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DISCLAIMER 
 

This document has been provided by O'Kane Consultants Pty Ltd (OKC) subject to the following 
limitations:  
1. This document has been prepared for the client and for the particular purpose outlined in the 

OKC proposal and no responsibility is accepted for the use of this document, in whole or in 
part, in any other contexts or for any other purposes.  

2. The scope and the period of operation of the OKC services are described in the OKC proposal 
and are subject to certain restrictions and limitations set out in the OKC proposal. 

3. OKC did not perform a complete assessment of all possible conditions or circumstances that 
may exist at the site referred to in the OKC proposal. If a service is not expressly indicated, the 
client should not assume it has been provided. If a matter is not addressed, the client should 
not assume that any determination has been made by OKC in regards to that matter.  

4. Variations in conditions may occur between investigatory locations, and there may be special 
conditions pertaining to the site which have not been revealed by the investigation, or 
information provided by the client or a third party and which have not therefore been taken into 
account in this document.. 

5. The passage of time will affect the information and assessment provided in this document. The 
opinions expressed in this document are based on information that existed at the time of the 
production of this document.  

6. The investigations undertaken and services provided by OKC allowed OKC to form no more 
than an opinion of the actual conditions of the site at the time the site referred to in the OKC 
proposal was visited and the proposal developed and those investigations and services cannot 
be used to assess the effect of any subsequent changes in the conditions at the site, or its 
surroundings, or any subsequent changes in the relevant laws or regulations.  

7. The assessments made in this document are based on the conditions indicated from published 
sources and the investigation and information provided. No warranty is included, either express 
or implied that the actual conditions will conform exactly to the assessments contained in this 
document.  

8. Where data supplied by the client or third parties, including previous site investigation data, has 
been used, it has been assumed that the information is correct. No responsibility is accepted 
by OKC for the completeness or accuracy of the data supplied by the client or third parties.  

9. This document is provided solely for use by the client and must be considered to be confidential 
information. The client agrees not to use, copy, disclose reproduce or make public this 
document, its contents, or the OKC proposal without the written consent of OKC. 

10. OKC accepts no responsibility whatsoever to any party, other than the client, for the use of this 
document or the information or assessments contained in this document.  Any use which a third 
party makes of this document or the information or assessments contained therein, or any 
reliance on or decisions made based on this document or the information or assessments 
contained therein, is the responsibility of that third party.  

11. No section or element of this document may be removed from this document, extracted, 
reproduced, electronically stored or transmitted in any form without the prior written permission 
of OKC. 
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EXECUTIVE SUMMARY 

A Conceptual Model workshop was conducted at the Glencore Brisbane office from March 21 to 

24, 2016.  The conceptual models developed during the workshop were based on available 

information at that time, and are intended to identify key processes and mechanisms, as well as 

controls on these processes and mechanisms, that are expected to influence performance.  

Development of conceptual models is a key component of closure planning. 

The workshop included front-end discussion on the importance of communicating during the 

workshop with similar language and terminology.  Subjective terms / words were identified, as they 

arose, such that key facets could be discussed.  Workshop participants agreed that it was important 

to clearly explain to external stakeholders the process that has been followed in determining an 

optimal solution. This would assist any independent auditor in identifying the solutions and 

alternatives discussed, and explain the reasons why they were eliminated.  Following identification 

and agreement on the domains, and sub-domains, a four stage process was utilised to brainstorm 

solutions and alternatives, identify risks, focus these risks, and the alternatives to address these 

risks. 

The conceptual model, or domain specific models, become key internal and external stakeholder 

communication tools, which are used to facilitate discussion across technical disciplines and key 

stakeholders alike, to identify and highlight risks and explore potential solutions.  The process of 

developing the conceptual models also allows for initial identification and articulation of data gaps. 

The conceptual models for closure of the Open Pit, NOEF, and TSF Domains are summarised as 

follows. 

Base Case - Pit lake development and maintenance as per Case #5 (Pit as a Backwater): 

 In-pit dumping of limited waste rock (including the SOEF MS-NAF) for the last six to seven 

years of the mine life; 

 Placement of all tailings into the pit void, which is expected to fill to approximately 175m below 

the pit crest, over a period of around 5-10 years; 

 Accelerated flooding of the open cut over a period of 5 years with water from McArthur River; 

 The WOEF and power station would have a levee built up to protect them, and a cover system 

installed over the WOEF; 

 After the changing water qualities and lake dynamics are understood, proceed to lowering a 

section of the downstream levee to turn the pit void into a backwater filled by McArthur River 

floodwaters; and 

 Subject to performance being as expected, a portion of the upstream levee could be removed 

to create a flow-through pit lake.   
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Base Case - for NOEF Expansion after CW Expansion is Complete: 

 Construct an advection limiting cover around the existing NOEF PAF cell to restrict oxygen 

entry prior to the CW expansion. 

 Place a temporary store-and-release cover on top of the existing NOEF PAF cell to reduce wet 

season net percolation until further development occurs prior to the CW expansion. 

 For new footprint, construct a gas barrier at the base (natural and engineered materials), tying 

into the barrier layer of the external cover system, which also provides flood proofing to above 

the 100 year flood level. 

 Place MS-NAF above the gas barrier to the 100 year flood level in low lifts to reduce gas flow 

to diffusion based only (i.e. no advective gas transport). 

 There is no ‘wedge’ as runoff lengths to the perimeter dams are too long to practically prevent 

significant infiltration. 

 Place a core of PAF types, with Reactive PAF in 2m lifts and other materials possibly in higher 

lifts, with installation of regular oxygen barriers as needed, depending on cost-benefit 

optimisation of higher lift heights and oxygen barriers versus lower lift heights; oxygen barriers 

to be constructed using finer-textured materials with compaction and moisture conditioning as 

required.  

 Place a ‘halo’ (preferably of MS-NAF(HC) around the PAF core, in lift heights compatible with 

the cover lifts on the sides but <= 5m, to a true thickness of 5-20m (subject to material 

availability), to displace PAF from under the batters where possible.  

 Construct a cover system outside this, with a to-be-determined performance expectation for 

Net Percolation (NP) and oxygen (current thought is low to very low NP).  

 A very low NP cover (strong preference for a geosynthetic) is desired above the existing PAF 

cell due to the potential for stored oxidation products in this portion of the dump. 

 Place alluvials, LS-NAF rock and topsoil outside this for protection of the barrier layer and as a 

growth medium. 

 A trade-off between initial placement thickness and on-going maintenance will provide the 

opportunity to optimise / tune the thickness of the rock layer. 

 Geometry to be up to 140m high, with steep tri-linear batters, giving a restricted footprint. 

 Collection and treatment of toe seepage expected until the dump drains down; then subject to 

monitoring results. 

Base Case - for TSF: 

 Operate TSF after consolidating Cells 1 and 2 as a conventional wet tailings storage facility 

during operations. 

 Utilise mud-farming if trials highlight benefits, while minimising gas entry, to assist with 

consolidation. 

 Place buttress at toe of TSF wall adjacent to Surprise Creek to meet stability design criteria. 

 Upon cessation of processing, hydraulically pump tailings into the pit void. 

 Current conceptual model for closure does not include processing through the plant. 

 Processing is subject to future economics; to be evaluated at a later date. 



Glencore McArthur River Mine 
McArthur River Mine - Development of a Conceptual Model for Long Term Closure Planning vi 

O’Kane Consultants 11 July 2016 
750/34 

Development of conceptual models for each domain is not a “static” exercise.  Further refinement 

will occur on the basis of additional studies undertaken between the Conceptual Model workshop 

and leading up to a Failure Modes and Effects (FMEA) workshop to be conducted in May 2016. 
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1 INTRODUCTION 

In 2013, a Mine Management Plan (MMP) was submitted to the Northern Territory Department of 

Mines and Energy (DME), which highlighted a change in understanding in regards to waste rock 

geochemistry.  The DME referred this to the Northern Territory Environmental Protection Authority 

(EPA) for assessment and the EPA determined that an EIS was required. 

In order to maintain mining operations, MRM subsequently made several submissions of revised 

MMPs with altered NOEF details to comply with environmental commitments and to mitigate 

perceived risks; these were also referred by the DME to the EPA.  

In late 2015, Glencore was faced with the prospect of having to temporarily shut down production 

at the McArthur River Mine (MRM) owing to delays in attaining regulatory approval for the proposed 

Central West (CW) expansion of the North Overburden Emplacement Facility (NOEF).  It was clear 

that if the CW expansion was not approved, waste material could not be placed at MRM, and 

production would be required to stop until approval of the Overburden Management EIS.  An 

approval, with conditions for CW development, was granted in early 2016; the approval includes 

considerable implications for cost and waste rock resource utilisation for MRM. 

In January of 2016, MRM planners requested involvement of O’Kane Consultants Inc. (OKC) in 

assisting with moving planning along an alternate process for achieving approval.  It was 

subsequently determined by MRM that this revised direction for the NOEF Expansion would be 

undertaken within the current EIS. 

1.1 Context for this Report within Larger Project 

The Conceptual Model workshop (CM workshop) is a step along the “road map to closure”, as 

described within this report.  The conceptual models (CMs) of current and closure conditions will 

be key information to review and refine during the May 2016 Failure Modes and Effects Analysis 

(FMEA) workshop.  This will be conducted by MRM and facilitated by OKC. 

The broader context of this report is that the CMs developed during the workshop, and documented 

herein are applicable to both closure planning and the EIS.  Furthermore, while the two facets are 

“separate”, a new closure plan is required as part of the EIS submission.  

1.2 Project Objectives and Scope 

The following document describes the work that has progressed thus far in leading towards 

developing a closure plan for the mine.  The objective for the current scope of work was to develop 

a series of well-considered CMs for each of the four primary site domains at MRM.  The CMs were 

developed by a panel of key personnel at an in-person conceptual model development workshop 

held in March of 2016.  A robust CM can then be subject to a comprehensive risk assessment, 

which is to be conducted in subsequent work. 
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The current document details the background of the site, the sequence of events leading to the 

current work scope, the next steps for the project, including an FMEA workshop, and finally, a 

summary of the conceptual models for each site domain.   

1.3 Report Organisation 

The following report documents the progression and rationale for the current scope of work, as well 

as leading in to the logical next steps for the project.  The current scope of work should be viewed 

as an interim step towards developing a comprehensive closure plan.  As such, the report 

documents where the process is leading in subsequent steps.  The CMs developed at the workshop 

serve as inputs into future workshops and are summarised at the end of the report.  The report is 

organised into the following sections: 

 Section 2: Context for March 2016 Conceptual Model Workshop 

 Section 3: Moving Towards a Closure Plan – Differences between Closure Planning and 

Environmental Impact Statements 

 Section 4: Site Background and Conceptual Model of Current Conditions 

 Section 5: Development and Refinement of Conceptual Model for Closure Conditions, 

Summary of March 2016 Workshop 

 Section 6: Next Steps and Gap Analysis 



Glencore McArthur River Mine 
McArthur River Mine - Development of a Conceptual Model for Long Term Closure Planning 3 

O’Kane Consultants 11 July 2016 
750/34 

2 CONTEXT FOR THE MARCH 2016 CONCEPTUAL MODEL WORKSHOP 

The CM workshop sets the stage for the FMEA workshop, where site-specific closure objectives 

can be developed and potential failure modes related to a proposed design can be evaluated. 

The revised direction decided upon by MRM provides the opportunity of developing confidence with 

Territory regulators in regards to closure and closure planning.  To that end, discussions arose on 

the differences between closure planning and an environmental impact statement, and moving 

towards a closure plan. 

2.1 Closure Planning and Environmental Impact Statements 

A fundamental distinction exists between closure planning and an EIS.  As the name implies, an 

EIS exists to provide a statement on the environmental aspects that could be affected by the 

proposed mine, or an existing mine.  Typically conducted at the beginning of a project, an EIS lays 

out the areas that must be given proper consideration when designing the mine.  A closure plan, 

on the other hand, clearly delineates the risks posed by operation and closure of the mine, as well 

as a comprehensive plan for how those risks are to be managed.  Whereas the EIS identifies areas 

that can be affected, the closure plan provides the means through which the site manages risk 

within the constraints set by the closure objectives, and the studies and design development that 

are required to mitigate risk moving forward. 

