
McArthur River Mine

Overburden Management Project

Draft Environmental Impact Statement

Appendix H
NOEF Historical Construction

and Drilling Report

H



 

 

 

 

 

 

 

 

 

 

 

NOEF Historical Construction 

and Drilling Report 
OVERBURDEN MANAGEMENT EIS PROGRAM 

HSEC Environmental Projects  

EIS Site Technical Team 

 

Document properties 

Date, Version [09/11/2016, V.2] 

Department, Area Environmental Projects 

Prepared by Pyramo Marianelli 

Reviewed by MRM Project Team 

Comment/s  



Version Number 2, November 2016  |  2 
 

Table of contents 

1. Introduction ........................................................................................................................................................... 5 

2. Background Information ..................................................................................................................................... 6 

2.1. Waste Rock Classification .............................................................................................................................. 6 

2.1.1. MRM/URS (2005) Classification criteria ............................................................................................. 6 

2.1.2. MRM/KCB (2014) Classification Criteria ............................................................................................ 6 

2.2. Original NOEF Design ................................................................................................................................... 7 

3. NOEF Investigations .......................................................................................................................................... 10 

3.1. Methods of Investigation ............................................................................................................................. 10 

3.1.1. Historical Reconstructions.................................................................................................................. 10 

3.1.2. NOEF Drilling for Sampling and Hydrology .................................................................................. 10 

3.1.3. NOEF Drilling for Temperature and Gas monitoring .................................................................... 11 

4. Historical Reconstructions ................................................................................................................................ 12 

4.1. General Arrangement ................................................................................................................................... 12 

4.2. Survey Data ................................................................................................................................................... 13 

4.3. NOEF Block Model ....................................................................................................................................... 16 

4.4. PAF cell composition investigation ............................................................................................................ 17 

4.5. NAF base composition investigation ......................................................................................................... 18 

4.6. Overall NOEF composition ......................................................................................................................... 20 

5. NOEF Drilling ..................................................................................................................................................... 21 

5.1. Drilling Programs ......................................................................................................................................... 21 

5.2. Risk assessment ............................................................................................................................................. 21 

5.2.1. Risk assessment process ..................................................................................................................... 21 

5.2.2. Control measures ................................................................................................................................. 21 

5.3. Drilling method ............................................................................................................................................. 22 

5.3.1. Sonic drilling ........................................................................................................................................ 23 

5.3.2. Site set up .............................................................................................................................................. 23 

5.3.3. Core handling ....................................................................................................................................... 24 

5.3.4. Gas management ................................................................................................................................. 24 

5.3.5. Temperature monitoring .................................................................................................................... 26 

5.4. Sample Collection ......................................................................................................................................... 27 

5.4.1. Geotechnical sampling ........................................................................................................................ 27 

5.4.2. Geochemical sampling ........................................................................................................................ 28 

5.5. Well installation ............................................................................................................................................ 28 

5.5.1. Water monitoring bores ...................................................................................................................... 28 



Version Number 2, November 2016  |  3 
 

5.5.2. Gas sampling bore ............................................................................................................................... 29 

5.5.3. Temperature monitoring bore ........................................................................................................... 32 

5.6. Results ............................................................................................................................................................ 33 

5.6.1. Geology ................................................................................................................................................. 33 

PAF ................................................................................................................................................................. 33 

NAF Base ........................................................................................................................................................ 35 

Foundation ..................................................................................................................................................... 36 

5.6.2. Geochemistry ....................................................................................................................................... 37 

Waste classification results .......................................................................................................................... 37 

Sulphide oxidation ........................................................................................................................................ 37 

Leachate extractions ..................................................................................................................................... 50 

5.6.3. Gas monitoring .................................................................................................................................... 50 

5.6.4. Temperature monitoring .................................................................................................................... 52 

5.6.5. Groundwater monitoring ................................................................................................................... 57 

5.6.6. Geophysical sampling ......................................................................................................................... 58 

6. Conclusions ......................................................................................................................................................... 64 

 

List of Tables 

Table 1: URS 2005 Criteria .............................................................................................................................................. 6 

Table 2: MRM/KCB 2014 Criteria................................................................................................................................... 7 

Table 3: NOEF PAF cell composition .......................................................................................................................... 17 

Table 4: NOEF NAF base composition ....................................................................................................................... 18 

Table 5: Summary of principal controls ...................................................................................................................... 22 

Table 6: GWNOEF-8S ABA results .............................................................................................................................. 38 

Table 7: GWNOEF-8S selected metals ........................................................................................................................ 39 

Table 8: GWNOEF-8S leachate concentrations .......................................................................................................... 40 

Table 9: GWNOEF-7S ABA results .............................................................................................................................. 41 

Table 10: GWNOEF-7S selected metals ...................................................................................................................... 42 

Table 11: GWNOEF-7S leachate results ...................................................................................................................... 43 

Table 12: GWNOEF-9S ABA results ............................................................................................................................ 44 

Table 13: GWNOEF-9S selected metals ...................................................................................................................... 45 

Table 14: GWNOEF-9S leachate results ...................................................................................................................... 46 

Table 15: GWNOEF-10S ABA results .......................................................................................................................... 47 

Table 16: GWNOEF-10S selected metals .................................................................................................................... 48 

 

List of Figures 

Figure 1 Location of NOEF in relation to other site areas and NOEF stages........................................................... 5 

Figure 2: Detail from the URS (2008) NOEF design .................................................................................................... 8 

Figure 3: Material type distribution on the NOEF. ................................................................................................... 12 

Figure 4: North-south cross section through the NOEF showing the location of the former natural surface, 

the CCL, and the PAF cell. The CCL above the base is sloping towards the PROD as per the original NOEF 

design. ............................................................................................................................................................................. 13 



Version Number 2, November 2016  |  4 
 

Figure 5: NOEF annual development (end of year shown) on 2016 aerial photo ................................................. 14 

Figure 6: The N-S cross section for Figure 4 showing annual development and static northern faces. ............ 15 

Figure 7: Sections through the NOEF block model coloured by year, and filtered for 2011 only (c) ................. 16 

Figure 8: NOEF PAF cell composition over time....................................................................................................... 17 

Figure 9: NOEF NAF base composition over time. ................................................................................................... 19 

Figure 10: Overall NOEF composition. ....................................................................................................................... 20 

Figure 11: NOEF program drilling locations. ............................................................................................................ 21 

Figure 12: Gas extraction fans and pipes convey potentially toxic gases to a safe distance downwind of the 

work area. ....................................................................................................................................................................... 23 

Figure 13: core receiving device manufactured on site for the safe handling of high temperature rocks. ........ 24 

Figure 14: top of bore casing gas measurements using the sampling tube and MX6 gas analyser .................... 25 

Figure 15: Gas extraction fans functioning during GWNOEF-8S2 drilling. The hot gases and vapour are 

efficiently extracted from the top of bore, effectively securing the work area ...................................................... 26 

Figure 16: Toxic fumes exit from the gas extraction pipes downwind of the work area and a safe distance 

away ................................................................................................................................................................................. 26 

Figure 17: downhole temperature measurement during drilling of GWNOEF-7S using a downhole 

thermocouple. ................................................................................................................................................................. 27 

Figure 18: Recovery of undisturbed clay sample by push tube during the drilling of GWNOEF-8NSL .......... 28 

Figure 19: material type distribution on the NOEF in 2015 and location of the ground water drill locations. 29 

Figure 20: Schematic diagram of water bore installation with NOEF stratigraphy. The example is from a bore 

screened in the shallow aquifer in the weathered bedrock. ..................................................................................... 30 

Figure 21: Installation of GWNOEF-8S2 groundwater monitoring well. Note the stainless steel bore casing, 

the two MX6 analysers and the double extraction fans. ........................................................................................... 31 

Figure 22: Gas sampling ports installed in GWNOEF-8G. The example shows a brass weight, while stainless 

steel weights were used here........................................................................................................................................ 31 

Figure 23: Schematic diagram of the gas port installation in GWNOEF-8G shown against the NOEF 

stratigraphy. ................................................................................................................................................................... 32 

Figure 24: recovered core from GWNOEF-9S showing two distinct state of oxidation. ...................................... 33 

Figure 25: section of oxidised PAF immediately after extraction from the core barrel. The haematite staining 

is clearly visible. ............................................................................................................................................................. 34 

Figure 26: 4 different section of drill core showing the variability of the NAF base composition. .................... 35 

Figure 27: 4 different section of drill core showing the variability of the foundation composition. .................. 36 

Figure 28: NOEF Drilling results versus the NOEF block model reconstruction. ................................................ 37 

Figure 29: NOEF Drilling results versus fresh rock sulphur data. .......................................................................... 49 

Figure 30: %CRS with depth in core GWNOEF-8S. .................................................................................................. 49 

Figure 31: %CRS with depth in core GWNOEF-9S. .................................................................................................. 50 

Figure 32:MX6 multi gas analyser readings for GWNOEF-10S. The timing of the SO2 peaks is distinct from 

all the other gases showing that the primary source of SO2 was not the bore...................................................... 51 

Figure 33: NOEF2016_8A temperature results. ......................................................................................................... 52 

Figure 34: NOEF2016 temperature results ................................................................................................................. 53 

Figure 35: NOEF monitoring bores. Groundwater (green), gas and temperature (red for hot, blue for cool). 54 

Figure 36: NOEF temperature profiles for 4 cool bores. ........................................................................................... 55 

Figure 37: NOEF temperature profiles for 4 hot bores. ............................................................................................ 56 

Figure 38: NOEF Groundwater monitoring bores (green). ...................................................................................... 57 

Figure 39: gravimetric moisture content. .................................................................................................................... 59 

Figure 40: specific gravity ............................................................................................................................................. 60 

Figure 41: electrical conductivity. ................................................................................................................................ 61 

Figure 42: pH. ................................................................................................................................................................. 62 

Figure 43: Total suction. ................................................................................................................................................ 63 



Version Number 2, November 2016  |  5 
 

 

1.Introduction 

The Northern Overburden Emplacement Facility (NOEF) is the principal waste rock dump of the McArthur 

River Mine (MRM). The facility is located north of the open pit (Figure 1), and is accessed by a bridge over 

Barney Creek. It has been in continuous operation since May 2008 and to date covers a surface area of ca 228 

ha, and as of July 2016 holds 57.7M m3 of waste rock material dominated by dolomitic shales, dolomitic 

breccias and pyritic shales.  

Key infrastructure in the NOEF area includes the two operational Perimeter Run-off Dams (PRODs) which 

are designed to capture and store run-off waters from the NOEF: the South PROD (SPROD) and the South 

East PROD (SEPROD). The West PROD (WPROD) is under construction through 2016. 

The primary role of the NOEF is to securely store, both physically and geochemically, the overburden mined 

from the open cut. The understanding of the overburden properties is a key input into the design and 

operation of the facility. The waste rocks are classified and placed according to their geochemical properties, 

and the correct placement of the respective rock types is crucial for the NOEF to perform as per its design 

intent. However, increased geochemical understanding of the MRM waste rock gained as part of 

investigations committed to in the Phase 3 EIS has resulted in a fundamental revision and update of waste 

classification criteria since the original criteria were established in 2005 by URS. Understanding the 

geochemical composition of the existing NOEF is important in determining how to appropriately manage 

the facility to achieve the objectives of the Overburden Management Project EIS (OMP EIS).  

 

Figure 1 Location of NOEF in relation to other site areas and NOEF stages 
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2.Background Information 

2.1. Waste Rock Classification 

2.1.1. MRM/URS (2005) Classification criteria 

Up until January 2014, MRM used the URS 2005 classification criteria for classifying waste rock. The majority 

of the rock placed in the current NOEF was therefore classified according to these criteria. The criteria are 

presented in Table 1. 

