 I X 
CA 1985. AGe. Gcopeko, 

High 
GA 19~5 & 1987. CPI 1993 

Carbonate mg/I 0 0 0 18 
CA 191\5. AGe. Geopcko. 

High 
GA 19X5 & 1Y~7. CPI1993 

Calcium mg/I I X4 1610 X47 I X 
CA 1985. AGC. Gcopeko. 

High 
G1\ 19R5 & 1987. CPI 1993 

Magnesium mg/I I 380 1250 XIS 18 
CA 19X5. AGC. Geopeko. 

High 
GA 19X5 & 19X7. CPI1993 

Sodium mgtl 2~50 7300 507S I X 
CA 1985. AGe, Geopeko. 

High 
I GA 19X5 & 19~7. CPI 1'J93 

Potassium mg/I 20 X.l.O 42.5 18 
CA 19X5. AGe. Geopeko, 

High 
GA 19X5 & 19X7. CPI 1993 

Iron - t()tal mg/ I 0.2 l) 1.0 45.6 5 
CA 1')X5.AGl'.GA 1985, 

Hi gh 
CP I 1993 

Iron-dissolved mg/l <002 0.32 0.16 3 AG C 19X4 MeL! 

Chloride mg/I SIOO 13600 93S0 I X 
CA 19X5. AGe. Geopcko. 

High 
G1\ 1985 & 1')X7. CPI 1993 

Sulphate mgtl 1111 5550 3330.5 18 
CA 19X5. AGe. Geopeko, 

High 
GA 19X5 & 19X7. ('PI IY93 

i\itrate mgtl <0.1 OA 0.2 9 
Geopeko Datahase , I,)X4, CPI 

Low 
199.1 

Copper mgtl <0.01 150.00 6.50 16 
CA 1985. AGe. Gcopcko. 

Iligh 
GA IY85, CPI 1993 --

C()halt ~Igtl 4 1595 7'NS 3 CA 19R5. GA 1985 High 

Molybdenum Ilg/l I 6 600 30.1 3 CA 1985, GA 1985 High 

Arsenic pg/I dU) 1 57.0 2X.5 4 CA 1985. G1\ IY85. CPI 1993 lIigh 

Selenium 1lg/1 0.1 U ()7 2 CA IYX5 Med 

Silica m,l!/l 70 14.0 10.) 3 AGC 1<)84 !'vied 

Horon p,l!ll <0. 1 - d). 1 I CPIIYY3 Low 

Aluminium Ilg/1 - 70 70 I GA 19X5 Low 

Chromium pg/I - I I I GA 19X5 Low 

Manganese Ilg/1 ?X 350 214 2 GA 19X5. CPI ,IY93 Low 

Mercury Ilg/1 0.1 0.) 0.2 2 ('A 1985 Mcd 

Zinc pg/l 72 XO 79 2 GA IYX5 . CPI Il)Y) Low 

Harium Ilg/1 - 1.1 IJ I GA 19X5 Low 

Uranium Ilg/1 - 4 4 I GA IYX5 Low 

Analysis in WASPEC software by Australian Groundwater Consultants (AGC, 1984) showed that 

groundwater at the three main orebodies was undersaturated with respect to gypsum, but 
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supersaturated with calcite and dolomite. At E26N groundwater was also undersaturated with 

respect to halite (AGC, 1984). Total salinity in the area appeared to decrease away from E26N. 

Several workers reported the occurrence of relatively fresh groundwater away from the 

mineralization in farm bores near Goonumbla Hill, however this was not investigated by them 

(AGC, 1984; GA, 1985a). 

The data from previous studies demonstrates that there was significant spatial and temporal 

variation in water quaHty across the NPM site. But despite the quantity of water sampling done in 

the past, there has been little attempt to try and explain, or further investigate the variations. There 

may be several factors contributing to temporal and spatial water quality variation, including: 

• Proximity to recharge zones - water quality is expected to decline along the length of the 

flow path with distance from recharge, and with residence time in the rock; 

• Timing of recharge events - temporal variations in water quality may occur in response to 

the flushing effect of recharge pulses, especially after particularly wet or dry seasons; 

• Sampling method - groundwater quality in a bore may change with pumping or stagnation, 

due to changing redox conditions; 

• Laboratory analytical method - Croft and Associates (1985) made several alterations to 

analytical methods during their monitoring program, to better suit the groundwater types 

being studied. The Residue On Evaporation method for determining TDS was improVed by 

the use of finer filter paper, because suspended colloidal particles in the sample were 

bypassing filtration. This was causing erroneous TDS results that had poor compatibility 

with Be measurements. 

• Improved lower limit of detection by different analytical methods. 

6.3 Hydrochemical data collection in 2001 

6.3.1 Field pH and electrical conductivity survey 

In 200 1, considerable time was spent investigating the possibility of pumping groundwater from 

monitoring bores in the open cut area, all of which have a small internal diameter and considerable 

depth to the water table. Technical difficulties meant that only W16 and W17 were pumped (see 

section 4.6, Chapter 4). Small diameter PVC disposable bailers were used to retrieve samples from 

the other open cut monitoring bores to test stagnant pH and Ec. W2 and W6 could not be sampled 

because the available bailers were too large to fit down the piezometer pipes, which have an 
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Figure 6.5 Groundwater pH and conductivity across the upper Bogan catchment and 
Northparkes Mines, Data from February 2001 except tailings dams bores (MB 1-MB7) which are 
1999. See Append ices 6D and 6E for raw monitoring data. Base map source: NPM farm records, 

2001. 
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internal diameter of 42 mm. W12 was only sampled once because the bailer became stuck in the 

piezometer pipe. Samples were also bailed from the old farm bores south-east of E26, and one 

stagnant bore at E26N (PI39). 

Groundwater samples were transferred from the bailers to clean, acid-treated Nalgene bottles and 

pHlEc tested in the NPM process laboratory. Filtration was not routinely carried out, but only done 

when the sample appeared turbid. Turbid samples were left standing for a short period to settle, 

then a small amount of water was decanted from the surface and filtered through 0.45 Jlm paper 

before pHlEc testing. Figure 6.5 shows the locations of sampled bores and the pH and Ec results 

(from data in Appendices 6D and 6E). Water quality data for the tailings dams bores has been 

included on the map, courtesy of the NPM Ore Processing Department monitoring program from 

1994-1999. The tailings dams bores were all pumped for one minute prior to sampling. Figure 6.5 

shows that groundwater near the surface drainage divide south-east of E26N is relatively fresh, Ec 

is <1.5 mS/cm. In P139 at E26N, Ec is approximately 31.6 mS/cm which is consistent with the 

quality of groundwater seepage in the underground mine (c. Stewart, pers. comm. 2001), but 

slightly higher than measured in previous groundwater studies Cfable 6.5). Ec is lower in the open 

cut area, ranging between 2.5-12.0 mS/cm. On the north-east side of the open cut sound bunds the 

quality of groundwater declines, Ec varies between 10.3-23.8 mS/cm. 

There is no clear pH trend in Figure 6.5. pH is generally neutral to slightly acidic in the open cut 

area, around the tails dams and at E26. Several farm bores returned more alkaline values, 

palticularly Rocklands bore where the pH was 9.9. This may be due to reducing conditions in the 

bore, which was abandoned and had not been pumped for some years. When samples were being 

bailed a hydrogen sulphide smell was detected in Wll, W14, W15, W16, and W18. These are the 

deeper piezometers around the open cuts, and suggest reducing conditions in groundwater at depth. 

6.3.2 pH/Ec profiles in open cut monitoring bores 

Monitoring bores WII-WI5 were constructed with very long piezometer screens from -35-150 m 

btp, so the stagnant bore water is a composite of groundwater from any level along the screen. 

These bores have never been pumped. As part of the groundwater pHlEc survey, samples were 

bailed from increasing depths in W13, W14 and W15 to determine if groundwater quality varied 

with depth. This could be a reflection of changing groundwater quality at different depths in the 

formation, or stratification and stagnation in the bore. 
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Ideally, bore pH/Ec profiles should be undertaken using downhole probes that do not require 

groundwater disturbance or aeration. But most commercial probes are made with relatively short 

wires that are not long enough to reach depths of 150 m btp in the NPM bores. It was not possible 

to obtain a suitable probe with long wires during the field period, so the procedure was carried out 

by bailing samples from increasing depths. This methodology was flawed, because sample 

withdrawal disturbed the water column and this may have caused flow and mixing. The pH/Ec 

profiles in W13, W14 and W15 are shown in Figure 6.6, from data in Appendix 6D. 

Ec (mS/em) Ec (mS/em) 
1.5 2.0 2.5 3. o 20.5 21.0 21.5 22.0 22.5 

~ 
~ W14 pHlEc Profile 
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~ +---~--~--~r-~ 
~ 
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~ 
~ 6.6 6.8 7.0 7.2 7.4 7.6 

~ ___________ pH _________ ! 
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pH 
7.0 7. 

w ~ ~ 
Figure 6.6 Depth profiles of pH and Ec in (a) W13, (b) W14, and (c) W15, MarchlApril2001. 

In all bores, Ec increased with depth but the most significant increase occurred in the top 20 m of 

the water column. In W13, pH decreased slightly with depth, showing an inverse relationship to 

Ec. A similar trend occurred in W14, however pH increased at 10160 m (RL) before decreasing 

again at the bottom of the bore. The profile for W15 is different in that both pH and Ec increased 

in the top 10m of the water column, then remained relatively static until the bottom of the bore. 

Two-point profile data for W16 and W17 (screened over a 6 m interval), showed a similar salinity 

gradient between the top and bottom of the water column in the bore (Appendix 6D). When W16 
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and W17 were pumped and then sampled, the salinity of new water entering the bore was similar to 

that of water bailed from the bottom of the stagnant bore prior to pumping. The nature of the 

change in Ec along each bore profile is consistent with density stratification resulting from cycles 

of evaporation and condensation in the bore. Water evaporates from the surface water surface and 

condenses on the piezometer cap and walls, then it runs back down the pipe and accumulates as a 

layer of fresher water at the surface. The methodology did not provide enough accuracy to show 

the influence of different water bearing zones with increasing depth. 

6.3.3 Laboratory analysis of major ion chemistry 

In May 2001, bailed (and aerated) samples from open cut monitoring bores, seepage in E26 

underground mine, and seepage in E27 pit were sent to Australian Laboratory Services (ALS) in 

Sydney for analysis of major ions. In addition, each sample was subject to an Inductively Coupled 

Plasma-Mass Spectrometry (ICP-MS) scan to determine the presence of more than 50 minor and 

trace elements, including iron, aluminium and arsenic. All the samples were neutral in pH and did 

not cOlitain carbonate in detectable quantities, so alkalinity values have been adjusted and are 

expressed as bicarbonate concentration. Major ion chemistry is presented in Tables 6.6 and 6.7, 

and trace element concentrations in Table 6.8 and 6.9. Full laboratory reports are in Appendix 6F. 

Locations of pit seepage points are shown in Figure 5.15 (Chapter 5). 

The laboratory analyses show that samples from E26 seepage and W14 are similar: the water is 

sodium chloride type and saline, with correspondingly elevated TDS and sulphate. By contrast, 

samples from open cut monitoring bores and E27 seepage had much lower rDS and chloride. 

Oxide zone seepage in E27 had lower TDS, strontium, and higher proportions of bicarbonate than 

seepage from sulphide rocks deeper in the pit. Boron, manganese and strontium are usually trace 

constituents in groundwater, but the ICP-MS scan results show that at NPM they are secondary 

constituents. In some samples strontium concentration is comparable to potassium; it is highest in 

E26 seepage and sulphide zone seepage in E27 pit (H5 and HI 0), and is probably related to the ore 

mineralization. 

Unlike the analysis by Croft and Associates (1985), there was no dissolved iron detected in any of 

the samples. It may be that their reported iron concentrations expressed both dissolved and 

suspended iron, of which only suspended iron was present. 
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Table 6.6 Major and secondary ion analysis for samples from open cut monitoring bores, 

Northparkes Mines May 2001. Laboratory reports in Appendix 6F. 

Element Wll W12 WI3 W14 W16 WI7 

Unit Bore Bore Bore Bore Bore Bore 

Calcium mg/I 425 220 74 546 4S1 ISH 

Magnesium mg/I 45 153 45 H68 119 141 

Sodium mg/I 460 295 140 3000 720 497 

Potassium mg/I 14 5 5 25 44 11 

Bicarbonate mg/I 31H 32K 419 656 426 665 

Sulphate mg/I 406 353 59 1210 634 50S 

Chloride mg/I I 100 H25 190 6660 1670 592 

Boron mg/I 3.2 1.1 <0.2 0.5 5.8 0.6 

Manganese mg/I 0.947 2A5 0.238 5.15 0.434 0, 19 

Strontium mg/I 13.3 4.51 0.132 12.15 11.9 2.67 

Calculated TDS mg/l 2786 2188 932 12984 4113 2576 

Total anions melj/I 44.7 36 13A5 224 67.29 3R.IH 

Total cations meq/I 45.2K 36.53 13.61 230 66.24 41A 

Actual difference meq/I 0.58 0.53 0.17 6.04 1.05 3.22 

Allowed difference melj/l O.H 0.66 0.31 1.15 0.7 

Calculated Ec pS/crn 4353.2 3417.9 1456.2 20286.7 6427.2 4024.2 

Field Ec ~IS/cm 5500 7670 2500 210()O 9000 3600 

Field pH 7.1 7 7.1 7 7.1 7.2 

Table 6.7 Major and secondary ion analJ'sis for samples from open cut and underground 

mine seepage, Northparkes Mines May 2001. For locations of pit seepage points refer to Figure 

5.15 (Chapter 5). Laboratory reports in Appendix 6F. 

Element 04 E3 H5 HI0 E26 

Unit 
Oxide Oxide Sulphide Sulphide Block cave 

zone seep zone seep zone seer zone seep Seepa~e 

Calcium mg/I 116 141-: 19H 202 1090 

Magnesium mgJl 140 J40 123 99 1030 

Sodium mg/I 221 IHH 260 SH4 69HO 

Potassium mg/l 5 6 J I 17 32 

Bicarbonate mg/I 365 370 17H 185 249 

Sulphate mg/I 296 381 490 664 5430 

Chloride IIlg/l 529 455 581 941 IIHOO 

Boron mg/l 0 .5 OA 1.2 1.2 0.7 

Manganese mg/I <0.00 I <0.001 0.02K 0.147 I.l 

Strontium mg/I 2.77 2.H2 18.5 21.3 22 

Calculated TDS mg/I 1675 1691 1961 2716 26635 

Total anions IllCq/1 27.07 26.84 31.14 43.41 450 

Total cations meq/I 27.08 17.2H 31.62 44.02 444 

Actual difference meq/I '!r, <0.0 I 0.44 OA7 0.62 -6.00 

Allowed difference rncq/I 7.08 

Calculated Ec pS/cm 2617.4 2642.3 30M A 42430 41617 .3 

Field Ec pS/cm 2700 3000 3000 +/- 2000 +/- 35000 

Field pH 8.2 7 .5 ~U 7.6 7.5 
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The electro-neutrality of each sample has been assessed through the cation-anion balance (in 

meq/I) . A positive balance indicates either excess cations or insufficient anions in the analysis, 

whereas a negative balance indicates either excess anions or insufficient cations. A reasonable 

balance for most routine work is less than 5% (Domenico and Schwartz, 1998). Generally, the 

cation-anion balance for each NPM sample indicates unidentified anions, particularly at W 14. 

However in E26N there were unidentified cations. Several reasons why a cation/anion imbalance 

might occur in the NPM samples include : 

• 

• 

• 

Important groundwater constituents were not identified in the analysis method; 

Laboratory error; 

Exsolution of dissolved gases, or mine ral precipitation during sampling . 

6.3.4 Laboratory analysis of trace clements 

Trace clement concentrations in the groundwater samples as determined by ICP-MS scan arc 

presented in Tables 6.8 and 6.9. Aluminium, arsenic and iron are conspicuous in their absence. 

Trace elements occurring in significant quantities include copper, lead, boron, barium, lithium, 

molybdenum, selenium, cobalt and zinc. 

Table 6.8 Trace element chemistry, NPM open cut monitoring bores, May 2001. All 

measurements in Ilg/1. Laboratory reports in Appendix 6F. 

Element Wll W12 W13 W14 W16 W17 
Bore Bore Bore Bore Bore Bore 

Barium 122 157 53 106 102 33 
Cobalt 1 5 <I H2 I 3 
Copper 2 6 3 5 H 6 
Lithium 21 4 5 36 31 14 

Molybdenum < I 2 <I 2 IH 7 
Nickel 3 7 5 12 < I 2 
Lead 7 < I 6 1 4 <I 

Rubidium 4 I 3 8 12 4 

Antimony < I < I <I <I 4 <I 
Selenium <10 <10 <10 <10 2 30 
Titanium <10 <10 <10 <10 < 10 <10 
Uranium <I 12 I l) 8 l) 

Vanadium <10 <10 <10 10 <10 <10 
Zinc 2H ]3 12 15 1240 l) 

Zirconium <5 <5 <5 <5 J2 <5 
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Table 6.9 Trace element chemistry, NPM open cut and underground mine seepage, May 

2001. All measurements in Ilg/l. Refer to Figure 5 . 15 (Chapter 5) for locations of open cut 

seepage points. Laboratory reports in Appendix 6F. 

Element D4 E3 H5 HIO E26N 

Pit seep Pit seep Pit seep Pit seep Seepage 

Barium 16 22 44 21 19 
Cobalt <I <I 13 ]6 2 
Copper 15 8 7 140 13 
Lithium 10 7 23 49 I Xl 

Molybdenum 9 79 196 123 48 
Nickel <1 < I 4 6 3 
Lead <I < I <1 4 < I 

Rubidium 2 3 6 15 22 -
Antimony < I <I 4 3 <I 
Selenium 40 40 40 40 10 

Titanium <10 <10 <10 <10 10 
Uranium X 6 8 2 6 

Vanadium <10 < 10 <10 <10 40 
Zinc 3 2 2 12 18 

Zirconium <5 <5 <5 <5 <5 

6.4 Hydrochemical analysis 

interpretation of chemical data in tabulated fonn can be difficult, so the results of the 200 I 

lahoratory analyses were entered in an Aquachem database to check data reliability and present the 

results graphically (Aquachem Version 3.7, Copyright Waterloo Hydrogeolugic, 1997 Lukas 

Calmbach) . Some of the hydrochemical data from previous studies (section 6.2) was added to the 

database (database reports in Appendix 6G). This allowed construction of comparative graphs to 

determine data consistency over time, and compare hydrochemistry between different areas at 

NPM. 

6.4.1 Pie diagrams 

Pie diagrams show the concentration of major constituents as wedges of a radial plot in either mg/I 

or meq/J, where the diameter of the inner circle is drawn proportional to sample TDS (Lloyd and 

Heathcote, 1985). Pie diagrams for samples from bores arollnd E22 and E27, and E27 seepage 

samples are shown in Figure 6.7. The samples have been subjectively divided into groups based on 

TDS and the relative proportions of the major ions. 
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Figure 6.7 Pie diagrams showing major ion concentration in bores around E22 and E27, and 

wall seepage at E27, from 2001 and previous groundwater studies. Data in Appendix 6G, 
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Figure 6.8 Pie diagrams showing major ion concentration in bores around E26, E28 and 

W14 (by the tailings dams), from 2001 and previous groundwater studies. Note that the scale 

of the inner circle (diameter proportional to TDS) is different to Figure 6.7 because the water is 

more saline. Data in Appendix 6F and 6G. 

Samples from E22 fall into two groups . E22(a) samples have low TDS, high bicarbonate, but low 

chloride and sulphate, and represent fresh, young groundwater. Samples in E22(b) have higher 

TDS and chloride, but lower bicarbonate compared with E22(a). At E27 the bore and seepage 

samples show more variation in both chemical constituents and IDS, and distinct groupings are 
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more difficult to identify. E27(a) samples have higher TDS and chloride, whereas E27(b) samples 

have lower TDS and are similar to E22(b). Amongst the E27 seepage samples, oxide seepage has 

lower TDS but slightly higher bicarbonate, magnesium and calcium concentrations relative to 

sulphide seepage. 

In Figure 6.8, pie diagrams for bores around E26 and underground mine seepage show better 

consistency than pie diagrams for the open cut area. All samples have high TDS, they are 

dominated by sodium and chloride, with low bicarbonate and calcium. P26 is from E28 and differs 

from the other samples in that calcium concentration is higher. W14 is from the area between E27 

and the tailings dams. The pie diagram for W14 is presented in Figure 6.8 because it is more 

similar to the E26 samples than open cut samples, except TDS is lower than at E26. 

6.4.2 Piper diagrams 

Piper or trilinear diagrams allow comparison between large numbers of chemical analyses (Hem, 

1970). The major cations and anions are plotted in the two base triangles as percentages of meg/l 

(Figure 6.9). The locations for an analysis are then projected into the central polygon to show the 

total ion relationships . 
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Figure 6.9 Groundwater classification using a Piper diagram, according to Deutsch (1997) 
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The Piper diagram portrays relative, rather than actual ion concentrations (Lloyd and Heathcote, 

1985; Deutsch, 1997). Figure 6.10 shows hydrochemical data from groundwater samples taken in 

May 2001, and also from some previous groundwater studies at NPM. 
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Figure 6.10 Piper diagram showing major ion chemistry of groundwater samples at 

Northparkes Mines, from 2001 and previous groundwater studies. 

The samples cluster in three areas of the diagram and represent three broad groups, summarized in 

Table 6.10. P29 is isolated from the other samples and has been placed in a fourth group, the 

integrity of which is uncertain because it is the only sample to plot in that part of the Piper diagram. 

Samples in group one fall in the CalNa-HC03/CI field of the Piper diagram, and can be considered 

characteristic of shallow recharge water found in the oxide zone around the open cut area. Ec is 

approximately 1.1-3.6 mS/cm and it has higher bicarbonate concentrations than groundwater in the 

sulphide zone. It is also likely to be younger, although this suggestion requires verification through 

a groundwater dating survey. 
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Classification of W 17 is uncertain; pie diagrams for W 13 and W 17 are similar, but W 17 plots just 

inside the Ca/Na-CI field of the Piper diagram. WI 7 is screened only in the oxide zone, it has 

lower salinity than groundwater in the sulphide zone and probably represents a mixture of group 

one and two groundwater. W 13 is screened from -35-150m and was expected to contain a mixture 

of oxide and sulphide zone groundwater. But the pie diagram for W 13 is a different shape to the 

other dee p monitoring bores (WI I, WI2 and W14) and they plot in different parts of the Piper 

diagram. TDS in W 13 is lower than the other deep bores and it is inferred that W 13 must be 

located in an area that receives more rainfall infiltration -indicating thinner surface confining 

materials and higher hydraulic conductivity in this area. The E22 pit walls show that the clay and 

regolith horizons are thin in the area SW of E22, an observation that is supported by shallow RAB 

refusal depths in Figure 2.6 (Chapter 2). 
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r--. 
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WII , W12, W16. 07 , 
E26 hores, W 14. 

Samples 
W 13, D3, p:n anu P 157, P26, En oxiue 

sulphide seepage P29 
possihly W 17 seepage ([3 anu D4) and 

at E27 (HID) 
sulphiue seepage at H5 

_ .-
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conditions. 

Group two samples plot in the Ca/Na-CI field of the Piper diagram, and include samples from some 

bores at E22 and En, E27 oxide zone seepage and one sulphide zone seepage sample. This group 

can be considered characteristic of groundwater found in the sulphide zone around the open cut 

area, which has higher sulphate and salinity (approximately 4 .0-12.0 mS/cm) , and lower 

bicarbonate than oxide zone groundwater. W 16 is screened from 94-100 m and should contain 

groundwater from the sulphide zone only. Bores Wil and W12 are both screened from -35-150 m, 

and are expected to contain a mixture of fresher oxide groundwater and poorer quality sulphide 

groundwater. The analysis suggests that if mixing is occurring in WI) and W12, it is insufficient 
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to markedly alter the major ion groundwater chemistry, but may be causing salinity dilution in the 

bore. 

Group three samples plot on the boundary of the Ca/Na-Cl field and the Na-Cl field of the Piper 

diagram. This includes all samples from the E26 area, W14, and one sulphide zone seepage sample 

from E27. The pie diagrams show that relative proportions of the major ions in W14 are similar to 

E26N. with a dominance of sodium and chloride even though IDS in W14 is lower than at E26. 

The Na:Mg ratio is higher at E26, but the CI:S04 ratio is higher at W14. This is consistent with 

groundwater at E26 being located closer to an area of known sulphide mineralization than at W14. 

Groundwater from P29 plots outside the three main groupings shown in Figure 6.10. It is Na-CI 

type, but it differs from group three because it has a higher proportion of bicarbonate relative to 

chloride, and TDS is much lower. Compositionally it is more similar to group two than group 

three. P29 was not included in the groundwater sampling program in 2001 because its steel lining 

was badly corroded, and the bore had been left uncovered since the 1980s so it was likely to be 

contawjnated with rainwater and debris. 

6.4.3 Trace element geochemistry 

Trace element geochemistry is usually concerned with the occurrence of metals and metalloids like 

arsenic and selenium, which occur at concentrations less than 1 mg/I and have either environmental 

or economic significance (Drever, 1988). They are readily absorbed by manganese/iron 

hydroxides and organic complexes, so elevated trace element concentrations generally do 'not 

persist in aquatic systems. This is reflected in their relatively low concentrations in sea water 

compared with groundwater near sulphide ore deposits (Tchobanoglous and Schroeder, 1985; 

Lloyd and Heathcote, 1985). Trace elements are derived from rock weathering or released into the 

environment by human activities. They form the basis of geochemical prospecting, whereby their 

concentrations in surface or groundwater can be used to locate ore deposits (Stone, 1999). The 

weathering of sulphide orebodies like those at NPM can cause elevated groundwater concentrations 

of copper, zinc, molybdenum, silver, mercury and lead; and associ:lted trace elements include 

selenium, arsenic and cadmium (Drever, 1988; Giblin, 1996). 

Distinguishing background trace element concentrations from the environmental effects of 

industrialization has become increasingly difficult, and trace element chemistry is now regarded as 

a complex specialization of environmental chemistry. Trace element analysis has improved greatly 

in the past 20 years with the development of laboratory analytical techniques such as the ICP-MS 
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scan, which is capable of rapid sample throughput, high sensitivity, and low detection limits (Lloyd 

and Heathcote, 1985). 

There is poor consistency in the occurrence and concentration of trace elements in the groundwater 

samples from 2002 (Tables 6.8 and 6.9). Strontium, manganese, barium and boron concentrations 

are all high enough to consider them as secondary components in the study area. Generally, lower 

trace element concentrations occur in group one samples and the highest concentrations in group 

three (Table 6.10). The greatest inconsistency occurs within group three samples, which may 

reflect the different localities of W14 and E26N. The best consistency occurs within group one, 

except boron for which 600 Ilg/L was measured in the WI? sample, but it was undetected in the 

W13 sample. 

Selenium was only detected in W16, W I? and bores at E26. Selenium concentration at WI? was 

much higher than the other samples, and because this bore has a shallow screen depth the selenium 

may be derived from the regolith materials. W16, located only 6 m from WI? but screened in the 

sulphide zone, was the only bore with detectable quantities of antimony Clnd zirconium. It also 

contained higher concentrations of boron, and zinc was two orders of magnitude higher than the 

other samples. Boron and zinc are common residual products of weathering (Giblin, 1996) but 

considering the magnitude of the zinc anomaly in WI? the possibility of bore or sample 

contamination cannot be ruled out. The W14 sample is characterized by high manganese and 

nickel, both of which are associated with environments that have undergone extreme chemical 

weathering. The E26N sample is the most highly mineralized and contains significant copper, 

lithium, molybdenum, strontium, vanadium and titanium. The ICP-MS scan did not test for the 

presence of phosphorus and it is recommended that this element be included in future groundwater 

hydrochemical analyses. 

6.5 Discussion 

6.S.1 Reliability of the Northparkes hydrochemical data 

In 1996, a groundwater geochemical study for the Narromine-Nyngan region was carried out by the 

CSIRO Division of Exploration and Mining, on behalf of the NSW Department of Mineral 

Resources (Giblin, 1996). On order to investigate the value of hydrogeochemical data in 

exploration for gold and base metal deposits in the region, 152 groundwater samples were collected 

over a 30,000 km2 area, including ten samples from the NPM site (Table 6.11). Samples were 
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either or bailed from drill they were all and analysed by ICP-AES 

in the NPM area had the scan for ions and trace metals. Across the area, 

which now and/or more lithologies. This is 

at odds with Smithson (2002) who r"yvwt"d that salinity increased towards the north-west in the 

Bogan 

Giblin (l996) reported that unlike many areas of porphyry-style NPM waters 

did not have a Au-Au relationship and this is consistent with the results from 2001, in which 

arsenic was not detected. Giblin that NPM groundwaters had a distinct geochemical 

signature by anomalously high values of copper, gold, manganese, strontium. lead, 

rubidium, nickel, and cohalt. The trace element concentrations from the 

200J study fall within the range of values obtained by Gihlm (1996), with the of boron 

and barium which arc in the 2001 data. 

Table 6.11 analysis by 1996: summary characteristics of from 

Northparkes Mines bores. I<'till data IS III 6H, hore locations shown in Figure 6.:1. 

~xcept W8 which is in 3.7. 
----------,------------------

Sample name Bore Location 

;\iPKI 
E26N 

E26N mine 
seepage 

NPK3 PIO) E26S 

NPK4 PJ04 E26S 7.9 

NPK5 P71 E26 7.1 

HP 1 PIOI E26S 7.4 

HP2 PIOO E26S 7.1 

NPK6 W6 E27 7.5 

NPK7 W8 En 8.2 

NPK8 W5 E27 7.8 

NPK2 MB2 Tails Dam I 7 

Tahle 6.12 shows that groundwater types across the 

hydrochemical analysis in 2001. Bore W6 could not be 

TDS (mgll) 

24358 

18094 

lO800 

2326 

18633 

21191 

1407 

1707 

1497 

6209 

Water type 

Na-CI 

Na-CI 
Na·CI 
Na-CI 

Na-CI 
Na-CI 

Na-CI 

were consistent with the results of 

in 200 I, hut its III an area 

of OlltCrop means it should sltghtly fresher water than bores in the open Cllt area. This 

IS confirmed in the 1996 because in W6 had lower fDs <l11l1 was 

whereas from other bores arollnd E27 was Ca-CI- HCO l or Na-SO.! 
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6.5.2 TDS·Ec Relationship 

In the NPM groundwater samples, there is poor correlation between measured and computed values 

of Ec using a conversion factor of 0.64, particularly in high salinity samples (Tables 6.6 and 6.7). 

This is the accepted standard used in the Central West Area, after Taylor (1996) (A. Smithson and 

A. Carter, pers. comm. 2001). Taylor (1996) states that the TDS+-!>Ec conversion factor may vary 

from 0.4-0.97, depending on the ions present in the water. There are three possible reasons for the 

poor TDS-Ec correlation in Northparkes groundwater samples: 

• Due to the presence of unidentified ions: the likelihood of this occurring is low 

considering that the ICP-MS scan checks for more than 50 elements; 

• The average TDS -Be conversion factor of 0.64 is not suitable for these groundwater types 

and needs to be adjusted for the ions present in each sample; 

• Very fine suspended particles in the water samples are contributing to Ec measurements. 

This is possible since the samples tested in the Northparkes laboratory were not routinely 

filtered. 

Croft and Associates (1985) reported poor correlation between measured and computed values of 

condlU..tivity during their three-year environmental monitoring program from 1981-1984. The 

TOS-Ec relationship was improved by using 0.22 Ilm filter paper rather than 0.45 Ilm, which 

removed a greater proportion of the fine colloidal particles in the groundwater. The IDS-Be 

relationship for NPM ground waters could also be improved by adjusting the conversion factor to 

account for the particular ions present. 

6.5.3 TDS variation across the Northparkes Mines site 

Previous workers have attributed saline, Na-CI type groundwater at E26N to active supergene 

weathering processes that leach gypsum from the upper orebody and re-deposit it at depth 

(Australian Groundwater Consultants, 1984), The absence of gypsum fracture infill in E22 and 

E27 was thought to be responsible for lower salinity groundwater in that area compared with E26. 

But saline, Na-CI type groundwater also occurs in W14 and the tailings dams monitoring bores, in 

an area with a deep weathered profile and thick mega-mottled clay units. This suggests that 

controls on groundwater quality across the NPM site are more complex than just the nature of the 

rock fracture infill. Other factors to consider are the speed at which groundwater flows through the 

area (related to hydraulic conductivity and gradient), the thickness and chemical properties of the 

weathered horizon (which controls recharge rate and cation exchange reactions with infiltrating 

water), and distance from areas of shallow bedrock that receive direct rainfall recharge. 
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The distribution of salinity and pH across the area (Figure 6.5) appears to be related to the water 

table profile (as shown in Figure 4.6, section 4.2.3). The thickness of the weathered profile 

probably controls the spatial distribution of recharge zones, the position of the water table, length 

of the flow path, rate of groundwater movement, and thus also groundwater quality. Areas where 

the regolith is thin are more likely to receive direct rainfall recharge, they will be more regularly 

flushed and groundwater at these locations will be young and comparatively fresh. The water table 

gradient indicates that groundwater flows radially away from outcrop areas, probably along the 

more permeable layer of fractured saprock at the base of the regolith. With distance along the flow 

path the weathered profile thickens and depth to the water table increases together with the degree 

of confinement. According to the Chebotarev Sequence (1955), redox and acid-base reactions, 

precipitation and dissolution will slowly change the fresh recharge water which is Ca-HC03 type, 

to Na-Cl type groundwater. 

6.6 Hydrochemical summary and model 

:-Iydrochemical analysis is all important part of any hydrogeologic study, but it is a complex field 

that is prone to sampling, analytical and interpretational errors (Domenico and Schwartz, 1998). 

The monitoring bores at Northparkes Mines were not designed for groundwater sampling: samples 

have been bailed from the bores, but they should ideally have been pumped first to flush out 

stagnant water and any contaminants introduced during or after bore construction. The error 

associated with failing to pump the bores prior to sampling is not known. Results from pumping 

bores W16 and W17 (section 4.6.4) showed that stagnation affects the pH but not the Be of bore 

water. The long screen lengths in WI1-W14 make it difficult to ascertain the depth at which 

groundwater is entering the bore. Consequently these bores are not ideal for including in a 

groundwater chemistry study, and the hydrochemical data from them should be treated with 

caution. 

The groundwater samples have returned a poor relationship between calculated and measured 

va!u\O~ 0f electrical conductivity (Ec). This may be due tv the pres.!ncl! of suspend.ed conoidal 

material in the samples, or the need for a more accurate TDS-Be conversion factor. This problem 

needs further investigation in future hydrochemical studies. Hydrochemical data for the open cut 

area is still very limited, and more work is needed to improve understanding of the different 

groundwater types. 
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Hydrochemical data from monitoring bores around the open cut area has been compared with data 

from previous groundwater studies at NPM. Pie and Piper diagrams show there are at least three 

categories of groundwater composition across the NPM area, based on salinityffDS, and the 

relative occurrence and concentration of the major ions. Group one groundwater is CalNa-HC03-

CI type, group two is Ca/Na-CI type, and group three is Na-Cl type (shown in Figure 6.10, after the 

Piper diagram classification by Deutsch, 1997). The three groups appear to represent consecutive 

stages in the evolution of groundwater quality with increasing residence time in the Northparkes 

lithologies, according to the Chebotarev Sequence. 

A model for hydrochemical evolution of the groundwater at Northparkes Mines is shown in Figure 

6.11. It has been derived from a generic Chebotarev Sequence model (as presented in Chebotarev, 

1955; Freeze and Cherry, 1979; Lloyd and Heathcote, 1985; and Pyne, 1995), and shows that 

Northparkes. data fit the predicted sequence of anion evolution in groundwater. The distribution of 

groundwater types across the NPM site shows that Ca-HC03 type groundwater occurs under 

oxidizing conditions near recharge outcrops where the weathered profile is thin, the water table is 

comparatively shallow and the groundwater is younger. Away from recharge areas, TDS increases 

with groundwater residence time in the rock. In the transition zone, with decreasing oxidation and 

oagoing cation exchange reactions, sodium and sulphate become dominant and the groundwater is 

CalNa-S04 type. The oldest, deepest groundwater occurs in areas where the water table is deep 

heneath a thick weathered profile. It is Na-CI type due to reducing conditions, the progression of 

cation exchange reactions and chemical weathering of the surrounding rocks. A detectable H2S 

smell f"om some bores in the open cut area indicates reducing conditions in s111phice water-be~r.ng 

strata. 

The greatest discrepancy between the generic model and the Northparkes situation is the way in 

which sulphide mineralization and weathered materials influence groundwater chemistry. Trace 

elements occurring in significant quantities include strontium, manganese, boron, barium, lithium 

and zinc. There is a characteristic Au-Se association which is indicative of the intrusive history of 

the area, but the expected Au-As association is absent. The distribution of trace elements does not 

provide any evidence of groundwater flow direction or water source in the area. 

157 



Vl 
00 

Horizontal scale: 0 0,5 10 1,5 km More frequent Zone of Infrequent 

rainfall recharge seasonal water rainfall recharge Bogan palaeochannel More frequent 

'

table fluctuation l deposit with seasonal rainfall recharge Infrequent 
rainfall recharge O~~ ~ perched water table 

~ Iro,;pr,' , : , throughflow after 
(!) rj~~, , / Slow, diffuse Outcrop 

§ 20 ' " ~CIp~ai'oi7' 0 , high,rainfall years 
>< 0 0 o c ' . r 'o 

-~~ ' . 0 , .a.!c:'toe.R.r~~ipitation. 0 0 

Ion exchange reactions 
in clay layers 

............. 
o. 0 : f;'~n preciPltatrorf~'_ 

•• •• ' .• Ca~c!t~ P!Ii!<2ipi~tion . z 
o 

. . , .. ... , .. 'ir,:: .- -'%l 
~.s: - . f!rt"'b 

. .... .. :"' .. ........ - - - - ... .. 
-;. .... 

' . ···· : :: :f · · i= 1- 40 
Ci) 
Z < 150 
0:: 
I-

- 'I-QQ 
(!) 
z " 8. 

'. ~SeOf 

61 •• '" Ie 
o~ . ". Pro" 1,,1. 0 _ FI/e 

.. Of 0Jr; &.., , . . .. _ T • . . 
·.I(j,o" or", •••• ••• • • 

• .... !/OI) ""Is.: -
. . eql;'e . Confined groundwater 

~1).9 within basin/compartment '" 
/' 

. . . syp~'r~en~ . 
....... . ... ,en~ic.p m.,ent z~n~ - •••••••• ~ 

'" f" ~ypsum" 1 , - • .••. 

(3 I 70 
::l 

' . oPel) 
.... '. "'<JCIt •. @~ 

.. 
" ----....~ .. 

~ 
C 
w 
0:: I 80 --.. .... ' ..... "~~.9 

.... 

.. 
.. .. 

gOm .. 
" - .. , , - ,, - , , -, 

OXIDISING TRANSITION REDUCING 

Decreasing dissolved Decreasing SO:' and Ca2
', ~ Increasing pH, cr, Fe, 

oxygen and pH, Increasing sulphide. Na', sulphide, and CO, 
Increasing HCO;. Ca" , Fe, Mn2

', and H,S Anaerobic bacteria 
and SO.". Precipitation of transition reduce pyritic minerals. 
Acid-base rx leach Ca", metal sulphides like Fe,S, Ongoing chemical 
K' , Mg2

' , Na', N03' , SO: ' Increasing role of weathering increases 
cr and PO.3- , anaerobic bacteria with TDS and trace element 

decreasing oxidation , concentrations. 

TRANSITION OXIDISING 

Key 

Regolith -intensely weathered 
--' surface material 

Oxidised rock -slightly weathered, 
open fracturing 

Sulphide rock ·unweathered 
except along fractures 

" .... 
.... 

" ' ... 
Ore deposit -" -

MINERALISATION 

Groundwater enrichment 
determined by ore minerology, 
typically increased metals, 
metalloids, sulphate and 
chloride. Decreasing N03', 

and Ca". Increasing sulphide, 
Na', Fe, Mn" , and H,S 
PreCipitation of transition 
metal sulphides like Fe,S. 

REDUCING II 

Figure 6.11 Schematic profile of the Upper Bogan valley showing a model of groundwater chemical evolution with depth in the profile and 
with distance along the flow path. 



CHAPTER SIX - Groundwater Chemistry 

The thick weathered mantle found across the site is also expected to be influencing groundwater 

chemistry. Heavy clay horizons in the texture-contrast soils will enhance cation exchange 

reactions that concentrate sodium salts in soil water. Infiltrating water passing through the soil can 

carry the sodium salts with it, contributing to groundwater salinity. There are no lithologic logs 

from when W14 was drilled, but this bore is located adjacent to the tailings dams on an area of very 

thick, mega-mottled clay. These highly weathered materials are probably contributing to the high 

salinity of groundwater in W14. 

The RAB maps (Figures 2.6 and 2.7) show there are small regolith 'basins' scattered across the 

Northparkes area of the UBV. Development of these basins was probably initiated by preferential 

weathering down fracture zones. Groundwater draining into the basins has perpetuated enhanced 

chemical weathering at that location, deepening each basin. In time, basins became isolated from 

one another by less weathered rock, creating a groundwater 'compartment' (as illustrated by Hazell 

et aI. 1992, in Figure 3.9). Structural controls on groundwater compartmentalization are also likely 

to be widespread, considering the long and complex structural history of the area. Deep 

groundwater within each compartment will become essentially stagnant, it is expected to carry a 

Na-Cl signature and have high TDS. 
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Chapter Seven 

SUMMARY AND CONCLUSIONS 

"One never notices what has been done, 
one can only see what remains to be done ". 

Marie Curie, in a letter to her brother, 
18 March 1894 

7.1 Review of aims and objectives 

The objective of this project was to describe the hydrogeology of Northparkes Mines open pit area, 

in order to assess the impacts of mine development on the hydrogeology and to prepare a site

specific rehabilitation plan. This has been accomplished by defining an improved conceptual 

hydrogeologic model for the open pit area, using an environmental framework to expound the 

interconnections between water in each component of the physical environment. 

Groundwater in fractured rocks can be difficult to access and the expense of a thorough 

investigation frequently outweighs the economic gain offered by an improved understanding of the 

system. In light of the practical and economic difficulties inherent in fractured rock groundwater 

investigations, this project has drawn together environmental information from a variety of sources 

and built on existing knowledge to create the hydrogeologic model. The study does not fit within a 

normal scientific paradigm due to the inconsistent quality and veracity of the available data. Much 

of the hydrogeologic data was gathered for other purposes using non-standard or indirect methods, 

and groundwater monitoring spans only short time periods. However, all of the information was 

consistent with the hydrogeologic model and very few incongruences were encountered. The 

validity of the conceptual model has been assessed through the characterization of groundwater 

quality, including the extent and severity of groundwater salinity. 

Using the improved conceptual model, it has been possible to identify gaps in the understanding 

toward which future studies can be concentrated and monitoring programs can be designed. 
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7.2 Revised conceptual hydrogeologic model 

7.2.1 Components of the physical environment 

The environment of the Upper Bogan valley is characterised by high spatial and temporal 

variability, and even at a small scale in the open pit area this variability is prevalent. 

a) Geology - Groundwater in the open pit area is hosted by trachy-andesitic volcanics, monzonite 

intrusive rocks, and their weathering products. The variability in lithologic, structural and 

weathering features indicates a high propensity for groundwater compartmentalization across the 

area. The unaltered lithologies have very low primary porosity; groundwater is contained within 

secondary porosity features such as joints, fractures, veins and fault structures. As a result, the 

hydraulic conductivity (K) is heterogeneous and anisotropic, primarily controlled by the intensity 

and type of fracturing. Estimates of K vary between 10-9 
- 10-6 mis, from pumping and slug tests in 

sulphide and oxide rock in the open pit area (as discussed in Chapter 4). Drilling data shows that 

open fracturing decreases with depth, and very 1iUle open fracturing is encountered below 300 m. 

The weathered material also has variable permeability characteristics, which are related to the 

nature of the parent material and the intensity of weathering. The area is characterized by heavy 

texture-contrast soils with moderate to high plasticity and cation exchange capacity. Measured in

situ K of soil is 10-6 
- 10-10 mls. The underlying saprolite material ranges from coarse gravelly clay 

to fine silty clay. Thick mega-mottled clay units have developed on transported sediments, seen in 

the walls of both open pits. Owing to the textural characteristics of the regolith profile, K probably 

increases with depth in the weathered material as the clay component declines. 

b) Surface hydrology - The surface hydrologic regime at Northparkes has been altered by 

management to collect all runoff and prevent it from entering the Bogan River or its tributaries. All 

the creeks and streams in the Upper Bogan valley are ephemeral, which indicates that the regional 

water table does not intersect the surface drainage lines. Low permeability clay soils and regolith 

units impede rainfall infiltration, causing sheetwash and localised perched water table conditions, 

evidenced by the extent of surface ponding after rainstorms. Removal of topsoil in parts of the 

open pit area may have facilitated increased infiltration, but this is offset in other areas by the 

construction of roads and impermeable hardstand surfaces. 

c) Climate - Data for the past 100 years indicates rainfall variability in the Northparkes area 

between 300-1200 mmlyr, with a mean of 540 mmlyr. Eleven years of pan evaporation data 
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measured at Parkes recorded variability between 1200-2000 mm/yr, averaging 1550 mm/yr. 

Evaporation at Northparkes is probably slightly higher than measured at Parkes. High evaporation 

combined with low permeability surface materials are expected to result in a low rate of 

groundwater recharge. Biogeographical studies show that the vegetation has been responsive to 

climatic change through the Holocene, which encompassed a gradual change to warmer, dryer 

conditions. This would have brought about lower rainfall, higher evapotranspiration, and reduced 

groundwater recharge. 

d) Land use - Surface disturbance at Northparkes Mines includes pit void excavation and 

construction of waste rock piles, sound bunds, tailings dams and hardstand surfaces. The disturbed 

areas are buffered on all sides by mine owned and managed farm land, which employs 'zero 

tillage' farming methods to conserve soil moisture. Shallow-rooting crop varieties are grown, such 

as wheat, canola, legumes and lucerne, and there is no grazing on the farm. Eucalyptus and callitris 

pine woodland remnants survive in several areas, and there have been attempts to improve the 

habitat value of these fragments by planting corridors of local trees and shrubs. 

7.2.2 The hydrogeologic system 

The hydrogeologic regime of the Upper Bogan valley is expected to be strongly influenced by the 

semi-arid conditions, with long recharge and discharge pathways. Northparkes Mines is outside 

the recognized groundwater intake area of the Great Artesian Basin to the north, and there is no 

evidence for connection with the Lachlan alluvial groundwater system to the south. Therefore, 

groundwater at Northparkes can only contribute to local aquifers in the Upper Bogan valley, but the 

evidence is that this contribution is minor. 

a) Regional piezometric gradient - If the water table profile reflects surface topography, then the 

piezometric gradient across the valley will be subdued but will slope gradually towards the north. 

However, it was not possible to define a regional piezometric gradient with the available standing 

water level (SWL) data for the Upper Bogan valley (Figure 3.1). The gradient is not sufficiently 

large to be distinguished from water table variations due to the heterogeneity of the fractured rocks, 

and this indicates that at a valley scale, groundwater must be moving very slowly. 

b) Position of the water table - A review of all SWL data for monitoring bores across the NPM 

site showed that the water table is 30-50 m below the natural ground surface, and this is consistent 

in most areas of crystalline rock in the valley (Figure 3.1). Data from automatic loggers in three 

open cut bores signified semi-confined groundwater conditions, confinement being provided by 
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overlying clay and low-penneability rock. The horizontal influence of mine dewatering is low; 

there is a steep cone of depression surrounding each pit, and within 50 m of their perimeters the 

water table remains at its pre-mining position (Figure 4.1). 

When SWL data was superimposed on a map of depth to RAB refusal, it revealed that the water 

table is deep in areas where the weathered mantle is thick (Figure 4.6). Conversely, the water table 

is shallower in areas where the weathered mantle is thin. Two bores (W6 and Wll) located in 

areas of shallow bedrock show more SWL fluctuations than other bores, and the SWL changes 

appear to lag behind rainfall trends by about 3 months. By contrast, bores in the open cut area that 

are overlain by a thick weathered mantle exhibited SWL changes that lagged behind rainfall trends 

by up to 12 months, illustrated when SWL was graphed against long-tenn rainfall trends 

represented by a Rainfall Residual Mass Curve (Figures 4.9-4.10). It is proposed that greater direct 

rainfall infiltration and recharge occurs where bedrock is near the surface, compared with areas 

overlain by thick regolith and heavy clay soils. This also supports the impression of slow rates of 

groundwater movement in the area. 

c) Hydraulic properties of the rocks - Determining hydraulic parameters for fractured media is 

very difficult due to the anisotropic nature of the secondary porosity characteristics. Pumping tests 

by previous workers in the open cut area returned hydraulic estimates that reflect the tight, low

penneability characteristics of the rocks; storativity is 10-3
, hydraulic conductivity (K) varies 10-1 

10-4 mlday, and transmissivity (T) varies 0.01-6.2 m2/day. Slug tests in three open cut bores during 

2001 indicated that K is approximately 10-1 mlday, though K may vary by an order of magnitude 

higher or lower than this due to heterogeneous geological conditions. In addition, the tests were 

carried out under non-standard conditions and provide a K estimate for only a small volume of rock 

around each bore. 

d) Groundwater occurrence - Lithologic evidence and pit seepage observations suggest that 

groundwater in the open cut area at Nortbparkes moves mainly within the saprock or oxide rock 

layer above bedrock. This is the zone defined by KH Morgan and Associates (1987) as the 

"principal aquifer" in the open cut area, and called 'oxide zone groundwater' in this thesis. 

Groundwater occurrence is similar to a basement aquifer system, found other areas of Australia and 

Africa where crystalline rocks are overlain by a thick weathered mantle. Research in Africa has 

shown that saprock at the base of the weathered zone is the most penneable part of the profile, and 

represents the primary target for groundwater exploration. 
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Controls on horizontal groundwater movement in the open cut area are likely to be the depth, 

thickness and hydraulic properties of the oxide zone, which relates to the intensity and duration of 

weathering across the landscape. Pit wall exposure has revealed that the position of the oxide zone 

follows the undulating weathering front, and thus changes in depth and thickness. RAB refusal 

maps (Figures 2.5, 2.6, and 4.6) can be used as a proxy for the position of the top of the oxide zone, 

which changes from 0-140 m below the land surface in the near-mine area. The maps are useful 

for identifying recharge areas where bedrock is at or close to the surface, but provide little 

information about the total thickness of the oxide layer. 

A second groundwater zone occurs in fractured sulphide rock, below the base of oxidation. This is 

continuous with the overlying oxide water bearing zone but has more restricted permeability, due 

to lower fracture density and considerable fracture infill. Groundwater movement in the sulphide 

zone is dependent on open fracturing and significant fracture intersections, which decrease with 

depth. The groundwater base is estimated from drilling data to occur at approximately 300 m, 

below which zones of open fracturing do not occur and the rock is essentially impermeable. 

Three new piezometers were constructed in the open cut area to assess groundwater conditions in 

the oxide and sulphide water bearing zones. Bores W16 and W18 are screened from 94-100 m in 

sulphide rock; WI7 is screened from 54-60 m in the oxide zone. Analysis of post-drilling recovery 

and pumping recovery showed that K is an order of magnitude higher in the oxide zone than the 

sulphide zone in the rock surrounding W16 and W17. Electrical conductivity of groundwater 

samples was 3.7 mS/cm in the oxide zone, and 11.5 mS/cm in the sulphide zone. This is consistent 

with measured salinity of seepage samples from E27 pit, which expressed generally lower salinity 

(and thus TDS) in oxide zone groundwater compared with the sulphide ZOne. 

e) Recharge - The limited data is consistent with a model whereby groundwater is primarily 

recharged in areas where the soil is thin, and bedrock occurs at or very near the surface. Bore 

levels show that the water table is slightly higher in outcrop areas and groundwater must mound 

beneath them, gradually moving towards more deeply weathered areas where the water table is 

lower. The climate data denotes an episodic recharge regime: recharge probably occurs on an 

event basis when the evaporation rate is less than rainfall. The annual recharge rate is not known, 

but current DLWC estimates are between 1-7% of annual rainfall. Considering the very slow 

response of bore SWL to rainfall trends, the system probably has a long relaxation time and may 

still be responding to residual hydraulic gradients created by past rainfall variability or land use 

changes. 
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o Structural controls on groundwater - Assessing the structural controls on groundwater 

occurrence and movement was confounded by the apparent random nature of fractures in the open 

pit area. The region has undergone a long and complex structural history, and distinct structural 

trends have very poor spatial continuity. Diamond driH core data show that open fracturing at both 

pits occurs mainly in the oxide zone and decreases with depth. In the sulphide zone many fractures 

are healed with secondary minerals such as quartz, zeolite, a variety of carbonates, and minor 

gypsum and anhydrite. 

Although fracture density may be considerable, fracturing in the open pit area has poor continuity 

and connectivity, resulting in low effective porosity. Inherent fracturing in undisturbed rock is 

expected to be less than what was observed in the pit walls, which have been damaged by blasting 

and mining. Mining activities have opened up the wall fractures, allowing rainfall to percolate 

through the walls from the surface and cause increased pit seepage following rainfall events. 

Drill core analysis and in-pit structural surveying indicated two dominant sets of structures in both 

pits, steeply dipping and striking NW-SE and NE-SW. Shallow dipping structures were more 

apparent in the volcanics, and may represent volcanic bedding or stress-release joints. In-pit 

structural mapping showed that the structural styles at E22 and E27 are different, and this is 

manifest in their pit seepage patterns and stability problems. But with the data available at present, 

it was not possible to identify a relationship between wall seepage and fracture type, depth or 

orientation. 