To address MRM’s immediate need for PAF placement within the CW Expansion and gaining 

confidence with Territory regulators, a closure planning approach is needed.  In essence, by placing 

the NOEF expansion and the EIS within the context of closure, and utilising available information 

(EIS information, the mine plan, etc.), at whatever stage the information is available, CMs of current 

conditions and for closure conditions can be used to communicate transparently with the DME.  

These conceptual models, when measured against closure objectives developed in consultation 

with stakeholders, can then also be communicated.  The tool to communicate or measure expected 

performance is provided within a risk based discussion.  Furthermore, and even more importantly, 

the assessment of risk is communicated to stakeholders, and the plan to address risk (actions, 

timelines, etc.) through adjustments to the base case, development of alternatives, prioritisation 

and context for further studies, etc. is established, and agreed upon. 

The above closure planning process occurs at the EIS stage before completion of the EIS, as well 

as during operations, and finally at closure and cessation of operations.  Early in the stages of the 

life of mine, such as pre-feasibility and feasibility, and during mine operations, or when all 

information is not available, the closure plan is conceptual in nature and is noted as a “conceptual 

closure plan”.  It is regularly updated and refined through the Life of Mine as additional information 

becomes available.  In the period leading up to closure, the detailed closure plan that will be 

implemented at closure is formulated. 

It is through constant revisions and communication of objectives and assessment of risk that the 

closure plan becomes unified as it moves from the conceptual stage, to the detailed stage. 
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3 SITE BACKGROUND AND CONCEPTUAL MODEL OF CURRENT 

CONDITIONS 

An understanding of the mine site and the project history is critical to developing a closure plan that 

will be useful in moving MRM to sustainable operations.  The following sections details the project 

history from the perspective of regulatory commitments, as well as providing a detailed background 

on each mine site domain.  A comprehensive background and history is necessary to understand 

the sequence of events that led to the development of the closure plan, as well as the conceptual 

models for each individual domain.  

3.1 General Project History 

Underground operations at MRM began in 1994 and closed in 2006.  A Draft environmental impact 

statement (EIS) for the Phase 2 - Open Cut Project was prepared in August 2005 to identify and 

assess the environmental effects of the open cut project, and to develop appropriate management 

strategies for mitigating the effects.  In February 2006, the Environmental Protection Agency (EPA) 

issued an Environmental Assessment Report 51 that recommended the proposal as outlined in the 

Draft EIS should not proceed.  In July 2006, MRM submitted a Public Environmental Report (PER), 

and then a response to the PER in August 2006.  The PER assessed the environmental effects of 

the modified project in accordance with guidelines prepared by the Department of Natural 

Resources, Environment and the Arts (NRETAS).  In August 2006 the EPA Program issued 

Assessment Report 54 in response to the PER.  Assessment Report 54 discussed a number of 

environmental risks and management strategies relating to the project.  Provisions made under the 

report included submission of a revised Freshwater Sawfish Management Plan, Migratory Wader 

Monitoring Plan and a Commonwealth Environmental Monitoring Plan. 

The Phase 2 mining operation included an open cut mine, out of pit OEFs and diversion of the 

McArthur River.  The 2007/2008 mine management plan (MMP) committed the operation to 

developing a life of mine closure plan.  In response, a preliminary closure plan was developed, 

which was approved in 2008.  The EIS studies identified that the waste and overburden consisted 

of 15% PAF and 85% NAF.  A waste rock dump was designed that included encapsulating the 

relatively small volume of PAF within a 20m thick layer of NAF material.  On 20 February 2009, the 

Minister for the Environment, Heritage and Arts Peter Garrett authorised McArthur River Mining Pty 

Ltd to construct and operate an open cut lead, zinc and silver mine to replace a closed underground 

mine. 

Whilst the MRM NAF materials met the generally accepted methods of defining 'NAF' at the time of 

the Phase 2 EIS, it did not recognise the potential for saline and circum-neutral drainage, which 

could have unacceptable environmental impacts.  In addition, high sulfide waste with high acid 

consumption potential was being placed on the outer batter as NAF material. 

MRM made a decision to evaluate the efficacy of expanding the mining and processing rate, and 

therefore embarked on the Phase 3 EIS and feasibility study in 2011-2012.  As part of this, further 

geochemical data gathering and review was conducted.  The Phase 3 EIS was approved, with 
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further work identified to refine the understanding for, at that time, waste rock geochemistry.  This 

work continued through 2012 and 2013 and identified the need to conduct, after the phase 3 EIS 

was approved, a change in the waste classification scheme; this was reported in the 2013-2015 

MMP. 

Following initial review, the DME referred the entire 2013-2015 MMP to the EPA in March 2014, for 

consideration under the Environmental Assessment Act.  The EPA determined that the 

amendments to overburden management were substantially different from that presented and 

approved as part for the Phase 3 Development Project; therefore, assessment under the 

Environmental Assessment Act was necessary.  Furthermore, the EPA determined that 

assessment via an EIS was required.  The mine is currently undertaking the Overburden 

Management EIS (the EIS) with submission expected to occur in late 2016. 

3.2 Site Domain Background and Current Conditions 

Figures 3.1 and 3.2 are an aerial photo and a rendering of the site, respectively.  Key elements, or 

domains, include the open pit, shown in the foreground and to the south, the NOEF to the north, 

and the tailings storage facility to the west-northwest of the open pit.  Situated between the NOEF 

and the open pit is Barney Creek Diversion, which provides for flow from Barney Creek to the west, 

through the site, and then to the east and flowing into McArthur River.  Surprise Creek, which runs 

from the northwest, passes in close proximity to the TSF, before flowing into Barney Creek 

Diversion. 

The open pit domain, includes the South Overburden Embankment Facility (SOEF), the West 

Overburden Embankment Facility (WOEF), plant and power infrastructure, a levee that surrounds 

the open pit from the southwest and all the way around the pit to the northwest.  Finally, the open 

pit domain includes McArthur River, which formerly flowed across the open pit foot print from the 

west to the east, as well as the McArthur River Diversion, which takes flow around the open pit to 

the south and east, before flowing back into the original river itself. 

 

Figure 3.1: Aerial photograph providing a site overview as of mid-2015. 
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Figure 3.2: Site overview rendering. 

3.3 Domain #1 – Open Pit 

The open pit domain, shown in Figure 3.3 is located over the old underground mine workings.  The 

underground voids are inundated with water, and are used as an underground reservoir for 

groundwater and surface water storage.  There is approximately 3.5 GL of water storage at present, 

which is expected to decline over the life of mine as the pit consumes the underground voids.  The 

distribution of expected geochemical waste rock types and geochemical waste in the pit walls will 

have implications for final pit storage water quality (Figure 3.4).  Table 3.1 provides a description of 

the different waste rock classes. 

 

Figure 3.3: Site overview photo showing open pit domain. 
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Figure 3.4: Expected distribution of geochemical waste in pit walls for the final pit. 

3.3.1 West Overburden Emplacement Facility (WOEF) 

The WOEF was the original waste dump for the open pit (Figure 3.1).  It sits over the lower slopes 

of Barney Hill (dolomite) and onto the flood plain of the original McArthur River.  The original Barney 

Creek wound its way to the original McArthur River in the northern quarter of the WOEF, and also 

under Van Duncs dam. 

The WOEF was constructed with a NAF base to a level of 10038RL.  A PAF core is encapsulated 

within 1m thick layers of loosely-tipped clay, and is further surrounded by NAF material.  Batters 

were left at the angle of repose.  The WOEF does not contain any RPAF, as the material was not 

mined while the facility was being constructed.  It is expected that the WOEF has a high composition 

of LS-NAF (Low Sulfur NAF), given that the early pit was centred on the ore body, resulting in a 

prevalence of footwall mining where LS-NAF is abundant. 

3.3.2 South Overburden Emplacement Facility (SOEF) 

The SOEF is constructed to the south of the open pit.  The original lift was to a similar height as the 

mine levee wall, constructed from clays, sands and gravels mined from the alluvial zone of the open 

pit. Subsequent to this initial construction, as a result of a lack of capacity for placing waste into the 

NOEF due to the permitting and EIS issues documented in Section 2.1, MS-NAF waste types were 

tipped above the base lift.   
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Table 3.1: Description of waste material types for the final pit (see Figure 3.4) 

Material 
Class 

Classification Criteria 

Description of Material 
Properties 

Geochemical Criteria 
Block Model Proxy 

Criteria 

NPR S% Metals S% Metals 

LS- NAF 
(HC) 

NPR ≥ 2 S ≤ 1% 

Zn ≤ 0.4% 
or 

Pb ≤ 0.04%, 
or 

Cu ≤ 700ppm 

S ≤ 1% 

Zn ≤ 0.4% 
or 

Pb ≤ 0.04%, 
or 

Cu ≤ 700ppm 

 Low Salinity High Capacity 
NAF 

 Material considered at low 
risk of generating AMD, NMD 
and SD drainage 

 Generally characterised by a 
high acid consumption 
capacity 

MS – NAF 
(HC) 

NPR ≥ 2 S > 1% 

Zn ≤ 0.4% 
or 

Pb ≤ 0.04%, 
or 

Cu ≤ 700ppm 

1% < S ≤ 
4% 

Zn ≤ 0.4% 
or 

Pb ≤ 0.04%, 
or 

Cu ≤ 700ppm 

 Metalliferous Saline High 
Capacity NAF 

 Material considered at low 
risk of generating AMD but 
higher risk of generating 
NMD and SD 

 Generally characterised by a 
high acid consumption 
capacity 

MS- NAF 
(LC) 

1 < NPR 
< 2 

S > 1% 

Zn ≤ 0.4% 
or 

Pb ≤ 0.04%, 
or 

Cu ≤ 700ppm 

4% < S ≤ 
7.5% 

N/A 

 Metalliferous Saline Low 
Capacity NAF 

 Material considered at low 
risk of generating AMD but 
higher risk of generating 
NMD and SD 

 While non-acid forming, this 
material is likely to provide 
limited to no acid 
consumption capacity 

 Material considered at low 
risk of generating AMD but 
higher risk of generating 
NMD and SD 

 While non-acid forming, this 
material is likely to provide 
limited to no acid 
consumption capacity 

PAF (HC) NPR < 1 
S ≤ 
10% 

N/A 
7.5% < S 

≤ 10% 
N/A 

 High Capacity PAF. Material 
considered at higher risk of 
generating AMD, and is likely 
to have a significant capacity 
to do so 

 Samples classed as 
undefined in the DITR 2007 
classification are included in 
the PAF (HC) category at 
MRM 

PAF (RE) NPR < 1 
S > 
10% 

N/A S > 10% N/A 

 Reactive PAF. 

 Material considered at higher 
risk of generating AMD, and 
has the highest capacity to 
do so 

 This material is at higher risk 
of self-heating and 
spontaneously combusting 

3.3.3 Open Pit Levee 

The mine levee wall surrounds the open pit to the south, east and north of the open pit.  It is 

designed to mitigate against flooding of the open pit for the 1 in 500 year flood conditions. 
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3.3.4 McArthur River Diversion 

The McArthur River diversion directs McArthur River from south of the open pit around the open pit 

outside the levee, to the east and back north to eventually flow back into McArthur River.  The 

McArthur River Diversion is designed with sufficient flow capacity to convey an approximately 2 to 

5 year ARI event; the river breaks its main channel on less than 5 year ARI. 

3.3.5 Geology, Groundwater, and Surface Water  

Figure 3.5 is a generalised cross section rendering showing the geology across the open pit.  In 

general, the cross section from the surface down includes alluvial material with a thickness in the 

range of 5m to 20m, weathered (fractured) bedrock to an approximate depth of 100m, and then 

unweathered (fresh) bedrock below this depth.  There are a number of faults and features in an 

around the open pit, as shown in Figure 3.5, including the Western Fault separating the HYC shale 

sequences from Cooley Dolomite in the east of the pit, the Woyzbun fault to the south, and the 

Whelan fault in the west side of the pit.  The footwall is to the west side of the open pit, with the 

hanging wall to the east. 

The presence, distribution, and transport of groundwater and surface water is an important 

consideration of the final closure landscape.  Final closure landscape designs will need to effectively 

manage surface water and groundwater if the designs are to meet their objectives.  A background 

on surface water and groundwater is included in this section, as the Open Pit domain contains the 

majority of the water management control structures, such as levees and diversions. 

