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3 Project Description and Justification 

3.1 Introduction  

The McArthur River Mine (MRM) has successfully transitioned from an underground mine (operated 

from 1995 to 2006) to an open cut mining operation (2005 to present). The Phase 3 Development 

Project (Phase 3) was approved in 2013, increasing the annual ore processing and concentrate 

production rates to increase the size of the economic open cut and hence increase the mine life. 

The Overburden Management Project (hereafter referred to as “the Project”) has been necessitated by 

improved understanding of the overburden (waste rock) geochemistry at MRM. Prior to 2014, 

potentially acid forming (PAF) material was estimated to comprise approximately 35% of the total 

overburden material to be excavated during the life of the mine. The remaining 65% of overburden 

was classified as non-acid forming (NAF), and therefore considered to be environmentally benign 

material. These proportions of PAF and NAF material have not changed significantly. Improved 

geochemical sampling and analysis of the overburden material has confirmed that the proportion of 

PAF material was correctly estimated at about 35% of the material and the remaining 65% NAF 

material will not represent a risk of generating acid drainage. However, the analysis has identified 

that a large proportion of the NAF material is environmentally non-benign and could potentially have 

environmental implications if not appropriately managed, including the potential to generate neutral 

metalliferous drainage or saline drainage (refer to Chapter 6 – Materials Characterisation).  

This improved understanding of the overburden geochemistry has resulted in the development of a 

revised overburden classification system, as described in Chapter 6 – Materials Characterisation. The 

reclassification highlights potentially altered environmental risks associated with the open cut wall 

rock and storage of mined overburden. These risks were considered to be significantly different from 

the risks and associated management systems previously proposed and approved as part of Phase 3 

and therefore required additional environmental assessment at an environmental impact statement 

(EIS) level. The Final Terms of Reference are discussed in Section 1.4 of Chapter 1 – Introduction and 

are provided in Appendix A – Final Terms of Reference. 

Life of mine (LOM) management of the Project will be conducted in accordance with Project design 

philosophy and closure objectives, which focus on managing and mitigating key long-term 

environmental risks from the outset, as part of the Project design and operational phases. This 

approach reduces the reliance on the post-mining phase to address long-term environmental risks.  

This includes implementation of a rigorous design program and (upon approval) implementation of a 

comprehensive risk-based operational development program. The design process has also identified a 

number of alternatives and contingencies available to support the management of environmental 

performance, which can be drawn upon where monitoring indicates an altered approach to achieving 

the closure objectives is required. 

The assessment and implementation of risk reduction measures has been, and will continue to be, 

undertaken at all stages of the Project development including: 

 planning and design; 

 operational development; and 

 decommissioning and rehabilitation. 

Sections 3.3.1.1 to 3.3.1.3 provide further details on each of these stages.  
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3.1.1 Site Layout  

This section provides a brief overview of the current site layout, including the location of the principal 

mining and processing infrastructure areas that will be discussed in this chapter. The site layout is 

presented in Figure 3-1.  

The principal mining-related facilities include: 

 the open cut 

 the mine levee wall, designed for flood protection of the operations.  

 the three Overburden Emplacement Facilities (OEFs): 

o the NOEF is the principal OEF of MRM, which includes the currently active Central 

West (CW) stage; 

o the West Overburden Emplacement Facility (WOEF), which is no longer active as an 

OEF. The Run of Mine (ROM) pad, mining offices and workshops are located on the 

WOEF; and  

o the SOEF is a secondary stockpile located south of the open cut, within the mine levee 

wall;  

 the three Perimeter Runoff Dams (PRODs), designed to collect and capture poor quality runoff 

waters from the NOEF include: 

o the South Perimeter Runoff Dam (SPROD); 

o the Southeast Perimeter Runoff Dam (SEPROD); and 

o the West Perimeter Runoff Dam (WPROD). 

The principal processing-related areas include: 

 the Processing area, including the concentrator and administrative buildings; 

 the Tailings Storage Facility (TSF), where tailings are being deposited. It is subdivided into 

three distinct cells. 

o Cell 1: currently in the process of being recommissioned; 

o Cell 2: the active tailings deposition cell; and 

o Cell 3: used as a water management dam (WMD). 

The two principal surface water channels include: 

 the McArthur River Channel, enabling the McArthur river to bypass the open cut to the south; 

and 

 the Barney Creek Channel, enabling Barney Creek to bypass the open cut to the north.  
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3.2 Project Definition  

The McArthur River Mine is currently operating in accordance with its Phase 3 EIS approval 

conditions and an approved Mining Management Plan (MMP) with associated amendments, covering 

the operating period 2015 to nominally mid-2018. Note that for the purposes of this EIS, activities 

undertaken in accordance with these approvals are termed “current operations”. The operation 

defined in the current MMP is in accordance with the Phase 3 EIS; however it includes some 

environmentally insignificant changes from the concepts presented in the Phase 3 EIS. These changes 

have been assessed and approved, subject to specific instructions by the Department of Primary 

Industry and Resources (DPIR) in accordance with the Mining Management Act. The current mining 

operations are approved and are considered to be excluded from the scope of this EIS (refer to 

Section 1.4 of Chapter 1 – Introduction). Therefore, this EIS covers selected operations and closure 

activities from approximately mid-2018 onwards. 

It is therefore necessary to clearly identify those components of the MRM operation that are: 

 considered to be in accordance with the Phase 3 EIS and authorisation (and therefore are 

excluded from ‘the Project’ that is subject to this EIS); 

 changed to an insignificant extent and have been, or are expected to be, approved through 

subsequent MMP approvals (and therefore are excluded from ‘the Project’ that is subject to 

this EIS); and 

 significantly different from the Phase 3 EIS and subsequent authorisation, and are therefore 

defined as being part of ‘the Project’. 

3.2.1 Project Definition Exclusions – Phase 3 EIS 

A number of key components of the future MRM operations were previously approved under the 

Phase 3 EIS. In many cases, there are no plans to significantly change their layout or operation, and 

their risk profile is not materially affected by the change in understanding of the overburden 

geochemistry. These components, described further below, are associated with: 

 ore processing; 

 concentrate storage; 

 concentrate haulage; 

 product export; and 

 infrastructure.  

 

 Ore Processing (Including Processing Facilities, Process Inputs and Outputs)  3.2.1.1

The processing activities and area will continue to be operated in accordance with the Phase 3 EIS. 

Concentrator throughput has been reduced in the short term due to production reductions 

announced in October 2015; however, once production rates are restored, the throughputs are not 

expected to be materially different to the approved Phase 3 rates. Minor elements of the water circuit 

have been improved since the Phase 3 EIS; however, they remain in accordance with the approval. 

Process inputs and reagents will remain unchanged. 

3.2.1.1.1 Processing Facilities  

The location of the existing ore processing facilities is shown in Figure 3-2. The existing processing 

operation consists of several steps which are outlined in the process flow chart shown in Figure 3-3. 

The Project will use the same ore processing method as is currently used at MRM.  
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Figure 3-3  Ore Processing Facilities Process Flow Sheet 
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3.2.1.1.1.1 Tailings 

Tailings are the finely-ground by-product that remains after the mineral bearing component of the ore 

has been extracted during processing. Further information on tailings properties is provided in 

Chapter 6 – Materials Characterisation. The understanding of overburden geochemistry has been the 

main trigger for the Project EIS; however, McArthur River Mining’s understanding of the 

geochemistry of the ore and associated overburden material immediately surrounding it (that may be 

incidentally processed) is, and has long been, comprehensive, with no material changes identified 

during the Project EIS investigations. The tailings remain classified as PAF(HC) as they were 

previously. Therefore, the risks associated with tailings generation and management have not 

materially changed and so are not subject to the Project EIS.  

Further information on the management of tailings is provided in Appendix R – Tailings Storage 

Facility Design Development – Life of Mine Plan. This appendix describes the very low oxidation 

rates of tailings when kept moist, conditions which the TSF operations will continue to maintain. A 

revised TSF closure strategy is proposed to manage tailings oxidation risks in closure. 

3.2.1.1.1.2 Project Products 

The concentrates generated will be unchanged in both type and properties to that produced by the 

existing operation, being: 

 a bulk concentrate containing zinc, lead and silver;  

 a separate zinc concentrate; and  

 a separate lead concentrate. 

The process output quantities anticipated for the Project are provided in Table 3-1. 

Table 3-1  Typical Annual Project Process Outputs 

Type Output Quantity 

Product Bulk Concentrates 

Zinc Concentrate 

Lead Concentrate 

up to 800 kilotonnes per annum (ktpa) 

Waste streams Heavy Media Rejects (HMR) 

Concentrator tailings 

Water in tailings 

645,000 tonnes per annum (tpa) 

3,600,000 tpa 

5,220,000 tpa 

 

 Concentrate Storage 3.2.1.2

The dewatered concentrate will be transported from the filter building to the mine site concentrate 

storage shed via an enclosed 600 millimetre (mm) wide conveyor. The storage area is required to hold 

concentrate to accommodate short-term market fluctuations. The storage shed comprises three 

compartments, each of approximately 3,000 tonne (t) capacity and a load-out area. The mine site 

concentrate storage shed will continue to be operated in accordance with the Phase 3 EIS. 

 Concentrate Haulage 3.2.1.3

The bulk and zinc concentrates will be transported to the Bing Bong Port Facility (Bing Bong) in 

covered concentrate haulage trucks. Road-trains with covered, side-tipping trailers are used and 

consist of prime movers with quad-axle trailers in a double AB configuration. Road-trains have a 

payload of approximately 120 t. 
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The concentrate will be loaded into trailers using a front-end loader. The loading bay allows three 

trailers at a time to be positioned for loading. Fugitive dust from the concentrate in the storage and 

load out area will be limited due to a number of controls: the shed has roller doors at each end 

enabling the shed to be closed; a dust extraction system operates during loading; and the material’s 

moisture content of approximately 12-13% limits dust generation. 

The loaded road-trains pass through a wheel wash before leaving the mine site. Dust emissions while 

in transit are controlled by a protective cover that is placed over the concentrate on each trailer. The 

haul route will be the same as that used for the existing operations; along the Carpentaria Highway 

from the mine to Bing Bong. This route is sealed for its full 115 kilometre (km) length and bypasses 

the township of Borroloola. 

The frequency of return trips by truck will be unchanged at approximately 6,570 per year. This 

equates to approximately 18 truck trips per day, seven days per week. 

Lead concentrate is loaded into double lined bulk bags using specially designed bagging equipment 

and front-end loaders. The bags are then loaded into sealed shipping containers for road transport to 

Mount Isa or Darwin for export. 

These concentrate haulage activities will continue in accordance with the Phase 3 EIS and subsequent 

MMP and associated amendments.  

 Product Export  3.2.1.4

Project concentrate will continue to be exported via Bing Bong. The Project’s load-out and bulk 

carrier, Motor Vessel (MV) Aburri, operation from Bing Bong to offshore export vessels will remain 

unchanged. 

3.2.1.4.1 Bing Bong 

Bing Bong consists of a concentrate storage shed that holds the product until it is loaded on the MV 

Aburri bulk carrier.  

The Bing Bong layout is presented in Figure 3-4.  

3.2.1.4.2 Bulk Carrier 

The MV Aburri, designed specifically for MRM, is the 3,200 t bulk carrier used to transport bulk 

concentrate to ocean-going vessels. The MV Aburri was built to all applicable Northern Territory 

Marine and Australian Standards and has an International Lloyd’s classification of “100 A1”. 

A feature of the MV Aburri is its ability to self-load from the Bing Bong wharf and then unload itself 

into an offshore, ocean-going vessel. The concentrate handling system consists of conveyor belts, a 

plough station (for even distribution of the load within the hold) and a bucket wheel. The bucket 

wheel is the primary discharge unit that feeds concentrate onto internal conveyors, then onto a 

discharge boom that reaches across and into the hold of the ocean-going vessel. 

3.2.1.4.3 Transit Route 

Once the MV Aburri is loaded it disengages its moorings and shuttles out to the ocean-going vessel 

waiting in the designated and approved offshore transfer zone.  

Navigation lights lining the channel allow 24 hour per day navigation between the wharf and the 

offshore transfer zone. The wharf and bulk carrier have adequate lighting for safe night loading 

operations. 
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3.2.1.4.4 Ship Loading 

The transfer of concentrate commences after the masters of both the MV Aburri and the ocean-going 

vessels are satisfied that all necessary preparations are completed and prevailing weather conditions 

are acceptable. 

McArthur River Mining supports all Australian Quarantine Inspection Service (AQIS) requirements 

that ocean-going vessels carrying MRM concentrate comply with current ballast and quarantine 

guidelines. 

3.2.1.4.5 Dredging 

To enable the MV Aburri to move between Bing Bong and the offshore transfer zone, it was 

previously necessary to dredge a 3.5 km long channel through the shallow offshore area. 

As assessed in previous EIS studies, there is an ongoing requirement for maintenance dredging. 

Dredging activities were subsequently accepted as a component of previous MRM environmental 

assessments. Maintenance dredging at Bing Bong occurs approximately every four years. No increase 

in frequency of the dredging is expected to be required due to the Project. 
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 Ancillary Infrastructure: 3.2.1.5

Infrastructure components at MRM that are not expected to materially change as a result of the 

Project are discussed below.  

3.2.1.5.1 Potable Water Supply 

Potable water is currently sourced from existing nearby borefields and treated on site. This 

arrangement will continue for the Project. Chapter 8 – Water Resources provides more detail on 

water supply and management. 

3.2.1.5.2 Power 

The existing gas-fired power plant has a generating capacity of 54 megawatts (MW) which will 

provide sufficient power for the Project. The original gas-fired power plant (24 MW generating 

capacity) remains as an emergency back-up option only.  

3.2.1.5.3 Fuel Storage 

Fuel storage is currently confined to the processing plant area, with facilities constructed and bunded 

in accordance with the relevant specifications of AS 1940 Storage and Handling of Flammable and 

Combustible Liquids (AS 1940). Runoff from these facilities is directed into oil-water separators, with 

the treated water then pumped into the process water circuit. 

3.2.1.5.4 Explosives and Blasting Agents Storage 

The mining activities use blasting to break rock into manageable sizes. The key components are 

detonators, a high explosive that sets off the blast; and bulk explosives, which generate the explosive 

forces. The bulk explosives are manufactured at the blasthole itself by a specialised Mobile 

Manufacturing Unit (MMU). Prior to mixing the blasting agents as they enter the hole, the agents are 

not classed as explosives. This reduces the risks associated with their storage and transport.  

A registered and approved secure magazine is used to store detonators. The blasting agents are 

stored in a registered and approved secure storage compound. These existing facilities have been 

designed and constructed in accordance with AS 2187.1 Explosive-Storage, Transport and Use. There 

will be no change to the size or position of these facilities in the Project. 

3.2.1.5.5 Sewerage Facilities 

Sewage at the accommodation village is currently treated through a water filtration plant which has 

the capability to produce 150 kilolitres per day (kL/d) and is expandable to 200 kL/d if required.  

3.2.1.5.6 Telecommunications 

Telephones, mobile phones and internet connections will continue to be utilised. Telstra currently 

operates mobile phone infrastructure in the vicinity of MRM.  
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3.2.1.5.7 Accommodation Village 

MRM accommodates all of its employees in a purpose built accommodation village. The 

accommodation village has a capacity of approximately 530 beds as of the end of 2016, ranging from 

multi-room houses to demountable buildings with multiple adjacent rooms. During the Phase 3 

Project, the accommodation village serviced approximately 1,100 people by utilising a construction 

camp area in addition to the original village area. The Projects peak workforce is estimated at 

approximately 1,020 people. The MRM workforce will primarily operate on even-time rosters such as 

a two-weeks-on/two-weeks-off roster, effectively requiring four people to fill a single, full time 24 

hour per day role. The Project will support the proposed number of permanent employees and 

contractors by reinstating approximately 150 rooms in the construction camp footprint. The common 

facilities (mess, wet mess, sporting facilities, and services) that were increased in capacity as part of 

Phase 3 can service this higher demand with minor upgrades. Thus, the Project will require no extra 

clearing or disturbance associated with the accommodation village. 

3.2.1.5.8 Airport  

A single sealed runway 2,500 metres (m) long and 23 m wide with a taxiway and turning areas mid-

point of the runway is currently used on the mine site for its Fly-In/Fly-Out (FIFO) operation. The 

airstrip is fenced as per the Civil Aviation Safety Authority (CASA) requirements.  

3.2.1.5.9 Mine Infrastructure Area 

The mine infrastructure area (MIA) is allocated on the southern side of the NOEF. This facility will 

continue to operate in accordance with the Phase 3 EIS, which also had expansions in these facilities 

planned throughout the life of the mine.  

3.2.1.5.10 Administration Area 

The administration area is comprised of offices, crib (meal) facilities, medical centre and change 

house. 

3.2.1.5.11 Mining Fleet 

The potential peak equipment fleet required to achieve the mining schedule is shown Table 3-2. This 

is not materially different to the Phase 3 requirements. 

Table 3-2  Project Peak Equipment Fleet 

Machine Type Example Machine Peak Number1 

80-120 t excavator Hitachi EX800 2 

180-250 t excavator Hitachi EX2600 3 

550 t excavator Hitachi EX5600 2 

90 t truck Cat 777F 1 

190 t truck Cat 789D 38 

Concentrate road train Custom built 4-trailer trucks 6 
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Machine Type Example Machine Peak Number1 

Integrated toolcarrier Cat IT28 2 

Small wheel loader Cat 972 1 

Medium wheel loader Cat 980 5 

Large wheel loader Cat 993 HL 2 

10-50 t excavator Cat 345 3 

Articulated truck Cat 740 6 

Track dozer 1 Cat D7 2 

Track dozer 2 Cat D10 2 

Track dozer 3 Cat D11 4 

Rubber tyred dozer Cat 854 1 

Grader Cat 16H 4 

35 kL Water cart Cat 740 3 

70 kL Water cart Cat 777 4 

Smooth drum roller Cat CS68 1 

Sheeps foot drum roller Cat CS68B 3 

Sheeps foot compactor Cat 825 2 

Tophammer rigs Sandvik DP1500i 4 

Rotary rigs Sandvik D75KS 2 

Grand total  103 

1. Peak equipment numbers were taken from year 2024 and cover all of site. 
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3.2.2 Project Definition Exclusions – MMP  

The operation defined in the current MMP and associated amendments covering the operational 

period 2015 to mid-2018 is generally in accordance with the Phase 3 EIS; however, it includes some 

environmentally insignificant changes from the Project Description presented in the Phase 3 EIS. 

These insignificant changes have been assessed and approved, subject to specific instructions by DPIR 

in accordance with the Mining Management Act. The current mining operation (including these 

environmentally insignificant changes) is approved through until approximately mid-2018 and is 

considered to be excluded from the scope of this EIS. From mid-2018 onwards, significant Project 

changes are required to some aspects of the site, which are the subject of this EIS. In summary, the 

MMP and associated amendments have approved the following development activities. 

There are a number of additional insignificant amendments to be made to the MMP during 2017 

whilst the EIS process continues. These additional amendments are also discussed in the following 

sections. 

 Mining in the Open Cut from Stages H, I and J 3.2.2.1

An amendment to the MMP was submitted in February 2016, with a mining schedule as detailed in 

Table 3-3 below.  

Table 3-3  Indicative Open Cut Tonnage by Stage by Overburden Class 

Material Stage H (Mt*) I-Mini (Mt) I-Major (Mt) Stage J (Mt) Total (Mt) 

Alluvial 0.0 0.0 0.0 1.3 1.3 

LS-NAF(HC) 3.1 0.0 0.9 0.0 4.0 

MS-NAF(HC) 2.8 2.9 1.7 0.0 7.4 

MS-NAF(LC) 0.5 3.2 1.5 0.0 5.2 

PAF(HC) 2.3 1.3 3.4 0.0 7.0 

PAF(RE) 0.0 0.1 4.6 0.0 4.7 

Total 

Overburden 

8.7 7.5 12.1 1.3 29.6 

Ore 2.9 2.9 0.2 0.0 6.0 

Grand Total 11.6 10.4 12.3 1.3 35.6 

* Million tonnes (Mt) 

 Rehandling of Low Grade Ore from the NOEF for Processing 3.2.2.2

Rehandling of low grade ore (LGO) from stockpiles on the WOEF and NOEF is undertaken to 

supplement ore mined from 2015 to 2017.  
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 Relocation of MS-NAF and PAF Materials 3.2.2.3

As a result of the reclassification of overburden and subsequent increase in volumes of non-benign 

materials, McArthur River Mining proposed to relocate MS-NAF and PAF materials from around the 

NOEF LGO stockpiles. An assessment was made of various locations on site to place this material, 

including a number of locations on the NOEF, the South Overburden Emplacement Facility (SOEF), 

the East Overburden Emplacement Facility (EOEF) and inside the mine levee wall. These locations 

were ranked based on overall potential impacts including material hauling distances, flooding risk, 

water management and interference from other structures/infrastructure such as other stockpiles. The 

NOEF West D area (Figure 3-5) was identified as the most efficient and most appropriate area for the 

management of this non-benign material. 

 Placement of Temporary SOEF and EOEF 3.2.2.4

These facilities, located adjacent to the open cut within the mine levee wall, are approved for 

temporary storage of NAF overburden (as defined in Phase 3) during the 2015 to mid-2018 operations 

period. Operations and closure for these facilities beyond mid-2018 is part of the Project EIS. Further 

discussion of their future development is provided in Sections 3.4.4 and 3.4.5. 

 Footwall Cutback 3.2.2.5

The mining of a footwall cutback on the western side of the open cut is being undertaken to remediate 

some geotechnical instability observed in the northern half of the western open cut wall.  

 Development of NOEF CW Stage 3.2.2.6

The mining schedule has been modified to reduce the amount of PAF waste produced through to the 

first quarter (Q1) of 2018. This has facilitated a reduction of the NOEF footprint required during this 

period. Part of the Central West (CW) stage will be built to match the design concepts presented in 

the Phase 3 EIS, which has already been approved by the DPIR through the MMP process and 

therefore does not form a part of this EIS.   

The CW stage of the NOEF has been divided into smaller stages to facilitate the management of 

earthworks activities and catchment runoff. These stages are being constructed in accordance with the 

MMP conditions of approval and have included: 

 Alpha and Bravo stages, which will be used to store overburden mined from 2015 to 2018; and 

 the WPROD, a composite lined dam for water management. 



FIGURE 3-5
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 Tailings Deposition in Cells 1 and 2 of the TSF with Seepage Mitigation 3.2.2.7

McArthur River Mining was directed by DPIR in 2015 to appoint an expert Independent Tailings 

Review Board (ITRB) to oversee the design and operation of the TSF with a focus on dam safety and 

potential environmental impacts. A thorough review of all dam development options for the LOM 

was conducted and the ITRB endorsed proceeding with a TSF strategy adapted from that of Phase 3. 

The Phase 3 TSF layout is shown in Figure 3-6, and the proposed layout (which will be subject to a 

planned MMP Amendment), taken from the TSF LOM Plan, in Figure 3-7. The TSF LOM Plan 

proposes the following: 

 Consolidation of all future tailings deposition and storage into a merged Cell 1 and 2, on top of 

past tailings deposition areas, continuing to use upstream construction methods. This would 

provide superior water management capability and reduce the disturbed footprint relative to 

the Phase 3 plan that incorporated development of Cells 2, 3 and a new Cell 4. 

 A slightly higher dam to store the LOM tailings, due to the decreased footprint. The final 

height, which depends on tonnes processed, tailings placement density and settlement rates, 

is planned to be between 75 to 78 m AHD compared to the Phase 3 elevation of 68 m AHD. 

The extra 7 to 10 m of height compared to the maximum overall Phase 3 height of 

approximately 28 m is considered by McArthur River Mining to be not material to the safety, 

performance or potential impacts of the facility. The revised final height will require a change 

to the AAPA certificate covering the TSF. 

 

 

Figure 3-6  TSF Cells from Phase 3 and Earlier Projects  
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Figure 3-7  TSF Layout in the January 2017 TSF LOM Plan 

The Cell 3 footprint in the updated LOM Plan is proposed to continue with the Phase 3 strategy of 

storing water in purpose engineered and built lined dams and accepting Cell 1/2 spillway overflow, 

as indicated in the figure. However, unlike the Phase 3 plan, Cell 3 will not be converted to a tailings 

storage at any time and will only store water during the Project.  

Borrow materials for dam construction are proposed to continue with the Phase 3 plan of using local 

shallow borrow sources for clay and rock, with topsoil and vegetation to be replaced after borrow 

completion.  

The ITRB has endorsed the LOM Plan which proposes to operate the TSF with a small decant pond 

with strict Target and Maximum Operating Levels (refer to Chapter 10 Tailings and Surface Water 

Management of Appendix R – TSF – Life of Mine Plan). This will limit seepage generation, lower the 

risk of dam instability, and lower the risk of overflows. This represents good TSF management 

practice and not a significant departure from Phase 3. 

A new proposed Surprise Creek Groundwater Interception Trench (refer to Chapter 11 of Appendix 

R – Tailings Storage Facility Design Development – Life of Mine Plan) is shown in Figure 3-8. This 

will be an excavated trench at the northern toe of Cell 1, excavated to below the invert level of 

Surprise Creek. Localised grouting may be required if zones of deeper fractured rock are found 

during excavation. The trench would be inclined to groundwater recovery collection sumps. 

Groundwater would be recovered as required based on water quality monitoring in Surprise Creek, 

Barney Creek and at the downstream water quality compliance point (SW11) (refer Chapter 8 – Water 

Resources) to meet surface water quality objectives. This trench is a vastly improved seepage 

mitigation strategy and approval through the MMP process will see it implemented much sooner 

than if it is captured in the EIS, with installation currently planned for commencement in the 2017 dry 

season.  
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Figure 3-8  Conceptual Design Plan for the Surprise Creek Groundwater 

Interception Trench 

The proposed TSF LOM plan will be submitted to DPIR in the form of an MMP Amendment for 

assessment in 2017. Due to their immaterial changes compared to Phase 3 and environmental benefit, 

McArthur River Mining consider it appropriate that they be excluded from the EIS. Therefore, the EIS 

assumes the approval of these proposals in 2017 via the MMP process, and have assessed the site-

wide management of water on this basis.  

 Construction of Northern Dewatering Bores into the Underground Mine  3.2.2.8

An upgraded groundwater bore dewatering system has been installed, consisting of a series of bores 

installed into the former underground workings near the deepest points. This was undertaken to 

enable dewatering to continue whilst open cut mining proceeded through the current dewatering 

access to the underground workings. The bores have been cased and will be equipped with 

submersible pumps in 2017. Concrete pads, electrical items and piping have been installed on the 

surface around the collars to connect the bores into the mine dewatering system.  

 Construction and Operation of a Water Treatment Plant  3.2.2.9

A reverse osmosis (RO) process based water treatment plant (WTP) has been approved with a 

nominal 6 megalitres per day ML/d feed water input capacity and rated to produce a minimum of 4.4 

ML/d of treated water, also referred to as permeate water.  

The main components of the WTP consist of: 

 chemical pre-treatment, to oxidise and precipitate heavy metals; 

 ultrafiltration (UF) system, to trap fine suspended particles;  

 RO system, to remove dissolved solids;  

 antiscalant dosing system, to prevent sulphate scaling; 

 clean-in-place systems, to maintain the UF and RO membranes in good operating order;  
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 chemical storage, transfer and dosing systems, designed to allow for the safe handling and 

management of chemicals used for direct dosing into the process and for routine maintenance 

of the WTP; 

 permeate, reject and sludge transfer system and storage tank, and  

 utility systems, that support the treatment process including service water and instrument air 

distribution systems. 

Three sources of untreated water are proposed to be treated through the WTP including: 

 underground void; 

 mine water (stored in Pete’s Pond immediately north of the open cut); and 

 TSF reclaim water. 

Treated permeate water will be discharged under the terms of the Waste Discharge Licence (WDL) 

into the McArthur River (initially via Pond 2) immediately downstream of the open cut, or 

transferred to the WMD. 

The WTP waste streams produced include clarifier underflow, RO reject (brine) and the Under Flow 

and RO carbon-in-pulp stream. These waste streams are used as process feed water in the 

concentrator, with concentrator waste stream waters then directed to the TSF. 

3.2.3 Project Definition – Significant Changes from Phase 3 Project  

The components of the MRM operation that have changed significantly since the assessment of the 

Phase 3 EIS in 2012 and the Phase 3 authorisation in 2013 (or prior EIS approvals) are summarised 

below, with further detail provided in Section 3.4. 

 Revised overburden management, including:  

o A reduction in the overall OEF footprints by removal of the SOEF and EOEF between 

the mine levee wall and the McArthur River Channel. These were proposed in the 

Phase 3 EIS and subsequently approved based on the understanding that they would 

comprise NAF material only, which by inference was classified as benign. However, 

these have now been withdrawn given that the volume of benign NAF material has 

significantly reduced under the new classification system. This reclassified non-

benign NAF material will now be utilised in the internal construction of the NOEF. 

Small temporary OEFs will be placed on the inside of the mine levee wall, between 

the mine levee wall and the open cut. Non-benign material placed here will be 

returned to the open cut following cessation of mining activities. Figure 3-9 presents 

the previously proposed Phase 3 EIS SOEF and EOEF footprints in comparison to the 

proposed temporary OEF footprints. 

o Revised geometry, internal architecture and construction methodology for NOEF 

including increased height to limit the footprint. The revised design takes into 

consideration the physical and geochemical attributes of the existing NOEF.  

o Refined OEF cover system designs, and performance and management approach to 

mitigate oxygen migration and sulphide oxidation rates in the non-benign materials.  

o utilisation of in-pit storage of overburden (in-pit dump (IPD)) in the final years of 

operation which enables rehabilitation and closure of the NOEF sooner than 

originally planned, and provides mitigation of potential acid generation in materials 

remaining in the open cut once submerged by a water cover.  
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  Revised open cut development and closure, including: 

o revised mine scheduling to suit in-pit storage of non-benign materials late in the mine 

life; 

o altered final void geometry, incorporating a benign NAF material quarry (Woyzbun 

Quarry); 

o placement of tailings within the open cut following cessation of mining for 

permanent underwater storage; and 

o revised final void closure and management strategy. 

 Revised TSF decommissioning and closure, including: 

o reprocessing of the tailings at the end of open cut mining and placement of spent 

tailings within the open cut final void;  

o additional borrow pits in the vicinity of the TSF for construction materials; and 

o elimination of the proposed TSF cell 4. 

 Revised water management system, including: 

o proposed expanded water treatment capacity; 

o an additional PROD (EPROD); 

o additional clean runoff drains; and 

o NOEF seepage collection system upgrades. 

 Revised LOM and closure time frame, including: 

o an extended Project duration; 

o an extended decommissioning phase; 

o an extended closure adaptive management and monitoring phase; and 

o long-term monitoring and maintenance. 

3.2.4 The Project Relative to Current Operations 

Table 3-4 provides a summary of the key components of the current operations (i.e. Phase 3 Project 

plus subsequent MMP amendments) and how they will change with the Project. 
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Table 3-4 Comparison of Current Operations to Project Operations 

Component 

Current Operations  

(i.e. Phase 3 Operations + MMP 

amendments) 

Project Operations 

Ore remaining from 2018 90 Mt 92 Mt 

Mining Rate Up to 5.5 million tonnes per annum 

(Mtpa) of ROM ore. 

No change. 

Mining life Until 2036 (at 5.0 Mtpa). Until 2037 (at 5.0 Mtpa) plus 10 

years of tailings reprocessing (to 

2047). 

Mining method Open cut mine using conventional 

drilling, blasting, loading and 

haulage methods. 

No change. 

Open cut dimensions Length: 1,750 metres (m) 

Width: 1,500 m  

Depth: 420 m  

Overall footprint: 210 hectares (ha) 

(within the existing approved 

bunded area). 

Length: 1,950 m 

Width: 1,550 m 

Depth: 420 m 

Overall footprint – 265 ha (within 

the existing approved bunded area) 

Overburden 530 Mt 

Stored on surface in two existing 

OEFs (NOEF, WOEF ) and two new 

permanent facilities (SOEF, EOEF). 

595 Mt (this volume includes 

additional benign material 

specifically mined to supply closure 

materials). 

Stored on surface in two permanent 

OEFs (WOEF and redesigned 

NOEF), two temporary OEFs within 

the mine levee wall (SOEF, EOEF) 

and in-pit placement. 

Processing Heavy Media Plant (HMP) treats 

some ore in a pre-concentration 

phase. 

Flotation process producing bulk 

concentrate and separate zinc and 

lead concentrates. 

No change to HMP. 

No material change to processes or 

concentrates produced. 

Power Gas power station with a capacity 

total of 54 MW. 

No change. 

Product Up to 800 ktpa of total concentrates, 

comprised of bulk, lead and zinc 

concentrates.  

No change. 
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Component 

Current Operations  

(i.e. Phase 3 Operations + MMP 

amendments) 

Project Operations 

Tailings Tailings discharged to TSF. 

Phase 3 used Cells 2, 3 and 4. 

2017 amendment uses Cells 1 and 2 

only. 

No change to tailings deposition 

details during operations (Cells 1 

and 2 only). 

Tailings reprocessed and placed 

back into the open cut when mining 

complete. The TSF footprint will be 

rehabilitated. 

Transport Concentrate trucked 115 km to Bing 

Bong, transferred to barge, barged to 

offshore loading area onto bulk 

carriers (18 truck movements per 

day and 250 barge movements per 

year). 

Lead concentrate transport to Mount 

Isa or Darwin. 

No change. 

Water management system Borefields for water supply. 

Mine water collected and utilised in 

the process. 

Evaporation from on-site dams. 

Water discharge licence granted. 

TSF Cell 3 dams and NOEF PRODs 

for water management. 

WTP (6 ML/d). 

No material change to TSF Cell 3 

dam and PROD concepts. 

Increased WTP capacity (to 15 ML/d 

total). 

Workforce Approximately 440 permanent staff 

and contractors (head count). 

Construction phase workforce peak 

at approximately 930. 

Operational phase workforce peak 

at approximately 735 permanent 

staff and contractors. 

Operational phase workforce head 

count average at approximately 840 

permanent staff and contractors 

with fluctuations between 550 and 

1,020 depending on Project stage 

and activities. Tailings reprocessing 

phase average of approximately 180 

staff and contractors. 

 

Figure 3-9 below provides a comparison of the maximum footprint of previous EISs (Phase 3 and 

prior) compared to the proposed Project footprint. Figure 3-10 provides a comparison of the final 

Project footprint post-rehabilitation with previous EIS footprints. Table 3-5 compares the areas for the 

various domains over different phases of the project life. 