Hydraulic conductivity in sulphide rocks at E27 is likely to be higher than E22, due to closer 

fracture spacing and more fracture intersections. At E22 a cone-fracture regime is observed, with 

steeply-dipping sinuous fracture planes oriented tangential to the pit walls and dipping steeply 

towards the centre of the deposit (Figure 5.20). The way in which the cone-fracture regime in E22 

appears to inhibit pit face seepage is testament to the strong structural control on groundwater 

movement in the Northparkes area of the Upper Bogan valley. 
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All the hydrogeologic, lithologic and structural data from the open pit area at Northparkes is 

consistent with conditions of very low hydraulic conductivity and storativity. In considering the 

source areas for pit groundwater flow, the relative importance of regional-scale gradients versus 

gradients generated by local recharge zones is undetermined. Because Northparkes Mines is 

situated in the headwaters of the catchment, localised groundwater flows are probably dominant 

and a defined regional gradient may not develop until further down the catchment. The RAB maps 

(Figure 2.7) show there are small regolith 'basins' scattered across the Northparkes area of the 

Upper Bogan valley. Development of the basins was probably initiated by preferential weathering 

down fracture zones. Groundwater draining into the basins has perpetuated enhanced chemical 

weathering at that location, deepening each basin. In time, basins become isolated from one 

another by less weathered rock which creates a groundwater 'compartment' (as illustrated by 

Hazell et al. 1992, in Figure 3.9). Structural controls on groundwater compartmentalization are 

also likely to be widespread, considering the long and complex structural history of the Goonumbla 

Volcanic Zone. Figure 7.1 is a 3-D profile through the Northparkes Mines site, showing the way in 

which the variation in thickness of the weathered profile influences recharge, groundwater 

movement, and groundwater compartmentalization. 

g) Hydrochemistry - The validity of the revised conceptual model has been ascertained through 

hydrochemistry of groundwater in the open cut area. Groundwater samples were bailed or pumped 

from bores and analysed for pH and Ec at Northparkes Mines, and samples were sent to the ALS 

laboratory in Sydney for analysis of major ions and trace elements. The reliability of the 

hydrochemical work was uncertain because most of the bores could not be pumped, and it was not 

known how bore stagnation was affecting the quality of a bailed sample. But the analytical data 

from 200 1 was consistent with data obtained in previous groundwater studies at NPM. Combined 

with data from previous studies, the complete hydrochemical dataset provides evidence of 

groundwater flow pathways, validating the theory that recharge occurs primarily at bedrock 

outcrops where the weathered mantle is thin (Figure 6.11). 

It is expected that groundwater quality declines with depth in the profile, and with distance from 

recharge areas. There are three main hydrochemical facies across the NPM area, based on 

salinityfTDS, and the relative occurrence and concentration of the major ions (Figure 6.10 and 

Table 6.10). The three groups appear to represent consecutive stages in the evolution of 

groundwater chemistry with increasing residence time in the Northparkes lithologies, according to 

the Chebotarev Sequence. 
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• Group one: Ca-HCOJ type groundwater, occurs under oxidizing conditions near recharge 

outcrops where the weathered profile is thin, the water table is comparatively shallow and 

the groundwater is younger. 

• Group two: CalNa-CI type groundwater, typical of the transition zone between oxidizing 

and reducing conditions. With decreasing oxidation and ongoing cation exchange reactions, 

sodium and sulphate become dominant. 

• Goup three: Na-CI type groundwater, probably represents the oldest, deepest groundwater 

which occurs under reducing conditions, in areas where the water table is deep beneath a 

thick weathered profile. This chemical signature is observed in the E26 orebody which has 

very soluble fracture infill, and in bores intersecting groundwater under thick, mega-mottled 

clay horizons. 

Trace elements occurring in significant quantities include strontium, manganese, molybdenum, 

boron, barium, lithium selenium, cobalt and zinc. Their relative concentrations in the available 

samples did not provide any evidence of flow direction or water source. The greatest discrepancy 

between the generic model and the Northparkes situation is the way in which sulphide 

mineralization and weathered materials influence groundwater chemistry. 

7.3 Recommendations 

i .3.1 Open cut rehabilitation 

The current Northparkes rehabilitation plan is to return as much land as possible to its former use 

(farming), and to keep highly disturbed areas to a minimum. The final rehabilitation concept for 

the open pit area must encompass a solution that is physically safe and stable, contains any residual 

or generated contaminated runoff, and supports an "appropriate" end land use (Ryan, 2001). 

Although the pit voids have created a steep piezometric gradient around each pit, pit inflows are 

low and this is further evidence for low permeability conditions in the rocks. There is presently no 

evidence that mining has markedly altered groundwater chemistry. However, the pits have 

exposed sulphide lithologies to oxidation, and as a result there is theoretical potential for acid mine 

drainage (AMD) generation from the pit walls. Previous work has shown that most material mined 

from the pits has very high buffering capacity, therefore low acid generating potentiaL There is 

presently no evidence of AMD from waste dumps or tailings dams at NPM, but AMD may be 

possible on a longer time-scale and the reactivity of the pit wan rocks needs to be investigated. 
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Small quantities of groundwater in the open pit area are presently extracted from the in-pit sump, 

and used for dust suppression on the roads or diluted with potable water for use in the mill. Aside 

from these uses, the groundwater does not have resource potential beyond the life of the mining 

operation because of its poor quality, and limited availability due to low hydraulic conductivity 

conditions in the fractured host rocks. 

The revised conceptual model supports the findings of Mackie (1999) that due to the deep regional 

water table and low transmissivity of pit wall rocks, a pit lake rehabilitation plan would require 

significant annual management to ensure environmental and public safety. It would take years for 

a pit lake to form from natural groundwater inflows, the lake surface would rest at the water table 

approximately 40 m below the natural ground surface, surrounded by steep and potentially unstable 

walls. Lake water quality would be saline, and become increasingly so with cycles of evaporation. 

Considering the need for a water storage facility to support continued mining at the Nonhparkes 

site, a pit lake rehabilitation plan could be incorporated into the current management plan of the 

pits. Pit filling might be augmented by engineering surface drainage to divert runoff into the pits. 

The groundwater input would be comparatively small, and its salinity contrast with surface runoff 

might be sufficient to allow density stratification within the water column. However, this option 

presents a temporary solution to pit rehabilitation that is only viable whilst there is demand for a 

water storage facility in the area, and would require ongoing management beyond the life of 

mining. 

Based on improved understanding of the groundwater system, another option for pit rehabilitation 

is backfilling with waste rock or tailings material. This would be consistent with the rehabilitation 

philosophy and presents a more stable, safe and environmentally sound solution than a pit lake. 

Backfilling eliminates the potentially unstable pits, isolates saline groundwater and provides 

encapsulation for a large quantity of tailings/waste rock. It could be designed to closely resemble 

the original landscape. The new conceptual understanding shows that the saturated zone 

hydrogeologic system in the area responds very slowly to climatic and land use changes, and the 

effects of mining are minimal. The steep potentiometric gradient created by the pits has had little 

effect on the regional hydraulic gradient, which remains undisturbed only SOm from the perimeter 

of each pit. Considering this non-responsiveness, the effects of pit backfilling on the 

hydrogeologic system are also likely to be minimal. 
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CHAPTER SEVEN - Summary and Conclusions 

If the option of pit backfilling is seriously considered, it requires quantitative modeling with 

reliable groundwater data, which incorporates the characteristics of the material to be deposited and 

allows prediction of water table recovery within the waste mass. If the pits were to be backfilled to 

the surface, a better understanding of recharge processes and vadose zone dynamics is required. In 

addition, it will be necessary to carry out a geochemical study to elucidate the interaction of 

groundwater with the deposited material, and determine whether any such interaction could 

produce toxic leachate that is markedly different from the natural groundwater chemistry. 

7.3.2 Further hydrogeologic work 

This research has compiled and analysed all available groundwater data for the Northparkes Mines 

area, providing a coherent record of all groundwater work to date and offering an improved 

conceptual model of the groundwater system. This is a solid base from which future research can 

be planned. The limitations of all previous groundwater work at Northparkes have been due to the 

narrow scope of each study. Future groundwater investigations need to be directed towards 

relevant economic interests of the operation, but without becoming too narrow, problem based or 

ignoring the opportunities for collecting useful scientific data. 

Recommended topics for further groundwater investigation include: 

• Continued groundwater monitoring and measurement of pit inflows and abstraction. to 

provide an adequate data set for numerical groundwater modeling in the open pit area. 

• Groundwater dating to verify recharge pathways and the model for groundwater 

geochemical evolution. 

• Further hydrochemical work to determine the reason for the poor relationship between 

measured and computed values of electrical conductivity, and to calculate an improved IDS 

- Ec conversion factor for the NPM groundwater types. 

• A recharge study, to attain a better understanding of recharge processes, the :mnual recharge 

threshold and absolute values of recharge. 

• Vadose zone study, to expound the recharge regime and gain greater understanding of 

shallow hydrogeologic processes, particularly in the soil zone. 

• Further investigations into local hydraulic properties of the fractured rocks, to determine if 

there are isolated fracture zones that present preferred pathways for groundwater flow. This 

could encompass downhole geophysics and pumping tests at specific depths by isolating 

borehole intervals with packers. 
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GLOSSARY OF TERMS 

Acidity - the capacity of water to react with hydroxyl ions, expressed as mg/I of H+ or as 

equivalent concentrations of H2S04 or CaC03• 

Alkalinity - a measure of the total acid-neutralising capacity (ANC) of a water sample, expressed 

in milliequivalents per litre or mg/l as CaC03• It is based on the concentration of all dissolved 

species that might consume hydrogen ions during titration, including hydroxyl, carbonate and 

bicarbonate ions. 

Anhydrite - the mineral anhydrous calcium sulphate, CaS04, which alters to gypsum by 

hydrolysis. 

Anisotropy ratio - the ratio between hydraulic conductivity in the vertical (Kz) and horizontal (Kr) 

directions of a formation, where: 

Anisotropy ratio = (K z I K)h 

Apatite - a series of phosphate minerals composed of calcium phosphate together with varying 

amounts of chlorine, fluorine, hydroxyl or carbonate, which are the main economic source of 

phosphorous. Apatites occur as accessory minerals in igneous and metamorphic deposits, and are 

common in ore deposits (Lapidus, 1990). 

Aquifer - "a formation, group of formations, or part of a formation that contains sufficient 

saturated permeable material to yield significant quantities of water to wells and springs" (Lohman 

et al. 1972, p. 2). 

Aquifer test a method of determining the hydraulic properties of a rock formation by pumping a 

bore for a period of time and observing the change in hydraulic head in the formation (also called a 

pumping test). 

Argillaceous (argilJized) - pertaining to rocks or sediments composed of clay minerals. 

Aspect ratio - the ratio of the screen length (b) to the effective radius of the bore screen (rw) in a 

slug test. 
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Atomic absorption spectrometry (AAS) - An analytical technique that measures the 

concentrations of elements in a water sample. The sample is atomized and exposed to a beam of 

electromagnetic radiation from a hollow cathode ray tube. The sample will absorb certain 

wavelengths of light according to the concentration of each element that it contains. The 

absorbtion properties of the sample are measured against calibration curves for concentrations of 

different elements. (Source: Royal Society of Chemistry, U.K.) 

Bailer - A device used to withdraw a water sample from a small-diameter well or piezometer. 

Base of weathering - the boundary between saprolite and saprock. 

Base of oxidation (BOX) - the boundary between saprock and fresh rock. 

Baseflow - stream flow that comes from groundwater discharge into the stream channel. 

Basement - the geological level beneath which sedimentary rocks are not found, consisting of 

igneous, metamorphic or intrusive rock types. 

Basement aquifer an aquifer within fractured basement rocks and the overlying weathered 

basement material. Basement aquifers have significant extent in tropical regions of Africa, South 

Asia, South America and Australia (Wright, 1992). 

Bedrock - solid, unweathered rock underlying surface materials such as regolith and soil. 

BJock-ca,,'e mine - a mining method in which ore is allowed to collapse due to its own weight in a 

controlled fashion into chutes, from which it is mechanically extracted. 

Bouwer and Rice method - a method for analyzing slug test data. 

Calcite - the mineral calcium carbonate, CaC03. 

Cation-exchange capacity (CEC) - The capacity of a rock or soil to absorb cations from the 

surrounding solution, which depends on lithological properties and the chemistry of the solution 

(Andrews et al. 1996). 
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Capillary fringe - "the zone inunediately above the water table in which all or some of the 

interstices are filled with water that is under less than atmospheric pressure and that is continuous 

with the water below the water table" (Lohman et al. 1988, p.3). 

Chemical constituents - chemical elements or compounds found in groundwater, at vanous 

concentrations. Type of chemical constituent according to Fetter (1994): 

Chemical constituent Concentration in groundwater 

Major constituent 10-1000 mg/I 

Secondary constituent O.I-IOmg/1 

Minor constituent 0.001-0.1 mg/I 

Trace consti Luent Usually <0.00 I mg/I 

Collapsed zone - regolith material at the land surface, above the saprolite, which has developed 

through further dissolution and leaching of saprolite and additional chemical, physical and 

biological formative processes. The zone includes surface soils, laterites, calcretes, illuviated clay 

layers and stone lines , and shows a catenary relationship with increasing clay content down slope 

(Wright, 1992). 

Conductivity, effective hydraulic (K,) - "the rate of flow of water through a porous medium that 

contains more than one fluid, such as water and air in the unsaturated zone, and should be specified 

in terms of both the fluid type and content and the existing pressure" (Lohman et 31. 1988, pA). 

Also known as capillary conductivity (soil science) and effective permeability (petroleum 

engineering). 

Conductivity, hydraulic (K) - "If a porous medium is isotropic and the fluid is homogeneous, the 

hydraulic conductivity of the medium i~ the volume of water that will move in unit time under a 

unit hydraulic gradient through a unit area measured at right angles to the direction of flow" 

(Lohman et al. 1988, pA). 

Where 

K =- q 
t-.h / t-.! 

Q t-.h 
q = - = -K - (Darcy's Law) 

A t-.l 

The negative sign indicates that the hydraulic head is decreasing in the direction of flow. 
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Representative values of hydraulic conductivity for various materials : (after Domenico and 

Schwartz 1998, table 3.2 p.39) 

Material K (m/s) 

Sedimentary gravel 3x 104 
- 3 x 10--

Sedimentary sand 2 x 10-7 
- 6 x 10-.1 

Clay I x 10- 11 
- 4.7 X 10-') 

Fractured igneous/metamorphic rock 8 x 1 O-~ - 3 x 10-4 

Unfractured igneous/metamorphic rock 3 x 10-14 - 2 X 1O- 1
(j" 

*The greatest range in K values are seen in the crystalline rocks (3 x 10-14 
- 3 X 10-4 m/s) 

Darcy's Law - "An equation that can be used to compute the quantity of water flowing through an 

aYl1ifer." (Fetter, 1994, p.637). See: conductivity. hydraulic . 

Discharge area - "An area in which there are upward components of hydraulic head 111 the 

aquifer." (Fetter, 1994, p.637). 

Dissolution - solutioning of soluble minerals sllch as halite, gypsum and carbonates. 

Dolomite - the mineral calcium magnesium carbonate, CaMg(C01h 

Drainage divide - the topographic divide which contains a drainage basin . A groundwater divide 

may be distinguished from the surface drainage divide, and they are not always coincident. 

Electrical conductivity (Ec) -the ability of a water sample to carry an electrical charge, expressed 

in units of )lS/cm, mS/cm, or dS/m. This is related to the total dissolved ions present in the water, 

and is a measure of wilter salinity (see salinity). 

Eluviation - "The downward movement of materials in suspensIOn or solution that are being 

carried through the soil by descending soil water" (Lapidus, 1990, p. 189). 

Environmental Impact Assessment (EIA) - the process of assessing the effects of an activity on 

the environment (Harvey, 1998). 

Environmental Impact Statement (EIS) - a document that reports the findings of an ElA process 

(Harvey, \998). 
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Ephemeral stream - a stream that is losing water by infiltration into the underlying material, and 

does not receive contributions from groundwater discharge (cf losing or influent stream). 

Evapotranspiration, Actual (EA) - "The evaporation that actually occurs under given climatic 

and soil moisture conditions" (Fetter, 1994, p. 639). 

Evapotranspiration, Potential (EP) - "The evapotranspiration that would occur under given 

climatic conditions if there were unlimited soil moisture" (Fetter, 1994, p. 639). 

Ferromagnesian minerals - minerals which contain iron and magnesium, particularly amphibole, 

olivine and pyroxene. 

Field capacity - "The maximum amount of water that the unsaturated zone of a soil can hold 

against the pull of gravity" (Fetter, 1994, p. 639). 

Flow, steady - "occurs when at any point the magnitude and direction of the specific discharge are 

constant in time" (Lohman et al. 1988, p.6). 

Flow, uniform - "a property is uniform if, at a given instant, it is the same at every point. Thus, 

uniform flow occurs if at every point the specific discharge has the same magnitude and direction" 

(Lohman et al. 1988, p.6). 

Flow, unsteady - "occurs when at any point the magnitude or direction of the specific discharge 

changes with time ... The word transient is used in reference to the temporary features of unsteady 

flow" (Lohman et al. 1988, p.6). 

Formation (Fm) - a geological rock unit. 

Gaining stream - a stream which is receiving groundwater discharge (cf. perennial or effluent 

stream). 

Geochemical prospecting - the use of geochemical methods to locate mineral deposits. 

Geochemistry is used to identify anomalous concentrations of one or several elements in a rock, 

sediment, soil, water or vegetation that differs from the background (normal) concentration 

(Lapidus, 1990). 
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Ghost structures - Structures preserved in the saprolite mantle that were in the unweathered rock. 

Groundwater base - the level in a fractured crystalline rock profile beyond which groundwater 

does not penetrate. This will be an irregular surface due to varying secondary permeability of the 

fractured medium. The groundwater base is often roughly the position of the weathering front. 

Groundwater, confined - groundwater that is "under pressure significantly greater than 

atmospheric, and it's upper limit is the bottom of a bed of distinctly lower hydraulic conductivity 

than that of the material in which the confined water occurs" (Lohman et al. 1988, p.7). 

Groundwater, perched - "unconfined ground water separated from an underlying body of ground 

water by an unsaturated zone." (Lohman et a1. 1988, p.7). 

"a local zone of saturation completely surrounded by unsaturated conditions" (Domenico 

and Schwartz, 1998, p.41). 

Groundwater, semiconfined "An aquifer confined by a low-permeability layer that permits 

water to slowly flow through it. During pumping of the aquifer, recharge to the aquifer can occur 

across the confining layer. Also known as a leaky artesian or leaky confined aquifer" (Felter, 1994, 

p.635). 

Groundwater type - a descriptive term used to describe the dominant cation and anion present in 

the groundwater. For example where the dominant cation is sodium and anion is chloride, the 

water is sodium-chloride type. 

Groundwater, unconfined "water in an aquifer that has a water table" (Lohman et al. t 988, 

p.7). 

Gypsum - the mineral hydrated calcium sulphate, CaS04' H20. 

Gypsum line - the maximum depth to which supergene weathering has leached carbonates and 

gypsum from fractures in the rock. Above the gypsum line fractures are typically open, presenting 

enhanced permeability. Below the gypsum line fractures are infilled with gypsum and carbonates, 

and fracture permeability is low. 

Halite - the mineral sodium chloride, NaCI, commonly called 'rock salt'. 
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Hardness - the concentration of ions in the water (primarily Ca and Mg ions) that react with a 

sodium soap to precipitate an insoluble residue. Reported as milligrams per liter of equivalent 

CaCOj , based on the atomic weights of the ions involved. Hardness may also be expressed as 

'total haruness', 'calcium plus magnesium haruness', or 'hardness as CaCO~ '. If the hardness as 

CaCO, exceeds the alkalinity of the water as CaCO" the difference between the two is called 

noncarbonare hardness. 

Haruness Classification: (from National Water Quality Management Strategy, Guidelines for Fresh 

and Marine Waters, 1999). 

mgll CaC03 Hardness 

< 50 SOFT 
50 - 150 MODERATELY HARD* 
150 - 300 HARD 

> 300 VERY HARD 
*Upper ltmlt for potable ~upply. 

Head, total (H) - the sum of the elevation head, pressure head, and velocity head in a liquiu at a 

given point. 

Homogeneity - "synonymous with uniformity. A material is homogeneous if its hydraulic 

properties are identical everywhere" (Lohman et .iI . 1988, p.8). Cf isotrophy. 

Hydraulic ~radient - " the change in static head per unit of distance in a Siver] direction .. . 

generally understood to be that of the maximum rate of decrease in head" (Lohman et a!. 1988, 

p.8). 

Hydrochemical facies - "Bouies of water with separate but distinct chemical compositions 

contained in an aquifer" (Fetter, 1994, p. 641). 

Hydrolysis - a mechanism of silicate chemical weathering in which cations are displaced from the 

crystal lattice by hyurogen ions. The reaction is controlleu by the availability of hydrogen ions LInd 

thus , the pH of the solution (Acworth , 1987). 

ICP-MS Scan - Inductively Coupled Plasma-Mass Spectrometry. A quantitative method of 

analyzing the concentration of elements in a water sample, whereby the uerection limits for most 

elements are in the sub-parts per billion range. The sample is introduced in the form of a solution , 
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vapor or solid into a radio-frequency (RF) induced plasma, where the temperature may reach up to 

6000 K at the center and 8000 K at the periphery. The high thermal energy and electron-rich 

environment of the ICP results in the conversion of most atoms into ions. A quadrupole mass 

spectrometer permits the detection of ions at each mass in rapid sequence, allowing signals of 

individual isotopes of an element to be scanned. Various analytical packages are currently available 

for samples containing trace, rare earth, or platinum-group elements. (Source: ICP-MS Lab, 

University of Notre Dame, Indiana). 

Illuvial horizon - A subsoil layer in which there has been the accumulation of soluble or 

suspended material, typically iron an aluminium minerals such as clays, which have been 

transported from an upper soil horizon by the process of eluviation (Lapidus, 1990). 

Infiltration - The movement of water downward from the land 'lurface through the underlying soil 

layers. 

Infiltration capacity - "The maximum rate at which infiltration can occur under specific 

conditions of soil moisture" (Fetter, 1994, p.642). 

Interflow - "The lateral movement of water in the unsaturated zone during and immediately after a 

precipitation event. .. (which) discharges directly into a stream or lake" (Fetter, 1994, p.642). 

100 exchange - "A process by which an ion in a mineral lattice is replaced by another iC!l that was 

present in an aqueous solution" (Fetter, 1994, p.642). See cation exchange capacity. 

Isotropy - "that condition in which all significant properties are independent of direction" 

(Lohman et at. 1988, p.9). 

Leachate - water that contains a high amount of dissolved substances and/or chemicals, created 

through the interaction between ground water and anthropogenic material buried in the ground. 

Lithology - "the description of the characteristics of rocks, as seen in hand-specimens and 

outcrops, on the basis of color, grain size and composition" (Lapidus, 1990, p. 327). 

Lithologic log - a description of the lithologies penetrated by a drill hole or bore (well log). 
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Losing stream - a stream that is losing water hy infiltration into the underlying material, and does 

not receive contributions from groundwater discharge (cf ephemeral or influent stream) 

meqll - milliequivalents per litre. To convert mg/l to meq/I: 

meq/l = mg/l 
formula wtlcharge 

Monzonite - "a plutonic rock with a composition intermediate between syenite and diorite. It 

contains approximately equal amounts of plagioclase and alkali feldspar, and little or no quartz, 

augite is often the main mafic mineral" (Lapidus, 1990, p. 359). 

Mottled zone - a horizon characterized by localized spots, blotches and streaks of iron oxides and 

oxyhydroxides that become reorganized into secondary structures with further mobilization and 

concentration. Nodule growth destroys pre-existing fabrics (Govett et aL 1992). 

Numerical model- "A model of groundwater flow in which the aquifer is described by numerical 

equations, with specified values for boundary conditions, that are solved on a digital computer" 

(Fetter, 1994, p.644). Also called a mathematical or quantitative model. 

Packer test - "An aquifer test performed in an open borehole; the segment of the borehole to be 

tested is sealed off from the rest of the borehole by inflating seals, called packers, both above and 

below the ,segment" (Fetter, 1994, p.644). 

Pallid zone - a descriptive term that refers to the bleached kaolinitic zones of the pedolith and 

saprolith, occurring below the mottled and ferruginous zones, usually over felsic rocks (Govett et 

aL 1992). 

Pedolith - the upper part of the regolith above the saprolith, which has been subjected to soil 

forming processes that have destroyed the original fabric of the parent material (Govett et aL 1992). 

Permeability, intrinsic (k) - "a measure of the relative ease with which a porous medium can 

transmit a liquid under a potential gradient ... It is a property of the medium that is dependent upon 

the shape and size of the pores" (Lohman et aL 1988, p. 9). 
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pH - the activity or effective concentration of hydrogen ions in water, expressed as the negative 

logarithm (base 10) of the H+ activity in moles per liter. At pH 7, the solution is considered to be 

neutral; H+ activity is 10.7 molll and this equals OR" activity. If the pH is less than 7 the solution 

behaves as an acid (H+>OR"), and when pH is above 7 the solution behaves as a base (H+ <OH-) 

(Domenico and Schwartz, 1998). 

Piezometer - "A nonpumping well, generally of small diameter, that is used to measure the 

elevation of the water table or potentiometric surface. A piezometer generally has a short well 

screen through which water can enter" (Fetter. 1994, p. 644). 

Piezometric surface - see potentiometric surface. 

Piper diagram - a diagrammatic method of presenting the abundance or relative abundance of 

major cation and anion species in a number of water samples. 

Pole concentration - a clustering or grouping of poles to structural planes on a stereographic 

projection, which indicates a structural trend. 

Porosity (n) -the total volume of a rock that is void space, usually expressed as a percentage or a 

decimal fraction (see Void Ratio). 

where: V v = void volume 

VT = total volume 

Primary Porosity (1°) - rock porosity due to interstitial pore spaces. 

Secondary Porosity (2°) - rock porosity due to fractures or solutioning. 

Porosity, effective (ne) - "the amount of interconnected pore space available for fluid 

transmission ... expressed as a percentage of the total volume occupied by the interconnecting 

interstices" (Lohman et al. 1988, p.lO). 

Potentiometric surface - (piezometric surface) "a surface which represents the static head ... 

defined by the levels to which water will rise in tightly cased wells ... The water table is a particular 

potentiometric surface" (Lohman et al. 1988, p.1l). 
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Pseudomorphs - a mineral which takes the outer form of another, through replacement, 

infiltration, incrustation or alteration. 

Pumping test - aquifer test. 

Quantification limit - "The lower limit to the range in which the concentration of a solute can be 

determined by a particular analytical instrument" (Fetter, 1994, p. 645). 

Quantitative model - see numerical model. 

RAB refusal - the depth in the profile at which penetration by a reverse air blast drill bit ceases, 

usually because of a lithological change from regolith or soft sediments to hard, crystalline rock. 

RAB refusal correlates well with lithological characteristics, but is also dependent on the strength 

of the RAB rig and the skill and persistence of the driller. 

Recharge - "the sum of the processes involved in the addition of water to the zone of saturation" 

(Lapidus1990, p.434). 

Recovery - The rate at which the water level in a bore rises after bore drilling or pumping. 

Regolith the thickness of unconsolidated and secondarily re-cemented cover overlying bedrock, 

which has formed by the weathering, erosion, transport and/or deposition of older material. The 

regolith may be subdivided into a lower unit, the saprolith (saprolite and saprock) and upper unit, 

the pedolith (soil, ferruginous zone and mottled zone), all of which makes up the weathered profile 

(Govett et aL 1992). 

Runoff - Surface water flow. 

Salinity a measure of the total dissolved solids (TDS) in a water sample, measured by the ability 

of the sample to carry an electrical charge (see electrical conductivity). 
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Relationship between salinity/TDS (mg/l) and electrical conductivity (mS/cm): (from Taylor, 1996) 

Salt Solution Conversion, m~/1 to mS/cm 
MgCI l 0.4 
CaCI2 0.465 
NaCI 0.5 

Na ,S04 0.63 
MgSO~ 0.71 
CaS04 0.8 

NaHCO, 0.97 

Salinity Classification: (from Hart, 1974) 

Ec (,..S/cm) Irrigatiol1 Class 

0-280 Class I - suitable for general use on most soils 

280 - 800 
C lass 2 - medium salinity, suitable for medium salt tolerance plants if moderate 

leaching is occurring. 

800 - 2300 
C lass 3 - High salinity water, cannot be used on soils with restricted drainage, 

salt tolerant plants only. 
1---. 

noD - 5500 
C I.ass 4 - Very high salinity wata, not suitable for irrigation unles .~ soils are 

I well-draining, considerable leaching is facilitated, and plants are salt to lerant. 

L > 5500 C lass 5 - Extremcly high salinity water, suitable for occasional emergency use. 

S~prock - slightly wcathered rock III which less than 20% of weatherable materials have been 

altered (Govett et al. 1(92). 

Saprolite - "A soft , earthy red or brown, clay-rich and totally decomposed rock, formed in place 

by chemical weathering of igneous or metamorphic rocks, particularly in humid climates. 

Structures that were in the unweathered rock are preserved in saprolite" (Lapidus, 1990, p. 452). 

Saprolith - the lower part of the regolith below the pedolith, which has a lithic fabric and can be 

subdivided into ho rizons, ego saprolite and saprock (Govett et al. 1992). 

S~mr:lt~d :!~me - "The Z0ne in ,.lhich the void~ in the !'ock 0!" soil 1re filkd With w:lter ~t :1 

pressure greater than atmospheric." (Fetter, 1994, p. 647). 

Screened section - see well screen. 
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Sericite - a characteristic product of feldspar alteration in crystalline rocks; a muscovite-rich clay 

with high porosity but very low permeability (10-7_10-10 mls), capable of absorbing and storing 

large volumes of water (Bell, 1993). 

Skarn - "a contact metamorphic rock composed of calcium, magnesium and iron silicates, that has 

been derived from nearly pure limestone or dolomite into which abundant amounts of silicon, iron, 

aluminium and magnesium were metasomatic ally introduced." (Lapidus, 1990, p. 476) 

Skin effect (well skin) - creation of a zone of either decreased or enhanced hydraulic conductivity 

around a bore. A low-K skin is normally caused by the drilling method, which lodges fine particles 

in the surrounding formation. A high-K skin can be created by well development or by hydraulic 

fracturing of the rock to enhance groundwater flow into the bore. 

Slug test - a method of determining the hydraulic properties surrounding a bore by measuring the 

recovery of head in a well after a near-instantaneous change in head (Butler, 1997). 

Sodium Absorption Ratio (SAR) - the relative content of sodium, calcium and magnesium in 

water or soil, used to predict the effect of certain water for irrigation or leaching. When water with 

a high SAR is used for irrigation it may cause swelling and dispersion to susceptible clay types, and 

an SAR of 8 or less is recommended for maintenance of soil structure. 

SAR is calculated by: 
Na+ 

SAR = ~ (mmollL) 
Ca 2+ + Mg2+ 

Specific capacity - a measure of well productivity, calculated by dividing the rate of pump 

discharge by the water table drawdown during pumping (Brassington, 1990). 

Specific retention (Sr) - "The ratio of the volume of water the rock or sediment will retain against 

the pull of gravity to the total volume of the rock or sediment" (Fetter, 1994, p. 647). 

Specific storage (Ss) - "The amount of water released from or taken into storage per unit volume 

of a porous medium per unit change in head" (Fetter, 1994, p. 648). 

Specific yield (Sy) - "The ratio of the volume of water a rock or soil will yield by gravity drainage 

to the volume of the rock or soils" (Fetter, 1994, p. 647). 
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Stereographic projection (stereonetlstereoplot) - "a graphical method of portraying three

dimensional geometrical data in two dimensions, and of solving three-dimensional geometrical 

problems" (Park, 1997, p. 193). The orientation of a structural plane is represented by imagining 

the plane passing through the centre of a sphere. The intersection of the plane with the lower 

hemisphere of the sphere is drawn as a 'great circle' on the stereonet. When a large number of 

planes are being represented on one stereonet, the pole to each plane is plotted. This is the line 

(point) drawn a right angles from the centre of the great circle trace, measured along the vertical 

trace. By plotting poles to the planes the angle between each pole can be assessed, and structural 

trends/relationships can be identified (see also: pole concentration). 

Storage coefficientlStorativity (S) - "The volume of water an aquifer releases from or takes into 

storage per unit surface area of the aquifer per unit change in head." (Lohman et al. 1988, p.13). 

-"It is equal to the product of specific storagr. and aquifer thickness. In an unconfined 

aquifer, the storativity is equivalent to the specific yield." (Fetter, 1994, p. 648). 

Sustainability - to keep going continuously. 

Sylvite - the mineral potassium chloride, KCl. 

Texture-contrast soil - (duplex soil) characterized by leached sandy loam A-horizons that are 

relatively permeable, above a heavy clay B-horizon that impedes the vertical movement of water. 

The texture contrast at the boundary between A- and B-horizons provides a boundary for soil 

throughflow. 

Thermoluminescence dating - a method of dating crystalline sedimentary material. The 

thermally simulated emission of light from the crystal is measured, which has been exposed to 

ionizing electromagnetic radiation of a different wavelength prior to deposition and burial. 

Throughflow - horizontal movement of water through the unsaturated zone. 

Topographic divide - the boundary of a surface catchment, delineated by an area of topographic 

expressIOn. 

Total dissolved solids (IDS) - the total amount of solid remaining when a water sample is 

evaporated to dryness (Residue On Evaporation Method), expressed in mg/1. The sum of the cation 
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and anion concentration in a sample will equal TDS provided the analysis has identified all ions 

present in the sample, and this comparison may be used to assess the reliability of the analysis. 

Groundwater was classified by Hem (1970) according to TDS content whereby: 

Fresh < 1000 mg/l 

Moderately saline . 

Very saline 

Briny 

3000-10000 mg/l 

10000-35000 mg/l 

>35000 mg/l 

TDS is used as an indication of water quality and has a direct relationship with salinity (measured 

as electrical conductivity, Ec). Converting TDS to Ec depends on the ions present, however an 

accepted average conversion factor of 0.68 is commonly used in the Central West region of NSW 

whereby: 

TDS (mg/I) = 0.68 x Ec (IlS/cm) 

Trachyandesite - "an extrusive rock with a composition between trachyte and andesite. It 

contains sodic plagioclase, alkali feldspar, and one or more mafic minerals (amphibole, biotite, 

pyroxene)" (Lapidus, 1990, p. 513). 

Transmissivity (Tj - "the rate at which water of the prevailing kinematic viscosity is transmitted 

through a unit width of the aquifer under a unit hydraulic gradient. .. It is equal to an integration of 

the hydraulic conductivities across the saturated part of the aquifer perpendicular to the flow paths" 

(Lohman et al. 1988, p.13). 

Unsaturated zone - The zone of aeration between the land surface and the saturated zone, where 

water tension is less than atmospheric, also known as the vadose zone. Characterised by vadose 

water, soil water and throughflow. 

Void Ratio (e) - that part of the total solid volume of a rock that is void space, expressed as a 

fraction (see Total Porosity): e = V v / Vs 

where: V v = void volume 

Vs = solid volume 

Water table - "The surface in an unconfined aquifer or confining bed at which the pore water 

pressure is atmospheric." (Fetter, 1994, p.648). 
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Weathering - the chemical or physical alteration of rocks in situ, without the action of erosion or 

abrasion. Chemical weathering of andesitic rock constituents are covered in detail by Tonui (1998) 

and presented in the following table: 

Mineral 
Intennediate 

End products 
Intense 

products weathering 

Plagioclase Smectite, vermiculite, 
Montmorillonite, amorphous 

alluminosi licates, Gibbsite 
feldspar kaolinite 

metahalloysite, 

Alkali feldspar Smectite, kaolinite Allophane, halloysite , boehmite 
Goetite, 

hematite 

Pyroxene Talc, smectite Smectite, kaolinite, chlorite Iron oxides 

Olivine Various 
Smectite, montmorriJlonite, Hematite, 

chlorite, beidellites goetite 

Muscovite mica 
Illite, smectite, Vermiculite, beidellite, 

Gibbsite 
kaolinite, halloysite 

Biotite mica Vermiculite Kaolinite, goethite, hematite Gibbsite 

Ferromagnesian 
Chlorite or chlorite- Gibbsite, 

minerals: 
saponite 

Vermicul ite-chlori te , halloysi te 
goethite 

amphiboles i 
Opaque oxides: Hematite, 

Goethite Anatase I magnetite maghe mati te 

Glass Devitrification Palagonite (a smectite) ~ 
(After Tonui, 199X). 

Weathered profile - see regolith. 

Weathering front - the depth to which weathering processes have progressed at the saprock-rock 

interface (Govett et al. 1992) . 

Well casing - a solid section of pipe used to keep a bore open in unstable materials. 

Well development - "The process whereby a well is pumped or purged to remove any fine 

material that may be blocking the well screen or the aquifer outside the well screen" (Fetter, 1994, 

p.650) . 

Well screen - (screened section) the inlet section of a well or piezometer, where the well casing is 

perforated with holes, slots or gauze to allow groundwater to enter. 
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Well skin - a zone around a borehole that has lower Or higher hydraulic conductivity than the rest 

of the aquifer. It typically results from the drilling method, lodgment of fine material around the 

bore, or hydrofracturing. 

Zero tillage - a farming method encompassing a system of crop production where the soil is not 

traditionally tilled, instead the seed is planted directly into the soil. The system relies on retaining 

surface residue (organic matter) that reduces evaporation and limits weed growth. The soil 

porosity increases. which improves water infiltration. Also known as minimum tillage or direct 

seeding. 
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APPENDIX lA 

Geological Timescale 
After Lapidus (1990) and Williams et al. (1998) 

Eon Era Period 
Age Relevant period 
(Ma) subdivisions 

U Z 
2500 - -<t Early Proterozoic 0 -N cz:: 

0 ~ 
cz:: ~ 1600 w -<t Riphean 
E-o U 
0 w 650 cz:: cz:: 
~ ~ Vendian 

590 
Camhrian 

505 
Ordovician 

U - 440 0 
N Silurian 
0 
W 410 -<t Devonian ....l 
-<t 
~ 360 

Carhoniferous 

290 
Permian 

U 250 - U Triassic 
0 -N 0 

210 0 N 
cz:: 0 Jurassic 
W rJl 

Z W 
140 -<t :;:; 

Cretaceous :c 
~ 

65 65 Ma 
Palaeocene 

Palaeogene 54 Ma 

>-, Eocene 
~ 38 Ma U t - () Oligocene 0 f-< 

N 25 22.5 Ma 
0 
Z Neogene 

Miocene 
W 5 Ma U 

Pliocene 
2 ISOO k;: 

Quaternary 
Pleistocene 

10 ka 
Holocene 
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APPENDIX2A 

Engineering soil properties for surface materials, E22 pit area 

Australian Tailings Consultant'i (Civil and Geotechnical Engineers), August 2000, 

Report on Study of E22 In-Pit Tailings Disposalfor Northparkes Mines, Parkes, NSW. 

Lab testing of overburden material in E22 area, to determine engineering properties and 

permeability of topsoil, clay and weathered rock layers. Samples obtained from test-pits and hand

auger bore holes. Two sources of data were included in the report: 

1.1 Resu.lts of clay overburden testing by K&H construction Services, 1999; and 

2.1 Results of geotechnical investigation by ATC in 2000. 

From the results of their investigations, ATe presented a generalised stratigraphic profile of the 

En perimeter area. This is shown in Table (a), where 'rock' is referred to as 'regolith' in this 

thesis. 

T bl ( ) ATC (2000) G a e a r d enera Ise strahgrap: IC pro Ie h' fiI 
Stratigraphic 

Material Description 
Unit 

1 "'Topsoil" 
High plasticity clay topsoil with minor organics throughollt. Thickness 

0.2 - 0.3 m 

2 "Clay " 
Stitl to very stilT high plasticity clay with traces or sand throughout. 

Thickness up to 3.H m 

3 "Rock" 
Extremely weathered low strength rock with cuttings in the form or 

clayey gravel/clayey sand. Thickness 0.3 - 1001+ 

1./ E22 clay overburden samples tested by K&H Construction Services in Nov 1999. 

Reference: K&H Construction Services Pty. Ltd. October 1999, Northparkes Mines - Materi(/l 

Illvestigation, Proposed E22 ClIthackfor Tails Dam No. I Lift 3. Report prepared for Northparkes 

Mines. 

Tests included: 

-falling head permeability test 

-max dry density optimum moisture 

-atterberg limits 

-particle size distribution 

Tests show presence of high plasticity clays, in-situ moisture content reasonably close to optimum 

for compaction , good water retaining properties if properly compacted. 
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Table (b) K&H Construction Services Pty. Ltd. October 1999, Clay overburden properties 
Location TP2 TP5 TP7 TP12 
Pit Log 0.0-1.0 m 0.0-0.3 m 0.0-0.4 0.0-0.4 

mine waste topsoil topsoil topsoil 
1.0-1.5 m 0.3-2.0 0.4-1.5 0.4-1.3 
residual red clay residual clay residual light residual brown 
med plasticity med plasticity brown clay clay 
most, soft moist med plasticity med plasticity 
1.5-3.8 m firm to stiff 1.5-3.4 moist, soft 
residual brown- 2.0-3.6 residual clay 1.3-1.8 
grey clay residual brown- brown-grey residual clay 
med-high grey clay med-high med plasticity 
plasticity med plasticity plasticity moist 
firm, gravelly firm to stiff stiff firm to stiff 

ironstone stains fine sand, ironstone stains 
ironstone stains 1.8-3.0 

residual brown 
clay 
med plasticity 
stiff to very stiff 

Sample Depth (m) 0.4 - 1.5 1.8 - 3.0 
Field moisture (% ) 27.3 22.8 25.0 21.9 
Av. moisture (%) 22.68 26.04 20.65 24.08 
A v. dry density (tim") 1.526 1.528 1.514 1.471 
Av. wet density (tim 1.828 1.826 
Atterberg Limits: 

Liquid limit (% ) 72 62 80 66 
Plastic Limit (% ) 16 22 19 17 
Plasticity Index (% ) 56 40 61 49 

Particle Size Distribution 
-2.36 mm(%) 99 87 97 100 
-0.075 mm (%) 92 73 88 96 

Standard Compaction 
MDD (tlm3

) 1.57 1.58 1.57 1.52 
OMC(%) 22.0 25.9 23.0 25.3 

Permeability (mls) 2.7 x 10- lU 2.6 x 1O-~ 2.8 X 10- lU 3.7 X 10.10 

2J Results of geotechnical investigation by ATC in 2000. 

Lab testing of overburden material: samples obtained through test-pits and hand-auger bore holes. 

Four boreholes and six test pits were constructed in relatively undisturbed material in the E22 

perimeter area. Testing carried out in accordance with AS 1289 "Measurement of Soil Properties for 

Engineering Purposes", in the NATA registered laboratory of M.P.A. Williams & Associates, in Melbourne. 

The remainder of the bores and test pits were in locations underlain by fill, sound bund, waste 

dump, or stockpile material and the results of these are not included here. Falling head 

permeability tests were conducted in each of the boreholes, which had been completed as 

temporary monitoring bores. 
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Table (c) ATC (2000) Results of laboratory testing 

Location TP8 TPIO 
Pit log 0.0-0.4 m 0.0-0.45 m 

topsoil topsoil 
0.4-1.4 m 0.45-1.0 m 
residual brown/red clay residual brown clay 
med plasticity med plasticity 
moist and stiff moist and finn 
1.4-3.5 m 1.0-3.0 m 
residual clay residual brown/red clay 
med-high plasticity med plasticity 
stiff, fine gravel stiff to very stiff with depth 
ironstone staining 

Sample Depth (m) 2.0 2.0 
Material Type Clay 

~ Field moisture (% ) 23.4 
Av. moisture (%) 25.0 20.2 
Max. dry density 1.54 1.62 
Atterberg Limits: 

Liquid limit (% ) 73 62 
Plastic Limit (% ) 17 23 
Plasticity Index (%) 56 39 

Particle Size Distribution: 
-2.36mm(%) 100 54 
-0.075 mm (%) 94 34 

Standard Compaction: 
MDD (tlm3

) 1.54 1.62 
OMC(%) 25.0 22.0 

Permeability (mls) 4.3 x IO-w 2.6 X 10-1 

pH 6.5 W Emersion Class # 4or6 

Table (d) ATC, 2000. Results of in-situ faUing head permeability tests for boreholes in 
undisturbed material. 

Location BHI BH3 BH4 

Material Type BI clay Regolith Regolith 

Sample Depth (m) 0.44 - 2.88 0.67 0.53 - 5.20 0.68 5.61 

Permeability (mls) 1.3 X 10-6 2.3 X 10-7 1.9 X 10-7 2.9 X 10-6 5.6 X 10-6 
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APPENDIX2B Climate Data 

Climate averages for Station: 065026 PARKES (MACARTHUR STREET) 
Commenced: 1889; Last record: 2001; Latitude (deg S): -33.1439; Longitude (deg E): 148.1633; State: NSW 
Source: Australian RAINMAN Software, (Developed by the Queensland Department of Primary Industry, using data from the NSW BOM). 

Element Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual #ofyears % complete 
Mean daily maximum temperature' 'c 32.1 31.5 28.4 23.4 18.5 14.8 13.9 15.8 19.3 23.5 27.5 30.6 23.3 91.2 97 
Mean no. of days where Max Temp >= 40.0 '( 0.8 0.3 0 0 0 0 0 0 0 0 0.1 0.3 1.5 44.2 100 
Mean no. of days where Max Temp >= 35.0 '( 7.9 5.3 1.3 0 0 0 0 0 0 0.2 1.7 4.9 21.3 44.2 100 
Mean no. of days where Max Temp >= 30.0 '( 21.2 18.5 10.3 0.7 0 0 0 0 0.2 2.3 8.2 16.6 78 44.2 100 
Highest daily Max Temp· deg C 45.2 41.8 39 35.4 27.8 26.7 23.3 27.8 34 37.7 42 42.5 45.2 44.2 100 
Mean daily minimum temperature· ·C 17.8 17.7 15 10.9 7.6 5.2 4 5 7.4 10.4 13.4 16.2 10.9 90.6 96 
Mean no. of days where Min Temp <= 2.0 ·C 0 0 0 0.1 2 6.2 9.5 5.7 1.8 0.1 0 0 25.4 44.2 100 
Mean no. of days where Min Temp <= 0.0 ·C 0 0 0 0 0.2 1.5 2.9 1.8 0.2 0 0 0 6.6 44.2 100, 
Lowest daily Min Temp· ·C 8.7 6 4.9 1.2 ·1.1 -2.6 -4.2 -3.6 ·2 1 3.3 6.7 -4.2 44.2 100 
Mean 9am air temp - ·C 23.3 22.6 20.6 16.7 12.1 8.6 7.5 9.6 12.9 16.9 19.4 22.2 16 45.8 100. 
Mean 9am wet bulb temp - ·C 17.4 17.3 15.9 13 10 7.3 6.1 7.5 9.8 12.6 14.1 15.9 12.2 43.8 96! 
Mean 9am dew point - ·C 12.8 13.3 12 9.6 7.9 5.6 4.4 5 6.4 8.2 9.2 10.8 8.7 42.8 971 
Mean 9am relative humidity - % 54 58 60 65 77 82 82 75 67 59 55 51 66 43.8 96 
Mean 9am wind speed - km/h 10.5 9.8 8.9 7.3 5.8 5.1 5.9 7.8 9.6 11.2 11.5 10.9 8.7 44 99 
Mean 3pm air temp - ·C 30.2 29.8 27 22.5 17.5 14.1 12.8 14.6 17.7 21.8 25.3 28.5 21.8 45.7 100 
Mean 3pm wet bulb temp - ·C 19.4 19.5 17.9 15 12.5 10.2 9.1 10 12 14.4 16.1 17.8 14.4 43.8 96 
Mean 30m dew point - ·C 11.3 12 10.6 8.2 7.6 5.9 4.7 4.7 5.9 7.3 7.7 9 7.8 42.8 97' 
Mean 3pm relative humidity - % 35 37 40 43 54 59 60 55 49 44 36 33 46 43.8 961 
Mean 3pm wind speed - km/h 13.1 11.9 11.6 11.1 11 11.2 12 13.2 14 14.3 14.9 14.3 12.7 43.9 99 
Mean monthly rainfall - mm 59.6 46 48.2 43 49.1 49.1 49.2 50.2 41.8 53.4 47.3 51.5 588.4 110.7 99 
Median (5th decile) monthly rainfall - mm 43.2 31.5 40.2 31.3 46.8 41.9 45.5 47.3 33.8 42.8 38.5 42.6 563.6 108 
9th decile of monthly rainfall - mm 141.4 108.7 109.5 88.2 101.3 97.1 88 93.2 81.2 99.8 110.5 111.3 843.5 108 
1 st decile of monthly rainfall - mm 6.2 3.3 2.5 6.7 6.7 14.4 10.1 13.8 12.1 16.6 5.4 9.2 373.7 108 
Mean no. of raindays 5.8 5.1 5.4 5.3 7.4 9.1 10.2 9.4 7.8 7.8 6.3 6 85.6 110.3 99 
Highest monthly rainfall - mm 251.9 218.3 197.7 299 205 165.1 132.9 116.2 126.4 191.4 189 171.9 110.7 99 
Lowest monthly rainfall· mm 0 0 0 0 0 0.6 4.4 1 1.5 1.3 0.1 0 110.7 99 
Highest recorded daily rainfall- mm 118.9 100.8 72.6 68.6 96 39.4 44.5 62.8 55 81.3 149.9 81.5 149.9 108.2 97 
Mean no. of clear days 12.8 12 13.5 12.7 10.1 9.2 9 9.4 10.7 10.5 10.6 13.1 133.4 44.2 100 
Mean no. of cloudy days 7.1 5.6 6.4 7.2 10.9 11.5 13 11.5 9.5 9 7.5 7.7 106.8 44.2 100 
~aily evaporation - mm 7.4 6.4 5.2 3.4 2 1.4 1.5 2.1 3.2 4.6 5.9 7.9 4.2 11.9 100 
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APPENDIX 28 Climate Data 

Climate averages for Station: 050031 PEAK HILL POST OFFICE 
Commenced: 1890; Last record: 2001; Latitude (deg S): -32.7250; Longitude (deg E): 148.1892; State: NSW 

Source: Australian RAINMAN Software, (Developed by the Queensland Department of Primary Industry, using data from the NSW BOM). 