 

Figure 3.5: Generalised rendering of a cross-section of the open pit. 
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Groundwater generally flows to the old McArthur River.  However, there is currently a drawdown 

cone centred on the pit, due to dewatering activities.  The drawdown cone does not extend to the 

north to any substantial extent, and it is expected that groundwater under and near the NOEF will 

not be drawn to the open pit as a result of pit dewatering. 

A series of paleo-channels filled with high conductivity coarse cobbles, gravels, and sands runs 

parallel to the old McArthur River alignment on the eastern side, passing from the southwest of the 

open pit area to the northeast.  The paleo-channels bring in shallow water from floods and 

groundwater into the levee area, which is estimated at approximately 2ML/d in the dry season and 

4-5ML/d in the wet season.  It is generally understood that water quality in southern portion of the 

paleo channel is within acceptable limits for discharge; in contrast, in the eastern portion it is 

contaminated with ELS water from the underground.  However, there has been no attempt to de-

water the paleo channel with bores, as this is deemed not feasible. Rather, the current de-watering 

bores target the fractured bedrock underneath the paleo channel. 

It is posited that the presence of weathered rock, faults, and dolomite contribute to inflows, 

especially as they extend to the McArthur River channel.  Historically, the underground mine only 

had inflows of approximately 2.5ML/d.  However, once the levee and channels were completed in 

2008, inflows increased.  It is believed that there is a direct connection between the river, flood 

waters and groundwater inflows to the underground mine.  It is also possible that the conduits 

between surface flood waters and groundwater inflows to the underground mine are through old 

drill holes, vugs, solution channels, or faulted zones. 

Surprise Creek was ephemeral before construction of the TSF.  However, as a result of seepage 

from the TSF and the South PAF Runoff Dam (SPROD), there is now surface flow in Surprise Creek 

throughout the entire year.  Flow within Surprise Creek has elevated sulfate levels, which is likely 

being contributed by SPROD, as it has been shown that sulfate levels decline sharply downstream 

of the TSF.  The end result is that Barney Creek Diversion water quality does not meet SW11 

discharge criteria in the dry season. 

It is unknown where groundwater expresses as surface water, especially east of the pit and NOEF 

towards SW11.  The Emu bores, along the Western Fault where it continues north under the NOEF, 

shows that the fault is bringing in contaminants unrelated to mine activities.  However, it is not clear 

how the faults interact with groundwater levels and flows; at the current time it is posited that the 

Emu bores are drawing in mine affected waters, most likely seepage waters from SPROD. 

In terms of water quality, natural water is influenced by dolomites, which are of low Ca, high Mg 

type.  The clay materials in the region provide a high capacity for attenuation of constituents 

emanating from the mine some contaminants; mainly metals, but not sulfate4 or others related to 

salinity.  Groundwater that is not affected by the mine generally meets all discharge criteria with the 

exception of total dissolved solids. 
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3.4 Domain #2 North Overburden Emplacement Facility 

3.4.1 Historical NOEF Construction 

Construction of the NOEF began in 2008, when SPROD was constructed in 2008, with the bottom 

re-lined in the 2009 dry season.  Base preparation consisted of topsoil stripping only; underlying 

sediments including clays were left in situ.  Above this, a NAF base was constructed by dumping 

undifferentiated NAF materials in 2m to 3m lifts to an elevation above the 1:100 year flood level.  A 

clay liner was constructed between the NAF base and the overlying PAF cell using clay from the pit 

at a minimum thickness of 600 mm, but was most often at least 1m.  However, the exact thickness 

and properties cannot be verified as no QA/QC program was used for material selection or 

placement.  PAF material is from around the orebodies and has grown substantially, well in excess 

of what the block model had estimated. 

Appendix A, provides further details on the historical construction of the NOEF to date. 

3.4.2 Geology, Groundwater, and Surface Water  

The NOEF is situated on a flood plain and experiences regular inundation, which is a major surface 

water consideration.  The depth to weathered bedrock is shallow in the western areas of the NOEF 

(typically 2-3m but as little as 0.3m), and deepens in the east where it can be around 20m deep.  

The Reward dolomite has a fold axis on the western margins of the NOEF, so it is suspected that 

there are roughly N-S oriented structures associated with this feature. 

Figure 3.6 is a rendering of the NOEF showing key groundwater and surface water features. 

 

Figure 3.6: Generalised rendering of the NOEF showing key groundwater and surface water 
features. 

There are some regional faults under the NOEF that have been identified in drilling and geophysical 

investigations, although their exact locations and properties are not well defined.  In localised areas, 

some faults in the east appear to influence groundwater in the immediate vicinity, as the chemistry 
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of the water is quite different to the rest of the area.  The Emu bore field is located in the dolomites 

to the east of the fault, presumed to be in vuggy dolomites that are recharged by surface waters. 

There are three aquifers; shallow alluvial, weathered bedrock, and fresh bedrock aquifers, which 

are generally confined.  Groundwater in all aquifers are generally similar, tending to flow from west 

to east, before following the surface water features in the NE and SE.  Groundwater levels in the 

west can become very shallow (1-2mbgl in wet ‘wet’ seasons and perhaps 7m in the dry), and 

respond rapidly to rainfall.  Heading east, as the thickness of the alluvial increases, the depth of the 

groundwater deepens (typically 10-12m deep in the dry and 8-9m deep in the wet).  However, it 

may also be deeper due to drawdown of the groundwater table by prolonged pumping from the 

Emu bore field from the mid-1990s to around 2013. 

There is no evidence of significant preferential flow paths under and around the existing NOEF. 

Groundwater quality upstream of facilities is generally good, and would generally meet surface 

water WDL standards. 

3.5 Domain #3 Tailings Storage Facility 

3.5.1 Construction and Operation 

For the purposes of the March 2016 Conceptual Model workshop, the TSF domain includes four 

cells, as well as the adjacent Surprise Creek.  Cell 2 is the current operational cell, and Cell 1 is 

covered with a nominal thickness of cover material to manage dust.  Cell 3 is now referred to as the 

water management dam.  Cell 4 development (to the west of Cells 1 and 2) did not proceed, and is 

instead the site of a shallow clay borrow pit. 

The Cell 1 walls were constructed similar to a centreline dam raise using clay (Error! Reference 

source not found.).  Internally, the TSF was constructed with small ponds using tails pushed up 

into small walls.  In some cases there were loose piles of tailings combusting, though anecdotally 

they were not extensive.  Cell 2 walls were upstream lifts founded partially on the previous lift of the 

dam wall, and partially on tailings.  However, excessive water was present in the dam from 2009-

2013 during these works, such that some areas had up to 4m of rock placed to manage excessive 

settlement.  The 4m rock layer acted like a French drain, and there has been leakage at some of 

the interfaces between lifts where the clay did not overlap.  Cell 2 also had a rock road out to a 

central decant that acted as a free draining path for ponded water to get out under the wall raise; 

the road was eventually cut off.  Pond levels are now managed so that tailings are beaching over 

the leaking areas. 

Due to poor spigoting and water management practices, Cell 1 and 2 have lower placement 

densities.  The result of these poor management practices is an unacceptable factor of safety (FoS) 

for liquefaction under earthquake loading.  For this reason, rock buttresses are being designed to 

bolster the walls, and will require LS-NAF (as shown in Figure 3.7). 
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Figure 3.7: TSF typical cross-section showing lifts and stabilising berms. 
 

3.5.2 Tailings Properties 

Fine grinding was used throughout the mine life at MRM, resulting in a similar particle size 

distribution (PSD) at both Cell 1 and Cell 2.  The PSD is bimodal, in that about 50% is 40μ to 50μ, 

and the rest is around 8μ.  The two populations do not separate, resulting in the tailings possessing 

a consistency of plasticine. 

Cell 1 tailings has a lower Fe content as it was largely from orebody #2, and all the tailings are PAF.  

However, the PAF tailings possess a high ANC that will neutralise some (but not all) of the products 

of oxidation.  The tailings are readily compacted, and in properly placed tailings, oxidation and net 

percolation rates are low.  While water retention characteristic (WRC) data are forthcoming, it is 

believed that the tailings possess reasonable water retention capacity. 

In terms of more detailed tailings properties, recent sampling indicates the following. 

 There are significant sulfides in the tailings column (average 13%), mainly pyrite and 

possessing a relatively high net-acid producing potential (NAPP). 

 Significant acid neutralising capacity (ANC), although the ANC/NAPP ratio is less than 1, 

indicating a high probability for acid generation. 

 The samples collected are generally classified as being within the “PAF quadrant” and the 

“Uncertain quadrant” in a NAGpH-NAPP diagram. 

 Water quality metal contamination and high sulfate levels are consistent with oxidation and 

neutralisation, even if the pH is currently circum-neutral. 



Glencore McArthur River Mine 
McArthur River Mine - Development of a Conceptual Model for Long Term Closure Planning 14 

O’Kane Consultants 11 July 2016 
750/34 

3.5.3 Water Management 

The water in the tailings pond is of very poor quality with high sulfate and metals values.  The 

current hypothesis based on a recent review of information, is that the poor water quality is a result 

of the process water itself, rather than oxidation from the tailings.  The process water at times has 

a very low pH, which can consume acid consuming capacity in the tailings; it is not ideal to have 

this water report to the TSF.  It is noted however, that regardless of the process water resulting in 

consumption of the inherent ANC of the tailings, or whether it is actually the tailings oxidation 

adversely impacting groundwater and surface water quality, the fact remains there is an adverse 

impact to groundwater quality. 

The tailings have a flat beach angle (1:200 to 1:300), resulting in little water storage capacity before 

the pond reaches the TSF wall.  Ponded water resting against the tailings dam wall is not desirable 

from a stability perspective.  Currently, the Cell 2 spillway goes into Cell 3. 

3.5.4 Groundwater Issues 

Surprise Creek to the north of the TSF was ephemeral in the past, but is now permanent due to 

seepage from both the TSF and SPROD, with the latter contribution likely to be significant.  In wet 

years when regional groundwater levels rise, salts are transported downstream. 

Grout curtains have been installed in around the TSF in an attempt to restrict and contain seepage 

towards Surprise Creek.  It was found that the curtains were not constructed to sufficient depth, and 

as a result seepage travels through the fractured bedrock below the curtains.  Interception and 

recovery bores have been tried, but were not successful.  It is currently unknown to what extent 

seepage from Cells 1 and 2 extends into Cells 3 and 4 and to the east (with the latter region also 

possibly affected by mineralisation). 

In summary, groundwater management is a key issue to be resolved.  A number of significant 

factors in the past resulted in a failure to adequately control seepage impacts include: 

 Poor quality water in the Decant Pond from Process Water; 

 Historically high water levels in the TSF; and 

 Relatively high permeability of foundations including fractured bedrock. 

3.5.5 Surface Water Management at the Current TSF 

A temporary dust suppression cover was placed over Cell 1 and is easily eroded by rainfall during 

the wet season; as a result the cover maintenance was required prior to several wet seasons.  

Runoff from Cell 1 is directed to ponds in the NE and NW corners of the facility.  Water in Cell 2 

reports to the decant pond, from which point it is recycled back to the process plant.  During storm 

events, excess water is sent to the underground mine void.  The excess water places pressure on 

the open pit water balance as it can interfere with mining activities. 



Glencore McArthur River Mine 
McArthur River Mine - Development of a Conceptual Model for Long Term Closure Planning 15 

O’Kane Consultants 11 July 2016 
750/34 

Cell 3 is meant to hold water that could be discharged to the receiving environment under conditions 

of the site Waste (sic water) Discharge License (WDL).  Cell 3 can also receive suitable quality 

water from sources around the mining area.  Cell 3 has some clay core walls and areas of clay 

borrow and topsoil stripping, but does not have an engineered liner.  In addition, in some areas of 

Cell 3, small walls were created to store lower quality water in a specific area. 



Glencore McArthur River Mine 
McArthur River Mine - Development of a Conceptual Model for Long Term Closure Planning 16 

O’Kane Consultants 11 July 2016 
750/34 

4 DEVELOPMENT AND REFINEMENT OF CONCEPTUAL MODEL FOR 

CLOSURE CONDITIONS – MARCH 2016 WORKSHOP SUMMARY 

A summary of the process and results of March 2016 Conceptual Model workshop is provided in 

this section of the report.  Key elements of the workshop are outlined first, followed by a summary 

of the preferred, and an alternate, conceptual model for each domain. 