MRM Overburden Management Project EIS 

3-28 

The maximum disturbance footprint of the Project is approximately 1,870 ha. The footprint varies 

over the life of the mine and includes some areas that have previously been approved in addition to 

the proposed Project. At closure the footprint will be comprised of approximately 116 ha of remnant 

site infrastructure and 1,754 ha of rehabilitated areas, which have been rehabilitated to the principles 

outlined in Chapter 4 – Decommissioning, Rehabilitation and Closure.  

The main differences between the footprints of the Project and that of Phase 3 are: 

 the addition of the Woyzbun Quarry to the open cut;  

 the reshaping of the NOEF to accommodate the new, smaller footprint, with increased height; 

 the omission of TSF cell 4; 

 the complete removal of the TSF for reprocessing and relocation of all tailings for in-pit 

underwater storage; 

 the reduction of the Phase 3 EOEF and SOEF to smaller, temporary structures inside the mine 

levee wall only; and 

 the locations of benign material borrow pits and stockpiles for the TSF have been defined in the 

Project, whereas Phase 3 did not provide any specific locations. 

The open cut domain is expected to reach its maximum footprint of 421 ha in 2027 (Figure 3-20) when 

the excavation has reached its full horizontal extent at surface level and the temporary OEFs within 

the domain have been constructed. 

At closure there will be no remaining infrastructure in the open cut domain besides the limited access 

infrastructure required for monitoring and maintenance. Almost the entire 421 ha will be 

rehabilitated. 

The NOEF domain will reach its maximum footprint of 775 ha in 2022 (Figure 3-19). At this point the 

NOEF will have reached its full extent and the associated domain infrastructure will be in place 

including the PRODs, sediment dams, clean water drain and benign material stockpiles. 

By closure, the NOEF will have approximately 7 ha of remaining infrastructure for the purpose of 

monitoring and maintenance including the MIA stockpile. The other 769 ha will be rehabilitated, 

including the NOEF cover system. 

The shape of the remnant NOEF footprint has changed since the approved Phase 3. Upon closure, 

Phase 3 did not include the rehabilitation of PRODs around the NOEF, whereas the Project will 

decommission and remove these facilities. 

The TSF domain will cover its maximum footprint of 550 ha in 2032 (Figure 3-21). This will include 

the Cell 3 WMD and Process Water Dam (PWD), benign material quarries and stockpiles, and 

associated new haul roads. 

At the cessation of mining in the open cut, tailings will be hydraulically mined, reprocessed and 

placed in the open cut, below the water level of the final mine pit lake. This process is discussed 

further in Section 3.4.4.2. All borrow areas, stockpiles and haul roads will also be rehabilitated, 

effectively restoring almost all of the maximum disturbance footprint. Minor areas will remain in use 

for monitoring purposes. This change in the final state of the TSF is a departure from Phase 3, where 

it was to remain as a final landform with associated infrastructure for maintenance and monitoring. 

The remnant footprint of infrastructure outside the three domains is 107 ha. Infrastructure that 

contributes to this footprint includes: 

 the main fuel tanks; 

 the power station (this facility is not owned by McArthur River Mining); 
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 selected roads and tracks;  

 the airport and airstrip; 

 parts of the accommodation camp area; and 

 the site landfill facility. 

Upon closure, this infrastructure will remain on site to support rehabilitation monitoring and 

maintenance as well as to potentially service future activities that may occur at, or close to MRM. 

Around 16 ha of the 124 ha maximum area is expected to be rehabilitated. 

The Project footprint figures presented may omit some minor disturbances, such as light vehicle 

tracks or temporary topsoil stockpiles that may be necessitated by day-to-day operations. 

Table 3-5  Maximum Footprint and Closure Footprint – Project and Phase 3 

Domain Project 

Maximum 

Footprint 

(ha) 

Project Closure 

Rehabilitation 

Footprint (ha) 

Project Closure 

Remnant 

Infrastructure 

Footprint (ha) 

Phase 3 

Maximum 

Footprint 

(ha) 

Phase 3 Closure 

Rehabilitation 

Footprint (ha) 

Phase 3 Closure 

Remnant 

Infrastructure 

Footprint (ha) 

Open cut 421 420 1 765 567 198 

NOEF 775 769 7 663 565 98 

TSF 550 549 1 383 357 27 

Other  124 16 107 113 26 87 

Total 1,870 1,754 116 1,925 1,515 410 

 

3.2.5 Summary of the MRM Operation Approval Status 

Table 3-6 provides a summary of which MRM site operations are included within this Project EIS and 

which operations are excluded due to the granting of previous approvals, either as a result of the 

Phase 3 EIS or subsequent MMP authorisations.  
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Table 3-6 Overview of Mine Site Approval Status 

Project Domain/Component 

Remains in accordance 

with Phase 3 EIS (or prior) 

approval 

Approved since Phase 3 

via current or proposed 

MMP 

Assessed as part of the 

Project EIS 
Comments 

OPEN CUT      

Mining within the open cut 

X   

Mining of all Project open cut stages was approved 

through the Phase 3 EIS. 

Mining of Stages H, I and J 

 X  

A change to full length open cut staging was made 

from Stage J onwards as part of the approved 

MMP. 

IPD 
  X 

Disposal of limited mined overburden for last 

approximately 6 years of mining operations. 

Temporary SOEF  X X 

SOEF approved for Phase 3 defined NAF to mid-

2018. Project EIS seeks to leave the SOEF in place 

until mining is completed then relocate. 

Temporary EOEF  X X 

EOEF approved for Phase 3 defined NAF to mid-

2018. Project EIS seeks to alter the currently 

approved EOEF with an updated plan. 

WOEF X X    

Clay and topsoil stockpile areas 

(2018 onwards) 
  X  
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Project Domain/Component 

Remains in accordance 

with Phase 3 EIS (or prior) 

approval 

Approved since Phase 3 

via current or proposed 

MMP 

Assessed as part of the 

Project EIS 
Comments 

Clay and topsoil borrow areas 

(2018 onwards) 
  X  

Mine levee wall X     

Woyzbun Quarry   X   

Footwall cutback excavation  X    

Northern dewatering bores  X  
Construction of northern dewatering bores into 

the underground mine workings. 

NOEF      

Western stage PAF cell and halo 

construction 
X   

Relocation of MS-NAF and PAF materials from 

around the NOEF LGO stockpiles to the west stage 

of the NOEF 

LGO rehandling  X  
Rehandling of LGO from the NOEF for processing 

through the mill 

CW stage construction to the top 

of the PAF cell  X X  

CW stage approved through MMP, however 

largely in accordance with approved Phase 3 EIS 

proposal. 

CW cover system   X  
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Project Domain/Component 

Remains in accordance 

with Phase 3 EIS (or prior) 

approval 

Approved since Phase 3 

via current or proposed 

MMP 

Assessed as part of the 

Project EIS 
Comments 

NOEF development on basis of 

redesign (mid-2018 onwards) 
  X  

EPROD   X   

SEPROD X    To be operated as per MMP. 

SPROD X X  SPROD lining to be completed in 2017. 

WPROD X X    

New clay and topsoil stockpile 

areas (2018 onwards) 
  X  

New clay borrow areas (2018 

onwards) 
  X  

Flood protection  X X 

Flood protection works on the south face of the 

NOEF are planned for 2017. Project EIS covers the 

east and north faces. 

NOEF north drain    X  No material change in requirements from Phase 3. 

TSF      

Cell 1 tailings deposition X X   To submit amendment for Cell 1 in 2017. 
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Project Domain/Component 

Remains in accordance 

with Phase 3 EIS (or prior) 

approval 

Approved since Phase 3 

via current or proposed 

MMP 

Assessed as part of the 

Project EIS 
Comments 

Cell 2 tailings deposition X X  To submit amendment for Cell 2 in 2017. 

Cell 1 and 2 amalgamation (2017-

2018) 
 X  

To submit amendment in 2017. To be operated as a 

conventional wet tailings storage facility. 

Cell 1 and 2 amalgamation (2018 

onwards) 
 X  

To be operated as a conventional wet tailings 

storage facility. 

Cell 3 water management phase 

(WMD) 
X X  

To submit detailed designs as an amendment in 

2017. 

Cell 3 tailings deposition NA   

Cell 3 approved for tailings storage in Phase 3 EIS, 

however no longer proposed for this as part of the 

Project. 

Cell 4 tailings deposition NA   
Cell 4 approved in Phase 3 EIS, however no longer 

proposed to be constructed as part of the Project. 

Benign material (clay and LS-

NAF) borrow areas (2017-2018) 
X X   No material change in requirements. 

Benign material (clay and LS-

NAF) borrow areas (2018 

onwards) 

  X  No detail on locations was provided in Phase 3. 

Clay and topsoil stockpiles (2017-

2018) 
X X   No material change in requirements. 
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Project Domain/Component 

Remains in accordance 

with Phase 3 EIS (or prior) 

approval 

Approved since Phase 3 

via current or proposed 

MMP 

Assessed as part of the 

Project EIS 
Comments 

Clay and topsoil stockpiles (2018 

onwards) 
  X  No detail on locations was provided in Phase 3. 

New haul roads (2018 onwards)   X  No detail on locations was provided in Phase 3. 

INFRASTRUCTURE      

Potable water supply X     

The MRM power station X     

Fuel storage X     

Explosives storage X     

Sewerage X     

Telecommunications X     

The accommodation village X     

The McArthur River Aerodrome X     

MIA X     

The Administration Area X     
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Project Domain/Component 

Remains in accordance 

with Phase 3 EIS (or prior) 

approval 

Approved since Phase 3 

via current or proposed 

MMP 

Assessed as part of the 

Project EIS 
Comments 

WTP 

 

X  

 

X 

Construction and operation of an initial WTP 

subject to WDL approved through existing MMP.  

WTP capacity and function will be modified 

throughout the Project to address LOM 

requirements. These proposed modifications are 

subject to this EIS. 

The mining fleet (2018 onwards)  X     

Key mining consumables (2018 

onwards)  
X     

Ore processing facility X     

Concentrate haulage X X    

Concentrate storage X     

Product export (via Bing Bong 

and Mt Isa) 
X X    
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3.3 Project Definition Process  

The following section provides an overview of the process utilised to develop and define the Project, 

including the progressive development of a site-wide conceptual understanding, the setting of closure 

objectives, conduct of supporting technical studies, identification of design and operational 

alternatives and completion of a Project risk assessment process. 

3.3.1 Approach to Post Closure Risks  

Life of mine management of the Project will be conducted in accordance with the MRM project design 

philosophy and closure objectives. The design philosophy is driven by the closure objectives, and 

focusses on managing and mitigating key long-term environmental risks from the outset, as part of 

the Project design and operational phases. This approach reduces the reliance on the post-mining 

phase to address potential long-term environmental risks. The assessment and implementation of risk 

reduction measures has been undertaken at all stages of the Project development including planning 

and design, operational development, and decommissioning and rehabilitation. 

The design process has identified a number of alternatives and contingencies available to support the 

management of environmental performance. These will be drawn upon where monitoring indicates 

an altered approach is required to achieve the closure objectives. 

Chapter 7 – Project Risk Assessment provides further details on the MRM risk management 

approach. 

 Planning and Design 3.3.1.1

A number of planning and design related risk management measures have been undertaken to 

support the preparation of this EIS, including: 

 development of Project closure objectives (refer to Chapter 4 – Decommissioning, 

Rehabilitation and Closure); 

 conceptual closure model workshops to support closure planning, to identify potential closure 

models and to select a preferred design model; 

 completion of a gap analysis to identify any key knowledge gaps that required further 

investigation; and  

 completion of Failure Modes and Effects Analysis (FMEA) workshops on the preferred design 

model to document the potential failure modes and effects pathways for the preferred model. 

This process informed the overarching Project Risk Assessment Framework (refer Chapter 7 – 

Project Risk Assessment). 

 Operational Development 3.3.1.2

Intrinsic to the Project is a comprehensive quality assurance/quality control (QA/QC) program to 

manage planned works. Over the last three years, McArthur River Mining has refined and expanded 

the rigorous set of controls used in the areas of geology, geochemistry and geotechnical engineering. 

These include overburden classification, material movement tracking and placement methods, and 

design and construction of low permeability barriers and water management infrastructure. Details of 

these requirements are specified in the relevant domain design sections below.  
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 Decommissioning and Rehabilitation 3.3.1.3

A number of management and monitoring stages are proposed as part of closure, including: 

 an extended adaptive management phase following closure; 

 a proactive monitoring phase following the adaptive management phase; and 

 a reactive monitoring phase in the long term.  

These are described further in Section 3.3.4.5 and Chapter 4 – Decommissioning, Rehabilitation and 

Closure. 

3.3.2 Conceptual Understanding and Gap Analysis 

A number of key steps were undertaken in order to identify the potential issues of concern associated 

with the proposed Project and identify any gaps in current knowledge, particularly associated with 

the sites overburden geochemistry. This included reviewing existing specialist audits and 

investigation reports, commissioning further reviews where necessary, assessing existing site data 

against determined data requirements and relevant risks, and refining the timeframe for assessment 

including modelling and monitoring requirements.  

As part of this process, McArthur River Mining compiled existing information on the existing NOEF 

and identified investigation requirements to assist with future design. Appendix H – NOEF 

Historical Construction and Drilling Report presents the history of the NOEF development. The 

report includes a summary of the structure, composition and physico-chemical processes within the 

NOEF based on operational records and targeted investigations. This information has been used to 

assist in the development of NOEF management and closure measures in accordance with MRM 

closure objectives.  

3.3.3 Data Gathering and Compilation 

With over 20 years of mining history at the MRM site, McArthur River Mining has gathered relevant 

knowledge and information on key site management issues, including:  

 water management:  

o clean water controls and protection; 

o process water quality controls; and 

o capture, reuse, release, storage and treatment. 

 groundwater and surface water systems: 

o interactions between site domains.  

 management of spontaneous combustion and Acid and Metalliferous Drainage (AMD) risks:  

o material characterisation and segregation; 

o material placement techniques and OEF geometry; 

o seepage management; and 

o low permeability barriers for water and oxygen. 

 biodiversity 

o habitat management, specifically relating to Largetooth sawfish (Pristis pristis) and 

Gouldian finch (Erythrura gouldiae);  

 cultural heritage protection;  

 stakeholder and community relations; and 

 closure and rehabilitation planning and implementation including: 

o up-front closure risk assessment, management and design; 

o short-term and long-term site management considerations; and 
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o performance monitoring, continual improvements and adaptive management to 

refine environmental protection measures. 

 

In addition to the key information listed above, gaps in site knowledge were identified. In response to 

this, additional work programs were implemented. These primarily focussed on further 

characterisation of the overburden but also addressed improving the understanding of the receiving 

environment. The following studies were undertaken to identify constraints and opportunities for the 

development of the Project and lead to the development of key design criteria. Further details of these 

studies are provided in the relevant EIS chapters and technical appendices. The studies included: 

 continued overburden drilling and testing within the open cut footprint and update of the 

overburden block model; 

 kinetic and static geochemical characterisation of overburden; 

 geotechnical and hydraulic characterisation of overburden; 

 unsaturated geochemical modelling of the existing NOEF and proposed development; 

 geotechnical, geochemical and hydraulic characterisation of cover materials; 

 groundwater and geological investigations under and surrounding major infrastructure 

facilities, including the NOEF and the TSF; 

 clay resource sampling, mapping and characterisation; 

 geotechnical, geochemical and hydraulic characterisation of tailings; 

 erosion modelling of cover system materials and slope options; 

 installation of long-term erosion trials on site; 

 implementation of a drilling investigation into the existing NOEF to improve understanding of 

its current characteristics; 

 additional aquatic ecology baseline assessments, primarily focussing on the Emu Creek 

catchment;  

 air quality modelling;  

 final void water modelling; 

 additional terrestrial ecology baseline assessments, primarily focussing on the area to the north 

of the NOEF; and 

 continuation of a range of ongoing environmental monitoring programs (surface water, 

groundwater, air quality, soil and ecology). 

Whilst the above studies have provided important information to support previous assessments, 

ongoing monitoring and investigations are being carried out to improve risk management measures 

developed to date. The ongoing works are described in the relevant technical assessment chapters of 

this EIS. 

3.3.4 Holistic Approach to Project Planning 

 Project Closure Objectives 3.3.4.1

Site specific Project closure objectives were developed as part of the Project’s planning phase. These 

define McArthur River Mining’s proposed commitments to achieving Project closure in a manner that 

is safe for humans and for the environment. A total of ten site specific closure objectives were 

developed, as presented below. From these, a set of closure criteria will be developed over time to 

measure McArthur River Mining’s success in achieving these objectives. These criteria will be specific, 

measurable, assignable, realistic and time-related (SMART).  
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The ten closure objectives are:  

 Post-mining landscape will be left in a condition safe and secure for humans and animals:  

o safe and secure for the short term (0-100 years); and 

o safe for the long term (100-1,000 years). 

 Landform stability: 

o Geotechnical stability will be maintained at these standards:  

 NOEF: Long-term static drained Factor of Safety (FoS) of 1.5; Maximum 

Design Earthquake (MDE) – 1 in 1,000 year event; 

 open cut walls: Probability of Failure (Pf) for inter-ramp slopes of <5%; and 

 TSF: as per ANCOLD (2012) guidelines.  

o Erosional stability; maintainable for these aspects: 

 cover system and landform to maintain functionality; 

 sediment release from erosion does not adversely impact on water quality; 

 erosion does not affect functionality of the landform; and 

 resulting suspended solids can be mitigated.  

o Geochemical stability will be defined, managed and monitored:  

 seepage water quality at toe/base of landforms; and 

 water quality within the mine pit lake. 

 Manage surface water and groundwater such that environmental values and ecosystems are 

maintained downstream of the lease boundary in the short term (0-100 years), and within the 

McArthur River in the long term (100-1,000 years). 

 Rehabilitated areas will provide appropriate habitat for fauna utilisation – abundance and 

diversity will be appropriate. 

 Metal levels for fauna comparable to background levels. 

 Landform will host suitable vegetation for post-mining land use:  

o for traditional land use areas: 

 have similar environmental values as surrounding areas; and  

o for cattle grazing land use areas: 

 grasslands. 

 Manage soil to meet post mining land use. 

 No infrastructure left on-site unless a beneficial gain is identified and agreed with stakeholders. 

 Maintain custodians’ access to areas of cultural significance. 

 Foster economic opportunities for custodians and local communities. 

 

These objectives have guided the Project definition and design process, and this chapter presents a 

robust LOM plan to achieve them. Chapter 5 – Project Alternatives discusses potentially feasible 

alternatives to many aspects presented in this project description. These alternatives have also been 

developed with a focus on the closure objectives and many provide contingencies for current 

preferred project aspects should monitoring identify them as preferable means of achieving the 

Project objectives in the future.  
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 Development of Conceptual Models 3.3.4.2

The gathered data (as described in Section 3.3.3) was analysed by McArthur River Mining and 

external technical specialists to develop conceptual models (documented conceptual understanding) 

describing the key mechanisms controlling the spatial and temporal processes and interactions within 

the Project and their potential environmental effects. These included geochemical interactions with 

surface water and groundwater, atmospheric interactions and other physical processes. These help to 

develop understandings on how particular aspects of the Project potentially affect key aspects of the 

environment, enabling the identification and implementation of a variety of possible solutions to 

mitigate undesirable effects (Appendix E – Conceptual Model Report).  

 Options Analysis and Ranking 3.3.4.3

Following the collection of site specific information through the investigation program discussed 

above, a series of workshops were held to identify objectives, discuss the constraints and recognise 

opportunities. The workshops were attended by MRM personnel and technical specialists. The 

objectives, constraints and opportunities were then utilised to develop a number of operational and 

closure alternatives for each of the key Project domains. Once defined, these alternatives were 

discussed and assessed by the group (refer Chapter 5 – Project Alternatives). A preferred alternative 

for each domain was then selected. The assessment of the alternatives was also utilised to identify 

information gaps and to develop scopes for additional investigations to fill recognised gaps. These 

investigations were then conducted to provide improved understanding of the preferred alternatives 

and develop them further (refer Chapter 5 – Project Alternatives). 

 Preliminary Project Definition 3.3.4.4

A preliminary Project description was developed from the preferred alternatives. This enabled 

technical works to progress. Design and performance criteria were devised with reference to 

achieving the closure objectives whilst honouring the data and conceptual models. Designs, 

specifications and schedules were created to enable assessment of potential spatial and temporal 

impacts. Where applicable, quantitative models were developed, calibrated, and run, with the results 

assessed to predict future performance of the Project. This process was iterative, as designs and 

specifications were refined to meet both  WDL conditions and Project design philosophy and closure 

objectives. 

 Failure Modes and Effects Analysis 3.3.4.5

The preliminary project description for each Project domain (open cut, NOEF and TSF) was 

subsequently assessed through FMEA. The FMEA is a form of risk assessment which, for purposes of 

refining design, facilitates identification and assessment of environmental risks, their consequences 

and the level of certainty associated with the assessment. Through the FMEA process, the preferred 

Project options were assessed against a number of key criteria. Short-term (0-100 years) and long-term 

(100-1,000 years) phases were assessed separately. The key criteria included: 

 environmental protection (related to air emissions, dust, water quality, and potential effects on 

human health, chronic and acute); 

 regulatory compliance and approval; 

 consequence costs; 

 community and stakeholders; and  

 safety. 

The FMEA was based on a proposed staged approach to operations and management which extends 

beyond the cessation of operations (refer Figure 3-11 below). The approach included the development 

of a number of stages within separate “short-term” and “long-term” timeframes.  
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The short-term timeframe is regarded as the first 100 years and includes: 

 Planning and execution (operation) ~20-30 years; Where: 

o Plans will be developed to assist with the implementation of “true adaptive 

management”, rather than simply “monitoring and reacting”;  

o Further modelling and evaluation as part of the Project, as well as consultation with 

Territory regulatory agencies, is used to better define the appropriate adaptive 

management timeframe; 

 Adaptive management ~ nominally 70-80 years; where: 

o A site presence will be maintained to monitor and mitigate potential impacts; 

o A flexible management approach will be adopted, whereby management 

modifications will be implemented in response to closure and rehabilitation 

monitoring results and/or regulatory requirements; and 

o A performance trajectory will be established through monitoring and assessed in the 

context of predictive modelling conducted as part of the Project EIS. 

The long-term timeframe is regarded as the period from 100 years from commencement to 1,000 years 

and includes: 

 proactive monitoring:  

o to continue illustrating that performance is on the appropriate trajectory; 

o with a reduced frequency as compared to the adaptive management phase; and 

o with a timeframe to be determined through numerical modelling.  

 reactive monitoring:  

o monitoring will be undertaken in response to particular events (cyclones, floods) to 

evaluate mitigation requirements; and 

o where relinquishment or custodial transfer can be achieved because there is well 

defined risk that can be managed and costed. 
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Figure 3-11  Proposed staged approach to operations and management  

(source OKC, 2016) 

Through the assessment of certainty, the FMEA also identified a number of additional assessments 

that were required to improve the understanding of potential environmental impacts and mitigation 

requirements. 

Refer to Chapter 7 – Project Risk Assessment and Appendix F – Failure Modes and Effects Analysis 

Report for further information on the Project FMEA process and subsequent findings. 

3.3.5 Stakeholder Consultation 

McArthur River Mining has implemented a comprehensive Stakeholder Consultation program 

throughout the project definition and EIS process (refer Appendix Y – Stakeholder Consultation 

Report). This program has included consultation with key stakeholders on various Project 

alternatives, with relevant feedback being incorporated into the Project’s objectives, specifications and 

designs. The following sections provide examples of how the consultation program has influenced 

the final Project Definition. 

 Site-wide 3.3.5.1

As a result of the consultation program, McArthur River Mining has adopted a number of site-wide 

recommendations from the DPIR including: 

 Closure objectives – MRM Project closure objectives have been detailed in Section 3.3.4.1. 

These were developed taking into consideration DPIR’s draft closure objectives, developed in 

2015 along with discussions with DPIR officers. 
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 Impact assessment period – the environmental impact assessment period has been 

significantly extended (from the Phase 3 EIS approach) to 1,000 years, and this has been 

reflected in the various technical modelling results reported throughout this EIS. 

 Consideration of the site on a “whole-of-project” approach, rather than a series of isolated 

and disconnected Project domains. This has been reflected in the Project Risk Assessment 

methodology (refer Chapter 7 – Project Risk Assessment) and its sequential approach to 

modelling the effects of seepage within the separate domains and the subsequent effects on 

downstream groundwater quality, surface water quality and aquatic ecology.  

 Approach to Decommissioning and Rehabilitation  3.3.5.2

Key messages from consultation with DPIR also resulted in the following decommissioning and 

rehabilitation related issues being considered:  

 assessing the viability and effects of relocating all overburden from the NOEF back into the 

open cut at the end of the mine’s operating life (refer Chapter 5 – Project Alternatives); 

 reviewing the WOEF cover system design; and 

 considering the viability of any proposed TSF landform and cover material/s over a 1,000 year 

period. This included consideration of required maintenance regimes as well as the options of 

removing all tailings material from the TSF and replacing it into the open cut final void at the 

completion of mining operations. 

 NOEF Design  3.3.5.3

The Custodians of the Project area were consulted on a number of matters throughout the EIS, 

however the design of the NOEF was the primary focus.  

Custodian feedback was sought on a number of alternative NOEF design options. These were largely 

associated with NOEF geometry and context within the landscape and its association with areas of 

cultural sensitivity. Key NOEF design parameters discussed with the Custodians included: 

 height; 

 footprint – including the eastern boundary, northwestern boundary and the area around the 

MRM4 cultural heritage site; and 

 placement of associated infrastructure. 

Other aspects of the NOEF discussed in consultation with the Custodians included vegetation 

screening along the western side of the NOEF and NOEF rehabilitation timing. Details of the 

consultation process is presented in Chapter 12 – Socio-Economic Environment.  

 

3.3.6 Final Project Description  

The preliminary project description was finalised following the various assessments and consultation 

into a single integrated plan designed to achieve the closure objectives. This was carried forward into 

the EIS assessment phase.  

Monitoring and mitigation strategies form a key part of the Project’s overall management approach. 

McArthur River Mining recognises there is a range of potential Project effects with varying 

probabilities of occurrence (likelihood) and scale of consequences. Comprehensive monitoring 

regimes have been developed and form part of the Project to provide performance trajectories. These 

will enable comparison of modelled versus actual performance and facilitate adjustment of mitigation 

and management as required. The process into the future will include review and refinement of 

models as required.  
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If trends in monitoring data indicate material deviation from predicted performance, McArthur River 

Mining will consider a range of contingency mitigation strategies, currently developed to a 

conceptual level. These could be further developed and implemented, as required, to manage 

performance in line with the closure objectives.  

At the end of the Project Definition process, a Project-wide environmental risk assessment was 

completed (refer Chapter 7 – Project Risk Assessment and Appendix G – Final Risk Assessment 

Report). The residual risks remaining after implementation of the Project Description informed what 

aspects of the Project were acceptable and/or as low as reasonably practical (ALARP), and what 

aspects were still unacceptable and required more intense management or redesign. 

A forward work and continuous improvement program is presented as part of the Conceptual Mine 

Closure Plan (refer Appendix S – Conceptual Mine Closure Plan). This program will identify, 

schedule and scope further (or continuing) work programs required to refine and improve on the 

Project’s conceptual models. 

3.4 Project Description 

This section provides a clear description of the MRM facilities and their proposed management over 

the life of the Project. This section is structured as follows: 

 Following an introduction to the project domains and key facilities within them, Section 3.4.2 

provides a summary of key background information that will aid in understanding how the 

facilities function and meet the mine closure objectives. Section 3.4.2 also cross references to 

other sections of the EIS where further supporting information is available.  

 Section 3.4.3 presents staged plans and tables of Project information over its life to convey the 

changes in facilities and domains over time. These figures and tables are referred to 

throughout the later sections. 

 Following this background information, a detailed project description is presented. As the 

Project has numerous distinct phases, with changing risks, the Project is described in the 

context of each of the major phases. Within a particular phase, the design and/or operational 

features of the various facilities is described to demonstrate how the feature will enable the 

Project to meets its objectives.  

3.4.1 Introduction to the Project Domains 

The Project has been divided into three main areas, or domains, to simplify the description of key 

facilities and conceptual models. The three domains that include important operational and closure 

features and processes, are: 

 Domain 1 – open cut;  

 Domain 2 – NOEF; and 

 Domain 3 – TSF. 

These three domains are linked by groundwater and surface water, and are presented in Figure 3-1 

with the key existing facilities labelled. A summary description of each of the three Project domains 

and the key components in each domain is provided in the sections below. 
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 Open Cut Domain 3.4.1.1

The open cut domain encompasses the open cut mining operation and the processing plant. The mine 

levee wall extends around the open cut area to protect the mine and associated facilities from 

McArthur River flooding up to a 1,000 year annual recurrence interval (ARI) event. The McArthur 

River Channel connects the original McArthur River to the southwest and northeast of the mine levee 

wall, bypassing the operations area. The Barney Creek Channel is located around the northern edge 

of the mine levee wall and directs flow from the northwest around to the northeast where it joins the 

original McArthur River channel. 

The open cut is where the ore is mined using surface mining equipment including excavators and 

trucks. To access the ore, overburden is removed and hauled to OEFs. Beneath the open cut, 

redundant MRM underground mine workings remain, which largely exist as unfilled open tunnels 

and stopes. Groundwater and surface runoff flows into the open cut and underground workings, and 

must be removed to enable operations to continue (in dry conditions).  

The WOEF is the original OEF, developed when the open cut was first constructed. It is now used as a 

foundation for offices and workshops, and a ROM pad for mined ore. The EOEF and SOEF are 

temporary stockpiles located wholly inside the mine levee wall. These will contain a number of 

different material types throughout the life of the Project.  

The processing plant and power station are located to the west of the open cut, inside the mine levee 

wall on top of Barney Hill. The processing plant is where the ore is crushed, ground and separated 

into the useful product (concentrates) and waste (tailings). The area also has the offices and other 

support infrastructure. 

There are numerous dams, ponds, sumps, pump stations and pipelines to manage water in the 

domain. The open cut is a net generator of water of a variety of qualities that require management. 

The processing operations consume large quantities of water of various classes, and also pumps out 

large volumes of water with the tailings slurry. Runoff from all of these facilities are contained in the 

water management system. 

The domain also includes infrastructure to support the operations including the airport, 

accommodation village, stores, workshops and connecting roads.  

Figure 3-12 below provides an overview of the key Project facilities within the open cut domain 

throughout the life of the Project. 

 NOEF Domain 3.4.1.2

The NOEF is the primary overburden storage facility for the project, sitting on the Emu Plains 

between the Carpentaria Highway and a prominent rocky ridge in the east called Barramundi 

Dreaming. The existing layout of the domain is presented in Figure 3-1. Figure 3-13 below presents 

the key Project facilities. The NOEF is the key feature of the NOEF Domain. Overburden is trucked 

from the open cut, over the mine levee wall, to the NOEF. The NOEF is designed to facilitate safe 

storage of a range of overburden types in a physically and chemically stable structure. To achieve 

this, the NOEF has various zones within its structure in which different material types with different 

properties are stored. Each zone stores an assigned set of material types and corresponding placement 

methodologies for those materials. Support infrastructure such as drains, runoff dams, sediment 

management structures, workshops, lunch rooms, stockpiles and borrow pits are also present in the 

domain. Surface water and groundwater in this domain interact with Surprise, Barney and Emu 

creeks.
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 TSF Domain 3.4.1.3

The TSF domain is located west of the NOEF and open cut domains, on the western side of the 

Carpentaria Highway. The existing layout of the domain is presented in Figure 3-1. Figure 3-14 below 

presents the key Project facilities. It is comprised of two areas (Cells 1 and 2) which receive tailings in 

a slurry form from the processing facilities in the open cut domain. Cells 1 and 2 will be integrated 

into a single cell as the facility develops through 2017-2018, and remain combined for the rest of the 

LOM. Tailings are deposited around the perimeter of the cells, with excess water recovered from a 

central decant pond, where it is recycled back to the processing facilities. Tailings and return water 

are transported through pipes in a bunded corridor between the process area and the TSF.  

A third cell to the southwest of Cell 1 and Cell 2, named Cell 3, is currently used to store water from 

the TSF and mining area. In the near term, Cell 3 will be divided into two lined water management 

structures; the 2 gigalitres (GL) WMD and the 4 GL PWD. The WMD will be used to store selected 

waters in preparation for release under permitted conditions. The PWD will be used to store excess 

water from the open cut/underground and TSF, for evaporation and/or future treatment.  

A series of benign material borrow areas and stockpiles are located in the areas around the TSF. 
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3.4.2 Background Information 

This section identifies key information to assist in understanding the important functions of the 

Project facilities.  

 The Conceptual Site Model Process 3.4.2.1

The Project EIS process has broadly adopted a process of identifying potential risks to the 

environment posed by the Project, understanding those risks, and then establishing strategies to 

manage those risks to achieve the Project objectives.  

In order to understand the potential risks posed by a source to a receptor, a series of conceptual site 

models (CSM) have been developed. A CSM is “a description of a sites, geology, hydrogeology, 

sources of contamination, receptors and exposure pathways by which the contamination may reach 

and impact on receptors”(Booth, 2011).  

The CSM is useful as it:  

 allows an appreciation of the source and pathway mechanisms that may present a risk to  

receptors; 

 may assist in forming an understanding about possible release of contaminants, and their fate; 

 enables conceptualisation of possible strategies to manage or mitigate the various risks; and 

 facilitates design of monitoring programs to verify the robustness of the CSM, the development 

of risks, and effectiveness of any mitigation strategies. 

As part of the project development and assessment completed in this EIS, McArthur River Mining has 

developed an understanding of the source-pathway-receptor relationships across the site and 

consolidated these into the Project’s CSMs.  

The “source” refers to a potential source of contamination or pollution. Examples may include mined 

overburden in OEFs, tailings in the TSF, or water in dams. At MRM, reference will typically be made 

to Contaminants of Concern (CoCs), potentially generated by sources. 

Linking sources to receptors occurs via “pathways”.  Pathways are transport mechanisms capable of 

moving contaminant loads from potential sources to receptors. The key pathways at MRM are 

typically associated with surface and groundwater, however, can also include the air environment.  