Element Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual No. years % complete 
Mean daily maximum temperature - 'C 32.9 32.5 29.3 24.8 19.9 16.1 15.1 16.8 20 24.4 27.8 31.4 24.2 34.9 98 
Mean no. of days where Max Temp >= 40.0' 1.4 0.5 0 0 0 0 0 0 0 0 0.3 0.5 2.7 35.4 99 
Mean no. of days where Max Temp >= 35.0' 11 8 2.3 0.1 0 0 0 0 0 0.3 2.1 6.9 30.7 35.4 99 
Mean no. of days where Max Temp >= 30.0' 22.9 21.6 15 1.9 0 0 0 0 0.4 3.7 10.2 19.6 95.3 35.4 99 
Highest daily Max Temp - deg C 44.3 42.7 40 36 28.2 24.7 23.4 28.4 34.7 39 42.7 42.2 44.3 35.4 99 
Mean daily minimum temperature - 'C 19 19.1 16.2 12 9 5.9 4.7 5.8 7.9 11.3 14 17 11.8 34.8 98 
Mean no. of days where Min Temp <= 2.0 'C 0 0 0 0.1 1.1 5.3 8.4 5.7 1.9 0.1 0 0 22.6 35.1 99 
Mean no. of days where Min Temp <= O.O·C 0 0 0 0 0.1 1.1 2.7 1.1 0.3 0 0 0 5.2 35.1 99 
Lowest daily Min Temp -'C 7.4 7.8 4.3 1.5 -0.7 -2.3 -3 -3.6 -6.2 1.7 3.8 6.2 -6.2 35.3 97 
Mean 9am air temp - 'C 24.7 24 22.1 18.5 13.9 10 8.9 10.7 14 18.5 20.5 23.8 17.5 35.3 99 
Mean 9am wet bulb temp -'C 18 18.1 16.5 13.9 11.3 8.3 7.1 8.3 10.6 13.3 14.7 16.6 13 31.5 89 
Mean 9am dew point -'C 13.1 13.8 12.2 9.8 8.6 6.3 5.1 5.6 7.1 8.6 9.5 10.9 9.2 31.4 88 
Mean 9am relative humidity - % 50 54 54 58 71 78 78 72 64 55 51 46 61 31.4 88 
Mean 9am wind speed - kmlh 6.7 6.8 6.1 5.5 4.6 3.7 3.8 5 6.1 7.7 7.4 7.5 5.9 34.6 97 
Mean 3pm air temp -'C 31.2 31 28.1 23.7 18.7 15.1 14.2 15.9 18.9 23.2 26.4 29.9 23.1 35.3 99 
Mean 3pm wet bulb temp - 'C 19.8 20.2 18.3 15.8 13.3 11 9.9 10.7 12.7 15 16.6 18.3 15.1 31.4 88 
Mean 3pm dew point - 'C 11.6 12.5 10.9 8.7 8.1 6.6 5.2 5.2 6.5 7.7 7.9 9 8.3 31.4 88 
Mean 3pm relative humidity - % 32 33 36 40 52 58 56 50 46 40 33 29 42 31.4 88 
Mean 3pm wind speed· km/h 6.7 6.9 6.2 5.7 5.4 5 6 6.9 7.3 7.8 8.2 8.2 6.7 34.5 97 
Mean monthly rainfall - mm 60.4 48.9 51 43.9 46.2 42.5 44.9 44 37.7 49.1 47.2 48.7 564.5 110.6 100 
Median (5th decile) monthly rainfall - mm 43 31.2 37.4 29 41.6 34.6 40.1 38.6 32.2 38.4 30.5 38.1 547.8 110 
9th decile of monthly rainfall - mm 146.6 106.7 124 98.4 88.8 79.8 80.9 82.1 74.4 96.9 112.7 103.8 799.7 110 
1 st decile of monthly rainfall - mm 6.9 2.2 3.1 1.7 8.2 11.6 10.4 12.6 9.5 13 5.3 7.1 360.9 110 
Mean no. of raindays 4.9 4.4 4.3 4.3 5.7 6.8 7 6.9 5.9 6.2 5 4.9 66.2 106.2 96 
Highest monthly rainfall - mm 237.6 328.7 279.4 323.8 175 186.5 142.2 107.1 116.6 202.1 221.1 209.8 110.6 100 
Lowest monthly rainfall - mm 0 0 0 0 0 0 1.1 0 0 2.1 0 0 110.6 100 
Highest recorded daily rainfall - mm 120.7 133.9 116.8 105.4 89.2 123.2 55.6 60.5 48.8 71.4 60.2 88 133.9 110.2 100 
Mean no. of clear days 13.3 12 15.1 14.1 12.4 11.2 10.5 11.1 12.6 12.8 12.2 14.5 151.8 35.5 100 
Mean no. of cloudy days 8.7 7 7.7 7.8 11.4 11.7 11.4 11.4 9.5 9.6 8.7 7.9 112.7 35.5 100 

N ...... 
N 
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Parkes Evaporation Data 
Source: NSW Bureau of Meterology, 2001 

mm/month 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 
JAN - 242.2 184.5 263.4 128 225.6 174.6 238 216.6 263.8 251.7 309.2 260.1 
FEB - 171.5 172.4 138.6 154.1 166.4 129.4 193.4 202.6 220.9 230.4 223.5 -
MAR 177.6 145.7 157.3 173.8 136.8 142.1 131 156.3 161.7 170.4 193.4 200.7 -
APR 111.8 102.6 98.9 102.1 67.7 86.1 93.5 96.5 108.5 99.4 139.4 133 -
MAY 58.6 56.2 63.7 59.1 41.9 64.5 57.4 71 77.8 60.3 75.3 67.2 -
JUN 44.4 35.8 48.1 42.9 32.4 48 41.4 36.1 55.2 39.3 43.9 51.8 -
JUL 57.7 42 50.1 42.8 36 .2 45.6 39.6 42.4 63.1 43.2 44.9 51 .9 -
AUG 78 .2 61.4 75.7 56 .7 46.9 62 66.9 73 .5 58.5 66 75 65.3 -
SEP 93.3 95.6 131 .5 84.2 63.4 73.4 88.7 94.6 81.3 96.3 124.4 112.4 -
OCT 182.9 172.9 144.3 113.9 101.5 97 94.8 162.2 137.7 143.7 197.4 158.5 -
NOV 199.4 164 205.2 57.8 151 185.9 155.1 207.6 157.4 209 256.3 160.9 -
DEC 260.6 214 .3 273.5 189.5 237.7 204 .8 237.2 267.6 198 291.4 294.8 251 .6 -
TOTALmm/ye~ _______ - 1~ 1605.2 132~ 11~ 1401.4 1309.6 1639.2 1518.4 1703.7 1926.9 1786 -

-

Monthly mean # years Monthly range 
mm/month of data min max 

JAN 229.8 11 128 308.2 
FEB 182.1 11 129.4 230.4 
MAR 162.2 12 131 200.7 
APR 103.3 12 67.7 139.4 
MAY 62 .8 12 41 .9 77.8 
JUN 43.3 12 32.4 55.2 
JUL 46.6 12 36.2 63.1 
AUG 65.5 12 46 .9 78.2 
SEP 94.9 12 63.4 124.4 
OCT 142.2 12 94.8 197.4 
NOV , 175.8 12 57.8 256.3 
DEC 243.4 12 189.5 294 .8 
Annual mean 1552 mm/yr I 
Annual range 1198-1927 mm/yr 

tv 
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APPENDIX 2B Climate Data 

Source: NSW Bureau of Meterology 

Parkes average rainfall and evaporation (Macarthur Street) 
109 years 

Month Mean Median Std Dev. Highest Lowest Mean rain days 
JAN 61 45 52 252 0 5 
FEB 48 32 48 218 0 5 
MAR 48 39 42 198 0 5 
APR 43 31 41 299 0 5 
MAY 50 47 36 205 0 6 
JUN 49 42 35 165 1 7 
JUL 49 45 30 133 4 8 
AUG 49 47 27 116 1 7 
SEP 42 34 28 126 2 6 
OCT 52 42 37 191 1 6 
NOV 47 37 39 189 0 5 
DEC 51 43 39 172 0 5 
Total 588 569 183 1208 227 70 

Peak Hill average rainfall and evaporation (Post Office) 
108 years 

Month Mean Median Std Dev. Highest 
JAN 61 45 53 238 
FEB 50 32 56 329 
MAR 50 27 51 279 
APR 44 28 48 324 
MAY 46 41 33 175 
JUN 43 35 33 187 
JUL 45 40 29 142 
AUG 44 38 27 107 
SEP 38 32 27 117 
OCT 48 37 38 202 
NOV 47 30 41 221 
DEC 49 40 41 210 
Total 563 545 179 1216 

Goonumbla average rainfall (Coradgery) 
116 years -raw data In Appendix 2C 

Month Mean Median Std Dev. Highest 
JAN 55 41 52 256 
FEB 46 28 53 238 
MAR 41 27 44 223 
APR 42 32 45 323 
MAY 45 38 34 184 
JUN 44 37 32 196 
JUL 42 39 28 137 
AUG 44 39 27 137 
SEP 38 30 27 122 
OCT 44 33 34 176 
NOV 44 29 38 178 
DEC 46 34 41 186 
Total 531 514 173 1193 

Lowest Mean rain days 
0 5 
0 5 
0 4 
0 4 
0 6 
0 7 
1 7 
0 7 
0 6 
2 6 
0 5 
0 5 

231 67 

Lowest Mean rain days 
0 4 
0 4 
0 4 
0 4 
0 5 
1 7 
0 7 
0 6 
0 5 
0 5 
0 5 
0 4 

183 60 

APPENDIX 28 

Pan evaporation Vapour pressure 
mmlday deficit (hectoPa) 

10.3 28.6 
9.2 25 
6.7 17.2 
4.2 9.7 
2.5 4.3 
1.9 2.5 
1.9 2.4 
2.4 4.1 
3.4 7.2 
5.2 12.8 
7.8 20.8 
9.5 25.9 
5.3 13.3 

Pan evaporation Vapour pressure 
mmlday deficit (hectoPa) 

10.7 29.8 
9.5 26.1 
7.2 18.8 
4.8 11.3 
2.8 5.3 
2 2.8 

2.1 3.2 
2.7 4.8 
3.7 8.1 
5.7 14.1 
7.9 21 
10.6 29.4 
5.7 14.5 
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Trundle average rainfall (Post office) 
99 years 

Median Std Dev. Hi hest Lowest Mean rain da s 
32 49 253 0 4 
22 46 198 0 4 
27 42 195 0 4 
26 47 285 0 5 
33 31 167 0 6 
28 27 128 0 7 
35 25 113 2 8 
35 25 121 0 7 
27 26 131 1 6 
32 35 160 2 6 
33 39 175 0 5 
36 38 181 0 5 
474 160 1114 164 67 

215 
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APPENDIX 2C 

Historical monthly rainfall recorded at GOONUMBLA (CORADGERY) 
Source: Northparkes Mines archives and NSW Bureau of Meterology, 2001 

Year Jan Feb Mar Apr May Jun Jul Aug 
1886 30 6 0 29 75 27 51 137 
1887 157 64 155 58 30 40 61 93 
1888 17 71 9 2 39 17 22 4 
1889 16 23 5 99 93 65 18 82 
1890 30 195 128 85 111 54 65 22 
1891 165 28 6 103 73 94 108 59 
1892 46 1 41 35 80 39 60 35 
1893 25 25 101 55 117 64 39 40 
1894 76 42 148 129 40 51 29 39 
1895 70 38 0 5 36 33 35 55 
1896 41 196 44 32 88 26 15 35 
1897 86 4 5 1 77 69 84 36 
1898 66 28 7 0 34 113 26 49 
1899 27 10 21 63 7 52 46 61 
1900 68 2 113 72 69 42 57 28 
1901 24 0 63 80 14 20 24 78 
1902 7 0 36 3 3 21 38 17 
1903 0 1 71 80 39 29 34 28 
1904 38 20 43 6 23 19 118 36 
1905 32 39 37 183 55 31 39 30 
1906 11 11 118 15 52 49 11 59 
1907 85 25 24 50 4 36 38 50 
1908 49 94 0 30 11 30 45 46 
1909 35 56 27 18 32 60 21 85 
1910 171 0 22 0 33 54 40 0 
1911 87 59 15 8 59 29 37 14 
1912 20 10 8 0 0 47 137 106 
1913 26 50 74 23 70 76 11 11 

APPENDIX 2C 

Sep Oct Nov Dec TOTAL 

19 53 158 105 690 
17 27 81 173 956 
48 17 14 34 294 
34 51 47 186 719 
86 57 14 30 877 
84 40 41 19 820 

120 78 29 46 610 
20 33 59 35 613 
60 68 7 72 761 
36 48 27 28 411 
8 11 76 12 584 

49 20 17 9 457 
27 23 15 21 409 
32 45 27 4 395 
30 19 22 20 542 
23 36 14 0 376 
35 52 33 47 292 
69 35 17 71 474 
13 65 5 53 439 
33 66 16 4 565 

122 65 24 34 571 
20 20 65 93 510 
56 17 30 24 432 
33 31 18 56 472 
45 19 39 58 481 
34 18 81 78 519 
30 29 13 23 423, 
13 40 6 38 438: 
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Year 

1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 

Jan 

74 
4 

32 
97 
91 

6 
23 
49 
39 
9 

12 
71 
19 
83 

109 
3 

33 
33 
9 

24 
75 
13 
76 
54 
35 
42 
6 

86 
0 

64 
6 

79 
63 
5 

Feb Mar 

59 54 
9 16 
8 0 

39 0 
25 10 
48 7 
12 33 
9 21 
9 0 
0 14 

48 0 
92 23 
15 159 
5 82 

190 41 
44 31 
13 14 
21 77 
15 98 

1 19 
121 8 
38 1 
93 72 

0 48 
11 0 
81 60 

0 0 
1 16 

56 18 
47 4 
5 15 

28 14 
51 84 
78 40 

Apr May Jun 

16 34 28 
48 42 71 

104 17 132 
9 13 76 

20 28 33 
10 86 12 
4 0 113 

55 67 74 
32 27 33 

0 12 102 
59 17 51 

6 44 196 
99 73 40 
38 6 27 
82 16 51 
29 20 17 
12 37 64 
65 107 102 
61 15 27 
71 30 39 
40 4 50 
51 27 23 
17 15 41 
22 25 34 
42 21 55 
95 5 38 
78 7 3 

0 16 62 
0 119 73 

48 75 24 
8 43 1 

23 63 112 
19 13 21 
22 52 26 

APPENDIX 2C 

Jul Aug Sep Oct Nov Dec TOTAL 

44 1 15 19 33 61 438 
49 30 21 30 2 23 345 
84 74 57 88 77 48 721 
72 76 42 52 117 19 612 
25 60 9 24 10 16 351 
5 39 35 2 18 89 357 

48 40 70 22 74 78 517 
39 39 23 24 29 85 514 
52 23 20 14 0 32 281 
59 25 14 51 26 21 333 
67 39 95 22 125 40 575 
40 28 5 23 69 14 611 
30 36 26 17 0 90 604 
5 32 62 43 69 40 492 

59 25 7 20 26 1 627 
3 45 24 46 12 87 361 

54 54 3 99 49 89 521 
40 13 23 19 47 80 627 
33 48 60 27 48 21 462 
46 31 59 50 59 85 514 
71 52 22 158 74 18 693

1 

40 23 31 68 17 25 357 
80 41 10 16 0 110 571 
0 57 25 42 23 9 339 

45 34 27 93 18 1 382 
19 85 3 41 90 6 565 
14 13 87 0 0 116 324 
19 16 11 11 17 14 269 
21 37 27 19 52 58 480 
29 35 48 27 121 3 525 
13 31 13 34 14 0 183 
26 45 3 18 17 11 439 
13 6 12 30 67 37 416 
91 47 57 66 96 122 702 

-
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Year 

1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 

Jan 

41 
7 

96 
27 
11 
42 

117 
60 

119 
20 

122 
65 
36 
45 
81 
68 
12 
0 

25 
24 

215 
14 
67 

256 
130 
94 
76 
15 

235 
3 

200 
4 

74 
47 

Feb 

168 
24 

126 
23 
16 
19 

146 
233 
108 
42 
17 

136 
29 
20 
32 

106 
25 

1 
9 

45 
6 

80 
24 

101 
29 

238 
135 
60 

146 
63 

7 
5 

28 
45 

-

Mar Apr May Jun 

6 36 58 98 
29 26 34 39 

223 39 30 122 
13 20 48 45 
55 68 56 47 

4 13 50 16 
0 58 0 28 
0 9 71 55 

108 61 99 74 
20 17 0 17 

131 65 56 24 
105 117 14 33 
14 39 31 10 
29 73 9 37 
32 5 90 6 
68 28 75 40 
25 47 53 65 
20 10 26 11 
56 21 27 18 

6 0 25 77 
35 60 127 11 

128 119 114 12 
44 51 50 34 
30 12 10 11 
22 16 29 3 
39 25 66 73 
34 169 53 29 
34 7 15 39 
9 22 24 1 

73 34 184 23 
61 2 81 59 
62 59 40 28 

2 23 75 51 
2 25 55 98 
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Jul Aug Sep Oct Nov Dec TOTAL 

6 33 34 20 16 44 560 
48 13 54 51 81 24 430 
86 29 88 176 178 0 1193 
43 60 34 12 19 37 381 
62 65 22 90 50 38 580 

0 70 16 36 69 26 361 
8 25 22 102 105 45 656 

29 75 52 169 37 20 810 
89 33 27 110 2 0 830 
70 28 0 12 14 46 286 
29 57 57 55 2 24 639 
50 4 10 23 32 34 623 
83 66 82 15 42 89 536 
51 105 2 49 154 51 625 
38 26 13 25 20 130 498 
49 45 17 27 29 69 621 
37 37 43 58 27 19 448 
24 44 54 48 16 68 322 
14 89 46 88 76 78 547 
6 74 16 25 16 2 316 

39 46 18 34 39 112 742 
27 45 34 73 67 2 715 

3 51 65 116 74 133 712 
77 58 26 5 143 102 831 

8 41 30 50 18 8 384 
44 87 29 105 105 106 1011 
45 49 64 52 17 0 723 
14 50 70 104 1 42 451 
48 25 49 140 28 27 754 
12 6 16 11 0 10 435 
61 23 85 11 135 116 841 
31 36 45 23 17 0 350' 
42 6 8 7 25 37 378j 
97 14 11 57 50 36 5371 
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Year Jan Feb Mar 
1982 24 36 91 
1983 25 11 32 
1984 185 46 39 
1985 2 8 56 
1986 54 1 1 
1987 13 36 156 
1988 29 49 39 
1989 15 1 43 
1990 41 32 17 
1991 33 56 7 
1992 68 189 3 
1993 96 17 38 
1994 5 53 67 
1995 132 6 0 
1996 60 8 23 
1997 72 44 2 
1998 60 17 4 
1999 19 8 215 
2000 25 24 97 
2001 16 37 63 

MEAN 55.2 46 .4 42.7 
MEDIAN 128.0 119.0 111.5 

SUMMARY 

Coradgery Rainfall (115 years data) 
Jan Feb Mar 

MEAN 55.2 46.4 42.7 
MEDIAN 128.0 119.0 111 .5 

Apr May 
11 6 
52 105 
33 4 
48 34 
43 41 
14 55 
43 27 

136 102 
323 42 

18 36 
26 12 
7 42 

18 13 
7 91 
1 52 
0 65 

53 71 
56 10 
72 70 
25 44 

42.7 45 .5 
161.5 92.0 

A~r Ma~ 
42.7 45.5 

161 .5 92.0 

Jun Jul Aug Sep Oct Nov Dec TOTAL 
15 7 1 9 14 16 1 231 
12 51 43 42 66 89 28 556 
14 125 60 36 48 13 14 617 
12 7 69 21 63 68 54 442 
11 49 78 27 46 66 13 430 
43 24 100 15 32 46 82 616 
36 69 41 56 17 61 151 618 
53 55 26 9 29 10 36 515 
25 67 91 41 26 12 19 736 
74 51 49 30 10 11 77 452 
22 29 90 35 56 38 124 692 
30 103 15 77 89 63 20 597 
19 7 12 20 26 89 12 341 
27 37 6 42 23 47 20 438 
41 50 72 68 38 38 48 499 
11 35 21 115 19 27 21 432 
61 90 83 94 56 108 21 718 
23 52 69 54 183 47 92 828 
24 24 76 27 86 111 9 6451 
62 83 22 36 44 

44.2 43.7 44.8 37.7 46.5 45.2 46 .8 542 
98.5 68.5 68.5 61.0 91 .5 89.0 93.0 6881 

Jun Jul Aug Se~ Oct Nov Dec TOTAL 
44.2 43.7 44.8 37.7 46.5 45.2 46 .8 541.8 
98.5 68.5 68.5 61.0 91.5 89.0 93.0 688 
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APPENDIX 3A 

Groundwater bore SWL data, used in regional bore map (Figure 3.1) 

Table (a) Smithson (2002) and DLWC Database (courtesy M. Muller, 2001). 

DLWC Location Bore Screen 
SWL 

Change 
Drilling (m hlp) 

Bore depth section 
date Time of' 1987 

(m) 
No. Easting Northing (m) (m) 

drilling 188 
1999 1987-99 

8586 610040 6352940 3].7 upen* 1':150 27.4 14,6 7.05 7,55 
14120 616')25 6356465 42.7 32,9-42.7 1958 27A 29 22.45 6,)5 
18967 615090 634':1350 37.2 32.5-3X.6 1961 33.5 36.2 2').14 7.06 
21542 617200 6364750 24.4 6.1-23.R 1964 4.9 X.X 3.5':1 5.21 
2170S 602530 6.15.1770 36.6 Open " 1964 2':1,6 2':14 25.75 .1.65 
23049 609760 6349360 17.7 9.1-9.1* 1<J65 7.9 7.7 2.67 5,OJ 
34768 599380 6349240 56.3 open '" 'I 304 45.2 4R4 -.1.2 
34840 639610 6362500 ' / '/ '/ 15 .2 R 1243 -4A3 
35885 634620 6363000 60.9 53 .6-57.8 1973 42,6 35.5 31.5 4 
46769 631240 6367140 23.5 15.2-16.1 1':177 7.6 4 1.':1 2.1 
47564 60':1170 6300650 30.5 14.9-16.5 19XO 12,2 16.7 12,65 4,05 
49323 593RI4 6350206 29 19-2 7 1978 IX 14.1 X.X5 5.25 
50210 60R890 6357250 36 open* 1965 34 .14 2XA5 5.55 
51614 609075 6361150 42.7 upen * 19XO 22.9 26 ,3 21.0X 5.22 
54099 634440 6370000 '/ '! 'I 1.2 0.5 -O.X 1,3 
ALI 633290 6365400 ') ') '? 30 27.6 25.8 1.8 

036927 591000 6345925 75 21-25 1991 4.59 - 3.15 -

036929 592500 6345700 5X upen I ~)')2 8.12 - 10AI -

036932 591306 6344355 33 24-30 1992 I 1.51 - 10.30 -
040695 590525 6.144300 12.5 open 1993" 2AO - 2,22 -
701042 5X4550 6345450 4X 26.30 1996 26,00 - - -
800864 620050 6359450 27 21·27 199X 1.50 - - -
801299 (,27.140 6397749 46 open 2001 14.X - - -

56594 612575 6375925 54.2 open" 19X2 49.15 48.35 35.04 \3,31 
.. 

,~ relIabilIty uncertaIn 

Elevation of each bore was not recorded in the DLWC database, so SWL data is in meters below 
top of pipe (m btp), and has not been reduced . 

T bI (b) M k· M a e ac Ie I artm an dA ssoclates, 1988 S , umman 0 fD evoman b ore surv ey results 
Bore Collar RL Water Depth btp (m) Water RL (m) 
DVI 100.00 32.04 67.96 
DV2 115)16 36.10 79.76 
DV3 n.61 33.78 64.H3 
DV4 104.R6 36.12 6R.74 
DV5 93.05 43.54 49.51 
DV6 JOI.n 36.00 65.n 

.. 

DV7 11l.71 4.3.)\9 67.'62 
DV'6 [05.3'6 45,27 00.11 
DV9 102.35 50.40 51.95 
DVIO 110.35 42.56 67.79 
DVII J 13.26 44.7 J 6R .55 

-
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T bl () KH M a e C or ;Jan an dA "t 1996b ssocla es, 
Bore Total depth (m) SWL (m btp) 
NBEI 100 50 
NBE2 115 44 
NBE3 67 n 
NBE4 97 30 
NBE5 70 30 
NBE6 X4 30 
NBE7 X2 31 
NBEX 66 31 
NBE9 151 53 

NBEIO 151 58 
NBE!1 151 52 
NBEI2 78 35 
NBEI3 126 32 
NBEI4 151 42 
NBEI5 146 52 
NBEI6a 92 3X 
NBEI6b 56 3R 
NBEI7 6H 32 

T bl (d) N h k M" "t " b a e ort Ipar es mes mom ormg ores, 1999 
Bore name SWL (m btp) SWL, m RL (MSL) 

MB2 46.5 231 
W6 29 254 
P29 37 245 

Pl49 55 226 
PIOO 36 250 

Wrights bore 26.5 277 
Far HiUiers 39.3 276 
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APPENDIX 3B 

Summary of previous groundwater studies at Northparkes Mines 

Study and objectives Data collected Significance of study 
Croft & Associates Pty. Ltd, Brief descriptions of surface and Established differences between 
1981. Parkes Cupper Prospect, A groundwater features as they surface and groundwater quality , 
Repurt un Environlllental were known at that time. Water and variation within sample 
Cunstraints, Appendices quality analysis for samples groups. Sampled bores were 
Objedive: to gather preliminary from 8 farm dams, 8 poorly identified and located . 
data and enable a baseline groundwater bores , 2 surface All groundwater samples bailed 
monitoring regime to be water sites, and Parkes town from stagnant bores. Bore 
developed . supply (Appendix 6C) characteristics not given. 

First detailed groundwater study 

Dip levels ill 17 regional 
in Goonumbla Region. Regional 

boreholes 
bore locations not given, no bore 

Australian Groundwater parameters, date of drilling, or 

Consultants Pty. Ltd. correction for RL. 

Jan 1984. All measurements taken in 
Endeavour P /'Uspects, 

SWL in existing exploration 
angled diamond drill holes, and 

Groundwater Studies 
boreholes 

no correction applied. Data 
Objectives: To estimate found to be inaccurate by 
groundwater inflows to proposed Golder, 19~7. 
mine workings, assess the effects Tests performed in angled 
of mining on regional water Airlift testing in ]() boreholes at diamond and percussion dri II 
table, and obtain groundwater E26N and one borehole at each holes, analysis by Bouwer & 
data for open pit slope stability of E22 , E27 & En Rice (1976) method. Results 
design . used as a guide only. 

Water quality analysis for 7 
Samples collected during airlift 

drillholes (analysed in 
tests. (Appendix 6C) 

WASPEC (1977) software) 
Bore location and parameters not 

Geopeko Ltd; Letter to AGC in 
Water quality analysis for 14 given, time of bore construction 
drillholes collected between unknown, possible ambiguity in 

Jan 1984, presented in AGC 
Nov. I 9~ I - June 19~3 sample labeling. Sampling 

report 
(Appendix 6C) method unknown, no sample 

depth f!iven. 

Croft & Associates Pty. Ltd, 
Aug 1985, Parkes Copper 

Water quality analysis for ~ 
Sampled by pumping or bailing 

Prospect Summary of 
surface water sites; 3 farm tank 

stagnant bores. Bores not well 
Environmental MonirorinK. 

water supplies ; 5 groundwater 
identified or located , sample 

Nov. /1.J8J-Dec. jl.)H4. 
sites (Appendix 6B) 

depth unknown. Provides a 
Presents results of a 3-year statistical sumJl1ary 01 data and 
monitoring program to establish geochemical interpretations. 
baseline environmental data. 

SWL in 23 angled diamond drill 
Found AGC, 19~5 

Golder Associates Pty. Ltd. Dec 
holes and ~ vertil~al percussion 

measurements to be erroneous, 
1985, Geotechnical Feasibility 

bores across the site 
possibly due to lack of 

Sflldy, Geutechnical alit! MillinK correction for angled drillholes 
EngineerinK Compoll I'll t, Vol.2 Rising head perllleability tests in 
(Text & Appendices). vertical percussion bores at each 
Study to investigate groundwater deposit 
conditions at the NPM site for 

Water quality analysis in 3 bores 
High TDS found across site , 

geotechnical design purposes. discussed implications of this for 
(Appendix 6C) 

water use & disposal 
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A ,ppen d· 3B S IX r ummary 0 preVIous groun d t wa er stu d· les a t N th or Ipar k M· es mes, contmue d 
Study and objectives Data collected Significance or study 
Natural Systems Research Pty. Presents table of water quality 
Ltd. Aug 1986, in the Bogan River sampled at 8 Results cited in section 2.4.2, 
Goonlllllb/a Project; Review of points, sourced from Muir & Chapter 2. 
Environmental Factors Appendix Johnson, 1978. 
A: Envirolllllenwl Water Sllldy 
Presents a summary of Qualitati ve description of 

Nu data presented . No reference 
environmental factors to assess groundwater quality in the 

to earlier studies. 
environmental effects of the Bogan catchment 
Mine . 

Golder Associates Pty. Ltd, Airlift pumping tests on 12 Results suggested variable 

Nov 1987, Parkes Project bores at E26N and one bore groundwater Ilow rates at 

Hydroge%gicallnvestigations each at E22 & E27 ditTerent depths in each borehole 

Objeeti ves: To determine Installation of piezometers in First monitoring piezomete rs 
aquifer characteristics at E22, E26 bores installed on the mine site 
E27 & E26: estimate dewatering SWL measurements at each Measurements consistent with 
requirements for thtl proposed deposit Golder (1985) 
mines; determine ground-water 

Pump te sts at E26N, E22 & E27 
Characterised upper and lower 

quality and long term yields from aquifers at E26N 
E26N for the treatment plant; & Water quality sampling from Found composition at E26N to be 
determine regional drawdown pumped bores. (Appendix 6C) markedly ditlerent to E22 & E27 
effects of groundwater Finite element modeling at First modeling of E26N 
extraction. E26N hydrogeology 

Mackie Martin & Ass. Pty. Prioritised areas for groundwater 
Ltd. April 1988, Evu/uation of Presents results of groundwater investigation . Showed that 
GrOllndwater Resollrces ill tlte investigation at E7, W ombin potentially successful targets 
Goo/1l1l1lh/a Area: Vol. I : Gossan, and Devonian existed only in sedimentary 
RegiOlIl1/ Assessments sandstone units. Quantitati ve litho logies. Fractured rock 
Objectives: to identify potential scan analysis for one sample aquifers found to be 
groundwater resources in from Devonian sandstones and compartmenLalised by lithologic 
proximity to the Northparkes E7. & structural controls, with poor 
Mines Project hydraulic conductivity & stora~e . 

Mackie Martin & Associates 
Pty. Ltd. Oct 1988, Eva/llution Pump testing in Plll:l & PI19 at 

Improved Golder's 1987 
ofgroundwilter resources in the E26N 
Gool1l11nb/a Area Vol.2 : Testing Numerical modeling of the 

estimates of aquifer 
characteristics. Detailed 

4E26 & J)evoniwz Al.{lIilers . E26N aquifer. 
conceptual models of aquifers at 

Objectives: continuing Further groundwater 
E26N and in Devonian 

investigation to determinc exploration in Devonian 
Sediments of Tullamore Syncline 

aquifer characteristics at E26N & sandstone units 
Tullamore Syncline 

Calculated confined & 

Coffey Partners International Reviewed exploration core data 
unconfined storativity for E26N. 

Pty. Ltd. March 1993, at E26N and incorporated new 
Calculated storage coellicient in 

Nortltparkes Project RC boreholes in the hydro-
E26N upper & lower aqui rers. 

Groundwater Studies for Mille geo logic program. Drilled and 
Finite clement modeling or E26N 

Dewatering. Objectives: to tested one pumping bore and 5 
hydrogeo logy. Dcsigned new 

reassess groundwater conditions observation bores . Modeled 
dewatl!ring system for E26N. 

and plan a practical dewatering groundw<iier at E26N to assist 
Recommended depressuring 
E26S '40 ;(0, P';o, 10 ,,,,,,;og J 

system for the E26N Mine dewatering system design. 
the fault complex in the E26N 
block cave . 
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A .ppen d' 3B S IX f ummary 0 preVIOUS groun d water stu d' N les at J h ort Ipar k M' es 1 Ines, contInue d 
Study and objectives Data collected Significance of study 
Coffey Partners International Drilled and tested production First in-depth hydrogeologic 
Pty. Ltd., Sept 1994 bores at E26S investigations at E26S 
Groundwater Study, E26N & 

Water sampling at E26S 
Groundwater quality results not 

E26S Hydrogeologiwl Study presented 
Objectives: To gain an 
understanding of E26S shallow Analysed monitoring data from Reviewed dewatering progress 
aquifer; propose a program of E26N, generated new E26N to assess original design and 
dewatering at E26S; & remodel aquifer model predictions. 
the E26N dewatering system 

K.H. Morgan & Associates, Extensive examination of E27 Identified lithologic controls on 
Aug 1995, Dewatering pit walls ground water occurrence 
Investigation, E27 & E22 

First bores installedfor long-
Copper-Gold Deposits. Recommended constructing 
Ohjecti ve: dewatering water monitoring hores around 

terlll //lOlliloring in E27 pit urea, 

investigation to aid continuation E27 pit. 
although no bores were located 

of mining 
arolllld E22 pit. 

K.H. Morgan & Associates, Oct 
1995, Report on HydrogeoloRical Drilled 12 horeholes (WI 1- BeRinning ofongoinR 
Investigations E27 Pit Objective: W 12) and installed piezometers grollndwater monitoring 
dewatering investigation to aid in WI - W6. proRram around E27 pit 
continuation of mining. 

K.H. Morgan & Associates, 
Desk study of geology, 

Revisited the possibility of 
Nov 1996, Report on 

geophysics, air photos, and hore 
groundwater extraction from 

Groundwater Exploratio/l 
records. Exploration hores 

Tullamore Syncline, & explored 
drilled in the Bogan River 

Drilling, Northparkes Millt' Area. 
valley, Devonian sandstone 

for groundwater resources in 
Objective: to find groundwater 

units, Tullamore Syncline & 
Deception Ck alluvial 

resources for NPM operation 
Decepti on C reek 

sediments. 

Reviewed E26N monitoring data 
Details of test not well 

K.H. Morgan & Associates, Feb and PI 18 pump test data 
presel1ted, but results similar to 

1997, Prelimillury Assessment: 
previous pump tests at E26N. 

Inflllence olNorthparkes Mining Raw data not presented. 
I 

Operotion Oil the Regional Reviewed bore monitoring data 
Average radial influence of 

Hydrogeologic Environment. from E27 
mining on groundwater 

Objectives: to assess water tahle estimated at 1200m from pit 

drawdown trends since mining centre 

commenced and instigate a As the sump is vulnerahle to 

monitoring strategy Presented Ec monitoring from contamination and dilution, it is 
E27 pit sump. not a reliahle indication of to 

groundwater quali ty 
Noted there was no seepage at Concluded that this was due to 
E22 and only minor seepage at very low hulk secondary 

Mackie Environmental 
E27 at that time. permeability in hoth pits. 

Research, April 1999 Reviewed E27 bore SWL data 
First review of .",'uter table 

Northparkes Mines Grollndwater gathered since 1995, 
trends sillce bores installed. 
Piezometers WI 1- WI5 

Management Studies, E27 & E22 recommended 5 new 
constructed ill 200U, W 11-13 

Pits piezometers for the open pit 
jirst in E22 area. SWL 

Objectives: to review the area. 
mOllitoring is ongoing 

groundwater & seepage regime at 
First such model to he 

E22 & E27. and assess pit Developed a conjunctive pit 
developed. Showed in pit water suitahility for mine water storage. groundwater model that 

incorporated hard rock seepage 
storage to be suitahle provided 

and rainfall-runoff nows 
lake levels were kept helow the 
level of the oxide zone 
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A _ppen d" 3B S IX f ummary 0 preVIous grolln d water stu d" les at N h ort Ipar k M" es mes, contmue d 
Study and objectives Data collected Significance of study 

Mackie Environmental 
Research, May 2000 
Nurlhparkes Mines Reviewed all availahle data for 
Gruundwater Muna!{emellt the E26N & El6S areas. 

Ongoing monitoring or aq uirer 
Review ofE26 Crater & Developed a seepage runoff 
Underground Operations model, analysed groundwater 

dewatering for continued mining at 

Objectives: to assess long term inllows for the E26 
El6N block cave . 

impacts of groundwater underground mine. 
seepage at E26 underground 
mine. 

Summarised available 
Re-visited the findings of AGe 

Australian Tailings permeability rigures for Ell 
19X4 and Golder Associates 1987, 

Consultants, August 2000 pit, recommended installation 
highlighted deficiencies in 

Repurt Oil Study of E22 In-PiL of additional monitoring hores 
hydrogcologic understanding. 

Tuilings Dispos(/l jlJr around Ell. 
*Point of entry for this thesis in 

Northparkes Milles 2001* 

Objectives: To assess Fa lling head permeahility tests 
First tests to determine hydraulic 

suitability of Ell pit and in shallow hores drilled into 
properties of surface clay and 

surrounding waste dumps as a surface clays and waste dumps 
regolith material. 

tailings repository at the end of around Ell pit. 

mining; and to model tailings Presented tailings NAPP and 
Low acid gcnerating potential for 

geochemistry, consolidation NAG test results . 
tails material, orfset by high 

hehavior, and pit storage neutralisation capacity 

capacity. Soil mechanics index tests on 
clay and tailings material 
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Appendix 3C 

Inventory Of all bores used in previous groundwater studies at NPM 

IAbbreviated names: 
CA 1985 Croft & Associates Pty. Ltd 
GA 1987 Golder Associates Pty. Ltd 
CPI 1993 Coffey Partners International 
MMA 1985 Mackie Martin & Associates Pty. Ltd 
MER 2000 Mackie Environmental Research 
KMA 1997 K H Morgan & Associates 

AGC 1984 Australian Groundwater Consultants Pty. Ltd 

DOH - Diamond drill hole 

PDH - Percussion drill hole 

The full bore name PDH20 or DDH20 has been shortened in text to P20 or 020 respectively 

BORE General Location Collar Type Depth 
NAME area E N RL (m) (m) 

DDH26 E26N 210818.56 1353491.78 angled diamond 
DDH29 E26N 211041 .05 1353450.48 angled diamond 
DDH30 E26N 210902.84 1353473.67 anQled diamond 
DDH31 E26N 211017.10 1353352.58 angled diamond 
DDH34 E26N 210998.76 1353254.09 10289.2 angled diamond 
DDH35 E26N 210900.32 1353374.67 10287 angled diamond 
DDH36 E26N 211160.75 1353427.54 angled diamond 
DDH38 E26N 211115.09 1353340.03 angled diamond 
DDH40 E26N 211192.44 1353529.09 diamond 
DDH42 E26N 211246.71 1353315.61 angled diamond 
DDH44 E26N 211126.26 1353236.49 angled diamond 
DDH45 E26N 210876.40 1353280.27 angled diamond 
DDH46 E26N 211561.83 1353312.29 angled diamond 
DDH48 E26N 211181.05 1353327.87 angled diamond 
066 ? diamond 
067 ? diamond 

APPENDIX 3C 

Slotted Date 
Interval drilled 

Study 

AGC 1984; MMA 1988 
AGC 1984 
AGC 1984; MMA 1988 
AGC 1984; MMA 1988 
AGC 1984; GA 1985; MMA 1998 
AGC 1984; GA 1985 
AGC 1984 
AGC 1984 
MMA 1988 
AGC 1984 
AGC 1984; MMA 1988 
AGC 1984 
AGC 1984 
AGC 1984 
MMA 1988 
MMA 1988 
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BORE 
NAME 

D74 
D75 
D76 
D77 
DDH78 
DDH80 
D81 
D83 
DDH87 
D89 
D90 
D92 
D93 
D94 
D95 
D99 
D105 
D109 
D129 
D142 
PDH18 
P49 
P50 
PDH51 
PDH52 
PDH53 
PDH54 
PDH57 
PDH60 
PDH61 
P62 
PDH63 
PDH70 
PDH71 
PDH72 
111 __ --

General 
area 

? 
? 
? 
? 
E26S 
E26S 
E26N 
? 
E26S 
E26S 
E26N 
E26N 
E26N 
E26N 
E26N 
E26N 
? 
? 
E26N 
E26N 
E26N 
E26N 
E26S 
E26N 
E26N 
E26N 
E26N 
E26N 
E26N 
E26N 
E26N 
E26N 
E26N 
E26N 
E26N 
E26S 

-

Location Collar 
E N RL(ml 

10958.00 52572.00 10293.6 
10900.20 53299.80 10288.2 
10850.10 53300.00 10288.1 
10874.20 53324.90 10287.6 
10851 .30 53350.20 10287.1 
10899.80 53350.20 10287.2 
10825.00 53274.70 10288.6 

10288 
10295.8 

210743.85 1353205.72 10289.8 

aprox 10200 52700.00 

10316.00 53078.00 10286.1 
210350.69 1353272.29 10284.6 
210387.45 1353470.09 10282.9 
211067.61 1352742.23 10292.3 
211101.24 1352930.86 10289.9 
11066.60 52743.50 10292.3 

Type Depth Slotted Date Study 
(ml Interval drilled 

diamond MMA 1988 
diamond MMA 1988 
diamond MMA 1988 
diamond MMA 1988 
angled diamond CPI1994 
angled diamond CPI1994 
diamond bore GA 1987 
diamond MMA 1988 
angled diamond CPI 1994 
obs bore 207 open CPI1994 
obs bore 57.5 open GA 1987; MMA 1988 
obs bore 57.4 open GA 1987; CPI 1993 & 1994 
obs bore 58.8 oQen GA 1987 
obs bore 59 open GA 1987 
obs bore 65 open GA 1987; MMA 1988; CPI 1993 
obs bore 90 open GA 1987; MMA 1988 
diamond MMA 1988 
diamond MMA 1988 
obs hole CPI 1994 
obs hole CPI1994 
water bore AGC 1984; GA 1985 

I percussion GA 1987 
Ipercussion In E26S Fault Com[)lex GA 1987 
vertical percussion 55 GEOPEKO 
vertical percussion 112 GEOPEKO 
vertical percussion 100 GEOPEKO 
vertical percussion 90 GEOPEKO 
vertical percussion 109 GEOPEKO 
vertical percussion 60 GEOPEKO 
vertical~ercussion 133 GEOPEKO 
percussion 150 open CPI 1993 
vertical percussion 208 o12en AGC 1984; CPI 1993 & 1994 
vertical percussion 199 182-197m AGC 1984; GA 1987; CPI 1993 
vertical percussion 150 open -upper aquifer AGC 1984; CPI 1993 & 1994 
vertical percussion 150 open -upper aquifer AGC 1984; GA 1985; CPI 1993 
obs piezo 150 open , in fault complex CPI1994 

- -- --
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BORE 
NAME 

P78 
P87 
P88 

P89 
P100 
P101 
P102 
P103 
P104 
P109 
P110 
P111 
P112 
P113 
P114 
P115 
P116 
P117 

P118 

P119 

P134 
P135 
P136 
P137 
P138 
P139 
P140 
P141 
P142 
P145 
P146 
P147 

General Location 
area E 

? 
E26S 
E26N 10972.30 

E26S 
E26S 10941 .25 
E26S 10603.78 
E26S 10447.72 
E26S 10068.40 
E26S 10613.11 
E26N 10752.60 
E26N 10800.00 
E26N 10779.00 
E26N 10791.70 
E26N 10830.10 
E26N 10820.60 
E26N 10804.80 
E26N 11049.40 
E26N 10650.10 

E26N 10801 .00 

E26N 10790.90 

E26N 10401 .00 
E26N 10250.00 
E26N 10201 .00 
E26N 10050.00 
E26N 11094.00 
E26S 10949.00 
E26N 10620.00 
E26N 10450.00 
E26N 10806.00 
E26S 11115.00 
E26N 10804.00 
E26N 11241 .00 

Collar Type 
N RL (m) 

percussion 
percussion 

53501 .10 10285.8 obs bore 

10293.6 exploration hole 
51893.66 10285.5 piezometer 
52218.29 10289.8 piezometer 
52677.51 10292.8 piezometer 
52556.36 10291 .9 production bore 
52217.29 10289.8 production bore 
53202.10 10290 obs 
53100.40 10294.6 percussion 
53228.90 10289.5 percussion 
53241 .70 10289.2 percussion 
53500.00 10284.8 percussion 
53500.00 10284.8 piezometer 
53098 .70 10295 [piezometer 
53500.20 10285.5 I percussion 
53499.70 10284.1 obs bore 

53250.20 10289.1 pump bore 

53499.70 10284.8 pump bore 

53699.00 10281 .7 I percussion 
53496 .00 10282 I percussion 
53900.00 10280.8 I percussion 
53500 .00 10281 .2 [ percussion 
53104.00 10290.3 Ipercussion 
52849.00 10293.9 ass 
54060.00 10280.3 [percussion 
53936 .00 10281.1 Ipercussion 
53090.00 10295.8 Ipump bore 
52549 .00 10291 .6 obs bore 
553073.00 10295.8 Iproduction bore 
53715.00 10283.7 production bore 

APPENDI X 3C 

Depth Slotted Date Study 
(m) Interval drilled 

GA 1985 
GA 1987 

201 182-199m -lower GA 1985 & 1987; CPI1993 
& 1994; MER 2000 
CPI1994 

250 226-250m 1994 CPI1994 
250 226-247m 1994 CPI1994 
250 226-247m 1994 CPI 1994, E26S fault complex 

60-246m 1994 CPI1994 
209-245m 1994 CPI1994 

84 open -upper aquifer GA 1987; CPI 1993 
186 GA 1987 
84 GA 1987 
84 GA 1987 
72 GA 1987 
202 184-200m GA 1987 
213 192-210m -lower aquifer GA 1987; MMA 1988; CPI 1993 
201 GA 1987 
189 177 -189m -lower aquifer GA 1987; CPI 1993 & 1994; 

r MMA 1988 
160 39-159-UpperaqUiier GA 1985 & 87; CPI 1993 

& 1994; MMA 1988 
199 169-199 -lower aquifer GA 1985 & 87, CPI 1993 

I & 1994 
114 open -upper aquifer CPI 1993; MER 2000 
55 open -upper aquifer CPI1993 
202 open -both aquifers CPI1993 
202 open -both aguifers CPI 1993 
199 open -both aquifers MER 2000 
215 30-176m CPI1993 & 1994 
101 open, outside GLZ CPI 1993 
202 open, outside GLZ CPI 1993 
214 52-214 CPI 1993 
235 55-235m CPI 1993 & 1994 
216 54-204 CPI 1993 & 1994 
201 open -both aquifers CPI 1993 & 1994 
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BORE · 
NAME 

P149 
E26 bore 
E26 bore 

PDH6 
unnamed 
unnamed 
PDH26 
E28 Bore 

DDH1 
DDH2 
DDH3 
DDH4 
DDH6 
DDH7 
DDH8 
DDH12 
DDH15 
DDH18 
DDH19 
D20 
P37 
D43 
D44 
D45 
D46 
D47 
D51 
D52 
D53 
D55 
D65 
D68 
P/C1 
P157 

General Location 
area E N 

E26N 10301.40 53796.70 
E26 10817.79 53142.09 
(Ambiguity in bore names 

E20 211284.76 1352881.79 
E20 213310.87 1352343.51 
E20 212800.77 1352352.33 
E28 211113.13 1354288.26 
E28 211693.23 1354459.36 

E22 209962.97 1356863.74 
E22 210074.01 1356843.64 
E22 209865.36 1356882.70 
E22 210001.60 1356947.42 
E22 209939.13 1356764.74 
E22 210048.73 1356746.81 
E22 209839.43 1356683.21 
E22 209895.33 1356874.26 
E22 209885.82 1356827.26 
E22 209998.42 1356803.88 
E22 209931.08 1356899.25 
E22 209900.23 1356726.98 
E22 10050.00 56847.00 
E22 9850.00 56775.00 
E22 9825.00 56800.00 
E22 9825.00 56850.00 
E22 9870.00 56847.00 
E22 9875.00 56800.00 
E22 9775.00 56800.00 
E22 9800.00 56775.00 
E22 9800.00 56825.00 
E22 9775.00 56850.00 
E22 9878.00 56750.00 
E22 9900.00 56876.00 
E22 
E22 9833.00 56807.00 

Collar Type Depth Slotted Date Study 
RL (m) (m) Interval drilled 

10281.2 obs bore CPI 1994 
? Farm bore? ? ? CA 1985, Site # 12 
10285.2 Farm bore? ? ? GEOPEKO, GA 1985 

vertical percussion AGC 1984 
farm bore? 56 GEOPEKO 
farm bore? 69 GEOPEKO 

10283.5 vertical percussion AGC 1984; GA 1985 
farm bore? CA 1985, Site # 28 

angled diamond AGC 1984 
10281.1 angled diamond AGC 1984; GA 1985 
10281.2 angled diamond AGC 1984; GA 1985 
10281.4 angled diamond AGC 1984; GA 1985 
10280.9 angled diamond AGC 1984; GA 1985 

angled diamond AGC 1984 
10280.7 angled diamond AGC 1984; GA 1985 

angled diamond AGC 1984 
10281 angled diamond AGC 1984; GA 1985 
10281 angled diamond AGC 1984; GA 1985 
10281.3 angled diamond AGC 1984; GA 1985 
10280.8 angled diamond GA 1985 
10280.8 percussion GA 1985 & 87 
10280.7 obs bore GA 1987 
10280.6 obs bore GA 1987 
10280.7 obs bore GA 1987 
10280.9 obs bore GA 1987 
10280.8 obs bore GA 1987 
10280.3 obs bore GA 1987 
10280.4 obs bore GA 1987 
10280.5 obs bore GA 1987 
10280.3 obs bore GA 1987 
10280.9 obs bore GA 1987 
10280.2 obs bore GA 1987 
10280.7 I percussion GA 1985 
10280.9 pump bore 1987 GA 1987 

-
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BORE 
NAME 

W11 
W12 
W13 

00H2 
00H4 
00H5 
00H7 
00H8 
00H9 
00H10 
00H20 
00H21 
00H22 
00H23 
00H25 
00H26 
033 
037 
038 
039 
041 
042 
043 
046 
047 
051 
E27 drill hole 
POH29 (P29) 
P250 
W1 
W2 
W3 
W4 
W5 
W6 

General 
area 

E22 
E22 
E22 

E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 __ 

Location Collar 
E N RL (m) 

10305.66 56791.52 10282.1 
9743.28 57127.00 10285.4 
9682.84 56589.65 10250.5 

211028.32 1357089.55 10281 .8 
211100.97 1356973.07 10282.2 
210981 .19 1356892.76 10282.7 
210881 .69 1357018.54 10281 .7 
210974.37 1357048.51 10281 .9 
210957.74 1356949.55 10282.9 
211016.10 1356989.87 
210876.81 1356970.12 10282.1 
210877.47 1357067.38 10282 
210722.72 1357202.62 10280.5 
210731.00 1357119.63 10281.3 
210857.79 1357149.95 10281.4 
210774.98 1356932.07 10282.2 
10800.00 57100.00 10281 .3 
10850.00 56950.00 10282.5 
10850.00 57000.00 10282.2 
10850.00 57050.00 10281.9 
10850.00 57100.00 10281.4 
10850.00 57155.00 10281 
10800.00 57150.00 10280.9 
10800.00 57125.00 10281 .1 
10825.00 57200.00 10281.4 
10850.00 57200.00 10280.7 
10841.89 57144.55 ? 

10847.00 57302.00 10280.3 
10851 .00 57162.00 10281 
10944.76 56889.32 10250.9 
10971.88 57003.82 10249.9 
10959.65 57181.67 10250.6 
10757.00 57132.00 10240 
10587.85 57066.68 10281.3 
10806.93 56718.67 10283.3 

Type Depth Slotted Date Study 
(m) Interval drilled 

piezometer 150 -35-150 1999 post-MER 1999 
piezometer 150 - 35-150 1999 jJost-MER 1999 
piezometer 150 - 35-150 1999 post-MER 1999 

angled diamond 450 AGC 1984; GA 1985 & 87 
angled diamond 629.3 AGC 1984; GA 1985 
angled diamond GA 1985 
angled diamond AGC 1984; GA 1985 
angled diamond GA 1985 
angled diamond AGC 1984; GA 1985 
angled diamond AGC 1984 
angled diamond GA 1985 
angled diamond AGC 1984; GA 1985 
angled diamond 350 AGC 1984; GA 1985 
angled diamond GA 1985 
angled diamond GA 1985 
angled diamond GA 1985 
obs bore 61 .8 GA 1987 
obs bore 81 .1 GA 1987 
obs bore 60 GA 1987 
obs bore 63 GA 1987 
obs bore 61 .6 GA 1987 
obs bore 84.1 GA 1987 
obs bore 55 GA 1987 
obs bore 62 GA 1987 
obs bore 57.4 GA 1987 
obs bore 71 .8 GA 1987 
? CA 1985, Site # 27 
I percussion 100 GA 1985; GA 1987 
Ipump bore 103 GA 1987 
iQiezometer 100 10-90m 1995 KMA 1995 
Ipiezometer 100 10-90m 1995 KMA 1995 
Ipiezometer 100 10-90m 1995 KMA 1995 
open bore 120 - 1995 KMA 1995 
piezometer 102 36-102m 1995 KMA 1995 
piezometer 108 36-108m 1995 KMA 1995 
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BORE General Location Collar Type Depth Slotted Date Study 
NAME area E N RL (m) (m) Interval drilled 

W7 E27 10595.05 56908.11 10282.4 open bore 55 - 1995 KMA 1995 
W8 E27 10800.00 57012.00 10240 open bore 88 - 1995 KMA 1995 
W9 E27 10727.00 57092.00 10240 open bore 126 - 1995 KMA 1995 
W10 E27 10756.00 57088.00 10240 open bore 138 - 1995 KMA 1995 
W11a E27 10765.00 57111.00 10240 open bore 54 - 1995 KMA 1995 
W12a E27 10896.00 57016.00 10240 open bore 102 - 1995 KMA 1995 
W14 E27 11500.42 57290.58 10283 Ipiezometer 150 - 35-150 1999 Ipost-MER 1999 
W15 E27 10274.61 57356.80 10281.4 Ipiezometer 150 -35-150 1999 Ipost-MER 1999 

D123 E31 12540.00 53251.00 10287 diamond drill hole currently monitored 
PDH33 E31 11662.68 53628.96 ? vertical percussion 127 GEOPEKO 
unnamed E31 ? ? ? farm bore? 48 GEOPEKO 
unnamed E31 ? ? ? farm bore? 52 GEOPEKO 
E31 Bore E31 ? ? ? farm bore? ? GEOPEKO 
Coradgery Farm 12378.79 49970.15 farm bore CA 1985, Site # 14 
Rocklands Farm 13816.29 53299.07 farm bore CA 1985, Site # 13 

-
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Appendix 3C 

Inventory of all bores used in previous groundwater 
studies at NPM, continued 

Table (b) SWL data from previous groundwater studies 
BORE General SWL 
NAME area 1984 1985 1987 1994/5 

DDH26 E26N 10266.9 
DOH29 E26N 10267.8 
00H30 E26N 10267.7 
00H31 E26N 10268.1 
00H34 E26N 10266.9 10248.7 
00H35 E261\J 10267.4 10248.4 
ODH36 E26N 10267.7 
ODH38 E26N 10268.3 
00H40 E26N 
00H42 E26N 10279.1 
00H44 E26N 10267.8 
00H45 E26N 10265.6 10261.3 (1984) 
ODH46 E26N 10268.1 
ODH48 E26N 10262.3 
066 ? 
067 ? 
074 ? 