Note that all documentation noted in this report arose from within the collaborative setting of the 

workshop and therefore represents consensus within the workshop participants. 

4.1 Background Review Prior to Conceptual Model Workshop 

Prior to the conceptual model development, background information was summarised for each 

domain, and specific components of the domains were communicated in a series of memorandums, 

reports, and presentations.  This included site-specific information on geology, geochemistry, 

hydrogeology, hydrology, physical characteristics, and numerous other facets. 

The workshop participants reviewed this information prior to the conceptual model workshop, and 

much of that information, together with further discussion during the workshop, is summarised in 

Section 4 of this report. 

4.2 Problem Statement 

The problem statement developed by the workshop participants to assist with developing and 

evaluating conceptual models for current and closure conditions is as follows. 

“Develop an effective plan for both operation and closure, through consideration 

of alternatives and risk assessment, for all domains at the MRM site that is 

acceptable to the regulator and stakeholders while maintaining Glencore’s 

reputation and maximising value.” 

4.3 Current Closure Objectives used to Measure Conceptual Models 

Closure objectives have been developed by the site as of December 2015.  The context for these 

objectives were reviewed, and discussed at length by the workshop participants.  It was agreed that 

there were some concerns with the current objectives as they stand in the areas of subjective 

wording and potential confusion with statements.  However, it was agreed by the workshop 

participants that the objectives were sufficient to measure the conceptual models for closure 

conditions. 

For clarity, the December 2015 MRM objectives are appended to this report as Appendix B.   
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4.4 Process for Developing Conceptual Models and Consensus 

The workshop includes front-end discussion on the importance of communicating during the 

workshop with similar language and terminology.  Subjective terms / words were identified, as they 

arose, such that key facets could be discussed.  Workshop participants agreed that it was important 

to clearly explain to external stakeholders the process that has been followed in determining an 

optimal solution.  This would assist any independent auditor in identifying the solutions and 

alternatives discussed, and explain the reasons why they were eliminated.  

Following identification and agreement on the domains, and sub-domains, a four stage process 

was utilised to brainstorm solutions / alternatives, identify risks, focus these risks, and the 

alternatives to address these risks.  This entailed, for each domain: 

1) Development and documentation of individual participant short-term “first intuition” on key 

facets, elements, components, linkages, risks, etc. for the domain, and sub-domains. 

 These were reviewed, grouped, and documented by the group as a whole prior to 

proceeding to the next stage. 

2) Collaboration, in sub-groups consisting of 4-6 participants each, alternative solutions for 

addressing the key facets, elements, risks, etc. identified in stage 1, above. 

 These were reviewed and documented by the group as a whole prior to proceeding to 

the next stage. 

3) Determination and documentation of individual participant “base case” and “alternative 

conceptual model for closure conditions utilising the alternatives identified in stage 2 above. 

 Included in the assessment for this stage was the “why” and “how” the individual 

participant felt the base case and alternative met objectives and the problem statement. 

4) Collaboration and consensus amongst the workshop participants as a whole the preferred 

conceptual model for closure for each domain, as well as an alternative. 

The individual and group workshop notes developed by the workshop participants are included as 

Appendix C to this report.  Photographs of the whiteboard are also included as Appendix D as they 

provided summarising discussion on the brainstorming sessions.   
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4.5 Open Pit Domain and Sub-Domain Specific Conceptual Models for Closure 
Conditions 

Six alternatives were evaluated for closure of the open pit domain.  These include the options of 

disposal of tailings and waste rock (SOEF) and development of an in pit dump for RPAF/PAF in 

latter stages of the mine life.  Underlying each scenario are a set of general options for filling the pit 

with water that are at play for all or most scenarios.  The options are broken down into passive and 

active filling, with some key discussions points noted. 

 Passive Filling: 

o Groundwater recharge of the pit is an underlying constant; 

o Whether natural recharge is used to an advantage, or is designed counter to, is specific 

to the scenario; 

o There is a clear correlation of an increase in pit groundwater inflows with construction 

of the diversion; 

o Pit inflows are seasonally controlled with increase in inflow to the pit during the wet 

season when the river level and backflow rises and seeps to the pit via the paleo-

alluvials (top 20 metres of the pit wall) and weathered bedrock; and 

o The pathway linking the surface water and the underground workings has not been 

clearly identified. 

 Active Filling:  

o Accelerated recharge of the pit from the McArthur River by siphons is a possibility under 

consideration for all scenarios; 

o In situ pit water quality treatment is an option; 

o Active filling would result in much shorter fillings times; 

o This approach should result in lower constituent concentrations in the pit lake as 

compared to passive filling because pit walls will be covered much sooner; and 

o Disposal of long term post closure water treatment plant brine effluent in the bottom of 

the pit lake is considered.  

Figure 4.1 is a generalised cross-section rendering of the pit lake at closure. 
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Figure 4.1: Generalised cross-section rendering of pit lake at closure. 

4.5.1 Summary of Six Alternatives 

Case #1 - Isolated Pit with Passive Filling 

Case #1 maintains an intact 

levee, with no surface water 

connection to the external flood 

waters.  However, it is assumed 

that there is still a connection 

between external surface water 

and inflows to the pit through 

groundwater inflows.  The pit is 

allowed to flood through 

groundwater and rain inflows. 
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Key assumptions for Case #1 include: 

 Groundwater fed; 

 No surface water connection between pit and river flow; 

 Levee wall intact (levee design for 1 in 500 flood level); 

 Mixing will occur when >1:500 year event occurs; 

 Mixing will occur during filling; 

 Stratification influenced by temperature of inflows (30-35°C), and low TDS (700mg/L); 

 Enhanced thermal stratification due to warmer weather resulting in a warmer top layer in 

the water column; and 

 Filling rate would see most of the pit filled in the first 20 years, mostly done by 80 years. 

Risks identified for Case #1 include: 

 Water quality: 

o Contamination from pit walls, as well as SOEF and tailings material placed in the 

bottom as it takes longer to cover these and reduce oxidation; 

o Groundwater quality may not meet surface water quality requirements; 

o Water quality may get worse over time; and 

o Contaminated pit lake water could be transported in groundwater; 

 Pit wall stability: 

o Prolonged exposure of the pit walls to weathering above  the lake level will reduce 

wall stability. 

o Water could soften the joints of rock, and wash out infill clays, this is mainly relevant to 

Wfold shale on west wall; 

o Potential major failure mode with a partially full lake where a large and sudden wall 

failure leads to a tsunami effect in the lake water; 

o Upper Breccia in the Woyzbun Quarry is considered to be a high risk of being unstable 

(the design will be done to match the material properties); and 

o Black bituminous shale (BbH), risk of spon com,  causing the walls to fail (not 

considered to be a significant problem as the BbH is exposed in the northern face, 

where the bedding is into the wall, so the jointing reduces the risk of large scale 

failures); 

 Flood levee failure: 

o Over-topping of the flood levee is expected over the assessment period (1000yrs); and 

o Flood levee failure may allowing flushing out of very poor quality pit water to the 

receiving environment; 

 Relinquishment: 

o Delayed lease relinquishment as slow filling prevents establishing the long term 

impacts and management strategy.   



Glencore McArthur River Mine 
McArthur River Mine - Development of a Conceptual Model for Long Term Closure Planning 21 

O’Kane Consultants 11 July 2016 
750/34 

Case #2 - Isolated Pit with Active Filling 

Case #2 would see the pit 

deliberately filled using 

external river water during the 

wet season floods to rapidly 

fill the void to near the stable 

water level.  Filling would be 

at less than the full rate so as 

to not completely drain the 

McArthur River. 

 

 

 

Key assumptions for Case #2 include: 

 Water quality is expected to be initially acceptable; 

o Estimated to deteriorate over time due to evapo-concentration; and 

 While there is a considerable uncertainty as to whether there will be a depressed water 

level, or not, it is assumed, for now, that the water level is expected to remain at the level 

of the river due to interconnection; 

 Stratification of pit lake expected to be the same as Case #2 due to similar densities and 

water temps; 

 Reduced exposure of pit walls to oxidation and rinsing by rain; 

 Timeframe to demonstrate performance of the lake reduced; 

 Wall stability issues are abated with reference to Case #1: 

Risks identified for Case #2 include: 

o Water quality is initially good, but worsens due to evapo-concentration; 

 May not be possible initially; 

 Contaminated pit water could be transported in groundwater; 

 Successive wet years and intense storms could raise water level sufficiently to flow through 

shallow paleo-channels; 

 Treating large volumes of water if seepage is occurring; 

 Illness/death of fauna contacting the lake water; and 

 Levee requires perpetual maintenance, 

 Levee fails, allowing flushing out of very poor quality pit water.   
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Case #3 – Flow Through Pit Lake 

Case #3 sees the levee 

breached at the upstream and 

downstream ends; the 

diversion would become the 

secondary flow channel.  

Some engineering is required 

to get some flow rate through 

the old channel.  The levee 

material could be used as a 

source of clean fill in 

rehabilitating other areas (up 

to 6Mm3: 5 Mm3 of clay 

1 Mm3 of alluvial and LS-NAF 

available if all removed. 

Key assumptions for Case #3 include: 

 Water quality will improve over time; 

o Sulfate will be on the order of 1,000mg/L for initial flush; 

o Zn levels will be low due to dilution from rapid filling; and 

o Outflow may require treatment until dilution of sulfate and metals results in compliance 

or better water quality concentration; 

 Pit lake level will be relatively stable; 

 Levee system not required to be stable in perpetuity; 

 Will be deposition of sediments in the lake; and 

 McArthur River will flow through the pit during floods. 

Risks identified for Case #3 include: 

 The pit must now achieve surface water quality commitments; 

o Most challenging limnology due to the potential for water column disruption or 

mixing;  

o Could damage large areas of the environment if water quality deteriorates, resulting 

in potentially very expensive remediation, including rebuilding the levees; 

o Regulators could view this as high risk and want substantial bond; 

 Most challenging with limnology is if the pit has minimum backfill or has waste rock and 

tailings placed within the pit to 175m BGL (will the water column mix or stratify permanently, 

and/or seasonally);   
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 Possibility of water treatment; 

o Unknown how water quality changes with seasons and climate cycles; and 

o Case could be trialled with the levee intact and monitored until dilution is sufficient 

to achieve water quality objectives; 

 WOEF would be exposed to flood waters that were not intended; 

o PAF at 38RL, which was the 100 year flood level in Phase 2, but may be below the 

new 100 year flood level; and 

o WOEF cover system also has to achieve better performance as runoff and seepage 

likely to interact with surface water; 

 Power station is exposed to flooding; 

 Potential for fish kills; 

o Fish (including sawfish) trapped in the pit lake during the dry season; and 

o Potential fatal flaw with the sawfish issue as it is subject to EPBC; 

 Vegetation in diversion channel suffers from reduced water flow; 

 Results in alteration to McArthur River sediment transport characteristics. 

Case #4 - Flow Through Pit as Secondary Path 

The McArthur River diversion 

is maintained as the primary 

flow path in Case #4; 

interaction with the pit is 

through a prescribed flood 

event (nominally, a 1 in 2 year 

flood would over top the 

levee).  This includes 

upstream and downstream 

breach of levees, although 

they are maintained as 

artificial check valves. 

 

Key assumptions for Case #4 include: 

 Pit water dilution is decreased, relative to Case #3; 

o Periodic flushing of pit by flood waters; 

 Reduced sediment deposition in the lake as compared to Case #3; and 

 Levee would remain in place in perpetuity.   
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Risks identified for Case #4 include: 

 Hydraulic head will force water under the levee via the paleo-channels and shallow 

permeable pathways; 

 The pit must now achieve surface water quality commitments; 

o May not be possible initially; 

o Could damage large areas of the environment, resulting in potentially very 

expensive remediation, including rebuilding the levees; 

o Regulators could view this as high risk; 

 Possibility of water treatment; 

o Unknown how water quality changes with seasons and climate cycles; 

o Case could be trialled with the levee intact and monitored until dilution is sufficient 

to achieve water quality objectives; 

 Control measures required to make the pit the secondary channel; 

 WOEF would be exposed to flood waters that were not intended; 

o PAF at 38RL, which was the 100 year flood level in Phase 2, but may be below the 

new 100 year flood level; and 

o WOEF cover system also has to achieve better performance as runoff and seepage 

likely to interact with surface water; 

 Power station is exposed to flooding; 

 Potential for fish kills; 

o Fish (including sawfish) trapped in the pit lake during the dry season; and 

o Potential fatal flaw with the sawfish issue as it is subject to EPBC.  