“Receptors” are features with identified environmental values that can potentially be affected by 

contaminants generated by the various sources. Receptors are typically organisms such as humans, or 

ecosystems. Groundwater and surface water systems with a beneficial use can also be receptors. The 

receptor’s sensitivity to particular contaminants must be understood. Typically, sensitivity is CoC-

specific and related to tolerance of different concentration levels.   

Based on the above source-pathway–receptor relationships, the key to managing environmental 

impacts is limiting sources with undesirably elevated concentrations reaching the receptors – that is, 

interrupting the source-pathway-receptor chain.  This can be achieved at a number of points in the 

chain:  

 Limiting the generation of elevated concentrations from the source will break or weaken the 

chain. Such methods are referred to as ‘source controls’, and are generally considered the 

most effective. In the context of overburden management, these typically involve coating or 

capping the materials in oxygen barriers, or removing oxygen from the atmosphere around 

the stored material. Reducing the gaps between particles that can contain air can also be 

effective, such as through material compaction.  



MRM Overburden Management Project EIS 

3-56 

 Interrupting or limiting the pathway will also have some effect in protecting the receptor. Such 

controls are referred to as ‘pathway controls’. Such methods include intercepting the 

transport medium (be it water or air) in between the source and receptor using methods such 

as vacuum extraction, drains, trenches, or pumping bores.  

 The last form of control is removing the receptor from the source and pathways. This may be 

permanent or temporary. Examples include relocating a small animal population, restricting 

access to specific areas, or diverting a waterway considered to be a receptor. 

To effectively build, understand and use a CSM, key site specific data was required. The following 

sections present some of the key data pertinent to the development of the Project CSMs. It also 

provides references to areas where other relevant data is presented.  

 Potential Sources 3.4.2.2

3.4.2.2.1 Geochemistry of Potential Sources  

MRM’s target ore is a base metal sulphide deposit in a mineralised province, meaning it has a 

relatively high proportion of sulphide minerals in the rocks and soil, both within the economic 

deposit and also in the wider region. Sulphide minerals can oxidise when exposed to oxygen and 

water, generating secondary oxidation products in the process. These are typically metallic oxides, 

sulphates, and under certain conditions, sulphuric acid. Some may be soluble to varying degrees, 

depending on the acidity (pH) of the water. The toxicity of the oxidation products to ecosystems is 

variable, depending on factors such as the element, its oxidation state, the chemistry of water in 

which products may be transported, and the sensitivity of the flora and fauna in the receiving 

environment.  

To categorise rocks (including tailings) into risk categories, the international geochemistry 

community has progressively developed classification systems. McArthur River Mining has used 

international standards in refining the classification system specifically for MRM materials, in the 

MRM setting. This is described in detail in Chapter 6 – Materials Characterisation. Although the 

classification comprises five material classes, they can be grouped in two principal categories: 

1. Environmentally Benign 

Low salinity non-acid forming (high capacity) (LS-NAF(HC) material is the only MRM overburden 

classes considered environmentally benign, and therefore not considered a potential source. This 

material has a low risk of generating deleterious contaminants, and has a high acid neutralising 

capacity. It includes alluvial materials such as clay, silts, sands and gravels, and some shales, breccias 

and dolomites. 

2. Environmentally Non-benign 

All other materials are considered non-benign, and therefore may represent a potential contaminant 

source, including: 

 metalliferous saline non-acid forming (high capacity) (MS-NAF(HC));  

 metalliferous saline non-acid forming (low capacity) (MS-NAF(LC)); 

 potentially acid forming (high capacity) (PAF(HC)); and 

 potentially acid forming (reactive) (PAF(RE)). 

Occasional reference is made to PAF(HW). This is a subset of PAF(HC) located in the open cut 

hanging wall. It has been classified differently for operational purposes rather than significant 

geochemical differences. 
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Practices that prevent or limit the oxidation of MRM materials are therefore a high order source 

control for managing their potential effects on the environment. Environmentally non-benign MS-

NAFs that are maintained in a stable non-oxidising environment can be expected to behave in a 

similar way to the intrinsically environmentally benign LS-NAF(HC) materials. This is a fundamental 

concept in understanding the risks posed by overburden and to devising solutions to enable the 

deposit to be mined whilst meeting the environmental objectives. It is the driving concept behind the 

design and construction of OEFs and their internal architecture and cover systems.  

3.4.2.2.2 Location of Potential Sources  

Key potential geochemical sources at MRM include: 

 OEFs containing non-benign materials mined from the open cut and associated stockpiles.  

o These include the NOEF, the WOEF, and the two temporary stockpiles, the SOEF and 

EOEF. The design specifications for the OEFs are discussed in subsequent sections.  

 Stockpiles containing ore mined from the open cut. 

o These include the temporary ore piles on the ROM pad and the LGO stockpiles in the 

temporary EOEF. The design specifications for the EOEF are discussed in Section 

3.4.4.2.2.  

 TSF containing tailings generated as a result of processing the ore. 

o The TSF domain is discussed in Sections 3.4.4.4, 3.4.5.4 and 3.4.6.4  

 Concentrate stockpiles generated as a result of processing the ore, stored within the 

concentrator shed.  

 Storage dams containing poor quality water.  

 In-situ mineralisation: 

o In-situ mineralisation occurs in the open cut walls and in natural concentrations in 

regional rocks. The pyritic and/or mineralised shales of the Barney Creek Formation 

can be a significant source of potential contaminants (Figure 3-15), in particular 

elevated sulphates and zinc in groundwater.  
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 Potential Pathways  3.4.2.3

Although there are many potential mechanisms for the transport of contaminants from sources to 

receptors in natural systems, two principal mechanisms dominate: airborne transport (through 

windborne dust or gases) and waterborne transport (through dissolved contaminants).  

3.4.2.3.1 Airborne Transport  

Airborne transport is potentially important during the operational phase of a mine. Drilling, blasting, 

crushing, and load and haul operations can generate a significant quantity of dust unless control 

measures are implemented. However, dust and wind borne contamination becomes much less 

significant once operations have ceased and rehabilitation takes place and a vegetation cover is 

established. Airborne transport and air quality management at MRM are discussed in detail in 

Chapter 13 – Air Quality.  

3.4.2.3.2 Waterborne Transport  

Waterborne transport has the greatest potential to provide pathways from source to receptor, and 

unlike airborne contamination, waterborne pathways can remain significant for a long period of time 

during closure. The principal pathways are associated with infiltrated rainwater, groundwater, 

surface water and floodwater.  

3.4.2.3.2.1 Infiltrated Rainwater  

The initial pathway leading to the mobilisation of potential CoCs is infiltrating rainwater. When 

rainwater falls on a potential source, the fraction that is not lost to evaporation or shed away as runoff 

will infiltrate into the landform. As the water migrates through the profile, it can mobilise soluble 

contaminants potentially present and transport them away from the source, eventually reporting to 

either surface waters through toe seepage, or infiltrating down into the shallow groundwater. 

Controlling the amount of rainwater infiltrating a potential source is therefore very important, and 

achieving a low net percolation is a critical parameter of cover system designs. McArthur River 

Mining has undertaken a significant amount of modelling for the design of OEFs and specification of 

cover systems. The results are presented in Appendix J – NOEF Cover System and Landform Design 

Report and Appendix P – NOEF Assessment for Waste Placement, Footprint Seepage and Water 

Quality in Support of the EIS Submission.  

3.4.2.3.2.2 Groundwater 

Groundwater is primarily derived from rainfall recharge and acts as a pathway by transporting the 

contaminants downgradient and transmitting them to surface waters in the form of base flow 

discharge to drains, channels, creeks, rivers and lakes. Groundwater and associated permeable units 

are a significant pathway and constitute a critical component of Conceptual Site Models. The site 

groundwater is discussed in detail in Chapter 8 – Water Resources and Appendix T – Groundwater 

Impact Assessment.  

There are three main water-bearing units on site: shallow alluvium, weathered bedrock, and fractured 

bedrock. These units are often hydraulically connected. The permeability of the ground is variable, 

being high in isolated shallow gravel/sand beds but low (i.e. slower) through shallow clays and 

deeper bedrock material. In rock, the shallow weathered rock can have medium permeability, which 

decreases with depth where the rock is less weathered. There are local fracture zones that can 

transmit higher flows at depth. In addition to the main three water bearing zones, a distinct shallow 

palaeochannel exists parallel to the original McArthur River, located within the open cut domain. The 

palaeochannel is characterised by higher permeability than the surrounding alluvium.  
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Baseline groundwater quality is variable across the site, including up-gradient locations that 

represent background conditions. Concentrations of sulphates in groundwater are generally below 

surface water trigger values, but often only marginally. Some areas, such as south of the TSF and to 

the northeast of the NOEF, report naturally high concentrations of sulphates and/or metals (above 

surface water trigger values) that are unrelated to MRM site activities.  

McArthur River Mining has undertaken significant fieldwork and groundwater model calibration to 

gain a robust understanding of the levels and movement of groundwater, and its interaction with 

surface water.  The Project work has demonstrated that beyond the influence of the open cut 

dewatering drawdown zone, groundwater flows regionally towards the McArthur River, and locally 

towards creeks, where discharge occurs. Thus, groundwater makes its way into surface water on the 

lease, or into the dewatered open cut/underground water management system. Potential 

contaminants transported by groundwater that do not report to the open cut/underground will 

therefore eventually report to the SW11 compliance point in surface waters.  

3.4.2.3.2.3 Surface Water  

Surface waters include creeks, rivers, lakes, and flood waters. Surface water can be generated through 

surface recharge, seepage waters expressing on the surface, and when groundwater becomes 

baseflow recharge. They are the principal pathway for the transfer of potential contaminants off lease 

to the ultimate receptor, which is the downstream environment. Surface waters at MRM are discussed 

in detail in Chapter 8 – Water Resources and Appendix U - Surface Water Impact Assessment 

Report.  

The principal surface water pathways on the MRM site are Barney Creek and tributaries, Surprise 

Creek, Emu Creek and tributaries, and the McArthur River (Figure 3-16). Surface water flows are 

markedly seasonal, with significantly higher flow during the wet season (November to April) 

compared to the dry season (May to October). All the creek systems are naturally ephemeral with a 

cessation of flow during the dry season, although seepage from mine storages have led to year-round 

base flow in some reaches in the past.  

Flooding occurs seasonally in the McArthur River, and flood protection is an important mitigation 

strategy employed by McArthur River Mining to protect mining infrastructure (mine levee wall) and 

prevent the ingress of flood waters into potential sources (flood protection for the OEFs and TSF). 

Floods can be caused by intense rains in local catchments upstream (local flooding), or by the 

restriction of McArthur River outflows downstream of the mine. The latter causes greater flood 

depths and is the driver of flood protection design levels at site. The potential impact of floods is 

detailed in Chapter 8 – Water Resources and Appendix U – Surface Water Impact Assessment 

Report. 
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Figure 3-16  Surface Water Features in relation to Mine Infrastructure and SW11 
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 Receptors  3.4.2.4

The MRM strategy for preserving environmental values of receptors centres on an alignment with the 

environmental protection philosophy of the waste discharge licence. That is, protect the downstream 

environment from MRM impacts at all times. This is done so in recognition that mining activities 

inherently have a localised temporary impact on the environment within the mineral leases. Mixing 

zones are part of the WDL philosophy and acknowledge that effects are likely to occur in the 

immediate vicinity of the mining operations, but off-lease effects can be managed through 

appropriate dilution. The potential impacts on these receptors are conservatively measured at the 

SW11 monitoring location just beyond the lease boundary and are measured in accordance with the 

WDL trigger levels. 

Beyond the influence of the open cut dewatering drawdown zone, groundwater flows regionally 

towards the McArthur River, and locally towards creeks, where discharge occurs. Thus, groundwater 

makes its way into surface water on the lease, or into the dewatered open cut/underground water 

management system. Potential contaminants transported by groundwater that do not report to the 

open cut/underground will therefore eventually report to the SW11 compliance point as part of 

surface water flows and concentrations. 

Some of the WDL parameters, for which trigger levels exist, are based on national guidelines 

(ANZECC, 2000), while the sulphate trigger is based on the results of specific ecotoxicology testing 

across a range of tropical aquatic species. 

 Contaminant Linkages (Source-pathway-receptor Chains)  3.4.2.5

The successful management of potential contaminant generation and transport relies on the 

implementation of mitigation strategies that aim to disrupt the source-pathway-receptor chain. Two 

principal types of control are planned at MRM: source controls and pathway controls. 

Source controls are considered the most effective, and aim at limiting the generation of potential CoCs 

within the different sources. Examples of source controls at MRM include strategies to limit oxygen 

and water ingress into OEFs to limit the production of potential contaminants (cover systems, internal 

architecture) and relocating the tailings from the TSF to the final mine pit lake for subaqueous 

disposal. 

Pathway controls include strategies to recover or divert potential CoCs in the process of being 

transported from the source to the receptors. As the potential contaminants have already migrated 

beyond the source, pathway controls are considered secondary controls and somewhat less effective 

than primary source controls. At MRM, pathway controls focus on interception of groundwater and 

surface water using recovery sumps, interception trenches and extraction bores.  

The effectiveness of mitigation strategies relies on a comprehensive monitoring program to 

adequately inform decision making, and corrective action if required. Monitoring also enables the 

validation of the implemented mitigation systems, and helps inform further improvements if 

required. The MRM closure strategy makes provision for an extensive adaptive management phase 

following closure for this purpose.  
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3.4.3 Staged Development Plans 

The Project has many different components which change over time. This section provides a 

summary of the project stages and presents indicative stage plans. The Project will broadly be phased 

as follows: 

 2018 Project commencement following EIS approval and authorisation of an associated MMP; 

 2018-2037  Open cut mining operations phase; 

o 2032 Completion of NOEF construction and commencement of in-pit dumping; 

 2038-2047 TSF reprocessing operations phase. This is the end of the LOM; 

 2048-3017 Closure phase; 

o 2048-2100 Adaptive management phase – as described in Section 3.3.4.5, this 

represents the point when all rehabilitated areas are anticipated to be at a stage where 

they are self-sustaining with no need for active management. Any significant changes 

to site management/infrastructure are anticipated to have been identified as part of 

the adaptive management period, so the landforms are final and remaining 

infrastructure is expected to be permanent. 

o 2101-3017 Proactive Monitoring and Reactive Monitoring phases. This is when 

routine monitoring and maintenance transition to being undertaken in response to a 

particular event rather than a set schedule. 

Figure 3-17 to Figure 3-26 provide an overview of this development over time, with a more detailed 

discussion on Project scheduling and activities provided in Sections 3.4.4 to 3.4.6. In addition, an 

indicative Project development video is provided via the following link: https://goo.gl/o4mO4B. This 

presents a modelled video of the key aspects of the Project landform progression. Please note this 

does not include presentation of: 

 minor benign material stockpiles and borrow areas;  

 some minor water management infrastructure;  

 new haul roads; and  

 McArthur River interaction with the mine pit lake upon cessation of mining. 

Figure 3-27 provides an indicative timeframe for mining, decommissioning and rehabilitation 

activities. 

Table 3-7 provides a summary of anticipated operational and closure activities over the duration of 

the Project. The timing of ancillary infrastructure decommissioning will be subject to future 

operational requirements and detailed decommissioning planning.  

 

https://goo.gl/o4mO4B
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Figure 2‑27  Mining, Decommissioning and Rehabilitation Timeframe
1. Timing is indicative and will be determined by the outcomes of adaptive management and monitoring programs
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Table 3-7 Operation and Closure Details Over the Duration of the Project 

Domain/ 

Facility 

Period/Stage 

2018 2019 2022 2027 2032 2037 2042 2047 2052 2100 

Open cut 

 

Mining of ore and 

overburden 

occurring in Stage I.  

Potentially removal 

of topsoil/clay in 

Stage J. 

Hanging wall 

cutback complete. 

Commence mining 

Woyzbun Quarry, a 

small cutback in the 

southeast corner of 

the open cut. 

 

Ore continuing to be 

mined from Stage I 

(no increase in pit 

depth). 

Overburden pre-strip 

occurring in Stage J; 

pre-strip of clay and 

some alluvial material 

potentially occurring 

in Stage K. 

 

Ore mined from Stage 

J (with increase in pit 

depth). 

Stage K pre-stripping 

progressing, with 

underlying ore 

exposed. 

Stage L alluvium 

mining starting, with 

clay being stockpiled 

in the NOEF area and 

the stockpile west of 

the open cut void and 

mined alluvial 

material being 

stockpiled north of the 

NOEF. 

Continuation of 

Woyzbun Quarry 

mining, including 

relocation of selected 

power and water 

infrastructure plus 

approximately 2 Mt of 

MS-NAF from the 

SOEF to the NOEF. 

Open cut void has 

reached full footprint 

extent. 

Mining of ore 

extending from Stage 

K to Stage L.  

 

Mining rate has 

reduced substantially, 

although mining has 

extended to a depth of 

328 metres. 

Northern end is being 

advanced to its final 

depth ahead of the 

southern end, 

enabling in-pit 

dumping of 

overburden to 

commence. 

End of mining 

activities, with all 

economic ore 

recovered. 

Northern IPD has 

contained all 

overburden from the 

last approximately 6 

years of mining. 

Open cut base being 

prepared for 

backfilling.  

Final void being filled 

with tailings and 

overburden, and edge 

areas being re-

profiled, topsoiled 

and revegetated.  

SOEF and EOEF 

removed. 

Southern and central 

portion of WOEF has 

re-shaping and cover 

system applied. 

 

In-pit placement of 

tailings completed 

(filling the open cut 

void to within 175 

metres of the crest). 

Process plant – 

removal of redundant 

crushing 

infrastructure.  

Mine pit lake in-

filling with water 

completed. 

Woyzbun Quarry in-

filled with water and 

linked to mine pit 

lake. 

Ongoing monitoring 

of water quality as 

part of adaptive 

management 

program.  

Process plant – main 

grinding and 

flotation areas 

demolished and 

removed, with 

rehabilitation 

commencing.  

Accommodation 

facility 

decommissioned and 

rehabilitation 

commencing. 

Subject to 

demonstration of 

accepted water quality 

conditions within the 

isolated mine pit lake, 

a section of the 

downstream mine 

levee wall will be 

removed to allow 

floodwaters to 

intermittently flow into 

the mine pit lake.  

Upon demonstration of 

accepted water quality 

conditions, a section of 

the upstream mine 

levee wall will be 

removed to create a 

second inlet, and hence 

a flow-through mine 

pit lake. 

NOEF CW stage completed 

to current approved 

height, including 

installation of 

advection barriers on 

exposed batter faces. 

Expansion of NOEF 

footprint to the end of 

CW stage, and on top 

of existing West stage 

PAF cell. 

Establishment of 

trilinear batters and 

halo cover 

(particularly on south 

and west batters of 

existing NOEF). 

PAF(RE) cell in 

central area. 

Expansion of NOEF 

footprint to the 

northwest stage 

(intersecting un-

named tributary of 

Emu Creek), with 

west and CW stages 

reaching full height. 

Construction of a 

drain immediately to 

the north of the 

NOEF.  

Development of 

NOEF footprint 

complete. 

Western side of NOEF 

fully capped, and 

northeast stage is 

nearing completion. 

Placement of 

overburden in the 

NOEF has ceased, 

with rehabilitation 

across the remaining 

NOEF footprint 

having commenced; 

although the Mine 

Infrastructure Area 

(MIA) remains 

operational. 

Establish Emu Plains 

clay borrow for cover 

compacted clay layer 

(CCL).  

Adaptive 

management phase, 

with monitoring and 

maintenance at 

planned intervals. 

Decommission and 

rehabilitate one PROD 

(nominally WPROD). 

Rehabilitate 

completed northern 

stockpile and borrow 

areas. 

 

Rehabilitation 

advanced with 

adaptive management 

and monitoring phase 

in progress. 

Decommission and 

rehabilitate another 

PROD (nominally 

EPROD). 

MIA decommissioned 

and rehabilitation 

commenced, although 

adjacent LS-NAF(HC) 

stockpile remains 

active for long-term 

erosion maintenance. 

Two PRODs remain 

for mine pit lake water 

management as 

required. 

 

 

Adaptive 

management phase 

in progress, including 

rehabilitation 

monitoring. 

SEPROD and SPROD 

rehabilitation has 

commenced, 

assuming open cut 

water quality does 

not require ongoing 

treatment. 

Remaining surface 

infrastructure will be 

removed including any 

remaining sediment 

dams.  

LS-NAF(HC) stockpile 

will remain in a 

stabilised condition for 

ongoing maintenance 

works.  
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Domain/ 

Facility 

Period/Stage 

2018 2019 2022 2027 2032 2037 2042 2047 2052 2100 

TSF TSF Cell 1 

recommissioned with 

a raise. 

Interception trench 

constructed and 

commissioned 

between TSF and 

Surprise Creek.  

Cell 3 dams partially 

constructed and 

commissioned (WMD 

and PWD).  

Operate Cell 1 with 

raise to match Cell 2 

elevation. 

Interception trench is 

operational between 

TSF and Surprise 

Creek. 

Cell 3 dam 

construction 

completed and fully 

commissioned (WMD 

and PWD). 

  

TSF Cell 1 and 2 

footprint combined to 

form a single 

operating cell from 

2020.  

No change to TSF 

footprint, although 

annual lifting of Cell 1 

and 2 walls ongoing. 

Placement of an LS-

NAF(HC) rock 

buttress at the toe of 

Cell 1.  

 

No change to TSF 

footprint, although 

annual lifting of Cell 1 

and 2 walls ongoing.  

Cell 1 buttress raising 

completed. 

No change to TSF 

footprint, although 

annual lifting of Cell 1 

and 2 walls ongoing. 

TSF fully developed. 

 

Hydraulic mining 

and reprocessing of 

tailings within Cells 1 

and 2 has 

commenced. 

Deconstruct upper 

perimeter walls and 

stockpile benign 

materials. 

Cell 3 dams used for 

water management. 

Hydraulic mining and 

reprocessing of tailings 

within Cells 1 and 2 

has been completed. 

Deconstruct mid –

elevation perimeter 

walls and stockpile 

benign materials. 

Cell 3 dams used for 

water management. 

All of Cell 1 and 2 

walls removed and 

material used to 

reshape landform 

and re-establish 

drainage pathways. 

Interception trench 

between TSF and 

Surprise Creek 

continues to be 

operational (duration 

of operations subject 

to long-term 

monitoring results).  

Cell 3 dams used for 

water management. 

All aboveground 

infrastructure 

removed, landform/s 

stabilised with 

drainage pathways 

successfully re-

established and 

revegetation 

completed. 

 

Borrow areas Borrow area (and 

associated haul road) 

established south of 

Cell 3. 

Borrow area 

established northwest 

of TSF. 

Borrow area (and 

associated haul road) 

established east of 

Carpentaria Highway. 

Rehabilitation 

commenced on 

original Cell 4 

footprint. 

Borrow area south of 

Cell 3 converted to 

alluvium stockpile. 

Clay borrow areas 

established within the 

NOEF footprint in the 

northeast and eastern 

sections. 

Borrow area east of 

Carpentaria highway 

expanded further to 

southwest. 

Borrow area 

northwest of TSF 

expanded further to 

the west. 

 

Borrow area east of 

Carpentaria Highway 

expanded further to 

the west. 

Topsoil and clay 

stockpiles northeast 

of the NOEF have 

been exhausted, with 

footprints converted 

to a borrow area 

(retained for 

contingency 

purposes). 

Development of 

borrow area (and 

associated haul road) 

west of TSF. 

Continuing operation 

of clay borrow area 

northwest of the TSF. 

Rehabilitation 

commenced on 

borrow area east of 

Carpentaria 

Highway. 

Rehabilitation of all 

former NOEF borrow 

areas commenced or 

well advanced. 

Rehabilitation of all 

former TSF borrow 

areas commenced or 

well advanced. 

   All former borrow 

areas in advanced 

stages of rehabilitation.  
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Domain/ 

Facility 

Period/Stage 

2018 2019 2022 2027 2032 2037 2042 2047 2052 2100 

Stockpile 

Areas 

SOEF developed to 

full extent. 

Clay and topsoil 

stockpile area 

established at 

southwest corner of 

NOEF. 

Topsoil stockpile area 

established southeast 

of the open cut and 

inside the flood 

protection levee.  

Additional clay and 

topsoil area 

established west of the 

open cut and south of 

the processing plant.  

Additional topsoil 

stockpiles established 

north of NOEF. 

Additional alluvial 

material stockpile area 

established east of 

open cut.  

Borrow area south of 

Cell 3 converted to 

alluvium stockpile, 

and additional 

stockpile areas 

established at 

southwest corner and 

on western side of cell 

3. 

 

 

Clay and topsoil area 

west of open cut 

expanded to the 

south. 

Construction of 

temporary clay-

capped stockpile in 

the EOEF to store PAF 

rock (LGO). 

Clay stockpile areas 

(and associated haul 

roads) established at 

northeast corner of 

NOEF. 

Alluvium stockpile 

established north of 

NOEF. 

Alluvial material 

stockpile area east of 

open cut has been 

exhausted, with 

subsequent 

conversion into EOEF 

PAF(HW) stockpile. 

Topsoil and clay 

stockpile west of open 

cut void has reached 

maximum size. 

Stockpile areas 

around the 

extremities of the 

NOEF are starting to 

reduce in size as 

progressive 

rehabilitation 

activities use the 

stockpiled clay and 

topsoil. 

Rehabilitation 

commencing on 

stockpile area 

northwest of NOEF.  

Rehabilitation 

commenced on 

topsoil and clay 

stockpile west of the 

open cut. 

Rehabilitation of all 

former stockpile areas 

north of NOEF 

commenced or well 

advanced. 

 

LS-NAF(HC) 

stockpile placed 

adjacent to the MIA 

for future NOEF 

maintenance works. 

EOEF PAF(HW) 

stockpile (east of 

open cut) has been 

removed and placed 

in the IPD or co-

disposed with 

reprocessed tailings. 

EOEF LGO stockpile 

exhausted (converted 

into LS-NAF(HC) 

stockpile). 

Rehabilitation 

commenced on SOEF 

stockpile, including 

some material placed 

in open cut void and 

some used for 

rehabilitation. 

Topsoil stockpile on 

WOEF being 

reclaimed.  

Rehabilitation 

commenced on the 

clay and topsoil 

stockpile at 

southwest corner of 

NOEF. 

Former Cell 4 

footprint (adjacent to 

TSF) has been 

converted to a benign 

material stockpile. 

 All TSF stockpile 

material used, with 

rehabilitation either 

commenced or in an 

advanced state. 

LS-NAF(HC) 

stockpile east of the 

open cut remains 

operational. 

 

All former stockpile 

areas (except the NOEF 

LS-NAF(HC) stockpile) 

are in advanced stages 

of rehabilitation.  
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Domain/ 

Facility 

Period/Stage 

2018 2019 2022 2027 2032 2037 2042 2047 2052 2100 

Water 

Management 

Dams 

(including 

sediment 

dams, runoff 

dams and Cell 

3 WMD) 

WPROD constructed 

at northwest corner of 

NOEF. 

SPROD and SEPROD 

previously 

constructed along 

southern side of 

NOEF.  

TSF WMD and PWD 

constructed and 

commissioned. 

Additional water 

management dam 

(EPROD) constructed 

on eastern side of 

NOEF. 

 TSF WMD and PWD 

are operational. 

 

 

Construction of 

sediment dams 

around the base of the 

NOEF along the 

northwest and 

southwest sides. 

Additional sediment 

dams constructed 

around the base of the 

expanded NOEF 

footprint. 

 WPROD 

decommissioned and 

rehabilitation 

commenced.  

NOEF EPROD 

decommissioned and 

rehabilitation 

commenced. 

The majority of the 

NOEF sediment 

dams have been 

decommissioned and 

rehabilitation 

commenced. 

 NOEF SEPROD and 

SPROD have been 

decommissioned, 

and rehabilitation 

commenced, 

assuming open cut 

final void water 

quality is of 

acceptable quality 

and doesn’t require 

ongoing water 

treatment.  

TSF Cell 3 

WMD/PWD remains 

operational. 

All former water 

management dams in 

advanced stages of 

rehabilitation.  

Flood 

Protection 

 NOEF flood 

protection levee 

installed, with 

seepage extraction 

points installed at the 

base in key locations. 

 The NOEF flood 

protection levee has 

been incorporated into 

the NOEF batters as 

construction expands 

to the east and 

northeast. 

    Construction of 

1:500 year mine 

levee wall on 

western side of open 

cut void to protect 

WOEF and power 

station. 

1:500 year mine levee 

wall west of open cut 

remains in place. 
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3.4.4 Open Cut Mining Operations Phase (2018-2037) 

This phase is defined by the period of open cut mining and supply of ore to the processing plant. The 

staged development plans show the physical progression of the site over this period to the end of 

2037. An overview is presented below, before each domain and key facilities are discussed in more 

detail. 

 Overview 3.4.4.1

The mining of overburden from the open cut is required to expose the valuable ore underneath. The 

revised overburden characterisation practices instituted since 2014 will continue to be implemented to 

define the various material types. The physical process of mining the overburden is unchanged, 

though revised scheduling guidelines aim to reduce the amount of PAF(RE) mined in the wet season, 

when the additional moisture can result in faster oxidation rates. However, the OEFs, and their 

design and operation, have been modified as part of the Project. 

The NOEF remains the principal destination for mined overburden between 2018 and 2032. As 

discussed in Section 3.4.4.3, oxidation and infiltration controls are key to safely storing the 

overburden materials. A revised geometry has been adopted to limit the footprint of the NOEF, 

thereby assisting to limit infiltration. Revised construction and placement methods, internal layers, a 

revised cover system, and flood protection also limit oxidation and/or limit possible pathways to 

receptors. The compact footprint reduces the quantities of benign materials required for construction 

of the NOEF cover system. The majority of benign materials are sourced from the open cut area: being 

clays and alluvium in the upper benches; and a new southern extension to the mine called the 

Woyzbun Quarry, which targets a specific LS-NAF(HC) rock source adjacent to the open cut. 

Additional clay and alluvial resources have been identified surrounding and beneath the proposed 

NOEF to supplement requirements for specialised construction materials. Revised water management 

practices on, around and beneath the NOEF are planned to manage the risk of transport of CoCs to 

receptors. 

The EOEF inside the mine levee wall has been identified as a suitable temporary stockpile area for 

two materials: LGO awaiting future processing; and a highly pyritic subset of PAF(HC) called 

PAF(HW) (hanging wall PAF). Particular water and oxygen controls are planned for this facility to 

manage the risk of these materials during the operations period.  

The ore mining and processing stream is not materially different to current practices. Mining of the 

open cut removes approximately 92 Mt of ore over the 20 year phase to the ROM pad located on the 

WOEF. The ore is then crushed and sent through the processing plant, for separation into the 

marketable concentrates and waste tailings stream. The concentrates continue to be hauled to Bing 

Bong and Mt Isa for transport to the international markets.  

The tailings continue to be pumped in slurry form to the TSF, for deposition into the combined Cell 

1/2 area. The current water management practices incorporating maintenance of a small decant pond, 

low rate of rise, and groundwater recovery in the Surprise Creek Groundwater Interception Trench 

will be continued. Affected groundwater reporting to Barney Creek will be recovered in sumps as 

required to meet the surface water quality objectives. Benign construction materials will be sourced 

from local borrow sources identified around the TSF. Their planning, operation and closure is 

governed by guidelines developed by McArthur River Mining. 
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The site water management system will have increased capacity added in 2017 before the EIS in the 

form of a 6 ML/d reverse osmosis WTP, and in 2017/18 by the TSF Cell 3 WMD and PWD. Upon 

approval, the Project will incorporate approximately 9 ML/d of extra water treatment capacity and the 

East Perimeter Runoff Dam (EPROD) at the NOEF. Water management strategies and systems are 

described in more detail in Chapter 8 – Water Resources. The strategy will continue to focus on: 

segregating water classes; disposing of class 3 and 4 waters through managed release under the WDL; 

disposing of class 5 and 6 waters through recycling through the processing plant, evaporation, and 

water treatment; and treating Class 2 waters through sediment management systems. 

The sections below provide further detail on the Project operations during the 2018-2037 Operations 

Phase. It discusses key features and strategies in the context of each Project domain. 

 Domain 1 – Open Cut 3.4.4.2

A high level overview of the open cut domain is presented in Section 3.4.1.1. Each key facility is 

discussed in more detail for the mining operations phase. 

3.4.4.2.1 The Open Cut Mine 

3.4.4.2.1.1 Introduction 

The open cut is the source of metal for the processing plant during the operations phase. The methods 

used for mining the open cut will be largely unchanged from those currently used, though the 

differences that are proposed will be highlighted in the following sections. Overburden is prepared 

and removed from the open cut to expose the orebodies, using conventional equipment such as drills, 

excavators, trucks and ancillary support machines. The ore will then be mined and hauled to the 

ROM pad on the WOEF for processing.  

The key objectives for the open cut include to: 

 enable safe and productive mining operations at rates required for economic processing; 

 provide an open cut landform that is consistent with MRM closure objectives;  

 provide benign materials for construction of final landforms; and  

 safely and securely store non-benign materials in the remnant open cut walls, temporary OEFs 

and in the IPD. 

3.4.4.2.1.2 Facility Design and Controls 

The shape and size of the operating open cut is largely determined by economics, geotechnical 

stability, and operational practicalities. None of these factors have significantly changed since Phase 

3, therefore the Phase 3 design has represented the basis of the Project open cut design, with 

modifications proposed to manage specific risks identified.  

3.4.4.2.1.2.1 Open Cut Design and Scheduling 

The Phase 3 open cut design met the first objective of providing safe walls – a review of the open cut 

geotechnical stability was undertaken and found that additional information available since Phase 3 

has shown the current slope designs remain acceptable and appropriate (refer to Appendix N – 

Geotechnical Report). The review confirmed that further data gathering via mapping and 

geotechnical drilling is still required for the later open cut stages.  

Note that the stability of the upper alluvial zone is also relevant to the provision of a landform 

suitable for closure. The upper batters in the alluvial benches already used 18 degree slopes 

(approximately 1V:3H) with a 20 m wide berm below, and are therefore considered likely to be stable 

when saturated in a mine pit lake. The geometry will also be conducive to creating shallow lake 

habitat. 
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The productivity of the open cut has been confirmed and optimised through rescheduling with the 

revised Project data. Figure 3-28 provides indicative tonnes of material mined from the open cut (by 

material class) over the LOM. The mining schedule presents similar total annual material movements 

to the Phase 3 Project.  