Table 1: URS 2005 Criteria 

NAPP (kgH2SO4/t) NAG pH Class Description 

NAPP ≤ 0 pH ≥ 4.0 NAF Non Acid Forming. Material considered at low risk of generating 

Acid Mine Drainage. Does not require encapsulation 

NAPP > 0 pH < 4.0 PAF Potentially Acid Forming. Material considered at higher risk of 

generating Acid Mine Drainage. Require encapsulation  

NAPP ≤ 0 pH < 4.0 Uncertain The testing is inconclusive. Further testing required to 

adequately characterise the material 

NAPP > 0 pH ≥ 4.0 Uncertain The testing is inconclusive. Further testing required to 

adequately characterise the material 

 

While considering the risk of acid mine drainage generation, the URS 2005 criteria selected for the 

classification do not take into consideration the risk of neutral saline and/or metalliferous drainage 

generation from the material. This has little effect on the treatment of material classed as PAF because its 

acid generation potential means that the material needs to be encapsulated and isolated from both water and 

oxygen in any case, but the material classed as NAF may not be environmentally benign. While unlikely to 

lead to Acid Drainage, a proportion of it may generate saline / neutral metalliferous drainage and thus also 

require some form of protection or encapsulation.  

 

2.1.2. MRM/KCB (2014) Classification Criteria  

The MRM/KCB (2014) AMD classification criteria for rock overburden are presented in Table 2. The 

classification was implemented in January 2014 and is currently being used by MRM. The process of 

validating and fine tuning the cut-off values is ongoing through kinetic geochemical testing as part of the 

current EIS (Overburden Management Project). Minor variations may arise in the absolute values used for 

the key indicators, but as very conservative initial values were selected it is very unlikely that significant 

changes to most classes will occur. Note that the criteria for the definition of LS-NAF (HC) have been 

tailored to meet the water quality criteria in the 2015 Waste Discharge License. If these criteria were to 

change, the parameters for defining LS-NAF (HC) may change also.  
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Table 2: MRM/KCB 2014 Criteria 

NPR Sulphur  Metals Class Description 

NPR ≥ 2 S < 1% and Zn < 0.4 % 

Pb < 0.04% 

Cu < 700 ppm 

LS-NAF(HC) Low Salinity High Capacity NAF. Material 

considered at low risk of generating Acid Mine 

Drainage and Saline Metalliferous drainage. 

Provides reasonable acid consumption capacity. 

NPR ≥ 2 S ≥ 1% and/or Zn ≥ 0.4 % 

Pb ≥ 0.04% 

Cu ≥ 700 ppm 

MS-NAF(HC) Metalliferous Saline High Capacity NAF. Material 

considered at low risk of generating Acid Mine 

Drainage but higher risk of generating Saline 

Metalliferous drainage Provides reasonable acid 

consumption capacity. Requires some form of 

encapsulation 

1 ≤ NPR < 2 S ≥ 1% and/or Zn ≥ 0.4 % 

Pb ≥ 0.04% 

Cu ≥ 700 ppm 

MS-NAF(LC) Metalliferous Saline Low Capacity NAF. Material 

considered at low risk of generating Acid Mine 

Drainage but higher risk of generating Saline 

Metalliferous drainage Provides limited to no acid 

consumption capacity. Requires some form of 

encapsulation 

NPR < 1 S < 10%  N/A PAF(HC) High Capacity PAF. Material considered at higher 

risk of generating Acid Mine Drainage, and is 

likely to have a significant capacity to do so. 

Requires encapsulation 

NPR < 1 S ≥ 10%  N/A PAF(RE) Reactive PAF Material considered at higher risk of 

generating Acid Mine Drainage, and at a higher 

risk of spontaneous combustion. Requires 

encapsulation.  

 

The principal differences between the older URS criteria and the current ones are the use of the Neutralising 

Potential Ratio (NPR) to assess the risk of acid generation, and the inclusion of Sulphur and metal cut-off 

values to determine the risk of saline and/or metalliferous drainage. While the classification scheme does not 

rely on the NAG pH, pH measurements are used for further confirmation of the classification results.  

The introduction of the new classification system has had very little impact on the PAF classification, 

therefore material previously classed as PAF remains in the PAF categories. The most significant changes are 

in the NAF categories, where two out of the three NAF classes (the MS-NAFs) are not considered 

environmentally benign and are at risk of developing either Saline or Neutral Metalliferous Drainage. 

Previously, they were all considered benign. 

Note that alluvium is classed as LS-NAF (HC). Low grade ore is classed as PAF (HC). 

 

2.2. Original NOEF Design  

The fundamental objective behind the original NOEF design was the isolation of environmentally 

deleterious material (PAF) from the environment. Specifically, the design aimed at limiting the ingress of 

both oxygen and water into the waste dump so as to restrict the oxidation rate of sulphides (predominantly 

pyrite), and limit water ingress which could develop into potential seepage. Management of these two 

components of the OEF would then control contaminant loads that may be available to the receiving 

environment. 
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Figure 2 shows the detail of the original design for the NOEF (URS, 2008) and the mitigation strategies used 

to limit PAF oxidation. When the NOEF was originally designed, the expected life of mine (LOM) 

proportions were approximately 80% NAF and 20% PAF, so there was abundant NAF for protection and 

encapsulation of the PAF. 

 

 

Figure 2: Detail from the URS (2008) NOEF design 

 

The key concepts and design features were:  

 The western side (Figure 1) of the NOEF would feature PAF cells in the core, surrounded by NAF 

(Figure 2). The eastern side would be built entirely out of NAF, as there was so much NAF available;  

 On the western side, the structure was set up to encapsulate PAF material in a thick cover of NAF 

ͦ A NAF base (construed to be environmentally benign material) was planned as Lift 1 to elevate all 

PAF and low grade ore stockpiles above the 100 year flood level. The upper surface of the NAF 

base was inclined at a gradient of approximately 1V:50H towards the perimeter of the OEF. The 

base was to be built in low lifts (2-3m thick) to limit the risk of differential settlement under the 

PAF cells; 

On top of the base, a 0.6m thick low permeability Compacted Clay Layer (CCL) was designed to 

limit percolating waters from seeping through the base, and oxygen ingress; 

ͦ At the perimeter of the OEF, a Perimeter Run-off Dam (PROD) was designed to capture runoff 

from the CCL. Its spillway would be above the 100 year flood level, and the capacity would limit 

the spill risk in high rainfall to less than 5%; 

ͦ PAF would be built on the Lift 1 CCL, in up to 15m lifts, for a thickness of approximately 40m. The 

batters would be sloped back to a 1V:4H gradient; 

ͦ A PAF cell CCL would then be constructed on the slopes and top of the PAF to fully encapsulate it. 

ͦ A NAF layer with a true thickness of 20m would then be built around the sides and on top of the 

PAF cell, in up to 15m lifts; 

ͦ A cover system would be constructed over the NAF above the PAF cell, comprising a 0.6m thick 

CCL, 0.6m NAF protective layer, and 0.1m of topsoil; 

 On the eastern side, the NAF was designed as 15m lifts with a similar 1V:50H slope to the perimeter 

ͦ No PROD was required due to only NAF being used. Sediment traps were specified instead to 

drop out excess sediment before discharging the water to the receiving environment; 

ͦ The cover system consisted of a 0.6m thick protective layer and 0.1m of topsoil. The batter angles 

would depend on the nature of the rockfill used, with coarse durable material able to stay at the 

angle of repose. 
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The design assumes that all NAF used in the base and the cover of the PAF is environmentally benign. All 

environmentally deleterious materials are encapsulated within the PAF cell. However, the update to the 

MRM waste classification in 2014 indicates that a significant proportion of the MRM NAF has a potential risk 

of generating neutral metalliferous and/or saline drainage. Therefore, material placed in the base of the 

NOEF below the flood level, and in any of the outer 20m thick NAF layer, may not be compatible with the 

original design intent.  
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3.NOEF Investigations  

To understand the risks that the existing NOEF may pose to the environment and enable MRM to formulate 

strategies on how to manage that risk, MRM has undertaken several investigations into the existing NOEF as 

part of the Overburden Management EIS. This section describes the methods used, and the findings. 

 

3.1. Methods of Investigation 

Three separate lines of investigations were used to gain as much data as possible in order to gain a better 

understanding of the structure and composition of the existing NOEF.  

3.1.1. Historical Reconstructions  

The available historical data on waste rock movement and placement since the beginning of construction has 

enabled a detailed reconstruction of the NOEF from May 2008 to 2016. The principal tools used include: 

 Detailed survey records: End of Month scanning of the NOEF enabling the precise month by month 

location and calculation of volumes placed on the NOEF over time, and therefore form the 

fundamental data set used for reconstructing the NOEF; 

 Mining Production Database: production database records of monthly mined quantities, material 

types and haul fleet destination were used in combination with the geological block model to 

determine the quantities and types of overburden mined month by month; 

 Geological Block model: depletion of the open cut geological block model enables the reconstruction 

on a monthly, quarterly and yearly basis of the quantity and geochemical properties of mined 

overburden. The block model estimations are then reconciled with the production data and the 

survey data of the NOEF to track material placement by class within the NOEF; and  

 NOEF block model: based on the historical data, a geological block model of the NOEF itself was 

constructed.   

3.1.2.  NOEF Drilling for Sampling and Hydrology 

An investigative drilling campaign through the NOEF was undertaken in 2015. The objectives of the drilling 

were to: 

 Obtain in situ geological and geochemical information on the dumped materials and the foundation 

below the NOEF. This included documenting the extent of weathering and sulphide oxidation 

within the OEF; 

 Conduct geotechnical testing of samples to inform stability modelling; 

 Install a series of groundwater monitoring bores; and 

 Obtain temperature profiles and gas composition data through the NOEF. Temperature readings were 

taken as part of the general safety procedures and also are a key parameter that can inform the rate 

and extent of oxidation, which can in turn inform the development of a remediation strategy.  

A total of seven locations were selected for investigation, based on the understanding of the NOEF 

architecture at the time and knowledge gaps in groundwater monitoring. The drill cores extended through 

the entire NOEF profile and into the basement to intersect the first shallow aquifer. 
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3.1.3. NOEF Drilling for Temperature and Gas monitoring 

In addition to the monitoring of gases and temperature during the 2015 drilling program, an additional 12 

temperature and gas monitoring bores were installed in 2016. The temperature and gas monitoring bores 

were drilled through the PAF cell only and did not intersect the basal clay liner so as to not compromise its 

integrity.  

The bores are instrumented with high temperature thermocouples and gas ports placed at different levels 

within the PAF cell which enable the regular monitoring of internal temperatures and pore gas composition 

of the NOEF.  
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4.Historical Reconstructions 

4.1. General Arrangement  

The current as-built NOEF structure generally conforms to the original URS 2008 NOEF design. Figure 3 

shows a plan view of the NOEF in 2015, where the well-developed western stage with the PAF cells is 

visible, as distinct to the under-developed NAF eastern stages. A north-south cross section through the 

NOEF is shown in Figure 4, showing the location of the internal CCL between the NAF base and the PAF 

cell. It can be compared to the design concept of URS in Figure 2. 

The NAF base (yellow in Figure 3) contains approximately 36M m3 of NAF and alluvials mined from the 

open cut. The base has a slope of approximately 1V:50H to the south (Figure 4) to promote runoff into the 

PROD’s, so the base is at its thickest at the north (ca 22m) and thinnest at the southern face (12m) where it 

joins SPROD (or SEPROD for the east side).  

The east side has a portion of Lift 2 NAF (15m high) tipped out. The west side has some Lift 2 and Lift 3 NAF 

tipped out, which was part of the URS 20m thick NAF cover. 

The PAF cells (in the red footprint area in Figure 3) contain approximately 25M m3 of PAF overburden, 

positioned on top the NAF base. The PAF cell is isolated from the base by a CCL that slopes towards the 

SPROD. The PAF cell was generally constructed with paddock dumps at the bottom of a lift before end 

dumping over the top in 12m to 20m lifts. This has formed the PAF cells up to a maximum thickness of 42m.  