Case #5 - Pit as Backwater 

Case #5 sees the pit 

effectively made into a 

backwater by breaching the 

levee on the downstream end 

only.  The benefit is reduced 

mechanical turbulence of 

floodwaters entering the pit, 

thereby reducing the risk of 

the lake strata being 

disrupted.  Additional benefits 

include a more controlled 

inflow of water, resulting in 

less chance of displacing 

alkalinity in the lake and an improved limnology.  The integrity of the diversion channel will need to 

be maintained such that the McArthur River is kept at a suitable distance from the Pit Lake.  
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Key assumptions for Case #5 include: 

 Pit water dilution is decreased, relative to Case #3; 

o Periodic flushing of pit by flood waters; 

 Hydraulic head will force water under the levee via the paleo-channels and shallow 

permeable pathways; and 

 Increased sediment deposition in the lake. 

Risks identified for Case #5 include: 

 The pit must now achieve surface water quality commitments; 

o May not be possible initially; 

o Could damage large areas of the environment, resulting in potentially very expensive 

remediation, including rebuilding the levees; and 

o Regulators could view this as high risk; 

 Possibility of water treatment; 

o Unknown how water quality changes with seasons and climate cycles; 

o Case could be trialled with the levee intact and monitored until dilution is sufficient to 

achieve water quality objectives; 

 Need to maintain the upstream levee against flood forces; 

 WOEF would be exposed to flood waters that were not intended; 

o PAF at 38RL, which was the 100 year flood level in Phase 2, but may be below the 

new 100 year flood level; and 

o WOEF cover system also has to achieve better performance as runoff and seepage 

likely to interact with surface water; 

 Power station is exposed to flooding; 

 Potential for fish kills; 

o Fish (including sawfish) trapped in the pit lake during the dry season; and 

o Potential fatal flaw with the sawfish issue as it is subject to EPBC.   
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Case #6 - Pit as a Sink 

Case #6 involves actively 

managing the water level in 

the pit so that the pit lake level 

is below the alluvial aquifer at 

all times.  The rationale for the 

case is removal of a pathway 

for contaminants seeping 

from the pit through the 

alluvials.  Actively maintaining 

the pit water at a certain level 

reduces the risk of poor 

quality pit lake water being 

released through subsurface 

flows to the environment.  

Key assumptions for Case #6 include: 

 Active management of pit water level in perpetuity; 

o Possibility exists of requiring to manage catchment as well; 

 Pit could draw down seepage emanating from the southern portion of the NOEF; 

o Seepage reports to the pit rather than Barney Creek diversion; 

 Pit would be subject to inflows from rainfall, groundwater, and have evaporation losses;  

Risks identified for Case #6 include: 

 This option was explicitly criticised by regulators in all previous EISs; 

 Levee must be maintained in perpetuity; 

 Will likely require water treatment; 

o Water treatment brine stream (if present) needs to be considered; 

 Capital and operating costs to manage the water level and quality; 

o Need power supply of suitable capacity; 

 Management of flood levels greater than 1:500 flood; 

 Extended drawdown may only be possible if the connection between surface floods and 

pit through unknown groundwater connections is stopped; and 

 Uncertainty surrounding; 

o Operating levels to allow for pit inflows from the catchment and groundwater; and 

o Extent of the pit drawdown. 
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4.5.2 Additional Closure Considerations: In-Pit Dumping and In-Pit Tailings Disposal 

The final pit void has always been proposed to have some amount of waste rock from contaminated 

sources and excess non-benign rock dumped in the bottom, to be inundated by the pit lake.  The 

current concept would see the last five to seven years of waste mined of all classes except LS-NAF 

placed in an in-pit dump (IPD), as well as some of the MS-NAF currently stored on the SOEF (with 

the remainder of the MS-NAF to be used in WOEF closure).  Hence, the material placed in the pit 

would be represented primarily by PAF and REPAF type materials. 

The amount of waste would be relatively small; potential issues discussed are summarised below. 

Case #1 – Passive Filling of an Isolated Pit: 

 Slow filling gives more time for the rock/tails to oxidise, so water quality could be very poor; 

and 

 High tip heads or having the waste rock up high in the pit could increase the rate at which 

water quality degrades. 

Case #2 – Active Filling of an Isolated Pit: 

 Faster filling will reduce oxidation of the pit contents, but evapo-concentration will likely end 

up making similar WQ in the long term. So the waste rock ends up being of limited impact. 

With breached levee options: 

 If the IPD is located below the changing water level in the low oxygen part of the lake, then 

there are no significant impacts expected; 

 Hence the position of the IPD is important; and 

 Deposition of sediments from the floods will help further reduce oxygen around the waste 

rock. 

The option exists to also put tailings back in the pit. It was agreed that the tailings would need to be 

piped down the haul ramp and deposited in the bottom of the pit, with recycling of water rather than 

discharging from the pit crest into a large lake. The potential issues with doing this were discussed: 

 Top of tailing still about 175m below the ground level, so perhaps 150m below water level; 

 Risk of tailings being stirred up by flood water inflows, and there is a risk of oxidising tailings 

which could significantly impact on water quality; and 

 Tailings should have a lower permeability than waste rock, so encapsulating the IPD with 

tailings will be a good thing, and waste rock volume compared to tailings is small so that it 

will not influence the lake water quality. 

Figures 4.2 and 4.3 are generalised cross-section renderings showing in-pit tailings only, and in-pit 

waste rock and tailings disposal, respectively. 
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Figure 4.2: Generalised cross-section rendering of pit lake at closure within in-pit tailings disposal. 

 

Figure 4.3: Generalised cross-section rendering of pit lake at closure with in-pit waste rock and 
tailings disposal. 
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4.5.3 Open Pit Domain Base Case and Alternative 

A summary of the base case and alternate is provided below. 

Base Case - Pit lake development and maintenance as per Case #5 (Pit as a Backwater): 

 In-pit dumping of limited waste rock (but the most reactive material) for the last five to seven 

years of the mine life; 

 Rehandling of part of the SOEF MS-NAF into the bottom of the completed pit void; 

 Placement of all tailings into the pit void, which is expected to fill to approximately 175m 

below the pit crest, over a period of around 10 years; 

o Placement will be via a discharge pipe from the bottom of the pit, retreating up as the 

pit fills; excess water will be recovered for return to the hydraulic mining process; 

 Then harvest water in the wet season after tailings works have finished to provide a water 

cover over the placed materials; 

 The WOEF and power station would have a levee built up to protect them, and a cover 

system installed over the WOEF; 

 After the water quality and lake dynamics are confirmed as matching the models, and 

models of a downstream backwater option predict acceptable impacts, proceed to 

removing a section of the downstream levee to turn the pit void into a backwater filled by 

McArthur River floodwaters; and 

 Subject to performance being as expected, a portion of the upstream levee could be 

removed to create a flow-through pit lake. 

Alternative - Pit lake development and maintenance as per Case #2 (Isolated with Active Filling): 

 In-pit dumping of limited waste rock for the last five to seven years of the mine life; 

 Rehandling of part of the SOEF MS-NAF into the bottom of the completed pit void; 

 After cessation of mining, harvest water in the wet season to inundate the pit; 

 Maintain the levee wall into perpetuity; and 

 Likely water treatment of the pit lake. 

4.6 NOEF Domain and Sub-Domain Specific Conceptual Models for Closure 
Conditions 

Eight alternatives for closure of the NOEF, summarised in Table 4.1, were considered during the 

workshop; the alternatives are based on dump height and batter slope configurations.  The 

alternatives focused on two alternate NOEF heights, 80 and 140m, as well as different batter slope 

configurations; namely, i) a 2.5H:1V linear slope; ii) tri-linear (concave) slope; iii) a 4H:1V linear 

slope; and iv) a steep batter angle linear slope.  It is noted that there is a likelihood that there will 

be a water treatment waste stream management facility to manage toe seepage. 

The different final NOEF heights reflect the maximum height for a landform developed as part of 

the mine as per the initial EIS for development of the open pit (i.e. 80m).  The 140m height, 

represents a preferred height for the NOEF when considered mine planning and optimising costs, 
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where substantial cost reduction and water management issues are achieved with the smaller 

overall footprint.  The different outer batter slope configurations require different cover system 

placement techniques, as well as cover system and landform designs anticipated to allow for 

closure of the NOEF in a safe and stable manner; further details on cover system and landform 

design are provided below. 
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Table 4.1: Comparative summary of 140m NOEF Height and Outer Batter Slope Configurations 

Alternative Commentary - Physical Commentary - Performance Commentary - Cost 

Case #1a: 
140m high and 2.5H:1V batter slope 

 Additional material above existing NOEF 

 Smaller footprint 

 Smaller surface water infrastructure 

 Less seepage due to smaller footprint 

 Less known about foundation conditions to 
north of existing NOEF 

 Less PROD capacity  

 Less diversion of surface water 

 Increase in CCL placement and complexity 

 Reduced opportunity for progressive 
rehabilitation 

 Higher potential for erosion 

 Visual amenity issue to expectations 

 Less seepage 

 Less water to manage 

 Less air (O2) entry 

 Potentially more settlement/compaction as 
compared to 80m height facility of similar 
batter slope 

 More plant die-off due to winds 

 Surface water management more challenging 

 Less cover material required and hence lower 
rehabilitation costs 

 Less foundation preparation 

 Less PROD capacity  

 Lower haulage costs 

Case #1b: 
140m high and trilinear batter slope 

 As above, plus 

 Reduced CCL placement and complexity 
except upper slope 

 As above, plus 

 Moderate potential for erosion 

 Visual amenity issue reduced 

 Improved geotechnical stability 

 As above, plus 

 Reduced opportunity for progressive 
rehabilitation 

Case #1c: 
140m high and 4H:1V batter slope 

 As above for 1a, plus 

 Smallest plateau area of all options reviewed 

 Recognised and accepted 

 Simpler to construct 

 As above for 1a, plus 

 Moderate potential for erosion 

 Visual amenity improves but not as good as 
tri-linear slopes 

 Improved geotechnical stability 

 Smaller surface water management 
infrastructure 

 Easier to maintain 

 As above for 1a, plus 

 Reduced opportunity for progressive 
rehabilitation 

 Similar to tri-linear slopes for cover material 
requirements, but lower rehabilitation costs 

Case #1d: 
140m high and steep batter slope 

 As above for 1a, plus 

 Largest plateau area of all 140m options 
reviewed 

 Recognised and accepted as a design to 
manage erosion of batter slopes provided 
coarser-textured material is used 

 Worst option to construct 

 As above for 1a, plus 

 Cannot do maintenance on slopes 

 Lowset potential for erosion provided coarser-
texture material is used 

 Visual amenity least desirable 

 Highest geotechnical stability issues 

 Smaller surface water management 
infrastructure 

 No vegetation on slopes could be an issue 

 Lower risk of PAF under slopes 

 As above for 1a, plus 

 Reduced opportunity for progressive 
rehabilitation 

 Least chance for approvals 

 Less cover materials required, and hence 
potentially lowest rehabilitation costs 

 Less foundation preparation 
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Table 4.2: Comparative summary of 80m NOEF Height and Outer Batter Slope Configurations 

Alternative Commentary - Physical Commentary - Performance Commentary - Cost 

Case #2a: 
80m high and 2.5H:1V batter slope 

Comparison to 140m high NOEF 

 Visually acceptable for rocky slopes 

 Larger footprint 

 Larger surface water infrastructure 

 Even more is unknown about foundation 
conditions to north of existing NOEF 

 PRODs capacity required for Emu Creek 

 More diversion of surface water 

 Increase in CCL placement and complexity 

 Visually acceptable for rocky slopes 

 Height of 80m meets expectations 

 Higher basal seepage rates 

 Shorter slopes and therefore reduced 
potential for erosion 

 Surface water management is less complex 

 Footprint impinges on bird habitat 

 Greater chance for approval 

 Higher haulage costs 

 More cover material required and hence 
higher rehabilitation costs 

 More foundation preparation 

 Can do progressive rehabilitation 

 Additional borrow pits and quarries required, 
but they can be largely within the dump 
footprint 