 

Figure 3-28  Ex-pit Material Movements by Waste Class (t) 

Whilst the annual movements are similar, some adjustments have been made to the way mining is 

planned over the annual wet and dry season cycles. McArthur River Mining has developed a 

scheduling objective to limit the amount of PAF(RE) mined through the wet season. This has been 

proposed to reduce the risk of spontaneous combustion by limiting exposure to moisture. The result 

of this, as can be seen in the video animation (refer to Section 3.4.3), is that mining of PAF(RE) areas is 

deferred in the wet seasons, and subsequently accelerated in the dry season. This can be classed as a 

source control.  

Additional controls for PAF(RE) in the open cut are currently used, and will continue as part of the 

Project. This includes the management of local interim stage batters which are often flattened to 

enable temporary caps of alluvial clayey materials to be applied. This assists in reducing oxidation 

rates and suppressing the generation of gases in the open cut. The mining of alluvial materials, which 

is also an important material for NOEF construction, cannot be spread evenly over the LOM. The use 

of temporary stockpiles will be required to enable a consistent delivery of alluvial material to NOEF 

operational areas. 

3.4.4.2.1.2.2 Geochemical Considerations – Final Mine Design 

The objectives of providing benign construction materials and of safely storing non-benign materials 

are both geochemical considerations.  
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A small cutback of the western wall commenced in 2016 to access more benign W-Fold shale in the 

footwall, termed the Footwall Quarry (refer to Figure 3-29). Geological investigations identified that 

the Upper Breccia extended deeper in the southern area, inside the mine levee wall, and may provide 

substantial quantities of LS-NAF(HC). Additional drilling, sampling, testing and modelling proved 

up a resource for mine planning to target with a purpose-mined quarry (the Woyzbun Quarry). More 

information on overburden properties is provided in Chapter 6 – Materials Characterisation.  

As can be seen in in the staged development plans (Figure 3-17 to Figure 3-26) and Figure 3-29, the 

Woyzbun Quarry has been designed to be incorporated into the southern end of the open cut. Up to 

54 Mt of alluvium and LS-NAF(HC) is available in the full quarry to a depth of around 140 m, though 

current estimates show mining need only progress to a depth of approximately 70 m to extract the 

required quantities. Including the quarry, approximately 30% of the final mine walls are in benign 

material. Sump locations will be determined in the detailed design phase to manage groundwater 

inflows when the quarry bottom is not connected to the main open cut. The quarry will cut through 

much of the palaeochannel, therefore up to 4 ML/day of relatively clean water may be expected in the 

southern face. 

It is not possible to modify the open cut design to avoid PAF(RE), or to defer its mining significantly, 

without impacting on the technical feasibility and/or viability of the Project. Figure 3-29 shows the 

PAF(RE) (pink) and PAF(HW) (purple) material types are distributed in bands extending across wide 

areas. These materials are at risk of oxidising when exposed to air, such as around the crests of berms 

in the open cut walls. Where required, berms will be eliminated in the local parts of the walls where 

these materials are present to reduce exposed surface area, with larger berms placed below in less 

reactive materials to maintain local stability. This will reduce the risk of excessive oxidation, whilst 

maintaining appropriate geotechnical stability.  

These considerations have confirmed the appropriateness of the Phase 3 design and informed the 

decision to adopt it, with amendments for mining additional benign materials from the footwall and 

southern Woyzbun Quarry. 
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Figure 3-29  Material Classes Exposed in the Final Walls of the Open Cut 

3.4.4.2.1.2.3 Geochemical Considerations – Mine Staging and In-pit Dumping 

Altering the staging of mining was investigated to determine if large scale in-pit dumping could be 

achieved. Placement of portions of the overburden back into the open cut final void has the benefit of 

reducing the potential environmental impacts of overburden handling and storage operations by: 

 reducing the volume and area/footprint disturbed by the external NOEF by reducing the 

amount of PAF stored in the NOEF; 

 permanently storing non-benign materials in a subaqueous geochemically stable environment; 

 enabling closure and rehabilitation of the NOEF to occur during the mine’s operational period; 

and 

 reducing quarrying/rehandling requirements for benign NOEF cover material. 

Due to unsuitable geometry and footwall rock geotechnical properties, large scale in-pit dumping, as 

commonly used in strip mining coal mines, is not practical for the MRM open cut. There are also a 

number of additional risks associated with this alternative. These are explained in further detail in 

Chapter 5 – Project Alternatives. However, the low mining rates present from 2030 to 2037 were 

identified as presenting an opportunity for smaller scale in-pit dumping with some adjustments to the 

late mine stages. An IPD could store the overburden mined in these latter years, as well as non-benign 

materials removed from the surface as part of site closure. 
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The IPD concept involves modifying the final open cut stage, splitting it into two smaller “North” and 

“South” stages. By doing this, the northern stage can be mined first, clearing floor space for the IPD. 

The IPD is then constructed from the bottom up, using the waste material from the final southern 

stage. This staged progression is shown in Figure 3-30 to Figure 3-32. The IPD will be located in the 

bottom 240 m of the open cut, with a capacity of approximately 7.9 million cubic metres (MCM) (15 

Mt) of overburden, with the upper surface approximately 165 m below the crest of the open cut. The 

toe of the IPD will abut the western, northern and eastern walls of the open cut. An initial two-

dimensional assessment of the IPD stability has been completed and the results are provided in 

Appendix N – Geotechnical Report. The IPD is stable with an acceptable Factor of Safety (FoS) with 

normal operational controls. 

 

 

Figure 3-30  Final Stage with Overburden Destined for IPD 
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Figure 3-31  Part Way through Mining of Final Stage and Construction of IPD 
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Figure 3-32  IPD at Completion of Final Stage 

The IPD is planned to be constructed in 16 m lifts, corresponding with the bench height in the open 

cut. However, if risk assessments indicate that enhanced management of oxidation is required, then 

lift heights may be lowered and/or advection barriers constructed around problematic material to 

mitigate the risk. The methods to be employed in this situation would have been refined and proven 

during development of the NOEF.  
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To manage the risk of gas generation in the confines of the open cut, highly reactive materials such as 

PAF(RE) and PAF(HW) would only be placed in the IPD after completion of mining operations, to 

facilitate prompt management of oxidation through proposed inundation. Only MS-NAFs and 

PAF(HC) will be placed during the mining operations phase. If small areas of oxidising material are 

detected in the IPD, alluvial advection barriers will be used to cap them subject to geotechnical 

directives, or the material removed from the IPD where possible.  Refer to Section 3.4.4.3 and 

Chapter 4 – Closure, Decommissioning and Rehabilitation for further discussion of final void 

inundation. 

The use of water carts and limiting the tip head height will limit dust generation with the open cut 

during operations. The depth of the IPD below the pit crest will also limit the spread of any dust 

generated beyond the open cut.  

Table 3-8 below provides a breakdown of material types mined from the open cut. This production 

data is based on the geological block model which is discussed in detail in the Chapter 6 – Materials 

Characterisation.  

Table 3-8 Open Cut Staging Statistics Summary 
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Open cut 92 26 5 198 136 139 27 12 634 5.9 2027- 

2037 

219 416 

Woyzbun 

Quarry 

0 0 0 0 0 2 11 39 52 N/A 2018- 

2039 

46 140 

Total 92 26 5 198 136 141 37 51 686 6.5  265 416 

 

As the vast majority of LS-NAF(HC) is contained in the Woyzbun Quarry rather than the main open 

cut mining area, the mining of that material is largely dictated by the cover construction schedules for 

the various facilities (primarily OEFs) around the site. 

3.4.4.2.1.3 Summary 

The open cut is able to meet its objectives with minor redesigns of the Phase 3 proposal. The 

Woyzbun Quarry was added in the south to access the required benign materials for site landform 

construction. This also increases the proportion of benign materials in the final mine walls to 

approximately 30%. The late open cut staging has been adjusted to enable the construction of a small 

IPD in the bottom 240 m of the void. Geotechnical analysis has confirmed that the open cut and IPD 

meet the required stability criteria with normal operating and monitoring practices, and will result in 

a suitable landform for closure. 
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As the open cut is dewatered throughout the operations phase, it functions as a groundwater sink, 

such that no CoCs are anticipated to migrate from the open cut, including from the IPD material into 

the surrounding groundwater environment. Djirrimini waterhole has the potential to be impacted by 

groundwater drawdown caused by open cut dewatering. This is modelled to be to the same extent as 

the Phase 3 Project, which is expected due to the similar open cut geometries. Further information on 

water management through this phase are provided in Chapter 8 – Water Resources.  

For a detailed assessment of risks, refer to Chapter 7 – Project Risk Assessment. 

3.4.4.2.2 EOEF 

3.4.4.2.2.1 Introduction  

The proposed EOEF is a new facility that is entirely different to the EOEF that was presented in the 

Phase 3 Project. During the operations phase, it will be operated as a temporary facility located 

wholly inside the mine levee wall and will be used to stockpile various material types. As presented 

in the mine stage plans (Figure 3-17 to Figure 3-22), the EOEF stockpiles include excess alluvial 

material, LGO, and high-pyrite PAF(HW). After the open cut mining phase, the non-benign materials 

will be removed and placed in the IPD for permanent subaqueous storage. Therefore, the key 

objective of the EOEF is to safely and securely store materials temporarily, during operations. The 

designs and management practices that facilitate the EOEF achieving this objective are presented 

below. 

3.4.4.2.2.2 Facility Design and Controls 

The storage of non-benign materials is the key focus of the EOEF design, as the benign materials 

require limited management (primarily associated with sediment control). The current footprint is 

occupied by a disused clay borrow pit and water storage. A number of controls are proposed to 

prepare the foundations of the proposed EOEF footprint, to manage environmental risks associated 

with non-benign material storage. These controls have been informed by the conceptual model 

presented in Figure 3-33.  A sloping base will be constructed, grading to the west toward a drainage 

system and the open cut. This base layer will be capped with a low permeability layer (nominally a 

0.5 m thick CCL) promoting drainage to the west. The perimeter surface drainage system will consist 

of bunds, geomembrane-lined drains and culverts around the footprint, draining to a runoff sump in 

the north (Figure 3-34). This will be lined with a geomembrane to reduce the risk of seepage (i.e. 

remove pathways). As the conceptual model shows, any seepage through the water management 

system base will report to the open cut dewatering system (Q15 to Qp on Figure 3-31) due to the steep 

hydraulic gradient to the open cut.  

With the EOEF area prepared, storage of non-benign materials will commence on top of the CCL. 
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Figure 3-33  Hydrogeological Conceptual Model with the EOEF 

 

 

Figure 3-34  Conceptual EOEF Water Management 

The northern end of the EOEF will be established to temporarily store approximately 2 MCM of LGO 

for future processing. The LGO will be stored in piles up to approximately 30 m high and will be 

placed with lift heights dictated by the reactivity of the ore. Capping layers such as alluvial advection 

barriers will only be used in the unlikely event that groundwater and dust monitoring indicate the 

exposed material is potentially causing environmental impact and capping would assist to lower the 

risk. Water carts, graders and dozers will support the material placement operations to manage dust, 

slopes and safety. Rehandling of the LGO for processing would be completed by standard open cut 

mining machinery.  
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The southern end of the EOEF will be established to temporarily store up to 2.1 MCM of PAF(HW). 

Section 6.5.2 of Chapter 6 – Materials Characterisation, presents further information on the nature of 

this material, whilst Section 5.5.2.2.1.2 of Chapter 5 – Project Alternatives provides justification for 

temporarily storing this material in the EOEF before it is returned to the IPD for permanent 

subaqueous storage. The PAF(HW) will be hauled to the EOEF from the open cut and placed in 

compartmentalised cells (in a similar manner to the PAF(RE) material in the NOEF – refer to Section 

3.4.4.3.3.4). The material will be placed in low lifts with compaction, and covered by regular fine-

grained advection barriers to limit oxidation. Erosion protection will be placed over these prior to the 

wet season. This will enable the storage of the high pyrite PAF(HW) in a low oxygen environment to 

limit the generation of oxidation products (i.e. source controls). Dust control during placement will be 

managed by intermittent water cart spraying, and the placement of the advection barriers. 

3.4.4.2.3 SOEF 

On 23 November 2015, a determination was made by the Northern Territory (NT) Department Of 

Mines and Energy Review Panel in accordance with Part 8 of the Mining Management Act (NT) with 

respect to the Southern (sic) Overburden Emplacement Facility (SOEF). The relevant decision is 

repeated here: 

3 McArthur River Mining Pty Ltd shall maintain all current material at the 

Southern Overburden Emplacement Facility until the completion of the McArthur 

River Mine – Overburden Management Project EIS conducted under the 

Enironmental Assessment Act (NT) and the Environmental Protection and Biodiversity 

Conservation Act 1999 (Cth), at which time the handling of such material by 

McArthur River Mining Pty Ltd shall be reassessed. 

This section has been written with a higher level of detail and with more background data to enable 

an informed assessment of this matter to be made as per the direction from the Review Panel.  

3.4.4.2.3.1 Setting 

The SOEF is a temporary OEF located wholly inside the mine levee wall on the south side of the open 

cut and contains overburden that will be relocated into the open cut for permanent subaqueous 

storage upon cessation of mining. Its footprint lies to the southeast of the original McArthur River, on 

the alluvial floodplains that previously drained into the river. The subsurface structure and 

composition of the area has been investigated with exploration holes, open cut mapping, and a 

shallow groundwater investigation conducted in 2012.  

The subsurface geology is comprised of alluvial material (typically 1-3 m of clay underlain by 

mixtures of clay, silts and sands) overlying palaeochannel silts, sands and gravels. The 

palaeochannels are incised into the weathered bedrock, with the total thickness of the alluvial and 

palaeochannel layers being approximately 18 m to 20 m. The weathered bedrock exhibits variable 

weathering grades from extremely weathered to slightly weathered.  



MRM Overburden Management Project EIS 

 3-93 

 

 

Figure 3-35  Plan of the SOEF and EOEF Area Showing the Pre-Open Cut 

Topography 

Four main groundwater bearing zones exist in the SOEF. These include the: Palaeochannel zone, of 

low to moderate yield; alluvial zone; weathered bedrock zone; and the bedrock zone. These 

groundwater bearing units are unconfined to confined and are in general hydraulic connection with 

each other. The palaeochannel aquifer is below the invert of the McArthur River Channel in the 

vicinity of the SOEF. The palaeochannels generally extend parallel to the original McArthur River. 

3.4.4.2.3.2 Historical Development 

Preparation of the footprint was undertaken in 2010. Construction of Lift 1 was largely completed 

between 2010 and 2011, using approximately 2.8 Mt of alluvial materials mined from the open cut 

(including clays, silts, and sands), to a height of between 6 and 15 m. The crest of the SOEF was kept 

below that of the mine levee wall to ensure runoff remained inside the mining operations area, with 

contouring of the top surface to direct runoff water into drains around the open cut.  

Prior to 2014, all mine overburden was only characterised as either NAF or PAF rock, although NAF 

mined from the footwall rock units (Lower Dolomitic shale, W-Fold shale and Teena Dolomite) was 

informally referred to as “clean” NAF. Under the current classification system the W-Fold shale and 

Teena Dolomite are classed as LS-NAF(HC), while the Lower Dolomitic shale is classed as 

predominantly MS-NAF(HC). Hence previously categorised “clean“ NAF is likely to include a mix of 

low salinity and metalliferous saline NAF. During 2013, approximately 725 kt of “clean” NAF was 

stockpiled in a 15 m lift (Lift 2) on the western end of the SOEF for use in long-term infrastructure 

projects.  No material movement occurred in 2014.  
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Figure 3-36  SOEF in September 2014 

During 2015, overburden placement was recommenced on the SOEF. The revised waste classification 

scheme was now in use. As the SOEF was approved for placement of NAF, MS-NAFs were mined 

from the open cut and placed in the SOEF in 10 m to 15 m lifts to a total height of 30 m above the Lift 

1 surface. However, the presence of sulphur dioxide and surface cracking in areas of the SOEF in 2016 

were detected and an investigation undertaken. It was found that 63 truckloads of PAF(RE) 

(representing 0.24% of the total SOEF mass) was incorrectly mined as MS-NAF and placed on the 

SOEF. The breakdown of material types placed in 2015 is presented in Table 3-9. The data indicates 

that although a very small volume of PAF(RE) was placed in the SOEF, the acid consuming capacity 

far exceeds the maximum potential acid generation and as a result the presence of the PAF(RE) has a 

negligible impact on the overall acid balance of the SOEF.  

Surface water management on the SOEF was established prior to the 2015 wet season. Fine grained 

alluvial material was placed as wet season capping layers to promote surface run off and reduce 

infiltration. Toe drains and bunds were constructed to direct runoff from the non-benign parts of the 

SOEF to the contaminated water collection system. Clean water runoff from the northern section of 

the SOEF where only benign materials are stored was segregated from the contaminated water 

collection system (Figure 3-37). 
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Table 3-9  Overburden Placed in the SOEF in 2015 

Material 

type 

2015 

kt 

Sulphur 

% 

Zinc 

% 

Lead 

% 

Copper 

ppm1 

Calcium 

% 

Magnesium 

% 

MPA2 

kgH2SO4/t3 

ANC3 

kgH2SO4/t 

NPR4 

Alluvial 33 0.29 0.08 0.01 69 0.68 0.44 8.88 26.65 3.00 

MS-NAF(HC) 2,381 2.54 0.60 0.21 114 8.81 4.13 77.72 395.60 5.09 

MS-NAF(LC) 1,725 5.65 0.98 0.37 176 5.64 3.19 172.89 269.71 1.56 

PAF(RE) 12 12.58 0.45 0.10 76 4.65 3.96 384.95 261.76 0.68 

Total 4.151 3.84 0.75 0.28 139 7.41 3.71 117.54 339.76 2.89 

1. Parts per millions (ppm) 

2. Maximum potential acidity (refer to Chapter 6 – Materials Classification for definitions) 

3. Kilograms of sulphuric acid per tonne 

4. Acid neutralising capacity (refer to Chapter 6 – Materials Classification for definitions) 

5. Net potential ratio (refer to Chapter 6 – Materials Classification for definitions) 

 

 

Figure 3-37  SOEF Surface Water Management at July 2016 

3.4.4.2.3.3 Site Conceptualisation 

Groundwater bores were installed in the SOEF area between 2012 and 2015, with pressure transducer 

loggers and regular sampling. RPS Aquaterra derived a hydrogeological conceptual model from the 

data, which is presented in Figure 3-38. The alluvial, weathered bedrock and deep bedrock aquifers 

all indicate the same trend in the SOEF area of flows moving to the north to northwest towards the 

open cut and original river alignment where the seepage and groundwater is captured and managed 

during operations. 
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Waters contacting the SOEF, either via surface runoff or infiltration through the facility, have the 

potential to mobilise oxidation products. The hydrogeological conceptual model of the SOEF has both 

the surface runoff and seepage reporting to the open cut in the north, which is a large groundwater 

sink due to dewatering activities maintained during the operations phase. SOEF sourced water will 

be collected in the open cut/underground water management system and managed through the site 

water management system.  

Water quality monitoring across the transect indicates that groundwater beneath the SOEF has higher 

sulphate and zinc values, however the bores outside the mine levee wall towards the McArthur River 

channel were not impacted.  To validate the monitoring observations, in 2015 McArthur River Mining 

commissioned ERM to investigate and develop an understanding of the SOEF seepage and potential 

impacts on the McArthur River. ERM (2015) concluded that “potential seepage from the SOEF would 

migrate north towards the open cut, rather than south towards the channel diversion”, thereby 

validating the conceptual model.  

KCB (2017) also discuss the hydrogeological conditions of the SOEF in Appendix T – Groundwater 

Impact Assessment Report. The groundwater beneath the SOEF currently flows to the open cut as a 

result of the drawdown caused by dewatering of the open cut. This is shown in modelled particle 

tracking streamlines below, where the source (red dots) migrate along green traces. The drawdown 

into the open cut gets stronger as the dewatered mine gets deeper. 

 

Figure 3-39  Particle Tracking Modelling of Conditions at 2018 (KCB, 2017) 
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3.4.4.2.3.4 Facility Design and Controls 

The SOEF will be subject to only limited operation throughout the life of the mine. Further 

construction of the SOEF will be limited vertically by the aerodrome Obstacle Limitation Surface 

(OLS), and laterally by the open cut to the north, the Woyzbun Quarry to the east and the mine levee 

wall to the south. Whilst it is not in the formal mine schedule, the SOEF will serve as a backup OEF 

for MS-NAF overburden during periods when the NOEF is unavailable or undesirable for use (such 

as during Barney Creek bridge maintenance). 

The greatest change to the SOEF planned during the operations phase of the open cut will be a 

reduction in length. The eastern end of the SOEF lies within the proposed Woyzbun Quarry footprint, 

which is planned to commence development in 2018. This will require the removal of approximately 

2.5 Mt of rock and 1.4 Mt of alluvial material from the SOEF, which will be relocated to the north side 

of the SOEF (Figure 3-40) and/or to the NOEF. The identified hot spots will be removed to the 

PAF(RE) cells in the NOEF. Therefore, this potential source of gases will be removed from this 

location. 

If groundwater quality monitoring adjacent to the SOEF and McArthur River indicate detrimental 

changes (e.g., SO4, pH or metal concentrations), an investigation will be conducted and mitigation 

options implemented as necessary. These may include, but are not limited to: 

 capping of the SOEF with air advection barriers and/or clay layers to reduce oxidation and/or 

transport of oxidation products (source control); 

 installation of groundwater interception bores on the southern perimeter of the SOEF; 

 installation of seepage barriers such as grout curtains on the southern perimeter of the SOEF; 

and/or 

 early removal of the non-benign SOEF materials to alternate OEFs.  

Surface water drains will continue to be maintained. Upon development of the Woyzbun Quarry, the 

current flow path will be interrupted. This will require the construction of a sump on the northeast 

side of the SOEF Lift 1 to capture the runoff. The overflow from this will flow into the open cut to the 

north. Seepage from drains and the sump will also report to the groundwater sink that is the open 

cut. 

Dust impacts will be managed by the use of water carts. When the SOEF is not operational, no dust 

controls are proposed due to the lack of fines on the majority of the exposed OEF. If the dust 

monitoring program in place indicates an issue requiring management, then an investigation into 

dust management options will be undertaken and mitigation implemented. 
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Figure 3-40  SOEF Operational Works 

3.4.4.2.4 WOEF 

The WOEF is a permanent OEF located to the west of the open cut, wholly inside the mine levee wall 

(Figure 3-12). No material changes are planned for this facility during the mining operations phase – 

it will continue to be used for offices and workshops on the northern end, and the ore ROM pad in the 

central portion. Ore stockpiles typically up to 1.5 Mt can be accommodated on the pad to smooth out 

grades delivered to the process plant and mitigate against the risk of wet season open cut inundation. 

In terms of surface water, the facility is serviced by runoff dams in the north and south, also located 

inside the mine levee wall. 

3.4.4.2.4.1 Setting 

The pre-open cut topography under the WOEF included the higher dolomitic outcrop of Barney Hill 

in the west, and the alluvial floodplains of the McArthur River and Barney Creek beneath the 

remainder of the facility (Figure 3-41). The original Barney Creek runs under the northern end of the 

WOEF. The entire footprint originally drained to the east to where the open cut is currently located.  

3.4.4.2.4.2 Historical Development 

The WOEF was the primary OEF for the start of open cut mining in 2005 to 2008. During that time, 

the geochemical classification system had only identified NAF and PAF for purposes of segregation 

and management.  

The WOEF design had a NAF base to the 38 m AHD level, which was the 100 year flood level at the 

time. Apart from clearing of the minor vegetation in the lower areas, no specific ground preparation 

was undertaken on the foundation. Above the NAF base, a PAF cell was created in the core of the 

facility, at least 25 m from the exterior for Lift 1 and 10 m on the second lift, with a 3 m thick cap 

above. The PAF cell was fully encapsulated in at least 1 m of clay. NAF was then tipped outside and 

above the PAF cell. All lifts were 10 m high, generally tipped as a paddock dump layer on the bottom 

and then a single tip head over the top. All batters were left at the material’s natural angle of repose 

(rill). The WOEF was constructed to 20 m high (in two 10 m lifts). 
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Figure 3-41  Plan of the WOEF Footprint Showing the Original Topography 

Following development of the NOEF, the WOEF was prepared for the installation of office and 

workshop infrastructure on the northern end through 2009 and 2010. An additional capping layer of 

NAF material was placed on the surface and graded to shed water to the north and east.   

With the construction of the Phase 3 project, the central portion of the WOEF was converted to a ROM 

pad, with the primary crusher positioned on the western wall. To match the level of the crusher, a 

third 10 m lift was added in the central portion using NAF, and the surface was re-graded to shed 

water. These works occurred between 2013 and 2014. The top of the WOEF is heavily trafficked and 

tightly compacted, however the sides are still as-tipped at the angle of repose (33 to 38 degrees).  

The WOEF hydrogeological model is detailed in Appendix T – Groundwater Impact Assessment 

Report.  Groundwater reporting as basal seepage in the WOEF predominantly migrates east to the 

open cut, under the influence of the mine dewatering drawdown. A small portion migrates north to 

the Barney Creek Channel. Drilling and excavation investigations undertaken at points 1 and 2 in 

Figure 3-41 validate the modelled easterly flows, with water reporting to the old Barney Creek bed 

buried under the WOEF.  Further monitoring bores are required to validate the mechanisms and 

seepage rates of the northerly flow towards the Barney Creek Channel. 
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3.4.4.2.4.3 Facility Design and Controls 

The WOEF is not planned to be materially altered during the operations phase, and will remain as the 

main mining office area and ROM pad until mining operations are complete, before undergoing re-

profiling and rehabilitation during the TSF reprocessing phase. The running surfaces will continue to 

be maintained as haul roads, hardstands, and ROM pad with shaped top surfaces to shed water to the 

drainage system. The surface drains report to high density polyethylene (HDPE) lined dams in the 

northeast and southeast, with the runoff pumped into the mine contaminated water system.  

Infiltration through the WOEF is conceptualised to migrate through the facility to the foundation.  

Water intersections from a sonic drillhole through the WOEF (location 1 in Figure 3-41) and mining 

which exposed a free face (location 2 in Figure 3-41) indicate that infiltration through the northern 

end of the facility will report to the original Barney Creek Channel and flow to the east into the open 

cut. In the central and south areas, infiltration moves to the shallow weathered bedrock which 

migrates east under the steep hydraulic gradient to the open cut, expressing as shallow seepage. 

Seepage will be collected by the open cut/underground dewatering system and managed. Details on 

water management can be found in Chapter 8 – Water Resources.  Monitoring for any groundwater 

migration to the northwest toward the Barney Creek Channel will be undertaken to verify the 

conceptual model.  

Dust management will be by water cart and/or sprinklers. Air quality assessment and management is 

covered in Chapter 13 – Air Quality.  

3.4.4.2.5 Source-pathway-receptor Summary 

The key potential source-pathway-receptors for the open cut domain during the operations phase, 

including the relevant controls applied to mitigate the potential impacts, are summarised in Table 

3-10 below.   
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Table 3-10  Key Source-pathway-receptors for the Open Cut Domain during the 

Operations Phase 

Item Potential 

contaminant 

Source Pathway Receptor Comment     Controls 

OC1 Soluble 

oxidation 

products 

Contaminated 

water in 

Water 

Management 

System 

(WMS) 

Surface water 

runoff or 

baseflow 

seepage 

Surface waters at 

SW11 

E.g., pipe 

burst, 

storage 

facility 

seeps or 

overflows 

- Engineered storage 

structures with low 

permeability bases 

- Continued open cut 

dewatering to 

maintain 

groundwater 

drawdown 

- WMS monitoring 

- Water treatment 

OC2 Sulphur 

dioxide, 

hydrogen 

sulphide 

Open cut 

walls in 

PAF(RE) 

Airborne Humans on-lease 

and off-lease 

 - PAF(RE) Management 

OC3 Dust Open cut 

operations 

Airborne Humans on-lease 

and off-lease, 

vegetation, 

grazing animals, 

surface water and 

aquatic 

ecosystems 

downwind of 

source 

 - Dust suppression 

- Capping as required 

OC4 Sulphur 

dioxide, 

hydrogen 

sulphide 

IPD material Airborne Humans on-lease 

and off-lease 

 - Minimal PAF(RE) 

destined for IPD 

- Encapsulation of 

PAF(RE) materials 

within advective 

barrier 

- Removal to EOEF 

OC5 Dust IPD 

operations, 

EOEF 

overburden, 

LGO, WOEF 

(ore/ 

overburden), 

SOEF 

Airborne Humans on-lease 

and off-lease, 

vegetation, 

grazing animals, 

surface water and 

aquatic 

ecosystems 

downwind of 

source 

 - Dust suppression 

- Capping as required 
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Item Potential 

contaminant 

Source Pathway Receptor Comment     Controls 

OC6 Soluble 

oxidation 

products 

EOEF 

overburden or 

LGO 

Surface water 

runoff or 

baseflow 

seepage 

Surface waters at 

SW11 

 - Continued open cut 

dewatering to 

maintain 

groundwater 

drawdown 

- Perimeter drains 

- Water treatment 

OC7 Sulphur 

dioxide, 

hydrogen 

sulphide 

EOEF 

PAF(HW) 

Airborne Humans on-lease 

and off-lease 

 - Encapsulation of 

PAF(RE) materials 

within advective 
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 Domain 2 –NOEF 3.4.4.3

3.4.4.3.1 Overview of the NOEF Solution 

Approximately 575 Mt of overburden is flagged for placement in the NOEF between 2018 and 2032. 

This is in addition to the approximately 195 Mt of material which will already be in place. The NOEF 

needs to permanently store this material with an acceptable level of risk to the environment whilst 

balancing costs, within various physical constraints. More specifically, the key objectives of the NOEF 

are to: 

 enable placement at a rate consistent with the mine plan; 

 enable the use of local resources as much as possible, including construction materials and 

skills; 

 be a physically and chemically stable storage of mined overburden for 1,000+ years: 

o which meets the closure objectives, including water quality; 

 leave a landform that is consistent with the nominated post-mine land use: 

o for the NOEF, this is native fauna habitat. 

Managing the MRM overburden successfully is primarily based on a thorough understanding of 

source-pathway-receptor chains for potential mine-derived contaminants. The proposed NOEF 

solution will be explained briefly before more detailed explanations are presented later in this section.  

The placement methods to be used will be tailored to the materials being mined, to give a degree of 

source control. The lift height and/or use of fine-grained materials to construct barriers to advection 

currents will be varied to control oxidation rates of the placed materials. Lift heights have been 

reduced with lower lifts used for more reactive materials. Advection barriers comprised of alluvial 

materials (clay-silts-sands) with appropriate compaction and moisture content will act to seal off 

airflow through the coarser overburden materials.  

PAF(RE) materials with a higher risk of spontaneous combustion will be exclusively placed in 2 m 

lifts within dedicated cells with advection barriers and temporary wet season covers. The mining 

schedule limits mining PAF(RE) in the wet season to further limit water ingress into the stockpile. The 

PAF(RE) cells will initially be isolated from other active material placement areas to reduce the risk of 

heat build-up, before being incorporated into the core of the NOEF as construction progresses.   

The location of non-benign materials within the overall facility has been planned so the potentially 

most deleterious materials are stored in the core of the facility, and progressively lower risk materials 

placed towards the outer surface. This will limit oxygen ingress into the more reactive materials. 

Additionally, if a temporary breach of the outer benign cover system occurred, only materials with 

lower risk would likely be exposed until repairs could be undertaken. 

The construction and composition of the existing NOEF cannot be changed, but the overall NOEF 

facility will be engineered to deliver acceptable performance and meet the closure objectives. 

Investigation into the composition of the existing NOEF found that only approximately 18% of the 

total mass of the NOEF is PAF. PAF(RE) only comprises 5% of the total mass, showing that whilst the 

NOEF’s past emissions of smoke and sulphur dioxide were very visible, only a relatively small 

quantity of material was involved and has required remediation. Fine-grained alluvial air advection 

barriers are being installed around the existing PAF cell through 2017 and 2018 to shut down 

transport of oxygen into the stockpile. Gas monitoring through the PAF cell shows that currently, 

oxygen levels inside the PAF cell are very low, and suggest that the existing CCL beneath the PAF cell 

is acting as an advection barrier. The addition of external advection barriers will shut down the 

reactions over time.  
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An outer benign cover system will encapsulate the entire facility, including the existing NOEF, in a 

protective layer which acts as both a source control and a pathway control. This composite layer 

would restrict oxygen ingress, store water for plant growth, and shed excess water down purpose-

built drains in higher intensity rain events. The materials selection and batter profiles have been 

selected to limit erosion whilst attempting to mimic and therefore blend into the surrounding 

landscape as much as practicable. The NOEF is also proposed to increase in maximum height from 

the current 80 m limit to 140 m. This enables the facility to store the required volume of overburden 

within a footprint similar to the Phase 3 NOEF. This reduced footprint will result in less direct 

disturbance, less material required for cover systems and hence less secondary disturbance, and 

reduced infiltration (i.e. reduced transport of NOEF contaminants). 

The cover system will have a barrier layer in its composite profile, which will be the inhibitor of water 

and oxygen ingress. The selected CCL barrier uses locally available materials and construction 

techniques familiar to MRM personnel. The barrier layer extends from the top of the facility to below 

ground level, tying in with another low permeability barrier layer in the foundation. This provides 

flood protection for the interior of the NOEF, resisting the movement of floodwater into the facility, 

and of infiltrated water out of the facility. The flood levels around the NOEF for various sized events 

can be found in Appendix U – Surface Water Impact Assessment Report. 

The low permeability foundation will include engineered ‘subsoil’ drainage lines to promote the 

movement of water towards specific external toe seepage recovery points around the toe of the 

NOEF. The toe seepage will be recovered and stored in the PRODs, as per the current practice. The 

PRODs will also collect surface runoff from active areas directed into them. Water in the PRODs will 

typically be evaporated or managed in the site-wide contaminated water management system (refer 

to Chapter 8 – Water Resources). Runoff from the benign cover system will be redirected through 

sediment management infrastructure before being released to receiving waters.  