 

 

Figure 3: Material type distribution on the NOEF.  
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Figure 4: North-south cross section through the NOEF showing the location of the former natural surface, the CCL, and the PAF 

cell. The CCL above the base is sloping towards the PROD as per the original NOEF design.  

 

The low grade ore stockpile (‘LGO’ purple areas in Figure 3) is shown within the PAF cells. Low grade ore, if 

not processed, was classed as PAF. The LGO was set aside in case the economics changed and operation 

desired to process it in the future. The low grade ore stockpile is essentially a subset of the PAF cell set aside 

for this special PAF type. Approximately 1 M m3 of low grade PAF known as ‘6-8 LGO’ was placed on top 

the NAF base, isolated by a CCL. The material is partially capped by a clay layer and a layer of metalliferous 

saline NAF. As at December 2016 most of this 6-8 LGO (PAF) has been rehandled off the NOEF, and either 

processed or on the ROM pad to be processed. 

The plan also shows various clay and topsoil stockpiles reserved for use in construction and rehabilitation in 

the future. 

 

4.2. Survey Data 

Three dimensional laser scans of the NOEF taken monthly by the MRM survey department enable a detailed 

reconstruction of the NOEF over time. Figure 5 shows the evolution of the NOEF footprint and volume from 

the end of 2008 to the end of 2015. While monthly time steps are available, only annual time steps are shown 

here for clarity. The digital terrain surfaces are overlain on the 2016 aerial photo of the NOEF for reference.  

Superposition of the survey records enable a reconstruction of the internal construction sequence of the 

NOEF. Figure 6 presents a north-south cross section through the centre of the NOEF showing the internal 

yearly time steps obtained from the survey records. The surfaces enable the determination in space of where 

material was added to the NOEF with a monthly resolution, and an estimate of the volumes placed.  

It also gives a record of the location of former outer batters, and the duration of time they were in place. For 

example, Figure 6 shows that on this section of the northern face of the NOEF, some batter sections have 

been constant between 2013 and 2014, and again between 2014 and 2015. This can give valuable information 

for understanding the spatial distribution of spontaneous combustion, and assist in determining long term 

remediation strategies. This is because outer batter regions in PAF cells tend to have a higher susceptibility 

to combustion owing to the increased access to oxygen.  

The monthly survey data also enabled determination and validation of the lift heights over the spatial and 

temporal extent of the NOEF. This information was used in assessing geochemical loads and potential for 

oxidation. 
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Figure 5: NOEF annual development (end of year shown) on 2016 aerial photo
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Figure 6: The N-S cross section for Figure 4 showing annual development and static northern faces.  

 

 



 

 

4.3. NOEF Block Model 

The spatial information obtained from mining survey records was used in conjunction with the open cut 

geological block model to obtain the material properties for the material mined during a given period. This 

information was cross checked with mining production data that records daily material movement and 

combined to build a monthly resolution block model of the NOEF. 

The NOEF block model was given a series of parameters including time of placement, material type, average 

sulphur content, metal content, etc. The parameters of the NOEF blocks are then assigned from the open cut 

geological block model to the NOEF model, and therefore are directly equivalent: essentially, a volume of 

rock mined out of the open cut during a given period is assigned a spatial destination on the NOEF based on 

the survey records.  

Figure 7 presents north-south cross section views through the NOEF block model, showing the various 

yearly time steps within the PAF cell and the NAF base.  

 

 

Figure 7: Sections through the NOEF block model coloured by year, and filtered for 2011 only (c) 
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4.4. PAF cell composition investigation 

Using the survey and block model data and an understanding of the geological mark-up methods, the as-

built composition of the various zones of the NOEF could be estimated. The reconstructed composition of 

the PAF cell is presented in Table 3. The years 2008 and 2016 have been omitted from the reconstruction 

owing to the very low quantities of waste rock placed onto the NOEF during these periods. The information 

is presented in a graphical form in Figure 8. Note that the WOEF was in operation from 2009 to 2010 and 

2012 to 2014 also, but was a minor OEF. 

 

Table 3: NOEF PAF cell composition 

 2009 2010 2011 2012 2013 2014 2015 Total  

alluvium      222,875 244,764 467,639 

2% LS - NAF 

ls-naf (hc)  1,810 2,223 18,264  18,467  40,763 

ms-naf (hc)  665,498 480,397 915,302 2,340,337 1,139,155 485,530 6,026,218 

57% MS – NAF 

ms-naf (lc)  443,891 1,435,691 1,063,351 2,858,926 2,462,045 537,938 8,801,843 

Paf (hc) 52,681 192,058 1,421,235 399,529 2,720,847 1,504,606 518,544 6,809,500 

41% PAF Paf (re) 25 39,494 360,978 726,987 277,113 829,679 605,904 2,840,180 

LGO 646,238 202,489 146,217     994,943 

Total  698,944 1,545,240 3,846,741 3,123,433 8,197,223 6,176,826 2,392,680 25,981,086 
 

 

 

Figure 8: NOEF PAF cell composition over time. 



Version Number 2, November 2016  |  18 
 

The reconstruction shows that while the original purpose of the NOEF PAF cell was to receive PAF material, 

only 41% of the PAF cell volume itself consists of PAF types. The majority (57%) of the PAF cell consists of 

metalliferous saline NAF, while LS-NAF (HC) and alluvials only contribute 2% of the total volume. The only 

years where PAF contributed more than 50% of the material placed was in 2009 and 2011. In 2010 more than 

70% of the material placed was in fact MS-NAF.  

The large proportion of NAF in the PAF cell is largely attributable to three factors: 

 Historically, lithostratigraphic units dominated by PAF material such as the Black Bituminous Shale 

(BbH) and the Upper Pyritic Shale (UpH) were automatically defaulted to PAF. The whole unit was 

mined as PAF despite the fact that up to 30% of these units is NAF;  

 Historical conservative mining practices in the pit. Because of the difficulty in clearly identifying the 

NAF/PAF boundary in the pit (in particular at the BbH and Lower Pyritic Shale boundary), an offset 

was used by the Geology Department in order to lower the risk of PAF being dumped in the NAF 

portions of OEFs. This has resulted in significant quantities of MS-NAF being mined as PAF; and  

 Orebody interbeds and the lowest unit of the Lower Pyritic shales which are in contact with the 8 

orebody have historically been designated as PAF and placed in the PAF cell. Geochemically 

however, they are actually a metalliferous NAF rather than PAF.  

In summary, overly conservative mining practices have resulted in the NOEF PAF cell being primarily 

composed of metalliferous saline NAF, with only a minor PAF component. This has led to a significant 

overestimation of reported mined PAF quantities by MRM from the years 2009 to 2015.  

 

4.5. NAF base composition investigation 

The reconstructed composition of the NAF Base is presented in Table 4. As per the PAF cell reconstruction, 

the years 2008 and 2016 have been omitted from the reconstruction owing to the very low quantities of waste 

rock placed onto the NOEF during these periods. The information is presented in a graphical form in         

Figure 9.  

 

Table 4: NOEF NAF base composition 

 2009 2010 2011 2012 2013 2014 2015   

alluvium 525,580 4,023,976 1,291,657 2,368,957 1,248,658 0 134,545 9,593,373 

36% LS - NAF 

ls-naf(hc) 309,237 599,028 57,275 369,057 1,729,526 0 383,003 3,447,126 

ms-naf(hc) 444,135 2,468,007 1,320,688 3,462,682 2,055,090 1,618,831 240,250 11,609,683 

60% MS - NAF 

ms-naf(lc) 22,393 1,601,789 2,690,648 2,582,575 532,742 2,817,983  10,248,129 

paf(hc)  191,894 441,369 191,489 104,891 279,170  1,208,813 

4% PAF  

paf(re)  276 2,388 53,047 2,144 53  57,908 

Total  1,301,345 8,884,969 5,804,025 9,027,807 5,673,050 4,716,036 757,798 36,165,030  
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Figure 9: NOEF NAF base composition over time. 

 

The reconstruction shows that the NAF base is composed of approximately 36% LS-NAF, 60% MS-NAF and 

4% PAF material. The small amount of PAF contamination is a result of skinny PAF interbeds amongst NAF 

units mined from the hanging wall of the orebody which are too small to be selectively mined. The benign 

fraction largely consists of the alluvials excavated as part of the pre-strip of each new pit stage: in 2009 and 

2010, alluvials made up over 40% of the volume of NAF placed on the NOEF. This significantly increases the 

amount of benign NAF in the base, as only 10% of the total volume comes from LS-NAF (HC) lithologies.  
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4.6. Overall NOEF composition 

The overall composition of the existing NOEF is presented in Figure 10.  

 

Figure 10: Overall NOEF composition. 

 

Overall, the NOEF is comprised of 22% environmentally benign LS-NAF (almost all of it located in the NAF 

base), 59% MS-NAF (60% of which is located in the NAF base), and 19% PAF.  

Reconstruction of the NOEF using actual volumes from survey records and the updated MRM geology block 

model indicates that the total quantity of PAF actually placed on the NOEF is much lower than the 

historically reported quantities mined as PAF. The PAF cell accounts for 42% of the total NOEF volume, but 

is predominantly composed of metalliferous saline NAF. While the material still requires encapsulation and 

is at risk of generating neutral metalliferous and saline drainage, this does significantly lower the risk profile 

of the facility in terms of acid drainage generation, drainage likely to be associated with much higher metal 

loads than under circum neutral conditions.  
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5.NOEF Drilling 

5.1. Drilling Programs 

Drill programs were conducted through 2015 and 2016. The NOEF drilling locations are located in 

Figure 11. This section describes the methods used, presents the results, and analyses the information. 

The 2015 locations are in green, while the 2016 locations are in red. 

 

Figure 11: NOEF program drilling locations.  

5.2. Risk assessment 

5.2.1. Risk assessment process 

A comprehensive risk assessment was undertaken prior to the commencement of the drilling program 

involving Consultants, project members, drilling operators and mine operational technicians and engineers. 

5.2.2. Control measures 

Besides the inherent risks associated with drilling activities, the risk assessment process identified three 

major risks specifically associated with drilling into the NOEF: 

 Risk to personnel and equipment owing to possible high temperatures within the NOEF; 

GWNOEF-6 

GWNOEF-5 

GWNOEF-7 

GWNOEF-3 

GWNOEF-4 

GWNOEF-9 
GWNOEF-8 
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 Risk to personnel owing to possible elevated noxious gas levels; and 

 Environmental risks owing to drilling through PAF material and puncturing clay liners. 

A summary of the controls put in place are presented in Table 5  

Table 5: Summary of principal controls 

Risk Controls 

High temperature Dry drilling  

Short runs (1.5m to 3 m) to enable the progressive monitoring of temperature 

Temperature monitoring of core barrel, recovered core and downhole 

temperature at every run 

Design and construction of specific core receiving and handling equipment 

Steel casing for water monitoring bores through PAF cells 

Welding gloves for off-siders 

Metal core trays  

Noxious Gases Half face and full face gas masks with acid filter cartridges for SO2 and H2S  

Personal SO2 monitors worn at all times 

Two MX6 multi-gas analysers with SO2, H2S, CO2, CO and O2 sensors to 

measure top of hole casing and work area. 

Gas measurements taken at top of every bore run 

Sonic drilling (no injection or return of air from the bore) 

Gas extraction fans at the top of the hole  

Work areas set up with consideration of weather conditions 

ERT and MRM medic briefed every day on location of crew 

Environmental risks Dry drilling. No injection of water or drilling fluids in the NOEF 

Use of Calcium bentonite for sealing bores to avoid cation exchange problems 

over time with conventional sodium bentonite 

No puncturing of internal CCLs if extreme temperatures are encountered in 

the vicinity of the CCL. 