075 ? 
076 ? 
077 ? 
00H78 E26S 
00H80 E26S 
081 E26N 
083 ? 
DOH87 E26S 
089 E26S 10265.5 
090 E26N 10248.6 
092 E26N 10248.6 10251 .8 
093 E26N 10248.6 
094 E26N 10248.7 
095 E26N 10248.5 
099 E26N 10248.6 
0105 ? 
0109 ? 
0129 E26N 10249.4 
0142 E26N 10259.2 
POH18 E26N 10267.37 10248.6 
P49 E26N 
P50 E26S 
POH51 E26N 
POH52 E26N 
POH53 E26N 
POH54 E26N 
POH57 E26N 
POH60 E26N 
POH61 E26N 
P62 E26N 
PDH63 E26N 10265.8 10251.3 
POH70 E26N 10266.4 10248.7 10248.6 
POH71 E26N 10259.9 
POH72 E26N 10266.36 10248.2 
P71 E26S 10264.1 
P78 ? 
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BORE General SWL 
NAME area 1984 1985 1987 1994/5 1999 

P87 E26S 
P88 E26N 10248.1 10248.5 10247.3 

P89 E26S ? 1 0265.~ 10252.8 
P100 E26S 10253.9 10250.3 
P101 E26S 10258.4 10254 
P102 E26S 10265.1 10253.2 
P103 E26S 10262.1 10250.8 
P104 E26S 10251.5 10253 
P109 E26N 10248.5 
P110 E26N 10248.6 
P111 E26N 10248.4 
P112 E26N 10247.7 
P113 E26N 10246.4 
P114 E26N 10248.5 
P115 E26N 10248.8 
P116 E26N 10248.3 
P117 E26N 10248.2 10234.6 
P118 E26N 10248.3 10223.7 
P119 E26N 10248.7 
P134 E26N 
P135 E26N 
P136 E26N 
P137 E26N 
P138 E26N 
P139 E26S 10252.4 
P140 E26N 
P141 E26N 
P142 E26N 
P145 E26S 10262.2 10250.9 
P146 E26N 
P147 E26N 
P149 E26N 10238.4 10225.3 
E26 bore E26 
E26 bore (Ambiguity in bore names) 10248.4 

PDH6 E20 10266.8 
unnamed E20 
unnamed E20 
PDH26 E28 10267.7 10256.2 
E28 Bore E28 

DDH1 E22 10252.7 
DDH2 E22 10252.7 10240.5 
DDH3 E22 10234.5 
DDH4 E22 10251.1 10238.5 
DDH6 E22 10252.9 10241.5 
DDH7 E22 10254.9 
DDH8 E22 10254.6 10241.5 
DDH12 E22 10241.5 
DDH15 E22 10252.6 10241 
DDH18 E22 10252.7 10240.5 
DDH19 E22 10258.6 10239.5 
D20 E22 10245 
P37 E22 10240.7 10240.6 
D43 E22 10241 
D44 E22 10241 
D45 E22 10240.9 
D46 E22 10240.7 
D47 E22 10240.9 
D51 E22 10241.1 
D52 E22 10241 
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BORE General SWL 
NAME area 1984 1985 1987 1994/5 1999 

D53 E22 10241.1 
D55 E22 10241.1 
D65 E22 10241.3 
D68 E22 10240.7 
P/C1 E22 10242 
P157 E22 10242.2 
W11 E22 10237.1 
W12 E22 10235.2 
W13 E22 10241 .7 

DDH2 E27 10252.7 10240 
DDH4 E27 10253.8 10240.5 
DDH5 E27 10241 .2 
DDH7 E27 10263.4 10240.8 
DDH8 E27 10239.9 
DDH9 E27 10254.9 10239.9 
DDH10 E27 10254.2 
DDH20 E27 10242.2 
DDH21 E27 10253.4 10240.3 
DDH22 E27 10252.9 10239.3 
DDH23 E27 10241 
DDH25 E27 10240 
DDH26 E27 10249.9 
D33 E27 10243.2 
D37 E27 10244.9 
D38 E27 10239.9 
D39 E27 10239.7 
D41 E27 10239.1 
D42 E27 10239.1 
D43 E27 10239 
D46 E27 10239.1 
D47 E27 10240 
D51 E27 10238.6 
E27 drill hole E27 
PDH29 (P29) E27 10236.2 10239.3 10243 
P250 E27 10241 .1 
W1 E27 10240.8 10241 
W2 E27 10239.3 10232 
W3 E27 10239.8 
W4 E27 10239.6 
W5 E27 10247.2 
W6 E27 10245.8 10252 
W7 E27 -
W8 E27 10239.7 
W9 E27 10239.7 
W10 E27 10238.8 
W11a E27 10238.8 
W12a E27 10238.7 
W14 E27 10246.3 
W15 E27 10232.3 

D123 E31 10235 
PDH33 E31 
unnamed E31 
unnamed E31 
E31 Bore E31 
Coradgery Farm 
Rocklands Farm 
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APPENDIX 3D 

Definition and use of common hydrogeologic terms 

o. E. Meinzer (1923), cited in Price (1985): "An aquifer is a geological formation, group of 

formations, or part of a formation that contains sufficient saturated permeable material to yield 

significant quantities of water to wells and springs" (p.65). Meinzer derived his definition from a 

geological concept in which water bodies were classified in accordance with stratigraphy or rock 

types. 

United States Geological Survey (Lohman et al. 1972) 

Aquifer: "a formation, group of formations, or part of a formation that contains sufficient saturated 

permeable material to yield significant quantities of water to wells and springs" (p. 2). 

Confining bed: "a body of "impermeable" material stratigraphically adjacent to one or more 

aquifers ... its hydraulic conductivity may range from nearly zero to some value distinctly lower 

than that of the aquifer." (p. 5-6). 

The USGS recommended that terms like 'aquiclude' and 'aquitard' should no longer be us~d, and 

that non-aquifers be referred to simply as confining beds. They suggested that it is also necessary 

to include a description of material permeability relative to the adjacent aquifer, as it may range 

from nearly zero to some value distinctly lower than that of the aquifer and thus be slightly 

permeable or moderately permeable (Lohman et al. 1972). 

Lee, C.C. 1998, The Environmental and Engineering Dictionary (3Td Ed). 

AQUIFER: 

1. A geological formation, group of formations, or part of a formation that is capable of 

yielding a significant amount of water to a well or spring; 

2. A subsurface confining unit which has sufficient permeability to permit water to flow 

through it with relative ease and therefore it provides a usable quantity of water to a well or 

spnng; 

3. A saturated geologic unit that can transmit significant quantities of water under ordinary 

hydraulic gradients; the water can be pumped to the surface through a well, or it can 

emerge naturally as a spring or outcrop; 

4. An underground geological formation, or group of formations, containing usable amounts 

of groundwater that can supply wells and springs. 
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AQUITARD: 

1. A subsurface confining unit which is characterized by low permeability that does not 

readily permit water to pass through it despite the fact that it stores large quantities of 

water; 

2. A less-permeable geologic unit in a stratigraphic sequence. The unit is not permeable 

enough to transmit significant quantities of water. Aquitards separate aquifers. 

Lapidus, F. Coates, D. & Winstanley, I. (Eds) 1990, Collins Dictionary of Geology. 

Aquifer: "A body of rock that contains water and releases it in significant quantities for use ... 

(containing) water -filled pore spaces that are sufficiently connected to allow the water to flow 

through the rock matrix to wells and springs." 

Aquitard: "A confining bed that retards but does not completely stop the flow of water to or from 

an adjacent aquifer. Although it does not readily release water to wells or springs, it may function 

as a storage chamber for groundwater." 

Aquiclude: "A rock body or layer ... that will absorb water but not release it fast enough or in 

amounts sufficient to supply a spring." 

Aquifuge: "A rock body or rock layer having no interconnected openings or interstices, and which, 

thus, neither absorbs nor conducts water." 

Kearey, P.1996, The New Penguin Dictionary of Geology. 

Aquifer: "A geological unit containing sufficient saturated permeable rock to yield significant 

amounts of water." 

Aquitard: "A formation allowing the throughflow of water at a much slower rate than an aquifer." 

Aquiclude: "A formation with a low permeability, important in controlling flow in adjacent 

overlying and underlying permeable formations." 

Aquifuge: "A geological unit with no connected pores which neither absorbs nor transmits water." 

American Geological Institute, 1962, Dictionary of Geological Terms. 

Aquifer: "Stratum or zone below the surface of the earth capable of producing water as from a 

well." 

Aquiclude: "A formation which, although porous and capable of absorbing water slowly, will not 

transmit it fast enough to furnish an appreciable supply for a well or spring." 

Aquifuge: "A rock which contains no interconnected openings or interstices and therefore neither 

absorbs nor transmits water." 
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Webster, L. 2000, A Dictionary of Environmental and Civil Engineering. 

Aquifer: "Underground formation of sands, gravel or fractured porous rock, that is saturated with 

water and that supplies water for wells and springs." 

Aquitard: "Layer of soil or rock that is relatively impermeable and restricts the flow of water from 

one aquifer to another. Also called an Aquiclude." 

Aquiclude: "Geological formation which, although porous and capable of absorbing water slowly, 

with not transmit it rapidly enough to furnish an appreciable supply for a well or spring." 

Aquifuge: "Ground that neither contains nor transmits water in useful quantities." 

Allaby, A. & Allaby, M. (Eds), 1991, The Concise Oxford Dictionary of Earth Sciences. 

Aquifer: "A body of permeable rock ... that is capable of storing significant quantities of water, is 

underlain by impermeable material, and through which groundwater moves." 

Aquitard: "A rock with low values of hydraulic conductivity, which allows some movement of 

water through it, but at rates of flow lower than those of adjacent aquifers." 

Aquiclude: "A rock with very low values of hydraulic conductivity which, although it may be 

saturated with groundwater, is almost impermeable with respect to groundwater flow". 

Clark, A.N. 1985, Longman Dictionary of Geography. 

Aquifer: "A water-bearing stratum of rock, sufficiently porous to carry the water and sufficiently 

coarse to release the water and permit its use .... Hence an aquiferous rock, one conveying/yielding 

water." 

Aquifuge: "An impermeable rock stratum which not only obstructs the passage of water but 

cannot absorb it, ego granite .... An American term not in general use." 

Porteous, A. 2000, Dictionary of Environmental Science and Technology. 

Aquifer: "An underground water-bearing layer of porous rock, ego sandstone, in which water can 

be stored and through which it can flow, after it has infiltrated from either the surface or another 

underground source." 

Oxford Reference, 1991, Concise Science Dictionary. 

Aquifer. "A deposit of rock that yields economic supplies of water to wells or springs Il.S a result of 

it's porosity or permeability." 

Kemp, D.D. 1998, The Environment Dictionary. 

Aquifer: "A layer of rock beneath the earth's surface sufficiently porous and permeable to store 

significant quantities of water." 
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Parker, S.P. & Corbitt, R.A. (Eds) 1992, McGraw-Hill Encyclopedia of Environmental Science 

and Engineering (3'd Ed). 

Aquifer: "A subsurface zone that yields economically important amounts of water to wells ... 

(which) may vary from less than a gallon a minute for cattle water in the desert to thousands of 

gallons per minute for industrial, irrigation or municipal use." 

Jones, G. Roberston, A. Forbes, J. Hollier, G.1992, The Harper-Collins Dictionary of 

Environmental Science. 

Aquifer: "A layer of permeable rock, sand or gravel that absorbs water and allows it free passage 

through the interstices of the rock." 

Aquiclude: "A layer of porous rock, such as a shale, that absorbs water slowly but will not allow 

its free passage ... Term commonly used in North America and sometimes incorrectly used as a 

synonym for aquifuge." 

Aquifuge: "A layer of impermeable rock that wilT neither absorb water nor allow its free passage ... 

Term commonly used in North America." 

Bell, F. G.1993, Engineering Geology. 

Aquifer: " ... a rock or soil mass which not only contains water but from which water can be 

readily abstracted in significant quantities. The ability of an aquifer to transmit water is governed 

by its permeability ... usually in excess of 10.5 mls 

Aquitard: " ... a formation which transmits water at a very slow rate but which, over a large area of 

contact, may permit the passage of large amounts of water between adjacent aquifers which it 

separates." 

Aquiclude: " ... a formation with a permeability of less than 10-9 mls ... is regarded as impermeable 

and is referred to as an aquiclude ... Even when such rocks are saturated they tend to impede the 

flow of water ... " 

Domenico, P.A. & Schwartz, R.W.1998, Physical & Chemical Hydrogeology (2nd Ed). 

Aquifer: "Rock units with permeability values sufficient to supply water to wells are termed 

aquifers" 

Aquitard: "Aquitards have been defined as beds of lower permeability in the stratigraphic 

sequence that contain water but do not readily yield water to pumping wells ... Rocks considered to 

be aquitards in some regions may serve as aquifers in others ... These materials are not able to 

supply sufficient quantities of water for municipal and irrigation use, but frequently are adequate 

for domestic or farm usage in rural areas. Thus the terms aquifer and aquitard are ambiguous." 
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Fetter, C.W.1994,Applied Hydrogeology cr Ed). 

Aquifer: "Rock or sediment in a formation, group of formations, or part of a formation that is 

saturated and sufficiently permeable to transmit economic quantities of water to wells and springs." 

Aquitard: "A low-permeability unit that can store groundwater and also transmit it slowly from 

one aquifer to another." 

Aquiclude: "A low permeability unit that forms either the upper or lower boundary of a ground

water flow system." 

Aquifuge: "An absolutely impermeable unit that will neither store nor transmit water." 

Price, M. 1985, Introducing Groundwater. 

Aquifer: "An aquifer is a geological formation, group of formations, or part of a formation that 

contains sufficient saturated permeable material to yield significant quantities of water to wells and 

springs" (p.65). "Layers of rock sufficiently porous to store water and permeable enough to allow 

water to flow through them in economic quantities ... " 

Aquitard: " ... formations (which) permit water to move through them, but at much lower rates 

than through the adjacent aquifers ... " 

Aquiclude: " ... formations (which) frequently contain water. .. but do nof allow water to move 

through them under typical hydraulic gradients." 

Hancock, P.L. & Skinner, BJ. (Eds) 2000, The Oxford Companion to The Earth. 

Aquifer: " ... the term applied to a geological formation or group of formations with sufficient 

permeability and water-saturated porosity to transmit and store significant quantities of subsurface 

water under normal hydraulic gradients. In this context, 'significant' is usually related to potential 

water yield from wells or flow to springs. Aquifers can be considered as reservoirs for 

groundwater resources and thus are also defined, somewhat imprecisely, on the basis of their 

economic potential." 

Aquitard: "Aquitards retard, but do not prevent flow of groundwater to or from adjacent 

aquifers ... may contain significant amounts of water in storage." 

Aquiclude: "An aquiclude is not capable of transmitting significant quantities of water ... may 

contain significant amounts of water in storage." 

Aquifuge: "Confining units such as evaporate deposits that neither transmit nor store significant 

quantities of water ... " 
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Gary, M., McAfee Jr, Wold, C.L. (Eds) 1972, Glossary of Geology, American Geological 

Institute, Washington, D.C. 

Aquifer: "A body of rock that contains sufficient permeable material to conduct ground water and 

to yield economically significant quantities of ground water to wells and springs. The term was 

originally defined by Meinzer (1923) as any water-bearing formation." 

Aquitard: "A confining bed that retards but does not prevent the flow of water to or from an 

adjacent aquifer; a leaky confining bed. It does not readily yield water to wells or springs, but may 

serve as a storage unit for groundwater." 

Aquiclude: "A body of relatively impermeable rock that is capable of absorbing water slowly but 

functions as an upper or lower boundary of an aquifer and does not transmit groundwater rapidly 

enough to supply a well or spring." 

Aquifuge: "An impermeable body of rock; a rock with no interconnected openings and thus 

lacking the ability to absorb and transmit water." 
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Appendix4A 

Open Cut Groundwater Monitoring 
Datasource: NPM Open Cut bore monitoring program 

Table (a) Bore locations For further bore information referto Appendices 3C and 6A 
Collars (top of pipe) Depth Original 

N E RL (m) Depth(m 
WI 56889.11 10945.10 10250.87 31 100 
W2 57003.80 10971.94 10249.91 61 100 
W3 57181.75 10960.01 10250.61 100 100 
W4 57132.00 10757.00 10240.00 120 120 
W5 57066.68 10587.8510281.31 102 102 
W6 56718.59 10807.00 10283.70 100 108 

PDH29 57302.18 10847.98 10280.30 100 ? 
Wll 56791.52 10305.66 10282.12 155 155 
W12 57127.00 9743.28 10285.38 150 150 
W13 56589.65 9682.84 10280.53 150 150 
W14 57290.58 11500.42 10283.00 150 150 
W15 57356.80 10274.61 10281.36 150 150 
W16 56826.92 11042.45 10283.81 100 100 
W17 56820.59 11042.60 10283.64 60 60 
W18 57147.43 11064.73 10282.02 100 100 

Table (b) SWl Bores Wl-PDH29 
W1 W2 W3 W5 

Date level RL Level RL Level RL Level RL 
12-Oct-95 10.36 10240.51 11.23 10238.68 11.34 10239.27 34.45 10246.86 
3-Jan-96 11.40 10239.47 17.00 10232.91 15.00 10235.61 34.10 10247.21 
7-Feb-96 12.30 10238.57 17.50 10232.41 16.00 10234.61 38.00 10243.31 

27-May-96 12.50 10238.37 19.50 10230.41 17.40 10233.21 40.00 10241.31 
23-Aug-96 13.10 10237.77 20.10 10229.81 18.00 10232.61 40.90 10240.41 
19-5ep-96 12.80 10238.07 20.20 10229.71 18.50 10232.11 41.10 10240.21 
23-Sep-96 12.60 10238.27 20.00 10229.91 18.20 10232.41 41.00 10240.31 
21-0ct-96 11.10 10239.77 19.10 10230.81 18.40 10232.21 41.30 10240.01 
16-Dec-96 11.20 10239.67 19.40 10230.51 18.70 10231.91 41.70 10239.61 
20-Jan-97 11.30 10239.57 19.40 10230.51 18.70 10231.91 Bore destroyed 
20-Feb-97 11.50 10239.37 19.30 10230.61 18.90 10231.71 
24-Mar-97 10.90 10239.97 19.00 . 10230.91 19.00 10231.61 
24-Apr-97 - - - -

21-May-97 - - -
16-Jun-97 11.70 10239.17 19.10 10230.81 19.20 10231.41 
16-Jul-97 12.00 10238.87 19.55 10230.36 19.30 10231.31 

27-Aug-97 12.00 10238.87 19.80 10230.11 19.30 10231.31 
15-Sep-97 11.95 10238.92 19.75 10230.16 19.45 10231.16 
24-Feb-98 - -
21-May-98 10.20 10240.67 18.50 10231.41 19.80 10230.81 

1-Jul-98 9.70 10241.17 17.50 10232.41 Bore destroyed 
3-Feb-99 9.90 10240.97 17.60 10232.31 

27-Apr-99 9.93 10240.94 17.72 10232.19 
4-Jun-99 9.38 10241.49 17.56 10232.35 
2-Aug-99 9.97 10240.90 18.21 10231.70 

21-Sep-99 10.36 10240.51 18.72 10231.20 
23-Nov-99 9.64 10241.23 18.05 10231.86 
17-Dec-99 9.51 10241.36 17.85 10232.06 
3O-Mar-00 10.32 10240.55 18.58 10231.33 
10-May-OO 10.Q7 10240.81 18.42 10231.49 
16-Jun-00 10.06 10240.81 18.38 10231.54 
12-Sep-Q0 10.80 10240.07 18.99 10230.92 

4-Dec-00 9.87 10241.00 18.60 10231.31 
8-Feb-Ol 9.42 10241.45 17.80 10232.11 

10-Feb-Ol - - - -
14-Feb-Ol 9.41 10241.46 17.79 10232.12 
24-Feb-Ol - - -
27-Feb-Ol 9.44 10241.43 17.77 10232.14 

6-Mar-Ol 9.54 10241.34 17.82 10232.10 
13-Mar-Ol 9.66 10241.21 17.90 10232.02 
21-Mar-Ol 9.77 10241.11 17.94 10231.98 
22-Mar-Ol 9.79 10241.08 17.98 10231.93 

4-Apr-Ol 10.86 10240.01 18.16 10231.75 
2-May-Ol 9.79 10241.09 -

21-May-Ol 9.87 10241.01 18.25 10231.66 
25-Jun-Ol 9.43 10241.44 17.97 10231.94 
17-Jul-Ol 9.46 10241.41 17.86 10232.06 
7-Aug-Ol 9.58 10241.30 17.95 10231.96 

23-Aug-Ol 9.52 10241.35 17.94 10231.97 
3-Sep-Ol 9.53 10241.34 17.94 10231.97 

20-Sep-Ol 9.57 10241.30 18.00 10231.91 
5-0ct-Ql 9.57 10241.30 17.96 10231.95 

22-0ct-Ol 9.74 10241.13 18.05 10231.86 
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W6 PDH29 
Level RL Level RL 
36.60 10247.10 41.00 10239.30 
37.10 10246.60 40.30 10240.00 
37.30 10246.40 41.00 10239.30 
38.00 10245.70 40.60 10239.70 
37.40 10246.30 41.60 10238.70 
37.20 10246.50 40.60 10239.50 
37.00 10246.70 40.60 10239.70 
35.40 10248.30 37.40 10242.90 
35.90 10247.80 37.80 10242.50 
35.10 10248.60 37.70 10242.60 
33.70 10250.00 37.80 10242.50 
30.90 10252.80 37.80 10242.50 
32.70 10251.00 37.90 10242.40 
35.00 10248.70 37.85 10242.45 
35.50 10248.20 37.90 10242.40 
35.90 10247.80 37.90 10242.40 
36.05 10247.65 37.90 10242.40 
35.90 10247.80 37.90 10242.40 
28.60 10255.10 35.90 10244.40 
28.00 10255.70 38.10 10242.20 
27.80 10255.90 38.10 10242.20 
33.60 10250.10 37.50 10242.80 
27.67 10256.03 37.27 10243.03 
28.75 10254.95 37.28 10243.02 
32.88 10250.82 37.30 10243.00 
33.23 10250.47 37.27 10243.03 
29.09 10254.61 36.99 10243.32 
29.21 10254.49 36.96 10243.34 
32.40 10251.31 37.12 10243.19 
30.88 10252.83 37.10 10243.21 
32.19 10251.52 37.11 10243.20 
28.75 10254.95 37.01 10243.29 
28.75 10254.95 37.01 10243.29 
28.55 10255.16 37.03 10243.27 
28.44 10255.26 - -
28.22 10255.48 37.01 10243.29 
28.79 10254.92 37.18 10243.12 
- - - -

29.35 10254.35 37.10 10243.20 
31.50 10252.21 37.15 

1021E 31.76 10251.95 37.13 10243. 
31.67 10252.03 37.05 1024 
30.81 10252.89 37.18 10243.1 
31.26 10252.44 37.13 10243.18 
31.57 10252.13 37.12 10243.18 
27.70 10256.01 37.12 10243.18 
29.58 10254.13 37.16 10243.15 
30.06 10253.64 37.03 10243.27 
30.19 10253.51 37.11 10243.19 
31.12 10252.58 37.07 10243.23 
30.91 10252.79 37.13 10243.17 
31.63 10252.07 37.57 10242.73 
32.49 10251.21 37.08 10243.22 
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Table (e) SWL Bores W11 - W15 
W11 W12 W13 W14 W15 

DATE Level RL Level RL Level RL Level RL Level RL 
2-Aug-99 45.04 10237.08 45.46 10235.24 38.81 10241.72 36.73 10246.27 49.02 10232.34 

26-Aug-99 - - - - 38.70 10241.83 36.45 10246.55 48.80 10232.57 
21-Sep-99 45.32 10236.81 45.18 10235.53 - - - - - -
17-Nov-99 - - - - 38.40 10242.13 35.70 10247.31 48.40 10232.96 
23-Nov-99 42.98 10239.15 45.25 10235.45 - - - - - -
17-Dec-99 42.35 10239.77 45.28 10235.43 - - - - - -
3-May-00 - - - - 37.73 10242.81 34.39 10248.62 47.34 10234.02 

10-May-00 42.53 10239.60 45.56 10235.14 - - - - - -
16-Jun-00 42.04 10240.09 45.64 10235.06 37.50 10243.03 34.08 10248.93 47.18 10234.19 
12-Sep-00 42.98 10239.14 45.79 10234.91 37.36 10243.17 33.38 10249.62 46.76 10234.60 
4-Dec-00 42.64 10239.48 45.76 10234.95 - - - - - -

15-Dec-00 - - - - 36.94 10243.59 32.88 102SO.12 46.34 10235.02 
8-Feb-Ol 42.12 10240.01 45.84 10234.86 36.60 10243.93 32.82 10250.19 46.18 10235.18 

10-Feb-01 - - 45.85 10234.85 36.59 10243.94 - - 46.15 10235.22 
14-Feb-D1 42.14 10239.98 45.85 10234.86 36.62 10243.91 - - 46.16 10235.20 
22-Feb-Ol - - - - - - 32.85 10250.16 - -
24-Feb-01 41.99 10240.13 - - - - - - - -
27-Feb-Ol - - Blocked, new RL 36.67 10243.86 32.82 10250.18 46.12 10235.24 

6-Mar-Ol 42.26 10239.86 50.52 10234.86 36.70 10243.83 32.86 10250.14 46.14 10235.22 
13-Mar-Ol 42.38 10239.75 SO.56 10234.82 36.76 10243.77 32.89 10250.11 46.17 10235.20 
21-Mar-Ol 42.54 10239.58 SO.52 10234.86 LIH LIH LIH 
22-Mar-Dl 42.53 10239.59 50.55 10234.84 
28-Mar-Ol - - 50.58 10234.80 36.85 10243.68 46.15 10235.21 

4-Apr-01 43.13 10238.99 50.60 10234.78 LlH 32.97 10250.03 LIH 
10-Apr-01 43.29 10238.84 50.69 10234.70 36.97 10243.57 32.87 102SO.14 
12-Apr-01 - - - - LlH LlH 
2-May-Ol 43.72 10238.41 - -

10-May-01 - - 50.65 10234.74 
21-May-Ol 44.15 10237.97 SO.67 10234.72 
25-Jun-01 44.20 10237.92 50.89 10234.49 
17-Jul-01 44.20 10237.92 50.98 10234.40 
7-Aug-01 43.28 10238.85 51.00 10234.38 

23-Aug-01 43.11 10239.01 51.11 10234.27 
3-Sep-01 43.28 10238.84 51.11 10234.27 

20-Sep-Ol 43.29 10238.83 51.20 10234.18 
5-0ct-Ol 43.30 10238.82 51.69 10233.69 38.33 10242.21 32.60 10250.41 45.99 10235.37 

16-0ct-Ol - - - - 38.43 10242.10 32.55 10250.45 46.03 10235.33 
22-0ct-Ol 43.55 10238.57 - - - - - - - -

LlH = Logger In Hole 

W18 
Level RL Level RL 

4-Apr ometar construction 
10-Apr-Ol 52.43 10231.38 40.05 10243.60 
12-Apr-01 49.68 10234.14 40.02 10243.63 100.35 10181.68 
2-May-01 43.51 10240.30 39.87 10243.77 98.64 10183.38 

10-May-Ol 43.47 10240.34 39.83 10243.81 98.40 10183.62 
21-May-Ol 43.41 10240.40 39.90 10243.74 97.06 10184.96 
25-Jun-01 43.11 10240.70 39.25 10244.39 92.93 10189.09 
17-Jul-01 42.90 10240.91 39.35 10244.30 92.19 10189.83 
7-Aug-01 42.79 10241.03 39.35 10244.29 90.13 10191.89 

23-Aug-01 42.68 10241.13 39.40 10244.24 88.68 10193.34 
3-Sep-Ol 42.57 10241.24 39.37 10244.28 87.57 10194.45 

20-Sap-Ol 42.22 10241.59 39.40 10244.24 86.39 10195.63 
5-0ct-01 

16-0ct-Ol 
22-0ct-Ol 42.09 10241.725 41.06 10242.58 83.00 10199.03 
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APPENDIX 4B 

NPM Groundwater levels in E26 and Farm Bores, 1998-2001 
Datasource: NPM E26 Staff 

Table (a) Bore locations. 
F f rth b d t·1 f t A d· or u er ore e al s re er 0 'ppen Ices 3C d6A an 
Collars (top of pipe) Collar Collar 

Bore E N RL height RL 
P71 11066.6 52743.5 10292.30 0.00 10292.30 
P89 10958.6 52572.0 10293.60 0.00 10293.60 
P100 10941.3 51893.7 10285.45 0.90 10286.35 
P101 10603.8 52218.3 10289.82 0.82 10290.64 
P102 10447.7 52677.5 10292.75 0.20 10292.95 
P103 10068.4 52556.4 10291.85 0.32 10292.17 
P104 10610.0 52217.0 10290.00 0.19 10290.19 
P139 10949.6 52849.2 10293.30 0.64 10293.94 
P145 11115.0 52549.0 10291.50 0.30 10291.80 
P149 10301.4 53796.7 10280.90 0.26 10281.16 
E31D23 12540.0 53251.0 10287.00 0.00 10287.00 
Wrights 15521.0 52696.0 10304.00 0.25 10304.25 
Far Hilliers 14582.0 52270.0 10300.00 0.39 10300.39 
Sth Hilliers - - - - -
Long Paddock 13308.0 Ej1404.0 10292.30 0.18 10292.48 
Moss's 15884.0 52575.0 10307.80 0.28 10308.08 
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· -_.- - -_.- _ .... - ... __ ..... _._ ... _ ......... 
P71 P89 P100 P101 P102 P103 P104 P139 

DATE btp RL btp RL btp RL btp RL btp RL btp RL btp RL btp RL 
7-Mar-98 40.93 10251.37 41.94 10251.66 36.15 10250.20 37.19 10253.45 39.96 10252.99 41.64 10250.53 37.63 10252.56 41.68 10252.26 
9-Mar-98 40.88 10251.42 41.41 10252.19 35.73 10250.62 37.19 10253.45 39.87 10253.08 41.67 10250.50 37.65 10252.54 41.60 10252.34 

25-Sep-98 40.91 10251.39 41.35 10252.25 31.30 10255.05 37.21 10253.43 39.91 10253.04 41.67 10250.50 37.64 10252.55 41.63 10252.31 
30-0ct-98 40.87 10251.43 - - - - - - - - - - - - - 10252.37 
30-Nov-98 40.90 10251.40 41.15 10252.45 35.75 10250.60 37.09 10253.55 39.90 10253.05 41.60 10250.57 37.53 10252.66 41.60 10252.34 
30-Dec-98 40.83 10251.47 40.94 10252.66 35.71 10250.64 36.87 10253.77 39.83 10253.12 41.47 10250.70 37.39 10252.80 41.56 10252.38 
29-Jan-99 40.78 10251.52 40.80 10252.80 35.76 10250.59 36.70 10253.94 39.80 10253.15 41.39 10250.78 37.24 10252.95 41.12 10252.82 
25-Feb-99 40.83 10251.47 40.78 10252.82 36.04 10250.31 36.68 10253.96 39.80 10253.15 41.40 10250.77 37.18 10253.01 41.53 10252.41 

9-Apr-99 40.85 10251.45 40.15 10253.45 36.09 10250.26 36.66 10253.98 39.80 10253.15 41.40 10250.77 37.18 10253.01 41.50 10252.44 
3-May-99 40.87 10251.43 40.10 10253.50 36.01 10250.34 36.70 10253.94 39.83 10253.12 41.44 10250.73 37.12 10253.07 41.59 10252.35 
4-Jun-99 40.81 10251.49 40.36 10253.24 35.84 10250.51 36.40 10254.24 39.89 10253.06 41.30 10250.87 36.91 10253.28 41.45 10252.49 

29-Jun-99 40.84 10251.46 40.43 10253.17 35.91 10250.44 36.40 10254.24 39.85 10253.10 41.34 10250.83 36.94 10253.25 41.47 10252.47 
29-Jul-99 40.71 10251.59 40.38 10253.22 35.94 10250.41 36.31 10254.33 39.89 10253.06 41.24 10250.93 36.38 10253.81 41.28 10252.66 

31-Aug-99 40.70 10251.60 40.34 10253.26 35.89 10250.46 - - - - 41.23 10250.94 - - - 10252.69 
30-Sep-99 40.65 10251.65 40.32 10253.28 35.91 10250.44 36.28 10254.36 39.83 10253.12 41.19 10250.98 36.35 10253.84 41.24 10252.70 
12-Jan-00 41.14 10251.16 40.50 10253.10 35.59 10250.76 36.97 10253.67 40.19 10252.76 41.42 10250.75 37.41 10252.78 41.22 10252.72 
2-Feb-00 40.86 10251.44 40.54 10253.06 35.71 10250.64 36.66 10253.98 40.00 10252.95 41.30 10250.87 37.15 10253.04 41.15 10252.79 

29-Feb-00 40.74 10251.56 40.76 10252.84 35.70 10250.65 36.51 10254.13 39.95 10253.00 41.23 10250.94 36.97 10253.22 41.06 10252.88 
31-Mar-00 40.70 10251.60 40.43 10253.17 35.70 10250.65 36.35 10254.29 39.83 10253.12 41.17 10251.00 36.79 10253.40 41.00 10252.94 
28-Apr-00 - - - - 35.65 10250.70 36.32 10254.32 39.94 10253.01 41.20 10250.97 36.80 10253.39 40.79 10253.15 

31-May-00 - - - - 35.70 10250.65 36.37 10254.27 39.90 10253.05 41.20 10250.97 36.81 10253.38 40.80 10253.14 
6-0ct-00 - - - - 35.67 10250.68 36.40 10254.24 39.89 10253.06 41.18 10250.99 36.84 10253.35 40.85 10253.09 
1-Nov-00 40.35 10251.95 40.30 10253.30 35.50 10250.85 35.91 10254.73 39.74 10253.21 40.98 10251.19 36.29 10253.90 40.10 10253.84 

27-Nov-00 40.27 10252.03 40.10 10253.50 35.30 10251.05 35.00 10255.64 35.99 10256.96 41.00 10251.17 36.32 10253.87 40.07 10253.87 
21-Dec-00 40.20 10252.10 40.22 10253.38 35.36 10250.99 35.96 10254.68 39.75 10253.20 41.01 10251.16 36.32 10253.87 40.01 10253.93 
31-Jan-01 40.16 10252.14 40.37 10253.23 35.45 10250.90 35.95 10254.69 39.76 10253.19 41.00 10251.17 36.28 10253.91 39.94 10254.00 
21-Feb-01 40.16 10252.14 40.39 10253.21 35.42 10250.93 35.94 10254.70 39.68 10253.28 41.02 10251.16 36.27 10253.92 39.95 10253.99 
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IV 
~ 
VI 

_.- -

DATE 
7-Mar-98 
9-Mar-98 

25-Sep-98 
30-0ct-98 
30-Nov-98 
30-0ee-98 
29-Jan-99 
25-Feb-99 

9-Apr-99 
3-May-99 
4-Jun-99 

29-Jun-99 
29-Jul-99 

31-Aug-99 
30-Sep-99 
12-Jan-00 
2-Feb-00 

29-Feb-00 
31-Mar-00 
28-Apr-00 

31-May-00 
6-0et-00 
1-Nov-00 

27-Nov-00 
21-0ee-00 
31-Jan-01 
21-Feb-01 

_.- .... - ... - - . _ ... _ ... _, -_ ...... -

P145 P149 
btp RL btp RL 
41.22 10250.58 56.60 10224.56 
41.11 10250.69 57.04 10224.12 
41.14 10250.66 57.12 10224.04 
41.08 10250.72 56.73 10224.43 
41.10 10250.70 56.56 10224.60 
40.98 10250.82 56.31 10224.85 
40.93 10250.87 56.25 10224.91 
40.94 10250.86 55.87 10225.29 
40.94 10250.86 55.68 10225.48 
40.90 10250.90 55.60 10225.56 
40.84 10250.96 55.14 10226.02 
40.93 10250.87 54.98 10226.18 
40.82 10250.98 54.89 10226.27 
40.80 10251.00 54.73 10226.43 
40.82 10250.98 54.69 10226.47 
41.93 10249.87 54.79 10226.37 
40.85 10250.95 54.14 10227.02 
40.79 10251.01 54.00 10227.16 
40.72 10251.08 53.90 10227.26 
40.77 10251.03 53.94 10227.22 
40.80 10251.00 53.96 10227.20 
40.73 10251.07 53.93 10227.23 
40.53 10251.27 49.74 10231.42 
40.75 10251.05 48.82 10232.34 
40.57 10251.23 48.75 10232.41 
40.56 10251.24 49.84 10231.32 
40.58 10251.22 49.86 10231.30 

E31D123 Wright's 
btp RL btp RL 

52.80 10234.20 26.84 10277.41 
51.29 10235.71 26.79 10277.46 
50.79 10236.21 27.22 10277.03 
51.51 10235.49 27.22 10277.03 
51.45 10235.55 26.84 10277.41 
51.55 10235.45 26.78 10277.47 
51.59 10235.41 26.73 10277.52 
51.72 10235.28 26.79 10277.46 
50.82 10236.18 26.69 10277.56 
51.58 10235.42 26.64 10277.61 
51.58 10235.42 26.39 10277.86 
51.69 10235.31 26.42 10277.83 
51.62 10235.38 26.36 10277.89 
54.73 10232.27 26.40 10277.85 
54.70 10232.30 26.41 10277.84 

- - - -
51.55 10235.45 26.31 10277.94 
51.50 10235.50 26.27 10277.98 
51.48 10235.52 26.22 10278.03 

- - 26.26 10277.99 
- 26.23 10278.02 
- - 26.24 10278.01 
- - 25.78 10278.47 
- - 25.79 10278.46 
- - 25.69 10278.56 
- 25.62 10278.63 
- - 25.575 10278.68 
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Far Hilliers 5th Hilliers Long Paddock Moss's 
btp RL btp RL btp RL btp RL 

39.23 10261.16 37.71 10262.29 54.67 10237.81 35.00 10273.08 
39.17 10261.22 37.61 10262.39 53.93 10238.55 35.00 10273.08 
39.24 10261.15 37.99 10262.01 - - - -

- - - - - - - -
39.27 10261.12 - - 54.01 10238.47 35.00 10273.08 
39.24 10261.15 - - 53.95 10238.53 29.43 10278.65 
39.21 10261.18 - - 53.92 10238.56 29.36 10278.72 
39.28 10261.11 - - 53.94 10238.54 29.38 10278.70 
39.34 10261.05 - - 53.93 10238.55 29.34 10278.74 
39.32 10261.07 - - 53.96 10238.52 29.39 10278.69 
39.31 10261.08 - - 53.96 10238.52 29.29 10278.79 
39.33 10261.06 - - 53.99 10238.49 29.30 10278.78 
39.26 10261.13 - - 53.91 10238.57 29.25 10278.83 

- - - - 53.91 10238.57 29.17 10278.91 
39.30 10261.09 - - 53.87 10238.61 29.20 10278.88 

- - - - 53.85 10238.63 29.19 10278.89 
39.33 10261.06 - - 53.90 10238.58 29.08 10279.00 
39.26 10261.13 - - 53.87 10238.61 29.03 10279.05 
39.21 10261.18 - - 53.80 10238.68 28.94 10279.14 
39.38 10261.01 - - 53.87 10238.61 28.97 10279.11 
39.36 10261.03 - - 53.84 10238.64 28.95 10279.13 
39.34 10261.05 - - 53.90 10238.58 28.92 10279.16 
39.20 10261.19 - - 53.72 10238.76 - -
39.20 10261.19 - - 53.76 10238.72 28.67 10279.41 
39.18 10261.21 - - 53.75 10238.73 - -
39.23 10261.16 - - 53.80 10238.68 28.51 10279.57 
39.23 10261.16 - - 53.78 10238.70 28.45 10279.63 



~ 

APPENDIX 4C 

Groundwater levels in tailings dams monitoring bores, 1994-1999 
Datasource: NPM Ore Processing monitoring program 
For bore locations see Figure 4.5, Chapter 4. 

Bore and depth MB1 3S.Sm MB2 SOm MB3 SSm MB4 
CollarRL (m) 10280 10278 10279 10280 

Date btp RL btp RL btp RL btp 
1/25/1994 - - 46.6 10231.4 46.7 10232.3 -
4/17/1994 - - 48 10230 - - · 
511611994 - - - - - - -
613011994 - - 46.2 10231.8 45 10234 -
7125/1994 - · 46.6 10231.4 46.5 10232.5 -
7/2611994 - - 46.6 10231.4 46.7 10232.3 -
8/25/1994 - - 46.7 10231.3 46.5 10232.5 -

91711994 · - · - 46.5 10232.5 -
10/14/1994 - · 46.7 10231.3 · · · 
11/29/1994 · - · - · -
1112511994 · - - - 46.6 10232.4 · 
11/29/1994 · - 46.6 10231.4 46.6 10232.4 -
12123/1994 - - 46.6 10231.4 · · · 
2117/1995 · - 46.6 10231.4 46.7 10232.3 -
3/27/1995 - · 46.6 10231.4 46.7 10232.3 · 
4/1811995 · - 46.6 10231.4 · - -
5/1/1997 · · 46.6 10231.4 46.4 10232.6 · 
6/4/1997 · - 46.6 10231.4 46.3 10232.7 56.7 
71311997 · - - - - - 54.5 
7/8/1997 - - 46.5 10231.5 46.2 10232.8 -

8/11/1997 36.4 10243.6 46.5 10231.5 46.2 10232.8 52.7 
9/11/1997 · · 46.6 10231.4 46.2 10232.8 51.2 
10/211997 · - 46.1 10231.9 46.5 10232.5 50.3 
11/4/1997 - - · - - - · 

12111/1997 36.5 10243.5 · . 46.1 10232.9 47.7 
2111/1998 · · · - - · · 

31811998 - · · - - - · 
11/21/1998 · - - - · - · 

115/1999 - - · - · - -
2110/1999 - - 46.5 10231.5 45.6 10233.4 44.1 
4120/1999 36.4 10243.6 · · - · 
617/1999 - - - - · -

APPENDIX 4C 

60m MB5 SOm MB6 48m MB7 24m 
10281 10282.5 10283 

RL btp RL btp RL btp RL 
- - · - - - -
- - · - - - -
- · · - - - -
- - - - · - · 
· · · - - - -
- - - · - - -
· - - - · - -
- · · - - - -
- - · - · · · 
· - · - - - -
· - · · · - -

- · - - · -
- - - · - · - · · - · -
- - - - · - · 
· - · - - - -
- - - · DRY · 

10223.3 48 10233 - - · · 
10225.5 48 10233 41.8 10240.7 DRY · 

- - - - · - · 
10227.3 47.9 10233.1 41.8 10240.7 DRY · 
10228.8 48.1 10232.9 DRY - DRY -
10229.7 47.9 10233.1 - · DRY · 

· - - - - - · 
10232.3 48 10233 DRY - DRY · 

· · - - - · · 
· - · - - · 
- - - - · · -
- - - - · · · 

10235.9 47.7 10233.3 - - DRY -
· - - - · · -
- - · - · - -



Appendix 40 

W13 SWL Data from Automatic Logger 

September 1999 

1024 \. 90 r-----------
102411:3 t--------

j
-N

j
----------1 

1024U:tl l---
n
.....,----;t-V"--:-::J---'-1--------1 

'"'' .. t--++II---Ai.+----b.-:-"f'~~cJ<C;L1"-, ,*,.>F"'~=.:.:j 
I VI ( 1-V vr 

10241 82 -~....f71t---c~------=.--.---'--~ J VV 
1024 180 t""--.l---------------i 
10241 78 ·1--______ - ___ - ____ ---' 

... '!1'Q ~qD .,eIl '\~ # ...... 'f';JIl ... <sGcJ
rfl 

... '-i~tfI ... ,\# ... ..;' ....... ~~ ",,"i~~ "./1' ~~ ri¥~ 
Oat. 

November 1999 
10242.4 , __ --

10242.J5 +-----------------.=01 
102"'2.J .I--------------=--._Fr"--__! 

E 102' 2.25 1----------7~..r:=..r--___l 

~ , ;~:;~: ,t------ :::.:::.:::.:::.:::.:::.:::.:::..,..r'~~~~lA..~t.t_ .... -~ .... /~----.~---~----.::--.::--J_l 
~ 10242.; t--.....,--.::...-:c......,J'---_t_+_------__! 

...J 10242.0 5 .1-----<..-1..pc.......-~ ............ ____ _t_+_------__! 

10242 b ........ L-------+t----------o 
10241 ~ t----- -----/-./--- - -----

Hl 241.9 ______ ___ ..L.JI--______ _ 

/ / ' "",' ,#' ",'" ,/ ,/ ,,,'" ,,#' ,~'" ,/ ,,/ ,;;'" ~;f' .. '" 
O.t. 

January 2000 
1a:H:> 111 __ 

102",, 7. 1--------------I~c.bI__TT"Tl 
,.,'.,," r----------l~.r-+)--'h~"A,l=oll-_H I 

~ I~"r---------~~~-V1~~~~j----~J 
': '0,. .. .. 1-______ --;::J'A~I----rl"------l 
f' 1ll41.aII I----,..,=;=f'--s:::......r- .... ---------l - ~~ 

U:r.iI4J &-I +--y71pf-r-C-Cb, "'----------------' 

'~:~~ ~=:::::::::::::========::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;I 
J ' J //// // / / / //'/ 

0.,. 

March 2000 

'Q2"~2.~ r-~--------
10242. 711 ~_-_________ ,_ 

laJ"z l1 t-------------- - ------o 
1cr;t4,"m t----------------------o 
'01~11!. t------------ - -----1 

1024<'1-1 ir----------------......., 

10:243 14, _________ _ 

102 .... 1 121--------------r= ·oI-r::::::=l- ...=.; 
1P:Z-I l 1 1----------- --- -1----) 

''''' 08 1------1'-0<;1-r-r--L-'---'--.-__ ,/"--, ___ --i 
J ~ ~. 

lam", 1-- - - ,.-"--------'-------1 
''''' 0< 1----l::......II----------------i 

'-.r--J ,~J~ +__~~----------------------.----~ 

October 1999 
10?4}. 05, ________ _ 

10242 t------------------..... H 

A,~L, 
l0241 .i15 1--------------~'lfi<L.-----l 

IOm .9 t--------...1::::-::rt-=:::F!v.IL"' ..... "'fi---v ____ -, 
~'"Y -

10241.85 1"---'-'--------------- - ---1 
IO'L41 .8 I----____________________ -.-l 

~~~~~/ff//////// 
D ... 

December 1999 
l lY;.t;J / ,-_--

I~Q I!Ii:i /--------------- ---:-.---1 
,-.~-----------------~ ~~.~----~ 

I ,~~ +__--------------___:~~~~~--·----~ 

~ "".,,0 !------~~-------ll ............. j "' •• ,.5 1----.....s-'-r<!="CJc:::~-----------I 
,~, .I-~~,---------------------------l 

':~ 1-1rt" _ _____________ ~~. _________ -1_ 

... ~ qI' ..,oi' '\~ I>jif' ...... if' ... "'J~ ... , .. ,9-.1- ... "f.# .... <1' ........ ~ tfi'-' ~'?~ ",,,if' ,.td' .. , ... ::l' 
oltl, 

F ebrua ry 2000 

1 0'l~ 2Ei r-----------------~---.. 

02~2.7 !i 1-------------7r1""'T'-----: 

I.,.". !------::;-A'----?(L'l-f-'--ll-1--t=~ 
1---F'---.~-f,.....rVI-~~~--..~../=-----.:::::: L,-r:....:,"r<-r~-l '''''' '' / I 

102421"2 r)-+- -h Lf'lrr----------------; 
l W .... "l W"'---+-----------------1, 

... ~~ ,,:/<6' '-j<t.6' '\~~ ,,,<t.@ ...... ~~ ..:...,~ I,)"Q ... ,,..}<.>.)Q ... "'I«'~ ... ~,~~"O, ...... ':<..§' ,,-,..,':<.~ ,{'~':<.~'O y':<.0"O 

Oat. 

April 2000 

l D'2 U l l 

July 2000 

I ~' t--------------------------~~--~ 

'" '' '' 1-- - ----... ---_..J-"p.--=-.-.=r,!-I-~.--'-!....!.J ... 
l0Z4J In 1--____ -..'==~::!::1~~=------
~ 

10 1"3 loa I---J-r-=-------------- ----o 
101 .. 3 12: fo"'N-.-!.,.---IF---- -----------·-----! 

10'1."3 1000i.!ll '-------------_-___ --' 

///////////~/// ~ ~ /~///// //~~/// 
0.1. 0.,. 

~~N~X~ 247 



W13 SWL Data from Automatic Logger, continued 

I IO.,<lJ U 

i lOHJ 2. . 

~ 10:2 432 

102431& 

August 2000 

" _r-. -r-1 ~ ... ..l"-t 
.1" 1 1 1 .... 

I 

--" 

I'" >-th-, 

..-....+ 

.,,.-J' ''1.'t"..i'> "J'("~ " . .,..p. ~.'r,f!J " .'t-
il .. , .. t~n, ,<j'i"'~ ,,, .~ .... q.",.:~ ~ .... ~ ,\"'i",.ft,{i-l'" .... '!- .'i'"~~ 'l~,..§~ ~ ... 'r',J:" 

0.,. 

W13, Oc tober 2000 

~ 
I 
I I 11)'Z.f,32J5 

~ IOO .... l~ 

• 
.'" ~ Jj 

: l C"l4.J ~~ 

j I ........ 1 
I '-N-..., •. P --1 

10''!<Q J. I 

~~~~~/////////// 

December 2000 

1024,3 e 

10243.7 !-----------------. =; 
I 102"3.0 +------------.-'" l 10243 < I------.--.:cr-~.,.=~=---------
~ 10243 .4 +--~~~------+-----

1024:)..3 +---'------------t-- -----------
10243 .2 L __ - _ ___ ~-.L __ - _ __ ----~ 

102.u 25 

102,.0 24 

' 024.3 ,23 -.. 
1---

'" ... 

Septemb&r 2000 

_ ....... 
r' 

, 1\ l'l 

E ' 0243.22 

~ 10243.21 

iii 1024..3.2 

J : ~!~. ;: 
I II I II ~ 

10243. 17 

1020131 6 

10243.15 

- -------- --

,~"~ "J~i< ",.4' .... ~l~ ,¥q.~ ,,'f'I'Q ';':'1~l~ ,"1q-'< , ..... </9 ... ~~ ",:,# ")# irfc.p~ ~:l~ .;j'Q 
0_1. 

November 2000 

I 024 3.:!.6 r-----
l t124J .34 i 

J , 
~ 

.-. ' 02~J. 32 t-------------------;--1"'It-'-4 
E 
~ 10241 .1 I---------------:--tt-~_fo;;i\ftf't---i 

~ 10243.28 t------- --------,- r't-'M'It-'--l-'t----1 

.9 10 2-'3.26 i:::r::;;:;::;:;:::;:::::::::::;::::;::::;;::;:::r;::;:i ..... --4-'-- ---1 
102.0 24 1+--------- - -------------1 
10243 22 I-- - - - ___ _ _ - _ ___ - - - _ _ _ - --l 

... '!o"'o~ "J-?-<1' ",~rf '\~{:} ",,~4 , .. ,,~,' .:.t CJ
'> .. ..,":'<'/ . ....... #' ,,,!~~" '1..;~.o" ..,,,r0" ,t?~,rr 'l~,!?-O" rtf" 

D.'. 
Jan - Feb 2001 

1024369 r--------------------- -, 
102 4;.1 [;.3 1-"",__----------

~ ::::::: t ~~ --I .s 10243 155 ·------------~-"",__----I 

10243 &4 --------------------~ ______ 

1024363 ~-----.------;! 
,;/' ,9'" .P" ,<:# ,j'''' " ,!" ,!" ,,,<I' " ,I', <1'.,<1' / «,&' .,,!" 1!~ "~ ./ .;-" -"'./' ././.;-'" ~, ..• Jf ,-'" .;----,,§'./ f' ..;l',.;>';-.r" .;-.;-.;-.;-.;f 

O. 'e Oe'e 
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Appendix 4D 

W14 SWL Data from Automatic Logger 

Oat. 

January 2000 

10247.59 75 r-------------------..,...-., 
10247 597 +--------------,rr-,--,.------l 

~ 10247 5965 \-----------+ ~\l' I-IIHA+--___ ---' 'i 102'7. 5% trr ____ • ____ L'I~wlw/u' I ___ -l 
go 10247. 5%5 11-\*'t--I--------------------I 

...J 10247 5'15 1_-->-~ -------------------__i 
10247 5 945 '-_ _______ _ ___ ------ ---' 

March 2000 )02

4

7,60361""" ____________________ ""1 

I0241.6OJ I--- - - ----- ---,.--r--r--r-r---\ 
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Appendix 4D 

W14 SWL Data from Automatic Logger, continued 
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Appendix 40 

W15 SWL Data from Automatic Logger 
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APPENDIX4E 

Analysis of slug tests using the Bouwer and Rice Method (1976) 

The slug test analysis method of Bouwer and Rice (1976) is applicable to fully or partially 

penetrating bores, in formations that are confined or unconfined. The Bouwer and Rice procedure 

is based on the Thiem equation; it assumes negligible water table drawdown around the bore and 

no flow above the water table. The Thiem equation for flow into a bore after an instantaneous 

change in head is written as: 

The rate of rise (Lly/Llt) of the water level after removal of water is expressed as: 

L\y Q 
-=--
L\t 2 

trrc 

When the Thiem equation is substituted for Q, by integration and solving for K the equation yields: 

K = rc 2 In(R. I rw) lIn ~ 
2b t YI 

Values of Re were determined experimentally (Bouwer, 1978) using a resistance network analogue 

for different values of R"" b (or Lf ), Lw and H, and are determined graphically (Fig (a». 

14 

C .... ,. 
12. 

,. 
A / 

/ AND I 
C / 10 

/ 
/ 

8 
I 
I 4 

I B 

6 /. V 3 , 
/ .. ? /' 2 

r I 

2 
/v / 

// -- ~ ... --...... .----------
0 0 

I 5 10 50 100 

Figure (a) Curves relating values of Llr.,. (aspect ratio) to empirical coefficients A, Band C, 
for values Llr.,.<3000, where Le= b (from Bouwer, 1978). 
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Base of water bearing zone ·depth unknown Base o f water bearing zone -dep lh unknown 
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(i) (jj) 

Figure (B) Bouwer and Rice analysjs geometric parameters for partially penetrating bores 
W6 (i) which is partially screened, and W12, W13 and W15 (ii), which are fully-screened. 
adapted from Bouwer (1978 and 1989) . 