Case #2b: 
80m high and trilinear batter slope 

Comparison to 140m high NOEF 

and, Case #2a 

 As above, plus 

 Reduced CCL placement and complexity 
except upper slope 

 As above, plus 

 Highest rating for visually acceptable, except 
for rocky upper slopes 

 Meets current landform configuration 

 Moderate potential for erosion 

 Improved geotechnical stability 

 As above, plus 

 Highest chance for approval 

  

Case #2c: 
80m high and 4H:1V batter slope 

Comparison to 140m high NOEF 

and, Case #2a 

 As above for 2a, plus 

 Simpler to construct 

 As above for 2a, plus 

 Moderate potential for erosion 

 Visual amenity improves but not as good as 
tri-linear slopes 

 Improved geotechnical stability 

 Smaller surface water management 
infrastructure 

 Easier to maintain 

 As above for 2a, plus 

 Similar to tri-linear slopes for cover material 
requirements, but lower rehabilitation costs 

Case #2d: 
80m high and steep batter slope 

Comparison to 140m high NOEF 

and, Case #2a 

 As above for 2a, plus 

 Largest plateau area of all options reviewed 

 Recognised and accepted as a design to 
manage erosion of batter slopes provided 
coarser-textured material is used 

 Worst option to construct among 80m heights 

 

 As above for 2a, plus 

 Cannot do maintenance on slopes 

 Lowest potential for erosion provided coarser-
texture material is used 

 Visual amenity least desirable 

 Smaller surface water management 
infrastructure 

 No vegetation on slopes could be an issue 

 Lowest risk of PAF under slopes 

 As above for 2a, plus 

 Reduced opportunity for progressive 
rehabilitation compared to other 80m high 
options 

 Least chance for approvals 

 Less cover materials required, and hence 
potentially lowest rehabilitation costs 

 Least foundation preparation for 80m heights 
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4.6.1 NOEF Domain Base Case and Alternative 

The CW Expansion is not part of the NOEF base case but is included here as many of its features 

are facets were key discussion points during the CM workshop, and form the basis for the base 

case and alternative developed for the NOEF EIS.  Figure 4.4 shows the configuration for the NOEF 

Central West Expansion, which is consistent with commitments made to the DME in regards to this 

facet of NOEF expansion.  Construction sequencing for CW Expansion includes: 

1. Clear and grub footprint; 

2. Start WPROD construction; 

3. Place basal CCL; 
i. 0.6m thick; 

4. Place LS-NAF layer to 1:100 flood level; 
i. ~2m to 4m thick; 

5. Place “wedge” LS-NAF layer; 
i. ~1m thick in west; and 
ii. ~15-18m thick in east; 

6. Commission WPROD; 

7. Place CCL under PAF cell; 
i. 0.6m thick; 

8. Place compacted outer batter berms from MS-NAFs; 
i. ~2-5m wide; 

9. Place PAFs above PAF cell CCL layer and within outer batter berms; 
i. 2m lifts as reactive PAFs are expected 

10. Place alluvial sheeting layers over PAF cells prior to wet season; 

11. Place CCL over the PAF cell once it reaches the full extents 
i. 0.6m thick 

12. Final cover; 
i. Configuration to be determined. 

Note that prior to placement of any material within the CW Expansion that is immediately adjacent 

to the PAF cell within the existing NOEF, the outer batter slope of the NOEF will be pushed flat 

enough to enable an advection and/or thermal “blanket”, or barrier to be constructed on the slope.  

The objectives of the barrier is to limit advective gas flow within the existing NOEF PAF cell to 

reduce temperatures, and to isolate the CW Expansion PAF from heating generated within the 

existing NOEF. 

A summary of the base case and alternate for the NOEF Expansion after completion of the NOEF 

CW Expansion is provided below. 
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Figure 4.4: Schematic rendering of the CW Expansion configuration and construction sequencing (note that vertical spacing on expansion sequencing not to 

scale illustration purposes) 
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The fundamental conceptual model of the EIS NOEF and PAF encapsulation strategy is to 

substantially decrease reliance on the final cover system over the landform at closure.  This is 

accomplished by recognising that by placing waste material in reduced lift heights gas transport to 

reactive material is substantially reduced, which leads to a substantial reduction in oxidation, and 

oxidation products.  In addition, a key aspect of the NOEF EIS CM is minimisation of the footprint 

to reduce seepage (and any load associated with the seepage) to the environment.  

Base Case - for NOEF Expansion after CW Expansion is Complete: 

 Construct an advection limiting cover around the existing NOEF PAF cell to restrict oxygen 

entry. 

 Place a temporary store-and-release cover on top to reduce wet season net percolation 

until further development occurs. 

 Construct a gas barrier at the base (natural and engineered materials), tying into the barrier 

layer of the external cover system, which also provides flood proofing to above the 100 

year flood level. 

 Place MS-NAF above the gas barrier to the 100 year flood level in low lifts to reduce gas 

flow to diffusion based only (i.e. no advective gas transport). 

 There is no ‘wedge’ as runoff lengths to the perimeter dams are too long to prevent 

significant infiltration. 

 Place a core of PAF types, with Reactive PAF in 2m lifts and other materials possibly in 

higher lifts, with installation of regular oxygen barriers as needed, depending on cost-

benefit optimisation of higher lift heights and oxygen barriers versus lower lift heights; 

oxygen barriers to be constructed using finer-textured materials with compaction and 

moisture conditioning as required.  

 Place a ‘halo’ (preferably of MS-NAF(HC)) around the PAF core, in lift heights compatible 

with the cover lifts on the sides but <= 5m, to a thickness of 5-20m (subject to material 

availability), to displace PAF from under the batters where possible.  

 Construct a cover system outside this, with a to-be-determined performance expectation 

for net percolation and oxygen (current thought is low to very low NP).  

 A very low NP cover (strong preference for a geosynthetic) will likely be required above the 

existing PAF cell due to the potential for stored oxidation products in this portion of the 

dump. 

 Place alluvials, LS-NAF rock and topsoil outside this for protection of the barrier layer and 

as a growth medium. 

 A trade-off between initial placement thickness and on-going maintenance will provide the 

opportunity to optimise-tune the thickness of the rock layer in the cover. 

 Geometry to be up to 140m high, with steep tri-linear batters, giving a restricted footprint. 

 Some collection and treatment of toe seepage expected in the southeast (Barney Creek) 

and northeast (Emu Creek) areas until the dump drains down; then subject to monitoring 

results.   
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Alternative - for NOEF Expansion after CW Expansion is Complete: 

 Construct layers and use methodology as per the base case. 

 Altered geometry with a height limit of 80m, with the same steep tri-linear batters, which 

will require a much larger footprint 

Generalised risks to manage for the existing NOEF (West Cells a, b, c, and d) and the expansion 

NOEF include: 

 Organisation and interpretation of the substantial amount of data that is available for the 

NOEF, for example oxygen, water, temperature - what are all these balances and how do 

they interact; 

 Seepage; 

 Slumping from spontaneous combustion; 

 Current unknown stored oxidation products and its influence on long-term water quality of 

basal and toe seepage; 

 Is it possible to stop the dump heating and does that delay cover placement; 

 Long-term gas emissions, safety hazard and effect on any cover system; 

 Cost of mitigation and management into perpetuity; 

 Potential interaction with open pit domain (drawdown cone); 

 Knowledge of how the dump was constructed, and its material properties are evolving, but 

studies are in place to develop required understanding; 

 Geotechnical stability, in general, and due to combustion; 

 Erosion; 

 Effective groundwater management of seepage and required infrastructure; 

 Can the existing NOEF be closed, and what effect would it have on the future dump; 

 MS-NAFs below the flood level; and 

 Knowledge that existing NOEF hasn’t been constructed as per the open cut EIS; limited 

QA/QC on CCL layer, no wet season clay covers. 

4.6.2 Cover System and Landform NOEF Sub-Domain Conceptual Model 

4.6.2.1 Performance of Cover Systems – Management of Water and Oxygen 

Soil-Plant-Atmosphere (SPA) modelling has been conducted for a number of different cover system 

configurations.  As part of this, a detailed climate database for the location of the MRM site, which 

covers a 125-year period from October 1, 1889 to September 30, 2014.  Areal actual 

evapotranspiration data (AET) for each month were estimated based on gridded datasets also 

provided on the Bureau of Meteorology (BoM) website.  Table 5.3 provides the monthly average 

climate conditions for the site based on the database. 
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Based on the Köppen-Geiger system, MRM is classified as a hot arid steppe (BSh).  This 

classification helps conceptualise a performance range for cover systems built in such a climatic 

regime. 

Table 4.3: Monthly and annual climate averages 

Month Temperature (°C) Relative Humidity (%) Rainfall PE AET* 

 Max Min 9 AM 3 PM (mm) (mm) (mm) 

January 35.8 24.8 90.0 49.0 188 173 118 

February 35.0 24.5 92.7 52.0 172 147 104 

March 34.7 23.2 92.6 49.6 141 159 104 

April 34.2 20.3 87.2 40.1 32 155 44 

May 31.9 16.5 82.6 33.7 7 144 22 

June 29.4 12.7 82.5 30.8 5 126 17 

July 29.3 12.0 81.0 28.9 1 136 16 

August 31.6 13.5 80.6 27.8 0 160 16 

September 34.6 16.9 82.0 29.7 3 181 30 

October 37.2 20.9 80.7 32.2 14 209 60 

November 38.1 23.9 80.5 36.3 42 204 74 

December 37.5 24.9 85.9 42.8 109 195 95 

Annual 34.1 19.5 84.8 37.7 715 1989 700 

*AET from BOM website which estimates regional evapotranspiration rates; will vary based on cover system performance. 

Climate change projections for area around the site indicate MRM will have a 1°C to 4°C increase 

in temperature and a 0% to 11% decrease in rainfall by the end of the century.  These changes 

would result in the site becoming drier but would not change its Köppen-Geiger classification.  

Conceptually however, this should result in higher PE (and AET), and when “brought together”, 

would result in increased propensity for lower NP rates, but a corresponding increase in the 

challenges associated with reducing oxygen ingress to very low levels. 

Figure 4.5 provides the cumulative deviation from the mean annual rainfall, and shows the site has 

experienced extended periods of drying, but is currently in an extended wetting period (although 

not included in the graph, the 2015 model year is also wetter than average with 800 mm of rainfall). 

A range of performance in terms of NP rates for a cover system exists for different climate regimes.  

Within a single climatic regime, the same range may be a result of the influence of differing abilities 

of a cover system to evapotranspirate water and to promote runoff from the landform.  The range 

of cover system performance is presented conceptually in terms of “very low,” “low,” “moderate,” 

“high”, and “very high” NP.  Comparing BoM rainfall and AET estimates provided in Table 5.3 

indicates that for MRM an undisturbed site would have approximately 15 mm (2% of average annual 

rainfall) available for NP (assuming runoff is nil on an areal scale).  Hence, a high NP is classified 

as greater than 15% of average annual rainfall (% R), moderate (Mod) is between 10% R and 15% 

R, low is between 5% R and 10% R, and very low (VL) is less than 5% R.  It must be noted that NP 

rates and resultant % R can be higher or lower for any given year.  For example, a high rainfall year 
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(or, more specifically, a number of successive wetter than average climate years) may result in a 

high NP rate for the year, even for a site classified, on average, as having a very low NP rate. 

Figure 4.5: Annual precipitation and cumulative deviation from the mean precipitation for MRM. 

A similar range of performance exists for O2 ingress, except O2 ingress is less challenging to limit 

in wetter environments where a tension-saturated layer is more easily maintained.  Given that MRM 

is in an arid climate region, the conceptual model generally classifies O2 ingress as high at a rate 

over 50 mol O2/m2/year, moderate (Mod) between 50 and 15 mol O2/m2/year, low between 15 and 

5 mol O2/m2/year, and very low (VL) is less than 5 mol O2/m2/year.  However, it is fundamental to 

note that these rates must be tied to site-specific conditions in terms of the geochemical 

characteristics of the underlying waste material in order to properly characterise these ranges. 