Stainless steel bore casing used through PAF cells to ensure integrity of bore 

 

5.3. Drilling method 
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5.3.1. Sonic drilling 

Sonic drilling is a comparatively recent technique where the entire drill string and drill bit is brought to a 

very high vibration frequency (up to 150 Hz). The vibration strongly reduces friction on the drill string and 

drill bit due to liquefaction, inertia effects and a temporary reduction of porosity of the soil. Sonic drilling 

was selected as the safest and most appropriate drilling method for several reasons: 

 Performance in broken ground: the sonic drilling technique is specifically adapted to drilling in 

broken and/or unconsolidated ground, with good penetration rates and core recovery: core recovery 

averaged over 90% during the current program on 3m runs; 

 Shallow drilling: the program did not require drilling past 90m, which is within the capacity of sonic 

rigs; 

 Dry drilling: sonic drilling does not require the use of water or drilling muds to reduce friction, a 

significant consideration when drilling through existing PAF cells where the addition of water is not 

advisable due to the foreseeable risks; and 

 No air injection: sonic drilling does not require the injection of air down hole, thereby removing the 

potential hazards of ventilating the PAF cells as drilling proceeds and having a potentially toxic 

atmosphere in the returned air, as could be the case with RC drilling for example. 

Safety and prior experience in operating under sensitive and noxious gas conditions was a key component of 

the drilling company selection process. The drill rig type was a TerraSonic TSi 150cc track mounted sonic rig, 

one of the most powerful sonic drill rigs currently available.  

 

5.3.2. Site set up 

The principal factor considered in the drill site set up was the need to protect personnel from exposure to 

potentially noxious gases venting from the top of the drill hole. In addition to the use of PPE and gas 

monitoring equipment, this was achieved by implementing two primary controls: 

 Gas extraction fans: two industrial extraction fans were set up to extract venting gases at the top of the 

hole away from the work area (Figure 12). The air intakes were located at two different levels: one 

on the ground immediately adjacent to the top of the casing, the other higher up above the bottom 

clamps of the drill rig. The outlets were located a safe distance (10 m) downwind of the rig; and 

 

Figure 12: Gas extraction fans and pipes convey potentially toxic gases to a safe distance downwind of the work area.  
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 Site orientation: in order to minimise the risk of venting gases being blown into the work area, the drill 

rig and support rod trailer were oriented perpendicular to the prevailing wind direction, with the 

driller and off-siders located upwind of the hole. The area downwind of the rig was made an 

exclusion zone for all personnel during drilling operations. All support vehicles, work, access, rest 

and emergency assembly areas were set up up-wind of the drill hole. 

 

5.3.3. Core handling 

Because of the possibility of having to handle high temperature cores in the PAF cells, specific high 

temperature core receiving and handling equipment was manufactured for the program (Figure 13). The 

equipment enabled the safe extrusion of 1 m length of hot rocks from the core barrel without manual 

handling by personnel, and safe transport to the receiving core trays for logging and sampling. The core was 

manipulated and sampled once safe to do so.  

 

 

Figure 13: core receiving device manufactured on site for the safe handling of high temperature rocks.  

 

5.3.4. Gas management 

Ambient gases were monitored continuously during all operations including drilling and well installation. 

In addition to potential noxious gases venting from the drill hole, Sulphur Dioxide (SO2) was monitored for 

presence in the general work area owing to its potential presence on the NOEF from either drilling 

operations or from other operational areas in the vicinity. The gas monitoring equipment used included: 

 Two Scientific Industrial MX6 Multi gas analysers with pump units for active sampling of the ambient 

air; 

Gases monitored included: 

o O2: monitoring for oxygen depletion, a likely consequence of sulphide oxidation; 

o SO2: potentially present in the NOEF PAF cells due to the oxidation of sulphides; 

o H2S: known to be produced by the oxidation of pyrite; 
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o CO2: produced by dissolution of carbonates; and 

o CO: potentially present owing to the organic content of some lithological units in particular 

the Black Bituminous Shale 

  The first analyser was permanently located on the drill rig next to the driller to monitor the 

work area in close vicinity of the drill hole. It was placed primarily as a control to monitor the 

proper function of the extractor fans. The second analyser was fitted with a telescopic sampling 

tube in order to safely monitor the gases at the top of the drill hole and close to ground level 

where the heavier gases may settle (Figure 14).  

  The MX6 analysers continuously recorded and stored measured gas levels. Gas levels were 

recorded at every run during the drilling, and the full dataset was downloaded and processed 

at the end of every hole.  

 Personal SO2 monitor: all personnel carried a personal SO2 monitor at all times in order to detect 

potential sulphur dioxide present in the work area. 

 

Figure 14: top of bore casing gas measurements using the sampling tube and MX6 gas analyser 
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Figure 15: Gas extraction fans functioning during GWNOEF-8S2 drilling. The hot gases and vapour are efficiently extracted from 

the top of bore, effectively securing the work area 

 

Figure 16: Toxic fumes exit from the gas extraction pipes downwind of the work area and a safe distance away 

 

5.3.5. Temperature monitoring 

Due to the possibility of encountering high ground temperatures during the drilling, the temperature of the 

drilling equipment and extracted core was carefully monitored. Three different thermometers were used: 

 Infrared thermal imaging camera: the thermal imaging camera enables the remote measurement of 

temperatures over a broad area and the capture of thermal images for records; 
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o Used to monitor the temperature of the core barrel at the end of every run prior to being 

handled by the off-siders; 

o Used to survey the temperature of the extracted core;  

 Digital infrared temperature gun: used as a backup for the thermal camera and for measuring the core 

temperature; and 

 Downhole thermocouple: a thermocouple was used to measure down hole in situ temperature, 

however this was limited to the first 30m. Below this level, the temperature was recorded using the 

average core temperature for the run. Comparison between the two values in the first 30m shows a 

good agreement.  

 

 

Figure 17: downhole temperature measurement during drilling of GWNOEF-7S using a downhole thermocouple. 

 

 

5.4. Sample Collection 

5.4.1. Geotechnical sampling 

Following extraction of the core from the core barrel, the temperature was recorded and the core was 

weighed in metre sections. Two to three kilograms of sample were collected as soon as possible every metre 

for geotechnical analysis. The samples were sealed in double plastic bags to prevent any moisture loss.  

Geotechnical testing was conducted at the Laboratory of Geomechanics at the School of Civil Engineering, 

University of Queensland in Brisbane. Testing parameters included moisture content and total suction. 

In addition to the core sampling, 7 undisturbed samples of clay were taken by push tube in the Compacted 

Clay Liner (CCL) layers and in the natural foundation below the NOEF. 
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Figure 18: Recovery of undisturbed clay sample by push tube during the drilling of GWNOEF-8NSL 

 

5.4.2. Geochemical sampling 

The geochemical composition of MRM waste rock is well documented from drill core assays, block model 

estimates, and monthly monitoring sampling. The stratigraphy and general emplacement locations of the 

various rock types within the NOEF are known and therefore a high sampling density is not required to 

geochemically characterise the NOEF. The purpose of the sampling program was aimed at determining the 

extent of weathering/oxidation in the PAF cells, as well as the NAF base.  

 Three kilograms of rock samples were collected every 3 metres for geochemical analyses. All 

samples were analysed for paste pH, Acid Neutralising Capacity (ANC), Net Acid Producing 

Potential (NAPP), Net Acid Generation (NAG), Total Sulphur (S), Total Organic Carbon (TOC) and 

Multi-element analysis. 

In addition to the above tests, 14 samples through the profile were selected for additional testing including 

Shake Flask Extraction (SFE), Kinetic NAG testing and Sulphur speciation. The samples included zones of 

visible oxidation and/or elevated temperatures. The results from the analyses are presented in Section 5.2. 

5.5. Well installation 

5.5.1. Water monitoring bores 

The program included the installation of 15 permanent groundwater monitoring bores at 7 locations within 

the NOEF (Figure 19) for ongoing sampling. The targeted zones were:  

 The lift 1 CCL: located at the base of the PAF cell, immediately above the NAF base. One monitoring 

bore was placed on top of the lift 1 CCL at location 7 in order to monitor the presence of water on 

top of the low permeability layer; 
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 The shallow groundwater aquifer: located in the foundation below the former natural surface, the 

shallow groundwater aquifer was defined as the first water bearing zone encountered during 

drilling. It is most commonly encountered in the alluvials or in the weathered bedrock horizon; and 

 The former natural surface level: Monitoring wells were placed at the former natural surface level to 

determine whether water was present at the base of the NOEF, and if it shows seasonal variations. 

A generic construction diagram of the NOEF water monitoring wells is presented in Figure 20. A vertical 

bore is drilled to the target depth. A 50mm diameter bore casing is then installed consisting of a PVC screen 

(1 to 6 m) attached to a PVC bore casing. For all wells installed through the NAF base, as well as the ones on 

top of lift 2 (Site 7), the PVC bore casing extends all the way to the top of the well. For the wells drilled 

through the centre of the PAF cells (location 8), the PVC casing only extends to within 2 m of the top of the 

NAF base, then a 50 mm diameter stainless steel bore casing is used through the PAF for increased 

temperature resistance. The bore hole was then backfilled: silica sand was used for the screened zone, with 

the sand extending 1m above the screen. The rest was backfilled with bentonite clay to the top of the well. 

Calcium Bentonite was used in the NOEF because of the highly dolomitic environment: sodium bentonite is 

susceptible to cation exchange which affects its swelling capacities over time, and is not recommended for 

limestone or dolostone terrains.  

 

Figure 19: material type distribution on the NOEF in 2015 and location of the ground water drill locations.  

5.5.2. Gas sampling bore 

In order to enable ongoing monitoring of the gas composition of the NOEF, a gas sampling bore was 

installed at location 8 (refer to Figure 19). The bore was drilled to a depth of 54 metres, through the PAF and 

into the lift 1 NAF base. A total of 4 stainless steel gas sampling ports were installed using Teflon tubing 

because of its heat resistant properties (≅280°C). Three ports were installed at different levels within the PAF 

cell (10m, 20m and 33m), and one in the NAF base at 53metres.  
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The gas ports were installed in porous silica sand to allow intake of gas from the surrounding rock. Calcium 

bentonite was used to seal the base of the bore, the former CCL location, and the top of the bore to prevent 

venting. The structure of the bore is shown in Figure 23.  

 

 

Figure 20: Schematic diagram of water bore installation with NOEF stratigraphy. The example is from a bore screened in the shallow 

aquifer in the weathered bedrock.  
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Figure 21: Installation of GWNOEF-8S2 groundwater monitoring well. Note the stainless steel bore casing, the two MX6 analysers 

and the double extraction fans.  

 

 

 

Figure 22: Gas sampling ports installed in GWNOEF-8G. The example shows a brass weight, while stainless steel weights were used 

here.  
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Figure 23: Schematic diagram of the gas port installation in GWNOEF-8G shown against the NOEF stratigraphy.   

 

 

5.5.3. Temperature monitoring bore 

In order to test the practicality of installing heat resistant thermocouples into the NOEF PAF cell, a 

temperature monitoring bore was installed at location 8 by converting the already drilled but damaged 

GWNOEF-8S water monitoring bore. The bore was terminated at 54 metres and backfilled with bentonite to 

36 metres. An industrial thermocouple rated to 1000°C was installed at 33 metres, corresponding to the 

location of the highest temperature recorded at location 8.  
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5.6. Results 

5.6.1. Geology  

PAF 

The bores GWNOEF-7 through to 10 were drilled through the PAF cells of the NOEF. Lithologies in the PAF 

cells are largely dominated by dark grey pyritic/dolomitic shales with minor dolomitic breccias. The 

lithologies are consistent with identified PAF lithologies in the pit, namely the Upper Pyritic Shale (UpH), 

Black Bituminous Shale (BbH), and the pyritic/dolomitic shales of the Lower Pyritic Shale unit (LpH). 

