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1. Introduction 

1.1. Context 

This Chapter 5: Processing shall be read in conjunction with Chapter 1: Executive Summary and additional 
references as listed in Section 9. 

1.2. Purpose 

The purpose of Chapter 5: Process is to discuss the approach to the development of the processing 
infrastructure to be implemented at Mt Carbine required to size, screen, sort and process the ore and rejects 
materials. 

1.3. Existing Processing Infrastructure 

The site processing infrastructure is split into two distinct areas on the site. Adjacent to the low grade ore 
stockpile (LGS) is the crushing, screening and sorting area, where ROM material is screened and sized. +6,-
40mm material is sorted using XRT sorting equipment where approximately 12% of the XRT sorter feed is 
then crushed and stockpiled for feeding into the fine crushing circuit and gravity processing plant. The 
remaining 88% of material is barren of tungsten and utilised as quarry material, with the tailings material having 
the potential of being used as quarry feedstock. 

-6mm material and the XRT sorter concentrate are then trucked and fed into the gravity processing plant 
located on the opposite side of the Mulligan Highway. The gravity processing plant is dry fed and produces a 
tungsten product and inert waste tailings material. 

The locations of the crushing, screening and sorting area and processing area is shown in Figure 1. 

The details of the current and future processing infrastructure is detailed further in this Chapter 5: Processing. 
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Figure 1: Processing Infrastructure Locations 

1.4. Engineering Overview 

For the feasibility study, two engineering consultants were engaged to provide their specific expertise to the 
separate areas of the process design. 

Mincore was engaged to provide preliminary engineering and drafting for the crushing, screening and sorting 
plant. Ausenco was engaged to provide preliminary engineering and drafting for the gravity processing plant. 

Both parties were engaged to deliver engineering design and capital and operating estimates in accordance 
with Class 3 AACE requirements. 

Battery Limits 

The battery limits for Mincore was receipt of ROM material from the mining activities and discharge of sized 
and sorted material into the gravity processing plant. Mincore also designed the tailings separation and 
dewatering circuit, with the battery limits being the discharge of the tailings pipe from the gravity processing 
plant and discharge of dewatered tailings into stockpiles for use at the quarry. 

The battery limits for Ausenco was receipt of gravity processing plant feed material onto existing equipment to 
discharge of dewatered tungsten concentrate and discharge of plant rejects to a tailings line. 

The electrical battery limits for both designers was the low voltage side of existing or future substations. 

Crushing, 
Screening and 
Sorting 

Processing 
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1.5. Processing Philosophy 

The processing scope is split into two distinct phases as summarised in Section Error! Reference source not f
ound.. These are summarised below. 

1.5.1. Crushing Screening and Sorting Plant Phase 1

The process design philosophy for Phase 1 for the crushing, screening and sorting plant was to achieve the 
following process outcomes for minimal capital expenditure requirements: 

 Modify the existing crushing and screening infrastructure 

 Increase ROM throughput to a nominal 170tph of -700mm material 

 Introduce wet screening of -6mm material to improve screening efficiencies during the wet season 

 Introduce direct process plant feed of -6mm material to reduce materials rehandling requirements 

1.5.2. Crushing Screening and Sorting Plant  Phase 2 

The process design philosophy for Phase 2 for the crushing, screening and sorting plant was to achieve the 
following process outcomes: 

 Construct a new crushing, screening and sorting plant adjacent to the existing plant 

 Increase ROM throughput to a nominal 350tph to allow day shift only operations (ore sorter circuit and 
gravity processing plant to operate 24/7) to reduce the overall operating costs of the operation 

 Reduce material rehandling through combining the crushing and screening circuit with the ore sorting 
circuit 

 Increase maximum feed size from 700mm to 1000mm through introduction of a jaw crusher 

1.5.3. Gravity Processing Plant  Phase 1 

The existing gravity processing plant at Mt Carbine is currently operating and successfully treating low grade 
stockpile and tailings material at a rate of approximately 60tph. EQR has an in-depth knowledge of the gravity 
processing plant as an owner operator that has treated significant material volumes.  