Notation of parameters for the Bouwer and Rice equations: 
A,B,C Empirical coefficients (dimensionless) 
Lly/Ll l Rate of rise of water level after removal of water (m/sec) 
h Screen length (sometimes notated as d or LJ 
h/r\\' Aspect ratio of the bore 
d Vertical position of the top of the bore screen closest to an impermeable boundary in a 

confined formation. or to the water table in an unconfined formation (m) 
H Aquifer thickness (sometimes notated as B or D) 
K Hydraulic conductivity (m/sec or m/day) 
K., Vertical component of hydraulic conductivity (m/sec or m/day) 
K, Radial component of hydraulic conductivity (m/sec or m/day) 
(KI K,)05 Anisotropy ratio 
L" Depth of the base of the screen below the water table (d+b) 
n Drainablc porosity of the filter pack (dimensionless) 
Q Flow of groundwater into the bore (In/sec) 
Re Effective radial distance over which the head difference y is dissipated (effective radius 

parameter) 
r, Effective radius of the bore casing 
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rnc Nominal radius of the bore screen (or piezometer internal diameter) 
r w Effective radius of the bore screen, which is the radial distance between bore center and 

undisturbed aquifer 
r w * Modified value of rw to account for a high-K filter pack in a low-K formation 
T Transmissivity (KD) 
t Time (sec, min or days) 
y Water level 
z Vertical direction 

Figure (a) provides the empirical parameters A, Band C in relation to L.lrw, which are used in the 

following equations. 

For partially penetrating bores (where H> (d+b»: 

In~- 1 
rw - 1.1 A+B(In[(H-(d+b))lrJ) -,.-------,- + -----'------------''---'-

In((d+b)lrJ (blrw) 

If H is much larger than Lw, the effect on the flow system of increasing H further is minor and the 

effective upper limit of In[(H-Lw)/rwl is six. If In[(H-Lw)/rwl>6, a value of six should be used. 

When the B-R method is applied to data from a partially penetrating bore, the simplified 

representation of the flow system assumes no vertical flow during the slug test. The formation is 

assumed to have vertical anisotropy. 

For fully penetrating bores (where H = (d+b): 

In Re = _____ 1 ____ _ 
rw 1.1 C -,.-------,- + ---

In((d+b)lrJ (blrw) 

DUFing a slug test the values of K, ro Re, r"" and (d+b) are constant therefore lit In(yt!y,) must also 

be constant, and when the observed values of yare plotted against t on semi-log paper the data 

should fall on a straight line. The straight-line portion of the data can then be used to evaluate the 

value of lit In(yt!y,) in order to calculate K. 

Knowing the value ofln(Rjrw), hydraulic conductivity is calculated using the equation: 

The aspect ratio of a bore (L/rw) is the inverse of \jI, where: 

K z I Kr 
'I' = (dimensionless) 

bl rw 
(After Butler, 1998) 
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Where the bore has a small aspect ratio the assumption of anisotropy (as in partially penetrating 

bores) can cause an underestimation of K, by one or two orders of magnitude in highly anisotropic 

formations. The anisotropy ratio of natural systems is defined by (KIKr)O.5 and usually lies 

between 0.3-1.0. Work by Hyder and Butler (1995) shows that within that range, error in the K 

estimate caused by anisotropy is less than 20%. 

In situations were the water table intersects a high-K filter pack surrounded by a low-K formation, 

air may be trapped in the filter pack and the expansion and compression of air can produce 

responses that are analogous to those from tests in bores with a larger radius of casing. This 

frequently occurs in low-K formations where the filter pack is placed in a dry hole. In such 

situations, it is common for the semi-log plot of head vs. time to show a double-straight line effect 

or for the curve to have a concave-upward shape (Figure (c». 

The determination of K should be based on the second straight line, and the effective casing radius 

(re) should be modified to incorporate the porosity of the filter pack material according to the 

following formula (Butler 1998, Bouwer 1989): 

[ 
2 2 2 112 

re = rile = n(rw - rile )] 

0.' 

0.\ 

0.01 

\ 
\ 
\ 
\ 
\ 
\ 

0.0010'---'---..L.1 _..1.--.......... :'_\->.\ ...... , _~-'---.......;.~j 
10 20 30 40 

t IN SECONDS 

Figure (c) Slug test data plot showing the double straight-line effect due to drainage of a high
K filter pack within a low-K formation (from Bouwer, 1978). 
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Bouwer and Rice Method Procedure Knlseman and de Ridder, ] 
I. Plot a graph of observed head hr (log time, t 

(arithmetic scale). 
2. Fit a straight line through the plotted points. 
3. Using this straight-line plot, calculate (IIt)ln(h~r) for two points on the graph, (h/ and 1/ 

and and whereby (llt)ln(hr/h r) = (1Ilr t,)ln(h/h 2). 

4. Ljr\\, determine required parameters from the Bouwer and Rice parameter 
curves. Use A and B for partially penetrating bores and C for fully bores. 

5. Substitute into the correct equation for RJr\\, (depending on bore 
penetration). 

6. Calculate K. 

Table 1 Assumptions of the B-R Method and to which those assumptions are fulfilled 
at Northparkes (after Kruseman and de Ridder, 1991; Butler, 1998) 

BOlJwer and Rice Method Assumptions Application at NPM I 
I The lui fer is of uniform thickness over thc area inlluenccd Effectively fulfilleu 

hy the slug test 
2 The aquifcr is homogencous anu isotropi..: Not fulfilled in fractureu rocks 
3 Prior to the test, the water table is horizontal over the area of Fulfilleu I 

concern 
4 Hyuraulically. the bore is JOO(k efficient, and there arc no Not known. Unlikely ;iuerin; the 

skin-effe..:ts. horcs have never heen pumped. 

5 The ..:hangc in water level is instantaneous Not fulfilled 

6 Flow in the unsaturated zone ( :llIdi the capillary fri Not known 
is negligible 

7 Drawdown in the watcr table around the bore is dl ible, Not known, hut given the low-K I and therc is no flow ahove the water table setting, probably reasonably mct 

X Inertia of the water ..:olumn in the bore and the linear and Not known, hut probably rcasonahle 
non-linear bore losses are nc!!ligihle givcn the slow SWL recovery 

9 Dc: fOf..:es of inertia, the bore water level returns to the Data obtained were inad, to 
equilibrium level exponentially ucfine an exponential recovery 

10 Groundwatcr !low to the bore is in a steady-state Flow was slow but lInsteauy 
II The piezometer and gravel pack radius are constant Fulfilled i 
12 The exact height and length of horc is known Fulfilled in W6, 16 and 17, bl bore ! 

geometry for W I I 15 is unccrtain 

13 Thc hore diameter is small, hcnce storagc in the bore can be Fulfilled 
neglected 

14 Formation properties have not been significantly altercd by Not kno drilling prohably created 
piezomctcr installation a low-K skin around the borc. 

15 If the hore is screencd across the water table, the change in Fulfilled forWll, W!3 and 15, which 
c1Tective screen length during the test should he <25'1r; of thc arc all screeneu across the water table. 
effective screen length at static conditions 
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Data and Calculations 

W15 
Static level 

Elapsed Time (s) 
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W15 SLUG TEST CALCULATIONS 
Parameters (m 
bore depth 150 a b c d 

H 250 0.030 0.020 0.015 0.012 
water table btp 46.145 420 540 660 780 

b 115 0.145 0.145 0.145 0.145 
2b 230 0.00238095 0.0018519 0.0015152 0.00128205 1 

Lw 103.855 4.83333333 7.25 9.6666667 12.0833333 
d -11 .145 1.57553636 1.9810015 2.2686835 2.49182709 

d+b 103.855 0.00375128 0.0036685 0.0034374 0.00319465 
H-(d+b) 146.145 

rw 0.057 

fc 0.05715 Revised value of rc to account for screened section intersecting water table 
r 2 
c 0.004328 Where: 

b/rw 2017.544 r 2 
c 0.00326612 Kruseman & De Ridder, 1991 

(d+b) /rw 1822.018 r 2 
w 0.003249 rc: [(r/ + n(rw

2 
_ r/)]O.5 0.07447426 

(H-(d+b))/rw 2563.947 1 n (dimensionless) 0.35 IBouwer, 1989 

In[(H-(d+b))/rw] 7.849303 use six r c: [(1-n)r / + nr w 2]0.5 0.05709754 
'In[(d+b)/rw] 7.5077 Average 0.0657859 

A 10 
B 3.5 

-

In(R.,Ir w) K a b c d 
I i 1.1 /( ln[(d+b )/rw]) 0.146516 r / In(r.,lr w) 0.02673428 0.0267343 0.0267343 0.02673428 

ii B(ln[(H-(d+b ))/rw]) 21 divide by 2b 0.00011624 0.0001162 0.0001162 0.00011624 
ADDA 31 1 It 0.00238095 0.0018519 0.0015152 0.00128205 
divide by b/rw 0.015365 In(he/hl ) 1.57553636 1.981001,5 2.2686835 2.49182709 

iii i+ ii 0.161881 K (m/s) 4_36E-07 4.26E-07 4.00E-07 3.71E-07' 
,iv 1 1/(i+ii) 6.177359 

I 
K (m/day) 3.77E-02 3.68E-02 3.45E-02 3.21E-02 
K (m/yr) 13.72 13.42 12.57 11.69 

In(R.,Irw) 6.177359 
-

N 
'Jl 
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b 

c 
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2994 45.233 

3294 45.256 

3894 45.293 

4014 45.300 

4494 45 .330 

5094 45 .365 

13314 45 .650 

16374 45.702 

W12 Slug Test 
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W12 SLUG TEST CALCULATIONS 
Parameters (m) 
bore depth 150 

H 250 
water table btp 45.85 

b 115 
2b 230 

I 
Lw 104.15 I , 
d -10.85 

d+b 104.15 
H-(d+b) 145.85 

rw 0.057 
I 

rc 0.05715 
r 2 c 0.004327785 

b/r w 2017.54386 

(d+b)/rw 1827.192982 

(H-(d+b))/rw 2558.77193 

In[(H-( d+b))/rwl 7.847282707 use six 
In[(d+b)/rwl 7.510536179 

A 10 
B 3.5 

-

I In(R.,Ir w) 
i h .1 1(In[(d+b)/rwl l 0.1464609115 
ii (In[(H-(d+b))/rw 21 

IADDA 31 
divide by b/rw 0.015365217 

iii i+ii 0.161826132 
iv 1/(i+ii) 6.179471671 

~ln(R.,Irw) 6.179471671 

a b c d 
0.805 0.788 0.74 0.684,1 

594 834 1434 2094 
0.85 0.85 0.85 0.85 

0.001683502 0.001199041 0.00069735 0.000477555 
1.055900621 1.078680203 1 .148648649 1 .242690058 
0.054394072 0.07573826 0.138586163 0.217278432 
9.15725E-05 9.08133E-05 9.66431 E-05 0.000103762 

Revi,sed value of rc to account for screened section intersecting water table 

Where : 

r/ 0.003266123 I Kruseman & De Ridder, 1991 
2 (2 (2 2) 0.5 rw 0.003249 rc: [rc + n rw - rc ] 0.07447426 

: n (dimensionle: 0.35 Bouwer, 1989 

rc: [(l-n)r/ + nrw
2t ·S 0.05709754511 

Average 0.OS5785902 

K a b c d 

r/ln(r.,lrw) 0.026743424 0.026743424 0.026743424 0.026743424 

divide by 2b 0.000116276 0.000116276 0.000116276 0.000116276 

1 It 0.001683502 0.001199041 0.00069735 0.000477555 

In(ho/ht) 0.054394072 0.07573826 0.138586163 0.217278432 

K (mls) 1.0SE-08 1.0SE-08 1.12E-08 1.21 E-08 
K (m/day) 9.20E-04 9.12E-04 9.71 E-04 1.04E-03 
K (m/yr) 0.34 0.33 0.35 0.38 
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348 28.185 
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W6 Slug Test 
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N 
0-
W 

W6 SLUG TEST CALCULATIONS 
i i 

Parameters 1m) (1/t~ 'ln{hO/ht~ 
H 200 h 

Bore depth 108 
water table btp 28.44 ho 

b 72 1 It 
2b 144 hO/ht 

Lw 79.56 In(hO/ht) 

d 7.56 (1 /t)ln(hO/hll 
d+b 79.56 

H-(d+b) 120.44 

rw 0.064 

rc 0.064 i 
r 2 c 0.004096 H 

b/r w 1125 

(d+b) /rw 1243.125 

(H-(d+b))/rw 1881.875 iii 
In[(H-(d+b))/rw] 7.5400239 luse six iv 

In[(d+b)/rw] 7.1253836 

A 9.8 
B 3.4 

K 

r/ ln(re/rw) 
divide by 2b 
1 It 
In(hc/ht) 

K (m/s) 
K (m/day) 
K (m/yr) 

a b c d 
0.235 0.175 0.130 0.100 

408 648 888 1128 
0.44 0.44 0.44 0.44 

0.00245098 0.00154321 0.001126126 0.000886525 
1.872340426 2.514285714 3.384615385 4.4 

0.627189213 0.921988753 1.219240276 1.481604541 

0.001537228 0.001422822 0.001373018 0.001313479 

In(R,/r w) 

1.1/(ln[(d+b)/rw]) 0.154377652 

B(ln[(H-(d+b) )/rw]) 20.4 

ADDA 30.2 

divide by b/rw 0.026844444 

i+ii 0.181222097 
11/(i+ii) 5.518090882 

In(R,/rw) 5.518090882 

a b c d 

0.0226021 0.0226021 0.0226021 0.0226021 

0.000156959 0.000156959 0.000156959 0.000156959 
0.00245098 0.00154321 0.001126126 0.000886525 

0.627189213 0.921988753 1.219240276 1.481604541 

2.41E-07 2.23E-07 2.16E-07 2.06E-07 
2.08E-02 1.93E-02 1.86E-02 1.78E-02 

7.59 7.03 6.78 6.49 

APPENDIX 4E 



W13 
Static level 

Time 

4.37 .5 
4.4 
4.40.5 

a 4.41 
4.41 .5 

b 4.42 
4.42 .5 

c 4.43 
4.43.5 
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Collar 

RL 
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N 
0\ 
VI 

W13 SLUG TEST CA'LCULATIONS 
Parameters m 
bore depth 150 a b c d e 

H 250 0.064 0.051 0.042 0.032 0.01 
wate,r table btp 36.592 150 210 270 330 750 

b 115 ho 0.592 0.592 0.592 0.592 0.592 
2b 230 1 It 0.006667 0.004762 0.003704 0.003030 0.001333 
Lw 113.408 
d -1'.592 9.250000 11 .607843 14.095238 18.500000 59.200000 

d+b 113.408 2.224624 2.451681 2.645837 2.917771 4.080922 
H-(d+b) 136.592 0.014831 0.011675 0.009799 0.008842 0.005441 

rw 0.05715 

rc 0.05715 
r 2 c 0.004334 Revised value of r c to account for screened section intersecting water table 

b/rw 2012.248 Where: 

(d+b)/rw 1984.392 r 2 c 0.00326612 Kruseman & De Ridder, 1991 

(H-(d+b))/rw 2390.061 r 2 
w 0.00326612 rc: [(r/ + n(rw

2 _ 1"/)]0.5 0.07451448 
In[(H-( d+b) )/rw] 7.779074 use six n (dimensionless) 0.35 Bouwer, 1989 

In[(d+b)/rw] 7.593068 rc: £(l-n)r/ + nfw2)O.5 0.05715 

AveraRe 0.0658322 
A 10 
B 3.5 

K a b c d e 
In(Rir w) r/ ln(rJrw) 0.02704036 0.0270404 0.0270404 0.02704036 0.027040362 

i 1.l!(lnrld+b)/rwj) 0.1448691, divide by 2b 0.00011757 0.0001176 0.0001176 0.00011757 0.000117567 
ii B(ln[(H-( d+b) )/rw]) 21'i 1 It 0.00666667 0.0047619 0.0037037 0.0030303 0.001333333 

ADDA 31 In (he/hi) 2.22462355 2.451681 2.645837 2.91777073 4.080921542 
--

divide by b/rw 0.015406 K (mJsr- 1.74E-06 1.37E-06 1.15E-06 1.04E-06 6.40E-07 
iii · i+ii 0.160275 K (mJday) 1.51 E-01 1.19E-01 9.95E-02 8.98E-02 5.53E-02 
iv 1/(i+ii) 6.239291 

I 

In(RJrw) 6.2392911 

K mJ r 54.87 43.20 36.26 32.71 20.13 
--------
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0.09 0.06 
810 930 

0.592 0.592 
0.001235 0.001075 

6.577778 9.866667 
1.883697 2.289162 
0.002326 0.002461 

I 

0.02704036 0.027040362 
0.00011757 0.000117567 
0.00123457 0.001075269 
1.88369696 2.2891620731 

2.73E-07 2.89E-07 
2.36E-02 2.50E-02 

8.60 9.11 



W16 

Pumpinq Time (minutes) 

Date Time Since start Since cessation SWL Normalized H 

4-0ct 12.00 pm 0 0 42.465 

12.15 pm 15 0 66.859 24.394 

1.23 pm 68 53 65.5 23.035 

2.30 pm 195 180 65.312 22.847 

5.00 pm 285 270 65.295 22.83 

5-0ct 8.50 am 1235 1220 62.056 19.591 

11.15 am 1380 1365 61.597 19.132 

2.40 pm 1585 1570 60 .883 18.418 

4.04 pm 1705 1690 60.677 18.212 

6-0ct 8.55 am 2680 2665 57.806 15.341 

W16 Pump Test 

100 --...... - ---.. ----- - --------,---.... - - .. --.. - ........ - , .. --.--------,- - - - -,-- --------1 
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(; 
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500 1000 1500 
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W16 SLUG TEST CALCULATIONS 
I 

Parameters (m) a b c d 
H 200 22.847 1'9.591 19.132 23.035 

Bore depth 100 180 1220 1365 53 
water table btp 42.465 ho 25 25 25 25 

b 6 1 It 0.00556 0.00082 0.00073 0.01887 
2b 12 h10/ht 1.09424 1.27610 1.30671 1.08530 

Lw 57.535 In(hO/ht) 0.09006 0.24381 0.26751 0.08186 

d 51 .535 0.00050 0.00020 0.00020 0.00154 

d+b 57.535 
H-(d+b) 142.465 

rw 0.025 In(Refrw) 
rc 0.0675 i 1.1/( ln[(d+b)/rw]) 0.142095494 
r 2 c 0.004556 ii B(ln[(H-( d+b) )/rw)) 9.6 

b/rw 240 ADDA 1.6.2 

(d+b)/rw 2301.4 divide by b/rw 0.0675 

(H-(d+b))/rw 5698 .6 iii i+ii 0.209595494 

In[(H-(d+b))/ rwl 8.6479761use six iv l'I( i+ii) 4.771094932 

In[(d+b)/ rwl 7.741273 

In(Refr w) 4.771094932 

A 6.6 
B 1.6 

K a b c d 

r/ln(refrw) 0.021738 0.021738 0.021738 0.021738 

divide by 2b 0.001812 0.001812 0.001812 0.001812 
1 It 0.005556 0.000820 0.000733 0.018868 

In(hofh{) 0.090056 0.243806 0.267513 0.081861 

K (m/s) 9.06E-07 3.62E-07 3.SSE-07 2.80E-06 
K (m/day) 7.83E-02 3.13E-02 3.07E-02 2.42E-01 
K (m/vr) 28.52 11 .39 1; .17 88.06: 

'v 
0-
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W17 

Pumping Time (minutes) 

Date Time Since start Since cessation SWL Normalized H 

3-0ct 1.32 pm 0 0 39.314 

3.25 pm 113 0 16 

4.25 pm 173 60 54.397 15.083 

5.05 pm 213 100 54.082 14.768 

4-0ct 10.20 am 1148 1035 44.575 5.261 

11 .55 am 1243 1130 44.835 5.521 

W17 Pump Test 

.... _ .................. _-_ ........... _ .. _ ........... _-_ .......... ----------j 

o 200 400 eoo 800 1000 1200 

Elapsed Time (minutes) 
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N 
0-
'..0 

W17 SLUG TEST CALCULATIONS 
Parameters (m) I 1/t In{hO/ht} 

H 200 h 
Bore depth 60 

water table btp 39.314 ho 
b 6 1 It 

2b 12 hO/ht 

Lw 20.686 In(hO/ht) 

d 14.686 (1/t)ln(hO/ht) 
d+b 20.686 

H-(d+b) 179.314 

rw 0.025 

r c 0.0675 i 
? 

0.004556 r -c ii 

b/rw 240 

(d+b)/rw 827.44 

(H-(d+b))/rw 7172.56 iii 
In[(H-(d+b))/rw] 8.8780181use six iv 

In[(d+b)/rw] 6.718337 

A 6.6 
B 1.6 

K 

r /In( r.,lr w) 

divide by 2b 
1 It 
In(hJ ht) 

K (m/s) 
K (m/day) 
K (mlyr) 

a b c d 
15.083 14.768 5.261 5.521 

60 100 1035 1130 
16 16 16 16

11 

0.01667 0.01000 0.00097 0.00088 
1.06080 1.08342 3.04125 2.89803 
0.05902 0.08013 1.11227 1.06403 

0.00098 0.00080 0.00107 0.00094 

In(R.,Ir w) 

1.1 /( ln[(d+b)/rw]) 0.163731005 

B(ln[(H-( d+b) )/rw]) 9.6 

ADDA 16.2 

divide by b/rw 0.0675 

i+ii 0.231231005 

1/( i+ii) 4.324679564 

In(R.,Ir w) 4.324679564 

-

a b c d I 

0.019704 0.019704 0.019704 0.0197041 
0.001642 0.001642 0.001642 0.001642 
0.016667 0.010000 0.000966 0.000885 
0.059020 0.080126 1.112268 1.064030 

1.62E-06 1.32E-06 1.76E-06 1.55E-06 
1.40E-01 1.14E-01 1.52E-01 1.34E-01 

50.83 41.41 55.53 48.66 
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APPENDIX4F 

Lithological logs for new open cut monitoring bores W16, W17 and W18, 
Marchi April 2002. 

W16 

DRILLING DIMENSIONS FOR ALL 
BORES: 

150 mm (8 inch) bit to 5.5 m depth 
150 mm bore casing fitted to 5.5 m 

Hole drilled with 135 mm (5.25 inch) bit 

LOCATION: NearE27 lookout 
TOTAL DEPTH: 100m 

Drilling commenced 1.30pm, 30/3/01 
Casing installed 2.00pm 
Drilling finished 10.30am, 31/3/01 
Screened section: 94-100m 
Bore backfilled with RC rock cuttings above bentonite seal 

O-lm Poorly-formed 'A horizon' soil. 
Brown, low organic conent. High clay component: plastic & shiny. 
Detrital quartz & gypsum grains, grey ash fragments. Low moisture. 

2-4m 'B 1 horizon' soil-red-brown clay. Red and greyish yellow clay aggregations -
shiny, plastic. Ash and gypsum. Decreasing moisture with depth. Small rounded 
quartz pebbles, black Mn fragments. 

5m 'B2 horizon' soil-red clay. Red clay matrix contains grey clay aggregations: 
shiny, plastic and maleable. No quartz or gypsum. 

6-8m Transition to mottled zone. Dry, red clay and grey clay aggregations of variable 
proportions. 

9-20m 

21-31m 

32-35m 

36-38m 

Mottled zone: red clay with greyish-white clay aggregations, of variable size. 
Decreasing moisture with depth. Very minor quartz, lithic and gypsum sand-size 
particles, decreasing with depth. 

Orange-pink saprolite: orange, yellow and pink clays and silts, with aggregations 
of greyish-white clay. 

Yellow saprolite: light brown and yellow clays and silts, with a significant white 
clay component. Silt and minor quartz sand, increasing with depth. 

Grey-brown saprolite: increasing sand and angular fragments of weathered rock 
with yellow, orange and red staining on the surface, and manganese dendrites. 

APPENDIX4F 270 



39-44m 

45-55m 

56-60m 

61m 

62-83m 

84-87m 

88-92m 

93-100m 

W17 

Saprock: greyish-green gravelly rock with increasing lithics, quartz, pyrite and 
muscovite. 

Fresh rock: porphyritic trachyandesite, plagioclase phenocrysts (l-4mm lathes). 
Dark grey, high plagioclase trachyandesite with calcite and minor quartz veins, 
high pyrite & chalcopyrite. Some veins exhibit a sugary-pink (zeolite?) infill. 

Intercalated trachy-andesite and minor cross-cutting monzonite intrusive. 
Calcite veins, pyrite and chalcopyrite. 

Porphyritic trachyandesite: mafic, small «2mm) phenocrysts of epidote and 
hornblende, thin calcite-filled fractures. 

Porphyritic trachyandesite, with minor cross-cutting monzonite intrusive. 
Fractures have calcite infilling and k-feldspar alterations. Mineralisation includes 
chalcocite, chalcopyrite and pyrite. Significant hornblende and epidote give the 
rock a green tinge. 

Porphyritic trachyandesite: plagioclase and epidote phenocrysts «5mm). 
Calcite and gypsum veining. 

Porphyritic trachyandesite, with minor cross-cutting monzonite intrusive. 
Significant epidote, & hornblende. Veins with calcite, gypsum and chalcopyrite. 

Porphyritic trachyandesite: phenocrysts of plagoclase and hornblende. 
Chalcopyrite decreasing to 97m, then increasing to 100m. 

LOCATION: Near E271ookout, aprox. 7m south ofWl6. 
TOTAL DEPTH: 60m 

Drilling commenced 1.30pm, 3113/01 
Collar fitted 2.20pm 
Drilling finished 5.30pm, 3113/01 
Screened section: 52-58m 
Bore backfilled with RC rock cuttings above bentonite seal. 

0-lm 

2-3m 

4m 

Thin, poorly-formed 'A horizon' soil. Brown clay with small quartz grains and 
ash fragments. 

'B 1 horizon' soil. Redish-brown clay, very plastic with high moisture, gypsum 
fragments and small ferruginous specs. 

'B2 horizon' soil. Red clay, lower moisture than the B 1 horizon, occasional 
small rounded quartz pebbles and red laterite concretions. 

5-6m Transition to mottled zone, pinkish red clays with variable ratios of white, red and 
brown clays. 
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7-20m 

21-28m 

29-35m 

36-43m 

44-46m 

47-60m 

W18 

Mottled zone. Dry, red clay matrix with moist and plastic aggregations of greyish
white clay. Grey-white clays maleable and plastic. Size of mottles difficult to 
determine, aggregations range 4mm40mm. 

Mottled saprolite: ochre clay-silt, variable proportions of red, orange, and yellow 
clays and silts with mall greyish-white clay aggregations. 

Brown saprolite: brown clay-silt, increasing silt with depth. 

Saprock: greenish-grey silty matrix with angular weathered sand and rock 
fragments. 

Fresh rock: trachyandesite. Dark grey, high plagioclase andesite with calcite 
veins and pink zeolite alteration along some veins. Pyrite. 

Porphyritic trachyandesite and minor cross-cutting monzonite intrusives. Calcite 
and quartz veins with some chalcopyrite infill. Mineralisation includes pyrite, 
chalcocite and chalcopyrite. Minor epidote and hornblende. 

LOCATION: North-eastern comer of E27, within sound bund 
TOTAL DEPTH: 100m 

Drilling commenced 9am, 114/01 
Casing installed 10.15 am 
Drilling stalled by clays stuck in bit at 16m 
Drilling finished 2pm 
Screened section: 94-1oom 
Bore filled with washed gravel and cuttings above bentonite seal. 

0-lm 

2m 

34m 

5-6m 

7-1lm 

'A horizon' soil, developed over transported regolith material. Brown clay, 
sticky and moist. Minor quartz sand, gypsum, ash fragments and black 
ferruginous specs. 

'B 1 horizon' soil: thin layer of red-brown clay, very plastic with high moisture 
content. Occasional angular quartz sands. 

'B2 horizon' soil: red-brown clay with small moist aggregations of red and grey 
clay types. Minor gypsum & ash fragments, plus small spheroidal laterite 
concretions. Decreasing moisture with depth. 

Transition to mottled zone, pink clay with variable ratios of white and red clay. 

Mottled zone. Dry, red clay-silt matrix, with moist and plastic aggregations of 
greyish-white clay. The grey-white clays are maleable and show a shiny, platy 
appearance when broken. Size of mottles difficult to distinguish, but grey-white 
clay aggregations vary in size from 5-40mm. Moisture content decreases with 
depth. 

APPENDIX4F 272 



12-15m 

16-19m 

20-27m 

28-39m 

40-46m 

47-53m 

54-58m 

59m 

60-81m 

82-83m 

84-89m 

90-97m 

98-I00m 

Mottled saprolite: pink clay-silt, white clay component greater than red. Small 
grey and white clay aggregations. 

Mottled saprolite: dark red clay-silt, red clay component greater than white. 
Aggregations of grey-white clay of variable size. 

Orange-pink saprolite: orange, pink and faun colored clay-silt. Dry, soft and 
friable, with a distinct yellow component. Variable sized aggregations of greyish
white and yellowy-grey clay. Minor pink sandy detritus. 

Orange-pink saprolite. Light brown clay-silt, with minor small grey clay 
aggregations. Hard, white angular silica aggregates. 

Grey-brown saprolite. Increasing sand and angular rock fragments, very 
weathered with red and yellow coatings 

Saprock: dark greenish-brown silty matrix with angular sand and rock fragments. 
Fragments exhibit black manganese dendrites, and red-yellow alteration coatings. 

Fresh rock: porphyritic trachyandesite. Dark grey, high K-felspar trachyandesite 
with calcite veins. Mineralisation includes chalcopyrite, pyrite and chalcocite. 

Shear zone in trachyandesite: high calcite and quartz, green sericitic alteration. 
Chunks of green-brown platy clay, in flat etched pieces. 

Porphyritic trachyandesite and minor cross-cutting monzonite intrusives. Calcite, 
quartz and gypsum veining. Mineralisation: pyrite, chalcopyrite and chalcocite. 

Sericitic alteration zone: sericite, muscovite, quartz, chalcopyrite veins. 

Porphyritic trachyandesite: plagioclase phenocrysts «5mm), epidote, and sericitic 
alteration. Plagioclase pehocrysts. 

Porphyritic trachyandesite. Calcite and quartz veining. Chalcopyrite. 

Interlayered porphyritic andesite and monzonite intrusive. 

APPENDIX4F 273 



Appendix 4G 

New piezometer post-drilling SWL recovery 

W16 Collar elevation: (m Rl) 10283.81 
Date Time Time elapsed (hours) Dip level SWLRL 

31-Mar 2.30 pm 0.00 98.200 10185.11 
4.20 pm 1.83 97.580 10185.73 

1-Apr 7.40 am 17.16 95.500 10187.81 
1.00 pm 22.49 94.158 10189.15 
4.15 pm 25.74 93.170 10190.14 

2-Apr 8.30 am 41.99 88.365 10194.95 
11.20 am 44.83 87.475 10195.84 
4.20 pm 49.83 85.970 10197.34 

3-Apr 4.00 pm 73.16 79.638 10203.67 
4-Apr 10.10 am 91.32 74.213 10209.10 

3.10 pm 96.32 72.955 10210.36 
5-Apr 2.35 pm 119.74 67.712 10215.60 
6-Apr 8.30 am 137.66 64.294 10219.02 
7-Apr 1.45 pm 166.91 59.630 10223.68 
9-Apr 2.40 pm 191.83 54.015 10229.30 

10-Apr 9.30 am 210.67 52.430 10230.88 
12-Apr 2.30 pm 239.67 49.675 10233.64 

2-May-Ol day 33 792.00 43.506 10239.80 
10-May-Ol day 41 43.468 10239.84 
21-May-Ol day 52 43.412 10239.90 
25..Jun-Ol day 87 43.112 10240.20 
17..Jul-Ol day 109 42.9 10240.41 

W17 Coliar elevation: (m Rl) 10283.64 
Date Time Time elapsed {hours} Dip level SWlRL 

31-Mar 3.30pm 0.75 58.8 10224.84 
1-Apr 9.00 am 15.000 42.260 10241.38 

10.43 am 16.717 41.754 10241.89 
1.00 pm 19.000 41.235 10242.41 
4.15 pm 22.250 40.760 10242.88 

2-Apr 8.30 am 38.500 40.160 10243.48 
11.20 am 41.333 40.140 10243.50 
4.20 pm 46.333 40.075 10243.57 

3-Apr 4.00 pm 69.999 40.041 10243.60 
4-Apr 10.10 am 88.166 40.050 10243.59 

3.15 pm 93.249 40.020 10243.62 
5-Apr 2.40 pm 116.665 40.005 10243.64 
6-Apr 8.30 am 134.505 40.003 10243.64 
7-Apr 1.40 pm 164.171 39.980 10243.66 
9-Apr 2.40 pm 189.171 39.995 10243.65 

10-Apr 9.30 am 208.011 40.045 10243.60 
12-Apr 2.40 pm 237.177 40.015 10243.63 

2-May-01 day 33 792.000 39.871 10243.77 
10-May-Ol day 41 39.833 10243.81 
21-May-Ol day 52 39.903 10243.74 
25-Jun-Ol day 87 39.253 10244.39 
17-Jul-Ol day 109 39.345 10244.30 

W18 Collar elevation: (m RL) 10282.02 
Date Time Time elapsed (hours) Dip Level SWLRl 

1-Apr 4.15 pm 0.000 100.630 10181.39 
2-Apr 4.10 pm 23.916 100.620 10181.40 
3-Apr 4.00 pm 47.749 100.591 10181.43 
4-Apr 10.35 am 66.332 100.565 10181.46 

3.20 pm 71.082 100.550 10181.47 
5-Apr 2.45 pm 94.498 100.525 10181.50 
6-Apr 8.30 am 112.248 100.510 10181.51 
7-Apr 1.55 pm 141.664 100.475 10181.55 
9-Apr 2.50 pm 166.580 100.415 10181.61 

12-Apr 2.40 pm 190.413 100.345 10181.68 
2-May-Ol day 33 792.000 96.644 10183.38 

10-May-Ol day 41 98.403 10183.62 
21-May-Ol day 52 97.063 10184.96 
25-Jun-Ol day 87 92.932 10189.09 
17·Jul·Ol day 109 92.19 10189.83 
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APPENDIX4H 

Theis recovery method for pumping test analysis 

According to the Theis equation, the residual drawdown after stopping pumping at a constant 

discharge for time tis: 

s'= Q {W(u) - W(u')} where 
41tKH 

and 
r 2S' 

u'=---
4KHt' 

When u and u' are sufficiently small (~O.Ol), this expression can be approximated by: 

s'= Q (In 4KHt -In 4KHt') 
41'lKH r2 S r2 S' 

When Sand S' are constant and equal, and KD is constant, this equation can also be written as: 

, 2.30Q 1 t 
s = 41'lKH og;; 

When s' is plotted against tit' on semi-log paper (tit' on log scale) the data will fall on a straight 

line, where the slope of the line is: 

As'= 2.3OQ 
41'lKH 

(Kruseman and de Ridder, 1990) 

Parameters 
H Aquifer thickness, m 
KH Aquifer Transmissivity, m2/d 
Q Rate of recharge = rate of discharge, m3/d 
r Distance from the well to the piezometer, in m 
s Residual drawdown, in m, after cessation of pumping 
Ils' The residual drawdown difference per log cycle of tit' 
S' Storativity during recovery, dimensionless 
S Storativity during pumping, dimensionless 
t Time since start of pumping, in days 
t' Time since cessation of pumping, in days 
u Well function 
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(i) (ii) 
Figure (a) Schematic showing bore ,parameters for W17 (1) and W16 (ii) pumping recovery 
analysis. Figures not to scale. 

Procedure (after Kruseman and de Ridder, 1991) 

I. For each observed value of s ', calculate the corresponding value of tit' 

2. For one of the piezometers, plot s - VS. tit ' on semi-log paper 

3. Fit a straight line through he plotted points 

4 . Determine the slope of the straight line, to give the residual drawdown difference I!!s ' 

per log cyc Ie of tit' 

5. Substitute the values of Q and I!!s' into the equation to calculate KH. 

Assumptions 

I. The aquifer is confined , leaky or unconfined 

2. The aquifer has a seemingly infinite aerial extent 
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3. The aquifer is homogeneous, isotropic and of uniform thickness over the area 

influenced by the test 

4. Prior to pumping, the piezometric surface is horizontal (or nearly so) over the area that 

will be influenced by the test 

5. The aquifer is pumped at a constant discharge rate 

6. The well penetrates the entire thickness of the aquifer and thus receives water by 

horizontal flow 

7. The flow to the well is in an unsteady state 

8. The water removed from storage is discharged instantaneously with decline of head 

9. The well function, u < 0.01 ie. tp> (25rw
2S)IKH and t'> (25rw

2S)IKH 

10. The pumping time tp> (25r/S)IKH and t'> (25r/S)IKH 

11. If the well is partially penetrating, the Theis recovery method is applicable provided that 

both tp and t' are greater than D2SI2KH. 

Calculations 

Only the recovery data for the first pump of W16 and W17 has been analysed, due to the 

requirement that the water table be horizontal prior to the start of pumping. Plots of s' vs. tIt' 

for W16 and W17 are shown in figures (b) and (c), the raw data is in Appendix 41. The data did 

not fall on a straight line; the early time data shows slower recovery than the later time data, 

possibly due to a low-K skin around the bore. As groundwater flows into the bore it will flush 

out fines lodged by drilling and the skin effect breaks down, and this is what may be occurring 

during recovery in W16 and W17. The straight-line was drawn through the later time data to 

account for this, and also the fact that the well function W(u) should be sufficiently small in the 

analysis. 

cu ation 0 Table (i) Cal I . fKb d ase . I II onsID21ewe I . ~ WI6 d WI7 recovery analysIs or an 

WI6 WI7 

KD= 
2.30Q 

and K=KD 
41l"8s' H 

where Q = 0.766 mJ/day, where Q = 0.377 mJ/day, 
&'= 128.16 m &'= 41.2 m 
H=200m H=20m 

KD= 
2.3*0.766 

KD= 
2.3 * 0.377 

41l"128.16 41r41.2 

= 1.094 x 10-3 = 1.675 X 10-3 

= (1.094 x 1O-3)/200m = (1.675 x 1O-3)/20m 

K = 5.47 X 10.6 m/day K = 8.37 X 10-5 m/day 
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Figure (b) Plot of s' vs. tit' for Wl6 pumping recovery data. The gradient of the straight 
line yields As'. 
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Figure (C) Plot of s ' vs. tit' for W17 pumping recovery data, with a straight line drawn 
through the later time data. The gradient of the straight line yields As'. 
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APPENDIX 41 

W16 Bore Dip Levels During Pumping Campaign 

Date Time 
3-Ucl 10.55 am 

12.00 pm 
2.00 pm 

4- CI 10.15am 

12.15pm 
1.23 pm 
2.30 pm 
5.00 pm 

5-0ct 8.50 am 
11.15 am 
2.40 pm 
4.04 pm 

6-0ct 8.55 am 
~.J 

1:I.:lvam 
10.30 am 
11.07 am 
2.15 pm 

7-0cl 9.33 am 
8-0ct 11.50am 
12-0cl 11.00am 
14-0el 11.00am 
22-0ct 2.30 pm 

14-Nov-01 
22·Nov-01 
30-Nov-01 
5-0ec-01 

10/6/2001 

9.20 am 
9.40 am 

20 

Time Elapsed (hrs) 
0 
1 
3 

23.25 

25.25 
26.33 
27.5 
30 
47 

49.25 
52.75 

54 
70 

IV.I:I 

71.5 
72 

75.25 
94.5 
121 
216 
264 

459.5 

Level (m) 
42.465 
42.472 
42.468 
42.465 

no = titi.~tlll 
65.5 

65.312 
65.295 
62.056 
61.597 
60.883 
60.677 
57.806 
1>7.800 

rio = OO.IJ'I 

65.88 
65.728 
64.788 
61.184 
56.685 
47.92 
45.85 

42.085 
4~.476 
42.473 
41.149 
42.483 

I time since start of pumping 

t'= time since cessation of pumping 
s'= residual drawdown (m) 

Q =rale of pump discharge 

Q = well volume I pump test duration 

(TTlI 0.000625m x drawdown (m» I pump duralion (mins) 

RL(m) t(mins) t (days) t' (mins) t' (days) tit' s' (ho-h') As' 
10241.345 
10241.338 
10241.342 
10241.345 P 12.oopm - 24.394 

10216.951 15 0.01042 0 0 0 24.394 128.16m 
10218.31 83 0.05764 53 0.03681 1.5660 23.035 

10218.498 210 0.14583 180 0.12500 1.1667 22.847 
10218.515 300 0.20833 270 0.18750 1.1111 22.83 
10221.754 1250 0.86806 1220 0.84722 1.0246 19.591 
10222.213 1395 0.96875 1365 0.94792 1.0220 19.132 
10222.927 1600 1.11111 1570 1.09028 1.0191 18.418 
10223.133 1720 1.19444 1690 1.17361 1.0178 18.212 
10226.004 2695 1.87153 2665 1.85069 1.0113 15.341 
10226.00~ 0-9.4Oam -
lV~lfJI lU V U 1S.234 
10217.93 50 20 2.5 8.Q74 

10218.082 87 57 1.526316 7.922 
10219.022 275 245 1.122449 6.982 
10222.626 1433 1403 1.021383 3.378 
10227.125 2950 2920 1.010274 -1.121 
10235.89 8720 8690 1.003452 -9.886 
10237.96 11600 11570 1.002593 -11.956 

10241.725 23410 23380 1.001283 -15.721 
10241.334 
10241.337 
10242.661 
10241.327 

.. 

APPENDIX 41 

Q calculations 

lotal drawdown (m) 24.394 
pump duration (minS) 90 
Q (m3/min) 0.00053 
Q (m3/day) 0.76634 

total drawdown (m) 8.234 
pump duration (mins) 20 
Q{m3/min) 0.00081 
Q{m3/day) 0.84068 

-----
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W17 Bore Dip Levels During Pumping Campaign 

W17 10/312001 10/4/2001 10/512001 10/6/2001 

start 1.32 om 12.25 pm 3.05 pm 10.05 am 
m 3.55 m 11.00 am 

35 55 55 

Date Time Time Elapsed (hrs) Level (m) RL(m) 
3-Gct 11.55 am 0 39.314 10244.325 

4.25 pm 4.5 54.3!11 lua!l.i!43 
5.05 pm 5 54.082 10229.558 

4-0cl 10.20 am 22.33 44.575 10239.065 
11.55am 24 44.835 10238.805 

1.25 pm 25.5 55.853 10227.787 
2.23 pm 26.5 55.373 10228.267 
5.00 pm 29 54.335 10229.305 

5·Oct 8.50 am 45 46.376 10237.264 
11.15am 47.25 45.553 10238.087 
2.40(,lm 50.6 44.563 10239.077 

4.04 pm 52 56.775 10226.865 
4.52 pm 53 56.31 10227.33 

6-0ct 8.55 am 69 49.015 10234.625 
9.50 am 70 48.575 10235.065 

11.07 am 71 56.724 10226.916 
12.15pm 72.25 56.291 10227.349 
2.25 pm 74.5 55.36 10228.28 

7-0ct 9.30 am 93.5 48.66 10234.98 
8-Oct 11.50 am 120 42.265 10241.375 
12-0ct 11.00am 215 41.073 10242.567 
14-0ct 11.00am 263 41.03 10242.61 
22-0ct 2.30 pm 458.5 41.056 10242.584 

14-Nov-U1 41.15i! 10242.4l:I8 
22-Nov-Ol 41.126 10242.514 
30-Nov-01 41.125 10242.515 
5-Dec-01 41.172 10242.468 

t=time since start of pumping 

t': time since cessation of pumping 

s'= residual drawdown (m) 
Q :rate of pump discharge 

t (mins) t (days) t' (mins) t' (days) tit' s' (ho-h') b.s' Q calculations 
10:1.32pm 10=3.25 pm . 0 

173 0.120139 60 0.041667 2.8833 15.083 41.21m tolal drawdown (m) 15.083 
213 0.147917 100 0.069444 2.1300 14.768 pump duration (mins) 113 

1250 0.868056 1035 0.718750 1.2077 5.261 Q(m3lmin) 0.0003 
1345 0.934028 1130 0.784722 1.1903 5.521 Q (m3lday) 0.377401 

to = 12.25 pm to:1.00 pm . 0 total drawdown (m) 11.018 
60 25 2.4000 11.018 pump duration (mins) 35 

118 143 0.8252 10.538 Q(m3lmin) 0.0006 
275 240 1.1458 9.5 Q (m3lday) 0.890078 

1225 1190 1.0294 1.541 

I 
1370 1335 1.0262 0.718 
1575 1540 1.0227 -0.272 

to = 3.u5 pm to =<1.00 pm - 0 lolal draWdOWn(m) 12.212. 
59 9 6.5556 12.212 pump duration (mins) 55 

107 58 1.8448 11.747 Q(m3lmin) 0.0004 
1070 1020 1.0490 4.452 
1125 1075 1.0465 4.012 

10= 10.05 am 10= 11.ooam - 0 total drawdown.<m) 8.149 
62 7 8.8571 8.149 pump duration (mins) 55 

130 75 1.7333 7.716 Q(m3lmin) 0.0003 
260 205 1.2683 6.785 

1405 1350 1.0407 0.085 
2985 2930 1.0188 -6.31 
8695 8640 1.0064 -7.502 

11575 11520 1.0048 -7.545 
23305 23250 1.0024 -7.519 
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APPENDIX 4J 

pH & Ec of samples during pumping in W16 and W17 

W16 
Bore Characteristics: 
Location: 56826.92, 11042.45; RL = 10283.81 
Piezometer constructed April 2001 
100m Deep, screened from 93-99m 

FIRST PURGE 10/412001 Time Dip Level (m) 
Start 10.55 am 42.465 (10.15 am) 

Finish 11.50 am 66.859 (12.15 pm) 

Sam le# Time FieldTem 
1 11.00 am 23 
2 11.02 pm 55m 23 
3 11.32 pm 65m 22 
4 11.40 pm 65m 21 
5 11.50 pm 65m 21 

SECOND PURG E 101612001 Time Dip (m) 
Start 9.20 pm 57.806 (8.55 am) 
Finish 9.40 pm 66.04(9.50 am) 

Sample # Time Depth (ml Field Temp 
1 9.22 pm 65m 20.8 
2 9.23 pm 65m 20.4 
3 9.25 pm 65m 20.3 
4 9.28 pm 65m 20.2 
5 9.31 pm 65m 20.3 
6 9.34 pm 65m 20.1 
7 9.36 pm 65m 20.5 
8 9.38 pm 65m 20.8 

Bailed Samples 

Date Depth 

14-Sep-01 50m 

100 m 

LabTem 
21 
21 
21 
21 
21 

---_._ ..... _---

Field pH Lab Temp 
8.6 21 
8.5 21 
8.6 21 
8.5 21 
8.7 21 
8.8 21 
8.9 21 
8.9 21 

APPENDIX4J 

pH Ec (mS/cm) 

6.8 8.96 

7.1 11.99 

Comments 
Very smelly, H2S 

cloudy 
Very smelly, H2S 

cloudy 

Pum(;l flow rate: 1-5 Vmin 

Lab pH Ec_(mS/cm~ Comments 
8.2 12.04 Smelly, cloudy, 
8.1 12.22 black sediment 
8.2 12.00 Smelly, cloudy, 
8.1 12.14 black sediment 
8.1 12.03 Smelly, cloudy, 
8.1 12.00 black sediment 
8.2 11.86 Smelly, cloudy, 
8.4 11.48 black sediment 

Pump flow rate: 2-5 I/min 
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W17 
Bore Characteristics: 
Location: 56820.59,11042.6; RL = 10283.64 
Piezometer constructed April 2001 
60m Deep, screened from 53 • 59m 

FIRST PURGE 

Sam leI Time Pum 
1 1.37 pm 
2 1.42 pm 50 
3 2.54 pm 50 
4 3.00 pm 50 
5 3.25 pm 50 

Bailed Samples 

Date Depth(m) pH 

9/14/2001 40.00 7.2 
60.00 7.2 

Pump flow rate: 1·3 Vmin 

FieldTem 

SECOND PURGE1 ._~~vv. ~'!".'.":!_ . Ipump flow rate: 2-4 Vmin 

Sample I Time Pump Depth (m) Field Temp Field pH Lab Temp Lab pH 
6 12.27 pm 50 21.6 7.11 21 7.2 
7 12.29 pm 50 22.1 8.2 21 8.1 
8 12.30 pm 50 22.3 8.16 21 7.9 

11 12.35 pm 50 22 7.83 21 7.9 
10 12.39 pm 50 22 7.91 21 8.1 
12 12.42 pm 50 21.5 7.99 21 8.0 
13 12.45 pm 50 21.3 7.99 21 7.9 
14 12.47 pm 50 21.4 8.OS 21 8.1 
15 12.50 pm 50 20.7 8.14 21 8.1 
16 12.53pm 50 20.2 8.18 21 8.1 
17 12.56 pm 50 20.1 8.31 21 8.0 
18 1.00 pm 50 20.2 8.38 21 7.8 

APPENDIX4J 

Ec (mSlcm) 

3.60 
3.71 

Comments 
All samples very muddy 

Not filtered 

Ec{mSlcm) Comments 
3.94 Cloudy, not filtered 
3.96 Cloudy, not filtered 
3.79 Increasingly muddy, filtered 
3.85 Filtered 
3.85 Filtered 
3.86 Filtered 
3.87 Filtered 
3.81 Filtered 
3.78 Filtered 
3.78 Filtered 
3.78 Filtered 
3.76 Filtered 
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THIRD PURGE 1-1 -===:-:":"--;-_~~"-:-:-__ 

Sam le# Time Pum De th FieldTem 
12 3.05 pm 55m 21.5 
13 3.07 pm 55m 21.3 
14 3.08 pm 55m 21.4 
15 3.10pm 55m 21 
16 3.12 pm 55m 20.7 
17 3.16 pm 55m 20.2 
18 3.19pm 55m 20.1 
19 3.22 pm 55m 19.8 
20 3.25 pm 55m 19.9 
21 3.30 pm 55m 20.4 
22 3.33 pm 55m 20.9 
23 3.36 pm 55m 21.2 
24 3.40 pm 55m 21.2 
25 3.43 pm 55m 21.5 
26 3.46 pm 55m 21.4 
27 3.50 Pm 55m 20.9 

FOURTH PURGEI 101612001 Time ~,p ( .. ,) I 
10.05 am .- --- .- -- • 

10.57 am 

Sam le# Time Pum De th FieldTem 
9 10.07 am 55m 21.4 
10 10.10 am 55m 21.1 
11 10.12 am SSm 21 
12 10.15am SSm 20.8 
13 10.18 am 55m 20.7 
14 10.21 am SSm 20.8 
15 10.24 am SSm 20.9 
16 10.27 am SSm 20.8 
17 10.30 am 55m 20.8 
18 10.32 am 55m 20.9 
19 10.35 am SSm 21.2 
20 10.38 am 55m 21.5 
21 10.42 am 55m 21.6 
22 10.45 am 55m 21.4 
23 10.48 am 55m 21.5 
24 10.51 am 55m 22.2 
25 10.54 am 55m 22.5 
26 10.56 am 55m 22.7 

Pump flow rate: 2-4 I/min 

Comments 
Cloudy, not filtered 
Cloudy, not filtered 

Increasingly muddy, filtered 
Filtered 

8.33 Filtered 
8_13 Filtered 
8.15 Filtered 
8.11 Filtered 
8.08 Filtered 
8.24 Filtered 
8.24 Filtered 
8.27 Filtered 
8.34 Filtered 
8.33 Filtered 
8.37 Filtered 
8.42 Filtered 

Comments 
Clear 

Slightly cloudy, fine sediment 
not filtered 

Slightly cloudy, line sediment 
not filtered 

Slightly cloudy, fine sediment 
not filtered 

Slightly cloudy, fine sediment 
not tmered 

Slightly cloudy, fine sediment 
not filtered 

Slightly cloudy, fine sediment 
3.75 not filtered 
3.81 Slightly cloudy, fine sediment 
3.79 not filtered 
3.75 Slightly cloudy, fine sediment 
3.74 not filtered 
3.75 
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APPENDIX SA 

DIAMOND DRILLCORE STRUCTURAL DATA 

From: GOLDER ASSOCIATES 1985b 
Goonumbla Project Parkes loint Venture, Preliminary Feasibility Study 
Geotechnical and Mining Engineering Component 
Volume 2: Geotechnical studies, Appendices 

a) Extract from Golder Associates Reference Manual for Structural Core 
Logging 

b) Stereographic presentation of Golder Associates diamond drillcore structural 
data 
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March 14, 1985 
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3. 
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6. 
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1. INTRODUCTION 

In the past, drill core has been obtained to provide information on 
sub-surface geology and to provide samples for assay for particular 
metals. Conventionally, the core was logged by a geologist and then 
part or all of the core was split or sawn to provide samples for assay. 

While these are still the main objectives of drilling cored boreholes, 
there is also a large amount of additional data, relevant to future 
mining of the deposit, which can be obtained. This data includes: 

rock strength 

location and nature of major defects, e.g. faults 

patterns of minor defects, e.g. joints, veins, 
in the rock mass. 

This manual provides a reference for procedures used to obtain and 
document this structural data from cores obtained at Goonumbla. It is 
not an instruction manual, since the logging procedures can only be 
learnt by actual demonstrations and continued practice. 

2. SUMMARY OF PROCEDURES 

Structural logging of core is carried out systematically in a series 
of steps, as follows: 

1. Core recovery and metre mark-up 
2. R.Q.D. and fracture counts 
3. Core orientation 
4. Core photography 
5. Major defect logging 
6. Strength test sampling 
7. Detailed fracture logging. 
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These procedures are discussed in detail below. 