The degree of visible weathering/oxidation is variable within the profile, however is generally low, with the 

large majority of core appearing fresh. The degree of weathering and oxidation appears highly correlated 

with temperature peaks: zones of high temperatures appear distinctly more oxidised with a characteristic 

tan to an ochre coloration associated with haematite staining, as well as a much higher proportion of fines in 

the recovered core. Figure 24a and Figure 24b show the comparison between two lengths of cores from 

bores GWNOEF-9S, while Figure 25 shows a section of oxidised PAF immediately after extraction from the 

core barrel.  

 

 

a 

 

b 

Figure 24: recovered core from GWNOEF-9S showing two distinct state of oxidation.  

 

Figure 24a shows the recovered core from 9 to 12 metres with the typical grey fresh rock coloration and 

comparatively large clast size. Figure 24b shows the interval from 36 to 39 metres, corresponding to a high 

temperature interval (≈140°C). The oxidised state of the material is clearly visible, as well as the finer clast 

size. Only two such intervals were encountered in the drilling: GWNOEF-9S (36-39m) and GWNOEF-8S (33 

to 36m). The remainder of the PAF shows much less extensive evidence of oxidation. 
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Figure 25: section of oxidised PAF immediately after extraction from the core barrel. The haematite staining is clearly visible.  
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NAF BASE 

Lithologies in the NAF base are highly variable. The dominant lithologies are the dolomitic shales, weakly 

pyritic shales, and dolomitic breccias of the Lower Pyritic Shale unit (LpH), as well as the dolomitic shales of 

the W-fold shale (WFS) and the Teena dolomite (Pmp). A significant proportion of alluvial clayey silts, sands 

and weathered (oxidised) dolomitic shales mined from the overburden of the open pit were also present. The 

alluvial fraction in many cases made up to 50% of the core, as in GWNOEF-8S.  

The variability in the NAF base composition is shown in Figure 26 by four sections of drill cores. Figure 26a 

(GWNOEF-8S, 51-54m): weathered rock/Alluvials; Figure 26b (GWNOEF-7S, 30-33m), alternation of alluvial 

clayey sands and dolomitic shale rock fill; Figure 26c and Figure 26d (GWNOEF-3S, 9-12m & GWNOEF-8S, 

57-60m): dolomitic shale rock fill.  

 

 

a 

 

b 

 

c 

 

d 

Figure 26: 4 different section of drill core showing the variability of the NAF base composition.   
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FOUNDATION  

The natural foundation below the NOEF is subdivided into three horizons: 

  Alluvials: immediately below the NAF base, consisting of alluvial silt, sand and clays with minor 

localised gravel bands; 

 Weathered bedrock: consisting of weathered dolomite; and 

 Fresh rock consisting of dolomitic shales 

 

 

(a) 

Silts and sandy clays 

 

(B) 

Weathered saprolitic dolomite 

 

(c) 

Fresh dolomitic shales 

 

(d) 

Clays 

Figure 27: 4 different section of drill core showing the variability of the foundation composition.  
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5.6.2. Geochemistry 

Results from 62 geochemical analyses from four NOEF drill cores (GWNOEF-7S, 8S, 9S and 10S) are 

presented in Tables 6 to 16. The data includes static acid base accounting analyses, whole rock elemental 

abundances, and 24hr Shake flask extractions from selected samples.  

WASTE CLASSIFICATION RESULTS 

Although based on a relatively small number of samples, the drilling results are in good agreement with 

material quantities estimated by the NOEF block model. The PAF cell drilling results indicate that only 35% 

of the samples are classified as PAF, a result which is consistent with the 41% estimated from the geological 

block model. 65% of the drill core samples are classed as MS-NAF’s.  

Similarly for the NAF base, 38% of the samples were classed as LS-NAF (HC), a number which is consistent 

with the 36% estimate obtained from the block model. The remainder are classed as MS-NAF’s.  

 

 

Figure 28: NOEF Drilling results versus the NOEF block model reconstruction.  

The drilling results are consistent with the historical reconstruction results based on survey records and 

block model data. The data indicates that actual PAF volumes placed on the NOEF are significantly lower 

than historically reported by MRM, and that only a little more than one third of the material dumped as PAF 

is actually PAF.  

 

SULPHIDE OXIDATION 

The analysis results for total sulphur and Chromium reducible sulphur (CRS) are presented in Tables 6, 9 

and 12 and 15, and are summarised in Table 16.  

 



 

 

 

Table 6: GWNOEF-8S ABA results 

              

 
strat depth temp pH Value ANC as H2SO4 Total S CRS NR S NRS % MPA MPA CRS NAPP NPR pH (OX) NAG (pH 4.5) NAG (pH 7.0) TOC 

                  
GWNOEF-8S-1 PAF 1.5 63 8.0 257 8.22 7.68 0.54 7% 252 235 -5.5 1.02 6.3 <0.1 3.2 1.31 

GWNOEF-8S-2 PAF 4.5 
 

8.2 229 8.02 
   

245 
 

16.4 0.93 5.2 <0.1 5.9 
 

GWNOEF-8S-3 PAF 7.5 
 

8.3 251 5.79 
   

177 
 

-73.8 1.42 8 <0.1 <0.1 
 

GWNOEF-8S-4 PAF 10.5 72 8.0 214 9.56 8.33 1.23 13% 293 255 78.5 0.73 2.7 41.8 64.9 1.93 

GWNOEF-8S-5 PAF 13.5 
 

8.4 294 4.88 
   

149 
 

-145 1.97 8.3 <0.1 <0.1 
 

GWNOEF-8S-6 PAF 16.5 
 

8.2 206 5.32 
   

163 
 

-43.2 1.27 8 <0.1 <0.1 
 

GWNOEF-8S-7 PAF 20.5 85 8.2 208 6.04 5.1 0.94 16% 185 156 -23.2 1.13 7.6 <0.1 <0.1 0.71 

GWNOEF-8S-8 PAF 22.5 
 

7.5 162 4.18 
   

128 
 

-34.1 1.27 8.6 <0.1 <0.1 
 

GWNOEF-8S-9 PAF 25.5 
 

8.2 335 6.31 
   

193 
 

-142 1.73 8.3 <0.1 <0.1 
 

GWNOEF-8S-10 PAF 29.5 92 8.1 230 5.01 3.7 1.31 26% 153 113 -76.7 1.50 8.1 <0.1 <0.1 0.68 

GWNOEF-8S-11 PAF 32.5 
 

7.4 248 7.93 
   

243 
 

-5.3 1.02 7.8 <0.1 <0.1 
 

GWNOEF-8S-12 PAF 34.5 
 

8.3 232 8.63 
   

264 
 

32.1 0.88 6.8 <0.1 1.8 
 

GWNOEF-8S-13 PAF 37.5 80 8.3 235 8.13 7.18 0.95 12% 249 220 13.8 0.94 7.6 <0.1 <0.1 1.75 

GWNOEF-8S-14 PAF 40.5 
 

8.6 373 3.8 
   

116 
 

-257 3.21 8.7 <0.1 <0.1 
 

GWNOEF-8S-15 NAF 43.5 
 

8.2 41.8 0.18 
   

6 
 

-36.3 7.59 8.8 <0.1 <0.1 
 

GWNOEF-8S-16 NAF 46.5 
 

8.5 45 0.07 
   

2 
 

-42.8 21.01 9.2 <0.1 <0.1 
 

GWNOEF-8S-17 NAF 49.5 
 

8.3 106 1.12 
   

34 
 

-71.7 3.09 8.4 <0.1 <0.1 
 

GWNOEF-8S-18 NAF 52.5 
 

8.4 29.1 0.13 
   

4 
 

-25.1 7.32 8.8 <0.1 <0.1 
 

GWNOEF-8S-19 NAF 55.5 86 9.0 371 3.53 3.08 0.45 13% 108 94 -263 3.43 8.3 <0.1 <0.1 
 

GWNOEF-8S-20 NAF 58.5 
 

9.0 531 0.02 
   

1 
 

-530 867.65 9.3 <0.1 <0.1 
 

GWNOEF-8S-21 NAF 61.5 
 

7.8 212 0.96 
   

29 
 

-183 7.22 9.1 <0.1 <0.1 
 

GWNOEF-8S-27 Foundation 73.5 
 

8.9 665 0.05 0.016 0.034 
 

2 
 

-663 434.64 9.2 <0.1 <0.1 
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Table 7: GWNOEF-8S selected metals 

 strat depth Pb Zn Cu Cd As Fe S Ca Mg Mn Ca/Mg NPR  

   ppm ppm ppm ppm ppm % % % % ppm    

GWNOEF-8S-1 PAF 1.5 867 4,270 39 6 218 8.57 8.7 6.23 3.71 938 1.68 1.1 MS-NAF(LC) 

GWNOEF-8S-2 PAF 4.5 607 3,420 37 5 213 8.15 8.19 5.6 3.24 544 1.73 1.1 PAF(HC) 

GWNOEF-8S-3 PAF 7.5 800 3,420 52 7 182 6.64 6.19 6.06 3.59 795 1.69 1.6 MS-NAF(LC) 

GWNOEF-8S-4 PAF 10.5 668 2,890 41 4 255 9.76 9.88 5.47 3.13 664 1.75 0.9 PAF(HC) 

GWNOEF-8S-5 PAF 13.5 454 2,760 32 4 113 5.9 5.4 7.37 4.28 757 1.72 2.2 MS-NAF(HC) 

GWNOEF-8S-6 PAF 16.5 1,460 6,130 65 11 191 6.3 5.62 4.98 3.02 898 1.65 1.4 MS-NAF(LC) 

GWNOEF-8S-7 PAF 20.5 852 4,190 42 6 198 7.35 6.45 5.25 3.22 702 1.63 1.3 MS-NAF(LC) 

GWNOEF-8S-8 PAF 22.5 14,050 30,700 705 82 474 5.23 4.4 5.01 2.1 2430 2.39 1.6 MS-NAF(LC) 

GWNOEF-8S-9 PAF 25.5 1,010 4,280 43 6 212 7.69 7.05 8.27 4.46 943 1.85 1.8 MS-NAF(LC) 

GWNOEF-8S-10 PAF 29.5 2,470 11,800 149 19 229 6.44 5.33 6.47 3.16 2030 2.05 1.8 MS-NAF(LC) 

GWNOEF-8S-11 PAF 32.5 3,630 13,400 190 22 322 7.91 8.2 6.68 3.37 2740 1.98 1.2 MS-NAF(LC) 

GWNOEF-8S-12 PAF 34.5 8,090 18,250 256 44 380 8.71 9.05 5.32 3.14 747 1.69 0.9 PAF(HC) 

GWNOEF-8S-13 PAF 37.5 9,450 31,800 369 58 461 7.29 8.4 5.65 2.95 1610 1.92 1.0 PAF(HC) 

GWNOEF-8S-14 PAF 40.5 2,260 2,960 33 5 121 4.48 3.86 10.45 3.07 576 3.40 3.5 MS-NAF(HC) 

GWNOEF-8S-15 NAF 43.5 38 99 16 <0.5 8 2.69 0.17 1.62 0.8 429 2.03 14.2 LS-NAF(HC) 

GWNOEF-8S-16 NAF 46.5 128 852 18 2 17 2.97 0.06 1.53 0.71 612 2.15 37.3 LS-NAF(HC) 

GWNOEF-8S-17 NAF 49.5 215 973 27 1 41 3.73 1.29 2.61 1.54 603 1.69 3.2 MS-NAF(HC) 

GWNOEF-8S-18 NAF 52.5 71 180 19 <0.5 13 2.85 0.13 0.79 0.63 508 1.25 10.9 LS-NAF(HC) 

GWNOEF-8S-19 NAF 55.5 704 3,870 59 7 147 4.36 3.68 8.12 4.87 1030 1.67 3.5 MS-NAF(HC) 