Minimal modifications are required for the gravity processing plant as it is currently operating at the required 
throughput and availability for the Phase 1 requirements.  

The gravity processing plant modifications for Phase 1 will support the increased operating hours as the plant 
operations will increase from week on- week off to full time. 

The Phase 1 strategy for the gravity processing plant is not to alter the throughput capacity or the process 
circuitry.  

The strategy for the process plant is one of continuous incremental improvements through the operations team 
and allowing for upgrades through sustaining capital projects.  

The current operational gravity processing plant performance, throughput and yield data has been used as the 
basis of the Phase 1 plant design and philosophy. 

1.5.4. Gravity Processing Plant  Phase 2 

Based on the current recovery data, the existing gravity processing plant is performing well and the approach 
to the plant upgrades was to maintain the plant circuitry and process as much as possible while improving the 
plant recovery performance to support the higher-grade feed through the introduction of a scavenging circuit 
and additional tables capacity. 
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Similar to the gravity processing plant philosophy in Phase 1, given the EQR operations team will approach 
the process plant with an attitude of continuous incremental improvements. The Phase 2 scope has been 
designed to ensure that the plant recovery does not reduce through the introduction of high-grade ore from the 
open pit. However routine plant sampling and review will be ongoing continually analysing the plant 
performance and further opportunities to improve plant performance and recoveries will be identified based on 
real world data and trial work conducted on- or off-site.  
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2. Existing Crushing, Screening and Sorting Plant 

The existing crushing and screening flowsheet consists of two stages crushing and dry screening circuits to 
produce two products: 

1. 6mm wet plant feed 

2. +6, -40mm ore sorter feed 

Run of mine (ROM) ore (-700mm) is reclaimed from the low-grade waste stockpile and is delivered to the fixed 
jaw crusher. The jaw crusher has a closed side setting of -75mm. The jaw crusher discharge belt transfers 
primary crushed ore onto a 900mm wide screen feed conveyor. 

The screening plant consists of a mobile Model 440 Sandvik screen powered by a diesel generator. The screen 
is fitted with two decks to split the feed into two streams: 

1. Oversize (+40mm) to the cone crusher circuit 

2. Undersize (-6mm) to the -6mm stockpile 

The secondary cone crusher discharge is fed onto a 900mm wide belt conveyor and recirculates back to the 
sizing screen for separation into product sizes. 

The existing dry crushing and screening circuit is shown in Figure 2. 

 

Figure 2: Photograph of the Existing Crushing and Screening Plant 

To increase throughput of the existing crushing and screening circuit, a mobile rock screen has been integrated 
into the existing crushing and screening circuit. The rock screen is a model RSV 1400 and can handle ROM 
ore up to 700mm. Photographs of the mobile rock screen are shown in Figure 3. 
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Figure 3: Photographs of Mobile Rock Screen 

The rock screen will replace the fixed jaw crusher. The rock screen grizzly will scalp -400mm oversize to the 
RPM pad. -400mm ore will pass a vibrating grizzly feeder that has grizzly fingers spaced at 170mm. The -
170mm ore will be directed via a belt conveyor to the Sandvik sizing screen.  

The existing crushing and screening plant flowsheet is summarised in Figure 4.  
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Plant Utilities 

The existing crushing and screening plant is dry and requires no water addition. 

Power 

The existing crushing and screening plant is operated using part diesel generators on mobile equipment and 
other equipment connected to mains power. 
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3. Phase 1 Crushing Screening and Sorting Plant 

3.1. Process Design Criteria 

The Phase 1 crushing, screening and sorting circuits were designed in accordance with the design criteria in 
Table 1. 