The materials considered for evaluating potential cover systems, including the waste in the NOEF 

itself: topsoil; growth medium; capillary break (which was simulated with the same properties as the 

waste rock); and CCL.  A water retention curve (WRC) and a hydraulic conductivity function (k-

function) are defined for each material, as shown in Figure 4.6.  Two sets of material properties are 

developed for the waste rock / capillary break: a well-graded, and a poorly-graded material.   
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Figure 4.6: WRCs and k-functions used for modelling to support conceptual cover system 
performance. 

Vegetation conditions representative of the region were simulated with the numerical model.  MRM 

is located in the eucalypt open woodlands (also referred to as “tropical savanna”) region of the 

Northern Territory.  This environment consists of sparse eucalypt trees with an understorey of 

perennial and annual grasses. 

Figure 4.7: Cover system design options reviewed for NOEF (from left to right): 1) store-and-
release cover system; 2) enhanced store-and-release cover system; 3) O2 barrier 
cover system; and 4) Two barrier layer cover system. 

Figure 4.8 summarises the results of an extensive set of numerical simulations conducted for the 

125-year climate database.  Each cover system shown in Figure 4.7 was simulated for the 125 

years, with the annual net percolation and oxygen ingress values predications averaged, and shown 

in Figure 4.8.   
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Figure 4.8: Range of NP and O2 ingress results obtained from the cover systems simulated for 
this report. 

Note that it is fundamental to understand that “the average does not exist”; meaning, that 

performance for any given year, or timeframe within a year, will be strongly influenced by climate 

conditions at that time, but also the antecedent moisture conditions that have manifested as a result 

of prior climate conditions.  In short, performance will fluctuate and the actual average value, as 

inferred in Figure 4.8, will rarely occur, and when it does, it is not simply due to “current” climate 

conditions, but also “past” climate conditions. 

This facet of cover system performance is quite important to appreciate because it leads to 

enhanced understanding for the manner in which cover systems can, and cannot, manage net 

percolation and oxygen ingress.  For example, and with respect to net percolation, if a 50 mm 

rainfall event were to occur following an extended dry climate period, then a large majority of that 

rainfall will likely infiltrate, and has the potential to evapotranspirate or report as net percolation.  In 

contrast, if a 50 mm rainfall event occurred following a wet climate period, then some portion, and 

potentially a substantial portion, of the rainfall will runoff, and, provided the landform is designed 

manage the runoff, will result in very little net percolation. 

4.6.2.2 Performance of Cover Systems – Management of Erosion 

Surface materials, also referred to as cover materials, and the landform configuration on which they 

are placed at the NOEF are required to: 1) serve as “building blocks” for vegetation in terms of 

providing sufficient plant available water holding capacity; 2) manage erosion to acceptable levels; 

and 2) protect underlying finer-textured layers (if incorporated into the design) from desiccation and 

degradation through exposure.  The surface materials for the NOEF are expected to be NAF to limit 

any environmental impacts through contact with meteoric water; however, low salinity NAF (LS-

NAF) could potentially may be used if sufficient NAF material is not available; noting that this 

decision must be evaluated as part of a risk assessment. 

Potential surface materials identified for use are summarised in Table 4.4.  The material description 

provided is based on evaluation of the material sample provided for erosion flume testing. 
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Table 4.4: Description of potential surface cover materials. 

Material Description and Comments 

Breccia 
Material contains a high rock content. High infiltration rate, low runoff, good 
properties for managing erosion rates. 

Shale 
Material contains a high rock content. High infiltration rate, low runoff, very good 
properties for managing erosion rates. 

Weathered Shale 
Highly erodible. Likely to weather rapidly and susceptible to erosion. Use with 
caution on slopes. Landform design on the slopes is critical if this material is 
placed on a slope. 

Alluvium Less erodible soil material. Use with caution on slopes. Likely to easily rill. 

Topsoil Highly erodible topsoil. Use with caution on slopes. Likely to easily rill 

The categorisation and distinction of these materials is based on their lithological unit.  The relative 

performance and advantages and disadvantages of each material will be discussed in the summary 

of predictive modelling in a subsequent section.  The lithological units need to be correlated to 

geochemical classifications (NAF, LS-NAF, MS-NAF, and PAF) to ensure that surface material 

specification can be based on anticipated performance from both a geochemical and erosion 

perspective. 

Figure 4.9 presents a conceptual erosion potential ranking based on material texture for the breccia, 

shale, alluvium, and topsoil; the components of the PSD are presented by weight %.  Low and Very 

Low erosion potential is attributed to a substantial cobble and gravel component (generally above 

20% and preferably above 50%) and low percentage of clay and silt (generally less than 20% and 

preferably below 10%).  Erosion potential is classified as low for gap-graded materials with low sand 

percentage, such as 35% silt and clay balanced by 15% sand and 50% cobbles and gravel.  

Conversely, materials with High erosion potential will have increased percentage of clay and silt 

and lesser percentage cobble and gravel.   

 

Figure 4.9: Erosion potential based on textural triangle classification. 
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Breccia and shale samples collected in 2015 as well as waste rock samples collected in 2006 fall 

within the Low to Very Low erosion potential category.  Alluvium plots within the Moderate to High 

range, while the topsoil is categorised as a High erosion potential.  Based on material texture, 

slopes with a shale or breccia surface material are expected to have Low to Very Low erosion rates. 

Little information pertaining to the influence of vegetation on erosion potential at the MRM site is 

available.  Hence, erosion is considered from a materials stability standpoint in the absence of 

vegetation, the presence of which is able to significantly improve erosional stability.  Though no 

assessment has been undertaken for specific conditions at MRM, it is recognised that success of 

revegetation of slopes greater than ~30o is generally considered poor.  While it is reasonable to 

assume that revegetation success, both in terms of vegetation emergence and sustainability, is 

poor on angle-of-repose slopes, there is no documentation suggesting whether vegetation success 

improves with decreased slope angle. 

The presence of vegetation improves erosional stability by many mechanisms, including through 

increased surface roughness interrupting the collection of erosive energy of runoff water and 

increased soil strength from the rooting mass.  The time to develop to a critical vegetation coverage 

for limiting erosion is also a factor that should be considered.  Potentially, the MRM mine closure 

program will include an adaptive management phase where closure construction activities have 

concluded; however, there is still a consistent site presence to fix or mitigate any deleterious effects 

of erosion in the early years as the site transitions to its long-term closure performance.  The 

adaptive management and maintenance phase, along with the improved erosional stability realised 

from the emergence of a vegetated cover, might upgrade the estimated performance (in terms of 

erosion potential) of a certain material or slope configuration. 

Slope length, slope angle, and maximum depth of erosion have been evaluated with quantitative 

numerical modelling programs.  The erosion rates and eroded depths predicted are best suited for 

comparing slope configuration alternatives.  It is challenging to produce a modelling program with 

sufficient accuracy for a quantitative level of assessment or setting of completion criteria.  Larger 

scale field trials and model calibration, using a full spectrum of material sizes (including cobbles 

and boulder sizes) would be required for that level of confidence. 

Numerous slope configurations with varying slope angle and slope length based on PSD results 

obtained from a site sampling program have been evaluated.  Results are summarised elsewhere, 

with the conceptual model for erosion, shown in Table 5.5, representing the results. 

A Very Low (VL) classification generally suggests erosion rates below 10 m3/ha/yr and a maximum 

erosion depth <1.5 m.  The Low (L) classification indicates erosion rates between 10 to 15 m3/ha/yr 

and a maximum erosion depth <2.0 m.  The Moderate (M) classification indicates erosion rates 

between 15 to 25 m3/ha/yr and a maximum erosion depth >2.0 m.   
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Table 4.5: Conceptual evaluation of erosion potential 

 Linear Slope Concave Slope (Equal Segments) 

Total Slope Height  
(m) 

1.3H:1V  
(Angle of Repose) 

 
2.5H:1V 

1.3/2/3H:1V  
or steeper 

2/3/4H:1V  
or steeper 

Breccia     

80 L VL VL VL 

120 M L L VL 

150 M L L VL 

Weathered Shale     

80 M L L VL 

120 M L L VL 

150 M M M L 

Ave Slope Length 
per meter of Height 

1.65 m 2.70 m 2.34 m 3.17 m 

4.7 TSF Domain and Sub-Domain Specific Conceptual Models for Closure 
Conditions 

The preferred conceptual closure option for the TSF consists of operating the TSF cells 1 and 2 

jointly as a conventional wet tailings storage facility during operations.  The option exists to mud 

farm if the costs are outweighed by the reduced buttress requirements.  Conceptually, mud farming 

allows for increased stability, thus removing the requirement for buttressing future lifts, thereby 

reducing the overall TSF operations cost.  It is noted that in the past trenching was undertaken to 

assess oxidation depth in old tailings, and the exposed piles of tailings from the trenching did result 

in excessive heating (oxidation).  The intent of the mud farming is for it to be conducted in wet 

tailings, and this it is thought that the historic issue associated with the exposed piles of tailings 

from trenching will not be an issue. 

Upon cessation of processing, the tailings will be pumped into the pit void using the hydraulic mining 

method.  The current conceptual model for closure does not include processing through the plant. 

Wet or mud farmed tailings placed in a flooded pit lake is a known technology, which is a benefit of 

the base case.  The tailings within the TSF would be consolidated to a greater extent, and as the 

tailings are to be placed subaqueously, dust would be greatly reduced.  In addition, the lack of a 

cover system required if the tailings were to remain within the existing TSF reduces the costs 

associated with a cover construction, with the added benefit of making more benign materials 

available for rehabilitation works elsewhere on site.  Removing the tailings from the surface would 

eliminate long-term seepage emanating from the TSF; hence the risk to Surprise Creek is greatly 

diminished.  As there would be no TSF legacy, the plan conforms to industry best practices, and 

would lead to less complex approvals. 

The alternative case for closure of the TSF is to install a very low NP cover system over Cells 1 and 

2 using locally borrowed LS-NAF and clay sources.  It is likely under this scenario that seepage 

would need to be collected for treatment. 
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5 NEXT STEPS AND GAP ANALYSIS 

Gaps in the knowledge base and understanding of each facility were recorded throughout the 

conceptual model workshop, as well as in a dedicated session for gap identification.   

5.1 General Gaps 

Items raised in the gap analysis that covered multiple or no specific domain are shown in Table 5.1. 

Table 5.1: Identified gaps pertaining to the multiple domains 

   
Priority  

(1 is high) 

Item Description Action Required FMEA EIS 

1 Site wide water balance 
WRM to do as per EIS. Need 
to provide surface finish info. 

3  

2 
Broad brush costing analysis - capex, opex, 
post-closure - INCLUDES MAA 

Do work plan, then execute. 
Get MAA guidelines off Jason. 

OKC main resource. 
3  

3 
Define base case WTP - quality & quantity 
expected, WTP options, capex & opex 

Focus on post-closure for now 
when no mill is running. 

4  

4 Post-closure WTP waste stream disposal ID possible solutions and rank 8  

5 
Geological model - hydrogeology (esp faults & 
fractured ground) 

ID SoW - PM & KM work with 
Isa 

8  

6 Geological model - construction resource ID 
Develop SoW with GHD & 

MRM etc. Will need field work. 
 3 

7 Power supply broad brush check 
First pass site power 

consumption through to end 
of Adaptive Mgmt phase 

9  

8 WDL rules for long term 
ID likely rules and how they 

may change over time. 
 1 

9 
Longer term GW pump tests along geology 
features - for all domains 

Links with CW conditions now 
also - Need SoW, field 

program. Follows #7 & #6. 
 1 

10 Detailed, site specific closure objectives 
Update and refine. Need plan 

to discuss with other 
stakeholders. 

 3 

11 Closure funding - how could it achieve this? 
Lit review, accounting models, 

develop further criteria with 
DME 

 5 

12 
WOEF - as-built model. Drill support & 
geochemistry testing. 

Need SoW. Field work will be 
required. Discuss with site. 

 5 
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5.2 Gap Analysis for NOEF 

Items raised in the gap analysis particular to the NOEF are shown in Table 5.2. 