3. CORE MARK-UP 

When core is first received in the core shed, it goes through a marking 
up procedure, including: 

. marking of integral metres 

• measurement of core recovery 

recording of orientation punch marks. 

3.1 Integral Metres 

The drillers place depth markers in the tray at the beginning and end 
of each core run. These are generally at 1.5,3 or 6m intervals. 
dependi ng on the core barrel b~ing used. However. core runs 
may also be of any odd length if the driller encounters problems 
during a core run. The marker blocks at the beginning and end of 
each core tray are generally not end of run blocks but simply 
estimates by the driller of the core depths at these pOints. 

In order to facilitate future logging, it is necessary to mark 
integral metres on the core using a marking pen. This is done 
by measuring between the marker blocks and marking the core at 
each metre. This is generally a straight-forward procedure but 
the following problems can arise: 

(i) If sections of the core are badly broken, they will occupy 
a greater length in the core tray than they do in the 
ground - allowance should be made for this. 

(ii) Core losses do occur, due to washing away or grinding of 
the core. Judgement must be exercised in determining 
where these losses occur in a run. They are most likely 
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to occur in weak or highly fractured zones. If in doubt. 
check with the geologist. 

(iii) On some occasions, core is dropped from the barrel as it is 
being withdrawn from the hole, and the length of core will 
be less than the length drilled. However the lost core may 
be picked up on the next run. Check for this if core losses 
are occurring in apparently good quality rock. 

(iv) On some occasions the driller records an incorrect depth on 
the marker block. Again, this can usually be picked up by 
checking the next run. 

3.2 Core Recovery 

Core recovery is defined as the length of core recovered from each 
drill run, expressed as a percent~ge. If 3m of core is recovered 
from a 3m run. the recovery is 100 percent. If no core is recovered 
from that run the recovery is 0 percent. 

The length recovered from each core run is recorded in the appropriate 
column of Sheet IAI and the percent core recovery computed. 

3.3 Orientation Punch Marks 

On most core runs. the end of the core is oriented before the run 
is drilled. This is done by lowering a tapered punch down the 
borehole. Because of gravity. this punch runs down the bottom of 
the drill rods and makes a mark on the bottom of the core. In 
most cases. this punch mark can be clearly seen. However, in 
some cases. for various reasons, the mark may be difficult to 
detect. In other cases, the mark may be clearly visible but 
it is not in the correct position; this cannot be detected until 
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the core is laid out in a V-rail (refer next section). 

If a core orientation punch has been made or attempted the 
dri 11 ers mark the depth marker block by "C.O." At the core mark
up stage, each punch mark is inspected and the depth and the 
quality of each punch mark is recorded on Sheet B. 

4. CORE ORIENTATION 

Since an orientation mark is made on the core only once per run, it is 
necessary to transfer the orientation line along the remainder of the 
core run. This is done by laying the core in V-rails and fitting it 
together piece by piece. 

The fi rs t pi ece of core, with ~the 
orientation punch mark, is placed 
with the punch mark opposite the 
edge of the V-rail as shown. 
Each subsequent piece of core is 

Core 

~ ____ orientation 
punch mark. 

'----V-rail 

then laid on the rail and fitted on to the preceding piece for the 
complete length of the run to the next orientation mark. 

Since any individual orientation mark has unknown accuracy, it can only 
be accepted if it correlates with at least one and preferably more than 
one other mark. Therefore, before an orientation line can be drawn on 
the core it is essential to check that successive orientation marks 
match. If the mismatch is greater than ±5 degrees in rotation angle (refer 
Section 6.3) the orientation of that particular run is rejected. In other 
words, the orientation of a core run is accepted only if it has matching 
orientation marks at both ends of the core run. 
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In view of this requirement, core orientation should commence with a 
core run which has good quality punch marks (refer Sheet B) at each end. 
If these orientation marks prove to match, the orientation line can be 
drawn on this run and the orientation line continued forwards and/or 
backwards as appropriate. 

If when checking the match of two orientation marks, the mismatch is 
small. say less than ±30 degrees in rotation angle, the matching of 
individual pieces of core should be rechecked. When fracture faces are 
perfectly matched. they can be felt to lock together. A small mismatch 
at each fracture can result in a considerable mismatch at the end of 
the run. 

When it is shown that successive orientation marks line up, the 
orientation line can be drawn ·on the core. This is done with a marker 
pen using the edge of the V-rail as a ruler. It is important that the 
pen is held at a constant angle when the line is drawn, to avoid the 
possibility of accidental displacement of the line as it is being 
drawn. An arrow pointing down the hole is then drawn on each individual 
pi ece of core. 

orientation line 

If, after some effort, it is not possible to fit together a whole core 
run from one orientation mark to the next, the orientation of that run 
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must be rejected. This situation can occur ;f a section of the core is 
badly broken and cannot be readily fitted together, or if fracture infilling 
has been lost during drilling and the two faces do not fit together 
perfectly. Fitting together broken core can often be facilitated by 
glueing pieces together with superglue. However. excessive time should 
not be wasted doing this. If a section of core cannot be fitted together 
within ten minutes, it should be abandoned. 

The continuation of the orientation and reasons for its termination are 
recorded on Sheet B. In some circumstances, it may be permissible to 
extent an orientation line forwards or backwards from a reliably oriented 
length of core. However, this may only be done with the approval of the 
geo log; st. 

IMPORTANT NOTE 

THE RELIABILITY OF THE ORIENTATION LINE IS OF PRIME IMPORTANCE. IF THE 
LINE IS NOT CORRECT, ALL SUBSEQUENT MEASUREMENTS WILL BE INCORRECT. 
WRONG INFORMATION IS WORSE THAN NO INFORMATION. IF IN DOUBT ABOUT THE 
ORIENTATION LINE, CHECK WITH THE GEOLOGIST. IF, AFTER REASONABLE RE-CHECKING, 
IT IS NOT POSSIBLE TO MATCH SUCCESSIVE ORIENTATION MARKS WITHIN ± 5 DEGREES, 
THE ORIENTATION OF THAT RUN MUST BE REJECTED. 

5. R.Q.D. AND FRACTURE COUNTS 

5.1 Definitions 

Fracture 

Vein 

Joint 

Shear 

- any plane or surface in the core across which the 
rock is now, or has in the past, been broken 

- a fracture of finite thickness which is infilled by 
another mineral, e.g. quartz, gypsum, calcite 

- a fracture with no infilling 

- a fracture across which there has been displacement 
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(a) VEIN 

Hea 1 ed fracture 

Open fracture 

Slickensides 

7. 8461-0032 

earlier 

7 
(b) JOINT (c) SHEAR 

- a fracture across which the core is now continuous. 

- a fracture across which the core is now broken. 

- lines or striations on the surface of a fracture 
which show the direction of past shear movement. 

(d) SLICKENSIDES 
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5.2 R.Q.D. 

R.Q.D. stands for "Rock Quality Designation" and is defined as: 

total metres of core recovered in sticks 
greater than 100mm in length 

total metres drilled 

It can be measured over any length of core, but for the Goonumbla 
project the usual length is 3m. 

R.Q.D. is measured with the core in the core tray and with the core 
dry. It is measured over 3m lengths with each depth being a multiple 
of 3, e.g. 243-246m. In each 3m length, the pieces of core less 
than 10011111 long are marked with chalk. The stick length is defined 
as length along the core centreline, as follows: 

sti ck --------1 
length 

Any drilling induced fractures are excluded from the measurement. 
Where the drillers, or others, have broken the core to fit into 
the tray, the core is marked with an 'x'. Each open fracture 
surface should be inspected. If a fracture is: 
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nearly at right angles to the core axis 

not obviously associated with a joint vein or shear 

has a "hackly" i.e. rough. irregular surface 

has a clean, fresh looking surface 

it is most likely that it is a drilling induced fracture and should 
be di sregarded. 

Any fracture which is anyone of: 

not nearly at right angle to the core axis 

has a smooth surface 

has any sort of coating 

is likely to be a defect in the rock and it sho<d be counted in the 
R.Q.D. measurement. 

,The R.Q.D. is computed simply by measuring. with a tape, the 
cumUlative length of core, in sticks greater than 100mm long, 
in each 3m run. This length is entered in columns 21 to 24 of 
Sheet I C' • 

5.3 Fracture Counts 

Fractures are counted in four categories 

open fractures 
strongly healed fractures 

• weakly healed fractures 
open fractures with slick coating. 
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Open fractures are those across which the core is suitably separated. 
Open fractures with slick coatings are those which have a very 
smooth or polished surface and feel slippery to the touch. 

Strongly healed fractures are those which are filled with quartz 
or other strong minerals. Weakly healed fractures are those which 
are filled with gypsum, calcite or anhydrite. These are distinguished 
by scratching with a sharp knife. If they can be scratched. they 
are weakly healed. If they cannot be scratched they are strongly 
healed. 

Counting of open fractures is best done with the core dry. The total 
number of open fractures is recorded in columns 25 to 28 of Sheet 'C' 
and the number of open fractures with slick coatings in columns 37 
to 41. Only fractures with very smooth. slippery surfaces should 
be included under slick coatings. 

Healed fractures are most easily counted with the core wet, since 
the fractures are then more clearly visible. Each fracture is 
tested with a sharp knife and classified as strongly or weakly 
healed. The number of each category for the 3m run ;s recorded in 
columns 29 to 32 and 33 to 36, respectively. of Sheet 'Ct. 

Any zones of extensively broken core or clay zones in the core 
should be recorded in the Comments columns of Sheet 'C'. 

6. DETAILED FRACTURE LOGGING 

Detailed fracture logging is carried out only on sections of core which 
have reliable orientation. The objective of this logging is to 
measure the orientation and properties of all the prominent defects in 
the core. This data is recorded on Sheet '0'. 
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The first step ;s to wet the core and mark up the traces of the various 
fractures. This is done with chinograph pencils with the following 
colour coding: 

jOint 
vei n 
shear 

- green 
blue 

- red. 

Only the obvious fractures in the rock should be marked up. including 
these along which the core has naturally broken. Thin fractures 
should be marked if they are obvious. If a close detailed examination 
is required to trace a fracture, it should not be marked. 

For each metre of oriented core, the following information is measured 
and recorded in the appropriate columns of Sheet 10 1• 

6.1 Depth 

Depth, in integral metres, at the start of the one metre run being logged. 

6.2 Fracture Type 

The fracture type ;s recorded as 

6.2 Rotation Angle 

J :: joint 
V = vein 
S :: shear. 

Each planar feature in the core has an elliptical trace on the 
core, except when it is at right angles to the core when the 
trace is circular. The rotation angle is measured using a ring 
protractor. Several different sizes of protractor are available 
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designed to fit snugly on each different size of core. The 
protractor is graduated from 0 to 360 0 and is fitted on to the 
core so that it reads-clockwise when looking down the core. The 
protractor is oriented so that the 0° (or 360°) mark is aligned 
with the orientation line on the core. 

The rotation angle for each fracture on the core is measured with 
the protractor, as the angle between the orientation line and the 
apex of the ellipse facing up the hole. 

f fracture 
trace 0 

The rotation angle is recorded as an angle between 001 and 360 degrees. 
If the angle is zero it should be recorded as 360°. 

IMPORTANT NOTE 

IT IS ESSENTIAL THAT THE ROTATION ANGLE IS MEASURED IN EXACTLY 
THE METHOD DESCRIBED ABOVE. IF THIS IS NOT DONE THE RESULT 
WILL BE WRONG. WRONG INFORMATION IS WORSE THAN NO INFORMATION. 
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6.4 Angle to Core Axis 

This angle is measured with a linear protractor as follows: 

Fracture 

Angle measured between 0 and 90°. 

6.5 Open or Healed 

The nature of the fracture is logged as: 

H :: healed 
o :: open 

z 
healed 

vein 
fi 11 ;ng 

open 
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6.6 Terni nati on 

The termination of the fracture is recorded as: 

c 

6.7 Roughness 

C = continuous across core 
R = terminates in rock 
J = terminates against another fracture. 

J 

R J 

Roughness refers to the small scale irregularity of the fracture 
surface. 

"'- . 

--'----........ --.................... ~ 

very smooth or polished (glassy) 

generally smooth with rough patches 

small scale roughness (moderately rough) 

larger scale roughness (rough) 

very rough and interlocked (hackly) 
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Roughness is measured only on open fractures. 

6.8 Planarity 

Planarity refers to the larger scale shape of the fracture. 

planar 

sl ightly curved 

-------- curved 

i rregul ar 

stepped 

Planarity is measured on both open and healed fractures. 

6.9 Coating or Infill 

The coating on an open fracture or infil1 in a healed fracture: 

X : clean (no coating at all) 

A '" anhydri te 
B '" biotite 
C = clay 
o = calcite or carbonate 
E '" chlorite 
G = gypsum 
K = K-feldspar (pink) 
N '" nontronite (green clay - doesn't fizz with acid) 
Q = quartz 
S = sericite 
Z = zeolite (white or pink doesn't fizz,harder than ca1cil 
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Four columns are provided and up to four different infilling 
materials can be recorded in their order of importance. For 
example, a pure gypsum vein would be logged as G, a gypsum vein 
with quartz inclusions would be logged as GQ. 

6.10 Thickness of Infill 

The thickness of infill is recorded 
in integral millimetres. Thickness 
is measured at right angles to the 
vein walls. For a vein with thickness less 
than 1mrn record as lmm. A joint has zero ----
thickness. 

6.11 Sulphides or Oxides 

The presence of sulphides, oxides or carbonates (fizz with acid) as 
fracture coatings or infillings should be noted as follows: 

A = manganese 
B = bornite 
C = chalcopyrite 
G = magnetite 
H = hematite 
I = malachite 
L = 1 imoni te 
M = molybdenite 
N = galena 
p = pyrite 
S = sphalerite 
R = chalcocite 
Z = azurite/malachite 

As for infillings, up to four different minerals can be entered, in their 
order of importance. Seek the advice of a geologist if there is any 
doubt on mineral identification. 
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6.12 Lineations 

A lineation is a linear feature on the face of a fracture. The 
most common lineation is the slickenside which is a striation 
produced by shear movement on a fracture. 

S = slickenside. 

The direction of a slickenside is measured in the same way as 
the rotation angle of a fracture. Using the ring protractor, 
the angle is measured between the orientation line and the trace 
of the slickenside on the upwards side of the fracture. 

Slickenside 
throu gh -----1"--.... 

centre 
of core 

6.13 Comments 

trace of slickenside 
up hole 

orientation line 

rotation angle 

Any relevant comments can be recorded. This would normally only 
cover information not covered by the previous entries. 

7. MAJOR DEFECTS 

Major defects are defined as those features in the rock mass which 
individually have an influence on rock mass behavior. For this to occur, 
they must have a high persistence or continuity, of the order of tens of 
metres. In contrast, the various fractures in the rock will have much 
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lower continuity, often less than one metre. and will only influence 
rock mass behavior if a large number of them occur in sets. 

The most obvious example of a major defect is a fault zone, particularly 
if it is infilled with weak material, e.g. clay. In structural logging, 
only features which can be interpreted in this fashion should be 
recorded as a major defect. Zones of broken or weak core should not be 
included unless th~y are associated with a fault or shear zone. 

Data on major defects is recorded on Sheet lEI, as follows: 

Depth to top of zone 

Thickness of defect (mm) (true thickness should be measured wherever 

Upper boundary - rotation angle 
- angle to axis 
- roughness 

Lower boundary - rotation angle 
- angle to axis 

Defect type 

- roughness 

- S = shear zone 
G = crushed zone 
A = altered zone 
C = clay seams. 

possible) 

Any of these symbols can be recorded, as appropriate. 

Maximum thickness of clay seams (mm) (only those zones/intervals 
exclusively composed of clay 

Sulphides or oxides 

Lineations - type s = slickenside 
rotation angle (see para. 6.12) 
location u = upper face, L = lower face 

Comments 
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In many cases, it will not be possible to orient the core containing 
a major defect. In this event. as much as possible of the data 
should be entered on Sheet 'E'. 

A separate listing of major faults should be made which includes a photograph 
and a detailed description of each individual fault. 

8. CORE PHOTOGRAPHY 

All diamond drill core must be photographed and properly labelled as to 
prospect. hole number and depth from and to. For engineering purposes 
the core should be photographed 'dry' in addition to the normal practice 
of photographing the core wet for geology requirements. 

Photography ;s carried out with lighting by electronic flash. Settings 
for the camera and flash units are: 

camera auto and F4 
flash units set on 'green'. 

9. ROCK STRENGTH SAMPLES 

9.1 Compressive Strength Tests 

A length of core is required sufficient to provide a sample whose 
length ;s 2.5 x diameter. The sample must be free from weak veins 
(e.g. gypsum, calcite). Strong veins (e.g. quartz) are acceptable; 
however, a check is required to ensure that these veins do not 
have weak boundaries, (e.g. quartz veins with gypsum along boundaries). 
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Frequency of sample collection ;s as follows: 

(i) Endeavour 26 

(i i) 

potential open pit (down to RL10 000) 
- approx one sample per 20m 

potential underground mine (>1 percent Cue) 
- apprcx one sample per 20m 

other 
- approx one sample per Sam. 

Endeavour 22 and 27 

potential open pit (down to RL10 OOO) 
- approx one sample per 20m 

other 
- no sample required. 

8461-0032 
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Joints (many) 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Vein 
Vein 
Vein 
Vein 
Vein 
Vein 
Vein 
Vein 
Vein 
Vein 
Vein 
Vein 
Vein 

NW WALL Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fractu re 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 

Strike Dip Field Dip 
Direction 

055 74 N 
077 58 W 
100 70 S 
155 85 W 

065 85 N 
060 66 N 
100 60 N 
160 32 E 
030 15 E 

010 20 W 

095 65 N 
142 80 N 
005 47 E 
014 52 E 
012 46 E 
172 70 E 
175 64 E 
Ot5 52 E 
165 64 E 
002 63 E 
021 68 E 
035 58 E 
018 66 E 
006 54 E 
074 76 N 
130 83 E 
040 15 W 
128 85 W 
122 78 W 
128 83 E 
130 77 E 
138 86 E 
056 70 S 
045 24 N 
000 72 W 
044 50 S 
022 16 E 
035 80 E 
045 67 E 
022 61 E 
053 74 E 
052 75 E 
043 71 E 
015 43 E 
028 90 vert ical 
042 81 E 
038 58 E 
036 59 E 
034 89 E 

Dip Orientation Dip Direction Seepage Infill Persistence Spacing Area Summary 
I 

From Strike From Strike 

325 NW 
347 N 
190 S 
065 E 

335 N 
330 NW 
010 N Perpendicular to face 
070 E Parallel to face , controls pit face angle 

120 E 

280 W 

005 N Y sericite, calcite 20-30 cm Joints intersecting with the shear zone 

052 NE Y slickensides 5-10 m are the most persistentstructures in the 
095 E pit face here. 
104 E However fractures are the domi nant 

102 E structures 
082 E 
085 E 
105 E 
075 E 
092 E 
tIl E 
125 SE 
108 E 
096 E 
344 N ca lcite , minor cha lcopyrite 
040 SE ca lcite, minor chalcopyrite I 

310 NW calci te, minor cha lcopyrite 
218 SW calcite, minor chalcopyri te 
212 SW calc ite, minor chalcopyrite 
038 NE calcite, minor chalcopyrite 
040 NE calcite, minor chalcopyrite 
048 NE calcite, minor cha lcopyrite 
t 46 SE calcite , minor chalcopyrite 
315 NW calci te, minor chalcopyrite 

270 W calci te, m nor chalcopyrite 
134 SE calCite, m nor chalcopyrite 
112 E calcite , m nor chalcopyrite 

125 SE 10 m+ 10-20 cm Domi nant face-para llel Joint sets: -030/701 
135 SE Joint sets perpendicu lar to face : -120/90 
112 E Two shallow joint sets dipping - 30·40 W 
143 SE Sub-horizontal partings dipping - 20 W 
142 SE 
133 SE 
105 E 

VERTICAL VERTICAL 
132 SE 
128 SE 
126 SE 
124 SE 
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Area Location Type Strike Dip Field Dip Dip Orientation Dip Direction Seepage Inflll Persistence Spacing Area Summary 

Direction From Strike From Strike 

Fracture 036 66 E 126 SE 
Fracture 037 88 E 127 SE 
Fracture 031 54 E 121 SE 
Fracture 136 90 vertical VERTICAL VERTICAL 10m+ 10-20cm 

Fracture 136 85 N 046 NE 
Fracture 132 88 N 042 NE 
Fracture 142 84 N 052 NE 
Fracture 121 90 vertical VERTICAL VERTICAL 
Fracture 128 88 N 038 NE 
Fracture 129 88 N 039 NE 
Fracture 156 89 N 066 NE 
Fracture 171 90 vertical VERTICAL VERTICAL 
Fracture 132 88 S 222 SW 
Fracture 134 88 N 044 NE 
Fractu re 126 90 vertical VERTICAL VERTICAL 
Fracture 130 90 vertical VERTICAL VERTICAL 
Fracture 115 83 N 025 N 
Fracture 112 79 N 022 N 
Fracture 114 82 N 024 N 
Fracture 124 83 N 034 NE 
Fracture 128 87 N 038 NE 
Fracture 119 73 N 029 N 
Fracture 138 78 N 048 NE 
Fracture 11 0 82 N 020 N 
Fracture 120 85 N 030 N 
Fracture 122 83 N 032 NE 
Fracture 123 90 vertical VERTICAL VERTICAL 
Vein 039 32 W 309 NW Calcite 
Fracture 015 20 W 285 W 1-2 m 20-50 cm 
Fracture 035 15 W 305 NW 
Fracture 025 20 W 295 W 
Fracture 000 38 W 270 W 
Fracture 120 21 W 21 0 S 
Fracture 040 28 W 310 NW 
Fracture 032 32 W 302 NW 
Fracture 155 50 W 245 W 5m 50cm 
Fracture 175 35 W 265 W 

r-- NW WALL Fracture 042 82 W 312 NW Three dominant structural features: ..-
'" Fracture 031 73 W 30 1 NW Face-parallel joints: -032/85W ..- Fracture 175 78 E 085 E Perpendicular to face: -135/80N 

Cl> 
-0 Fracture 190 80 E 100 E Low-angle shears: -030!40W 
J: Fracture 052 90 vertica l VERTICAL VERTICAL 
Q. 

!l Fracture 045 50 W 315 NW 

== 
Fracture 'i63 78 W 253 W 

I 
Fracture 038 52 E 128 SE 
Fracture 064 85 W 334 N 

I 
Fracture 066 68 W 336 N 

I 
Fracture 060 59 W 330 NW 
Fracture 121 85 S 211 SW 

'';:; 

-.l 
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Location 

Prism 63 
N WALL 

Type Strike 

Fracture 138 
Fracture 078 
Fracture 075 
Shear 000 
Shear 058 
Fracture 130 
Fracture 110 
Fracture 090 
Fracture 028 
Fracture 171 
Fracture 035 
Fracture 074 
Fracture 076 
Vein 124 
Fracture 110 
Fracture 018 
Fracture 056 
Fracture 102 
Fracture 064 
Fracture 061 
Fracture 027 
Fracture 021 
Fracture 046 
Fracture 059 
Fracture 053 
Fracture t22 

Fracture 073 
Fracture 068 
Fracture 062 
Fracture 138 
Fracture 144 
Fracture 145 
Fracture 134 
Fracture 170 
Fracture 071 
Fracture 066 
Fracture 147 
Fracture 104 
Fracture 147 
Fracture 066 
Fracture 072 
Fracture 088 
Fracture 045 
Fracture 073 
Fracture 095 
Fracture 072 
Fracture 095 
Fracture 083 
Fracture 067 

Dip Field Dip 
Direction 

86 N 
72 E 
52 N 
35 W 
49 E 
90 vertical 
90 vertical 
90 vertical 
85 E 
86 W 
68 E 
58 N 
55 N 
80 S 
88 S 
68 E 
55 W 
85 S 
90 vertical 
56 E 
82 E 
90 vertical 
58 E 
55 N 
55 S 
65 S 
80 S 
82 S 
90 vertical 
69 E 
83 E 
78 E 
85 E 
76 E 
46 S 
85 N 
80 E 
70 S 
85 W 
53 S 
82 N 
52 S 
90 vertical 
81 N 
40 S 
78 N 
53 S 
68 S 
90 vertical 

Dip Orientation Dip Direction Seepage Inlill Persistence Spacing Area Summary 

From Strike From Strike 

048 NE 
168 S 
345 N 
270 W Y Qu. sericite 15m 
148 SE Y Qtz. sericite 15m 

VERTICAL VERTICAL 
VERTICAL VERTICAL 
VERTICAL VERTICAL 

118 E 
261 W 
125 SE I 

344 N 
346 N 
214 SW Y Calcite 
200 S I 

108 E 
326 NW I 

192 S 
VERTICAL VERTICAL I 

151 S 
117 E 

I 

VERTICAL VERTICAL 
136 SE 

I 

329 NW 

I 143 SE 
212 SW 
163 S I 
158 S 

VERTICAL VERTICAL 
048 NE 
054 NE 
055 NE 
044 NE 
080 E 
161 S 
336 N slickensides 
057 NE 
194 S 
237 SW Qtz. bornite 
156 S 
:342 N red precipitate 
178 S red precipitate 

VERTICAL VERTICAL red precipitate 
343 N red precipitate 
t85 S red precipitate 
342 N slickensides. red precipitate 
185 S red precipitate 
173 S red precipitate 

VERTICAL VERTICAL red precipitate 
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Location Type 

Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fraclure 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 

Fracture 
NE WALL Fracture 
by prism 62 Fracture 

Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 

NE WALL Basaltic dyke 
NE WALL Shear zones 

Fracture 
Fracture 

Prism 61 Shear zone 
E WALL Fracture 

Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 
Fracture 

Strike Dip Field Dip 
Direction 

093 57 S 
044 90 vertica l 
151 76 E 
072 5B S 
018 64 E 
006 60 E 
121 72 N 
072 66 S 
070 BO N 
OOB 49 E 
105 Bl S 
066 90 vertical 
073 90 vertical 
135 75 W 
065 B5 N 
130 75 S 
104 60 S 
115 62 S 
111 56 S 
116 59 S 
lIB 57 S 
157 90 vertical 
132 76 E 
130 B5 S 
095 B5 N 
052 75 E 
104 BO S 
140 15 W 
150 90 vertical 
lBO 72 W 
105 BO S 
144 64 S 

037 90 vertical 

050 6B W 
045 70 W 
055 66 W 
045 BO W 
113 6B S 
OOB 70 W 
124 64 E 
135 BO N 
162 72 N 
l OB 71 S 
120 62 S 
023 90 vertical 
156 B6 N 

Dip Orientation Dip Direction Seepage Infill Persistence Spacing Area Summary 

From Strike From Strike 

lB3 S red precipitate 
VERTICAL VERTICAL red precipitate 

061 E red precipitate 
162 S red precipitate 
l OB E red precipitate 
096 E red precipitate 
031 NE red precipitate 
OIB N red precipitate 
340 N red precipitate 
09B E red precipitate 
195 S red precipitate 

VERTICAL VERTICAL red precipitate 
VERTICAL VERTICAL red precipitate 

225 SW red precipitate 
335 N Slickensides, calcite 

220 SW These Wo E structures control pit face 

194 SW orientation at this point 
205 SW 

I 

201 SW 
206 SW 
20B SW 

VERTICAL VERTICAL 
042 NE 
220 SW 
005 N 
142 SE 
194 S 
230 SW 

I 
VERTICAL VERTICAL 

270 W 
195 S 
234 SW 

VERTICAL VERTICAL 

320 NW Y 
315 NW 
325 NW Y 

315 NW Y 
203 S 
27B W predominant orientation of wa ll 
034 NE 
045 NE 
072 E 
19B S 
210 SW 

VERTICAL VERTICAL 
066 E 
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Location 

E WALL 

E WALL 

E WALL 

E WALL 

E WALL 

E WALL 

i 

I 

Type Strike 

Fracture 148 
Fracture 066 
Fractu re 154 
Fracture 046 
Fracture 043 
Fracture 129 
Fracture 135 
Fracture 156 
Fracture 180 

Shear zone 135 

Fracture 144 
000 

Fracture 168 
Fracture 095 
Fracture 145 
Fracture 042 

Fracture 165 
Fracture 135 
Shear zone 036 
Fracture 140 
Fracture 076 

Fracture 143 
Fracture 037 
Fracture 106 
Fracture 024 
Fracture 045 
Fracture 024 
Fracture 118 
Fracture 046 
Fracture 113 
Fracture 110 
Fracture 028 
Fracture 115 
Fracture 037 
Fracture 000 
Fracture 078 
Fracture 012 
Fracture 044 
Fracture 120 
Fracture 092 
Fracture 028 
Fracture 058 

rracture 13 1 
Fracture 108 

Dip Field Dip 
Direction 

90 vertical 
90 vertical 
83 E 
90 vertical 
90 vertical 
70 S 
25 N 
59 E 
38 W 

55 W 

68 W 
65 W 

56 W 
90 vertical 
65 S 
80 E 

68 W 
76 W 
52 N 
62 W 
90 verticat 

62 N 
63 W 
90 vertical 
68 W 
31 E 
72 W 
90 vertical 
42 W 
54 N 
90 vertical 
56 W 
84 N 
56 S 
0 horizontal 
46 N 
90 vert ical 
68 W 
90 vertical 
6 t N 
76 S 
50 S 
90 vertical 
75 N 

Dip Orientation Dip Direction Seepage Infill Persistence Spacing Area Summary 

From Strike From Strike 

VERTICAL VERTICAL 
VERTICAL VERTICAL 

064 E 
VERTICAL VERTICAL 
VERTICAL VERTICAL 

219 SW 
045 NE 
066 E 
270 W 

225 SW Calcite , chlorite epidote 10cm 

234 SW slickensides, calcile Structure controls pit face orientation 
270 W slickensides, calcite 

258 W slickensides, calcite Structure controls pit face orientation 

VERTICAL VERTICAL 
235 SW 
132 SE 

255 W Face controlling structure 
225 W 
306 NW 
050 NE 

VERTICAL VERTICAL 

053 NE calcite 
307 NW calcite 

VERTICAL VERTICAL calcite 
294 W calcite 
135 SE calcite 
294 W calcite 

VERTICAL VERTICAL calcite 
316 NW calcite 
023 N calcite 

VERTICAL VERTICAL calcite 
298 W calcite 
025 N calcite 
127 SE calcite 

HORIZONTAL HORIZONTAL calcite 
348 N calcite 

VERTICAL VERTICAL calcite 
314 NW calcite 

VERTICAL VERTICAL calcite 
002 N calcite 
118 E calcite I 

148 

I 
SE caicite 

I VERTICAL VERTICAL calcite 
018 N calcite 
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Area Location Type Strike Dip Field Dip Dip Orientation Dip Direction Seepage Inflll Persistence Spacing Area Summary 

Direction From Strike From Strike 

Fracture 012 71 W 282 W calcite 
Fracture N 006 'calcite 
Fracture 171 90 vertical VERTICAL VERTICAL calcite 
Fracture 096 63 N 006 VN calcite 

IFracture 018 72 W 288 W calcite 
Fracture 095 74 N 005 N calcite 
Fracture 052 25 142 SE calcite. chlorite 
Fracture 028 48 S 118 E calcite, chlorite 
Fracture 055 32 W 325 NW calcite, chlorite 
Shear 012 56 W 282 W sericite 
Shear S 220 SW sericite 
Shear 060 36 N NW sericite 
Fracture 078 25 N 348 N slickensides 
Fracture 115 90 Vertical VERTICAL V 
Fracture 123 61 N 393 N 
Fracture 002 84 W 272 W 
Fracture 070 78 S S 
Fracture 037 82 S 127 SE 
Fracture 048 36 W 318 NW 
Vein 116 90 Vertical VERTICAL V Chlorite, calcite 
Shear 165 65 075 E Chlorite, calcite 
Fracture 174 Vertical VERTICAL V calcite 
Fracture 069 66 W 339 N 
Fracture 038 42 S 128 SE 
Fractures 1 81 N 023 N many 2-10cm 
Shear 008 54 W W Sericite, calcite & 
Shear 070 52 N 340 N Sericite, & 
Shear 001 53 W 271 W Sericite, calcite & chlorite 
Shear 100 62 N 010 N Sericite, calcite & 
Shear W 281 W Sericite, calcite & chlorite 
Shear 036 74 W 306 NW Sericite, calcite & 
Shear 005 11 W 275 W Sericite, & chlOrite 
Shear 117 52 N 027 N Sericite, calcite & chlorite 
Fracture 046 50 W 316 NW 
Fracture 094 N 
Fracture 136 69 W 226 SW 
Fracture 109 77 N 019 N 
Fracture 022 72 S 112 E 
Fracture 046 W 316 NW 
Fault 126 67 N NE Sericite 
Fault 124 62 N 034 NE Sericite 
Fault 162 66 W 252 W Sericite 
Fault 072 67 N 342 N Sericite 
Fault W NW Sericite 
Shear 124 75 N 034 NE 
Fault 132 I 60 042 NE 

'-..J 
N 
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Location 

E WALL 

Type Strike 

Fault 115 
Fault 131 
Fault 081 
Fault 123 
Fault 024 
Fault 018 
Fault 100 

~~UII 086 
135 

Fracture 162 
Fracture 085 
Fracture 035 
Fracture 171 
Fracture 041 
Fracture 003 
Fracture 063 

000 
Fracture 179 
Fracture 035 
Fracture 044 
Fracture 041 
Fracture 163 
Fracture 035 
Fracture 162 

176 
Fracture 128 
Fracture 037 
Fracture 108 
Fracture 018 
Fracture 010 
Fracture 015 
Fracture 019 

037 
Fracture 107 
Fracture 015 
Fracture 024 
Fracture 113 
Fracture 092 
Fracture 003 
Fracture 105 

Dip Field Dip 
Direction 

76 S 
73 N 
84 
67 N 
68 W 
77 W 
90 

vertical 
N 

90 vertical 
82 
69 N 
78 W 
63 N 
72 
48 N 

E 
W 

80 N 
37 N 

N 
72 W 

60 W 
63 W 

E 
49 S 
1 
57 N 
68 W 
46 W 
56 W 
47 W 
68 W 

Vertical 
Vertical 

52 W 
85 S 

S 
44 W 
86 N 

Dip Orientation Dip Direction Seepage Inlill Persistence Spacing Area Summary 

From Strike Flom Strike 

205 SW 
NE Sericite Perpendicular 10 lace 

351 N Sericite Perpendicular to face 
033 NE Sericite Perpendicular to iace 
294 W Sericite Face parallel 
288 W Sericrte Face pal 

VERTICAL V Sericite ~' .. m"~ d, to face 
VERTICAL Seneile 

Calcite 
VERTICAL V CalCite 

355 N Calcite 
305 NW Calcite 
261 W Calcite 
31 NW CalCite 
273 W CalCite 
333 N Calcite 

E Calcite 
269 W Calcite 
305 NW Calcite 
314 NW Calcite 
311 Calcite 
253 W Calclle 

305 NW 
252 W 

E 
218 SW 
307 NW 
018 N 
288 W 
280 W 
285 W 
289 W 
307 NW 

VERTICAL V 
VERTICAL V 

294 W 
203 S 
182 S 
273 W 
015 N 
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Appendix SC 

pH & electrical conductivity of E27 sump and wall seepage, February-March 2001. 
See Figu re 5.1 5 for seepage locations. Ec in mS/cm 

Seepage Code 22-Feb 26-Feb 6-Mar 7-Mar 13-Mar 14-Mar IS-Mar 

£27 Sump 
pH 7.6 7.6 7.8* 6.8* 7.7 7.3 

Ec 3.757 3.652 3.696 3.90R 2.2 13 2.77R 

H6&H8 pH 7.5 7.6 7.7 7.5 
(permanent) Ec 2.315 2.098 2.414 2.223 

H4 pH R.O 8.2 7.8 7.6 7.8 
(temporary) Ec 3.3 87 3.273 3.545 3.044 2.764 

G4 pH 8.3* 6.9* 7. 1 
(temporary) Ec 3.951 3.963 ::0 3.7RR 

G3 pH 6.9 ~ 7.2 
, -(temporary) Ec 3.882 Z 2. 1\ 5 

0 GI &G2 pH Z 7.2 7.2 
(permanent) Ec .... .... 1.742 2.002 
E4 & E5 1\ pH ~ 

(permanent) Ec Ro .... £3 pH 7.0 
~ 

7.2 
(temporary) Ec 3.41 3 VJ 3.226 

EI pH 7.0 7.2 7.0 
(temporary) Ec 2.R3 2.91 1 2.7fi I 

D4 pH 8.2* 6.8* 7.0 
(temporary) Ec 3.1 4 2.947 2.883 

DI pH 7.9 7.8 
(permanent) Ec I 1.8045 2.0345 

B21\ pH 
(permanent) Ec 

::0 
~ -Z 
0 
Z .... 
-...l ....... 
VJ 

* It is not kn own if diffe rences oj' one pH unit or more oetween samples from the same seepage points are rea l, or due to meas urement error. 
1\ B2, E4 & E5 appeared after rain on \7 March. 

19-Mar 
, 

7.5 

2.525 

7.2 

2.033 

7.1 7.2 

1.798 1.964 

8.3 8.7 

2.1095 1.674 

8. \ 

2.664 

8.4 

2.6425 

8.2 

2.620 

7.9 

2.02 
8.4 

0.466 , 
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WEEP HOLE SURVEYS, September - November 2001 

Map of E22 pit showing locations of surveyed weep holes 
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APPENDIX 5D 

E22 pit weep hole surveys, Sept - Nov 2001. See accompanying map or Figure 5.15 for weep hole locations. Ec measured in mS/cm. 

Seepage Quantity Classification: 
dry no sign of moisture at the weep hole 

damp d<lrk p<ltehcs of moisture ev ident on W<lll 
wet moisture glistcns on the wall but is not tlowing 

Ilowing moisture is nowing down wa ll (evcn if it's not ponding on pit floor) 
1511min estimated fl ow ratc, usin!! hucket method 

Hole# Pit level Location 
See pa~e 26/9/01 Seepage 13-14/9/01 Seepage 23111101 

Quantity pH Ec Comments Quantity Comments Quantity Comments 

(Rain previ ous ni ght) 
1-9, 11- All holes dry, but All WH at 10200 dry 

16 10200 m RL dry - - holes helow arc wet dry except WH 10 dry 

10 10200 m RL E wa ll >10Ilmin 8.0 2.7 No PVC 5-10 I1min no PVC Il owing no PVC 

16a 101 90 m RL mmp, E wall - - - llowing fl owing 

17 101 90 mRL r<lmp, E wall d<lmp 8.2 2.5 flowing dry 

18 101 90 mRL ramp, SE wal l d<lmp - - dry dry 

19 10190 m RL ramp, SE wall >15 I1min 7.7 2.6 wet dry 

20 10190mRL ramp. SE wall damp - - flowing flowing 

21 10190 m RL ramp, SE wall >10Ilmin 8. 1 2.5 llowin!! wet 

22 10190mRL ramp, SE wall damp - - llowing fl owi ng 

23 10190mRL ramp, SE W<lll <1I1min 8.3 2.4 wet wet 

24 10190 m RL ramp, SE wall >10 I1min 8.0 2.3 dry dry 

25 10190 m RL ramp, SE W<lll >1I1min 8.0 2.5 flowing fl owi ng 

26 10190mRL ramp, S wall flowing - - wet fl owing 

27 10191 m RL S wall !lowing - - wet fl owing 

28 10192 m RL S wall flowin g - - wet fl owi ng 



r..,.; 
N 
0. 

Hole # 

29 

30 

30a 

30h 

31 

3 1a 

31b 

32 

33 

34 

35 

36-41 

42 

43 

44 

45 

46 

47 

50 

51 

52 

53 

54 

55 

55a 

56 

57 

5~ 

Pit level 

10193 m RL 

10195mRL 

10196 m RL 

10195 m RL 

10196 m RL 

10197 m RL 

10198 m RL 

101 99mRL 

10200 m RL 

10190 m RL 

10191 m RL 

10190 m RL 

IOl90mRL 

10190 m RL 

10191mRL 

10192 m RL 

10193 m RL 

10194 m RL 

10195 m RL 

10196 m RL 

10197 m RL 

101 9X m RL 

10199 m RL 

10200 III RL 

1020 1 m RL 

10202 m RL 

10203 m RL 

10204 m RL 

Location 
Quantity 

S wall flowing 

SWwa11 

SW wall 

SW wall dry 

SW wall dry 

W wa ll dry 

W wall dry 

Wwall dry 

Wwall dry 

Wwall damp 

Wwall damp 

Wwall dry 

W wall !lowing 

W wall ilowing 

W wall -

NW wall -

prism 66 -

NWwa11 -

NW wall -

NWwall -

NE wall -

NE wall -

NE wall -

prism 63 -
NE wall 

NE wall -

NE wall -

NE wall -

Seepage 26/9/01 Seepa e 13-14/9/01 Seepage 23/11101 

pH Ec Comments Quantity Comments Quantity Comments 

- - !lowing ilowin!! 

- - dry !lowi ng 

- - dry dry 

- - dry dry 

- - dry dry 

- - dry dry 

- - dry dry 

- - dry dry 

- - dry dry 

- - dry dry 

- - dry dry 

- - dry dry 

7.6 9.2 recently dril led wet dry 

7.X 6.0 recently drilled wet dry I 

dry dry 
I 
, 

dry dI)' 

damp dI)' 

damp dry 

damp dry 

wet dry 

wet dry 

damp dry 

dry dry 

wet dry 

damp dry 

dry dry 

dr)' dry 

dry dry 
-- "---
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Hole # 

59 

60 

61 

62 

63 

64 

65 

66 

67 

6R 

69 

70 

7 1 

72 

73 

74 

75 

76 

77 

n 
79 

XO 

SI 

X2 

X3 
R4 

g5 

g6 

Pit level 

10205 m RL 

10206 m RL 

10207 m RL 

1020X 111 RL 

10209 m RL 

10210mRL 

10211 m RL 

lO212 m RL 

10213 m RL 

10214mRL 

10215 m RL 

10216mRL 

10217 m RL 

lO21 S m RL 

10200 m RL 

10200 m RL 

10200 m RL 

10200 m RL 

10200 rn RL 

10200 m RL 

10200 m RL 

10200 m RL 

10200111 RL 

10200 m RL 

10200 m RL 

10200 m RL 

10200 m RL 

1020() m RL 

Location 

prism 62 

NE wall 

NE wal l 

prism 61 

prism 60 

E wall 

E wall 

E wall 

E wall 

E wall 

E wall 

prism 5X 

E wall 

Ewal l 

SW wall 

SW wall 

SW wall 

SW wall 

SW wall 

W wall 

Wwall 

Wwall 

W wall 

W wall 

W wall 

W wall 

W wall 

NWwall 

See pa~e 26/9/01 Seepa e 13-14/9/01 Seepa~e 23/11101 

Quantity pH Ee Comments Quantity Comments Qual1lity Comments 

- dry dry 

- dry dry 

- wet wet 

- wet we t 

- dry dry 

- dry wet 

- dry - Lost in slip 

- dry dry 

- flowing dry 

- dry dry 

- llowing -101lmin flowing 

- flowing fl owi ng 

- dry dry 

dry - Lost in slip 

dry 

dry 

dry 

dry 

dry 

dry 

dry 

dry 

dry 

dry 

dry 

dry 

dry 

wct 



'JJ 
N 
00 

Hole # 

'cl7 

~'cl 

Xl) 

90 

91 

92 

93 

94 

95 

96 

97 
9R 

99 

100 

101 

102 

103 

104 

105 

106 
107 
lOX 
109 
11 0 
I I I 
11 2 
11 3 
114 
115 

Pit level Location 
Quantity 

102()0 m RL NW \\'all 

10200 m RL NW \\'all 

IOI 'cl2m RL NW wall 

IOIR2 m RL NW wall 

101 'cl2 111 RL N wall 

10 1'cl2m RL N wall 

101 82 m RL N wa ll 

10 1 ~2 111 RL N wa ll 

10182 m RL N wal l 

IOI'cl2m RL N wall 

1 0 1 ~2 m RL N wall 
10 182 m RL NE wa ll 

1 0 1 ~2111RL NE wall 

I O I ~2 I11RL NE wa ll 

10 1 R2 111 RL NE wall 

1 0 1 ~2m RL NE wa ll 

JOI'cl2 m RL E wall 

IOl 82 rnRL E wa ll 

101~2 m RL E wa ll 
10l X2m RL E wa ll 
IOl 82 mRL E wall 
IOl R2 m RL Ewall 
10 I X2 111 RL S wal l 
IOlR2m RL S wa ll 
10UQ 111 RL S wa ll 
10182 m RL S wa ll 
10182 m RL S wa ll 
IOlR2 111R L S wall 
10 182 m RL S wa ll 

See Jage 26/9/01 Seepa~ e 13-14/9/01 Seepa~e 23/11101 

pH Ec Comments Quantity Comments Quantity Comments 

dry 

dry 

dry 

wet 

dry 

dry 

dry 

dry 

dry 

dry 

dry 
dry 

dry 

dry 

we t 

dry 

dry 

- lost in slip 

dry 
we t 
wet 
we t 
dry 
dry 
wet 

7.R4 2.lW6 fl owing -511sec 
fl owi ng -<1l1sec 
we t 
dry 

-- -- -
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Appendix 6A 

ilnventory of all bores used for aquifer tests and hydrochemicall sampling in previous groundwater studies 

Abbreviated names: 
CA 1985 Croft & Associates Pty. ltd 
GA 1987 Golder Associates Pty. Ltd 
CP1 1993 Coffey Partners International 
MMA 1985 Mackie Martin & Associates Pty. Ltd 
MER 2000 Mackie Environmental Research 
KMA 1997 K H Morgan & Associates 
AGC 1984 Australian Groundwater Consultants Pty. Ltd 

NB. The full bore name PDH20 or DDH20 has been shortened in text to P20 or D20 respectively 
For bore locations and details refer to Appendix 3C 

BORE General Aquifer test T K Geochemistry 
NAME area Method (m2ldav) (m/dav) S Reported Sample Oate 
00H26 E26N AGC: pump, B&R 3.7 0.024 

IMMA: Theis 31.6 3.07 x 10-3 
00H30 E26N IIAGC: pump, B&R 2.3 0.014 AGC.1984 12/14/1983 

MMA: Theis 41.5 2.6x10-4 
00H31 E26N [MMA: Theis 73.4 2.49 x 10-5 
00H34 E26N MMA: Theis 55 2.46 x 10-5 
00H40 E26N MMA: Theis 22 2.15 x 10-4 

--
00H44 E26N pump, B&R 1.1 0.01 

MMA: Theis 100.9 4.08 x 10-5 
00H45 E26N AGC: pump, B&R Recovery too quick for analysis 

066 MMA: Theis 43.1 1.44 x 10-5 
067 MMA: Theis 70.3 5.02 x 10-5 
074 MMA: Theis 52 .9 2.04 x 10-5 
075 MMA: Theis 108.8 3.43 x 10-5 I 

076 I MMA: Theis 79.9 2.14 x 10-5 
077 [ MMA: Theis 45.5 1.21 x 10-4 
083 MMA: Theis 92.1 I 1.04 x 10-5 
090 E26N MMA: Theis 34.8 7.32 x 10-4 
092 E26N 
095 E26N MMA: Theis 49,.1 7.72 x 10-4 
099 E26N MMA: Theis 118.7 3.47 x 10-4 

0105 MMA: Theis 74.4 1.41 x 10-4 
0109 MMA: Theis 36.9 5.62 x 10-4 
0129 E26N 
0142 E26N 

APPENDIX 6A 

NOTES 
Laboratorv 

SGS 

Monitored until destroyed in 1996 

Monitored until destroved in 1996 
Monitored until destroyed in 1996 
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BORE 
NAME 
PDH18 
PDH49 
PDH51 
PDH52 
PDH53 
PDH54 
PDH57 
PDH60 
PDH61 
PDH63 
PDH70 
PDH72 

P71 
P88 

P89 
P100 
P101 
P102 
P103 
P104 
P113 
P114 
P115 
P116 
P117 

P118 

P119 
P134 
P138 
P139 
P142 
P145 
P146 
P149 

E26 bore 
E26 bore 

PDH6 
unnamed 
unnamed 

General 
area 
E26N 
E26N 
E26N 
E26N 
E26N 
E26N 
E26N 
E26N 
E26N 
E26N 
E26N 
E26N 
E26S 
E26N 

E26S 
E26S 
E26S 
E26S 
E26S 
E26S 
E26N 
E26N 
E26N 
E26N 
E26N 

E26N 

E26N 
E26N 
E26N 
E26S 

E26S? 
E26N 
E26N 
E26 
E26 

E20 
E20 
E20 

Aquifer test T K 
Method (m2lday) (m/day) 

AGC: pump, B&R 12.4 0.2 

AGC: pump, B&R 0.07 0.001 
AGC: pump, B&R 1-5 0.014 
AGC: pump , B&R 0.2 0.002 

GA: Rising head perm From 0.04 to 0.1 

CPI: Airlifted at 207m 

3 to 6 
0.15 

MMA: Theis 45 .2 

MMA: Theis 84.5 

GA: pump, Jacob 9.4 delayed yield aq 
MMA: Theis 42 .2 
GA: pump, Jacob 24.2 delayed yield aq 

CPI : Q.ump 108 

CPI: pump 108 
20 - 39 

CPI: pump 122 

Naming ambiguity 

AGC: pump, B&R 2.3 0.02 

--

Geochemistry NOTES 
S Reported Sample Date Laboratory 

AGC.1984 12/16/1983 SGS 
Outside gypsum leached zone at E26N 

GEOPEKO 1981-83 Comlabs 
GEOPEKO 1981-83 Comlabs 
GEOPEKO 1981-83 Com labs 
GEOPEKO 1981-83 Comlabs 
GEOPEKO 1981-83 Comlabs 
GEOPEKO 1981-83 Comlabs 
GEOPEKO 1981-83 Comlabs 

Monitored until destroyed in 1996 
AGC.1984 12/12/1983 SGS Outside gypsum line, converted to piezo in 1987 
AGC.1984 12/12/1983 SGS Within E26S Fault Complex 

150mm casing, currentl!, monitored 
GA 1985 from PWOL Parkes Base converted to a piezometer in 1987 

Monitored until destroyed in 1996 
Currently monitored 

>20000 uS/cm field measurement 50 mm 10, currently monitored 
>20000 uS/cm field measurement 50 mm 10, currently monitored 
>20000 uS/cm field measurement 50 mm 10, cu rrently monitored 
>20000 uS/cm field measurement 160mm 00, currently monitored 
>20000 uS/cm field measurement 160mm 00, currently monitored 

abandoned by Golder, 1987 
converted to a piezometer in 1987 

1.76xl0-5 converted to a piezometer in 1987 
abandoned by Golder, 1987 

9.24 x 10-4 converted to a piezometer in 1987 
Monitored until destroyed in 1996 

1.9 x 10-3 GA 1987 9/1 /1987 Simmonds & Bristow pumping bore in upper E26N aquifer only 
6.21 x 10-4 Monitored until destroyed in 1996 
6.4 x 10-3 GA 1987 10/1/1987 Simmonds & Bristow pumping bore, intersects lower aquifer only 

Monitored until destroyed in 1996 
2 .8 x 10-5 Monitored until destroyed in 1996 

Currently monitored 
4.7xl0-4 

9xl0-4 - 4xl 0-3 . 150mm casing, currently mon itored 
CP I 1993 24/1/1993 Unknown 

Currently monitored 
CA 81-84 1981-84 Not reported Geochem results do not match, either different 
GEOPEKO 1981-83 Comlabs bores or different sampling conditions 

GEOPEKO 1981-83 Comlabs 

-
GEOPEKO 1981-83 '---- -

Comlabs 
APPENDIX 6A 
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BORE 
NAME 
PDH26 

DDH3 
P37 

P157 

DDH7 
DOHa 
P29 

P250 
Wl 
W2 
W3 
W5 
W6 

PDH33 
unnamed 
unnamed 
E31 Bore 

General 
area 
E28 

E22 
E22 
E22 

E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 
E27 

E31 
E31 
E31 
E31 

Aquifer test T K 
Method (m2/day) (m/day) 

AGC: pump, B&R 0.8 0.01 

AGC: pump, B&R 0.28 0.02 
GA: Risinq head perm 0.0067 
GA: Pump. Jacob 0.01 delayed yield aq 

AGC: pump, B&R 0.022 0.002 

GA: Risinq head perm 0.423 
GA: Pump, Jacob 6.2 confined aq 

-'- --

Geochemistry NOTES 
S Reported Sample Date Laboratorv 

AGC 1984 12/19/1983 SGS 

AGC 1984 12/19/1983 SGS 
at 40-99m GA 1985 from PWOL Parkes Base 

not calculated GA 1987 10/6/1987 Simmonds & Bristow 150mm ID 

AGC .1984 12/20/1983 SGS 

at 54-100m GA 1985 from PWOL Parkes Base Also known as PDH29 
4.3 x 10-3 150mm ID 

40mm ID 
40mm ID 
40mm ID 
40mm ID 
40mm ID 

GEOPEKO 1981-83 Comlabs 
GEOPEKO 1981-83 Comlabs 
GEOPEKO 1981-83 Com labs 
GEOPEKO 1981-83 Com labs 

-
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APPENDIX 68 

Summary of water quality analyses by Croft and Associates, 1981-1984 

E26 Bore (site 12. pumped) Rocklands Bore (site 13. pumped) Coradgery Bore (sile 14. pumped) 
Attribute min max mean min max mean min max mean 
Sample Depth meters - - - - - - - -
pH 5.0 7.6 6.3 6.9 8.3 7.6 6.3 8.4 7.4 
conductivity IiS/cm 18080 31320 24700 6600 10086 8343 111 7315 3713 
Suspended solids mgll 0 1360 680 0 130 65 0 940 470 
Soluble salts mgt! 18120 29580 23850 5760 8262 7011 35 7645 3840 
Total hardness mg CaCO:/! 4350 7120 5735 1532 1975 1754 50 2540 1295 
Calcium mgll 481 692 587 115 127 121 5.9 6.5 6.2 
Magnesium mgt! 879 1150 1015 295 307 301 3.5 3.8 3.7 
Sodium mgll 4580 5750 5165 1372 1569 1471 10.7 11.8 11.3 
Potassium mgll 2.0 57.5 29.8 0.4 2.0 1.2 3.9 5.3 4.6 
Carbonate alkalinity mg CaCO:/! 0 0 0 0 0 0 0 0 0 
Total alkalinity mg CaCO:/! 263 641 452 342 741 542 42 596 319 
Bicarbonate (calculated) mgll 321 782 552 417 904 661 51 727 389 
Sulphate mgtl 1111 2996 2054 508 540 524 5 5 5 
Chloride mgll 7894 11953 9924 2600 3331 2966 5 2356 1181 
Copper mgtl 0.005 0.656 0.3305 0.001 0.29 0.1455 0.010 0.110 0.060 
Iron mgtl 0.2 31.6 15.9 0.0 55.3 27.7 2.2 216.0 109.1 
Selenium ligll 0.10 1.30 0.70 0.30 5.10 2.70 0.00 1.00 0.50 
Molybdenum ~gtl 15 600 308 1 15 8 1 41 21 
Cobalt ligll 9 1595 802 3 355 179 1 30 16 
Arsenic ligll 0.7 7.2 4.0 0.1 2.5 1.3 0.0 2.0 1.0 
Mercury ~gtl 0.1 0.3 0.2 0.1 0.7 0.4 0.0 2.0 1.0 
Turbidity NT!L_ .402~~44~ 422 149 169 .. lJi9 

.~ n& -
nls __ nla _ 

APPENDIX6B 

E27 Drill Hole (bailed) E28 Bore (bailed) 
min max mean min max mean i 

- . . - - . 
6.5 7.5 7.0 6.9 7.5 7.2 

2600 8500 5550 1720 3900 2810 
n/a nla nla n/a nla nla 
nla nla nla nla nla nla 
205 253 229 44 54 49 
35.1 56.0 45.6 4.9 17.4 11.1 
12.4 27.1 19.8 2.2 2.6 2.4 
11.9 459.0 235.5 35.7 59.7 47.7 
5.9 6.6 6.3 1.7 24.0 12.9 
0 0 0 0 0 0 

161 305 233 43 182 113 
196 372 284 52 222 137 
1.0 15.0 8.0 2.0 5.0 3.5 
14 36 25 24 56 40 

1.26 18.00 9.63 0.02 5.00 2.51 
16.1 53.1 34.6 7.5 7.6 7.6 
nla naf nla nla nla nla 
nla naf naf nla nla nla 
3.70 6.20 4.95 0.30 2.20 1.25 
6.0 9.0 8.0 2.0 3.0 2.5 
naf n/a nla nla nla nla 
89 129 109 8 44 26 
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Hydrochemical data from previous groundwater studies at NPM 
Including data used for comparison with 2001 samples, in pie and Piper diagrams 

Table (a). Water Quality Anal ses, Croft and Associates 1981 
Description Bores in non-mineralised areas 
Site number 1 3 4 

Sample Depth meters · . · . . 
pH 6.6 6.6 7.2 7 6.8 

Conductivity !-IS/em 1300 1500 200 200 7000 
Suspended solids mg/l 126 48 22 40 186 

TDS mg/l 974 976 170 166 6162 
Total hardnass mgCaCO .... 442 454 33 34 2285 
Total alkalinity mgCaCO .... 484 524 21 19 541 

Chloride mg/l 167 167 31 34 2038 
Sulphate mg/I 57 60 21 61 474 
Copper mg/l <0.1 <0.1 0.1 <0.1 0.1 

Sampling method Bailed Bailed Bailed 
Sample collection date Dec-80 Jan-81 Dec-80 Jan-81 Dec-80 
Laboratory Unknown 
Date received by laboratory Unknown 

Description Bores In mineralised arass 
Site number 14A 14B 19 

Sample Depth meters - - -
pH 6.3 6.2 7.1 6.9 6.7 

Conductivity !-IS/em 30000 31900 10000 8200 700 
Suspended solids mg/l 50 14 80 16 4 

TDS mg/I 28180 26246 7610 6328 558 
Total hardness mgCaCO .... 6380 6280 1920 1835 285 
Total alkalinity mgCaCO .... 333 349 731 586 332 

Chloride mg/l 11194 . 2792 2593 36 
Sulphate mg/l 3292 3341 876 23 21 
Copper mg/l 0.1 <0.1 <0.1 <0.1 <0.1 

Sampling method Bailed Bailed Bailed 
Sample collection dete Dec-80 Jan-81 Dec-80 Jan-81 Jan-81 
Laboratory Unknown 
Date recleved by laboratory Unknown 

Table (b). Geopeko groundwater sampling, reported in AGC 1984 
Location E26 

Bore Number P57 P51 P52 P53 P54 
Sample Depth meters 109 55 90 64 46 

Ec !-IS/em · · -
pH · 

IDS mg/l 17100 22000 22000 22000 11300 
Hardness mg/I 5890 7950 7450 7200 2950 
Alkalinity mgCaCO .... · . 
Carbonate mg/l <1 <1 <1 <1 <1 

Bicarbonate mg/l 160 95 73 140 280 
Sodium mg/I 4500 5460 5800 6100 2850 

Potassium mg/I 83 81 68 47 25 
Calcium mg/l 1200 1500 1610 930 570 

Magnesium mg/l 720 1020 840 1200 380 
Chloride mg/I 9150 12000 12500 12000 5100 
Sulphate mg/l 3200 2950 2700 4050 1850 
Nitrate mg/I <0.2 <0.2 0.4 <0.2 <0.2 
Copper mg/l 20 <1.0 10 <1.0 10 

Sampling rnathod Unknown 
Sample collection date 1981-1983 
Laboratory Comlabs Ply. Ltd. 
Date received by laboratory Various. 1981 ·1983 

APPENDIX6C 

17 

· . 
6.5 6.8 

6800 1200 
92 10 

6000 754 
2245 400 
494 383 

2039 8 
481 27 
<0.1 <0.1 

Bailed 
Jan-81 Jan-80 

Near mineralisation 
18 

6.9 
5900 
34 

3486 
390 
557 
1227 
536 
<0.1 

Bailed 
Jan-81 

PeO P6l E26 Bore 
60 133 . 