Table 1: Phase 1 Crushing, Screening and Sorting Design Criteria 

Description Criteria Unit 

General 

  Location  Queensland  

  Ore Type Dry and clean ore  

  Ore Hardness 7 Mpa 

  Ore Abrasiveness 0.79 Ai 

  Maximum Lump Size 750  mm 

  Design Life 20 Years 

  Plant Size 1,000,000  tpa 

  Operating Hours (Crusher) 2890.8 hrs 

  Availability 66% % 

Extraction Rate 

  Source Low Grade Stockpile  

  Extraction rate 350 tph 

  Work Index 20 kWhr/T 

  Amount of Moisture (By Weight) 5 % 

  Bulk Density 1.6 t/m3 

  Amount of Clay (By Weight) 0 % 

  Abrasion Index 0.79  

  Excavator Capacity 50 T 

Rock Screen Module 

  Model RSV 1400  

  Type Double Deck Grizzly  

  Throughput, Design 350 tph 

  Top Deck Aperture 400 mm 

  Bottom Deck Aperture 170 mm 

  Feed Top Size 700 Mm 

  Mass Split    
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Description Criteria Unit 

  Oversize 112 tph 

  Undersize 238 tph 

  Product    

  Oversize +170,-400 mm 

  Undersize -170 mm 

Cone Crusher 

  Throughput, Design 207 tph 

  Model 2 1/4 ft Symons Cone Crusher  

  CSS 40 mm 

Triple Deck Screen 

  Type Wet Screening  

  Model Sandvik SC2463  

  Screening Type Wet  

  Top Deck Aperture 40 mm 

  Middle Deck Aperture 20 mm 

  Bottom Deck Aperture 6 mm 

  Load (with choke fed crusher) 53 % 

  Spray Water Requirements 115 m3/hr 

  Throughput    

    Feed 445 tph 

    Top Deck Oversize 207 tph 

    Middle Deck Oversize 121 mm 

    Bottom Deck Oversize 64 tph 

    Undersize 52 tph 

  Particle Size    

    Feed -170 mm 

    Top Deck Oversize -170,+40 mm 

    Middle Deck Oversize -40,+20 mm 

    Bottom Deck Oversize -20,+6 mm 

    Undersize -6 mm 

Ore Sorters 

  Ore Sorter Model Tomra Ore Sorter  

  Quantity 1  
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Description Criteria Unit 

  Throughput    

    Feed 160 tph 

    Rejects 141 tph 

    Product 19 tph 

  Particle Size    

    Feed -40,+6 mm 

Rejects -40,+6 mm 

Concentrate -6,+0 mm 

  Mass Split %    

    Product 12 % 

    Reject 88 % 

Stockpiles 

Product Stockpile    

  Type Conical  

  Stockpile Feed Rate 19 tph 

  Stockpile Capacity 230 tonnes 

  Product Size +6,-40 mm 

Rejects Stockpile    

  Type Radial  

  Stockpile Feed Rate 141 tph 

  Stockpile Capacity 1690 tonnes 

  Product Size +6,-40 mm 

Rehandling Circuit 

Sizing Screen    

  Throughput 80 tph 

  Recirculation Load 75 % 

  Type Double-Deck Vibrating  

  Model Techroq 5  x 12   

  Top Deck Aperture 10 mm 

  Bottom Deck Aperture 6 mm 

VSI Crusher    

  Quantity 1  

  Model Techroq T5R Single Drive MK0.5  
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Description Criteria Unit 

Product Dewatering Circuit 

Dewatering Screen    

  Model Weir SP100 Sand Wash Unit  

  Screen Type VD12 dewatering screen  

  Screen Size 1,220 x 3,660 mm x 
mm 

  Screen Aperture 250 microns 

  Throughput 75 tph 

    Oversize 66 tph 

    Undersize 8 tph 

  Particle Size    

    Feed -6 mm 

    Oversize -6,+0.25 mm 

    Undersize -0.25 mm 

Dewatering Cyclone    

Model 500CVX Cyclone  

The detailed equipment list for the crushing, screening and sorting plant is included in Appendix B. 