GWNOEF-8S-20 NAF 58.5 146 333 14 <0.5 13 1.81 0.01 12.95 5.27 456 2.46 1822.0 LS-NAF(HC) 

GWNOEF-8S-21 NAF 61.5 283 2,340 32 4 54 3.93 0.98 5.52 2.56 2150 2.16 8.2 LS-NAF(HC) 

GWNOEF-8S-27 Foundation 73.5 36 246 24 <0.5 9 1.12 0.04 13.4 7.92 682 1.69 533.0  
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Table 8: GWNOEF-8S leachate concentrations 

   S as SO4 Ca Mg Na K P Al Sb As Cd Cr Co Cur Pb Mn Mo Ni Tl Zn Fe 

 strat depth mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

                       

GWNOEF-8S-1 PAF 1.5 446 255 124 27 98   0.032 0.034      0.097 0.121 0.007    

GWNOEF-8S-2 PAF 4.5                     

GWNOEF-8S-3 PAF 7.5                     

GWNOEF-8S-4 PAF 10.5 556 303 195 27 115  0.06 0.029 0.024      0.203 0.096 0.01  0.102  

GWNOEF-8S-5 PAF 13.5                     

GWNOEF-8S-6 PAF 16.5                     

GWNOEF-8S-7 PAF 20.5 533 308 141 26 114   0.017 0.03      0.22 0.167     

GWNOEF-8S-8 PAF 22.5                     

GWNOEF-8S-9 PAF 25.5                     

GWNOEF-8S-10 PAF 29.5 941 755 163 22 154   0.038 0.016      0.531 0.142 0.006 0.006 0.026  

GWNOEF-8S-11 PAF 32.5                     

GWNOEF-8S-12 PAF 34.5                     

GWNOEF-8S-13 PAF 37.5 350 206 98 25 92   0.033 0.012      0.129 0.047     

GWNOEF-8S-14 PAF 40.5                                         

GWNOEF-8S-15 NAF 43.5                                         

GWNOEF-8S-16 NAF 46.5                     

GWNOEF-8S-17 NAF 49.5                     

GWNOEF-8S-18 NAF 52.5                     

GWNOEF-8S-19 NAF 55.5 107 43 43 22 83   0.054 0.096      0.016 0.21   0.028  

GWNOEF-8S-20 NAF 58.5                     

GWNOEF-8S-21 NAF 61.5                                         

GWNOEF-8S-27 Foundation 73.5 16 10 23 19 23    0.01       0.01     
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Table 9: GWNOEF-7S ABA results 

                  

 strat depth temp pH Value ANC as H2SO4 Total S CRS NR S NRS % MPA MPA CRS NAPP NPR pH (OX) NAG (pH 4.5) NAG (pH 7.0) TOC 

                  

GWNOEF-7S-1 NAF cover 1.1   8.6 493 5.19       159   -334 3.10 8.4 <0.1 <0.1   

GWNOEF-7S-2 NAF cover 4.5   8.8 394 0.96       29   -365 13.41 8.8 <0.1 <0.1   

GWNOEF-7S-3 NAF cover 7.5   8.7 275 3.72       114   -161 2.42 8.3 <0.1 <0.1   

GWNOEF-7S-4 PAF cell 13.5 51 8.1 231 6.09 5.31 0.78 13% 186   -44.6 1.24 8.1 <0.1 <0.1 1.29 

GWNOEF-7S-5 PAF cell 16.5   8.1 222 7.46       228   6.3 0.97 6.3 <0.1 4.8   

GWNOEF-7S-6 PAF cell 20.5 74 8.2 275 6.27 5.21 1.06 17% 192   -83.1 1.43 8.1 <0.1 <0.1 1.26 

GWNOEF-7S-7 PAF cell 23.5   8.3 270 5.03       154   -116 1.75 8.2 <0.1 <0.1   

GWNOEF-7S-8 PAF cell 24.5   8.7 556 5.45       167   -389 3.33 8.3 <0.1 <0.1   

GWNOEF-7S-9 NAF base 27.5   9 536 2.43       74   -462 7.21 8.5 <0.1 <0.1   

GWNOEF-7S-10 NAF base 30.5   8.7 279 1.74       53   -226 5.24 8.1 <0.1 <0.1   

GWNOEF-7S-11 NAF base 33.5   8.3 194 5.7       174   -19.6 1.11 7 <0.1 <0.1   

GWNOEF-7S-12 Foundation 36.5   8.7 61.2 0.04 0.005 0.035   1   -60 50.00 9.2 <0.1 <0.1   

GWNOEF-7S-13 Foundation 40.5   8.6 10.9 0.05       2   -9.4 7.12 8.6 <0.1 <0.1   

GWNOEF-7S-14 Foundation 42   9 215 0.03       1   -214 234.20 9.2 <0.1 <0.1   

GWNOEF-7S-15 Foundation 45.5   9.2 738 0.02       1   -737 1205.88 10 <0.1 <0.1   

GWNOEF-7S-16 Foundation 47.5   9.2 600 0.04       1   -599 490.20 10.7 <0.1 <0.1   
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Table 10: GWNOEF-7S selected metals 

 strat depth Pb Zn Cu Cd As Fe S Ca Mg Mn Ca/Mg NPR  

   ppm ppm ppm ppm ppm % % % % ppm    

GWNOEF-7S-1 NAF cover 1.1 328 1440 45 1.9 293 6.02 5.48 9.53 5.92 2580 1.61 2.8 MS-NAF(HC) 

GWNOEF-7S-2 NAF cover 4.5 153 480 27 0.7 41 2.52 0.96 9.09 5.57 1070 1.63 15.3 LS-NAF(HC) 

GWNOEF-7S-3 NAF cover 7.5 618 2410 50 3.3 165 4.84 3.85 6.35 4.11 1010 1.55 2.7 MS-NAF(HC) 

GWNOEF-7S-4 PAF cell 13.5 1840 7460 107 13.4 231 7.03 6.58 5.73 3.23 915 1.77 1.4 MS-NAF(LC) 

GWNOEF-7S-5 PAF cell 16.5 2110 6870 94 12.1 249 8.17 7.79 5.26 3.06 744 1.72 1.1 PAF(HC)   

GWNOEF-7S-6 PAF cell 20.5 1040 4370 58 6.7 218 7.76 7.08 6.9 3.83 792 1.80 1.5 MS-NAF(LC) 

GWNOEF-7S-7 PAF cell 23.5 1210 4800 57 8.2 257 5.73 5.25 6.39 4.1 1140 1.56 2.0 MS-NAF(LC) 

GWNOEF-7S-8 PAF cell 24.5 911 7350 29 5.6 323 5.83 5.92 11 6.97 3320 1.58 3.0 MS-NAF(HC) 

GWNOEF-7S-9 NAF base 27.5 443 2310 50 3.9 104 3.96 2.65 11 6.73 1720 1.63 6.7 MS-NAF(HC) 

GWNOEF-7S-10 NAF base 30.5 609 3370 60 11 135 5.16 2.01 6.83 3.96 1120 1.72 5.4 MS-NAF(HC) 

GWNOEF-7S-11 NAF base 33.5 730 4080 50 9.1 222 7.4 6.06 4.42 2.92 795 1.51 1.2 MS-NAF(LC) 

GWNOEF-7S-12 Foundation 36.5 29 51 21 <0.5 8 3.51 0.03 2.13 0.68 717 3.13 93.7 LS-NAF(HC) 

GWNOEF-7S-13 Foundation 40.5 127 517 18 <0.5 21 3.96 0.05 0.22 1.48 2010 0.15 34.0 LS-NAF(HC) 

GWNOEF-7S-14 Foundation 42 99 631 9 1.6 7 1.33 0.01 19.3 6.5 1540 2.97 2580.0 LS-NAF(HC) 

GWNOEF-7S-15 Foundation 45.5 55 472 6 0.8 <5 1.04 0.01 18.9 6.42 652 2.94 2532.0 LS-NAF(HC) 

GWNOEF-7S-16 Foundation 47.5 95 486 8 0.8 5 1.13 0.03 13.2 5.64 644 2.34 628.0  
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Table 11: GWNOEF-7S leachate results 

   S as SO4 Ca Mg Na K P Al Sb As Cd Cr Co Cu Pb Mn Mo Ni Tl Zn Fe 

 strat depth mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

                       

GWNOEF-7S-1 NAF cover 1.1                                         

GWNOEF-7S-2 NAF cover 4.5                                         

GWNOEF-7S-3 NAF cover 7.5                                         

GWNOEF-7S-4 PAF cell 13.5 753 552 176 41 134     0.022 0.015       0.006   0.332 0.099     0.034   

GWNOEF-7S-5 PAF cell 16.5                                         

GWNOEF-7S-6 PAF cell 20.5 796 556 189 27 122     0.016 0.015           0.321 0.165 0.005   0.035   

GWNOEF-7S-7 PAF cell 23.5                                         

GWNOEF-7S-8 PAF cell 24.5                                         

GWNOEF-7S-9 NAF base 27.5                                         

GWNOEF-7S-10 NAF base 30.5                                         

GWNOEF-7S-11 NAF base 33.5                                         

GWNOEF-7S-12 Foundation 36.5 49 13 12 99 10   0.15                 0.019 0.005   0.03 0.16 

GWNOEF-7S-13 Foundation 40.5                                         

GWNOEF-7S-14 Foundation 42                                         

GWNOEF-7S-15 Foundation 45.5                                         

GWNOEF-7S-16 Foundation 47.5                                         
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Table 12: GWNOEF-9S ABA results 

                  

 strat depth temp pH Value ANC as H2SO4 Total S CRS NR S NRS % MPA MPA CRS NAPP NPR pH (OX) NAG (pH 4.5) NAG (pH 7.0) TOC 

                  

GWNOEF-9S-1 PAF cell 1.5  8.4 288 4.33    132  -156 2.17 8.4 <0.1 <0.1  

GWNOEF-9S-2 PAF cell 4  8.1 197 6.61    202  5.3 0.97 5.9 <0.1 2.9  

GWNOEF-9S-3 PAF cell 7.5  7.9 240 6.81    208  -31.6 1.15 7.4 <0.1 <0.1  

GWNOEF-9S-4 PAF cell 10.5 75 8.4 313 3.59 3.09 0.5 14% 110  -203 2.85 8.4 <0.1 <0.1 0.53 

GWNOEF-9S-5 PAF cell 13.5  8.3 275 4.3    132  -143 2.09 8.3 <0.1 <0.1  

GWNOEF-9S-6 PAF cell 16.5  8.1 240 6.96    213  -27 1.13 8.1 <0.1 <0.1  

GWNOEF-9S-7 PAF cell 19.5 79 7.8 226 10.4 8.86 1.54 15% 318  92.2 0.71 2.5 65.8 91.5 1.7 

GWNOEF-9S-8 PAF cell 22.5  8.1 208 4.98    152  -55.6 1.36 8.1 <0.1 <0.1  

GWNOEF-9S-9 PAF cell 25.5  8.1 242 10.2    312  70.1 0.78 2.8 38.5 59.6  

GWNOEF-9S-10 PAF cell 28.5  8.1 212 7.84    240  27.9 0.88 3.3 15.4 33.9  

GWNOEF-9S-11 PAF cell 31.5 140 8.1 238 7.97 6.83 1.14 14% 244  5.9 0.98 3.9 2.4 13.1 1.83 

GWNOEF-9S-12 PAF cell 24.5  8.1 233 7.62    233  0 1.00 4.4 0.2 9  

GWNOEF-9S-13 PAF cell 36.6 162 6.4 257 8.58 6.58 2.0 23% 263  5.5 0.98 7.4 <0.1 <0.1 0.33 