Infiltration into the NOEF which does not report to the toe seepage collection system is expected to 

pass through the foundation layer into the shallow groundwater zones. McArthur River Mining has 

undertaken significant fieldwork and groundwater model calibration to gain a robust understanding 

of the levels and movement of groundwater, and its interaction with surface water. Details on the 

conceptual models, computer modelling and fieldwork can be found in Chapter 8 – Water Resources 

and Appendix T – Groundwater Impact Assessment Report. The work has demonstrated that 

beyond the influence of the open cut dewatering drawdown zone, groundwater flows regionally 

towards the McArthur River, and locally towards creeks, where discharge occurs. Thus, groundwater 

makes its way into surface water on the lease, or into the dewatered open cut/underground water 

management system. As detailed in Chapter 8 – Water Resources, expression of NOEF derived 

groundwater is not expected to report to the Emu Creek, but is expected in lower Barney Creek. Two 

collection sumps have been planned in reaches of the Barney Creek Channel on the lease to intercept 

poor quality surface water as required to meet surface water quality commitments at SW11.  

McArthur River Mining has planned an extensive system of instrumentation and modelling to 

monitor NOEF performance, for comparison to the various models used. This will enable deviations 

in performance to be investigated early and corrective actions implemented where required. An array 

of management actions and mitigation strategies have been developed and documented to further 

manage any potential impacts if required.  
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A revised closure process and timeframe gives McArthur River Mining confidence in its ability to 

continue to achieve the Project closure objectives in the long term, beyond the operational and 

decommissioning phases. The Adaptive Management principle is a period of scheduled periodic 

inspection and maintenance to rectify performance issues as the landform and systems are modified 

and establish a new steady state. Over time as the facility develops (likely to be in the order of 50 

years after rehabilitation), the interval between maintenance interventions will increase until a phase 

called Pro-active Monitoring and Reactive Monitoring is reached.  This is when intervention is based 

on an event and/or changes in monitoring, rather than a scheduled calendar event. Systems and 

resources to undertake monitoring and maintenance over these phases will be planned and allocated 

as part of the closure process. 

The following sections will expand on these overall concepts to provide more details on the design, 

operation and management of the NOEF in the operations phase. 

3.4.4.3.2 Existing NOEF  

This section aims to provide a summary of the key features of the existing NOEF. If further detail is 

required, refer to Appendix H – NOEF Historical Construction and Drilling Report.  

3.4.4.3.2.1 NOEF Layout  

The NOEF has been in continuous operation since May 2008, and to date covers a surface area of 

approximately 228 ha, and as of July 2016 holds 195 Mt of overburden material dominated by 

dolomitic shales, dolomitic breccias and pyritic shales. The NOEF is divided into stages to provide 

flexibility in overburden storage scheduling plus balancing development and rehabilitation works. 

The plan of the NOEF showing the overall location of infrastructure and stage names is presented in 

Figure 3-42.  

Key infrastructure in the current NOEF area includes the three operational PRODs which are 

designed to capture and store runoff waters from the NOEF: SPROD, SEPROD and WPROD. The 

Mine Infrastructure Area (MIA) occupies a 14 ha area at the entrance to the NOEF, close to the Barney 

Creek bridges. This complex supports mine operations and maintenance functions with crib rooms, 

hardstands, workshop and stores facilities.  



MRM Overburden Management Project EIS 

 3-107 

 

Figure 3-42  Plan of the NOEF Showing the Overall Location and Stages Names 

A plan view of the current distribution of material types is presented in Figure 3-43. The principal 

material zones are:  

 The NAF base: constructed in 2-3 m high lifts in the western stages to provide a stable platform 

above the 1:100 year flood level for the PAF cells. Its thickness varies between 22 m and 12 m 

sloping towards runoff dams on the perimeter.  

 The PAF cell: constructed using 15 m lifts in the core of the western stages on top of the NAF 

base. In between the NAF base and the PAF cell is a minimum 0.6 m thick engineered CCL 

sloping towards runoff dams.  

 The LGO stockpile: located on the eastern side of the PAF cell for the storage of LGO, which is 

a subset of PAF(HC). The stockpile is temporary in nature, and the majority of material is 

expected to be removed and processed during 2016/2017.  
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Figure 3-43  Material Type Distribution on the NOEF 

3.4.4.3.2.2 NOEF As-built Data 

In 2015 and 2016, several programs of work were undertaken to compile information on the nature of 

the existing NOEF, including review of survey and production records, creation of an as-built NOEF 

block model using updated overburden classification data, and drilling campaigns to gather samples, 

measure properties and install monitoring equipment. Results are presented in Appendix H – NOEF 

Historical Construction and Drilling Report and key points are summarised in this section.  

The NOEF overall composition is presented in Figure 3-44. Overall, the total quantity of PAF actually 

placed on the NOEF (20%) is much lower than the historically reported quantities mined as PAF. The 

PAF cell accounts for 42% of the total NOEF volume, but the PAF cell is predominantly composed of 

metalliferous saline NAF.  

The existing NOEF PAF cell contains approximately 41% PAFs, 57% MS-NAFs and 2% LS-NAFs (in 

clay capping layers). 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 the potential for acid drainage generation. 

The review of the NAF base waste classes indicated a composition of approximately 36% LS-NAFs, 

60% MS-NAFs, and 4% PAF. The small amount of PAF contamination is a result of narrow PAF 

interbeds amongst broader 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 alluvial material excavated as 

part of the pre-strip of each new open cut stage: in 2009 and 2010, alluvial material made up over 40% 

of the volume of NAF placed on the NOEF. 
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Figure 3-44  Overall Existing NOEF Composition 

The drilling program yielded the following key information: 

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

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

to be saturated, and no water was intersected sitting above the CCL. Differences in gas 

composition above and below the CCL indicate it is acting as a gas barrier.  

 Temperature measurements from within the NOEF indicate that while elevated temperatures 

are present within the NOEF PAF cell, elevated temperatures are not generalised. Half of the 

drilled temperature monitoring cores were at a background temperature (ca 65C). Elevated 

temperatures appear primarily located along the northern face of the NOEF and in particular 

in the LGO stockpile area. 

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

removed and processed in 2016/2017 (see Appendix H – NOEF Historical Construction and 

Drilling Report for detailed discussion). 

 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 advection 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. 
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 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 of oxidation than the average. Again, placement of an advection 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 hydrogeology and 

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

temperatures and gas composition will allow McArthur River Mining to determine the effectiveness 

of implemented controls on aspects of convection and air movement within the NOEF.  

The data gathered through the back-analysis of the existing NOEF has been used in both modifying 

the development of the NOEF in the pre-EIS period, and in developing the post-EIS NOEF conceptual 

model and mitigation solutions.  

3.4.4.3.2.3 Construction Basis (2015 to 2018) 

Development of the NOEF during the EIS process has been amended to match the design intent of the 

original URS NOEF design, plus incorporating additional environmental protections. The NAF base 

is now only being constructed with benign materials (LS-NAF(HC)), as originally intended by URS, 

and to be consistent with the Phase 3 approvals. However, underneath the NAF base, a 0.5 m thick 

low permeability basal CCL has been added to the design to reduce basal seepage to groundwater by 

promoting toe seepage flow to lined sumps. The CW stage is the first stage to receive this formal basal 

CCL. An advection barrier constructed from fine-grained alluvial material is also planned to 

encapsulate the sides of the existing PAF cell to restrict air ingress. More information on low 

permeability foundations and advection barriers can be found in the remainder of the Project 

Description for the NOEF. These additional works in the immediate-term are subject to amendments 

to the current MMP and are not part of the EIS Project. 

3.4.4.3.3 Design Concept 

The position and layout of the NOEF satisfies all the relevant spatial constraints. This includes 

cultural sites, highway offsets, key habitats, and avoiding diversions of major watercourses. The 

NOEF has been designed with a maximum height of 140 metres, resulting in a reduced footprint 

compared to an option with the current 80 m height limit. For a given Net Percolation (NP), a smaller 

footprint will result in lower quantities of infiltration. As modelling has the NOEF being solubility 

controlled for much of the assessment period (Appendix P – NOEF Assessment for Waste 

Placement, Footprint Seepage and Water Quality), lower infiltration translates to reduced loads that 

may be released.  

To limit erosion and better mimic natural landforms, the geometry of the NOEF batters will be 

trilinear concave as follows: 

 Lower-slope section: 0 m – 55 m elevation; batter angle 1V:4.5H; 

 Mid-slope section: 55 m – 100 m elevation; batter angle 1V:3.5H; and 

 Upper-slope section: 100 m – 140 m elevation; batter angle1V:2.5H. 

Figure 3-45 and Figure 3-46 show a 3D representation of the landform. The breakdown of the total 

525 ha surface area of the NOEF facility will be approximately 128 ha of plateau (25%) and 397 ha of 

sloping batters (75%). Drainage is provided off the top plateau of the facility, and conveyed down 

purpose built drains built into the haul ramps to either the PRODs or sediment management facilities 

at the toe. Chapter 8 – Water Resources goes through the water management system in detail. 
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Stability analyses run on the landform with a range of plausible input parameters indicated the NOEF 

landform to be stable with a Factor of Safety (FoS) of over 1.5 with the proposed key features 

included: foundation preparation; foundation drainage; cover materials selection and construction; 

and monitoring. The full report can be found in Appendix N – Geotechnical Report.  

 

Figure 3-45  3D View of the NOEF from the South 

 

Figure 3-46  3D View of the NOEF from the Northwest 

A cross-section schematic of the NOEF design concept is presented in Figure 3-47. The NOEF has 

several zones with varying construction materials and methods to achieve the design objectives and 

to manage the inherent risks of the overburden: 
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 A Cover zone of at least 2.6 m thick of benign materials encapsulates the outer surfaces of the 

entire NOEF. This acts as a source control by isolating the reactive overburden from water 

and air pathways; 

o This layer has materials (topsoil and a growth medium (GM)) to enable vegetation 

growth, which assists erosion resistance and enhances the disposal of incident rainfall 

through evapotranspiration; 

o The top of the NOEF (termed the plateau) also has a 0.5 m thick drainage layer in the 

cover system, to aid in the removal of excess water from large rain events to a 

network of drains. The sides of the NOEF only use rock in the growth layer to better 

resist erosion; 

o The bottom of the cover is a barrier layer to resist water infiltration and limit oxygen 

entry into the NOEF. This is a 0.5 m thick CCL. 

 The trilinear concave batter profile limits erosion and better matches the shape of local natural 

landform features. The slopes are flat enough to enable access to all areas in case of the need 

to undertake any repairs or maintenance in the future; 

 The Halo zone, constructed from MS-NAFs, provides a buffer between the Core zone and the 

Cover. The lower reactivity of the MS-NAFs will provide a durable platform for the cover 

construction, insulate the cover CCL from any heat generated in the Core, and consume 

diffusive oxygen entering through the cover CCL. Additionally, if any failure of the cover 

were to occur, the Core would still have some protection from oxidation and infiltration; 

 The Core zone contains the cells for PAF materials; 

o PAF(HC), along with excess MS-NAFs, would be placed in the Core with 

construction methods to restrict the formation of advection currents. This could range 

from paddock dumping to up to 7.5 m tip heads with regular application of fine-

grained advection barrier layers; 

o PAF(RE) would be restricted to only be placed in specific PAF(RE) cells. These would 

have the maximum controls against oxidation and water ingress applied: paddock 

dumping of all materials, application of fine-grained advective barriers, and 

application of paddock dumped MS-NAF to limit oxygen diffusion;  

 The Core would sit on an MS-NAF base, approximately 5 m thick, which is designed to reduce 

the risk of interaction with any possible mounding or toe seepage flows; 

 A low permeability foundation would underlie the new portions of the NOEF. Its role is to 

promote seepage flow to toe seepage rather than basal seepage, and to confine any possible 

rising groundwater to remain under the NOEF. Where possible, the existing NOEF in-situ 

materials will be retained, as much of the new footprint has low permeability materials 

naturally. Where geotechnical strength concerns or possible preferential pathways to 

groundwater exist, unsuitable foundations will be removed and replaced with a 0.5 m thick 

basal CCL; and 

 A network of water management structures including a new PROD, surface drains, stilling 

basins, sediment control measures, and seepage recovery systems will complement the main 

facility. 

The key facets of the NOEF are discussed in more detail in the sections below, working from the 

bottom of the NOEF up. 
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3.4.4.3.3.1 Foundation works 

The objectives for the foundation of the NOEF are to provide a stable, low permeability base. This will 

limit the risk of instability in the NOEF, and reduce exchange of waters (and contained loads) 

between the NOEF and the regional groundwater.  

The proposed footprint extent will be marked to delineate its boundaries, with vegetation then 

cleared in accordance with existing site land disturbance procedures. Stripping of the topsoil shall 

then be conducted where appropriate, using scrapers or loaders and trucks. The soil will be either 

stockpiled for later use in rehabilitation of disturbed areas, or used directly in rehabilitation, as per 

current site practice.  

Clay and alluvial materials are required for use in specialised layers of the NOEF. Where insufficient 

materials are available from the open cut, materials will be borrowed from the footprint of the NOEF. 

Updated investigations into the materials contained in the foundations were completed through 2014 

to 2016, with models of various alluvial materials compiled to generate estimates of volumes. The 

detail of these investigations can be found in Appendix III of Appendix T – Groundwater Impact 

Assessment Report. The location of the main borrow pits under the NOEF are shown as orange 

polygons in Figure 3-48.  

The geometry and materials of the new foundations will promote reporting of net percolation as toe 

seepage rather than basal seepage. This will be achieved by confirming an in-situ clay layer or, where 

no suitable basal layer exists, constructing a sloping low-permeability basal layer. The base will target 

performance equivalent or better to 0.5 m of CCL with a maximum saturated hydraulic permeability 

of 10-9 metres per second (m/s). Proof rolling and profiling of the base layer will be undertaken, with 

removal of unsuitable materials that may provide uncontrolled preferential pathways for seepage or 

geotechnical instability. Unsuitable materials will be replaced with a suitable fine-grained medium to 

meet the design specifications. The sloped base will have a lined subsoil drainage network 

incorporated into it, directing collected seepage to specific collection pits at the toe of the NOEF. Refer 

to Figure 3-48 and Figure 3-49 for locations of the drains, and details of the lining and materials used. 

The foundation will be above the recorded 2013/14 wet season water table to reduce the risk of 

waterlogging of the base. This is the highest recorded groundwater level in MRM records, with the 

wet season ranked larger than 92% of all wet seasons in the 126 year climate database, i.e. an 

anomalous wet season. If constructed borrow pits are to extend below this level or if groundwater is 

found to be higher than anticipated, the foundation will be built up with benign material to above the 

water table, and/or the groundwater table lowered by pumping. Extracted groundwater would be 

managed in accordance with the surface water management protocols (refer to Chapter 8 – Water 

Resources).  
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The interaction of the existing NOEF foundation with the new planned areas has been considered. As 

discussed previously, the CW stage will have a basal CCL with preferential drainage lines 

incorporated into its design. The basal CCL will be connected with the new development areas to 

form a seamless continuous basal CCL. As indicated in Figure 3-48, the CW drains also link in with 

the planned future subsoil drains. The existing West stage has no basal CCL, however toe seepage has 

been collected on the northern toe of the West stage for a number of years, indicating that there are 

preferential paths for seepage travelling along the original topographic surface. As part of the CW 

civil works in 2015 and 2016, a rock filled clay seepage ‘French drain’ was constructed in between the 

West and CW stage, as indicated in the figure. This drains to the east, and will connect into the post-

EIS subsoil drain system. The West D stage also had two subsoil French drains constructed as shown 

on the plan. These drain south to a HDPE lined seepage collection sump, and will be unaffected by 

the Project works. The developed areas of the east and southeast stages also had no basal CCL 

constructed. However, the pre-NOEF geology in these areas has very thick (>3 m) layers of high 

quality in-situ clays and more defined natural drainage lines that were not removed as part of the 

historic foundation works. Therefore these areas effectively have a natural basal CCL and drainage 

system already functioning, as evidenced by the seepage collected on the eastern side of the NOEF 

(refer to Appendix U – Surface Water Impact Assessment Report). This network also is shown to 

connect to the planned drainage network for collection at the toe. 

3.4.4.3.3.2 The Base zone 

The Base zone is a nominal 5 m thick zone of MS-NAFs constructed in maximum 5 m lifts to enhance 

geotechnical stability and to reduce air permeability. This will provide a stable platform for the Core 

of the NOEF. Placement of MS-NAF material is considered acceptable in this zone of the NOEF 

because: 

 The MS-NAF in the base will be encapsulated by the low permeability foundation below and 

the cover system above that will limit oxidation and the ingress of water. When stored in low-

oxygen environments, the generation of secondary oxidation products is significantly 

reduced. 

 Water percolating through the NOEF will pass through the overlying PAF material and will 

likely have reached its solubility limits. It is unlikely to produce any additional CoCs below 

the PAF material.   

 The base of the NOEF will also be protected from flood waters by the 100 year flood protection 

barriers keyed into the basal CCL.  

To maintain a low oxygen environment in the Base zone with limited transport mechanisms, both the 

existing and the planned base requires protection from flood inundation. Planning for flood 

protection via a combination of clay levees and bentonite cut-off trenches has already commenced for 

the southern extent of the existing NOEF and is not part of this EIS, as it is planned to be completed 

before the end of 2018.  The installation of post-EIS flood protection works can be seen in the staged 

development plans (Figure 3-18 to Figure 3-19). Early construction of the lower perimeter of the Base 

and Cover to above the 100 year ARI flood level will be scheduled to create a flood protection barrier, 

with the cover barrier layer (CCL) keying into the basal CCL. Flood protection of internal zones in 

between stages will be achieved either through self-standing clay core levees or the installation of 

barrier layers (such as a geomembrane or CCL) on the side of the base layer. 

3.4.4.3.3.3 PAF Core – for PAF and MS-NAFs 

The role of the Core zone is to provide an isolated zone in the long term with very low access to 

oxygen, to limit generation of oxidation products and heat. To better understand how and why the 

Core zone has been planned as it has in this EIS, some explanation of the factors that influence 

oxidation and transport (by water) within a rock pile are included below. 
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3.4.4.3.3.3.1 The Conceptual Model for Air and Water Movement through the NOEF 

The internal dynamics of the generation of oxidation products, and the movement of those products 

through the NOEF, is complex. The key processes and inputs to be considered include: 

 oxidation of sulphides and organic carbon generates heat; 

 the heat creates a thermal gradient between the NOEF and external environment (atmosphere), 

which can vary both seasonally and on a daily cycle; 

 the thermal gradient generates convective air currents that can deliver air deep into the NOEF 

and move gases into and out of the stockpile; 

 air movement through the NOEF depends on the material placement method used, batter 

geometry, material properties and properties of internal layers; and 

 air supply directly affects the oxidation rate of sulphides and organic carbon – thus, completing 

a loop. 

The ability of the pile to draw in oxygen (the air permeability) has a large influence on the rate of 

oxidation. The level of moisture and the material texture has an influence on the air permeability. 

Estimates of the rate of generation of oxidation products within the current NOEF were made for 

various levels of saturation (i.e. a measure of the moisture levels in the rock matrix) and material 

placement types from “Coarse” to “Compacted fine” (Figure 3-50), with advection currents being a 

key driver of oxidation rates. The conclusions that can be drawn from Figure 3-50 are: 

 The modelling indicates that as saturation increases, the gas flux (flow) decreases, and so does 

the generation of oxidation products (colloquially termed ‘acidity’).  

 The method of overburden placement can also significantly affect the gas flux and generation 

rate 

o “Coarse” refers to material placement processes and materials that generate coarse 

flow paths in the NOEF matrix, which have high capacities for air and water 

movement. Practices such as end-tipping breccia-type rocks off high lifts with no 

compaction can result in this style of matrix. 

o “Loose fines” would be typically representative of end tipping shale type materials 

that break up on impact and/or due to weathering and have a higher proportion of 

fines; 

o “Paddock dump intermediate” is representative of paddock dumping and 

compacting shale materials, which closes off a lot of pathways for gas movement; 

o “Compacted fine” represents paddock dumping of overburden and capping with a 

layer of fine-grained material, effectively smothering the rock so gas flows are 

minimal. 

From the analysis, it was concluded that portions of the existing NOEF are in the “Coarse” and 

“Loose fines” regimes. This gives an understanding of possible rates of generation of oxidation 

products that may be stored in the rock matrix of the NOEF (i.e. loads).  These results also provided 

the basis for designing future design for deposition and completion of the NOEF. 

 



MRM Overburden Management Project EIS 

3-122 

 

Figure 3-50  Oxidation (Acidity) Generation and Gas Flux for Different Saturation 

Levels in Different Overburden Placement Methodologies 

Further investigations into the role of advection currents on NOEF performance were undertaken. 

Parts of the existing NOEF PAF cell have one or more clayey-alluvial caps applied over them. The 

impact of these on gas flows through the existing NOEF were modelled. Figure 3-51 shows gas 

movements (coloured lines) in relation to a south-north oriented cross-section of the existing PAF cell 

(black line). The red line spikes above and below the ‘0’ line indicate high air movements into and out 

of an uncapped PAF cell. The application of alluvial caps (or “thermal blankets” as they were termed 

by the author) of 2 m thick (green) and 5 m thick (blue) could reduce these flows. Application of 

alluvial “advection barriers” to the PAF cell have commenced in 2016. Further detailed assessment of 

the efficacy of materials placement techniques and advection barrier specifications can be found in 

Appendix I – 7.5 Advection Cover Lift Height Assessment.  

Modelling for oxidation of rock through oxygen diffusion processes indicated that its penetration into 

a pile is related to particle size and moisture saturation. Higher moisture saturation levels lead to 

lower diffusion rates. Unsaturated materials will likely allow significant oxygen penetration up to 5 m 

into a pile, whereas 50% saturation can limit penetration to 2 m. Therefore, paddock dumping low 

reactivity material over more reactive rock can limit diffusive oxidation of the more reactive rock. 

Using this knowledge, diffusive loads were added into the conceptual model of the NOEF. 

The level of saturation of the existing NOEF is important to understand as it influences gas 

movements and seepage timing. When water enters the NOEF, it can move through the spaces 

between the particles. The type of the material and the level of compaction influences the nature and 

size of these pore spaces. Gravity can cause water to move down however, capillary action and 

evaporation can cause water to move up or stick to the overburden particles and stay ‘in storage’. 

When the pore space cannot hold any more water, it called ‘saturated’.  
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Figure 3-51  Existing NOEF Airflow Modelling of Alluvial Caps 

Moisture content sampling from the field drilling campaigns through the existing NOEF indicated 

that moisture contents were low in most parts of the NOEF (Figure 3-52). The PAF cell had very low 

levels of moisture, conceptualised to be a result of the heating driving moisture out of the facility. 

Therefore, oxidation products being generated in the PAF cell are remaining in storage. 

 

Figure 3-52  Volumetric Water Content in Drillholes through the PAF Cell (Looking 

East) 
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The conceptual model for areas that are wetted up is shown below in Figure 3-53.  

 

Figure 3-53  Conceptual Parts of the NOEF ‘Wetted Up‘ in 2016 

Source: O’Kane 

Modelling of both oxidation processes and water flow processes was completed to develop models of 

load transport from the NOEF over time (Appendix P – NOEF Assessment for Waste Placement, 

Footprint Seepage and Water Quality). Other key conceptual findings as a result of this work 

include: 

 Infiltrating waters in the NOEF travel largely in a vertical direction towards the foundation. 

Internal sloped CCLs result in only minor deflections of the seepage pathways due to the 

limited permeability contrast between the CCL and rock, and limited slope angles.  

 Geochemical modelling indicates that concentrations of many elements in the moisture within 

the NOEF are likely to be solubility controlled, therefore seepage will have relatively constant 

values for a long time. This means that loadings from the NOEF will be directly related to the 

rate of water flow through the NOEF as infiltration.  

 Net Percolation (NP) through the outer protective cover of the NOEF is the main potential 

inflow of water into the NOEF in the long term. NP is proportional to the NOEF footprint 

area. Therefore, for the same cover system specifications, a reduced footprint will result in 

smaller loadings to seepage. 

 The MRM overburden is characterised by a very high acid consumption capacity, and even 

PAF lithologies contain a high intrinsic buffering capacity. The principal water quality related 

issues to manage over time are likely to be saline and neutral metalliferous drainage with 

elevated sulphate and zinc levels in seepage waters. 

 Due to the height of the NOEF, the seasonal response of seepage movement towards the 

foundation is muted, with the increased wet season infiltration rates observed more as 

relatively constant seepage rates over a whole year at the foundation. 
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3.4.4.3.3.3.2 The Application of the Conceptual Model 

The Core zone is an internal zone completely encapsulated by a minimum 5 m true thickness of MS-

NAFs in the Base and Halo, and will contain a mix of materials including PAF(HC), MS-NAF(HC) 

and MS-NAF(LC). Moving the PAF core away from the exterior of the NOEF will reduce the risk of 

generation and transportation of oxidation products, particularly in case of a temporary breach of the 

cover system.  

The existing NOEF PAF cell will form part of the PAF core, but will be isolated from the new material 

by a low air permeability advection barrier layer, which will limit advection of oxygen into the 

existing stockpile. The aim is to lower oxidation rates and reduce internal temperatures by shutting 

off the oxygen supply to the core. Based on modelling results, a 0.5 m to 1.5 m thick barrier layer of 

clays, silts or sands will be used without moisture addition at placement densities readily achievable 

in the field to form suitable barriers. Gravels and cobbles are unlikely to be suitable. The addition of a 

1.5 m thick NAF armour layer over the barrier will provide erosion resistance and diffusive protection 

if the slope will be exposed for an extended period of time. This gives the mine flexibility to use the 

available materials to meet the objectives. These works will be completed under an MMP amendment 

prior to the commencement of the Project, and so is not discussed in detail here. 

The Core of the NOEF will be constructed with oxygen advection limiting techniques, including: 

 Construction in thin lifts of 2 m thickness or less to limit particle segregation and enable 

consistent compaction through the rock matrix; and/or 

 Construction in lifts up to 7.5 m high with regular advection barriers composed of suitably 

compacted and moisture conditioned fine-grained materials; and 

 Each inter-stage face that will be exposed for over six months will have advection barriers 

incorporated into it (refer to Figure 3-68). 

Note that with higher lifts, normal mine practice is to paddock dump out the bottom, then tip over 

this from the top – so a 7.5 m lift would consist of a 2 m paddock dump at the base and a 5.5 m high 

tip head over it. The advection and diffusion limiting performance of paddock dumping and higher 

lifts with advection barriers was investigated in detail, and is documented in Appendix I – 

7.5 Advection Cover Lift Height Assessment and Appendix P – NOEF Assessment for Waste 

Placement, Footprint Seepage and Water Quality. It showed that even with very conservative 

parameters for the advection barrier case (no progressive capping, only capping at the end of each lift 

and variable saturation (%S)) the performance of paddock dumping and advection barrier capping 

was similar. Refer to Figure 3-54 below. Note that the “500 m cells” case was an option of capping 

very small cells; whilst the performance was excellent, there is not enough alluvial barrier materials to 

pursue this option on a NOEF-wide scale however, it could be used on more reactive overburdens as 

a special case. 
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Figure 3-54  Comparison of Relative Modelled Oxidation Loads for Various 

Placement Methods 

The geometry of the internal faces of the core has a batter and berm configuration to enable flexibility 

in construction. The 35 m wide berms are left every 15 m vertically for use as haul roads (refer to 

Figure 3-55), with local ramps up and down to support material placement where required at the lift 

heights being used. The berms also provide access to the Halo and Cover zones. The Cover is 

preferred to be constructed in dry weather, so it may lag behind the other zones of the NOEF. The 

internal batters of the inter-stage areas are designed at slopes of 1V:2.5H , which is the angle at which 

dozers can push material and compact it in both up-slope and down-slope directions. Again, this 

provides flexibility to build advection barriers from whatever direction is required.  

Reactive PAF (PAF(RE)) will be stored in one of two specific PAF(RE) cells in the core zone (Figure 

3-47). The footprint of the PAF(RE) cells will be large enough to have a suitably low rate-of-rise such 

that the risk of large scale self-heating and combustion is limited. Critically, for the early part of 

PAF(RE) cell development, the cell is isolated from other operational areas – this gives time to refine 

the exact interval between advection barriers, maximum rate-of-rise, and level of compaction with 

low risk of heating impacting other parts of the facility. By the time the PAF(RE) cells are enveloped 

by the main Core zone, the methods to control the PAF(RE) will be well understood. 

3.4.4.3.3.4 Reactive PAF Cells 

The PAF(RE) will be placed in 2 m lifts or paddock dumps with heavy compaction. Prior to each wet 

season, an advection barrier layer will be placed to seal the material off from oxygen, followed by a 

low lift of MS-NAF to further limit gas diffusion and water infiltration, and reduce erosion of the 

advection barriers. These techniques have been used effectively in 2016 for managing the placement 

of PAF(RE). 

Scheduling guidelines to limit the mining of PAF(RE) during the wet season will be used to reduce 

the volume of PAF(RE) that is exposed to wetting, which is a known trigger of enhanced oxidation.  
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Figure 3-55  NOEF Inter-stage Faces and Vehicle Access 

3.4.4.3.3.5 The Halo Zone 

The Halo comprises a layer placed around the top and sides of the Core (Figure 3-47). Specifically, the 

role of the Halo zone includes: 

 acting as a thermal barrier between the Core and the barrier layer in the cover system, should 

any hot zones be present; 

 providing a buffer between the Core and potential erosion of the outer part of the NOEF; and 

 providing a suitable stable and smooth substrate/base for the cover construction. 

The Halo will be constructed from MS-NAF or better, in lift heights of 7.5 m or less, with the lift 

height varied to suit the applicable cover construction method. The true thickness will be between 5 

m and 20 m: the final thickness will depend on material availability and the cover construction 

technique (refer to Section 3.4.4.3.5.2.2).  

3.4.4.3.3.6 The Cover Zone 

The role of the Cover zone is to restrict oxygen ingress, store water to promote plant growth, and 

shed excess water down purpose-built drains in higher intensity rain events whilst resisting erosion. 

It works together with the landform (overall size and shape) to achieve these goals. It must have a 

high degree of constructability, using skills, methods, equipment and materials readily available and 

at a rate consistent with the needs of the mining schedule. The materials used in oxygen and water 

management controls must be resilient or easily renewed/replaced considering the life of the facility. 
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The landform was selected based on consideration of aesthetics, footprint (and hence potential 

seepage rates), stability, and erosion performance. Extensive materials characterisation and several 

methods of erosion modelling were conducted to rigorously assess the likely range of performance of 

MRM specific materials in a cover application (Appendix K – Erosion Assessment for OEF 

Landform Configurations). A graphical summary of the size distribution of the cover materials and 

their likely erosion rates on the MRM landform is shown in Figure 3-56 below. This chart indicates 

that fine-grained materials (topsoil, alluvium) that are good for vegetation moisture retention are 

highly erosive, whilst coarser rock performs well in resisting erosion. This has been considered in the 

selected base case cover system. 

 

Figure 3-56  Cover Materials Characterisation and Estimated Erosion Rate (High to 

Very Low) 

Comprehensive detail on the selection, modelling, and specifications of the cover system and its 

performance can be found in Appendix J – NOEF Cover System and Landform Design, with the key 

information extracted below. 

The cover system is the only portion of the NOEF that must be constructed from benign materials. 

There are slight differences between the cover system for the plateau and the batters, due to the 

different risks associated with geotechnical stability, water management and erosion. Whilst there are 

several possible cover systems that can meet the objectives required (refer to Chapter 7 – Project Risk 

Assessment), the base case cover system selected is described below. 

The NOEF plateau cover system (Figure 3-57) will comprise: 
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  A barrier layer at the base (nominally a 0.5 m CCL with a maximum saturated permeability of 

1 x 10-9 m/s) placed over a thin layer of fine-grained alluvial material rolled into the halo to 

reduce the risk of piping failure. 

  Overlain by a 0.5 m thick drainage layer of coarse LS-NAF rock, linked into the surface 

drainage system. This is required to convey excess water during intense rainfall events off the 

barrier layer, reducing ponding and NP. 

 Overlain by a 1.5 m thick alluvium GM zone and topsoil. The fine-grained GM will enhance 

plant establishment and evapotranspiration, whilst coping with the low erosive forces present 

on the gently sloped plateau. A 0.1 m thick topsoil layer will be placed over this growth 

media. 

 The plateau is to be separated into sub-catchments, with surface water runoff to be conveyed 

down purpose built drains incorporated into the haul ramps. The drains will include an 

underlying geomembrane to provide initial stabilisation through the adaptive management 

phase, with suitably sized coarse durable LS-NAF rock utilised for drain construction. 

 The crest of the plateau will be higher than the interior where practicable, to shed water away 

from and prevent overtopping of the crest. Effective drainage around the crest will enhance 

geotechnical stability of the steeper upper slope section of the NOEF.  

The process to determine suitable vegetation to be planted on the NOEF is covered in Section 4.9 of 

Chapter 4 – Decommissioning, Rehabilitation and Closure. Rehabilitation trials will be undertaken 

to establish the final species, types (tubestock or seed), planting densities and succession strategy to 

establish a self-sustaining vegetation community. 

 

Figure 3-57  Typical Cover System Layers for the Plateau 

The base case batter cover system is defined as: 

 A barrier layer at the base of the cover system, consisting of a 0.5 m thick CCL with a maximum 

saturated permeability of 1 x 10-9 m/s placed over a thin layer of fine-grained alluvial material 

rolled into the halo to reduce the risk of piping failure. 
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 A 2.0 m thick GM layer comprising coarse LS-NAF(HC) to provide acceptable erosion 

performance and adequate drainage whilst balancing the requirements of supporting 

vegetation and maintaining the saturation of the CCL.  

 A 0.1 m thick topsoil layer, integrated into the GM layer to control the potential for excessive 

topsoil erosion but enable vegetation establishment. 

 Limited vegetation establishment is expected to occur on the upper rocky slopes, particularly 

the steeper slopes. Vegetation establishment on the lower slopes is anticipated to be 

successful with an anticipated resultant appearance consistent with the rocky escarpments 

and vegetated lower slopes of the surrounding area. 

 Depending on the season and location, soil stabilisation methods such as hydromulching or 

erosion matting may be utilised. 

 

An alternative cover system was identified as having the potential to offer higher levels of 

performance if required. Chapter 5 – Project Alternatives describes a variation of the base case cover 

system with a bituminous geomembrane (BGM) replacing the CCL as the barrier layer. A BGM is a 

manufactured product up to 5.6 mm thick, meaning the physical properties of the barrier are very 

consistent compared to natural materials, and more robust than thin liners like HDPE. Bitumen also 

has extremely low rates of degradation in buried environments like on the NOEF. With careful 

installation techniques and protective layers above and below the BGM to reduce the risk of puncture, 

the installed permeability would likely be in the Very Low (less than 5%) range, making it ideal for 

use in higher risk areas, such as above the existing NOEF PAF cell where higher loads are present. As 

described in Chapter 5 – Project Alternatives, further investigation and validation of installation 

methods, as-built performance, and longevity will be required before this alternative could be 

considered for large scale operational use.  