3.2. Flowsheet 

The crushing and screening flowsheet consist of crushing and dry screening circuit to produce two products: 

1. 6mm wet plant feed 

2. +6, -40mm ore sorter feed 

ROM ore (-750mm) is reclaimed from the LGS and is delivered to the existing rock screen. The existing mobile 
Model 440 Sandvik screen is powered by a diesel generator. The rock screen has an aperture of 170mm. The 
oversize will form a stockpile. The undersize will feed onto a triple deck wet screen.  

The triple deck screen is fitted with three decks to split the feed into three streams: 

1. Oversize (+40mm) to the cone crusher circuit 

2. Oversize (+6,-12mm & +12,-40mm) to ore sorter feed stockpile (to existing ore sorter circuit) 

3. Undersize (-6mm) pumped to the gravity processing plant 

The secondary cone crusher discharge is fed onto a 900mm wide belt conveyor and recirculates back to the 
triple deck wet screen for separation into product sizes. 

The ore sorter product will be trucked to the wet plant where it will be fed to a rehandling circuit. The -6mm 
product from the triple deck screen underpan will be pumped to the gravity processing plant surge tank where 
it will be fed into an excess product dewatering circuit. 

To increase throughput of the existing crushing and screening circuit, a mobile rock screen has been 
incorporated into the existing crushing and screening circuit. The rock screen is a model RSV 1400 and can 
handle ROM ore up to 700mm.

The existing ore sorter circuit will be utilized for Phase 1. The existing ore sorter is shown in Figure 5. 
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Figure 5: Existing Ore Sorter and Sorter Sizing 

The process flowsheets for Phase 1 are shown in Figure 6, Figure 7 and Figure 8. 

3.2.1. Mass Balance 

The ROM feed will be 350tph. Ore sorters will treat at 160tph with approximately 88% of the feed going to the 
rejects and the remaining 12% will be the product. The yield of product from the feed varies over the life of the 
Project from 7% up to 24.5% dependent on the ore being processed during the year of production. For the 
purposes of this document, a 88%/12% split has been used throughout when referring to the sorter waste and 
product. Two products will be produced: 

1. Product material (crushed to (+6,-40mm) for wet plant and dewatering circuit feed) 

2. Waste material (rejects) 

The overall process mass balance is included in Appendix A. 
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3.3. Process Description 

3.3.1. Crushing and Screening Plant  Existing Rock Screen 

The rock screen is existing on-site. As shown in Figure 9, ore will be fed using a dump truck through the 
existing rock screen (21100-SN-01) with a gap of 170mm at a nominal rate of 350 tph. The rock screen oversize 
(-400, +170mm) will be formed into an oversize stockpile. The rock screen undersize (-170mm) will be fed onto 
a triple-deck fixed wet screen (21100-SN-02) having a 6mm, 12mm and 40mm aperture via the screen feed 
conveyor (21100-CV-03).  

 

Figure 9: Existing Rock Screen

Process Controls: 

 Hopper level by visual observation from operators 

 VSD on conveyor to control feed to the double-deck vibrating screen 

 Belt weigher on Screen Feed conveyor (21100-SN-02) 

Power: 

 Connected to existing 315kVA substation 

3.3.1. Crushing and Screening Plant  Existing Cone Crusher 

The existing cone crusher (21300-CR-01), a Symons 2 ¼ Cone Crusher, will treat the triple deck screen 
(21100-SN-02) top deck oversize (-170, +40mm). The existing cone crusher will be fed via conveyor (21300-
CV-01) and the crushed material will return to the triple-deck screen via conveyor (21300-CV-02). 

The screen undersize (-6mm) will be pumped to the wet plant via a slurry transfer pump (21100-PP-01). 
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The triple deck screen top deck oversize (-170,+40mm) will discharge onto the ore sorter feed stockpile 
stacking conveyor (21100-CV-04). The material will be stacked and then fed into the ore sorter feed bins for 
XRT sorting. 

 

Figure 10: Cone Crushing Circuit 

3.3.2. Ore Sorter Circuit 

There is a currently one ore sorter operating at Mt Carbine. EQR is in the process of installing and 
commissioning a second ore sorter. 