· 
27000 26400 24550 
7150 7300 6100 

· -
<1 <1 <1 

370 195 390 
7000 6500 6000 

41 19 26 
890 1150 750 
1200 1070 1030 

11600 12350 11000 
5550 3450 3200 
0.1 <0.1 <0.1 
150 150 110 

333 



Tablejc) Australian Groundwater Consultants 1984 
location E26 E22 E27 E28 

Bore 030 P70 P72 P1B 03 07 P26 
Sample Depth melers - - - - - - -
Conductivity I1S/cm 4200 48000 48000 42000 2100 5900 17100 

pH 7.3 7.2 7.8 7.3 7.3 7.5 7.3 
TOS mgll 23820 26950 28440 24640 1460 4210 10410 

Hardness mgCaCO:ll 4600 5180 5730 6990 700 2010 3780 

Carbonate mgll nil nil nil - - -
Bicarbonate mgll 275 240 275 380 630 365 72 

Chloride mgll 11120 12600 13270 11400 460 1690 5420 
Sulphate mgll 3170 3810 3790 3230 11 580 900 

Potassium mg/1 24 29 27 30 21 22 6.6 
Sodium mgll 6450 6900 7300 6200 245 590 2100 
Calcium mg/1 94 128 84 870 115 370 1300 

Magnesium mgll 1060 1180 1340 1170 100 264 129 
Iron - total mg/1 - - - 6 70 57 1.2 

Iron - dissolved mgll <0.02 0.32 <0.02 - - -
Copper mgll 0.96 0.12 <0.01 0.1 1.2 - 0.12 
Silica mgll 7 14 13 - 7.6 -

Sampling Method Pumped 
Sample collection date 14112183 12-0ec-83 12-0ec-83 16112183 19/12183 20112183 19112183 
laboratory SGS Australia PIy.Ltd. NAT A Approved 
Date received by laboratory 116112183 116112183 116112183 22112183 22112183 22112183 22112183 

Table (d) Golder Associates 1985a 
(Oala from PWOL Parkes Base) 

location E26 E22 E27 
Bore PB8 P37 P29 

Sample Depth meters - - -
Ec I1S/cm 33100 2130 4500 
pH 7.1 7.7 8.1 

TDS mgll 25000 1400 3800 
Hardness mg CaCO:ll 7750 460 510 
Alkalinity mgCaCOJI 285 440 720 
Carbonate mgll 0 0 0 

Bicarbonate mgll 235 550 882 
Chloride mgll 13600 340 1200 
Sulphate mgll 3900 100 620 

Potassium mgll 28 6 17 
Sodium mgll 5000 150 960 
Calcium mgll 1040 85 70 

Magnesium mgll 1250 60 85 
Iron - total mgll 91 120 150 

Iron - dissolved mgll - - -
Copper mgll 13 5 8 
Boron Ilgl1 - 290 300 

Aluminium 1lg/1 70 130 70 
Chromium Ilgl1 1 7 5 
Manganese Ilgll 350 91 140 

Arsenic Ilgll 57 4 5 
Cobalt Ilgll 4 1 1 
Zinc Ilgl1 86 9 35 

Molybdenum 1lg/1 6 23 22 
Barium Ilgl1 13 110 30 

Uranium 1lg/1 4 2 16 

Sampling Method Unknown 
Sample collection date Unknown 
laboratory Unknown 
Date received by laborato!"y Unknown 
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Table (e). Waterguality analyses at E26N. Coffey Partners International, 1993 
Factor Unit P146 

Sample Depth meters -
Conductivity flS/cm 4200 

pH -
TDS mg/L 30700 

Hardness mg CaCO:/! 1960 
Alkalinity mg CaCO:/! 160 

Carbonate mg/L <1 
Bicarbonate mg/L 200 

Chloride mg/L 12700 
Sulphate mg/L 3300 

Potassium mg/L 26 
Sodium mg/L 6300 
Calcium mg/L 1290 

Magnesium mg/L 1150 
Total Iron mg/L 3.8 

Copper mg/L 0.01 
Manganese mg/L 0.78 

Lead mg/L <0.01 
Zinc mg/L 0.72 

Boron mg/L <0.1 
Arsenic mg/L <0.01 

Sampling Method Pumped 
Sample collection date 24/1/93 
Laboratory Unknown 
Date received by laboratory Unknown 

Table (f) Golder Associates, 1997 
Factor Unit E26N P118 E26N P119 E22 P157 

Sample Depth meters - - -
Conductivity flSlcm 27600 30800 3370 

pH 7.25 6.85 7.8 
TDS mg/L 23284 24962 2462 

Hardness mgCaCO:!1 6367 7075 1308 
Alkalinity mg CaCO:!1 170 220 170 

Carbonate mg/L <1 <1 1 
Bicarbonate mg/L 206 268 205 

Chloride mg/L 11540 12260 940 
Sulphate mg/L 3500 3785 565 

Potassium mg/L 18 19 6 
Sodium mg/L 6190 S540 355 
Calcium mg/L 755 980 190 

Magnesium mg/L 1075 1110 200 
SAR meqlL 40 42 5 

Residual Alkali meqlL <0.1 <0.1 <0.1 

Sampling Method Pumped Pumped Pumped 
Sample collection date ?/9/87 S-Oct-87 S-Oct-87 
Laboratory Simmonds & Bristow P1y. Ltd. 
Date received by laboratory 13-0ct-87 J 13-0ct-87 J 13-0ct-87 
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pH and electrical conductivity of bailed samples from open cut bores, 2001 

Date Bore WTlevel Sample level ipH Ec Comments 
m~btp m btp 1 2 Av 1 2 Av 

22-Mar·01 W1 9.79 13 7.09 7.12 7.1 2.945 2.947 2.95 Dirty, clay sediment 
W1 9.79 13 7.05 7.08 7.1 2.952 2.953 2.95 

22-Mar-Ol PDH·29 37.05 45 7.90 7.92 7.9 654.3 654.9 0.65 Clear, no sediment 
PDH·29 37.05 45 7.84 7.91 7.9 646.2 650.1 0.65 Low conductivity 

05·Oct·01 PDH·29 37.57 50 7.92 7.92 0.698 0.70 
PDH-29 55 7.83 7.83 0.841 0.84 

22·Mar-01 Wl1 42.53 50 7.53 7.54 7.5 4.751 4.713 4.73 Fine black sediment 
W11 42.53 50 7.52 7.58 7.6 4.719 4.712 4.72 strong H2S smell 

23·Mar-Ol Wl1 42.52 50 7.31 7.32 7.3 5.2 5.247 5.22 strong H2S smell 

Wl1 42.52 50 7.27 7.32 7.3 5.662 5.643 5.65 strong H,S smell 

Wl1 42.52 80 7.33 7.39 7.4 5.601 5.595 5.60 slight H2S smell 

05·Oct-01 W11 43.30 50 7 7 5.426 5.43 H2S smell, black sediment 

W11 100 7.27 7.27 5.7 5.70 H2S smell, black sediment 

23-Mar-Ol W12 50.55 55 6.90 7.00 7.0 7.688 7.651 7.67 Dirty brown sediment 

28·Mar-01 W13 36.85 40 7.26 7.35 7.3 1.547 1.542 1.54 cloudy 
W13 50 7.05 7.09 7.1 2.595 2.564 2.58 clear, brown sediment 
W13 55 7.04 7.07 7.1 2.486 2.481 2.48 brownlblack sediment 
W13 80 6.89 7.09 7.0 2.747 2.74 2.74 brown sediment 
W13 90 7.01 7.08 7.0 2.574 2.575 2.57 brown sediment 

05·Oc1-01 W13 38.33 45 7.01 7.01 2.411 2.41 
W13 100 6.74 6.74 7.121 7.12 

05·Apr-01 W14 32.97 35 7.34 7.44 7.4 20.53 20.75 20.64 cloudy 
W14 60 6.96 6.99 7.0 21.68 21.64 21.66 black sediment, cloudy 
W14 80 6.89 6.91 6.9 22.22 22.18 22.20 cloudy grey 
W14 100 6.80 6.80 6.8 22.35 22.34 22.35 cloudy brown/grey 
W14 120 7.33 7.37 7.4 22.15 22.13 22.14 coudybrown 
W14 137 6.87 6.80 6.8 22.19 22.24 22.22 cloudy brown 

OS-Oct-01 W14 32.60 35 6.61 6.61 20.59 20.59 
W14 100 6.55 6.55 22.76 22.76 

29·Mar-Ol W15 46.15 50 6.62 6.75 6.7 960.3 958.2 0.96 brown flakes 
W15 60 6.66 6.91 6.9 2.966 2.941 2.95 brown flakes 
W15 80 6.91 6.94 6.9 2.966 2.958 2.96 cloudy brown sediment 
W15 100 7.00 7.02 7.0 2.885 2.886 2.89 cloudy brown sediment 
W15 130 6.84 6.86 6.9 2.942 2.94 2.94 lots of brown sediment 

05-ocl-ol W15 45.99 50 7.08 7.08 2.409 2.41 
W15 100 6.82 6.82 3.098 3.10 

14·Sep-ol W16 42.53 50 6.76 6.76 8.96 8.96 
W16 100 7.05 7.05 11.99 11.99 strong H2S smell 

14·Sep·Ol W17 39.37 40 7.19 7.19 3.6 3.60 
W17 60 7.17 7.17 3.71 3.71 

14·Sep·Ol W18 86.66 90 7.02 7.02 10.13 10.13 strong H2S smell 

05-oct-01 W18 84.93 90 7.39 7.39 9.292 9.29 
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Appendix 6E 

Groundwater pH and Ec in tailings dams monitoring bores, 1994-1999 
Datasource: NPM Ore Processing Staff 
Sampling and testing method unknown 
For bore locations see Figure 6.3 

Bore and depth MB1 36.Sm 
pH Ec 

Date (IJSlcm) 
5/16/1994 7.4 23800 -

21811995 - - -
4/19/1995 - - -

5/811995 - -
5/19/1995 -

6/7/1995 - -
7/31/1995 - -
8/28/1995 - -
10/6/1995 - -

11/1311995 - -
12114/1995 - -

1/8/1996 - -
211/1996 - -

3/20/1996 - -
4/1211996 - -
5/1611996 - -

6/6/1996 - -
4/14/1997 - -

5/111997 - -
614/1997 - -
71311997 - - -
7/8/1997 - -

9/11/1997 - -
101211997 - -
2111/1998 - -

11/2111998 - -
1/5/1999 - -
6/7/1999 - -

Mean 7.4 23800 

MB2 60m 
pH Ec 

(IJSlcm) 
-
-
-

7.2 9760 -
-

7.2 10330 
7.1 10410 
7.1 19660 
7.2 10970 
7.1 11500 
7.1 8170 

7 11000 
7.1 10050 
7.3 7685 
7.1 11570 
7.1 9825 
7.1 8965 
7.2 9210 
7.4 8170 
7.1 11440 

-
7 10800 -

7.1 10270 
7.2 9465 
7.2 9475 
7.4 9200 -
7.3 8740 
7.2 10200 
7.2 10298 

APPENDIX6E 

MB3 66m MB4 60m 
pH Ec pH Ec 

(IJSlcm) (IJSlcm) 
- -

6.9 44700 - -
6.7 20490 - -

- - -
6.8 19790 
6.8 21400 - -
6.9 22300 - -
6.9 22200 - -
6.9 21460 - -
6.9 21410 - -
6.8 19790 - -
6.8 22050 - -
6.8 19160 - -
6.9 22430 - -
6.8 21250 - -
6.8 20670 - -
6.8 20670 - -
6.7 20930 - -
7.1 20580 - -
6.8 22790 - -
6.7 23290 - -

- - -
6.7 22240 - -
6.8 22330 - -
6.8 21390 8.1 21470 

- 7.1 20000 
4.3 30300 - -
3.9 31200 7 17600 
6.6 23118 7.4 19690 
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AUSTRA1..1AN LAaORATORY SERVI(''';:S ~T'Y I Ttl AftN 1M OtJn9."w;n21,) 

277.288 Woodpar1< Roood Smilhlleld HIW 216. 
LDc:ked B"II1Oi5w_a Pane Be 1851 
Phone: 61·2·87&1. 8555 Fait: 61·2-8184 8500 __ als.com.au 

QUOTATION 
t----~-- u~ I .--------; 
i COMPANY ! NORTH PARKS MINES ! !' ------ ---.. _____ n ____ • i 
i A11J;.ljTIpN 1 Miriam ~aymond _ . FAX NO. i (02) 6861 3111 I 

! -1 
I-QAT~p 1 Monday. 5 March 2001 . ________ ;-......._.:...PH""O=N=E'-'-N:..:;O_-:->: ~02) 6861 31~n ___ .... i 

f--! CU~E=rN!.!.T..!:R~E!...F-i;_ -________________ +_--=E:!!CMI'.::.!I=.L __ -ti --- - . ..~ 
I_~~ ___ .1. CATHY LOCK NO OF PAGES j 3 + 1 INC!:'..9PVER _~ 
L~QU~O:::.:T~A:..:.":.:::o::.:.N......i_i =-Sy:...::../:.::O=-83:=;I=-O.:..1 ____________ -'--_-'V"-'Al:::,;::;.o.;:.UN11~L=__1 3t~mber 2001 i 

Dear Miriam, 

Further to your request we are pleased to submit a quotation to cover the analysis of your well 
water samples. We understand that there will be 15 - 25 samples in totaL 

TEST PARAMETER METHOD! LOR PRICE! 
TECHNIQUE SAMPLE($) 

Filtration 0.45 um Membrane - 2.00 
·-Ca. Mg, Na, K --APHA '20m ea-:affcf""""--- - 1 mg/L 15.00 .-.. --

------- '1- -Chloride as CI APHA 20llred. 4500 cr - BlC/G 1 mg/L _ .. - 7.00 
Sulphate as 50[. APHA 20· ed. 4500 SO/' • E .- ~= ... - 4.00 
Alkatipi!Y. .~s CaC03 

M..,.. __ 

APHA 20v
, ed. 2320 B 7.00 - .' 

ICPIMS Scan (See Note 3) "fcpiMs 0.001 - 0.2 rnglL 1'00.00 

Notes 

1. The LOR's quoted refer to 'cleani samples, with minimal matrix interference where dilution is 
not required. 

2. ALS provides appropriately pretreated and labelled sampling containers. free of charge. for 
all analytical work to be conducted at the laboratory. Samples for the quoted analysis should 
be chilled whilst en route to the laboratory and submitted in the following containers: 

WATER SAMPLE CONTAINERS 

BOTTLE TYPE 
-_ ... 

TEST PARAMETER 
1 x 1 LItre Natural PIa$tlcJG~~n label) 

... , 

Ca: Mg. Na K AlkaliQ~ Chloride, SulQ.hate 
1 x 250 ml Nltrie Acid Preserved Plastic: Bottle - Diuolved Heavy Metals 

J:!!t!!~ (Red Label) 

Tnl. tac&irni .. m ..... g. _ins ~ and conlldenllallnfonnaaon ithncIed only !Dr the ua of lhe addran.. If you 
are MIllie aoa, ... _. you ... '-Illy IIC:IIifiIo<1 thet you mUll "'" ~e. copy 0' lalla aCliOl'lIl\ _pect of b ""'Menla. 
I! you he .. ""*_ ttl .. facsimile In en-or. please notify ALS immeOialllly and IWIum it ID II>t! __ la .. 
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/ALS EnuirDnmental 

CONTACT: 

CLIENT: 

ADDRESS: 

ORDER No.: 

PROJECT: 

CERTIFICA TE OF ANAL YS/S 

Batch: 
Sub Batch: 

MRALAN RYAN 

NORTH PARKES PROJECT 

POBOX 995 
PARKES NSW 2870 

ES27674 

o 

LABORATORY: 

DATE RECEIVED: 

DATE COMPLETED: 

SAMPLE TYPE: 

No. of SAMPLES: 

SYDNEY 

12104/2001 

03/05/2001 

WATER 

5 

- -- - ~ ---- - -------------- -----------------------
COMMENTS 

Ironic balances are within acceptable limits as detailed in the 20th 

... edition. APHA standard methods for the examination of water and 

_ iastewaters 

NOTES 

This is the Final Report and supersedes any preliminary reports with this batch number. 
Results apply to sample(s) as submitted. All pages of this report have been checked and approved for release. 

Address 
277 -289 Wood park Road 
SMITHFIELD NSW 2164 

LAB ORA TORIES 

AUSTRALASIA 

Brisbane 
Melboume 

!fle~;lslle 

ISSUING·LABORATORY: SYDNEY 

AMERICAS 

Vancouver 
Santiago 
Lima 

Phone: 61-2-8784 8555 

Fax: 61-2-8784 8500 

Email: brianw@als.com.au 

Signatory 

-: ''':' ",dtNt atvry IS aiZ\:reCUhiQ b', tt"ie National 
.lSSOCI3:l0n 01 Tes1mg Aulnarlh.S. Austr alta. The 
H:'sttSI ff:Q'"...rtecl nerem ha¥e beEtn ~r10(mea Ir" 
.¥:C"Jl'oanc:;(e wit" ItS htrms of ac:cred.lt3tIOO. ThIS 
l!tJe' .. ttlf'4"1 ~atl not tie fePfoduced • __ capt I" lull 

Australian Laboratory SelYices Ply Lid (ABN 84 009 936 029) 

~ 
~ 
No. 10918 

Page 1 of 6 
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:ti 

Balch: 

Sub Balch: 
Date of Issue: 

ES27674 

o 
03/05/2001 

Client: NORTH PARKES PROJECT 

Client Reference: 

t MET.HOl? _ ,: ___ ANAL ~.~S .DESCRIPTION 

IED.005F I Calcium • Fillered 

ED..Ql0F I Magnesium • Filiered 

ED..Q15F I Sodium • Filtered 

EO·02OF Polassium' Fillered 

ED·037 Alkallnily as CaC03 

ED·040F Sulphale • Fillemd 

EO·045F Chlotide • Fillered 

EG..Q20F Sliver • Fillered 

EG·020F Aluminium • Filtered 

EG..Q20F Arsenic • Filtered 

EG-020F Boron • Fillered 

EG-020F Barium • Fillered 

EG·020F Beryllium • Filtered 

EG·02OF Bismulh • Filtered 

EG-020F Cadmium • Filtered 

EG·020F Cerium • Filtered 

EG-020F Cobalt • Filtered 

EG-020F Chromium • Filtered 

EG-020F Caesium • Filiered 

EG..Q2OF Copper • FMlered 

EG·OlOF Dysprosium • Filtemd 

EG·020F Erbium • Filtered 

EG·020F Europium • Filtered 

EG..Q20F Iroo • Filiered 

EG-020F Gallium • Fillered 

EG..Q20F Gadolinium • Filtered 

laboratory 

Date Sampl 

UNIT 

mg/L 

mglL 

mgll 

mgll 

mgll 
mgll 
mgll 
mgll 

mg/L 

mg/L 

mg/L 

mgll 0 
mgll 0 
mgll 0 

mgll 0 
mgll 0 

mgll 0 
mgll 0 

mgil 0 

mgll 0 

mgIl 0 

mgll 0 

mgll 0 

mgll 

mgIl 0 

mgll 0 

D. 

,d 

)R 

001 

.05 

.01 

1.2 

001 

001 

001 

001 

001 

001 

001 

001 

001 

001 

001 

001 

1.1 

001 

001 

EG-020F Hafnium • Filtered mgIl 0 .01 

EG-020F Holmium • Filtered mgIl 0 001 

EG·020F Indium • Flnered mgll 0 001 

EG·020F laolhaoum • Filiered mgll 0 .001 

ALS EnuirDnmental 

11/0412001 

W14 

546 
868 

3000 

25 

538 

1210 

6660 

<0.001 

<0.05 

<0.01 

0.5 

0.106 

<0.001 

<0.001 

<0.001 

<0.001 

0.082 

<0.001 

<0.001 

0.005 

<0.001 

<0.001 

<0.001 

<0.1 

<0.001 

<0.001 

<0.01 

<0.001 

<0.001 

<0.001 

CERTIFICATE OF ANALYSIS A 
SI 

2 3 4 
1, 11/04/2001 1110412001 1110412001 

H5 Hl0 E3 D4 

-,~ .. _ .. _-
198 202 148 116 

123 99 140 140 

260 584 188 221 

11 17 6 5 

226 152 303 299 

490 664 381 296 

581 941 455 529 

<0.001 <o.oill <0.001 <0.001 

<0.05 <0.05 <0.05 <0.05 

<0.01 <0.01 <0.01 <0.01 

1.2 1.2 0.4 0.5 

0.044 0.021 0.022 0.016 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 

0.013 0.016 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 

0.007 0.140 0.008 0.015 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 

<0.1 <0.1 <0.1 <0.1 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 

<0.01 <0.01 <0.01 <0.01 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 

Australian Laboratory ServiC6s Ply Ltd (ABN 84 009 936 029) Page 2 of 6 



w .... 
N 

Batch: 

Sub Batch: 
Date of Issue: 

ES27674 

o 
03/05/2001 

Client: NORTH PARKES PROJECT 

Client Reference: 

I 

i 
l 

i 
~ 
, METHOD 

EG-020F . 

EG-020F 

EG·OlOF 

EG·OlOF 

EG.Q20F 

EG-020F 

EG-020F 

EG.Q20F 

EG.Q20F 

EG·02OF 
EG·02OF 
EG.Q20F 
EG-02OF 

EG·020F 

EG.Q20F 

EG-OlOF 

EG-020F 

EG-020F 

EG.Q20F 
EG.Q20F 

EG·OlOF 
EG-020F 
EG-020F 

EG-020F 
EG·020F 

EG·02OF 

EG-035F 
EZ-005 

EZ-010 

EZ.Q15 

ANAL YSIS DESCRIPTION 

- Finered 

I Lutetium - Filtered 

jManganese - Filtered 

, Molybdenum - Filtered 

Neodymium • Filtered 

Nickel • Filtered 

lead • Filtered 

Praseodymium • Fillered 

Rubidium • Fillered 

MUmony • Filtered 

Selenium - Filtered 

Samarium • Filtered 

Tin - FUtered 

Strontium • Filtered 

Terbium • FHlered 

Tellurium - Flnered 

Thorium • Filtered 

Tilanlum - Filtered 

Thallium - Filtered 

Thulium - Filtered 

Uranium • Filtered 

Vanadium • Filtered 

Yllrium • Filtered 

Ytterbium • Filtered 

Zir1c • Fillered 

Zirconium • Filtered 

Mercury - Fillered 

Total Cations 

Total Mions 

Actual (Anion I Cation) Oil/erance 

Laboratory I.D. 

Date Sampled I 1110412001 

i W14 

UNIT LOR ; 
'-"--- ·-,--1----

mgll 0,001 1 0,036 

mgll 0,001 

I 
<0,001 

mglL 0,001 5,15 

mglL 0.001 0,002 

mglL 0.001 <0,001 

mgtL 0,001 0,012 

mgtL 0.001 0,001 

mgll 0,001 <0,001 

mglL 0.001 0.008 

mgtL 0,001 <0,001 

mgtL 0,01 <0,01 

mgll 0.001 <0,001 

mgtL 0.001 <0,001 

mglL 0.001 12,5 

mgtL 0,001 <0,001 

mgtL 0,005 <0,005 

mgtL 0.001 <0,001 

mgll 0,01 <0,01 

mgtL 0.001 <0,001 

mglL 0,001 <0,001 

mgtL 0,001 0,009 

mgtL 0.Q1 0.01 

mgll O,QOl <O,QOl 

mgtL 0.1101 <0.001 

mgll 0,001 0,015 

mgll 0,005 <0,005 

mgll 0,0001 <0,0001 

mell 0.01 230 

melL 0,01 224 

mell 0.01 6,04 

ALS Enuironmental 

CERTIFICATE OF ANALYSIS 

2 

11/0412001 1110412001 

H5 Hl0 

- ---. -. 
0.023 0.049 

<0.001 <0.001 

0,028 0.147 

0,196 0123 

<0,001 <0.001 

0.004 0,006 

<0,001 0,004 

<0,001 <0,001 

0,006 0.015 

0,004 0,003 

0,04 0.04 

<0,001 <0.001 

<0.001 <0,001 

18,5 21.3 

<0,001 <0,001 

<0.005 <0,005 

<0,001 <0,001 

<0,01 <0,01 

<0,001 <0,001 

<0,001 <0,001 

0,006 0.002 

<0,01 <0,01 

<0.001 <0.001 

<0,001 <0.001 

0,002 0.012 

<0,005 <0,005 

<0,0001 <0.0001 

31.62 44.02 

31,14 43.41 

0.47 0,62 

4 

1110412001 

E3 

'sAMPte-IOENimc'AfiON .. 
5 I 

I 

11104/2001 ' 

04 

0.007 0.010 

<0,001 <0.001 

<0,001 <0001 

0,079 0,009 

<0,001 <0.001 

<0,001 <0.001 

<0,001 <0,001 

<0,001 <0.001 

0,003 0.002 

<0.001 <0,001 

0.04 0.04 

<0,001 <0.001 

<0,001 <0.001 

2,82 2,77 

<0.001 <0,001 

<0,005 <0.005 

<0,001 <0,001 

<0,01 <0,01 

<0.001 <0,001 

<0,001 <0,001 

0.006 0.008 

<0,01 <0.01 

<0,001 <0.001 

<0,00 1 <0.001 

0,002 0,003 

<0.005 <0.005 

<0.0001 <0.0001 

27,28 27,08 

26,84 27,07 

0.44 <0.01 

Auslflllian Laoof'/lloty Services Ply Ltd (A~N 84 009 936 029) 
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Batch: 

Sub Batch: 
Date of Issue: 

ES27674 

o 
03/05/2001 

Client: NORTH PARKES PROJECT 

Client Reference: 

~ METHO~' 
..... "" ........ - ••• f"' ......... 

.. ~ . -_. . - - ~ .. . - _ . 
ANALYSIS DESCRIPTION UNIT LOR 

1-.---- . --.. - ~,-.-", - .- -_ .. -'---1-
ED-005f Calcium - Filtered mgIl 

ED-01OF Magnesium - Filtered mglL 1 

EO-OI5F Sodium - FNtered mgIl 1 

ED-020F : Potassium - Filtered mglL 1 

ED-037 I Alk&llnlly as CaC03 mglL 1 

ED-040F ; Sulphate - Filtered mgil 1 

ED-045F I ChlOride - FiHered mgil 1 

EG-02OF jSilver • Filtered mgil 0.001 

EG-02OF !Alumlnlum - Filtered mgil 0.05 

EG-020F I Arsenic - FiHered mglL 0.01 

EG-020F iBoton - Filtered mgil 0.2 

EG·020F iBarium • Fillered mglL 0.001 

EG-02OF 
I 0.001 I Beryllium - F~tered mglL 

EG-020F Bismuth - Filtered mgil 0.001 

EG-020F I Cadmium • Filtered mgil 0.001 

EG-020F Cerium - FIKered mgil 0.001 

EG·020F Cobalt - Fillered mgIl 0.001 

EO-020F Chromium ·FHtered mgil 0.001 

EO-02OF . Caesium • FHtered mgIl 0.001 

EG-020F Copper - Filtered mg/l 0.001 

EO-02OF Dysprosium • Filiered mgil 0.001 

EO-020F Erbium ·Fillered mgil 0.001 

EG-020F Europium • FHtered mg/l 0.001 

EG-02OF Iron ·Flilered mgil 0.1 

EG-020F Gallium - Filtered mgil 0.001 

EG-020F Gadolinium • Fillered mgIl 0.001 

EG-020F Hafnium • Filtered mg/l 0.01 

EG-020F Holmium • FHtered mgIl 0.001 

ALS Enuironmental 

QUALITY CONTROL REPORT A 
r 

1 
1 5 200 I 

1110412001 I 1110412001 1210412001 

W14 : D4 METHOD 

MS 0/. REC j CHK BLANK 

1-- -.. --.- - --- ... -- -- <1 

--- -- <I 

- -- <I 

-- - <1 

- -- ---
-- --- <f 

106% - <1 

97.0% <0.001 <0.001 

114% <0.05 <0.05 

90.0% <0.01 <0.01 

-- - <0.2 

63.0% 0.017 <0.001 

- <0.001 <0.001 

76.0% <0.001 <0.001 

89.0% <0.001 <0.001 

104% <0.001 <0.001 

91.0% <0.001 <0.001 

94.0% <0.001 <0.001 

87.0% <0.001 <0.001 

84.0% 0.016 <0.001 

77.0% <0.001 <0.001 

80.0% <0.001 <0.001 

85.0% <0.001 <0.001 

- - <0.1 

93.0% <0.001 <0.001 

84.0% <0.001 <0.001 

97.0% <0.01 <0.01 

77.0% <0.001 <0.001 

t 
.- SAMPLEiDENTij:u::ATIOt-f 

201 

1210412001 

LCS% REC 

105% 

102% 

101% 

111% 

107% 

94.0% 

85.0% 

91.0% 

102% 

91.0% 

102% 

103% 

102% 

96.0% 

100% 

107% 

103% 

97.0% 

95.0% 

I 

CHECKS AND SPIKES I 
.. --- -.. -~ .-- ---. ,_.- -r --- --'1' . -.~ 

I 

Australian Laboratory S6IVic6S Ply Lid (ABH 84 009 936 0291 Page.4 of 6 



w 
t 

Balch: 

Sub Batch: 
Date of Issue: 

ES27674 

o 
03/05/2001 

Client: NORTH PARKES PROJECT 

Client Reference: 
- -. .. --~ 

I Laboratory 1.0. 
! 
j Date Sampled 

r- . - , .... .- , . ~ .. -
METHOD ANAL YSIS DESCRIPTION UNIT LOR 

i 
~:020F" . 

1 - -- ._- .- r _. ~--.... --
I Indium - fillered I mglL 0.001 

EG-ll2OF I Lanthanum -fillered I mgIl 0.001 

! !EG-020F IUhium - f~lered mgll 0.001 

EG-020f I Lulelium o fillered mgIl 0001 

EG-020f IManganese o Flllered mglL 0.001 

EG-020F i Molybdenum - FHlered mgIl 0.001 

EG-ll20F I Neodymium - filiered mgIl 0.001 

EG-02OF Nickel • Filtered mgIL 0.001 

EG-02Of Lead • Fillered mgIl 0.001 

EG-02Of Praseodymium • filtered mgIl 0.001 

EG-020F Rubidium • FHlered mglL 0.001 

EG-020F Antimony • Filtered mgll 0.001 

EG-ll20F Selenium o Fillered mgIl 0,01 

EG·020F Samarium • Filiered mglL 0.001 

EG-020F Tin - fillered mgIL 0.001 

EG-020F Sironlium • Fillered mglL 0.001 

EG-020F Terbium • Filiered mgIl 0.001 

EG·020F Tellurium. 0 fillered mgIl 0.005 

EG..(l20F Thorium • Fillered mgll 0.001 

EG-020F Tilanium • Fillered mgIL 0.01 

EG-020F Thallium • FlUered mgIL 0.001 

EG-020F ThuHum • Filtered mgIL 0.001 

EG-020F Uranium • FHlered mgIl 0.001 

EG-ll20F Vanadium • Filtered mgIL 0.01 

EG-020F yttrium • Fillered mgll 0.001 

EG·02OF Yllerbium • Fillered mglL 0.001 

EG-020F Zinc • Fillered mgIL 0.001 

EG-ll20f Zirconium • Fillered mgll 0.005 

ALS Enuil"Dnmental 

QUALITY CONTROL REPORT 

_. -- .. --
SAMPLE IDI:NTIFICA TI 

1 ' 5 200 201· 

1110412001 111/04/2001 1210412001 1210412001 

W14 I 04 METHOD lCS% REC 

MS % REC CHK BLANK 
CHECKS AND SPIKES 

'---r - .----,--- .--- ---.- -._._-c-
90.0% <0.001 <0.001 90.0% 

-- <0.001 <0.001 101% 

90.0% 0.010 <0.001 --
81.0% <0.001 <0.001 101% 

Not Del'd <0.001 <0.001 104% 

92.0% 0.009 <0.001 102% 

83.0% <0.001 <0.001 101% 

85.0% <0.001 <0.001 102% 

83.0% <0.001 <0.001 99.0% 

78.0% <0.001 <0.001 100% 

86.0% 0.002 <0.001 .-_. 
<0.001 <0.001 86.0% 

990% 0.04 <0.01 96.0% 

83.0% <0.001 <0.001 107% 

- <0.001 <0.001 102% 

- 2.82 <0.001 --
62.0% <0.001 <0.001 96.0% 

- <0.005 <0.005 --
125% <0.001 <0.001 92.0% 

- <0.01 <0.01 100% 

- <0.001 <0.001 91.0% 

80.0'10 <0.001 <0.001 104% 

84.0% 0.007 <0.001 99.0% 

94.0% <0.01 <0.01 103% 

96.0% <0.001 <0.001 97.0% 

77.0% <0.001 <0.001 97.0% 

90.0'10 0.003 <0.001 100% 

90.0% <0.005 <0.005 103'10 

Australian LaboratOl)' Services Ply Ltd (AP" ~4 009 936 029) 
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i 
_-L--_....L.-_-'---- I 
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Batch: 

Sub Batch: 

Date of Issue: 

Client: 

Client Reference: 

ES27674 

o 
03/05/2001 

NORTH PARKES PROJECT 

Laboratory 1.0. 

Date Sampled 

! METHOD . ANALYSIS DESCRIPTION UNIT LOR 

~G:035F J"'" Mefcuty • F~tefed 

~
EZ -005 TOlal Cations. 

EZ ·Ill 0 Total Anions 

E~:015 _ A~tu,!! tAn~n !~~'?~t Dlflerence __ -'_='-=---'. 

mgiL 0.0001 

melL 0.01 

mell 0.01 
~a' 0.01 

ALS Enuironmental 

QUALITY CONTROL REPORT A 
SAMPLE' IDENTIFicATION 

5 200 201 I 
1110412001 11104/2001 1210412001 11210412001 

W14 04 METHOO LCS % REG 

MS % REG GHK BLANK 
CHECKS AND SPIKES 

99.0% «I.'oooIJ" TIO-OOOI' 102%J'" ··· ... I· ... -··· .. - ... -[ ..... 
.... ~.. ....... .-
....... ........ -
....... ..- .. --_.. - --~ -_. 

Australian Laboratory Services Ply Lid (ABN 84 009 936 029) Page 6 of 6 



ALS Enuironmental 
CERTIFICA TE OF ANAL YSIS 

Batch: 
Sub Batch: 

CONTACT: MRALAN RYAN 

CLIENT: NORTH PARKES PROJECT 

ADDRESS: 
POBOX 995 
PARKES NSW 2870 

ORDER No.: NS 2258 

PROJECT: 

COMMENTS 

Ionic balance for sample "W17" out of acceptable limits due to 

analytes not quantified in this report 

NOTES 

ES27666 
o 

'LABORATORY: 

DATE RECEIVED: 

DATE COMPLETED: 

SAMPLE TYPE: 

No. of SAMPLES: 

This is the Final Report and supersedes any preliminary reports with this batch number. 

SYDNEY 

11/0412001 

27/0412001 

WATER 

6 

Results apply to sample(s) as submitted. All pages of this report have been checked and approved for release. 

Address 
277 -289 Woodpark Road 
SMITHFIELD NSW 2164 

ISSUING LABORATORY: SYDNEY 

Phone: 61-2-8784 8555 

Fax: 61-2-8784 8500 

Email: brianw@als.com.au ~ _~ 

Signatory --.-:.0lli~U~](~ 

LABORA TORIES 

AUSTRALASIA 

Brisbane 
Melbourne 

f1e'?:c%/le 
Hong Kong 
Singapore 
Kuala Lumpur 
Auci<Jand 

AMERICAS 

Vancouver ta,:::ago 

Australian Laboratory Services Ply Lid (ABN 54 009 936 029) 

T"'H~ lab04'alOfY 1$ accreoJled by the Nallonal 
A$$OCJatlon 0' testing Author"te$.. Ausuaha. The 
testtsl reported heteln have been periormed In 
actomanC:e with .1$ terms of acCf8Chtat,g,o Th.s 
~!(lr.\"net\! Sn.ali ~ a.e reorodvCed except tt, full 

~ 
~ 
No. 10918 

Page 1 of 7 
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Batch: 

Sub Batch: 
Date of Issue: 

ES27666 

o 
27/04/2001 

Client: NORTH PARKES PROJECT 

Client Reference: 
.. _--_._". 

Laboral~ry to. 
Dale Sampled 

I 

METHOP_ .. ANALYSIS OESeR -------_ ..... 
ED-OOSF Calcium • Fillered 

ED-Ol0F Magnesium • Filteree:! 

PTION UNIT LOR 
-1--

,mgIL 

imgIL 

ED·OISf . SOdium • FHleree:! 

ED-020F :POIa$sium • Filteree:! 

ED-037 I Alkalinily as CaC03 

ED-040F i Sulphale • Filleree:! 

ED-045 I Chloride 

EG-02OF I Silver • FHlered 

I mg/L 

I mg/L 

mg/L 

mg/l 

mgIL 

mg/L 0.001 

I Aluminium • Fillered mgIL 0.05 

j= • Fillered 
• Fillered 

Barium • Filiered 

mg/L 0.01 

mgIL 0.2 

mgIL 0.001 

Beryllium • Fillered mgIL 0.001 

EG-020F Bismuth • FIUered mgIL 0.001 

EG-020F Cadmium • Filiered mgll 0.001 

EG·020F Cerium • Filtered mgIL 0.001 

EG-020F Coball • Filtered mg/L 0.001 

EG-020F Chromium - FiHered mgIL 0.005 

EG-020F Caesium • Fillered mg/L 0.001 

EG-020F Copper • Fillered mglL 0.001 

EG-020F Dysprosium • Fillered mgIL 0.001 

EG·020F Erbium • Filtered mglL 0.001 

EG-02OF Europium • FBlered mglL 0.001 

EG-020F Iron • Filtered mgIL 0.1 

EG-020F Gallium • Filtered mglL 0.001 

EG·020F Gadolinium • Filtered mg/L 0.001 

EG-020F Hafnium • Ffttered mgIL 0.01 

EG-020F Mercury • Fillered mgIL 0.0001 

EG-020F Holmium • Fillered mgIL 0.001 

EG-020F Indium • Fillered mg/l 0.001 

ALS Enulronmental 

1010412001 

Wl1 

425 
45 

460 . 

14 

261 ' 
406 

1100 

<0.001 

<0.05 

<0.01 

3.2 
0.122 
<0.001 
<0.001 

<0.001 

<0.001 

0.001 

<0.005 

<0.001 

0.002 
<0.001 

<0.001 

<0.001 
<0.1 

<0.001 
<0.001 
<0.01 

<0.0001 

<0.001 

<0.001 

CERTIFICATE OF ANALYSIS A 
IVIPI,!=ifiIEJ.jT/FICAT~ON.'--

5 6 I 

0104/2001 10104/2001 I 
W17 UIGROUNO 

._-------_ . .. -~ 

2 3 4 

10104/2001 10104/2001 10104/2001 

W12 W13 W16 

._--L._ .... __ r-
220 74 481 

153 45 119 141 1030 

295 140 720 491 6980 

5 5 44 11 32 

269 343 349 545 204 

353 59 634 SOil 5430 

1125 190 1670 592 11800 

<0.001 <0.001 <0.001 <0.001 <0.001 

<0.05 <0.05 <0.05 <0.05 <0.05 

<0.01 <0.01 <0.01 <0.01 <0.01 

1.1 • <0.2 5.8 0.1l 0.1 

0.157 0.053 0.102 0.033 0.019 

<0.001 <0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 <0.001 

'0.005 <0.001 0.001 0.003 0.002 

<0.005 <0.005 <0.005 <0.005 <0.005 

<0.001 <0.001 <0.001 <0.001 <0.001 

0.008 0.003 0.008 0.006 0.013 

<0.001 <0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 <0.001 

<0.1 <0.1 <0.1 <0.1 <0.1 

<0.001 <0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 <0.001 

<0.01 <0.01 <0.01 <0.01 <0.01 

<0.0001 <0.0001 <0.0001 0.0001 <0.0001 

<0.001 <0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 <0.001 

Australian Laboratory Services Ply L' "IN 84 009936029) Page 2 01 7 
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00 

Batch: 

Sub Batch: 
Date of Issue: 
Client: 
Client Reference: 

METHOD ANAL -----,.- -
EG-020F I Lanthanum 
EG-020F lithium 

EG-020F Lutetium 

EG-020F Manganese 

EG-<l20F MoIybdenu 

EG-<l20F Neodymlu 

EG-<l20F Nickel 

EG-<l20F Lead 

EG-<l20F Praseodym 

EG-020F Rubidium 

EG-020F Antimony 

EG'()20F Selenium 

EG-020F Samarium 

EG-<l20F Tin 
EG-020F Strontium 

EG'()20F Terbium 

E(3..020F Tellurium 

EG-<l20F Thorium 

Ea..o20F Titanium 

EG-020F Thaillum 

EG-<l20F Thu~um 

EG-020F Uranium 

EG-020F Vanadium 

EG-020F Yl!rium 

ISG-020F Ytterbium 

EG-02OF Zinc 

EG-020F Zirconium 

EZ-005 Total Cation 

EZ -<l10 Total Anion 

EZ -<l15 Actual (Anion 

ES27666 

o 
27/04/2001 
NORTH PARKES PROJECT 

---,. ~-,-~--- .... -~. -- ---------c- .. .. ~. 

Laboratory 1.0. 1 

Dale Sampled 1010412001 

- - Wll 

>IS DESCRIPTION UNIT LOR ---.------ .,- -_._-- --.---- -_. __ .. 
- Fltlered mglL 0.001 <0.001 

'iHered mgIL 0.001 0.021 

Fillered mglL 0.001 <0.001 

• Filtered mgIL 0,001 0.947 

• Filtered mgIL 0.001 <0.001 

-FiUered mgIL 0.001 <0,001 

iltered mgIL 0.001 0.003 

';ltered mgIL 0.001 0.007 

n • Filtered mgIL 0,001 <0.001 

, Filtered mgIL 0,001 0,004 

Fillered mgIL 0,001 <0,001 

Flnered mgIL 0,01 <0.01 

• Fillered mgIL 0,001 <0.001 

tered mgll 0,001 <0.001 

FRtered mgll 0001 13.3 

Fillered mgIL 0.001 <0.001 

Filtered mgIL 0.005 <0.005 

Flilered mgIL 0.001 <0.001 

FRtered • mgIL 0.01 <0.01 

Filtered mgIL 0.001 <0.001 

Filtered mgll 0.001 <0.001 

Filtered mgIL 0,001 <0.001 

• Filtered mgIL 0.01 <0.01 

'iltered mgIL 0.001 <0.001 

Filtered mg/L 0.001 <0.001 

Illered mgIL 0.001 0.028 

·Flllered mgIL 0,005 <0.005 

mell 0.01 45.28 

mell 0.01 44.70 

I Calion) Difference mell 0.01 0.57 

ALS Enulronmental 

CERTIFICATE OF ANALYSIS A 
__ , ___ w_ 

.-.-~.- .-... ---'-SAMPLe IDENTIFICATiOl,f . -"------.--~ 

2 3 
, 

4 5 I 
1 0I04~200 1 I I 

1010412001 1010412001 I 1010412001 1010412001 

W12 W13 I W16 W17 UIGROUND 

---.-- -~--. ._---- --- .. - -.-.~ ,.- -. ~. __ t . 