3.4.4.3.3.6.1 Cover Construction – with CCL Barrier 

The process of constructing the cover system will depend on the geometry, weather conditions, and 

machinery available for use at the time; however, examples of typical construction methods are 

discussed here. 

3.4.4.3.3.6.2 Lower and Middle Slopes 

The batter angles have been carefully selected to enable relatively simple and efficient construction of 

the majority of the batter. For the lower 1V:4.5H and middle 1V:3.5H slopes, conventional mining and 

civil construction machinery can work on the substrate and CCL up and down the slope, and across 

the slope (Figure 3-59). 

The halo rock is pushed to the required angle with dozers then sheeted with a thin layer of fine-

grained material (typically alluvium, or heavy media rejects, with this surface trimmed by graders 

and rolled.  

The barrier layer would be applied over this substrate. Where this is a CCL, scrapers or trucks would 

deliver the moisture conditioned clay to the slope. It is then spread out and compacted, with 

additional moisture added as required. The layer thickness developed at any one time depends on the 

equipment used for construction and QA/QC testing, but is typically 300-350 mm uncompacted for a 

250-300 mm compacted thickness – requiring two lifts to complete the 0.5 m thick CCL. 

Once the upper final lift of CCL has been compacted, final trimming by the grader is completed and 

remaining QA/QC undertaken.  
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Moisture is periodically added as required to maintain CCL condition until the QA/QC results are 

confirmed, after which the drainage layer will be added. The drainage/GM rock will be delivered by 

truck to the crest or toe of the slope (dictated by access), and then spread over the CCL by dozers, 

loaders or excavators. Topsoil application will be managed the same way.  

The slope is then ready for revegetation. Depending on the season and location, soil stabilisation 

methods such as hydromulching or erosion matting may be utilised. 

3.4.4.3.3.6.3 Upper Slopes  

The steeper upper slope angle (1V:2.5H) was selected because, whilst it precludes working across the 

slope, tracked machinery are able to work both up and down this gradient. For tasks normally 

conducted with rubber-tyred equipment, specialised machines (such as tracked compactors as shown 

in Figure 3-60) or techniques (such as winch-assistance of compactors and water carts) could be used 

to construct CCL up and down the slope. 

Alternatively, construction techniques commonly used in the construction of clay core dams could be 

used. This would see the CCL constructed in thin horizontal strips, supported by the Halo on one side 

and the drainage/GM rock layers on the other side. A step-by-step example is illustrated in Figure 

3-61. Note how the width of the Halo zone is expanded as required to enable safe construction of the 

Halo and delivery of construction materials whilst enabling cover works to continue. 

3.4.4.3.3.6.4 Plateau  

The cover on the plateau is relatively simple to construct due to the low slope angles. Techniques and 

equipment used would be similar to that described for the lower and middle slopes. 

Drains will require selective materials to be sourced and placed, using civil construction machines 

and techniques. 

 

 

Figure 3-58  Trial Batter Slopes for Construction Machine Accessibility 
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Figure 3-59  Construction Machinery Constructing a CCL across a 1V:3H Slope 

 

 

Figure 3-60  Sakai CV550 Roller Working Up-slope 
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Figure 3-61  NOEF Halo And Cover Construction Methodology For Upper Slopes 
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3.4.4.3.3.7 Water Management System 

A surface water management system will be implemented across the NOEF to manage the variable 

climatic conditions that can occur at MRM. Chapter 8 – Water Resources provides more details on 

site water management, including conceptual stage plans for water management on and around the 

NOEF. 

3.4.4.3.3.7.1 Cover System Water Management 

The plateau is divided into several approximately equal sub-catchments to divide flows from the 

plateau area. Each plateau sub-catchment is graded towards a dedicated wide, rock-lined central 

swale that intercepts the shallow sheet flows and conveys it to one of six plateau outlets, located at the 

top of access ramps. These areas provide a transition into to the steeper drainage located along ramp 

access corridors, to the outlet at the base of the ramps. The ramp corridors are designed for two way 

haul truck traffic, as such they are 50 m wide, which includes provision for an 18 m (top width) 

drainage corridor. 

 

Figure 3-62  MRM landform showing key drainage features 

The drains for the final landform are constructed with a geomembrane at the base to limit infiltration, 

overlain by a drainage layer and interlocked rip-rap (Figure 3-63). On the plateau, the drainage layer 

in the cover system will connect with the drainage layer in the drains. The plateau drains connect to 

large ramp drains that have been incorporated into the sloping 1V:10H haul ramps. The ramps have 

been designed wider than standard to allow for haulage for construction and long-term maintenance 

whilst not interfering with drainage requirements.  

The ramp drains have been designed to be close to the PRODs. During the operational phase of a 

NOEF stage, runoff could be expected to be not of discharge quality, and would need to report to the 

contaminated water management system. Once the cover system had been constructed on the stage 

and the runoff was verified as being suitable for discharge, the drainage direction would be switched 

away from the PROD to a sediment management structure. An example of a sediment basin planned 

to service the northwest stage is shown in Figure 3-64.  
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Figure 3-63  Typical Cover System Drain Sections 

 

Figure 3-64  Northwest Sediment Basin System 
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Details on the cover drains can be found in Appendix J – NOEF Cover System and Landform 

Design. Details on the sediment basin systems design criteria, designs and technical drawings can be 

found in Appendix AD – NOEF Surface Water Management Sediment Dams and Stilling Basins. 

Discussion of the operation of these systems as part of the water management system can be found in 

Chapter 8 – Water Resources and Appendix U – Surface Water Impact Assessment Report.  

3.4.4.3.3.7.2 Operational Areas Water Management 

Each NOEF stage will also have a contaminated water management system. The size of the NOEF and 

rate of development makes it impractical to reliably equip active work areas with low infiltration 

layers and sloped pathways to the PRODs during the wet season. However, good industry practice 

dictates that surface slopes will be designed to restrict the amount of surface pooling and provide free 

drainage off the working surface. 

Where material availability allows, inactive work areas will have a temporary layer of alluvium 

applied before the wet season to reduce infiltration. Trials on the NOEF and SOEF in 2016 indicate 

this could almost halve infiltration rates compared to bare rock. 

Where practicable, runoff from the non-benign surface will be directed into PRODs. Otherwise, runoff 

and seepage will be collected in the basal drainage system (described earlier) and transferred to the 

PRODs or other contaminated water storages connected to the network. Works in stages where non-

benign materials are being placed will have appropriate bunding or levees to separate clean and 

potentially contaminated waters.  

3.4.4.3.3.7.3 Perimeter Runoff Dams 

The PRODs could be designed in several ways to achieve the design objectives and will be 

constructed in consideration of the physical setting of each individual structure. Possible construction 

details include: 

 a clay core dam wall and base with armour and drying protection (as per the existing SPROD); 

 an earth perimeter wall with low permeability liner (the existing SEPROD facility uses a CCL, 

and the existing WPROD facility uses a composite compacted clay/HDPE liner); 

 wall batter angles to provide a satisfactory Factor of Safety (FoS);  

 underdrains for seepage and/or regional groundwater control as required; 

 armour against high velocity external floodwaters as required; and 

 internal chimney drains to mitigate against instability. 

Chapter 8 – Water Resources describes the operational parameters for the PRODs and other water 

management systems on and around the NOEF. 

EPROD is the only PROD planned to be constructed during the Project period. The lower portion of 

the northern and eastern wall was constructed in 2014 as a central clay core embankment (Figure 

3-65) style facility, with a cut-off below the embankment through in-situ sandy zones. The detailed 

design of the remainder of this dam will be reviewed in conjunction with further groundwater impact 

assessment and water balance modelling to finalise the performance requirements and then the 

design parameters. Construction is planned for 2019 (Figure 3-18). 
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Figure 3-65  EPROD Typical Embankment Section 

Surface water management of borrow areas (including topsoil, alluvium and clay) will be managed in 

accordance with accepted industry practice, both during operations and rehabilitation. Clean water 

diversion drains and bunds will reduce water reporting to the borrow areas. Where possible, they 

will be designed to be self-draining through sediment traps, otherwise pumps will be utilised to 

transfer water through sediment traps before being released. 

All material excavated from borrow areas will be stockpiled in dedicated areas, as detailed in the 

staged plans (Figure 3-17 through Figure 3-25). These stockpiles will be temporary in nature, with 

material being used for encapsulation, stabilisation and rehabilitation purposes. The operation and 

rehabilitation of these stockpiles will be in accordance with standard industry practice, including 

installation of topsoil bunding around the upslope sides of these stockpiles to divert clean water 

around the sites, and the installation of appropriately designed sediment controls on the downslope 

sides to control the risk of off-site movement of stockpiled materials.  

3.4.4.3.4 Materials Requirements and Sources 

Specialised layers are planned for construction in various landforms on site, most commonly in 

capping layers and rehabilitation. The most commonly used materials are the benign material types 

of topsoil, clay, alluvial material and LS-NAF(HC). This section outlines the sources for these 

materials, with a particular focus on the NOEF. Further LOM balances are discussed in Chapter 4 – 

Decommissioning, Rehabilitation and Closure, whilst a report on the field investigations is in 

Appendix AH – Preliminary Clay Resource Estimate.  

Table 3-11 below, a summary of the site materials balance, indicates there exist adequate benign 

resources on site to fulfil the site closure and rehabilitation requirements. 
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Table 3-11  Site Materials Balance Summary 

Material 

Required 

thousand cubic 

metres (000 m3) 

Available  

000 m3 

Balance 

000 m3 % 

Topsoil 1,998 2,011 13 101% 

Clay 8,637 12,638 4,001 146% 

Alluvium 16,617 17,579 962 106% 

LS-NAF(HC) 13,858 29,800 15,942 215% 

Total 41,111 62,029 20,918 151% 

 

3.4.4.3.4.1 Topsoil 

Topsoil is recognised as a resource at MRM. Replacement of topsoil on disturbed areas will be 

required when undertaking rehabilitation, so when new areas are disturbed, topsoil is removed and 

either used directly on other areas requiring rehabilitation, or stockpiled for later use. An inventory of 

topsoil resources is updated annually to track resources. The topsoil requirements for rehabilitation 

will be sourced from existing stockpiles and future disturbed areas. 

3.4.4.3.4.2 Clay 

The primary use of clay will be in the CCLs as the low permeability barriers in the NOEF and WOEF 

cover systems, and in the basal foundation layer of the NOEF.  The other major uses on site include 

the base and embankments of water management structures and in the TSF embankment walls.   

The open cut is a major source of clay over the LOM, however the NOEF also has useful clay 

resources. The foundation of the NOEF needs to be modified to provide positive drainage to specific 

locations, which requires cutting back some of the alluvial materials close to the surface. The clays are 

typically recovered as part of the alluvial sequence, and will therefore be sourced from within the 

footprint of the existing planned infrastructure. If additional clay is required, extra resources have 

also been identified in borrow pits external to and surrounding the NOEF.  

The site progression plans (Figure 3-18 to Figure 3-25) show the use of clay stockpiles around site 

over the LOM. The stockpiles are not limited in height however, geotechnical stability and water 

management generally limits the planned heights to up to 20 m. The water management requirements 

for stockpiles are discussed in Chapter 8 – Water Resources.  

3.4.4.3.4.3 Alluvial Material 

Alluvial materials play a major role in reducing oxidation rates in the NOEF, through their use in 

advection barrier layers constructed in strategic locations throughout the internal structure of the 

NOEF.  As such it is important that the available alluvial resources are efficiently utilised.   

The majority of the alluvial material is sourced from the open cut and Woyzbun Quarry pre-stripping 

early in the LOM, as they are mined from the upper portion of the stratigraphy (Figure 3-66). If 

further quantities are required, they can be sourced from the NOEF clay borrow pits.  
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Alluvial material for NOEF advection barrier requirements are at a relatively constant rate 

throughout the entire NOEF operational period (up to 2032). Whilst it is expected that some alluvial 

material will be able to be mined and placed directly on the destination where it is required, the 

majority of the alluvial material will require stockpiling and rehandling. Stockpiles of alluvial 

material are not restricted to low total heights like topsoil, though end tipping may result in 

undesirable particle segregation. Sediment management structures will be required between the 

stockpiles and receiving waters. The water management requirements for stockpiles are discussed in 

Chapter 8 – Water Resources. 

 

Figure 3-66  Profile Through Alluvium in the Open Cut Showing Various Material 

Types 

3.4.4.3.4.4 LS-NAF(HC) 

The primary use for LS-NAF(HC) on site is for the NOEF cover system. It will be utilised to form the 

2 m thick GM layer on the NOEF embankments, and the 0.5 m thick drainage layer which underlies 

the alluvial GM layer on the plateau. Other site uses include the WOEF cover, Barney hill cover, 

armouring and TSF embankment buttressing.  

The materials balance shows a significant surplus of LS-NAF(HC) material available on site.  Note 

that all the LS-NAF(HC) for the NOEF cover system comes from the Woyzbun Quarry, an area mined 

exclusively for the provision of benign material for closure/rehabilitation purposes, rather than 

accessing ore from the open cut.  Therefore only as much LS-NAF(HC) will be mined to meet site 

demands. Extraction of LS-NAF(HC) from the Woyzbun Quarry can be stopped at any time once the 

supply of benign material is no longer required, with the bottom benches of the Quarry remaining in-

situ unmined. Note that a stockpile of LS-NAF(HC) material will be mined and left on the surface for 

site repair and remediation in the closure phase. 

3.4.4.3.5 Operational Development 

3.4.4.3.5.1 Stage construction 

Staged construction of the NOEF is desirable so as to allow early, progressive rehabilitation. This 

reduces stockpile sizes, stockpiled time (i.e. degradation of topsoil), and the quantity of mine-affected 

water to manage. The future NOEF has been designed with 6 additional stages (Stages 2 to 7), with 

Stage 2 built on top of the existing West and CW development up to the full height of the new NOEF 

(Figure 3-67). Stages 3 to 7 develop progressively in a clockwise direction from Stage 2.  The two 

PAF(RE) cells are also situated within the centralised portion of Stages 2 and 6, as far away from the 

NOEF toe as is practicable. 
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Figure 3-67  NOEF Stage Plan 

To demonstrate how construction of the various zones of the NOEF may work in reality for a stage, a 

series of construction diagrams have been created. Figure 3-68 to Figure 3-71 conceptualise the 

development of the northeast stage of the NOEF, with a description of the key activities during each 

snapshot included below. Details of the LOM surface water management system can be found in 

Appendix U – Surface Water Impact Assessment Report. 

 2022a: 

o the clay borrow pit has been mined previously, with materials used directly on the 

NOEF or stockpiles to the north of the stage; 

o the foundation of the borrow is prepared to be the NOEF foundation by proof rolling 

the natural materials, replacing unsuitable sections with basal CCL, cutting off any 

preferential pathways, and QA/QC to confirm a low permeability stable foundation; 

o shaping to suit the drainage pattern; 

o the sub-soil drains and collection system are then constructed; 

o in the dry season, the outer perimeter of the Base and Cover zones (including the 

barrier layer) are built up to above the 100 year flood level to provide flood 

protection for the stage; 

o the cover barrier CCL will tie into the basal CCL; and 

o the inter-stage face (green) has advection barriers built into the exposed face to limit 

air ingress; 

 2022b: 

o the Base zone is constructed. MS-NAFs and any coarse alluvial material unsuited to 

the foundation will be used to build up a 5 m lift; 
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 2023a: 

o the Core zone commences with the placement of PAF and MS-NAFs on the base: 

 access will be via the central corridor using the ramp and berms left behind 

on the previous stage faces; and 

 alluvial materials will be rehandled from the stockpiles to the north of the 

NOEF. 

o the lifts will be sloped towards the southeast to encourage runoff toward EPROD and 

away from the external face: 

 if required, small bunded sumps will be constructed on the north face to 

collect any northern runoff for quality assessment; and  

 contaminated waters will be pumped into EPROD. 

o the Halo zone will be built up in 7.5 m lifts with outer batters at 1V:4.5H; and 

o the cover construction crew will wait until sufficient area of halo is prepared before 

commencing their works. 

 2028: 

o the Core and Halo have been built up over the 2023-2028 period: 

 advection barriers have been incorporated into the southern face of the stage 

to protect the inner materials; and 

 runoff is directed into EPROD. 

o Cover construction has followed, using clay sourced from the northeast stockpile, and 

LS-NAF(HC) rock on the batters sourced directly from the Woyzbun Quarry in the 

open cut area; 

o once the stage has reached full height, preparation for the top cover can commence:  

 on the plateau, the cover system uses alluvial material as the main growth 

media material, sourced from the stockpile; and   

 drains are built from screened Woyzbun Quarry rock. 

o water runoff from the cover is now separated from non-benign runoff, and so can be 

directed away from EPROD and through a sediment basin. 
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Figure 3-68  Foundation Preparation 

 

Figure 3-69  Base Zone Construction 
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Figure 3-70  Core and Halo construction 

 

Figure 3-71  Upper Lifts and Cover Construction 
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3.4.4.3.5.2 NOEF Schedule 

The indicative NOEF overburden placement schedule by stage by year is provided in Table 3-12 and 

Figure 3-72. 

Table 3-12  NOEF Overburden Placement Schedule by Stage 

Row 

Labels 

STAGE 2 

000 m3 

STAGE 3 

000 m3 

STAGE 4 

000 m3 

STAGE 5 

000 m3 

STAGE 6 

000 m3 

STAGE 7 

000 m3 

PAF(RE) 

Cell 1 

000 m3 

PAF(RE) 

Cell 2 

000 m3 

Grand 

Total 

000 m3 

2018 5,366 5,579         878   11,823 

2019 20,345 5,399         4,247   29,991 

2020 5,699 17,307 3,727       34   26,766 

2021   1,482 18,716       3,450   23,649 

2022     13,345 9,806     1   23,152 

2023     555 23,259     1,646   25,460 

2024       6,593 17,898   507   24,998 

2025         23,293   171   23,465 

2026         12,160 10,101 204 1,266 23,732 

2027         3,150 19,339   861 23,350 

2028         305 19,864   3,674 23,844 

2029           9,981   6,531 16,512 

2030           761   1,865 2,625 

2031           5,615   75 5,691 

2032           919     919 

Total 31,410 29,767 36,343 39,659 56,806 66,581 11,138 14,272 285,976 
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Figure 3-72  NOEF Overburden Placement Schedule by Stage 

As can be seen from the indicative schedule, the stages are built in sequence, with a focus to complete 

a stage promptly to enable progressive rehabilitation. However, there is some overlap between the 

stages to allow enough time for foundation preparation and base zone construction of the next stage, 

to provide capacity for non-benign material while the upper halo zone and cover system is applied to 

the previous stage.  It is also driven by the flow of certain materials types from open cut mining, and 

attempting to optimise their placement within the various NOEF zones. Whilst the open cut mining 

stages and sequence have been designed to give some flexibility in the timing of materials delivery, 

the main beneficiary of this is PAF(RE). PAF(RE) mining is restricted during the wet season. The 

figure shows the use of the PAF(RE) Cells throughout the NOEF life, with the small ‘spikes’ 

associated with the same lithological unit being mined in each stage.  All overburden mined post 2032 

goes to the In-pit Dump. 

Indicative development of the NOEF stages can also be observed in the animation 

(https://goo.gl/o4mO4B). 

3.4.4.3.5.2.1 NOEF Zone Material Classification Composition 

While preferences in terms of overburden classifications in the various NOEF construction zones are 

set up in the mining schedule, presentation of the different overburden classes to the mining 

equipment at any point in time doesn’t always perfectly match the preferred material placement zone 

available.  For this reason, combined with the fact that some zones are simply of greater capacity than 

their “preferred” overburden class, each zone will generally contain a number of different 

overburden types of various proportions (refer to Figure 3-73).  

0

5,000

10,000

15,000

20,000

25,000

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

V
o

lu
m

e 
(0

00
 m

3)
 

NOEF Overburden Placement by Stage 

STAGE2 STAGE3 STAGE4 STAGE5

STAGE6 STAGE7 PAF(RE) Cell 1 PAF(RE) Cell 2

https://goo.gl/o4mO4B


MRM Overburden Management Project EIS 

3-146 

 

Figure 3-73  Proportion of NOEF Zone by Overburden Class 

3.4.4.3.5.2.2 Cover Construction 

Construction methodology of the Cover zone is detailed in Section 3.4.4.3.3.6.1, however it is 

developed progressively to enable each Stage to be ‘sealed’ up for rehabilitation to commence as soon 

as practicable.  Figure 3-74 shows the volume of Cover zone material placed (made up of LS-

NAF(HC) and alluvial material types), indicating how it is achieved progressively throughout the 

entire life of the NOEF.  The regular peaks evident in the figure coincide with the completion of each 

stage, when the large amount of alluvial material is placed on the large plateau surface area. 
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Figure 3-74  Cover Construction by Stage 

3.4.4.3.5.2.3 Exposed Surface Area of the NOEF during Construction 

The exposure of non-benign materials to the atmosphere can enable oxidation to occur, which can 

become a source of possible contamination. The staging and scheduling of the NOEF has two primary 

methods to limit the generation of these loads: 

 the use of fine-grained advection barriers constructed from alluvial material, with an MS-NAF 

armour layer to reduce erosion and diffusion; and 

 the construction of the cover system. 

The mine schedule is able to track the exposed area in the NOEF by overburden class throughout the 

LOM of the facility, as indicated in Figure 3-75. It shows the plan to transition from the current NOEF 

with a large surface area of non-benign material exposed, to increasing amounts of benign cover. 

Note that the PAF(RE) cells are always covered by an advection barrier and MS-NAF armour each 

wet season, so they are shown as MS-NAF. Similarly, the Core zone of the inter-stage areas are also 

protected. This leaves only the active construction stage that is constantly changing as the exposed 

area of PAF each wet season. 
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Figure 3-75  Overburden Class Surface Area Exposed at Start of Wet Season 

3.4.4.3.5.3 Construction Controls 

The strategy for managing the placement of overburden in the NOEF includes: 

 The Mine Planning Department develops forecasts using the block model data to allocate 

mined overburden to appropriate destinations. As discussed in Chapter 6 – Materials 

Characterisation, different overburden materials are managed in different ways to achieve 

the site objectives. Depending on the material being mined, a specific zone of the NOEF will 

be nominated for placement. 

 A Fleet Management System utilising GPS sensors on load and haul machinery will record 

actual material source, type and destination. Destination type rules are established to restrict 

where materials can be placed without alarms. Exception reports provide the opportunity to 

rectify misplaced loads as part of QA/QC procedures; and 

 Adoption of QA/QC processes for critical constructions such as barrier layers, covering details 

such as lift heights, placement methods and moisture control and compaction effort. 

The construction of the NOEF will extend over the majority of the LOM, with construction scheduled 

to extend until approximately 2032. Materials properties, technology, and operational experience can 

change over time. Therefore, refinements to the design and construction methodology of the NOEF 

could potentially be required over the life of the facility to optimise the construction whilst meeting 

the performance objectives. Flexibility in the design and operations approach in how to effectively 

achieve the performance is proposed.  

3.4.4.3.5.4 Instrumentation and Monitoring 

In order to understand how the facility is performing compared to the conceptual models and 

commitments, data will be gathered and analysed throughout the Project. The facility has many 

variables that are planned to control potential sources of contamination, or the NOEF related 

pathways between sources and receptors. The effectiveness of these controls will provide guidance as 

to whether mitigation actions are required. 
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A conceptual design for a monitoring system to gauge the effectiveness of the NOEF design and 

construction methods in limiting the generation and transport of oxidation products has been 

completed, with the details included in Appendix O – NOEF Closure Monitoring System Report. 

Three sets of systems are proposed to cover varying areas of the NOEF that may have different 

materials used in construction. Such a system is shown in Figure 3-76.  

The following summarises the proposed monitoring system for each monitoring criteria formulated 

based on the design objectives:  

 To demonstrate cover system performance in terms of limiting NP, a large scale lysimeter will 

be used to measure NP directly below the cover system.  Completing the water balance of the 

NOEF will provide information which satisfies the key performance monitoring objective of 

understanding the various controls of NP.  Several monitoring systems will be established to 

cover all components of the water balance including soil monitoring stations at the plateau 

and slope sections of the NOEF and runoff and interflow monitoring stations. 

 A complete meteorological station will be installed at the plateau of the NOEF to capture all 

climate parameters required for the NOEF water balance.  Secondary meteorological stations 

at the slopes to capture spatial difference in wind speed, direction and net radiation for that 

sector of the NOEF will also be installed.  In addition, area specific climate data will enable 

validation of model performance for distinct areas of the landform.  

 A watershed-scale runoff and interflow monitoring system will be critical in closing a complete 

water balance for the entire NOEF.  A smaller scale runoff and interflow monitoring system 

will be constructed on the slope to characterise runoff and interflow water volumes.  

 To demonstrate cover system performance in terms of vegetation establishment, a designated 

area will be used for ground vegetation surveys.  A time-lapse camera may be used to record 

vegetation growth in addition to periodic aerial surveys.  

 To validate the landform design concept, erosion will be measured using a sediment collection 

system as part of the runoff monitoring system.  Periodic aerial and/or ground surveys will 

also support erosion data including the sizing of potential gully and rill formations.  

 Pressure transducers will be installed above the CCL to monitor water level changes.  This will 

validate effectiveness of the cover system and landform design.  

 To demonstrate cover system performance in terms of limiting oxygen ingress, oxygen sensors 

will be installed above, below and within the cover system CCL to indicate oxygen 

concentrations through the cover system.   

 Internal monitoring systems will evaluate performance of the overburden placement strategy 

proposed for the NOEF in limiting advective gas transport within the facility.  Several 

installations of Continuous Multi-channel Tubing (CMT) will be placed horizontally across 

the NOEF during construction of the halo layer.  The CMTs will provide valuable pore-gas 

measurement at different depths of the facility.  In addition, oxygen and temperature sensors 

will be installed at all pore-gas monitoring locations.  

 Temperature monitoring of the internal system will monitor the role of advection fluxes on the 

NOEF’s internal workings and more importantly the gas/water relationship. 

 Toe and basal seepage contributions are to be monitored independently from the seepage 

collection ponds around the site.  Water level sensors within the ponds and sumps, and flow 

measurement devices integrated to the pumping system will enable development of an 

understanding of the water balance for the landform as part of the entire mine site.  Water 

temperature and quality monitoring will be implemented to further the understanding of 

processes affecting the water balance.  
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Figure 3-76  Conceptual Instrumentation System for the Southwest Stage 

Geotechnical monitoring requirements (Appendix N – Geotechnical Report) include: 

 long duration dispersion simulation testing, Sodium Absorption Ratio and Exchangeable 

Sodium Percentage laboratory testing with cover leachate waters; 

 installation of an array of Vibrating Wire Piezometers (VWP) in the foundation of CW stage to 

monitor sub-soil drainage performance, consolidation rates and change in permeability; 

 VWP arrays in the toe area of the NOEF to detect any build-up of water pressure inside the 

CCLs; and 

 settlement monitoring via a combination of surface monument surveying and high precision 

satellite monitoring. 

Groundwater and surface water monitoring requirements are described in Chapter 8 – Water 

Resources. Water related mitigation options are also discussed in Chapter 8 – Water Resources.  

3.4.4.3.5.5 Design Standards/Criteria 

A reference to the key design standards and/or criteria for the NOEF is provided here. Note that the 

final NOEF design standards will comply with the DPIR Conditions of Approval and the MRM MMP.  

The key design criteria fundamental to the LOM NOEF development are summarised below. 
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3.4.4.3.5.5.1 Stakeholder Consultation Resolutions 

The NOEF will be constructed within the limitations contained in relevant Aboriginal Areas 

Protection Authority (AAPA) certificates and agreements between McArthur River Mining and 

Custodians, and within valid mining leases. 

The height of the NOEF has been proposed to be increased from the previously approved 80 m to 140 

m. Significant discussion was held with the Custodians in relation to this increase. The height increase 

to 140 metres has been agreed to by Custodians. This agreement, between the Custodians and 

McArthur River Mining has been formally documented.  

Alterations to the NOEF footprint have been proposed as part of the redesign process. These 

alterations have been communicated to and discussed with the Custodians, and their feedback has 

been incorporated into the final design. The proposed footprint has been agreed to by Custodians. 

This agreement between the Custodians and McArthur River Mining has been formally documented. 

The issues agreed on are: Eastern development boundary; Northwest Boundary; and MRM4 

Relocation. 

3.4.4.3.5.5.2   Design Life 

All modelling and assessment has assumed a design life of 1,000 years. Periodic maintenance during 

this period is considered acceptable. 

3.4.4.3.5.5.3 Batter Geometry 

The batters shall have a trilinear concave profile with the steepest batters no steeper than 1V:2.5H. 

This profile will limit erosion, have a higher visual amenity, and be able to be maintained and/or 

repaired using conventional tracked equipment. 

3.4.4.3.5.5.4 Geotechnical Stability 

The “Guidelines for Tailings Dams (ANCOLD, 2012)” and Australian Standard “AS 1170.4, Minimum 

Design Loads on Structures, Part 4: Earthquake Load” were used for selection of an appropriate 

seismic loading condition for the NOEF slope stability assessments. 

In the absence of a standard/code for design of OEFs in Australia, the recommendations made in 

ANCOLD Guidelines for Tailings Dams for the acceptable Factors of Safety for the stability of tailings 

dam embankments have been adopted as the design criteria. Table 3-13 below summarises the 

minimum acceptable Factors of Safety used in slope stability assessments. 

Table 3-13  Minimum recorded factors of safety for slope stability assessments 

Stability Assessment Case Minimum acceptable Factor of Safety 

Long-term static (drained) Min FOS 1.5 

 

Unless otherwise specified, material sampling and quality testing processes shall be in accordance 

with Australian Standard AS1289 “Method of testing soils for engineering purposes”, with all testing to be 

undertaken by a NATA accredited laboratory.  
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3.4.4.3.5.5.5 Geochemical Stability  

The NOEF has been designed in keeping with international best practice and broad principles 

outlined in the Global Acid Rock Drainage (GARD) Guide (gardguide.com) developed by the 

International Network for Acid Prevention (INAP). The specific parameters and criteria have been 

developed based on site specific geochemical and environmental data as well as complex unsaturated 

modelling of the NOEF conducted by OKC. The detailed modelling results are presented in 

Appendix I – McArthur River Mine NOEF 7.5 m Assessment Case Memorandum, Appendix J – 

NOEF Cover System and Landform Design Report, Appendix P – NOEF Assessment for Waste 

Placement, Footprint Seepage and Water Quality in Support of the EIS Submission.  

The key criteria are: 

 Air advection barriers are to target a maximum air permeability of 1 x 10-11 cubic metres per 

second per square metre (m3/s/m2).  

 The cover system is to limit oxygen ingress to the Very Low range (approximately 5 to 10 moles 

per square metre per year (mol/m2/year)).  

 Any CCL barrier layer in a cover system is to maintain 85% saturation over 90% of the time. 

 The cover system is to target Net Percolation in Low range (5-10% of annual rainfall). 

3.4.4.3.5.5.6 Surface Water Management 

The design criteria adopted for the storage of non-benign materials will include establishment of 

flood protection measures as follows: 

 100 year Annual Recurrence Interval (ARI) flood level protection (McArthur River flood for the 

full LOM footprint at the time of design) for stockpiles with a life greater than two wet 

seasons; and 

 20 year ARI flood level protection for stockpiles with a life less than two wet seasons.  

PROD spillways on new dams will be designed to be above the 100 year ARI flood level, and to 

maintain a spill probability of less than 5%, for the catchment reporting to the dam. Spillways are to 

be capable of facilitating a 1:2,000 annual exceedance probability (AEP) flood event. 

PROD design parameters for the following items will be based on a dam-specific Consequence 

Category Assessment using ANCOLD (2012) guidelines, and determined in the detailed design 

phase. This will include: freeboard allowance; maximum Design Earthquake and Operating Basis 

Earthquake (OBE); monitoring requirements; surveillance requirements; and reporting requirements. 

Final drains and stilling basins will be designed to manage a 1:100 year critical duration storm event 

+15% allowance for climate change, with slopes along the path of flow of at least 1V:500H. 

Sediment management systems will service disturbed areas between the NOEF and the receiving 

environment until erosion rates stabilise and acceptable discharge quality can be achieved from the 

rehabilitated NOEF catchment. System selection and design will adhere to the Best Practice Erosion 

and Sediment Control guidelines (IECA, 2008). During the operational phase, these will typically be 

Type F sediment basins.  
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3.4.4.3.5.5.7 Groundwater and Seepage Management  

NOEF seepage is further discussed in Appendix T – Groundwater Impact Assessment Report.  In 

this report particle tracking is used to determine the pathways and fate of NOEF seepage waters.  

Post 2023 open cut dewatering rates are expected to increase, and the water table drawdown will lead 

to changes in pressure relationships below the Barney Creek and McArthur River Channels. This is 

expected to reduce surface and groundwater interactions during this period, and therefore lead to a 

decrease in seepage recharge to the Barney Creek Channel and McArthur River Channel. 

Groundwater and seepage design criteria include: 

 NOEF Cover system net percolation rate to be in the Low range (5% to 10% of annual rainfall); 

 A low permeability barrier layer in the cover system, with a hydraulic conductivity of not more 

than 1 x 10-9 m/s measured by AS 1289.6.7.3 (Constant head method); 

 PROD liner specifications will be based on site-specific assessments considering the expected 

range of dam heads and water qualities, connected sensitive receptors, seepage mitigation 

options, materials availability and life-of-asset costs; 

 Drains that intercept poor quality toe seepage with an operational life of greater than two years 

will be lined with a suitable geomembrane designed to achieve very low infiltration rates; 

and 

 The foundation of the NOEF will be constructed above the 2013/14 wet season levels. 

In addition to the above criteria, a number of secondary seepage management contingencies have 

been developed to a conceptual level. Should monitoring of NOEF seepage indicate unacceptable 

risks to the receiving environment, these contingency measures will be reviewed, further developed 

and implemented as required. Further information is provided in Chapter 8 – Water Resources. 

3.4.4.3.5.5.8 Safety 

All haul roads will be designed to MRM standard MIN-GEN-STD-1000-001 Haul Road Standard. 

The current OLS associated with the McArthur River Aerodrome will be updated and approved in 

consultation with CASA to allow for the 140 m high NOEF.  