Each ore sorter is stand-alone, with independent feed bins and product and reject stockpiles. 

The ore sorter feed bins will be fed via front end loader from the ore sorter feed stockpile. The ore sorter feed 
bins feed the ore sorter feed conveyors at a rate of 80tph (each ore sorter operates at 80tph). The ore sorter 
feed is then sorted and separately stacked into ore sorter concentrate and ore sorter reject. 

The ore sorter concentrate is trucked to the process plant for feed into the process plant. The ore sorter reject 
is removed and stockpiled as quarry inventory. The nominal split in the sorting process is 88% waste and 12% 
product. 

As per the information shown in Figure 11, the operation has continuously processed large bulk samples of 
feed material from the LGS through the XRT Sorter at Mt Carbine. 

The XRT Pilot Plant has processed +40,000 of feed material trialling samples from all over the mineralised 
stockpile. The results have seen a +90% tungsten recovery through the XRT Sorter on a consistent basis with 
throughputs of +70tph and a +/-10-times upgrade of the feed to concentrate grade. A significant amount of the 
test work was completed under the successfully completed METS Ignited grant program and has been used 
as supporting information for this study. The METS Ignited program summary is provided in more detail in 
Chapter 3: Geology and Resources. 
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Figure 11: Avg Monthly Sorter Feed  Shown Monthly 

Figure 12 shows a central test pit on the LGS that has been excavated and trialled through the crushing, 
screen and XRT Sorting section, with further beneficiation taking place through the gravity processing plant. 

 

Figure 12: Central Test Pit on LGS for Sorter Feed and Gravity Plant Feed

3.3.3. Ore Sorter Product Rehandling Circuit 

The product stockpile from the existing ore sorter circuit will be transferred to the rehandling circuit at the 
gravity processing plant. The rehandling circuit for Phase 1 will be fed at approximately 10tph, solids. The ore 
sorter product will be fed to a bin using a front end loader (FEL) and a vibrating feeder (21400-FE-01) will be 
used to feed the screen feed conveyor (21400-CV-02). The double deck screen (21400-SN-01) is fed using a 
conveyor (21400-CV-02). The sizing s double deck 
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washing vibrating screen complete with two vibrator motors, top and bottom PU panels, integrated spray bars 
and coil spring isolators.

The oversize from the screen (-40,+10mm) and (-10,+6mm) will be fed to the existing Techroq VSI crusher 
(21400-CR-01). The crushed material will return to the feed bin and refed onto the sizing screen. The screen 
undersize (-6mm) will be fed onto the existing wet plant feed conveyor using the conveyor (21400-CV-03). 

The VSI and screen are shown in Figure 13 and Figure 14. 

 

 

Figure 13: Techroq VSI Crusher 

Power: 

 Connected to new Phase 1 MCC 
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Figure 14: Techroq Screen 

Process Controls: 

 Spray water on/off mechanism included 

 Water addition rate is manually set based on feed rate to the screen 

Power: 

 Connected to new Phase 1 MCC 

3.3.4. Product Transfer Pipeline 

Description 

The crushing and screening plant will produce a -6mm product using a triple deck wet screen. The product will 
be slurried in a hopper and pumped at 50% solids by weight to the gravity processing plant for further 
processing. 

The product transfer pipeline will be a DN180, PN20, 900m long and consist of an HDPE delivery pipe and 
feed into a surge tank near the gravity processing plant for direct feed into the plant or dewatering. 

Flow meters will be installed at the crusher wet screen and the gravity processing plant to provide real time 
monitoring of the product discharge pipeline, connected via telemetry or Wi-Fi directly to the alarm system at 
the plant. 

Based on the monitoring and inspection program planned for the pipeline (inspection plus continuous 
monitoring of pipe discharge via flowmeters installed at the gravity processing plant), it is envisaged that any 
major leak will be detected, and pumping stopped immediately. All roads along which the product pipeline run 
will have the running surface sloped towards the containment channel or bund to limit discharge out of the 
system in the event of leakage or pipe failure.