<0.001 <0.001 <0.001 <0.001 <0.001 

0.004 0.005 0.031 0,014 0.181 

<0.001 <0.001 <0.001 <0.001 <0001 

2.45 0.238 0.434 0.190 1.10 

0.002 <0.001 0.018 0.007 0.048 

<0.001 <0.001 <0.001 <0,001 <0.001 

0,007 0.005 <0.001 0,002 0.003 

<0.001 0.006 0.004 <0.001 <0.001 

<0,001 <0,001 <0,001 <0.001 <0,001 

0.001 0,003 0,012 0,004 0,022 

<0,001 <0.001 0.004 <0,001 <0,001 

<0.01 <0,01 0,02 0.03 0.01 

<0.001 <0.001 <0,001 <0,001 <0,001 

• <0,001 <0,001 <0.001 <0,001 <0.001 

4.51 1.32 11.9 2.67 22.0 

<0.001 <0.001 <0.001 <0.001 <0.001 

<0.005 <0.005 <0.005 <0.005 <0.005 

<0.001 <0.001 <0.001 <0.001 <0,001 

<0.01 <0.01 <0.01 <0.01 0.01 

<0.001 <0.001 <0.001 <0.001 <0001 

<0.001 <0.001 <0.001 <0.001 <0.001 

0.012 0.001 0.008 0.009 0,006 

<0.01 <0.01 <0.01 <0.01 0.04 

<0.001 <0.001 <0.001 <0,001 <0.001 

<0.001 <0.001 <0.001 <0.001 <0.001 

0.013 0.012 1.24 0.009 0.018 

<0.005 <0,005 0.012 <0.005 <0.005 

36.53 13.61 66.24 41.40 444 

36.00 13.45 61,29 38.18 450 

0.53 0.17 1.05 3.22 6.41 

Australilln Lllboralory Services Ply Ltd (ABN 84 009 936 029) Page 3 of 7 
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.j::. 
\0 

Batch: 

Sub Batch: 

Date of Issue: 

Client: 

Client Reference: 

ES27666 

o 
27/0412001 
NORTH PARKES PROJECT 

CERTIFICATE OF ANALYSIS 

r- - - - ,- j - --,--,- -----SAMPlE'iDENfiFICAi'IOilf""------
I laboratory 1.0. 1 I 2 3 4 -5 6 I I I Date Sampled 10104/2001; 10/0412001 1010412001 1010412001 10/04/2001 1010412001 i 

... _ _ _,_ -, ... _-_ .. - -- -- -- Wll W12 W13 W16 W17 UIGROUNO,· "~E:IHO~I-;-!_~~LY.SI.?_O_E~~~IPT~<?!'l_ .. _ l' U"!.I!_"I~~ . _., - - I .___ ~_ I __ ~' I. I.~ ___ . ± __ ~~..()~~ _ • ....LAllowed{Ani<?"l~.!'!IOnl~iIf8re~~!'_ .. _._ !"!~L-.?~ __ ~_.J 066 0.31 ~t __ O.~,j 708 i_ .. __ _ 

ALS EnuifDnmental Australian Laoora/ory Services Ply I 'I!,BN 84009 936 029) 

A 

.. I ~_ .. --±--

Page 4 of 1 



w 
VI o 

Batch: 

Sub Batch: 
Date of Issue: 

ES27666 

o 
27104/2001 

Client: NORTH PARKES PROJECT 

Client Reference: 

Laboratory 1.0. 

i Date Sampled 
I 

I ~ET~~;----ANALYSIS DESCRIPTION UNIT LOR 

I 
l.. 
EO-005F !Calciu;" - Fillered mgIl 

ED-Ol0F I Magnesium - FUtered mgIl 

ED-OI5F Sodium • FUtered mg/L 

ED-020F Potasllum • Filtered mg/L 

ED-em Alkallnhy al CaC03 mgIl 

ED-04OF Sulphate • Flllered mgIl 

EO-045 Chloride mg/L 

EG-020F Sliver • Fillered mg/L 0.001 

EG-020F Aluminium • FNlered mg/l 0.05 

EG-020F Arsenic • Filtered mg/L 0.01 

EG-020F Boron • Filtered mg/l 0.2 

EG-020F Barium ·FUtered mg/L 0.001 

EG-020F BerylMum - FHlered mg/L 0.001 

EG-02OF Blsmulh • Fillered mg/L 0.001 

EG-020F Cadmium • Filtered mg/l 0.001 

EG-02OF Cerium • FUtered mg/L 0.001 

EG-02OF Coball • Filtered mg/L 0.001 

EG-02OF Chromium • FN'ered mg/L 0.005 

EG-02OF Caesium • FHtered mgIl 0.001 

EG-02OF Copper • Fillered mglL 0.001 

EG-020F Dysprosium • Filtered mglL 0.001 

EG-020F Erbium - Filiered mg/l 0.001 

EG-020F Europium - Filtered rnglL 0.001 

EG-02OF Iron • FMlered mgIl 0.1 

EG-02OF Gallium • Filtered mg/L 0.001 

EG-02OF Gadolinium • FHlered mg/l 0.001 

EG-02OF Hafnlum • Filtered mglL 0.01 

EG-020F Mercury • Filtered mgIL 0.0001 

ALS EnulrDnmental 

10/041 001 

WI 
MS% REC 

lOE 
96.~ 

lOE 
100 

10~ 

8e.C 

9O.C 

101 

98.[ 

10l 
94.( 

89.( 

84.£ 
84.( 
83.( 

90.( 
91.( 

91.( 

% 
% 

% 

% 

% 

,% 

,% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

~ 

QUALITY CONTROL REPORT A 
SAMPLE IDENTIFICATION 

6 200 201 I 202 I 
I 1010412001 1110412001 11/0412001 1'110412001 

UIGROUND METHOD LCS % REC , MS % REC 

CHK BLANK 
CHECKS AND SPIKES 

______ r_~· __ _ .... ---- .-._-
1150 <1 

1090 <1 

7350 <1 

34 <1 

105% 

5340 <1 

<1 102% 

<0.001 <0.001 101% 

<0.05 <0.05 111% 

<0.01 <0.01 107% 

0.6 <0.2 101% 

0.019 <0.001 94.0% 

<0.001 <0.001 85.0% 

<0.001 <0.001 91.0% 

<0.001 <0.001 102% 

<0.001 <0.001 102% 

0.002 <0.001 102% 

<0.005 <0.005 103% 

<0.001 <0.001 87.0% 

0.013 <0.001 102% 

<0.001 <0.001 96.0% 

<0.001 <0.001 100% 

<0.001 <0.001 107% 

<0.1 

<0.001 <0.001 93.0% 

<0.001 <0.001 103% 

<0.01 <0.01 97.0% 

<0.0001 107% 95.0% 

Australian Laboratory SeNices Pty LId (ABN 84 009 936 029) Page 5 of 7 
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VI 

Batch: 

Sub Batch: 

ES27666 

o 
27/04/2001 

QUALITY CONTROL REPORT 
Date of Issue: 

Client: NORTH PARKES PROJECT 

Client Reference: 
.- ---- .... -- .- .---- --.. --- -·-------------5 

Laboralory 1.0. 1 6 i 200 201 I 
Date Sampled 1010412001 10104/2001 I 1110412001 11104/2001 I 

AMPLE IDENTIFICATION 
202 I I 

110412001 

MS%REC I ~~~OD -- "-ANA~ ;Sis DESCRIPTION UNIT LOR MS :1 ~EC UlG~~~ND I M:~:~D LCS % REC 

: em ECKS AND SPIKES 

.----_. -- ~-----... ... --' .,-_.-:-._-- .~ ---
!EG-02OF Holmium - Filtered mgIL 0.001 83.0% <0.001 <0.001 9S.0% 

IEG-020F Indium - Filtered mgIL 0.001 91.0% <0.001 <0.001 90.0% 

IEG-020F Lanlhanum· Fillered mglL 0_001 - <0.001 <0.001 101% 
IEG-020F Lllhlum - FUtered mglL 0.001 SO.O% 0.160 <0.001 90.0% 

IEG-020F Lutetium - Filtered mgIL 0.001 78.0% <0_001 <0.001 101% 

EG-020F Manganese - Filtered mgIL 0.001 - 1.18 <0.001 104% 
EG-020F Molybdenum - F~tered mg/L 0.001 91.0% 0.048 <0.001 102% 

----.--- ....... -. r . _.-

EG-0201' Neodymium - Filtered mgll 0.001 82.0% <0.001 <0.001 101% 

EO-02OF Nickel - FHtered mglL 0.001 93.0% 0,004 ~O,OOI 102% 

EG.020F Lead - Filtered mgIL 0.001 91.0% <0.001 <0.001 100% 

EG-020F Praseodymium - Filtered mgIL 0.001 SO,O% <0.001 <0.001 100% 

EG-020F Rubidium· Filtered mg/L 0,001 92.0% 0.022 <0.001 -
EG-020F Antimony - Filtered mglL 0,001 118% <0.001 <0.001 88.0% 

EG-020F Selenium - Filtered mgIL 0.01 91.0% 0.01 <0.01 96.0% 
EG-020F Samarium - Filtered mg/L 0.001 SO.O% <0.001 <0.001 107% 

EG-020F Till - Filtered mgIL 0.001 <0.001 <0.001 102% 

EG-020F Sironlium" FUlered mgIL 0.001 86,0% 22.5 <0.001 102% 

EO-020F Terbium - Filtered mg/L 0,001 86.0% <0,001 <0.001 99.0% 

EG-020F Tellurium - Filtered mg/l 0.005 - <O.OOS <O'OOS -
EG-020F ThOrium .. Filtered mg/l 0,001 12S% <0.001 <0,001 92.0% 

EG-020F TItanium· Filtered mg/l 0.01 - 0.01 <0,01 99,0% 
EO-020F Thallium .. Filiered mg/l 0,001 - <0.001 <0.001 91.0% 

EO-020F Thulium - Flliered mg/l 0.001 83,0% <0,001 <0.001 104% 

EG-020F Uranium - Filtered mg/L 0.001 87.0% 0.006 <0.001 103% 

EG-020F Vanadium - F~tered mglL 0.01 105% 0,04 <0.01 103% 
EG-020F Yllrium - Fillered mgll 0.001 97,0% <0,001 <0.001 97.0% 

EG-020F Yllerblum· Filtered mg/l ().001 - <0.001 <0.001 91.0% 

EG-020F __ Zinc - FMlered mgll 0.001 93.0% 0.021 <0.001 100% 

ALS Enuironmental Ausfralian Laboratory SetVices Pty LI 13N 84 009 936 029) 

A 

"1'--

Page 6 of 7 



w 
V'I 
tv 

Batch: 

Sub Batch: 
Date of Issue: 
Client: 
Client Reference: 

ES27666 

o 
27104/2001 

.; 

NORTH PARKES PROJECT 

Laboratory I 

Dale Sample 

D. 

d 

METHOD ANAL YSIS DESCRIPTION UNIT L )R 

·---··-f--------· . 
EG-020F I ZIrconium • FiHered mgIl O. 

EZ -005 I Tola. Calions mel\. 0 
EZ-ol0 TOIaI Anions mall 0 

EZ·015 Actua' (Anion I Calionl Difference mall 0 

005 

.01 

.01 

.01 

EZ-020 ._ .. _ • ~lIowed (AnIon 1 Calionl Dlfferenc~_ mall 0 .01 

ALS Enulronmental 

QUALITY CONTROL REPORT A 
-------- -SA~PlE iDENT1FicA nON' -- - . -- --. 

6 200 201 202 
, 

I 
10104/2001 10104/2001 11/0412001 11/0412001 11/0412001 

Wl1 U/GROUND METHOD lCS % REC MS%REC 

MS%REC CHK BLANK 
CHECKS AND SPIKES 

--.--- -J--IJ 95.0% <0.005 <0.005 103% 

= -- - -----

Australian Laooratory SelV/ces Ply Ltd (ABN 84 009 936 029) Page 7 or 7 
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Wll SampleJ:D 
Location 
Site 
Sampling Date 
Geology 
Water type 

NPM O/C bore 
Between E22 and E27 
April 2001 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 

Ca-Na-Cl 

44.6997 
45.7530 
1.16% 

2786.0 
2789.2 

meq/l 
24.91 
19.69 

Of 
124.55 
98.45 

Temporary hardness 5.22 26.10 
26.10 Alkalinity 5.22 

(1 of = 10 mg/l CaC03/l 1 Og 

Major ion composition 

Na+ 
K + 
Ca++ 
Mg++ 
Cl
S04-
HC03 

mg/l mmol/l 

460.0 
14.0 
425.0 
45.0 
1100.0 
406.0 
318.42 

20.009 
0.358 
10.604 
1. 851 
31. 027 
4.227 
5.219 

10 mgll CaO) 

meqll 

20.009 
0.358 
21. 208 
3.702 
31.027 
8.453 
5.219 

Og 
69.75 
55.13 
14.61 
14.61 

meq% 

22.121 
0.396 
23.447 
4.093 
34.302 
9.345 
5.77 

Ratios Comparison to Seawater 
mg/l mmol/l mgll mmolll 

Ca/Mg 9.444 
Ca/S04 1.047 
Na/Cl 0.418 

Dissolved Minerals: 

5.728 
2.509 
0.645 

mg/l 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

mmolll 
------ ------- ------ ------ ---
Halite (NaCl) 1170.509 20.0087 
Sylvite (KCl) 26.693 0.3602 
Carbonate (CaCo3 ) 453.053 4.5305 
Dolomite (CaMg(C03) 2) : 340.786 1. 851 
Anhydrite (CaS04) 575.677 4.227 

APPENDIX6G 

---

mgll CaC03 
1245.5 
984.5 
261.0 
261.0 

354 



SampleJ:D 
Location 
Site 
Sampling Date 
Geology 
Watertype 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 
(1 of 10 mg/l CaC03/l 

Major ion composition 

1 

W12 

E22 
April 2001 

Na-Mg-Ca-Cl-S04 

35.9994 
36.7636 
1.05% 

2187.4 
2188.5 

meq/l 
23.57 
18.19 
5.38 
5.38 

Og 10 

of 
117.83 
90.93 
26.90 
26.90 

mg/l CaO) 

65.98 
50.92 
15.06 
15.06 

mg/l romol/l meq/l meq% 

Na+ 295.0 
K + 5.0 
Ca++ 220.0 
Mg++ 153.0 
Cl- 825.0 
S04-- 353.0 
HC03 328.18 

Ratios 
mg/l 

----- ------

Ca/Mg 1. 438 
Ca/S04 0.623 
!:'la/Cl 0.358 

Dissolved Minerals: 

Halite (NaCl) 
Sylvite (KCl) 

12.832 
0.128 
5.489 
6.294 
23.27 
3.675 
5.379 

romolll 
-------------

0.872 
1.494 
0.551 

mg/l 

Dolomite (CaMg(C03)2): 

750.652 
9.533 
333.973 
500.527 Anhydrite (CaS04) 

------
12.832 17.635 
0.128 0.176 
10.978 15.087 
12.587 17.299 
23.27 31.981 
7.35 10.101 
5.379 7.392 

Comparison to Seawater 
mg/l romol/l 

------

0.319 0.194 
0.152 0.364 
0.556 0.858 

romol/l 

12.8317 
0.1287 
1. 814 
3.675 

APPENDIX6G 

mg/l CaC03 
1178.3 
909.3 
269.0 
269.0 

355 



SampleID 
Location 
Site 
Sampling Date 
Geology 
Watertype 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 
(1 of = 10 mg/l CaC03/l 

Major ion composition 

1 

W13 

E22 
April 2001 

Na-Mg-Ca-HC03-Cl 

13.4468 
13.6304 
0.68% 

698.4 
698.4 

meq/l 
7.39 
0.54 
6.86 
6.86 

Og = 10 

of 
36.97 
2.68 
34.30 
34.30 

mg!1 CaO) 

Og 
20.71 
1. 50 
19.21 
19.21 

mg/l mmol/l meq/l meq% 
---- ----

Na+ 
K + 
Ca++ 
Mg++ 
Cl-
S04 
HC03-

Ratios 

Ca/Mg 
Ca/S04 
Na/Cl 

140.0 
5.0 
74.0 
45.0 
190.0 
59.0 
418.46 

mg/l 

1.644 
1.254 
0.737 

Dissolved Minerals: 
---- ---

Halite (NaCl) 
Sylvite (KCl) 

-------
6.09 
0.128 
1. 846 
1.851 
5.359 
0.614 
6.859 

mmol!1 

0.997 
3.006 
1.136 

mg/l 
---- --

306.033 
9.533 

-- ---
6.09 22.491 
0.128 0.473 
3.693 13.639 
3.702 13.672 
5.359 19.792 
1.228 4.535 
6.859 25.331 

Comparison to Seawater 
mg!1 mmol!1 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

mmol/l 
--- --------

5.2313 
0.1287 

Dolomite (CaMg(C03)2) : 226.826 1.232 
Anhydrite (CaS04) 83.657 0.614 

APPENDIX6G 

mg!1 CaC03 
369.7 
26.8 
343.0 
343.0 

356 



SampleID 
Location 
Site 
Sampling Date 
Geology 
Watertype 

WI' 
East of E27 
By the tails Dams 
April 2001 

Na-Mg-Cl 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

223.8066 
230.3087 
1. 43% 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 

12983.2 
12983.7 

meq/l 
98.66 
87.9 
10.76 
10.76 

of Og 
493.28 276.24 
439.49 246.11 
53.79 30.12 
53.79 30.12 

(1 of 10 mg!l CaC03!l 1 10 mg/l CaO) 

Major ion composition 
mg/l mmol/l meq!l meq% 

------~---------- -------------------
Na+ 3000.0 130.492 130.492 28.735 
K + 25.0 0.639 0.639 0.141 
Ca++ 546.0 13.623 27.246 6.0 
Mg++ 868.0 35.705 71.411 15.725 
Cl 6660.0 187.854 187.854 41. 367 
S04 - 1210.0 12.597 25.194 5.548 
HC03 656.36 10.759 10.759 2.369 

Ratios Comparison to Seawater 
mg/l mmol!l mg/l mmol!l 

------------------ -----------
Ca/Mg 0.629 
Ca/S04 0.451 
Na/Cl 0.45 

Dissolved Minerals: 

Hali te (NaCl) 
Sylvite (KCl) 

0.382 
1. 081 
0.695 

Dolomite (CaMg(C03)2) : 
Anhydrite (CaS04) 

0.319 0.194 
0.152 0.364 
0.556 0.858 

mg/l mmol/l 

7633.754 130.4915 
47.667 0.6433 
188.875 1.026 
1715.687 12.597 

APPENDIX6G 

mg/l CaC03 
4932.8 
4394.9 
537.9 
537.9 

357 



Sample:ID 
Location 
Site 

W16 

E27 
Sampling Date 
Geology 
Watertype 

April 2001 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 

Na-Ca-Cl 

67.2843 
66.7943 
-0.37% 

4113.3 
4118.9 

meq/l 
33.79 
26.81 
6.98 
6.98 

of 
168.96 
134.07 
34.90 
34.90 

(1 of 10 mg/l CaC03/l 1 Og = 10 mg/l CaO) 

Major ion composition 

-------
Na+ 
K + 
Ca++ 
Mg++ 
Cl-
S04--
HC03-

mg/l mmol/l 
----------
720.0 
44.0 
481. 0 
119.0 
1670.0 
634.0 
425.78 

31. 318 
1.125 
12.001 
4.895 
47.105 
6.6 
6.979 

meq/l 

31. 318 
1.125 
24.002 
9.79 
47.105 
13.201 
6.979 

Og 
94.62 
75.08 
19.54 
19.54 

meq% 

23.358 
0.839 
17.901 
7.302 
35.132 
9.846 
5.205 

Ratios Comparison to Seawater 
mg/l mmol/l mg/l mmol/l 

Ca/Mg 
Ca/S04 
Na/Cl 

4.042 
0.759 
0.431 

Dissolved Minerals: 

Halite (NaCl) 

2.452 
1.818 
0.665 

Sylvite (KC1) 
Carbonate (CaCo3) 
Dolomite (CaMg(C03)2) : 
Anhydrite (CaS04) 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

mg/l 

1832.101 
83.894 
50.608 
901.189 
898.963 

mmol/l 

31.318 
1.1322 
0.5061 
4.895 
6.6 

APPENDIX6G 

mg/l CaC03 
1689.6 
1340.7 
349.0 
349.0 

358 



S~leJ:D 

Location 
Site 
Sampling Date 
Geology 
Watertype 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 
(1 of = 10 mg 11 CaC031l 

Major ion composition 

1 

W17 

E27 
April 2001 

Na-Mg-Cl-HC03-S04 

38.1739 
41.4882 
4.16% 

2177.7 
2178.3 

meq/l 
19.48 
8.59 
10.9 
10.9 

0g = 10 

of 
97.42 
42.93 
54.49 
54.49 

mgll CaO) 

Og 
54.56 
24.04 
30.52 
30.52 

mg/l mmol/l meq/l meq% 

Na+ 
K + 
Ca++ 
Mg++ 
Cl-
S04--
HC03-

Ratios 

Ca/Mg 
Ca/S04 
Na/Cl 

497.0 
11.0 
158.0 
141.0 
592.0 
508.0 
664.9 

mg/l 

1.121 
0.311 
0.84 

Dissolved Minerals: 

Hali te (NaCl) 
Sylvi te (KC1) 
Anhydrite (CaS04) 

21.618 
0.281 
3.942 
5.8 
16.698 
5.289 
10.899 

mmolll 

0.68 
0.745 
1. 295 

mg/l 

960.385 
20.973 
720.305 

21.618 27.137 
0.281 0.353 
7.884 9.897 
11.6 14.562 
16.698 20.961 
10.577 13.277 
10.899 13.682 

Comparison to Seawater 
mg/l 

0.319 
0.152 
0.556 

mmolll 

0.194 
0.364 
0.858 

mmolll 

16.4168 
0.283 
5.289 

APPENDIX6G 

mgll CaC03 
974.2 
429.3 
544.9 
544.9 

359 



SampleID 
Location 
Site 
Sampling Date 
Geology 
Water type 

U/G Mine 
E26 
E26 mine seepage 
April 2001 

Na-CI-S04 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

449.9735 
444.3083 

0.63% 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 

26635.0 
26635.6 

meq/l 
139.13 
135.05 
4.08 
4.08 

of Og 
695.65 389.56 
675.25 378.14 
20.40 11.42 
20.40 11.42 

(1 of = 10 mg/l CaC03/1 1 0g = 10 mg/l CaO) 

Major ion composition 
mg/l mmol/l meqll meq% 

--------

Na+ 6980.0 
K + 32.0 
Ca++ 1090.0 
Mg++ 1030.0 
Cl- 11800.0 
S04-- 5430.0 
HC03- 248.88 

Ratios 
mg/l 

Ca/Mg 1.058 
Ca/S04 0.201 
Na/Cl 0.592 

Dissolved Minerals: 

Hali te (NaCl ) 
Sylvite (KCl) 
Anhydrite (CaS04) 

303.61 
0.818 
27.196 
42.369 
332.835 
56.53 
4.079 

mmol/l 

0.642 
0.481 
0.912 

mg/l 

303.61 33.95 
0.818 0.091 
54.391 6.082 
84.739 9.476 
332.835 37.218 
113.059 12.642 
4.079 0.456 

Comparison to Seawater 
mg/l mmol/l 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

mmolll 

17761.201 303.6103 
61.014 0.8234 
7699.321 56.53 

APPENDIX6G 

mg/l CaC03 
6956.5 
6752.5 
204.0 
204.0 

360 



SampleXD 
Location 
Site 

D4 
E27 
E27 pit seepage 
April 2001 Sampling Date 

Geology 
Watertype 

oxide zone 
Mg-Na-Ca-Cl-S04-HC03 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

27.0635 
27.1390 
0.14% 

1675.2 
1675.0 

Hardness meq/l of 
Total hardness 17.31 86.53 
Permanent hardness 11.33 56.64 
Temporary hardness 5.98 29.90 
Alkalinity 5.98 29.90 
(1 Of = 10 mg!1 CaC03!1 1 0g= 10 mg!1 CaO) 

Major ion composition 
mg/l mmol!1 meq/l 

--- ...... _-- -------- ---- ......... - ------
Na+ 221.0 9.613 9.613 
K + 5.0 0.128 0.128 
Ca++ 116.0 2.894 5.788 
Mg++ 140.0 5.759 11. 518 
Cl- 529.0 14.921 14.921 
S04-- 296.0 3.082 6.163 
HC03- 364.78 5.979 5.979 

Og 
48.46 
31. 72 
16.74 
16.74 

meq% 

17.735 
0.236 
10.678 
21.25 
27.528 
11. 37 
11.031 

Ratios Comparison to Seawater 

Ca/Mg 
Ca/S04 
Na/Cl 

mg/l 

0.829 
0.392 
0.418 

Dissolved Minerals: 

Halite (NaCl) 
Sylvite (KC1) 
Anhydrite (CaS04) 

mmol!1 

0.503 
0.939 
0.644 

mg/l 

562.353 
9.533 
419.705 

mg!1 mmol!1 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

mmol/l 

9.6129 
0.1287 
3.082 

APPENDIX6G 

mg/l CaC03 
865.3 
566.4 
299.0 
299.0 

361 



SampleJ:D 
Location 
Site 
Sampling Date 
Geology 
Watertype 

Sum of Anions (meq/l) 
Sum of Cations (meq/1J 
Balance: 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 
(1 of = 10 mg/1 CaC03/1 

Major ion composition 

1 

1:3 
E27 
E27 pit seepage 
April 2001 
oxide zone 
Mg-Na-Ca-Cl-S04-HC03 

26.8260 
27.3204 
0.91% 

1691.1 
1690.9 

meq/l 
18.9 
12.84 
6.06 
6.06 

Og = 10 

of 
94.52 
64.22 
30.30 
30.30 

mg/1 CaO) 

Og 
52.93 
35.96 
16.97 
16.97 

mg/l romol/l meq/l meq% 
----------- ----------- -----------------------------

Na+ 
K + 
Ca++ 
Mg++ 
Cl-
S04 
HC03-

Ratios 

Ca/Mg 
Ca/S04 
Na/Cl 

188.0 
6.0 
148.0 
140.0 
455.0 
381.0 
369.66 

mg/l 

1.057 
0.388 
0.413 

Dissolved Minerals: 

Halite (NaCl) 
Sylvite (KC1) 
Anhydrite (CaS04) 

8.177 
0.153 
3.693 
5.759 
12.834 
3.966 
6.059 

romol/l 

0.641 
0.931 
0.637 

mg/l 

478.382 
11.44 
540.229 

8.177 15.102 
0.153 0.283 
7.385 13.639 
11. 518 21.272 
12.834 23.702 
7.933 14.651 
6.059 11.19 

Comparison to Seawater 
mg/1 romol/l 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

romol/1 

8.1775 
0.1544 
3.966 

APPENDIX6G 

mg/l CaC03 
945.2 
642.2 
303.0 
303.0 

362 



SampleJ:D 
Location 
Site 
Sampling Date 
Geology 
Water type 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

Measured TDS(mg/l) 
Calculated TDS{mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 
(1 of = 10 mg/l CaC03/1 

Major ion composition 

1 

B10 
E27 
E27 pit seepage 
April 2001 
Sulphide zone 
Na-Ca-CI-S04 

43.4073 
44.6506 
1.41% 

2715.5 
2715.3 

meq/l 
18.22 
15.19 
3.04 
3.04 

Og = 10 

of 
91.12 
75.93 
15.20 
15.20 

mg!l CaO) 

Og 
51. 03 
42.52 
8.51 
8.51 

mg/l mmol/l meq/l meq% 

Na+ 584.0 
K + 17.0 
Ca++ 202.0 
Mg++ 99.0 
CI- 941. 0 
S04-- 664.0 
HC03- 185.44 

Ratios 
mg/l 

Ca/Mg 2.04 
Ca/S04 0.304 
Na/CI 0.621 
CI/Br 44809.523 

Dissolved Minerals: 

Halite (NaCI) 
Sylvite (KCI) 
Anhydrite (CaS04) 

25.402 
0.435 
5.04 
4.072 
26.542 
6.913 
3.04 

mmol!l 

1.238 
0.729 
0.957 
100991.742 

mg/l 

25.402 
0.435 
10.08 
8.145 
26.542 
13.825 
3.04 

28.847 
0.494 
11.447 
9.25 
30.142 
15.7 
3.452 

Comparison to Seawater 
mg/l mmol/l 

0.319 0.194 
0.152 0.364 
0.556 0.858 
287.5 648.1 

mmol/l 

1486.037 
32.413 
941. 501 

25.4024 
0.4374 
6.913 

APPENDIX6G 

mg!l CaC03 
911.2 
759.3 
152.0 
152.0 

363 



Samplel:D 
Location 
Site 
Sampling Date 
Geology 
Watertype 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 
(1 of = 10 mg/l CaC03/l 

Major ion composition 

1 

HS 
E27 
E27 pit seepage 
April 2001 
Sulphide zone 
Na-Mg-Ca-Cl-S04 

31.1497 
32.0805 
1.47% 

1961. 2 
1960.9 

meq/l 
20.0 
15.44 
4.56 
4.56 

Og = 10 

of 
100.00 
77.20 
22.80 
22.80 

mg/l CaO) 

0g 
56.00 
43.23 
12.77 
12.77 

mg/l mmol/l meq/l meq% 
---------

Na+ 260.0 
K + 11. 0 
Ca++ 198.0 
Mg++ 123.0 
Cl- 581.0 
S04-- 490.0 
HC03 278 .16 

Ratios 
mg/l 
----------

Ca/Mg 1. 61 
Ca/S04 0.404 
Na/Cl 0.448 

Dissolved Minerals: 

Halite (NaCl) 
Sylvite (KC1) 
Anhydrite (CaS04) 

11.309 11.309 17.885 
0.281 0.281 0.444 
4.94 9.88 15.625 
5.06 10.119 16.003 
16.388 16.388 25.918 
5.101 10.202 16.13 5 
4.559 4.559 7.21 

Comparison to Seawater 
mmol/l mg/l mmol/l 

----------- ---- --------------
0.976 
0.968 
0.69 

mg/l 

661.592 
20.973 
694.782 

0.319 0.194 
0.152 0.364 
0.556 0.858 

mmolll 

11. 3093 
0.283 
5.101 

APPENDIX6G 

mg/l CaC03 
1000.0 
772.0 
228.0 
228.0 

364 



SampleID 
Location 
Site 

PDH26 (P26) 
E28 
E28 

Sampling Date 
Geology 
Watertype 

Australian Groundwater Consultants, 1984 

Sum of Anions (meg/I) 
Sum of Cations (meg/I) 
Balance: 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 
(1 of :: 10 mg/l CaC03/1 

Major ion composition 

1 

Ca-Na-CI 

172.7977 
152.5914 
-8.17% 

10410.0 
9927.6 

meg/l 
75.48 
74.3 
1.18 
1.18 

of 
377.42 
371. 52 
5.90 
5.90 

Og = 10 mg/l CaO) 

Og 
211. 35 
208.05 
3.30 
3.30 

mg/l mmol/l meg/l meg% 

Na+ 2100.0 78.197 78.197 32.092 
K + 6.6 0.169 0.169 0.055 
Ca++ 1300.0 32.435 64.87 21. 242 
Mg++ 129.0 5.306 10.613 3.475 
CI- 5420.0 152.878 152.878 50.06 
S04- 900.0 9.37 18.739 6.136 
HC03 72.0 1.18 1.18 0.386 

Ratios Comparison to Seawater 
mg/l mmol/l mg/l mmol/l 

..... _--- --- ------
Ca/Mg 10.078 6.112 0.319 0.194 
Ca/S04 1.444 3.462 0.152 0.364 
Na/CI 0.221 0.341 0.556 0.858 

Dissolved Minerals: mg/l mmol/l 
- - -- --- --- ------
Halite (NaCI) 3053.502 52.1966 
Sylvite (KCI) 12.584 0.1698 
Carbonate (CaCo3) 1777.69 17.7769 
Dolomite (CaMg(C03)2) : 976.919 5.306 
Anhydrite (CaS04) 1276.131 9.37 

APPENDIX6G 

mg/l CaC03 
3774.2 
3715.2 
59.0 
59.0 

365 



SampleJ:D 
Location 
Site 

DDH7 (D7) 

E27 
Sampling Date 
Geology 
Watertype 

Australian Groundwater Consultants, 1984 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 
(1 Of 10 mg!l CaC03!l 

Major ion composition 

1 

Na-Mg-Ca-Cl 

65.7279 
68.4501 
2.03% 

4210.0 
3938.0 

meq/l 
40.18 
34.2 
5.98 
5.98 

Og = 10 

of 
200.91 
171. 00 
29.91 
29.91 

mg!l CaO) 

Og 
112.51 
95.76 
16.75 
16.75 

mg/l mmol!l meq!l meq% 

Na+ 
K + 
Ca++ 
Mg++ 
Cl-
S04--
HC03-

Ratios 

Ca/Mg 
Ca/S04 
Na/Cl 

590.0 
22.0 
370.0 
264.0 
1690.0 
580.0 
365.0 

mg/l 

1.402 
0.638 
0.349 

Dissolved Minerals: 

Hali te (NaCl) 
Sylvite (KCl) 

-------- --------
25.663 
0.563 
9.232 
10.86 
47.669 
6.038 
5.983 

mmol!l 

0.85 
1. 529 
0.538 

mg/l 

25.663 19.126 
0.563 0.42 
18.463 13.76 
21.719 16.187 
47.669 35.527 
12.076 9.0 
5.983 4.459 

Comparison to Seawater 
mg!l mmol/l 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

mmol/l 

Dolomite (CaMg(C03)2): 

1501.305 
41.947 
587.904 
822.395 

25.6633 
0.5661 
3.193 
6.038 Anhydrite (CaS04) 

APPENDIX6G 

mg/l CaC03 
2009.1 
1710.0 
299.1 
299.1 

366 



Sample:ID 
Location 
Site 

PDH18 (P18) 

E26 
Sampling Date 
Geology 
Water type 

Australian Groundwater Consultants, 1984 

Sum of Anions (meg/I) 
Sum of Cations (meg/I) 
Balance: 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 

Na-Mg-Cl 

395.0336 
410.3377 
1.90% 

24640.0 
23286.0 

meg/l 
139.67 
133.44 
6.23 
6.23 

of 
698.35 
667.21 
31.14 
31.14 

(1 Of = 10 mg/l CaC03/1 1 Og = 10 mg/l CaO) 

Major ion composition 
mg/l romol/l meg/l 

Na+ 6200.0 269.682 269.682 
K + 30.0 0.767 0.767 
Ca++ 870.0 21. 707 43.413 
Mg++ 1170.0 48.128 96.257 
Cl- 11400.0 321. 552 321. 552 
S04- 3230.0 33.626 67.252 
HC03- 380.0 6.229 6.229 

Og 
391. 08 
373.64 
17.44 
17.44 

meg% 

33.485 
0.095 
5.39 
11.952 
39.926 
8.35 
0.773 

Ratios Comparison to Seawater 

Ca/Mg 
Ca/S04 
Na/Cl 

mg/l 

0.744 
0.269 
0.544 

Dissolved Minerals: 

Halite (NaCl) 
Sylvite (KCl) 
Anhydrite (CaS04) 

romolll mg/l romolll 

0.451 
0.646 
0.839 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

mg/l romol/l 

15776.424 269.6825 
57.2 0.7719 
4579.891 33.626 

APPENDIX6G 

mg/l CaC03 
6983.5 
6672.1 
311.4 
311.4 
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SampleJ:D 
Location 
Site 

PDH70 (P70) 
E26 
E26 

Sampling Date 
Geology 
Watertype 

Australian Groundwater Consultants, 1984 

Na-Mg-Cl 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

438.6628 
404.3541 
-4.07% 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 

26950.0 
24887.4 

meq/l 
103.47 
99.53 
3.93 
3.93 

of Og 
517.33 289.71 
497.66 278.69 
19.67 11.01 
19.67 11. 01 

(1 Of 10 mg!1 CaC03!1 1 Og = 10 mg!1 CaO) 

Major ion composition 
mg/l mmol/l meq!1 meq% 

Na+ 
K + 
Ca++ 
Mg++ 
Cl-
S04--
HC03 

Ratios 

Ca/Mg 
Ca/S04 
Na/Cl 

6900.0 
29.0 
128.0 
1180.0 
12600.0 
3810.0 
240.0 

mg/l 

0.108 
0.034 
0.548 

Dissolved Minerals: 

Halite (NaCl) 
Sylvite (KC1) 
Anhydrite (CaS04) 

300.13 
0.742 
3.194 
48.54 
355.4 
39.664 
3.934 

mmol/l 

0.066 
0.081 
0.844 

mg/l 

300.13 35.602 
0.742 0.088 
6.387 0.758 
97.079 11.516 
355.4 42.158 
79.329 9.41 
3.934 0.467 

Comparison to Seawater 
mg!1 mmol!1 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

mmol/l 

17557.635 300.1305 
55.294 0.7462 
5402.286 39.664 

APPENDIX6G 

mg/l CaC03 
5173.3 
4976.6 
196.7 
196.7 
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Samplel:D 
Location 
Site 

PDH72 (P72) 

E26 
Sampling Date 
Geology 

Australian Groundwater Consultants, 1984 

Water type Na-Mg-Cl 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

457.7183 
432.6543 
-2.82% 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 

28440.0 
26086.0 

meq/l 
114.43 
109.93 
4.51 
4.51 

Of Og 
572.17 320.42 
549.63 307.79 
22.54 12.62 
22.54 12.62 

(1 Of = 10 mg/l CaC03/l 1 Og = 10 mgll CaO) 

Major ion composition 
mg/l rnrnolll meq/l meq% 

------------------------------ ----- ----- ----------
Na+ 
K + 
Ca++ 
Mg++ 
Cl-
S04--
HC03-

Ratios 

Ca/Mg 
Ca/S04 
Na/Cl 

7300.0 
27.0 
84.0 
1340.0 
13270.0 
3790.0 
275.0 

mg/l 

0.063 
0.022 
0.55 

Dissolved Minerals: 

Hali te (NaCl) 
Sylvite (KCl) 
Anhydrite (CaS04) 

317.529 
0.691 
2.096 
55.121 
374.298 
39.456 
4.508 

rnrnolll 

0.038 
0.053 
0.848 

mg/l 

317.529 35.662 
0.691 0.078 
4.192 0.471 
110.243 12.382 
374.298 42.038 
78.912 8.863 
4.508 0.506 

Comparison to Seawater 
mg 11 rnrnol / 1 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

rnrnolll 

18575.467 317.5293 
51.48 0.6947 
5373.928 39.456 

APPENDIX6G 

mg/l CaC03 
5721.7 
5496.3 
225.4 
225.4 
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Sample:ID 
Location 
Site 

DDH30 (D30) 
E26 
E26 

Sampling Date 
Geology 

Australian Groundwater Consultants, 1984 

Water type Na-Mg-Cl 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

384.1655 
373.0983 
-1. 46% 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 

23820.0 
22193.9 

meq/l 
91. 9 
87.39 
4.51 
4.51 

Of 
459.49 
436.95 
22.54 
22.54 

0g 

257.31 
244.69 
12.62 
12.62 

(1 of = 10 mg/l CaC03/l 10 mg!1 CaO) 

Major ion composition 
mg/l mmol/l meq!1 meq% 

Na+ 
K + 
Ca++ 
Mg++ 
Cl 
S04-
HC03 

Ratios 

Ca/Mg 
Ca/S04 
Na/Cl 

6450.0 
24.0 
94.0 
1060.0 
11120.0 
3170.0 
275.0 

mg/l 

0.089 
0.03 
0.58 

Dissolved Minerals: 

Halite (NaCl) 
Sylvite (KCl) 
Anhydrite (CaS04) 

280.557 
0.614 
2.345 
43.603 
313 .655 
33.002 
4.508 

mmolll 

0.054 
0.071 
0.894 

mg/l 

280.557 
0.614 
4.691 
87.207 
313.655 
66.003 
4.508 

37.049 
0.081 
0.619 
11. 516 
41.42 
8.716 
0.595 

Comparison to Seawater 
mg/l mmol/l 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

mmolll 

16412.57 
45.76 
4494.815 

280.5568 
0.6175 
33.002 

APPENDIX6G 

mgll CaC03 
4594.9 
4369.5 
225.4 
225.4 
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SampleI:D 
Location 
Site 

DDH3 (D3) 

E22 
Sampling Date 
Geology 
Water type 

Australian Groundwater Consultants, 1984 

Na-Mg-Ca-Cl-HC03 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

23.5305 
27.7044 
8.15% 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 

1460.0 
1653.1 

meq/l 
13.97 
3.64 
10.33 
10.33 

(1 of = 10 mg/l CaC03/l 1 0g 10 

Major ion composition 
mg/l mmol/l 

Na+ 245.0 10.657 
K + 21. 0 0.537 
Ca++ 115.0 2.869 
Mg++ 100.0 4.114 
Cl- 460.0 12.975 
S04-- 11.0 0.115 
HC03- 630.0 10.327 

Ratios 
mg/l mmol/l 

----------
Ca/Mg 1.15 0.698 
Ca/S04 10.455 25.055 
Na/Cl 0.533 0.821 

Dissolved Minerals: mg/l 
---- ------

Halite (NaCl) 623.423 
Sylvite (KCl) 40.04 
Dolomite (CaMg(C03)2) : 507.148 
Anhydrite (CaS04) 15.597 

of Og 
69.83 39.10 
18.20 10.19 
51. 63 28.91 
51.63 28.91 

mg/l CaO) 

meq/l meq% 

10.657 20.8 
0.537 1.048 
5.739 11.201 
8.227 16.057 
12.975 25.325 
0.229 0.447 
10.327 20.156 

Comparison to Seawater 
mg/l mmol/l 

0.319 0.194 
0.152 0.364 
0.556 0.858 

mmol/l 

10.6568 
0.5404 
2.755 
0.115 

mg/l CaC03 
698.3 
182.0 
516.3 
516.3 
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SampleJ:D 
Location 
Site 
Sampling Date 
Geology 
Watertype 

P29 

E27 
Golder Associates, 1985 

Na-Cl-HC03-S04 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

61.2139 
59.8101 
-1.16% 

Measured TDS(mg/l} 
Calculated TDS(mg/l} 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 

3800.0 
3175.0 

meq/l 
10.49 
0.0 
10.49 
14.46 

Of Og 
52.43 29.36 
0.00 0.00 
52.43 29.36 
72.29 40.48 

(1 Of = 10 mg/l CaC03/l 1 Og 10 mg/l CaO} 

Major ion composition 
mg/l romol/l meq/l meq% 

Na+ 
K + 
Ca++ 
Mg++ 
Cl
S04-
HC03 

Ratios 

Ca/Mg 
Ca/S04 
Na/Cl 

960.0 
17.0 
70.0 
85.0 
1200.0 
620.0 
882.0 

mg/l 

0.824 
0.113 
0.8 

Dissolved Minerals: 

Halite (NaCl) 
Sylvite (KCl) 
Anhydrite (CaS04) 

41. 757 
0.435 
1. 747 
3.497 
33.848 
6.455 
14.457 

romol/l 

0.5 
0.271 
1.234 

mg/l 

41.757 
0.435 
3.493 
6.993 
33.848 
12.909 
14.457 

34.503 
0.359 
2.886 
5.778 
27.968 
10.666 
11. 946 

Comparison to Seawater 
mg/l romol/l 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

romol/l 

1954.651 
32.413 
879.112 

33.4128 
0.4374 
6.455 

APPENDIX6G 

mg/l CaC03 
524.3 
0.0 
524.3 
722.9 
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Sample:ID PDB37 (P37) 
Location 
Site E22 
Sampling Date Golder Associates, 1985 
Geology 
Water type Na-Mg-Fe-Cl-HC03 

Sum of Anions (meq!1) 20.6875 
Sum of Cations (meq!1) 22.1884 
Balance: 3.50% 

Measured TDS(mg/l) 1400.0 
Calculated TDS(mg/l) 1197.9 

Hardness meq/l of Og 
Total hardness 9.18 45.89 25.70 
Permanent hardness 0.16 0.81 0.46 
Temporary hardness 9.02 45.08 25.24 
Alkalinity 9.02 45.08 25.24 
(1 of = 10 mg!1 CaC03!1 1 Og 10 mg!1 CaO) 

Major ion composition 
mg/l mmol/l meq/l meq% 

Na+ 150.0 
K + 6.0 
Ca++ 85.0 
Mg++ 60.0 
Cl- 340.0 
S04-- 100.0 
HC03 550.0 

Ratios 
mg/l 

-- ---- ------
Ca/Mg 1.417 
Ca/S04 0.85 
Na/Cl 0.441 

Dissolved Minerals: 

Halite (NaCl) 
Sylvite (KCl) 

6.525 6.525 15.218 
0.153 0.153 0.357 
2.121 4.242 9.894 
2.468 4.936 11.512 
9.59 9.59 22.367 
1.041 2.082 4.856 
9.015 9.015 21. 026 

Comparison to Seawater 
mmol/l mg/l mmol/l 

0.859 
2.037 
0.68 

mg/l 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

mmol!1 

Dolomite (CaMg(C03)2) : 

381.688 
11.44 
198.773 
141.792 

6.5246 
0.1544 
1. 08 
1.041 Anhydrite (CaS04) 

APPENDIX6G 

mg!1 CaC03 
458.9 
8.1 
450.8 
450.8 
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SampleJ:D 
Location 
Site 
Sampling Date 
Geology 
Water type 

PSS 

E26 
Golder Associates, 1985 

Na-Mg-Cl 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

468.6611 
379.4254 
-10.52% 

Measured TDS(mg/l) 
Calculated TDS{mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 

25000.0 
25256.0 

meq/l 
154.73 
150.88 
3.85 
3.85 

of Og 
773.67 433.26 
754.41 422.47 
19.26 10.79 
19.26 10.79 

(1 of 10 mg/l CaC03/l 1 Og = 10 mg/l CaO) 

Major ion composition 
mg/l mmol/l meq/l meq% 

Na+ 
K + 
Ca++ 
Mg++ 
Cl
S04 
HC03-

Ratios 

Ca/Mg 
Ca/S04 
Na/Cl 

5000.0 
28.0 
1040.0 
1250.0 
13600.0 
3900.0 
235.0 

mg/l 

0.832 
0.267 
0.368 

Dissolved Minerals: 

Halite (NaCl) 
Sylvite (KC1) 
Anhydrite (CaS04) 

217.486 
0.716 
25.948 
51. 419 
383.606 
40.601 
3.852 

mmol/l 

0.505 
0.639 
0.567 

mg/l 

217.486 
0.716 
51.896 
102.838 
383.606 
81.203 
3.852 

25.644 
0.084 
6.119 
12.126 
45.232 
9.575 
0.454 

Comparison to Seawater 
mg/l mmol/l 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

mmol/l 

12722.924 217.4859 
53.387 0.7205 
5529.899 40.601 

APPENDIX6G 

mg/l CaC03 
7736.7 
7544.1 
192.6 
192.6 
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SampleID 
Location 
Site 
Sampling Date 
Geology 
Watertype 

Pl18 
E26 
E26 
Golder Associates, 1987 

Na-Mg-Cl 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

401.7521 
395.8235 
-0.74% 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 

23284.0 
23284.0 

meq/l 
126.12 
122.74 
3.38 
3.38 

of Og 
630.58 353.12 
613 .70 343.67 
16.88 9.45 
16.88 9.45 

(1 of = 10 mg 11 CaC031l 1 0g = 10 mgll CaO) 

Major ion composition 
mg/l rnrnol/l meq/l 

Na+ 6190.0 269.247 269.247 33.758 
K + 18.0 0.46 0.46 0.058 
Ca++ 755.0 18.837 37.675 4.724 
Mg++ 1075.0 44.22 88.441 11. 089 
Cl- 11540.0 325.501 325.501 40.811 
S04-- 3500.0 36.437 72.874 9.137 
HC03- 206.0 3.377 3.377 0.423 

Ratios Comparison to Seawater 
mg/l rnrnolll mg/l rnrnolll 

---------------------------------------------------

Ca/Mg 
Ca/S04 
Na/Cl 

0.702 
0.216 
0.536 

Dissolved Minerals: 

Halite (NaCl) 
Sylvite (KC1) 
Anhydrite (CaS04) 

0.426 
0.517 
0.827 

mg/l 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

rnrnolll 

15750.979 269.2475 
34.32 
4962.73 

0.4632 
36.437 

APPENDIX6G 

mgll CaC03 
6305.8 
6137.0 
168.8 
168.8 
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Sam,ple:ID P157 
Location 
Site E22 
Sampling Date Golder Associates, 1987 
Geology 
Water type Mg-Na-Ca-CI-S04 

Sum of Anions (meq/l ) 41.6715 
Sum of Cations (meq/l ) 41.5301 
Balance: -0.17% 

Measured TDS(mg/l) 2462.0 
Calculated TDS(mg/l) 2462.0 

Hardness meq/l 
Total hardness 25.94 
Permanent hardness 22.54 
Temporary hardness 3.39 
Alkalinity 3.39 
(1 of = 10 mg/l CaC03/l 1 Og = 10 

Major ion composition 

Na+ 
K + 
Ca++ 
Mg++ 
Cl-
S04-
HC03-

Ratios 

mg/l romol/l 

355.0 
6.0 
190.0 
200.0 
940.0 
565.0 
205.0 

15.441 
0.153 
4.741 
8.227 
26.514 
5.882 
3.36 

of Og 
129.68 72.62 
112.71 63.12 
16.97 9.50 
16.97 9.50 

mgll CaO) 

meq/l meq% 

15.441 18.559 
0.153 0.184 
9.481 11. 395 
16.454 19.776 
26.514 31. 867 
11. 764 14.139 
3.36 4.038 

Comparison to Seawater 
mg/l romol/l mg/l romol/l 

Ca/Mg 
Ca/S04 
Na/Cl 

0.95 
0.336 
0.378 

Dissolved Minerals: 

Halite (NaCl) 
Sylvite (KCl) 
Anhydrite (CaS04) 

0.576 
0.806 
0.582 

mg/l 

903.328 
11.44 
801.126 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

romolll 

15.4415 
0.1544 
5.882 

APPENDIX6G 

mg/l CaC03 
1296.8 
1127.1 
169.7 
169.7 
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Samplel:D 
Location 
Site 
Sampling Date 
Geology 
Water type 

Pl19 
E26 
E26 
Golder Associates, 1987 

Na-Mg-Cl 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

429.0110 
425.1801 
-0.45% 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 

24962.0 
24962.0 

meq/l 
140.22 
13 5.83 
4.39 
4.39 

of Og 
701.11 392.62 
679.15 380.32 
21. 96 12.30 
21. 96 12.30 

(1 of = 10 mg!l CaC03!l 1 Og = 10 mg!l CaO) 

Major ion composition 
mg/l rnrnol/l meq/l meq% 

Na+ 
K + 
Ca++ 
Mg++ 
Cl-
S04--
HC03-

Ratios 

Ca/Mg 
Ca/S04 
Na/Cl 

6540.0 
19.0 
980.0 
1110.0 
12260.0 
3785.0 
268.0 

mg/l 

0.883 
0.259 
0.533 

Dissolved Minerals: 

Hali te (NaCl) 
Sylvite (KC1) 
Anhydrite (CaS04) 

284.472 
0.486 
24.451 
45.66 
345.81 
39.404 
4.393 

rnrnol !l 

0.536 
0.621 
0.823 

mg/l 

284.472 33.303 
0.486 0.057 
48.902 5.725 
91. 32 10.691 
345.81 40.484 
78.808 9.226 
4.393 0.514 

Comparison to Seawater 
mg/l 

0.319 
0.152 
0.556 

rnrnol !l 

0.194 
0.364 
0.858 

rnrnol !l 

16641.584 284.4715 
36.227 0.4889 
5366.838 39.404 

APPENDIX6G 

mg/l CaC03 
7011.1 
6791. 5 
219.6 
219.6 
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SampleID 
Location 
Site 

P146 
E26 
E26 

Sampling Date 
Geology 
Watertype 

Coffey Partners International, 1993 

Na-Mg-Cl 

Sum of Anions (meq/l) 
Sum of Cations (meq/l) 
Balance: 

430.2089 
433.8665 
0.42% 

Measured TDS(mg/l) 
Calculated TDS(mg/l) 

Hardness 
Total hardness 
Permanent hardness 
Temporary hardness 
Alkalinity 

30700.0 
24971.3 

meq/l 
158.98 
155.7 
3.28 
3.28 

of Og 
794.91 445.15 
778.52 435.97 
16.39 9.18 
16.39 9.18 

(1 of = 10 mg/l CaC03/l 1 Og = 10 mg/l CaO) 

Major ion composition 
mg/l mmol/l meq/l meq% 

Na+ 
K + 
Ca++ 
Mg++ 
Cl-
S04--
HC03-

Ratios 

Ca/Mg 
Ca/S04 
Na/Cl 

6300.0 
26.0 
1290.0 
1150.0 
12700.0 
3300.0 
200.0 

mg/l 

1.122 
0.391 
0.496 

Dissolved Minerals: 

Hali te (NaCl) 
Sylvite (KC1) 
Anhydrite (CaS04) 

274.032 274.032 31.714 
0.665 0.665 0.077 
32.186 64.371 7.45 
47.306 94.611 10.949 
358.221 358.221 41.457 
34.355 68.71 7.952 
3.278 3.278 0.379 

Comparison to Seawater 
mmol/l mg/l mmol/l 

0.68 
0.937 
0.765 

0.319 
0.152 
0.556 

0.194 
0.364 
0.858 

mg/l mmol/l 

16030.884 274.0322 
49.574 0.669 
4679.146 34.355 

APPENDIX6G 

mg/l CaC03 
7949.1 
7785.2 
163.9 
163.9 
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APPENDIX 6H 

Groundwater data for Northparkes Mines from Giblin (1996), 
Applications of groundwater geochemistry to mineral exploration in the Narromine-Nyngan region of NSW 

Samples bailed from bores by NPM Staff 
ICP-AES scans done at the CSIRO Division of Exploration and Mining Laboratory, North Ryde 

Sample name Bore location water table (m) sample depth (m) pH Eh (mV) Ionic strength TDS (mg/I) 

NPKI E26 UlG E26 U/G 7.1 230 0.54 24358 
NPK2 MB2 TOI 55 7 260 0.11 6209 
NPK3 Plm E26S 52 7.7 160 0.39 18094 
NPK4 PI04 E26S 47 7.9 160 0.45 20800 
NPK5 P71 E26 52 7.1 150 0.04 2326 
NPK6 W6 E27 42 50 7.5 190 0.03 1407 
NPK7 W8 E27 4105 46.5 8.2 -5 0.04 1707 
NPK8 W5 E27 37 48 7.8 170 0.04 1497 
HP 1 PIOI E26S 7.4 0.42 18633 
HP2 P100 E26S 7.1 0.48 21191 
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Bore 

MB2 

P104 
P71 
W6 

W5 
PIOl 

Pt04 
P71 

W8 
W5 

PlOt 

Ca 

1219 1160 
74 114 

686 
20 
170 119 
227 171 
143 115 
1 
1854 801 

45 
<5 
46 800 
32 <100 
24 <100 
1 1 <100 
8 <100 

Na K 

6549 30.1 
I 
5131 
4170 

5.5 
143 
121 5.7 

23.1 
61.7 

F AI 

2800 <2 

400 3 
<100 5 
1500 2 
900 4 
800 3 
1100 9 
500 153 

CI HC03 

11527 3690 150 
2720 870 6208 
9196 2447 20 1 
12141 1 <10 3.146 41 

133 460 1.204 0 2323 
282 100 3 14.9 1405 

1 100 5 115.3 
239 0.054 3 11.9 

1896 
10420 2028 

Fe Ti V B P Ba Li 

3 <2 
2 10 390 270 20 

<2 3 110 
3948 4 5 460 45 560 

<2 6 73 1160 ]0 40 
<5 <2 2 191 <10 
<5 <2 6 <10 
7 <2 3 242 120 34 20 

46 I 1 4 222 510 28 470 
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Cu 

240 
6 

<5.0 
<5.0 
<5.0 
<5 .0 

17 
17 
17 
25 

As 

0 

<0.1 
<0.1 

1 

<0.1 
<0.1 

0 

Pb U Ag 

14 6 1.4 
2 33 <1 
5 <1 <1 
8 <1 <1 

<1 <1 <1 
<1 4 <1 
<1 5 <1 
<1 6 <1 
41 <0.1 <0.1 
37 <0.1 0.1 

Sb Au Rb 

<1 0.023 25 
<1 0.026 8 
<1 0.026 24 
<1 0.024 19 
<1 0.035 1 
<1 0.018 2 
<1 0.809 4 
<1 0.017 8 
0.3 0.021 7 
0.2 0.142 11 

Cd Co Cr Mo Sc Ni Zr 

<1 14 6 29 6 <1 <1 
<I \0 6 8 12 <1 1 
<1 <1 10 2 2 <1 <1 
<1 3 9 3 <1 <1 
<1 <1 2 10 6 <1 <1 
<1 <1 4 8 13 <1 <1 
<1 2 2 12 13 <1 <1 
<1 <1 2 37 10 <1 <1 
2 25 11 3 2 94 <0.1 

<1 18 12 71 <1 99 <0.1 

Sum of trace elements Sum of trace elements 
(u ) (m ) 

4506 4.53 
1271 1.28 
7987 8.01 
8660 8.68 
3703 3.7 
1291 1.29 
1204 1.21 
1618 1.63 
2147 2.15 
2202 2.21 
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