3.4.4.3.5.5.9 Aesthetics 

Whilst there are no specific design standards with respect to aesthetics, the following considerations 

have been taken into account: 

 batter slope angles are to be designed to resist erosion and to look similar to surrounding ridge 

lines and topography as much as practicable. The selection of the trilinear batter 

configuration accords with this approach, with steeper upper slopes and shallower lower 

slopes; and 

 vegetation screening along the Carpentaria Highway will be considered, to limit the views of 

the NOEF from the highway during the operational phase.  

Figure 3-77 presents several cross-sections of the topography surrounding the Project area in 

comparison to the proposed NOEF design height of 140 m. As can be seen by the profiles, a feature 

well in excess of 140 m is located approximately 40 km away in a westerly direction. To the east, 

similar ranges such as the Bukalara Range are located close to site. Approximately 45 km away to the 

northwest lies a geological structure well over 250 m high spanning several kilometres in length. 

Whilst the Project area is situated on a flood plain adjacent to the McArthur River, the majority of the 

topography beyond a 15 km radius from the site is 100 m or more above sea level. Within this profile 

there is a distinct decrease in topography towards the northeast and the coastal region. 
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Whilst in the immediate vicinity of the site, the NOEF may appear to be of substantial height, when 

compared to surround topography within a 25 km range the feature is not too dissimilar. The tri 

linear batter design, whilst based on rigorous geotechnical engineering, will mimic surrounding 

natural ridgelines and with a robust rehabilitation program in place, will be revegetated and 

monitored on a regular basis to maintain this value. 
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3.4.4.3.6 Source-pathway-receptor Summary 

A summary of the key potential source-pathway-receptor streams for the NOEF domain during 

operations, including the implemented controls to mitigate the potential effects is shown in Table 

3-14. 

Table 3-14  Key Source-pathway-receptors for the NOEF Domain during the 

Operations Phase 

Item Potential 

contaminant 

Source Pathway Receptor Comment Controls 

N1a Soluble 

oxidation 

products 

Existing 

NOEF 

Groundwater, 

shallow and 

Western Fault 

block 

Surface waters 

at SW11 

Via 

Barney or 

Surprise 

Creeks 

- Cover system barrier 

- NOEF subsoil drainage 

system 

- Continued open cut 

dewatering to maintain 

groundwater 

drawdown 

- Pumping from Barney 

Creek sumps 

- Water treatment 

N1b Soluble 

oxidation 

products 

New NOEF Groundwater,

shallow and 

Western Fault 

block 

Surface waters 

at SW11 

Via 

Barney or 

Surprise 

Creeks 

- Cover system barrier 

- NOEF subsoil drainage 

system 

- Continued open cut 

dewatering to maintain 

groundwater 

drawdown 

- Pumping from Barney 

Creek sumps 

- Water treatment 

N2a Soluble 

oxidation 

products 

Existing 

NOEF 

Toe seepage 

via old creek 

beds (NE, SE, 

S) 

Surface waters 

at SW11 

 - NOEF surface water 

management system 

- NOEF subsoil drainage 

system 

- Water treatment 

N2b Soluble 

oxidation 

products 

New NOEF Toe seepage 

via 

foundation 

Surface waters 

at SW11 

 - NOEF surface water 

management system 

- NOEF subsoil drainage 

system 

- Water treatment 

N3 Soluble 

oxidation 

products 

PRODs, 

drains, sumps 

Seepage into 

groundwater 

Surface waters 

at SW11 

 - Engineered structures 

constructed with low 

permeability bases 

- Pumping from Barney 

Creek sumps 

- Water treatment 
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Item Potential 

contaminant 

Source Pathway Receptor Comment Controls 

N4 Soluble 

oxidation 

products 

PRODs, 

drains, sumps 

Overtopping 

into surface 

water 

Surface waters 

at SW11 

 - Water management 

structures sized to limit 

probability of 

overtopping 

- Ability to transfer to 

interconnected water 

management facilities 

- Annual Water Balance 

updates 

- Water treatment 

N5a Sulphur 

dioxide, 

hydrogen 

sulphide 

Existing 

NOEF 

PAF(RE) 

Airborne Humans on-

lease and off-

lease 

 - Encapsulation in 

advective barrier layer  

- Covered by new NOEF 

- Re-excavation and 

compaction 

N5b Sulphur 

dioxide, 

hydrogen 

sulphide 

New NOEF 

PAF(RE) 

Airborne Humans on-

lease and off-

lease 

 - Dedicated PAF(RE) 

Cells  

- Limited PAF(RE) 

mining scheduled 

during wet season 

N6 Dust NOEF Airborne Humans on-

lease and off-

lease, 

vegetation, 

grazing 

animals, surface 

water and 

aquatic 

ecosystems 

downwind of 

source 

 - Dust suppression 

- Progressive 

cover/revegetation  

N7 Sediment, 

turbidity 

NOEF Surface water Surface waters 

at SW11 

 - Landform design 

- Energy dissipation 

basins 

- Sediment management 

N8 Soluble 

oxidation 

products 

NOEF 

overburden 

Floodwater Surface waters 

at SW11 

 - Cover system barrier 

layer 

- Internal temporary 

flood levees 

- Water treatment 
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 Domain 3 – TSF 3.4.4.4

The TSF domain during the open cut mining operations phase is required to safely and securely store 

the tailings and site waters to meet environmental, health and safety, visual impact and cultural 

heritage commitments. Additionally, benign materials required to construct the facility must be 

sourced from the area. The operation and construction of the TSF and associated water management 

dams is not materially different to current approved activities through the MMP and associated 

amendments. Section 3.2 describes the inclusions and exclusions from the EIS. However, information 

is provided at a level of detail consistent with the other major operational domains to enable the site-

wide interactions and functions to be better understood. 

This section will describe how the design and operation of the facility will meet the objectives during 

the operations phase. However, an overview is first provided to give some background to the TSF 

related activities which will aid in comprehension of conceptual models of the facilities.  

3.4.4.4.1 Overview of the TSF Solution 

The following practices and features are a result of the body of work completed to date, which is 

documented in Appendix R – Tailings Storage Facility Design Development – Life of Mine Plan.  

Figure 3-78 shows the TSF domain as at mid-2018 on the 2016 aerial photograph.   

The minimum standards for the design and operation of the TSF are set in the relevant sections of 

Australian National Committee on Large Dams (ANCOLD) Guidelines on Tailings Dam Planning, 

Design, Construction, Operation and Closure (ANCOLD, 2012).  

The footprint of the TSF cells will not expand beyond the current three cells. Cells 1 and 2 will be used 

for LOM tailings deposition, with no tailings placed in Cells 3 and 4 as per the Phase 3 plan. An 

amended cultural heritage application will be obtained for this change. The development of small 

borrow pits and quarries for construction materials will follow the established environmental and 

heritage protocols already well established by McArthur River Mining. 

TSF stability will be enhanced by maintaining a low rate of rise (to less than 1.5 m/year), which will be 

enabled through the combining of Cells 1 and 2 through 2017 to 2018. The limited rate allows for 

improved tailings densities through longer drain times, which translates to higher tailings strengths.  

The geometry is also more favourable for water management, with a smaller relative decant pond 

size, and enhanced storm water storage capabilities that limits water ponding against the 

embankment. This reduces the risk of piping related failures. The spillway for the TSF will continue 

to be directed to the Cell 3 WMD to provide a very low risk of off-site release of tailings related 

waters. 

The large beach makes controlled tailings spigotting simpler, with the deposition rate and sequence 

managed to balance evaporation and densification with maintaining tailings moisture in an 

unsaturated state. Unsaturated tailings also results in lower seepage rates through the facility. 

Seepage management will be enhanced through 2017 by construction of a groundwater interception 

trench between the toe of the northern embankment and Surprise Creek, designed to intercept most 

of the seepage moving toward this watercourse. Other seepage reporting to watercourses will be 

recovered as required to meet the surface water quality objectives at SW11 by the operation of 

recovery sumps in Barney Creek Channel. 

As per the Phase 3 plan, Cell 3 will be split into two separate facilities for water management. Lined 

dams will be constructed to manage Class 3/4 waters and Class 5/6 waters. 
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Figure 3-78  TSF Layout at the Start of the Project Period (Mid 2018) 

3.4.4.4.2 Historical Development 

The initial tailings impoundment containing the TSF and water storage areas was developed as part 

of the MRM underground operation in 1995. The structure comprised two tailings deposition cells 

(Cells 1 and 2), forming the northern and central portions of the TSF area, and a WMD. 

Cell 1 operated up to 2007.  The Cell 1 embankments were constructed similar to a centreline dam 

raise using clay sourced from the cell footprint. The tailings were deposited in small sub-cells built up 

using tailings, similar to rice paddies. The final beach generally sloped towards the north to direct 

storm water runoff to spillway/overflow structures at both the east and west corners of the TSF, 

which then drained back into Cell 2. The completed Cell 1 tailings beach was covered with a 

clay/earth dust cover during the 2009 and 2010 dry seasons, with materials sourced from within Cell 2 

and to the west of Cell 1/2.  

Cell 2 took over as the primary active cell from 2006, coinciding with the switch to open cut mining. 

Cell 2 walls were upstream lifts founded partially on the previous lift of the dam wall, and partially 

on tailings, constructed from clay. Large wet seasons in 2009 and 2010 added significant 

contaminated water inventories to the site water balance, resulting in Cell 2 containing large volumes 

of water from 2009 to 2014. Tailings were deposited subaqueously during this time, resulting in lower 

placement densities. The spillway for Cell 2 flows into Cell 3. 
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Cell 3 had low walls constructed from clay borrowed from the footprint. The cell disrupted the flow 

of Little Barney Creek, with a drain constructed around the perimeter to divert the clean upstream 

water flows around the cell. A spillway is formed in the eastern Cell 3 embankment to discharge into 

Little Barney Creek if overflows occur.  

Tailings and water management practices were revised through 2015 and 2016. Working with an 

Independent Consulting Engineer, and reviewed by the ITRB, Cell 2 was converted to a central 

decant pond with perimeter spigotting and decant pond inventories significantly reduced.   

These changes have significantly reduced seepage rates from the facility. Seepage management in the 

past has used combinations of toe drains, recovery bores, and polymer curtain barriers.  

3.4.4.4.3 Facility Design and Controls 

The current LOM schedule indicates a total tailings production for the Project period of 

approximately 65 Mt at an average production rate of 3.3 Mtpa, with annual ranges between 3.2 and 

3.7 Mtpa.  The design will accommodate this quantity over the operating period whilst meeting the 

objectives stated earlier. 

3.4.4.4.3.1  Design and Staging 

After a review of a variety of alternatives in 2015 and 2016, McArthur River Mining selected the 

optimal alternative of conventional upstream raising on a combined Cell 1 and 2 with hydraulically 

placed tailings (Figure 3-79). Development of the TSF in this way will limit the area of disturbance, by 

allowing development of the total LOM operations within the current footprint, and will reduce the 

earthworks quantities needed. Deposition of tailings will be sub-aerially around the operational cell 

perimeter with a central decant pond. Additionally, during the operating phase of the current TSF, 

the large beach area and small central decant pond offer a number of advantages that will also 

provide benefits for the subsequent rehandling and reprocessing phase including: 

 a reduced average rise rate of the tailings (approximately 1.1 m per year) (lower risk of tailings 

failure – pathway control); 

 increased ability to achieve drying and consolidation to a higher density (lower risk of tailings 

failure – pathway control); 

 consequently reduced tailings permeability (pathway control); 

 lower saturation levels in the tailings (lower risk of tailings failure – pathway control); 

 minimal oxidation or acid generation risk (source control); and 

 overall reduced seepage to groundwater (pathway control). 

The TSF will have a 1V:4H downstream slope and 1V:2H upstream slope. Tailings and compacted 

clay would form the embankment. As part of the TSF LOM Study (Appendix R – Tailings Storage 

Facility Design Development – Life of Mine Plan), stability analysis has been conducted to support 

the design of the embankment sections. Analysis was conducted on the maximum (i.e. highest) 

embankment cross-sections and around all sides of the TSF. For each typical section three load 

conditions were considered, i.e. long-term drained, short-term undrained and post-seismic. Benign 

rock of varying weathering states would be used to buttress the wall where required to meet the 

stability criteria (Figure 3-80). The analysis demonstrated that the target FoS is achieved in all 

scenario analysed.   
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Figure 3-79  Typical TSF Section.  

Source GHD LOM Plan 2016 

 

 

Figure 3-80  Typical Section Upstream Raise.  

Source GHD LOM Plan 2016. 

 

Cells 1 and 2 are currently designed to discharge through the spillway to the adjacent Cell 3 PWD so 

as to reduce the risk of contaminated water being released to the environment should the Cells 

overfill due to excessive rainfall. The spillway is planned to be upgraded, with final location subject to 

detailed design, although the current optimal location is considered to be on the southwest perimeter 

wall of Cell 2, with spills to be directed into Cell 3. 

The Cell 3 area will have two new water management dams constructed in 2018-19 to manage both 

TSF and site water. The dams will utilise a composite liner (compacted clay and geomembrane) to 

limit seepage. The smaller 2 GL WMD will be used to store Class 3 (permeate) and Class 4 waters 

awaiting managed release, whilst the 4 GL PWD will be used to manage Class 5 and 6 waters from 

the TSF and mining operating areas. 
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3.4.4.4.3.1 Surface Water Management 

Water is used to transport the tailings to the active cell. A reclaim water pump is operated in the 

decant pond to recycle excess water back to the process, with some water retained in the tailings or 

evaporated off the beach.  

The proposed TSF upstream construction methods require maintenance of water away from the 

embankment wall from a stability, internal erosion and seepage risk perspective. To manage this 

requirement, a Target Operating Level (TOL), a Maximum Operating Level (MOL) and a Maximum 

Safe Level (MSL) of the TSF decant pond has been established. The intention of the MOL is to provide 

sufficient freeboard to contain a design storm event in the tailings dam without compromising the 

MSL. Decant water is planned to be removed as soon as practicable so that the minimum decant pond 

is maintained at all times. Excess water will be pumped to the PWD, which is then evaporated or 

treated and released. 

Further information on surface water management is provided in Chapter 8 – Water Resources. 

3.4.4.4.3.2 Groundwater 

Control of seepage from the TSF into the surrounding groundwater is a key design issue, particularly 

given the TSF’s proximity to Surprise Creek. A recent review of TSF water quality by the ITRB (ITRB, 

2016) has suggested that high sulphate levels and metal concentrations in the TSF water appeared to 

have largely originated from Class 6 process water rather than from oxidation products in the TSF.  

This is likely a result of seepage from the large volumes of water contained in Cell 2 from 2009 to 

2014. 

KCB (Appendix T – Groundwater Impact Assessment Report) constructed a hydrogeological 

conceptual site model for the TSF area, as indicated in Figure 3-81. 

 

Figure 3-81  TSF Domain Hydrogeological Conceptual Site Model (Looking West) 
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The hydrogeological conceptual model shows the regional groundwater flow in the TSF area is from 

northwest to southeast toward the McArthur River, with local deviations towards the surface water 

features (Surprise Creek and Little Barney Creek). The flow is predominantly in the shallow 

permeable alluvium and weathered bedrock. Due to the shallow depth to rock, the groundwater 

levels are near surface and respond rapidly and significantly with recharge from rainfall, with 

increases in levels of 2 to 3 m common in the wet season. The groundwater levels around the TSF 

have been elevated by having high pond levels in the TSF from 2009 to 2014. It is expected that the 

levels will reduce over time with the lower pond levels maintained now and planned in the future.  

The tailings have a very low permeability – much less than the foundation of the TSF. As waters will 

be maintained at a low level, and maintained away from the walls, seepage movement through the 

tailings themselves would take in the order of 20 years to reach the foundation. 

Tailings consolidation over time will increase the density of the tailings, making them more stable 

and resulting in a lower permeability and hence even less susceptible to oxidation. It will also liberate 

poor quality pore water that will report both to the decant pond and seepage. 

Seepage from the TSF migrates into the shallow groundwater system to the north, east and south. It 

will mix with the regional groundwater and report as baseflow to the nearest creek system. The 

seepage water quality is largely dictated by the quality of the water used to transport the tailings 

rather than by in-situ oxidation of the tailings themselves. 

The Surprise Creek Groundwater Interception Trench will be constructed between the TSF north wall 

and Surprise Creek in 2017/2018. Modelling results indicate that operation of the proposed trench 

results in a significant reduction in the quantity of seepage reporting directly to Surprise Creek. 

Ongoing monitoring will continue to track the performance of the facility. Groundwater not 

recovered by the trench will report to the creeks as baseflow. In dry months and during low flow 

periods, this baseflow will be recovered in the Barney Creek sumps.  

3.4.4.4.3.3 Benign Material Borrow 

Sourcing appropriate construction materials (both clays and benign rock) will be required in order to 

construct the facilities, including liners, embankments, buttresses, drains and spillway. A number of 

suitable earthen borrow areas have been identified, as detailed in the staged plans (Figure 3-17 

through Figure 3-26). The operation (and ultimate rehabilitation) of these areas will be managed in 

accordance with Appendix AG – Borrow Pit Design Process Guidelines to maintain site stability 

including controlling surface water drainage (both surface water run-on and runoff). Excavation will 

be maintained above the groundwater level where possible to avoid capture and subsequent 

management of groundwater.  

3.4.4.4.3.4 Benign Material Stockpile Areas 

All benign material excavated, including alluvium, clay, LS-NAF(HC) rock and topsoil (as shown in 

the stage plans) will be stockpiled in dedicated areas as required. These stockpiles will be temporary 

in nature, with suitable clay and rock material being used for site construction purposes, and topsoils 

and suitable alluvium being used for encapsulation, stabilisation and rehabilitation purposes. The 

operation and rehabilitation of these stockpiles will be in accordance with standard industry practice, 

including installation of topsoil bunding around the upslope sides of these stockpiles to divert clean 

water around the sites, and the installation of appropriately designed sediment controls on the 

downslope sides to manage the risk of off-site movement of stockpiled materials. 
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The proposed LOM borrow pits and stockpile areas are shown in Figure 3-82. 

 

Figure 3-82  Proposed TSF – Operations  

Source: GHD LOM Plan Report 2016 

 

More detail on all aspects of the TSF operational phase is provided in Appendix R – Tailings Storage 

Facility Design Development – Life of Mine Plan. 

3.4.4.4.4 Source-pathway-receptor Summary 

Table 3-15 summarises the potential contaminant streams, including the mitigation utilised, for the 

TSF phase during its construction period (i.e. the operations phase). 
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Table 3-15  Key Source-pathway-receptors for the TSF Domain during the 

Operations Phase 

Item Potential 

contaminant 

Source Pathway Receptor Comment Controls 

TSF1 Soluble 

oxidation 

products 

Tailings Shallow 

groundwater 

Surface waters at 

SW11 

 - Surprise Creek 

Groundwater 

Interception Trench 

- Groundwater 

interception bores 

- TSF operational 

water management 

practices 

- Pumping from 

Barney Creek sumps 

- Water treatment 

TSF2 Soluble 

oxidation 

products 

Pumped 

waters 

and 

tailings 

Seepage 

from 

trenches, 

drains or 

pipes into 

shallow 

groundwater 

Surface waters at 

SW11 

 - Bunded pipe 

corridors 

- Surface drainage 

system, e.g., drains, 

sumps, pumps.  

- Pumping from 

Barney Creek sumps 

- Water treatment 

TSF3 Dust TSF 

Surface 

Airborne Humans on-lease 

and off-lease, 

vegetation, 

grazing animals, 

surface water 

and aquatic 

ecosystems 

downwind of 

source 

 - Tailings deposition 

practices  

TSF4 Soluble 

oxidation 

products 

Tailings Surface 

Water 

Surface waters at 

SW11 

TSF failure, e.g., 

due to poor water 

management, 

poor wall 

construction, 

larger than 

Maximum Design 

Earthquake 

- QA/QC and design 

processes 

- TSF operational 

water management 

practices 

- Pumping from 

Barney Creek sumps 

- Water treatment 
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3.4.5 Tailings Rehandling Phase (2038-2047) 

 Overview 3.4.5.1

The tailings stored in the TSF over the LOM represent a potential long-term liability as the landform, 

and surface water and groundwater associated with it, must be managed to meet closure objectives. 

However, the residual metal content in the facility also represents a potential asset if the inherent 

value of the metal can be recovered economically. As part of a revised closure plan for the TSF, 

tailings is to be hydraulically mined and reprocessed before permanent disposal in the open cut deep 

beneath the water of the final mine pit lake. This would recover value from the asset and remove the 

liability from the TSF footprint, with the tailings stored in a best-practice facility: a landform with no 

geomorphic risks and with no oxidation potential.  

The Tailings Rehandling Phase is defined by this period of reprocessing/rehandling of the TSF and 

deposition of the tailings into the open cut void. Reprocessing is set to commence shortly after ex-pit 

mining is complete, and is planned to occur over a 10 year period from 2038 to 2047. Figure 3-22 to 

Figure 3-24 show the 3 relevant snapshots associated with this period, the first at the commencement 

of the phase, the second approximately halfway through and the last at the planned completion of the 

phase.  

The goal during this phase is also to remove as much non-benign material from above the surface as 

is practicable.  The stockpiles of various materials between the open cut crest and mine levee wall will 

be removed, as well as any contaminated materials in facilities to be closed.  The remainder of the 

EOEF LGO stockpile will be processed in 2038 immediately following the completion of the ex-pit 

ROM ore. The EOEF PAF(HW) stockpile and SOEF will also be removed during the initial five years 

of the phase, with the majority of these stockpiles being rehandled into the open cut void, destined for 

permanent subaqueous storage.  Minor portions of the SOEF will be utilised in the reshaping and 

closure of the WOEF. 

At the commencement of this phase, the NOEF will have already been completed for a period ranging 

from a minimum of five years to over 15 years, and therefore should have established some 

vegetative cover with varying levels of self-sustainability.  The NOEF will be undergoing regular 

monitoring, with the key focus on such aspects as net percolation, oxygen permeability, erosion, 

temperature, seepage and stability. During this adaptive management period, cover and drainage 

system maintenance may still be required periodically to ensure they maintain their intended 

functionality. However, it is expected that requirement for maintenance works during this period will 

reduce as vegetation establishes. 

Water management will remain a strong focus during this period, as detailed in Chapter 8 – Water 

Resources.  During this phase, the groundwater drawdown into the open cut remains high, with 

recharge from the NOEF and the eastern end of the Barney Creek Channel still active. Despite water 

requirements for processing and tailings reprocessing, the water balance shows that there is in excess 

of 11.6 ML/d of water during this period. Active dewatering of the open cut is maintained until 2047, 

to limit the depth of water into which tailings and overburden are placed, and to limit the quantity of 

oxidation products at the start of the mine pit lake closure phase.  The excess water will need to be 

managed within the site-wide water management system, using evaporation, the 15 Ml/d WTP and 

the associated managed release capabilities as the main disposal methods. This enables the water 

balance to be managed whilst continuing to meet the SW11 surface water quality targets. 
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 Domain 1 – Open Cut 3.4.5.2

3.4.5.2.1 Open Cut 

The existing MRM process plant will be utilised to reprocess the tailings at approximately 10 Mtpa 

over a 10 year period, with the reprocessed tailings destined for the open cut final void.  Additionally, 

non-benign overburden from the SOEF, EOEF and other remediation areas will be hauled down and 

placed into the IPD during the tailings reprocessing phase.  

3.4.5.2.1.1 Facility Design and Controls 

The open cut is not modified for the placement of IPD and tailings material. The reprocessed tailings 

streams will be mixed in the final tailings hopper before being pumped to the open cut void for 

disposal. The discharge pipe will be laid and anchored along suitably stable sections of the final void 

west wall to the nominated deposition depth, which will be below the final elevation of the finished 

tailings layer.  

The pipes will not be installed along the main haul road initially, as intermittent overburden 

rehandling to the in-pit dumps will be occurring simultaneously, requiring the full haul road width. 

Relocation to the main haul road may occur if desired once in-pit dumping has ceased. When in-pit 

dumping is in progress, deposition would be planned for the opposite end of the open cut where 

possible. The deposited beach angle of tailings will be very flat (in the order of 1V:150H), within the 

final void. Figure 3-83 provides a conceptual plan of the tailings deposition layout. 

Tailings deposition into the final void will vary in nature between both subaqueous (under water) 

and subaerial (surface deposition). Depending on the final void footprint at the deposition level, 

groundwater inflows, rainfall runoff into the final void, liberated pore water versus reclaim rates, and 

climatic conditions may vary. Subaqueous deposition would reduce dust emissions, reduce the rate of 

oxidation in both submerged tailings and overburden, and reduce water return rates, whilst sub-

aerial deposition would result in a cleaner reclaim water and higher initial density. 

The rate-of-rise of the tailings in the final void is variable, as the void capacity changes with elevation. 

The first year of deposition would see the tailings rise in the order of 100 m, around 60 m in year 2, 

steadily reducing to approximately 8-10 m per year in the latter years.  

Due to groundwater and surface water inflows, and the transport water used to deliver the tailings to 

the deposition area, the open cut will have water inputs during this phase which will require 

management. Recovery of water from the final void during operations will be achieved by floating 

submersible pumps or slurry pumps. This water will be recycled for use in the process and tailings re-

mining, with the excess managed in the Class 5/6 water management system, to be evaporated and 

treated via the WTP for managed release.  

The settlement of the tailings in the final void and rate of release of pore water from consolidation of 

the tailings has been modelled Figure 3-84 and Appendix AC – Tailings Consolidation Modelling 

identify that settling of the tailings will continue (at a reducing rate) in the long term. In this stage of 

planning, no modification to the water chemistry has been assumed, and the ‘unmitigated’ pore water 

release has been a key input into the open cut final void water quality modelling (refer to Chapter 8 – 

Water Resources) which predicts that water quality at SW11 will be maintain below the WDL trigger 

levels.  

This will have the effect of liberating poor quality pore water over the long term, after deposition has 

ceased.  If required, the water chemistry can be mitigated either by treating the pore water directly 

after reprocessing of the tailings, or when the open cut is full of water prior to any interaction with the 

McArthur River through in-situ treatments such as lime addition to adjust pH and drop out metals.   
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Figure 3-83  Conceptual Deposition Plan for the Final Void after Year 1 of 

Reprocessing 
(Source: GHD consolidation report) 

 

Figure 3-84  Settlement Versus Time After Placement Of The Tailings In The Final 

Void  
Source: GHD 2016 
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The final tailings in the open cut void will have its upper surface approximately 175 m below the pit 

crest, and post development of the mine pit lake, will be approximately 160 m under water. See 

Appendix AC – GHD Tailings Consolidation Report for further detail on the in-pit tailings 

consolidation.  

3.4.5.2.2 EOEF 

3.4.5.2.2.1 Facility Design and Controls 

Any LGO remaining on the EOEF pad at the end of open cut mining will be processed, removing this 

possible source from the surface.  

As identified in Chapter 5 – Project Alternatives, permanently submerging the PAF(HW) materials 

stockpiled in the EOEF under water is the preferred closure option, to halt further oxidation.  The 

overburden will be rehandled from the surface location down into the final void during the tailings 

reprocessing phase. Placement of the materials into the in-pit dump and active tailings deposition 

areas will require safe work procedures to be developed and implemented manage the risk of 

slumping of the tip head into soft tailings or water.  

After the stockpiles have been removed, the base will be decontaminated. The southern end is no 

longer required, and will have drainage into the open cut established, and the area topsoiled and 

revegetated. The northern end will become a stockpile area for LS-NAF(HC) rock mined rom the 

Woyzbun Quarry. This stockpile will be used to service the long-term landform maintenance 

requirements, such as repairing erosion gullies and armouring areas prone to erosion. The sump will 

be re-purposed into a sediment basin to service this stockpile. 

Chapter 4 – Decommissioning, Rehabilitation and Closure, provides further information on the 

Project rehabilitation activities. 

3.4.5.2.3 SOEF 

3.4.5.2.3.1 Facility Design and Controls 

The proposed closure scenario for the open cut, i.e. tailings deposition prior to rapid filling with river 

water, provides the opportunity to permanently submerge non-benign materials to provide 

mitigation for potentially metalliferous drainage. A minor portion of the MS-NAF on the stockpile 

will be rehandled to the WOEF to shape the final landform. The excess MS-NAF will be rehandled 

and hauled into the open cut void, and deposited in the in-pit dump, to be inundated by tailings 

and/or water. If placement of materials into soft tailings or water is scheduled, safe work procedures 

will be developed and implemented to manage the risk of slumping of the tip head. 

The benign alluvial materials in the bottom life of the SOEF will be rehandled and used in the cover 

system of the WOEF. The footprint can then be profiled to drain into the open cut through a sediment 

basin which overflows into the open cut. The area will be revegetated to stabilise the surface against 

erosion. This will create a revegetated area adjacent to the mine pit lake, and provide habitat between 

the McArthur River channel and the mine pit lake foreshore. 
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3.4.5.2.4 WOEF 

3.4.5.2.4.1 Facility Design and Controls 

The WOEF is no longer required once ore mining from the open cut has ceased. The infrastructure on 

the WOEF, including the offices and workshops, will be removed. The facility is a permanent OEF, so 

the landform must be stabilised for adequate long-term performance and the non-benign internal 

composition isolated from the environment as much as practicable. To achieve this, the WOEF will be 

reshaped from angle of repose batters back to 1V:4H slopes. This enables a suitable cover to be 

installed over the entire WOEF. The planned cover system will be of the same style as that proposed 

for the NOEF, i.e. a low net percolation, low oxygen transmission, store and release type cover 

comprised of a 0.5 m thick CCL barrier layer with a permeability of less than 1 x 10-9 m/s overlain by a 

0.5 m thick coarse LS-NAF(HC) rock drainage layer overlain by 1.5 m of alluvium (on the plateau) or 

LS-NAF(HC) rock (on the batters) to act as a growth media zone topped by 0.1 m of topsoil and 

vegetation. 

A surface water drainage system will be incorporated into the cover system to convey excess water 

down rock lined drains built into the original haulage ramps, which will flow through sediment 

management structures and into the mine pit lake. An engineered drainage system in conjunction 

with revegetation of the surface will limit the potential for erosion impacts.  Chapter 8 – Water 

Resources provides information on the surface water management system. 

The barrier layer of the cover system will be keyed into the in-situ low permeability clays at the 

foundation of the WOEF. This will provide flood protection to the inner materials of the facility. 

Similarly, the barrier layer acts as a pathway control for gases potentially generated within the core of 

the WOEF.   

Infiltration through the cover is conceptualised to move in a largely vertical direction through the 

material to the original ground level. As with the operations phase, some will flow along old drainage 

lines to the east, and some will pass into the weathered bedrock.  No groundwater management 

system is proposed as the conceptual model has the WOEF self-draining via shallow groundwater 

bearing zones into the mine pit lake. Modelling indicates that the WOEF loads are diluted by higher 

quality inflows into the lake such that water quality objectives are met (Chapter 8 – Water 

Resources).  

No ongoing dust management is planned as the established vegetation will limit the availability of 

dust sources. Dust generated would be from benign materials and so does not present a 

contamination hazard.  

The WOEF will be subject to ongoing monitoring and maintenance through the Adaptive 

Management and Reactive Management phases. Details on these strategies can be found in Chapter 4 

– Decommissioning, Rehabilitation and Closure. 

3.4.5.2.5 Source-pathway-receptor Summary 

A summary of the key potential source-pathway-receptors and mitigation options for the open cut 

during the tailings deposition phase are included in Table 3-16. 
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Table 3-16  Key Source-pathway-receptors for the Open Cut during the Tailings 

Deposition Phase 

Item Potential 

contaminant 

Source Pathway Receptor Comment Controls 

OC13 Soluble 

oxidation 

products 

Contaminated 

water in 

Water 

Management 

System 

(WMS) 

Surface water 

runoff or 

baseflow 

seepage 

Surface waters at 

SW11 

E.g. pipe 

burst, 

storage 

facility 

seeps or 

overflows 

- Engineered storage 

structures with low 

permeability bases 

- Continued open cut 

dewatering to 

maintain 

groundwater 

drawdown 

- WMS monitoring 

- Water treatment 

OC14 Sulphur 

dioxide, 

hydrogen 

sulphide 

Open cut 

walls in 

PAF(RE) 

Airborne Humans on-lease 

and off-lease 

 - PAF(RE) 

Management 

OC15 Sulphur 

dioxide, 

hydrogen 

sulphide 

IPD material Airborne Humans on-lease 

and off-lease 

 - Minimal PAF(RE) 

destined for IPD 

- Encapsulation of 

PAF(RE) materials 

within advective 

barrier 

OC16 Dust EOEF 

overburden, 

LGO, WOEF 

(ore/ 

overburden), 

SOEF 

Airborne Humans on-lease 

and off-lease, 

vegetation, 

grazing animals, 

surface water and 

aquatic 

ecosystems 

downwind of 

source 

EOEF, LGO 

and SOEF 

are removed 

at the start 

of the phase 

WOEF is 

rehabilitated 

during the 

phase 

- Dust suppression 

- WOEF cover system 

OC17 Soluble 

oxidation 

products 

EOEF 

overburden or 

LGO 

Surface water 

runoff or 

baseflow 

seepage 

Surface waters at 

SW11 

 - Stockpiles removed 

at start of phase 

- Continued open cut 

dewatering to 

maintain 

groundwater 

drawdown 

- Perimeter drains 

- Water treatment 
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Item Potential 

contaminant 

Source Pathway Receptor Comment Controls 

OC18 Sulphur 

dioxide, 

hydrogen 

sulphide 

EOEF 

PAF(HW) 

Airborne Humans on-lease 

and off-lease 

 - Stockpiles removed 

at start of phase 

- Encapsulation of 

PAF(RE) materials 

within advective 

barrier 

OC19 Soluble 

oxidation 

products 

WOEF 

overburden, 

stockpiled ore 

Shallow 

groundwater 

Surface waters at 

SW11 

via Barney 

Creek 

- Pumping from 

Barney Creek 

sumps 

- Continued open cut 

dewatering to 

maintain 

groundwater 

drawdown 

- Water treatment 

OC20 Soluble 

oxidation 

products 

WOEF 

overburden, 

stockpiled ore 

Surface runoff Surface waters at 

SW11 

 - Surface drainage 

system, e.g., drains, 

sumps, pumps etc. 