Where required for internal trafficable roads, the product pipeline will be buried in a trench. 

The route of the pipeline is shown in Figure 15. 
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Figure 15: Product Transfer Pipeline Route 

Design 

The product pipeline design is based on the conventional slurry pipeline technology using PE pipe, with the 
following specifications: 
 

 The pipeline design will be fully engineered using Vinidex PE Pipeline Design Guidelines prior to 
execution 

 The pipeline material is PE100 high density poly ethylene (HDPE) 

 The pipe pressure rating is PN20 with white coextruded polyethylene cover to limit the wall 
temperature to 35 oC 

 Pipe pressure rating is 1600kPa 

 The pipeline operating pressure is 800kPa giving a safety of safety of 100% above design 

 The operating velocity is between 2.5 and 3.5m/s depending on the volume of product to be 
transferred to the wet plant and minimum settling velocity for safe pipeline operation 

 The overland pipeline has no bends which concentrate high wear. 

 The estimated rate of pipeline wear is 1mm per 1Mtpa and the operating procedures will be set up to 
plan pipeline section changeouts when the actual wall thickness is within 3mm of the minimum 
design wall thickness 

Monitoring 

A comprehensive monitoring program will be required to ensure that any potential problems are discovered 
early in order to initiate contingency plans. 
 
The monitoring systems will include the following items as a minimum: 

 Flow monitoring on the product delivery and water return pipelines 

 Regular inspections each shift of critical plant, pipelines and infrastructure 

 Surface water monitoring stations to monitor water quality in surface flows downstream of the TSF and 
waste dumps 

 Wall thickness monitoring every 3months 

 Set up a pipe wall thickness monitoring plan and maintenance schedule for heigh wear area 
replacement 
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3.3.5. Excess Product Dewatering Circuit 

The -6 mm product from the crushing and screening plant will be pumped to a surge tank (25000-TK-01) 
situated at the process plant. The surge tank will pump feed the slurry to the gravity processing plant at a 
nominal rate of 60tph. 

The overflow from the surge tank will flow to an excess product dewatering circuit. The excess product 
dewatering circuit will be comprised of a dewatering screen (25100-SN-01) and dewatering cyclone (25100-
CY-01). The fixed sizing screen (25100-SN-01) undersize will be fed to the dewatering screen underpan which 
will then feed to the dewatering cyclone. The dewatering cyclone will have a cut size of 75 microns. The cyclone 
underflow (-6mm, +75 microns) will return to the dewatering screen at 65%w/w solids. The cyclone overflow (-
75 microns) is expected to be clear water which will be pumped back to the crushing plant raw water tank. The 
dewatering screen oversize (-6mm, +250 microns) will form a product stockpile and the dewatering screen 
undersize (-250 microns) will be recirculated back to the dewatering cyclone. 

The excess product dewatering circuit is shown in Figure 16 

 

Figure 16: Excess Product Dewatering Circuit 

Process Controls: 

Control system provided by vendor

 Underflow hopper level to control make-up water addition 

 Underflow pump speed to control dewatering cyclone pressure 

 Cyclone pressure gauge included 

 Make-up water control valve to control hopper level 

 Water addition rate is manually set based on feed rate to the screen 

Power: 

 Connected to new Phase 1 MCC 
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3.4. Process Water 

Process water is provided for dust suppression and product transfer from the sizing screen to the dewatering 
screen. Water addition to the screen will be measured using a flow meter. A manual control valve will be used 
to set water flow rates. A field mounted digital display will provide water flow rate in m3/hr. Storage tanks will 
be manually filled daily or provided with a float valve. The average water demand for the circuit is approximately 
65 m3/hr. 

3.5. Electrical and Instrumentation 

3.5.1. Electrical Reticulation 

Plant distribution within the crushing, screening and sorting plant will be stepped down to 415 Vac, 3 phase, 
50 Hz via a new 22/0.433kV 500kVA transformer.  

A new LV Distribution board is to be installed adjacent to the new 500kVA transformer to feed the two ore 
sorters. This will also power the future Phase 2 crushing, screening and sorting plant MCC. 