GWNOEF-9S-14 PAF cell 38.5  7.9 181 6.99    214  32.9 0.85 3 13.2 22.4  
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Table 13: GWNOEF-9S selected metals 

 strat depth Pb Zn Cu Cd As Fe S Ca Mg Mn Ca/Mg NPR  

   ppm ppm ppm ppm ppm % % % % ppm    

GWNOEF-9S-1 PAF cell 1.5 1250 3940 40 6.1 161 5.58 4.39 7.24 3.65 856 1.98 2.5 MS-NAF(HC) 

GWNOEF-9S-2 PAF cell 4 1050 4120 44 6.6 226 7.63 7.23 5.29 3.14 618 1.68 1.2 PAF(HC) 

GWNOEF-9S-3 PAF cell 7.5 794 4350 35 5.7 188 7.62 7.47 5.87 3.11 562 1.89 1.2 MS-NAF(LC) 

GWNOEF-9S-4 PAF cell 10.5 1210 3830 40 5.6 135 5.1 3.95 7.44 4.57 830 1.63 3.0 MS-NAF(HC) 

GWNOEF-9S-5 PAF cell 13.5 699 3470 39 4.9 129 5.63 4.7 7.05 3.5 654 2.01 2.2 MS-NAF(HC) 

GWNOEF-9S-6 PAF cell 16.5 2430 8810 127 17.9 324 8.12 7.92 6.5 3.71 999 1.75 1.3 MS-NAF(LC) 

GWNOEF-9S-7 PAF cell 19.5 1330 6380 42 8.9 312 10.9 12.05 5.61 3.21 599 1.75 0.7 PAF(RE) 

GWNOEF-9S-8 PAF cell 22.5 464 2620 32 3.8 159 6.14 5.09 5.16 2.89 557 1.79 1.6 MS-NAF(HC) 

GWNOEF-9S-9 PAF cell 25.5 865 5620 53 7.1 364 10.45 10.55 5.83 3.43 661 1.70 0.9 PAF(HC) 

GWNOEF-9S-10 PAF cell 28.5 855 4110 41 5.8 243 9.05 8.84 5.42 3.26 536 1.66 1.0 PAF(HC) 

GWNOEF-9S-11 PAF cell 31.5 1060 4740 47 6.9 243 8.87 8.8 5.88 3.34 628 1.76 1.0 PAF(HC) 

GWNOEF-9S-12 PAF cell 24.5 947 4360 43 6.4 244 8.87 8.74 5.91 3.32 611 1.78 1.1 PAF(HC) 

GWNOEF-9S-13 PAF cell 36.6 9720 37900 424 63.1 577 8.83 9.22 6.88 3.84 3060 1.79 1.2 PAF(HC) 

GWNOEF-9S-14 PAF cell 38.5 1240 5150 56 9.2 268 8.6 7.35 4.57 2.79 678 1.64 1.0 PAF(HC) 
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Table 14: GWNOEF-9S leachate results 

   S as SO4 Ca Mg Na K P Al Sb As Cd Cr Co Cu Pb Mn Mo Ni Tl Zn Fe 

 strat depth mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

                       

GWNOEF-9S-1 PAF cell 1.5                     

GWNOEF-9S-2 PAF cell 4                     

GWNOEF-9S-3 PAF cell 7.5                     

GWNOEF-9S-4 PAF cell 10.5 289 142 89 26 107  0.18 0.037 0.042      0.038 0.278    0.22 

GWNOEF-9S-5 PAF cell 13.5                     

GWNOEF-9S-6 PAF cell 16.5                     

GWNOEF-9S-7 PAF cell 19.5 946 490 291 29 100   0.009 0.014   0.006   0.721 0.054 0.02  0.124  

GWNOEF-9S-8 PAF cell 22.5                     

GWNOEF-9S-9 PAF cell 25.5                     

GWNOEF-9S-10 PAF cell 28.5                     

GWNOEF-9S-11 PAF cell 31.5 987 637 240 41 131   0.036 0.026      0.359 0.162 0.006  0.032  

GWNOEF-9S-12 PAF cell 24.5                     

GWNOEF-9S-13 PAF cell 36.6 1970 436 1030 49 118    0.022 0.0102  0.731  0.248 60.8  0.541 0.075 181 2.37 

GWNOEF-9S-14 PAF cell 38.5                     
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Table 15: GWNOEF-10S ABA results 

                  

 strat depth temp pH Value ANC as H2SO4 Total S CRS NR S NRS % MPA MPA CRS NAPP NPR pH (OX) NAG (pH 4.5) NAG (pH 7.0) TOC 

                  

GWNOEF-10S-1 PAF cell 1.5  7.9 160 4.29    131  -28.7 1.22 7.8 <0.1 <0.1  

GWNOEF-10S-2 PAF cell 4.5  8.2 184 2.7    83  -101 2.23 8.2 <0.1 <0.1  

GWNOEF-10S-3 PAF cell 7.5  8.2 204 10.2    312  108 0.65 2.8 36.4 75  

GWNOEF-10S-4 PAF cell 10.5  8.2 254 7.36    225  -28.8 1.13 7.4 <0.1 <0.1  

GWNOEF-10S-5 PAF cell 13.5  8.3 238 5.98    183  -55 1.30 8 <0.1 <0.1  

GWNOEF-10S-6 PAF cell 16.5  8.1 226 5.63    172  -53.7 1.31 7.9 <0.1 <0.1  

GWNOEF-10S-7 PAF cell 19.5  7.8 167 8.22    252  84.5 0.66 2.7 44.4 65.3  

GWNOEF-10S-8 PAF cell 22.5  7.2 233 6.37    195  -38.1 1.20 8.2 <0.1 <0.1  

GWNOEF-10S-9 PAF cell 25.5  7.1 280 6.89    211  -69.2 1.33 8 <0.1 <0.1  

GWNOEF-10S-10 PAF cell 28.5  8 211 5.21    159  -51.6 1.32 7.9 <0.1 <0.1  
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Table 16: GWNOEF-10S selected metals 

 strat depth Pb Zn Cu Cd As Fe S Ca Mg Mn Ca/Mg NPR  

   ppm ppm ppm ppm ppm % % % % ppm    

GWNOEF-10S-1 PAF cell 1.5 612 3710 38 5.9 167 5.87 4.49 3.75 2.71 431 1.383764 1.4 MS-NAF(LC) 

GWNOEF-10S-2 PAF cell 4.5 575 3040 37 5.1 125 4.45 2.76 4.02 2.94 537 1.367347 2.5 MS-NAF(HC) 

GWNOEF-10S-3 PAF cell 7.5 8450 28300 195 62.2 540 9.21 10.2 5.05 2.78 707 1.816547 0.8 PAF(RE) 

GWNOEF-10S-4 PAF cell 10.5 1690 5500 60 9.5 280 8.37 7.91 6.45 3.43 787 1.880466 1.2 MS-NAF(LC) 

GWNOEF-10S-5 PAF cell 13.5 397 3100 31 4 205 6.94 6.31 6.14 3.03 548 2.026403 1.5 MS-NAF(LC) 

GWNOEF-10S-6 PAF cell 16.5 517 2250 35 3.2 193 7.02 6.38 5.58 3.12 521 1.788462 1.4 MS-NAF(LC) 

GWNOEF-10S-7 PAF cell 19.5 961 4000 40 5.8 256 9.51 9.36 5.17 2.9 545 1.782759 0.9 PAF(HC) 

GWNOEF-10S-8 PAF cell 22.5 589 2450 37 3.5 224 7.98 7.45 7.08 3.66 688 1.934426 1.4 MS-NAF(LC) 

GWNOEF-10S-9 PAF cell 25.5 755 3450 39 5.1 233 8.08 7.82 6.97 3.94 682 1.769036 1.4 MS-NAF(LC) 

GWNOEF-10S-10 PAF cell 28.5 433 2370 31 3.4 157 5.79 5.17 4.73 2.74 483 1.726277 1.4 MS-NAF(LC) 

 

 

 



 

 

Chromium Reducible Sulphur was used as a method to quantify the sulphur fraction that corresponds to the 

readily oxidisable sulphides, in this case primarily pyrite. It is important to understand that while the CRS 

method can give a reliable measurement of the sulphide fraction, it does not discriminate between all the 

other forms of sulphur that may be present such as sulphates, elemental sulphur, organically bound sulphur, 

etc.  This is demonstrated by sulphur speciation data from the MRM fresh rock (Figure 29).  

 

 

Figure 29: NOEF Drilling results versus fresh rock sulphur data.  

In Figure 29, the CRS data versus total sulphur for the NOEF samples is plotted with the fresh rock data 

from the MRM waste lithologies drill cores. The NOEF data is identical to the fresh rock data indicating that 

on average, most of the oxidised sulphur in the NOEF samples is consistent with what is expected from the 

fresh rock, and is unlikely to have been generated in situ in the NOEF.  

The fresh rock data also clearly shows that the sulphate fraction is only a minor component of the “oxidised” 

sulphur as determined by the CRS method.  

Figure 30 and Figure 31 show the percentage of sulphide sulphur in the NOEF drill core samples versus 

what is expected for the MRM fresh rock data for the cores 8S and 9S.  

 

Figure 30: %CRS with depth in core GWNOEF-8S.  
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Figure 31: %CRS with depth in core GWNOEF-9S. 

The data shows that the amount of “sulphide sulphur” as determined by the CRS method is within error of 

what can be expected from fresh rock data. However, the fact that the NOEF samples have a slightly higher 

sulphide percentage compared to the fresh rock data suggest that some sulphur may have been lost from the 

NOEF samples, which is consistent with the NOEF having been an open system, i.e. some sulphur has been 

lost to the environment, most likely in the form of gases (SO2 and H2S) or soluble sulphate form (SO4).  

The only two data points that do not show this trend are the GWNOEF–8S 29.5m sample and the GWNOEF-

9S 36.6m sample. It is likely that higher rates of in-situ oxidation at these levels resulted in the comparatively 

higher generation of secondary sulphates.  

The results indicate that on average, oxidation in the PAF cell appears relatively limited, a result consistent 

with the relatively young age of the NOEF PAF cell (6 years). However, localised much higher rates of 

oxidation are likely to be present in the PAF cell, as indicated by at least 2 samples in the drill cores.  

 

LEACHATE EXTRACTIONS  

Leachate extraction results are presented in Tables 8, 11 and 14. The results are consistent with what could be 

expected from MRM metalliferous saline NAF and PAF rocks.  

The leachates are characterised by elevated sulphate, calcium, magnesium, zinc, arsenic and antimony 

concentrations. Core GWNOEF-9S in particular shows the highest sulphate concentrations with a maximum 

value of 1970 mg/l for the 36.6m sample. This is consistent with the higher oxidised sulphur measurement 

and the elevated temperature (160C) of this interval, indicative of very high sulphide oxidation rates.  

 

5.6.3. Gas monitoring 

An example of gas measurements from the NOEF bores is presented in Figure 32. The results presented are 

for GWNOEF-10S. They are characteristic of the results obtained from all bores drilled through the PAF cell.  

The results can be summarised as follow: 

The gas composition within the NOEF is dominated by carbon dioxide (> 5%, the maximum limit of the 

instrument) and hydrogen sulphide (ca 150ppm), with variable amounts of carbon monoxide. Oxygen 

appears highly depleted (down to 0.8% O2).  
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Figure 32:MX6 multi gas analyser readings for GWNOEF-10S. The timing of the SO2 peaks is distinct from all the other gases showing that the primary source of SO2 was not the 

bore. 
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Almost no sulphur dioxide was measured from the bores, a feature consistent will all bores measured in 

2015 and 2016: the two minor peaks in Figure 32 do not correspond to downhole measurements, but 

correspond to ambient sulphur dioxide present on top of the PAF cell during drilling.  

The very low oxygen content and the presence of both hydrogen sulphide and carbon monoxide indicate 

that predominantly anoxic conditions prevail within the NOEF. While advection of air into the stockpile is 

undoubtedly taking place, most likely driven by convection (i.e. the temperature difference between the 

NOEF and the atmosphere results in air being drawn into the stockpile), oxygen appears to be rapidly 

consumed within the first few metres of the stockpile by the sulphides, resulting in anoxic conditions at 

depth. This most likely limits the oxidation rate of the PAF and the MS-NAFs deep within the pile and is a 

positive result.  