- Pumping from 

Barney Creek 

sumps 

- WOEF cover system 

- Water treatment 

OC21 SULPHUR 

DIOXOIDE, 

H2S 

Stockpiled ore Airborne Humans on-lease 

and off-lease 

Only for the 

short period 

until LGO is 

processed 

- Capping as required 

- Processing 

OC22 Soluble 

oxidation 

products 

SOEF 

overburden 

Shallow 

groundwater 

Surface waters at 

SW11 

 - SOEF removed at 

start of phase 

- Continued open cut 

dewatering to 

maintain 

groundwater 

drawdown 

- Water treatment 

OC23 Sulphur 

dioxide, 

hydrogen 

sulphide 

SOEF 

PAF(RE) 

Airborne Humans on-lease 

and off-lease 

 - SOEF removed at 

start of phase 
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 Domain 2 – NOEF 3.4.5.3

3.4.5.3.1 Facility Design and Controls 

With production related construction activities ceasing in 2032, there is limited change to this domain 

through the 2038 to 2047 tailings reprocessing phase. Figure 3-22 to Figure 3-24 show the 3 relevant 

snapshots associated with this period. 

The primary active role that the domain plays through this period is to support ongoing operations. 

The heavy vehicle workshop has been assumed to be kept operational through until around 2040 to 

support machinery associated with rehabilitation activities, before being decommissioned and 

removed. Contaminated base materials will be placed in the tailings area for burial. This enables the 

footprint to have the cover system installed. As shown on the stage plans, a small LS-NAF(HC) rock 

stockpile will be located on the former MIA area to service the long-term landform maintenance 

requirements of the facility. 

The remaining three PRODs will be used as required to support the site water management system. It 

has been assumed EPROD will be decommissioned and rehabilitated during the 2038-2042 period. 

During this phase, monitoring and maintenance activities of the Adaptive Management process will 

continue, to ensure the cover and drainage systems continue functioning as intended.  Given the 

expected advanced level of vegetation on some of the older sections of the NOEF in this phase, it may 

be possible to decommission some sediment management facilities, or convert them from active to 

passive operation. If monitoring indicates data materially different from that expected, such that 

additional mitigation might be required, options such as those presented in Appendix Q – NOEF 

Mitigation Options Report could be assessed and implemented if required. 

3.4.5.3.2 Source-pathway-receptor Summary 

The summary of the key source-pathway-receptors for the NOEF during the tailings rehandling 

phase, including implemented controls to mitigate potential impacts, is shown in Table 3-17 below.  

Table 3-17  Key Source-pathway-receptors for the NOEF Domain during the 

Tailings Rehandling Phase 

Item Potential 

contaminant 

Source Pathway Receptor Comment Controls 

N9a Soluble 

oxidation 

products 

Existing 

NOEF 

Groundwater 

– shallow and 

Western Fault 

block 

Surface waters 

at SW11 

Via 

Barney or 

Surprise 

Creeks 

- Cover system barrier 

- NOEF subsoil drainage 

system 

- Continued open cut 

dewatering to maintain 

groundwater 

drawdown 

- Pumping from Barney 

Creek sumps 

- Water treatment 
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Item Potential 

contaminant 

Source Pathway Receptor Comment Controls 

N9b Soluble 

oxidation 

products 

New NOEF Groundwater, 

shallow and 

Western Fault 

block 

Surface waters 

at SW11 

Via 

Barney or 

Surprise 

Creeks 

- Cover system barrier 

- NOEF subsoil drainage 

system 

- Continued open cut 

dewatering to maintain 

groundwater 

drawdown 

- Pumping from Barney 

Creek sumps 

- Water treatment 

N10a Soluble 

oxidation 

products 

Existing 

NOEF 

Toe seepage 

via old creek 

beds (NE, SE, 

S) 

Surface waters 

at SW11 

 - NOEF surface water 

management system 

- NOEF subsoil drainage 

system 

- Water treatment 

N10b Soluble 

oxidation 

products 

New NOEF Toe seepage 

via 

foundation 

Surface waters 

at SW11 

 - NOEF surface water 

management system 

- NOEF subsoil drainage 

system 

- Water treatment 

N11 Soluble 

oxidation 

products 

PRODs, 

drains, sumps 

Seepage into 

groundwater 

Surface waters 

at SW11 

 - Engineered structures 

constructed with low 

permeability bases 

- Pumping from Barney 

Creek sumps 

- PRODs 

decommissioned when 

no longer required 

- Water treatment 

N12 Soluble 

oxidation 

products 

PRODs, 

drains, sumps 

Overtopping 

into surface 

water 

Surface waters 

at SW11 

 - Water management 

structures sized to limit 

probability of 

overtopping 

- Ability to transfer to 

interconnected water 

management facilities 

- Annual water balance 

updates 

- Water treatment 

N13a Sulphur 

dioxide, 

hydrogen 

sulphide 

Existing 

NOEF 

PAF(RE) 

Airborne Humans on-

lease and off-

lease 

 - Encapsulation in 

advective barrier layer  

- Covered by new NOEF 
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Item Potential 

contaminant 

Source Pathway Receptor Comment Controls 

N13b Sulphur 

dioxide, 

hydrogen 

sulphide 

New NOEF 

PAF(RE) 

Airborne Humans on-

lease and off-

lease 

 - Dedicated PAF(RE) 

Cells  

- Cover system 

N14 Dust NOEF Airborne Humans on-

lease and off-

lease, 

vegetation, 

grazing 

animals, surface 

water and 

aquatic 

ecosystems 

downwind of 

source 

From 

benign 

surfaces 

- Revegetation  

N15 Sediment, 

turbidity 

NOEF Surface water Surface waters 

at SW11 

 - Landform design 

- Energy dissipation 

basins 

- Sediment management 

N16 Soluble 

oxidation 

products 

NOEF 

overburden 

Floodwater Surface waters 

at SW11 

 - Cover system barrier 

layer 

- Water treatment 

 

 Domain 3 – TSF 3.4.5.4

At the cessation of mining in the open cut, tailings will be hydraulically mined, reprocessed and 

disposed of by placement in the open cut, below the water level of the final mine pit lake. Section 

3.4.5.2.1.1 details how the approximately 94.5 Mt of tailings will be removed from the TSF and 

reprocessed, with the spent tailings deposited into the open cut void over an approximate ten year 

period.  

3.4.5.4.1 Facility Design and Controls 

3.4.5.4.1.1 Hydraulic Mining Operations 

The TSF will contain a 94.5 Mt tailings resource by the end of open cut mining. This facility presents a 

large source located on the surface in a facility that is not practical to make inherently stable for over 

1,000 years without maintenance. Alternatives for the tailings upon closure were considered, with the 

best option identified as being removal of the tailings from the TSF and reprocessing, with spent 

tailings deposited in the open cut void. Details on the basis of this decision can be found in Chapter 5 

– Project Alternatives.  

Three options were considered for the recovery and repulping of the in-situ tailings within the 

existing TSF, being load and haul with trucks, conventional dredging or hydraulic mining of the 

tailings. Hydraulic mining was selected as the preferred case as it has a significantly lower cost than 

trucking, and reduced dam safety and seepage risks compared to dredging.  
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The defined recoverable tailings resource is sufficient to support a rehandling operation with a life of 

approximately ten years, depending on ramp-up rates, based on a production rate of up to 10.5 Mtpa. 

Tailings will be extracted at a nominal rate of 35,000 t per day via a hydraulic mining system using 

high pressure water guns (Figure 3-85). The flow of water at high pressure will be directed onto the 

surface of the tailings in a sweeping motion to create a ditch on the surface. The monitors will work 

horizontally and vertically, operated by remote control using a system that allows them to rotate and 

advance.  

The excavated tailings slurry will drain to the centre of a dedicated sump by gravity in ditches carved 

into the material by the monitor. The slurry will have a density of approximately 55% solids and will 

be pumped to shore tanks by means of sump pumps and booster pumps, via HDPE pipelines. An 

operation of four hydraulic monitors and two sumps will likely be required in order to sustain the 

proposed production rate. 

 

 

Figure 3-85  Example of Hydraulic Monitor Operation 
Sourced: Garling and Prentice (2010) 

Mining bench heights will be typically set at approximately 10 m high and access ramps will be 

created to relocate the hydraulic monitors. The total depth of the tailings deposit will be 

approximately 35 m, requiring three mining benches with the possibility of a fourth to fully remove 

the base and any affected foundation alluvium/soils. Safety zones will be maintained near the TSF 

walls to manage their integrity, with the walls being deconstructed by conventional earthmoving 

equipment as the reclamation progresses. The TSF walls will be maintained at a suitable height to 

contain the design storm event, and all tailings material in the event of an earthquake triggering 

liquefaction. 

Tailings material exposed away from the direct operations will have surface moisture maintained by 

irrigation, either via water cars and/or sprinklers. This will manage both the risks of dust generation 

and spontaneous combustion. 
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Subsequent pumping of the material to the processing plant and final void will be via pipelines over a 

distance of approximately 2,700 m. One additional pipe to the existing pipelines is required to 

support the tailings pumping and reclaim water system, with reclaim water to run the monitors being 

sourced from the open cut. The pipelines will run in the existing pipeline corridor between the TSF 

and plant. This corridor has established bunds and spillage collection sumps to manage the risk of 

spill from a burst pipe. 

Clean salvaged wall construction materials will be stockpiled and/or used directly to re-shape and 

rehabilitate the TSF footprint. 

3.4.5.4.1.2 Reprocessing 

Tailings will be supplied to the existing processing plant in slurry form. The tailings are expected to 

have grades from 4% to 6% zinc and 3% to 5% lead. The tailings will be cycloned to split the stream 

into coarse and fine fractions around a target 20 micron size split. Only the coarse fraction (which 

comprises approximately 33% of the total) would be reprocessed, with the fines being directed to the 

tailings thickener. The coarse fraction would undergo minor regrinding then flotation, as per the 

regular processing circuit. A recovery of approximately 20% of the zinc and 7% of the lead would 

create approximately 200 ktpa (dry) of bulk concentrate. The remainder of the 10.5 Mtpa mined 

would report to the tailings stream for deposition into the open cut void. At this point in time it is not 

planned to create separate zinc and lead concentrates, although future market conditions could 

require this. If this was required, the process would not be materially different from the current 

processing. However, making separate concentrates would require a reduced overall processing rate. 

The bulk concentrates produced from reprocessing will be sold to international markets as bulk 

concentrates are currently. However, the reduced quantity produced would result in a commensurate 

reduction in annual truck movements to Bing Bong, and barge trips from Bing Bong. 

The physical plant, chemicals, processes and waste streams would be not materially different between 

the regular ore processing and tailings reprocessing phases. Operating times would be as per regular 

operations. Some crushing and grinding plant would be redundant and could be decommissioned 

early if desired. New classification cyclones to split the coarse and fine tailings would be installed, 

and situated within the current processing plant area. Plant water requirements have been 

incorporated into the site water balance (refer to Chapter 8 – Water Resources).  

The properties of the reprocessed tailings are not expected to be materially different to the 

unprocessed tailings. Further discussion is provided in Chapter 6 – Materials Characterisation. Note 

that the regrinding only aims to polish the surfaces of the grains, so particle size reduction is limited 

(from 80% passing 150 microns to 80% passing 60 microns). No material change in tailings flow or 

consolidated density is expected. Also, despite the extraction of some saleable metals, the reduction is 

not significant enough to change the material classification of the tailings – they will remain as 

PAF(HC). Their management requirements will not be materially different. 

Future work to further define this process will focus on investigating ways to reprocess the fine 

tailings fraction for higher concentrate production, better economics and a longer mine life, and the 

viability of producing a saleable pyrite concentrate, which would improve the chemistry of the 

tailings stream deposited into the final void. 

3.4.5.4.1.3 Tailings Deposition 

Refer to section 3.4.5.2.1.1 for tailings deposition discussion. Permanent storage of the tailings below 

over 150 m of water is considered best-practice environmental management for the tailings as further 

oxidation is prevented, and risks associated with landform stability and seepage are removed.  
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3.4.5.4.2 Source-pathway-receptor Summary 

The key source-pathway-receptors for the TSF Domain during the tailings rehandling phase, 

including mitigation to control potential impacts, are documented in Table 3-18 

Table 3-18  Key Source-pathway-receptors for the TSF Domain during the Tailings 

Rehandling Phase 

Item Potential 

contaminant 

Source Pathway Receptor Comment Controls 

TSF5 Soluble 

oxidation 

products 

Tailings Shallow 

groundwater 

Surface waters at 

SW11 

 - Surprise Creek 

Groundwater 

Interception Trench 

- Groundwater 

interception bores 

- TSF operational 

water management 

practices 

- Pumping from 

Barney Creek sumps 

- Water treatment 

TSF6 Soluble 

oxidation 

products 

Pumped 

waters 

and 

tailings 

Seepage 

from 

trenches, 

drains or 

pipes into 

shallow 

groundwater 

Surface waters at 

SW11 

 - Bunded pipe 

corridors 

- Surface drainage 

system, e.g., drains, 

sumps, pumps.  

- Pumping from 

Barney Creek sumps 

- Water treatment 

TSF7 Dust TSF 

Surface 

Airborne Humans on-lease 

and off-lease, 

vegetation, 

grazing animals, 

surface water 

and aquatic 

ecosystems 

downwind of 

source 

 - Dust suppression  

TSF8 Soluble 

oxidation 

products 

Tailings Surface 

Water 

Surface waters at 

SW11 

TSF failure, e.g., 

due to poor water 

management, 

poor wall 

construction, 

larger than 

Maximum Design 

Earthquake 

- QA/QC and design 

processes 

- TSF operational 

water management 

practices 

- Pumping from 

Barney Creek sumps 

- Water treatment 
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Item Potential 

contaminant 

Source Pathway Receptor Comment Controls 

TSF9 Soluble 

oxidation 

products 

Tailings Surface 

Water 

Surface waters at 

SW11 

TSF Failure due 

to hydraulic 

mining 

undercutting 

embankment 

- TSF mining 

operational practices 

- Pumping from 

Barney Creek sumps 

- Water treatment 

 

3.4.6 Closure Phase (2048-3017) 

 Overview 3.4.6.1

The Closure Phase covers the period from the end of TSF Rehandling Phase (scheduled for 

completion in 2047) until the end of the assessment timeframe, i.e. 3017.  This phase has been divided 

further into two periods, based on the type and frequency of management expected during each: 

 2048-2100 – Adaptive management phase, the end of this phase represents the point when all 

rehabilitated areas are anticipated to be at a stage where they are self-sustaining with no need 

for active management. Any significant changes to site management and infrastructure are 

anticipated to have been identified during the adaptive management period, so the landforms 

are final and remaining infrastructure is expected to be permanent. 

 2101-3017 – Proactive Management and Reactive Management phase. This is when monitoring 

and maintenance transition to being triggered on an event basis rather than a set schedule. 

The focus of this phase is transforming the remaining disturbed areas that are not to be retained in the 

long term to their final state. All rehabilitated areas must be configured to achieve the site closure 

objectives, and their individual objectives (such as post mine land use). 

The sections below focus predominantly on the shorter term adaptive management phase, however 

the same source-pathway-receptors exist in the long term and therefore the controls applied in the 

short term will also mitigate any long-term potential effects. 

Figure 3-25 shows the proposed layout following the completion of the five year ‘decommissioning’ 

period at the beginning of the adaptive management phase.  During this period the key activities 

include: 

 decommissioning and rehabilitation of the TSF operational areas 

 removal of any remnant infrastructure not required for ongoing activities during the adaptive 

management phase, such as processing plant, accommodation village, workshops, roads, 

powerlines, and pipelines; 

 construction of flood protection for the power station; 

 filling of the open cut void with water; 

 decommissioning, removal and rehabilitation of the Cell3 WMD and PWD; and 

 the staged transition of the mine pit lake from an isolate facility to a flow through facility. 

Further details on the closure plan for the various facilities can be found in Chapter 4 – 

Decommissioning, Rehabilitation and Closure. 
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 Open Cut Domain 3.4.6.2

The closure objectives relevant to the open cut domain include: 

 Post-mining landscape will be left in a condition safe and secure for humans and animals:  

o safe and secure for the short term (0-100 years); and 

o safe for the long term (100-1,000 years). 

 Landform stability: 

o Geotechnical stability will be maintained at these standards:  

 open cut walls: Probability of Failure (Pf) for inter-ramp slopes of <5%. 

o Erosional stability; maintainable for these aspects: 

 erosion does not affect functionality of the landform; and 

 resulting suspended solids can be mitigated.  

o Geochemical stability will be defined, managed and monitored:  

 water quality within the mine pit lake. 

 Manage surface water and groundwater such that environmental values and ecosystems are 

maintained downstream of the lease boundary in the short term (0-100 years), and within the 

McArthur River in the long term (100-1,000 years). 

 Metal levels for fauna comparable to background levels. 

 Foster economic opportunities for custodians and local communities. 

This section describes how the facilities in the open cut domain will achieve these goals. 

3.4.6.2.1 Open Cut 

3.4.6.2.1.1 Facility Design and Controls 

The best way to mitigate the potential for poor quality water in the disused open cut is to rapidly fill 

it with water. This will submerge both the material stored in the base of the open cut and the open cut 

walls, eliminating further oxidation. As the generation of oxidation products and evapoconcentration 

are time dependent processes, rapid filling with fresh water (as opposed to slow filling) will result in 

the best quality water in the initial mine pit lake formation.  

After the tailings relocation to the open cut is complete in 2037, water from McArthur River during 

high flow periods will be harvested using siphons and or pumps at the rate of approximately 60 GL 

per year over approximately five wet seasons, and discharged into the open cut void. This will fill the 

void rapidly to the steady state mine pit lake water level, which is estimated to be approximately 15 

m below ground level, near the base of the alluvial zone. Water treatment may be required during 

this filling, so these facilities would not be decommissioned immediately after tailings reprocessing. 

Before flooding of the mine pit lake is completed, works will be required in the open cut area which 

will assist in achieving the closure objectives.  

The open cut design already features 18 degree (1V:3H) slopes in the upper alluvial zone to provide 

enhanced long-term stability in the mine pit lake setting. The batters will be topsoiled, revegetated 

and equipped with debris to form habitat structures suitable for a lacustrine environment. The Old 

McArthur River channels between the mine levee wall and the open cut will also be armoured to 

provide scour resistance during inflows. 

To protect the power station (in the event that it is still required beyond 2048), a clay core levee wall 

to the 1:500 year flood level will be constructed between the southern end of the WOEF and the mine 

levee wall.  The location of the levee is indicated in Figure 3-19. 
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Once the mine pit lake is formed, it will remain as an isolated facility (i.e. no inflow or outflow 

between the mine pit lake and the McArthur River) pending confirmation of the lake behaviour and 

evolution of its water quality. Operation of the WTP and/or lake water treatment may be required to 

stabilise water quality at the desired values. Based on detailed, site-specific models of water quality 

within the mine pit lake over time (Appendix V – Final Void Limnology Assessment Report), while 

the mine pit lake is operating as an isolated system, water quality is expected to remain reasonably 

stable in the short term (refer Chapter 8 – Water Resources). 

Once water quality within the mine pit lake can be demonstrated to be within acceptable levels, and 

the models provide a confident representation of observed conditions, a section of the downstream 

levee will be removed to allow for water exchange between the mine pit lake and the McArthur River 

during periods of seasonal high flow. To control inflows to the mine pit lake the inlet through the 

mine levee wall will be constructed with an abrupt steep face on the external side to deter entry of 

large fauna, and a sloped ramp on the inside (mine lake side) to reduce the risk of fall related injuries 

to fauna entering the mine pit lake in a flood. The introduction of external waters to the lake will also 

bring sediments into the mine pit lake, which will further bury the tailings and in-pit dump. Once the 

performance of this downstream lake scenario is demonstrated, the WTP and Cell 3 dams will be 

decommissioned and their disturbance footprints rehabilitated. 

A further period of assessment will then take place, monitoring both the water within the mine pit 

lake and within the McArthur River downstream of the mine pit lake. Upon demonstration of 

acceptable water quality conditions, a portion of the upstream mine levee wall will be removed to 

create a second inlet, and hence a flow through system. The mine pit lake will then form a secondary 

channel of the McArthur River during seasonal flood events, with the McArthur River Channel 

maintained as the primary flow path. 

3.4.6.2.2 WOEF 

3.4.6.2.2.1 Facility Design and Controls 

As the WOEF was rehabilitated during the reprocessing phase, the WOEF will be in its adaptive 

management period. Corrective actions to drainage, cover systems, and vegetation will be occurring 

on a scheduled basis. 

3.4.6.2.3 Other Infrastructure 

Civil infrastructure in the open cut domain, such as processing facilities, accommodation village, 

administration buildings and workshop buildings (except those which will remain for beneficial use) 

are to be decommissioned and the disturbed areas rehabilitated. Appendix S – Conceptual Mine 

Closure Plan provides details on the activities and process involved. Where possible, materials will 

be recycled. Waste materials will be transported and deposited at depth in the open cut void early in 

the lake formation period. The dams that serviced the process area will be decontaminated and 

repurposed to become sediment basins. The top of the Barney Hill area will be re-profiled to shed 

water through these basins.  

3.4.6.2.4 Source-pathway-receptor Summary 

The key source-pathway-receptor summary including implemented controls is shown in Table 3-19. 

During closure, the open cut is a receptor in direct connection with the external receiving 

environment. 
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Table 3-19  Key Source-pathway-receptors for the Open Cut Domain during the 

Closure Phase 

Item Potential 

contaminant 

Source Pathway Receptor Comment Controls 

OC24 Soluble 

oxidation 

products 

OC walls Shallow 

groundwater 

& surface 

water 

Surface waters 

at SW11 and 

McArthur 

River Channel 

Limited to the 

shallow parts 

of mine pit 

lake and 

above 

- Open cut geometry 

- Rapid open cut filling 

- Water treatment as 

required 

OC25 Soluble 

oxidation 

products 

Ongoing 

consolidation 

of tailings 

Shallow 

groundwater 

& surface 

water 

Surface waters 

at SW11 and 

McArthur 

River Channel 

Requires 

mixing of 

mine pit lake 

waters 

- Rapid open cut filling 

- Water treatment as 

required 

- Transition to flow 

through mine pit lake 

scenario 

OC26 Sulphur 

dioxide, 

hydrogen 

sulphide 

OC walls in 

PAF(RE) 

Airborne Humans on-

lease and off-

lease 

Limited to the 

shallow parts 

of mine pit 

lake and 

above 

- Rapid open cut filling 

OC27 Dust OC walls Airborne Humans on-

lease and off-

lease, 

vegetation, 

grazing 

animals, 

surface waters 

and aquatic 

ecosystems 

downwind of 

source 

 - Rapid open cut filling  

- Revegetation  

 

OC28 Soluble 

oxidation 

products 

NOEF Shallow 

groundwater 

& surface 

water 

Surface waters 

at SW11 and 

McArthur 

River Channel 

Recovered 

seepage 

pumped into 

the mine pit 

lake 

- Water treatment as 

required 

- Transition to flow 

through mine pit lake 

scenario 

OC29 Soluble 

oxidation 

products 

Open cut 

walls 

Shallow 

groundwater 

or surface 

water 

Surface waters 

at SW11 and 

McArthur 

River Channel 

If wall failure 

undercuts the 

mine levee 

wall (mine 

levee wall) 

- Stability analysis of open 

cut – FoS > 1.5 

- Open cut crest offset 

from mine levee wall toe  

- Transition to flow 

through mine pit lake 

scenario 
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Item Potential 

contaminant 

Source Pathway Receptor Comment Controls 

OC30 Soluble 

oxidation 

products 

WOEF Shallow 

groundwater 

Surface waters 

at SW11 and 

McArthur 

River Channel 

 - Water treatment as 

required 

- Transition to flow 

through mine pit lake 

scenario 

 

 NOEF Domain 3.4.6.3

3.4.6.3.1 Facility Design and Controls 

The status of the various NOEF facilities through the closure period are summarised in Table 3-20. 

Details on the closure plan for the facility can be found in Chapter 4 – Decommissioning, 

Rehabilitation and Closure.  

In the Closure period, the main NOEF landform will be unchanged with adaptive management 

activities continuing in the short term.  By this stage, the last stage of the NOEF would have been 

covered and rehabilitated for approximately 15 years, with some areas completed for over 25 years.  

Vegetation, drainage, seepage, monitoring and maintenance should all be well established and 

understood.  

Once the cover system has been installed and vegetation re-established, NP is conceptualised to range 

around the 5 to 10% range, depending on the rainfall patterns and intensities. This is lower than when 

parts of the facility are under construction. Therefore, there will be a period after the cover is installed 

where the infiltration associated with the higher NP construction phase drains down and exits the 

facility as toe or basal seepage. Modelling (Figure 3-86) indicates this is expected to take 

approximately 36 years after the final covering of the NOEF in 2032, or 20 years into this site closure 

phase (2068). 

Figure 3-86 also shows that the split of seepage between basal and toe seepage is not expected to 

change materially during the closure phase. The groundwater table is not expected to mound 

significantly inside the NOEF or rise up from below during this period, thus the driving forces of the 

split between basal and toe seepage will remain the nature of the foundation and the efficacy of the 

basal drainage system. Due to the layers engineered into the system, it is expected the internal drains 

connected to the toe seepage pumping wells will continue to be functional.  
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Figure 3-86  Prediction of NOEF Long-term Seepage  
Source: KCB, 2017 

 

The fate of NOEF basal seepage changes during the closure phase. Once the mine pit lake has been 

created to the full level and the regional groundwater zones have recharged, it is expected that the 

groundwater levels will become similar to the pre-mine state, with a west to east flow. The open cut 

would no longer be a sink, so a hydraulic connection between the shallow groundwater zones under 

the NOEF and Barney Creek channel would be re-established. Thus, groundwater in the NOEF area 

would move to Surprise Creek via the shallow zones. In the dry season, interception of contaminant 

loads could be expected to be required to meet surface water quality objectives at SW11. After the 

mine pit lake is created by 2052, the remaining PRODs will be decommissioned (with any 

contaminated material placed in the mine pit lake) and rehabilitated. The NOEF seepage collected 

from the toe seepage points and Barney Creek sumps will be transferred to the deeper limnions of the 

mine pit lake where mixing with upper waters that interact with the receiving environment is not 

expected (Appendix V – Final Void Limnology Assessment Report). 

It is envisaged that by around 2100, most of the NOEF would have been rehabilitated for well over 70 

years, and the adaptive management phase should have completed all the adjustments to aspects 

such as drains, erosion protection, water management systems and vegetation mix so that the facility 

is self-sustaining and robust to climatic events within the design criteria. Therefore, a transition to 

reactive management is expected. This is where major inspections and remedial works are completed 

on an event basis rather than a time basis – so when large storms, winds, droughts or fires beyond the 

expected ‘normal’ range occur, the event will trigger a program of checks with remedial works as 

required. 

3.4.6.3.2 Source-pathway-receptor Summary 

The summary of the key source-pathway-receptors for the NOEF domain during the closure phase is 

shown in Table 3-20.  
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Table 3-20  Key Source-pathway-receptors for the NOEF Domain during the 

Closure Phase 

Item Potential 

contaminant 

Source Pathway Receptor Comment Controls 

N17a Soluble 

oxidation 

products 

Existing 

NOEF 

Groundwater, 

shallow and 

Western Fault 

block 

Surface waters 

at SW11 and 

McArthur River 

Channel 

Via 

Barney or 

Surprise 

Creeks 

- Cover system barrier 

- NOEF subsoil drainage 

system 

- Pumping from Barney 

Creek sumps 

- Water treatment as 

required 

N17b Soluble 

oxidation 

products 

New NOEF Groundwater,

shallow and 

Western Fault 

block 

Surface waters 

at SW11 and 

McArthur River 

Channel 

Via 

Barney or 

Surprise 

Creeks 

- Cover system barrier 

- NOEF subsoil drainage 

system 

- Pumping from Barney 

Creek sumps 

- Water treatment as 

required 

N18a Soluble 

oxidation 

products 

Existing 

NOEF 

Toe seepage 

via old creek 

beds (NE, SE, 

S) 

Surface waters 

at SW11 and 

McArthur River 

Channel 

 - NOEF surface water 

management system 

- NOEF subsoil drainage 

system 

- Water treatment as 

required 

N18b Soluble 

oxidation 

products 

New NOEF Toe seepage 

via 

foundation 

Surface waters 

at SW11 and 

McArthur River 

Channel 

 - NOEF surface water 

management system 

- NOEF subsoil drainage 

system 

- Water treatment as 

required 

N19 Soluble 

oxidation 

products 

PRODs, 

drains, sumps 

Seepage into 

groundwater 

Surface waters 

at SW11 and 

McArthur River 

Channel 

 - Engineered structures 

constructed with low 

permeability bases 

- Pumping from Barney 

Creek sumps 

- PRODs 

decommissioned when 

no longer required 

- Water treatment as 

required 
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Item Potential 

contaminant 

Source Pathway Receptor Comment Controls 

N20 Soluble 

oxidation 

products 

PRODs, 

drains, sumps 

Overtopping 

into surface 

water 

Surface waters 

at SW11 and 

McArthur River 

Channel 

 - Water management 

structures sized to limit 

probability of 

overtopping 

- Ability to transfer to 

interconnected water 

management facilities 

- PRODs 

decommissioned when 

no longer required 

- Water treatment as 

required 

N21a Sulphur 

dioxide, 

hydrogen 

sulphide 

Existing 

NOEF 

PAF(RE) 

Airborne Humans on-

lease and off-

lease 

 - Encapsulation in 

advective barrier layer  

- Covered by new NOEF 

N21b Sulphur 

dioxide, 

hydrogen 

sulphide 

New NOEF 

PAF(RE) 

Airborne Humans on-

lease and off-

lease 

 - Dedicated PAF(RE) 

Cells  

- Cover system 

N22 Dust NOEF Airborne Humans on-

lease and off-

lease, 

vegetation, 

grazing 

animals, surface 

water and 

aquatic 

ecosystems 

downwind of 

source 

From 

benign 

surfaces 

- Revegetation  

N23 Sediment, 

turbidity 

NOEF Surface water Surface waters 

at SW11 and 

McArthur River 

Channel 

 - Landform design 

- Energy dissipation 

basins 

- Revegetation 

N24 Soluble 

oxidation 

products 

NOEF 

overburden 

Floodwater Surface waters 

at SW11 and 

McArthur River 

Channel 

 - Cover system barrier 

layer 

- Water treatment as 

required 
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 TSF Domain 3.4.6.4

By the start of the closure phase, the tailings have all been removed from the TSF domain, with only 

the remnant embankments remaining, plus associated infrastructure and disturbed stockpile areas. 

The area is now ready for final closure. 

Closure objectives (refer to Chapter 4 – Closure, Decommissioning and Rehabilitation) that pertain 

to the TSF rehabilitation management unit include: 

 Post-mining landscape will be left in a condition safe and secure for humans and animals:  

o safe and secure for the short term (0-100 years); and 

o safe for the long term (100-1,000 years). 

 Landform stability: 

o Geotechnical stability will be maintained at these standards:  

 TSF: as per ANCOLD (2012) guidelines.  

o Erosional stability; maintainable for these aspects: 

 sediment release from erosion does not adversely impact on water quality; 

 erosion does not affect functionality of the landform; and 

 resulting suspended solids can be mitigated.  

o Geochemical stability will be defined, managed and monitored. 

 Manage surface water and groundwater such that environmental values and ecosystems are 

maintained downstream of the lease boundary in the short term (0-100 years), and within the 

McArthur River in the long term (100-1,000 years). 

 Rehabilitated areas will provide appropriate habitat for fauna utilization – abundance and 

diversity will be appropriate. 

 No infrastructure left on-site unless a beneficial gain is identified and agreed with stakeholders. 

 Manage soil to meet post mining land use. 

 Maintain custodians’ access to areas of cultural significance. 

 Foster economic opportunities for custodians and local communities. 

3.4.6.4.1 Facility Design and Controls 

The disturbed areas will be reshaped using the benign materials remaining from the removal of the 

TSF embankments. The surface will be free draining to Surprise and Little Barney creeks where 

possible. Alluvial material and topsoil will be spread over the higher ground before revegetation with 

suitable species, which will function as a control for dust and erosion. The drain areas will have 

suitable rocky LS-NAF(HC) lining the main flow paths to reduce erosion. Sediment management 

systems will be installed and maintained downstream of the rehabilitated areas until erosion rates 

meet the closure objectives. Borrow pits that remain as depressions would require suitable vegetation 

adapted to the revised moisture content of that setting. Any remnant infrastructure not required for 

ongoing activities during the Adaptive Management phase, such as roads, powerlines, and pipelines 

would be removed. 

After the tailings have been removed, some CoCs will still be in the groundwater zones, moving 

slowly towards the creeks, the mine pit lake and McArthur River. KCB (2017) indicates it will take 

approximately 120 years for the majority of the contaminant load to dissipate. 

The network of groundwater monitoring bores in use throughout the LOM would continue to be 

monitored. Based on current modelling, there are no plans for groundwater recovery from around the 

TSF domain after the removal of the tailings. Surface waters with unsuitable concentrations of 

elements will be recovered from Barney Creek and managed as required to meet the closure 

objectives, most commonly late in the dry season (refer to Chapter 8 – Water Resources).  
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Refer to Appendix R – Tailings Storage Facility Design Development – Life of Mine Plan for 

further details on TSF closure considerations.  

Chapter 4 – Decommissioning, Rehabilitation and Closure also provides further information on the 

Project rehabilitation activities. 

3.4.6.4.2 Source-pathway-receptor Summary 

The source-pathway-receptor summary with relevant controls utilised to mitigate the potential 

impacts in the TSF domain during the closure phase are shown in Table 3-21. 
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Table 3-21  Key Source-pathway-receptors for the TSF Domain during the Closure Phase 

Item Potential 

contaminant 

Source Pathway Receptor Comment Controls 

TSF10 Soluble oxidation 

products 

Previous tailings Shallow 

groundwater 

Surface waters at 

SW11 and McArthur 

River Channel 

For the period it 

takes the 

contaminated load 

to dissipate 

- Source is removed, i.e. tailings relocated to open cut 

void 

- Surprise Creek Groundwater Interception Trench 

until concentrations diminish 

- Groundwater interception bores 

- Pumping from Barney Creek sumps 

- Water treatment as required 

TSF11 Dust Rehabilitated TSF 

area footprints 

Airborne Humans on-lease 

and off-lease, 

vegetation, grazing 

animals, SW and 

aquatic ecosystems 

downwind of source 

From benign 

surfaces 

- Revegetation 

TSF12 Sediment Rehabilitated TSF 

area footprints 

Surface water Surface waters at 

SW11 and McArthur 

River Channel 

From benign 

surfaces 

- Revegetation 

- Sediment management 

 

 