Table 5.2: Identified gaps pertaining to the NOEF 

   
Priority  

(1 is high) 

Item Description Action Required FMEA EIS 

1 
Dump Sim models - advection, 
diffusion, lift heights 

Develop SoW with OKC. See other 
blue entries for full scope. Incr costs 

only. 
3  

2 
Detailed design & specs of NOEF 
west cover system/anti-advection 
layer 

Special case of item #1. 3  

3 
Prelim GoldSim seepage quality 
estimate 

Related to #1 4  

4 
NOEF prelim cover options 
assessment - type, NP, oxygen 
performance, costs 

Related to #44. OKC do modelling. 
DH does costs. 

8  

5 Check oxygen levels in existing dump 
KCB to do sanity checks - present to 
all. Write scope for site techs to do 

monitoring. 
8  

6 Prelim Dump design & schedule 
Review last week’s work, refine as 

required 
 3 

7 
Find any proof for effectiveness of 
paddock dump layers 

Ask OKC for real world evidence 9  

8 
ID test work/instrumentation 
opportunities for LG 6-8 area 
backfilling 

Review KCB test piles proposal, 
develop scope, present plan. 

 1 

9 Actual dump density tests 
Site to execute plan. Check timing 

with Vaughan Brown (ask for CPORT 
& check) 

 1 

10 
Confirm LS-NAF thickness in plateau 
cover required to maintain LT 
saturation 

OKC to provide thickness. Then MRM 
check quarrying cost vs 

geosynthetics. 
 3 

11 
Geotech modelling of dump stability 
incl inclined CCL's 

Review if more data is required. ID 
geometry & placement methods of 

CCLs. 
 5 

12 
Alluvials geotech properties, geotech 
stability 

Review if more data is required. ID 
geometry & placement methods of 

alluvials. 
 5 

13 
Check slope of top of dump vs 
infiltration/runoff 

Part of EIS scope, but get explicit 
answer for conceptual model 

  

14 
Identify restricted area and works 
parallel to highway 

Need offset or polygon. Can topsoil 
(<3m or <5m) be put there? 

  

15 
KCB GW model to cover full low 
dump extents incl support structures 

KCB to expand model. Check 
existence of data to support new 

extents. 
  

16 CASA approvals 
Check last submission and process 

and repeat for max dump. 
  

17 
Geotech properties of rock - for 
oxidised materials 

ID SoW, collect samples, check drill 
records for locations. 
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5.3 Gap Analysis for TSF 

Items raised in the gap analysis particular to the TSF are shown in Table 5.3. 

Table 5.3: Identified gaps pertaining to the TSF 

   
Priority  

(1 is high) 

Item Description Comment FMEA EIS 

1 Tails SWCC 
Will it dry out, drain down? For cover 

& seepage performance. 
3  

2 Existing tailings Check oxidation  7 

3 TSF cover 
Would anything but an ULNP cover 

create a 'bowl'? 
5  

4 Surprise Ck geomorphology Will it meander and undercut TSF?  7 

5 Historic TSF properties For stability, seepage.  2 

6 Geological model Construction resource ID  3 

7 Geological model 
Hydrogeology (esp faults & fractured 

ground) 
8  

8 Geological model 
Hydrogeochemistry (natural CoC 

sources) 
 2 

9 Groundwater model Suitable for predicting performance 4  

10 Groundwater model Integration with KCB model  4 

11 Water management strategy 
Confirm integration with PBOX 

process 
4  

12 LS-NAF Properties for buttress & cover  5 

13 Cover capillary break How do drain and manage water 9  

 

5.4 Next Steps and Planning for the FMEA Workshop 

The development of conceptual models for each mine domain is not a “static” exercise.  Further 

refinement will be developed on the basis of additional studies undertaken between the Conceptual 

Model workshop, and leading up to the FMEA workshop.  Discussion as part of the FMEA workshop 

will provide the time and space to refine the conceptual models. 

A clear and transparent evaluation of risk is the requisite next step, having developed a set of 

conceptual closure models for the site domains.  Risks will be catalogued and characterised as part 

of an FMEA workshop.  The purpose of the workshop is to document the failure modes and effects 

pathways for the base case conceptual closure models and the targeted set of alternatives.  The 

FMEA will identify potential failure modes, consider their potential effects at MRM, and then rate 

the likelihood of the risk occurring and severity of the effects.  The workshop will be hosted at 

Glencore’s Brisbane office from 16 to 20 May, 2016, and will be facilitated by OKC.  
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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. 

 

 



Version Number 2, November 2016  |  11 
 

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. 
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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.  

Several temperatures were recorded during the drilling of all bores (Figure 33), including the drill core 

barrel, the minimum, maximum and average temperature of the extracted core itself, as well as a downhole 
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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.  
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Figure 37: NOEF temperature profiles for 4 hot bores.  
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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.  
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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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Mine	  Closure	  and	  Rehabilitation	  
December  2015  

  

  
Mine  Closure  is  an  integral  part  of  all  mining  
operations  and  having  a  plan  serves  as  a  road  
map  to  direct,  refine  and  implement  closure  at  
the  end  of  the  mine’s  economic  life.    This  
ensures  that  the  integrity  of  the  environment  is  
sustained  after  mining  operations  have  ceased.    

The  closure  objective  for  the  McArthur  River  Mine,  in  
line  with  past  views  expressed  during  stakeholder  
consultations,  is  to  return  as  much  of  the  project  area  
as  practical  to  pre-‐‑mining  land  uses  including:  

• Low  intensity  cattle  grazing;  and    

• Traditional  cultural  uses    

This  will  be  achieved  by  rehabilitating  the  disturbed  
areas  to  environmentally  sustainable  conditions  
consistent  with  the  above  stated  land  uses.  Sensitive  
ecosystems,  such  as  those  associated  with  site  
waterways  and  adjacent  riparian  areas  are  to  be  
reinstated  or  maintained  in  as  close  to  original  or  
undisturbed  condition  as  possible.  Areas  where  full  
rehabilitation  consistent  with  the  above  land  uses  will  
not  be  practical  will  be  managed  appropriately  as  
exclusion  zones.  

The  McArthur  River  Station  is  8,000  km2  in  area  and  
the  total  mining  lease  area  is  122.04  km2.  The  area  
disturbed  by  current  operations  is  approximately  5.05  
km2  (505  ha).  The  total  proposed  disturbance  over  the  
life  of  the  mine  is  5.21  km2  (521  ha),  constituting  less  
than  5%  of  the  total  mining  lease  area.  This  represents  
less  than  0.1%  of  the  McArthur  River  Station  area,  so  
the  return  of  the  mining  impacted  area  to  grazing  will  

be  insignificant  in  terms  of  the  contribution  to  local  
grazing  industry.  

The  initial  post-‐‑mining  objective  will  be  to  stabilise  
disturbed  areas  and  make  all  areas  safe.  Once  this  has  
occurred,  the  focus  will  be  on  the  promotion  of  
ecological  values  and  the  enhancement  of  local  
economically  sustainable  industries  such  as  grazing.  
The  development  of  post-‐‑mining  land  use  strategies  
will  continue  over  the  life  of  the  mine  in  consultation  
with  the  government  and  relevant  stakeholders.  

The  environmental  values  that  have  been  considered  
in  relation  to  closure  of  MRM  include:  

• The  health  and  well-‐‑being  of  people;  

• The  diversity  of  ecological  processes  and  
associated  ecosystems;  

• Maintaining  soil  resources  and  agricultural  
land  capability;  

• Maintaining  water  quality  and  flows  in  
waterways;  and  

• The  creation  of  safe,  stable,  non-‐‑polluting  and  
sustainable  landforms.  

Specific  objectives  for  closure  are  outlined  below:  

Landforms  
• Construction  of  landforms  that  are  

compatible  with  local  surrounding  landscape.    

• Construction  of  stable  landforms  that  
minimise  erosion  and  ensures  long  term  
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performance  

• Landform  will  host  suitable  native  vegetation  
that  will  maintain  ecological  functions  and  
values  

• The  post  mining  landscape  will  be  left  in  a  
condition  safe  for  humans  and  animals  

Revegetation  
• Vegetation  in  rehabilitated  areas  will  be  

resilient  and  have  similar  environmental  
values  as  surrounding  natural  ecosystems.    

Water  
• Maintain  the  quality  and  quantity  of  surface  

water  such  that  existing  environmental  values  
and  ecosystems  are  maintained.  

• Maintain  the  quality  and  quantity  of  ground  
water  such  that  existing  environmental  values  
and  ecosystems  are  maintained.  

• Continuing  active  intervention  should  not  be  
required  for  site  water  management.    

• All  potential  Acid  and  Metalliferous  Drainage  
generating  materials  are  appropriately  
contained  in  a  suitably  designed  facility  to  
minimise  contamination  of  surface  and  
groundwater    

• The  water  quality  in  the  post  mining  final  
void  will  be  impacted  to  the  minimal  amount  
practicable  

Fauna  
• Rehabilitated  areas  will  provide  appropriate  

habitat  for  fauna  and  have  comparable  
environmental  values  as  surrounding  natural  
ecosystems.    

• Fauna  utilisation,  abundance  and  diversity  
are  appropriate  given  the  specified  post-‐‑
mining  land  use.    

• Metal  levels  in  fauna  comparable  to  regional  
background  levels.    

Infrastructure  and  non-‐‑mining  waste  
• No  infrastructure  left  on  site  unless  agreed  to  

by  stakeholders.  

• Transfer  ownership  of  beneficial  
infrastructure  for  stakeholder  gain.    

• Minimise  land  contamination  and  practically  
remediate  any  contaminated  soils.    

• Ensure  that  wastes  are  securely  contained  in  a  
manner  that  prevents  adverse  environmental  
impacts    

Legacy  areas  
• Where  necessary  (for  example  erosion  control  

on  landforms),  access  to  legacy  areas  will  be  
restricted.    

Cultural  Heritage  and  Community  
• The  condition  of  heritage  and  archaeological  

sites  will  meet  the  requirements  of  relevant  
authorities.  

• Access  to  current  sites  of  significance  within  
the  mine  area  will  be  retained  for  the  
appropriate  local  Traditional  Owners  to  meet  
traditional  obligations.    

• The  integrity  and  accessibility  of  the  adjacent  
and  downstream  land  and  waterways  will  be  
retained  to  enable  ongoing  gathering  and  
hunting  for  Traditional  Owners.    

• Minimise  the  impact  of  closure  on  the  local  
community.    

In  order  to  successfully  rehabilitate  and  complete  
closure  objectives  MRM  align  specific  criteria  against  
these  objectives  and  then  track  these  using  specific  
tools.  These  tools  may  be  in  the  form  of  monitoring  
data,  assessment  reports,  inspections  or  surveys.  

Closure  planning  at  MRM  is  not  a  static  process  and  
as  activities  and  associated  risks  on  site  change  so  to  
does  the  requirements  for  closure.  Every  year  MRM  
updates  rehabilitation  and  closure  activities  within  
the  site  Mining  Management  Plan  however  the  most  
recent  standalone  Closure  Plan  was  submitted  in  the  
Phase  Three  project  in  2012.  

Currently  MRM  are  in  the  process  of  collating  an  
updated  Closure  Plan  which  reflects  current  activities  
and  approvals  until  the  finalisation  and  acceptance  of  
the  current  Overburden  Management  Project  
Environmental  Impact  Assessment.  

Over  the  coming  months  local  stakeholders  will  be  
consulted  in  forums  such  as  the  Community  
Reference  Group  meeting,  site  meetings  and  tours  
and  specific  discussions  with  Traditional  Owners.  
Government  departments  will  also  play  an  integral  
role  in  the  consultation  and  assessment  process.  

For  more  information  contact:    
Rebecca  Gentle  
Senior  Community  Relations  Adviser    
Phone:  08  8975  8216  
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Workshop Participant Notes   



This appendix content has been intentionally removed to reduce unnecessary volume from the EIS. 

Workshop outcomes are discussed in the preceding report. 



 

 

Appendix D  

Workshop Whiteboard Photos   



This appendix content has been intentionally removed to reduce unnecessary volume from the EIS. 

Workshop outcomes are discussed in the preceding report. 
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Lindsay Tallon 

Sr Soil Scientist 

ltallon@okc-sk.com 

 

 

O'Kane Consultants Pty Ltd 

 

193D Given Terrace 

Paddington QLD 4064 

Australia 

 

Telephone: (07) 3367 8063 

Facsimile: (07) 3367 8052 

Web: www.okc-sk.com 
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