 

5.6.4. Temperature monitoring 

In addition to the 4 bores drilled through the PAF cells in 2015, 12 temperature investigation bores were 

drilled in 2016 to further document temperature distributions within the NOEF. Of these, 10 were 

instrumented with high temperature thermocouples for ongoing monitoring. The results of temperature 

measurements from NOEF2016_8A are presented in Figure 33.  

 

Figure 33: NOEF2016_8A temperature results.  
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temperature measured by lowering a thermocouple. The yellow squares on Figure 33 shows the depth and 

temperatures of the permanently installed thermocouples in the bore.  

The average temperature profile is calculated by excluding the maximum core temperature and the barrel 

temperature. As can be seen from Figure 33, the highest temperatures during drilling are influenced by the 

drilling process, with tighter drilling conditions resulting in higher recorded temperatures. While indicative 

of elevated temperatures in situ temperatures, the average calculated temperature profile is less reliable than 

the installed thermocouple readings.  

The average temperature profiles obtained during drilling for the 12 bores are presented in Figure 34.  

 

Figure 34: NOEF2016 temperature results 

 

Of the 12 bores, six (in blue on Figure 34) show a normal background temperature of 60 to 65C for the full 

profile while six (in red) show elevated temperatures above 100C, indicative of higher oxidation rates of 

sulphides. The maximum recorded temperature by thermocouple is 182C, at 29m in bore NOEF2016_12A 

(see Figure 37).  
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With the exception of NOEF2016_12A, most of the high temperatures occur below the first 15m of rock, in 

the middle and lower lifts. This is consistent with the tendency for waste rock dumps to intake air from the 

base, potentially fuelling oxidation in the lower lifts rather than the upper ones, and is also consistent with 

the age of the material, the two older lifts having had more exposure to both moisture and oxygen, and 

hence potentially higher oxidation rates.  

The spatial distributions of the temperature bores is presented in Figure 35.  

 

Figure 35: NOEF monitoring bores. Groundwater (green), gas and temperature (red for hot, blue for cool).  

The area marked in red represents the estimated zone of elevated temperatures based on the NOEF drilling 

program and past records of elevated temperatures based on field observations. The temporary low grade 

ore stockpile contributes significantly to the areas of elevated temperatures. It is expected that once the 

material is rehandled for processing and a low oxygen barrier is in place, temperatures will decrease to 

background level over time.  

Individual average temperature profiles for 8 of the NOEF temperature bores together with the installed 

thermocouple readings are presented in Figures 36 and 37.  
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Figure 36: NOEF temperature profiles for 4 cool bores.  

 

0

5

10

15

20

25

30

35

40

0 50 100 150

d
ep

th
(m

) 

Temperature 

NOEF2016_2A 

Average

Thermocouples

0

5

10

15

20

25

30

35

40

0 50 100 150

D
ep

th
 (

m
) 

Temperature 

NOEF2016_5A 

Average

Thermocouples

0

5

10

15

20

25

30

35

40

0 50 100 150

D
ep

th
 (

m
) 

Temperature 

NOEF2016_7A 

Average

Thermocouples

0

5

10

15

20

25

30

35

40

0 50 100 150

D
ep

th
 (

m
) 

Temperature (◦C) 

NOEF2016_9A 

Drilling temperature

Thermocouples



Version Number 2, November 2016  |  56 
 

 

    

Figure 37: NOEF temperature profiles for 4 hot bores.  

 

0

5

10

15

20

25

30

35

40

0 50 100 150 200

D
ep

th
 (

m
) 

Temperature 

NOEF2016_8A 

Average

Thermocouples

0

5

10

15

20

25

30

35

40

0 50 100 150 200

D
ep

th
 (

m
) 

Temperature 

NOEF2016_10A 

Average

Thermocouples

0

5

10

15

20

25

30

35

40

0 100 200 300

D
ep

th
 (

m
) 

Temperature 

NOEF2016_11A 

Average

Thermocouples

0

5

10

15

20

25

30

35

40

0 100 200 300

D
ep

th
 (

m
) 

Temperature 

NOEF2016_12A 

Average

Thermocouples



 

 

Figure 37 shows that the average temperature profiles obtained during drilling tend to overestimate in situ 

temperatures as measured by thermocouples. Thermocouple measurements taken between April 2016 and 

October 2016 show that internal temperatures have remained constant over this time period.  

 

5.6.5. Groundwater monitoring 

 

The spatial distributions of the groundwater monitoring bores is presented in Figure 38.  

 

Figure 38: NOEF Groundwater monitoring bores (green).  

In the bore naming convention used, The NSL suffix refers to Natural Surface Level, which is the former 

original topography below the NOEF. This is a likely zone where waters moving through the NOEF base are 

likely to accumulate and hence was preferentially targeted. At the time of drilling, no water was intersected 

on the natural surface, however this could reflect the timing of the bore installation late during the dry 

season. 

S refers to Shallow aquifer, defined as the first aquifer intersected during drilling. It is typically 10 to 15 

metres below the surface, and occurs in the weathered bedrock layer below the in situ clays and fine grained 

alluvials. The only exception is GWNOEF-5S, which targets a 1metre thick conductive gravel band a few 

metres below the natural surface.  

D refers to Deep aquifer, defined as the second aquifer intersected during drilling. It is typically 30m below 

the surface, and occurs in the fresh bedrock layer. On the NOEF, GWNOEF-5D actually intersects the 

weathered bedrock, and is therefore equivalent to the other S labelled bores. 

CCL refers to the Compacted Clay Liner, located on the top of the NAF base, below the PAF cell. Only one 

bore was installed at this level (GWNOEF-7CCL) as the risk of ventilating the PAF base through several 
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water monitoring bores outweighed the potential information gain. The GWNOEF-7CCL bore is located on 

the southern margin of the NOEF, so any water that could potentially accumulate on the CCL and migrate 

downslope would be intersected by the bore. No water was found at any level within the NOEF during 

drilling.  

Sampling of the groundwater monitoring bores for water quality is currently undertaken monthly. The 

NOEF bores complement the existing bore network around the periphery of the NOEF, and fill a critical 

knowledge gap in understanding the site wide hydrology. All monitoring results from groundwater bores 

are reported separately on a quarterly basis to the Mine’s Department and within each years Monitoring 

Report. 

 

5.6.6. Geophysical sampling  

In order to gain information as to the moisture content of the NOEF, samples from the 2015 cores 

GWNOEF-5D, 7S, 8S and 9S were tested for electro conductivity (Ec), pH, total suction, moisture content and 

specific gravity. The cores were sampled every metre, and the analyses were conducted at the University of 

Queensland.  

The results for the four cores are presented in Figures 39 to 42.  

The NOEF has a relatively low gravimetric moisture content, with most values less than 15%. The PAF 

material (0 to 40 metres in 8S and 9S) has a distinctly lower moisture content than the NAF base (5D), a fact 

which is consistent with the higher temperatures encountered.  

Electrical conductivity is unsurprisingly higher in the PAF cell than in the NAF base (8S and 7S in Figure 41), 

and can be directly attributable to higher sulphates present owing to the oxidation of the sulphides, 

primarily pyrite. The peak in EC observed at 39 metres in core 9S corresponds to an area of high temperature 

and visible oxidation in the core (haematite, see Figure 26). This zone also corresponds to the only zone of 

low pH encountered (Figure 42). The low pH, high EC, high temperature and haematite staining indicate 

localised much higher rates of pyrite oxidation than elsewhere in the NOEF.  

With the exception of the above mentioned zone of core 9S, the pH values are all circum neutral to slightly 

alkaline, with a trend towards increasing alkalinity in the NAF base and the in situ foundation.  

 

 

 



 

 

 

Figure 39: gravimetric moisture content.  
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Figure 40: specific gravity  
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Figure 41: electrical conductivity.  
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Figure 42: pH.  
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Figure 43: Total suction.  

0

10

20

30

40

50

60

70

80

100 1,000 10,000 100,000

D
E

P
T

H
, 
D

 (
m

) 
TOTAL SUCTION, TS (kPa) 

GWNOEF 5D

GWNOEF 7S

GWNOEF 8S

GWNOEF 9S



 

 

 

6.Conclusions 

Several lines of investigation were used to reconstruct the current NOEF, including survey records, material 

movement records, geological block model estimations, and two drilling campaigns. The work undertaken 

by MRM has resulted in a significant improvement in the understanding of the structure, composition and 

physico-chemical processes within the NOEF: 

 Reconstruction based on historical records and drilling results indicate that the quantity of PAF on the 

NOEF is a lot smaller than historically reported by MRM. PAF material constitutes only 19% of the 

volume dumped in the facility, while the PAF cell volume accounts for 42% of the NOEF. The bulk 

of the PAF cell is composed of metalliferous saline NAF mined as PAF, resulting in an 

overestimation of actual PAF quantities in the NOEF.  

 

 A significant proportion of alluvials are present in the NAF base, significantly increasing the 

proportion of benign NAF in the base. Benign NAF accounts for 36% of the volume, the remainder 

being composed of MS-NAFs and only 4% PAF (from skinny beds unable to be segregated out with 

regular mining equipment). The NAF base will still require some form of flood proofing measure to 

limit the ingress of water and oxygen into the base, but the presence of one third LS-NAF reduces 

the risk profile of the base as far as seepage water qualities are concerned.  

 

 The lift 1 CCL in between the PAF cell and the NAF base appears generally thicker than the 0.6m 

specification, being between 0.8 to 1m in thickness in drill cores. The CCL does not appear to be 

saturated, and no water was intersected sitting above the CCL.  

 

 Temperature measurements from within the NOEF indicate that while elevated temperatures are 

present within the NOEF PAF cell, the maximum recorded temperature is less than 200C, and 

elevated temperatures are not generalised. Half the drilled temperature monitoring cores were at a 

background temperature of ca 65C. Elevated temperatures appear primarily located along the 

northern face of the NOEF and in particular in the low grade ore stockpile area. The low grade ore 

stockpile is temporary in nature, and the majority of material is expected to be removed and 

processed by 2017. 

 

 Gas measurements indicate that the gas composition within the NOEF is characterised by very low 

oxygen levels (<1%), carbon dioxide, hydrogen sulphide and carbon monoxide. The gas composition 

supports anoxic conditions within the NOEF, indicating that while advective air transport 

undoubtedly occurs, oxygen is rapidly consumed by oxidising sulphides owing to the high pyrite 

content of some of the material. The low oxygen levels are likely to exert a significant level of control 

over the oxidation rate, hence limiting temperatures and preventing run-away self-heating and 

combustion of the PAF. Further restricting oxygen ingress by placement of an advective barrier 

around the current NOEF is likely to be very effective in further controlling oxidation and gradually 

reducing internal temperatures in the NOEF.  

 

 No water was intersected at any level within the NOEF, and the material is characterised by a 

relatively low moisture content. This can largely be attributed to the high internal temperature (65C 

and above) promoting rapid evaporation. 

 

 Electroconductivity, pH, leachate, temperatures and geology results indicate that while the bulk of the 

PAF appears relatively unweathered, localised zones within the PAF cell exhibit much higher levels 
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of oxidation than the average. Again, placement of an advective barrier around the current NOEF is 

likely to be very effective in further controlling oxidation.  

 

 Groundwater monitoring bores will enable the ongoing monitoring of water qualities at the base and 

below the NOEF, resulting in a significantly improved understanding of the NOEF hydrology and 

potential impact of seepage waters on both surface and shallow groundwater.  

 

 Ongoing monitoring of temperatures and gas composition will allow MRM to determine the 

effectiveness of implemented controls on aspects of convection and air movement within the NOEF. 
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