A new gravity processing plant MCC shall be installed as part of Phase 1 works. This MCC shall serve the 
Phase 1 gravity processing plant upgrades as well as have capacity for the Phase 2 gravity processing plant 
upgrades. This MCC shall be fed from an existing load centre. 

General lighting and power for the site will be at 230/415 Vac. 

3.5.2. Process Control System 

Process control will utilise modern programmable logic controllers (PLCs) controlling the plant. The new 
standalone PLC and control equipment will be preassembled and installed in a control cabinet in the MCC.  

Vendor PLC will be integrated into the main PLC at the crushing plant. 

The intention is to have the same brand PLC at site and providing direct supervisory control of the different 
plant areas/units, with a higher level of interrogating PLC providing overview of the process parameters for 
remote operation.  

A site process control specification will be adopted that directs equipment suppliers towards site preferred PLC 
brand, a standard PLC screen set up and standardised programming methodology. This process will be 
essential to only have a single PLC brand, to reduce spares and to simplify the programming methodology 
across site.  

With PLCs being one of the most technical site systems, maintaining availability of suitably trained process 
control technicians to maintain the PLCs is critical. 

All safety and system interlocks shall be included in the design of the site process control system. 

Allowance has been made to install a wireless communications system dedicated to the PLC network. This 
network will allow for limited plant monitoring and control from within heavy machinery via a touchscreen 
PanelView mounted inside the plant equipment. Main operator stations will still be required for detailed 
telemetry and functional control. An example of a cabin mounted control system touch screen is shown in 
Figure 17. 

 



 

Mt Carbine Bankable Feasibility Study  Chapter 5: Processing  

30 

 

Figure 17: Cabin Mounted Touch Screen 

3.5.3. Maximum Demand 

The maximum demand of the new equipment installation for Phase 1 has been calculated at 570kVA. 

The total installed power for Phase 1 crushing, screening and sorting plant is 327kVA. 

The total installed power for Phase 1 crushing infrastructure at the dry processing plant is 243kVA. 

3.5.4. Conveyors 

Conveyors and belt zipline feeders will have the following features: 

 Belt pull-wire(s) will trip the conveyor drive on fault. 

 Minor belt misalignment will raise a PCS alarm and severe misalignment will trip the conveyor 
drive. 

 A belt speed detection switch will trip the drive on zero speed. 

 The start-up of each conveyor will engage a locally mounted siren. 

Pull wire emergency switches will be mounted adjacent to the conveyor, accessible to operations personnel. 
When tripped, pull wire emergency switches will initiate an emergency stop interlock sequence of downstream 
equipment. An appropriate upstream PCS alarm will also be activated. For conveyors each pull wire will be 
individually alarmed in the PCS. For feeders an alarm signal will be given for each side. 

Activation of a belt drift switch will generate a PCS alarm. 

Belt speed elements will generate a conveyor under-speed alarm if the conveyor stops at any time during 
normal operation or there is belt slip. 

3.6. Site Plans 

The site plans for Phase 1 are shown in Figure 18, Figure 19 and Figure 20. 
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4. Phase 2 Crushing Screening and Sorting Plant 

4.1. Process Design Criteria 

The Phase 2 crushing, screening and sorting circuits were designed in accordance with the design criteria in 
Table 2. 

Table 2: Phase 2 Crushing, Screening and Sorting Design Criteria 

Description Criteria Unit 

General 

  Location  Queensland 

  Ore Type Dry and clean ore 

  Ore Hardness 7 Mpa 

  Ore Abrasiveness 0.79 Ai 

  Maximum Lump Size  750  mm 

  Design Life 20 Years 

  Plant Size  1,000,000  tpa 

  Operating Hours (Crusher) 2890.8 hrs 

  Availability 66% % 

Extraction Rate 

  Source Open Pit + Low Grade Stockpile 

  Extraction rate 350 tph 

  Work Index 20 kWhr/T 

  Amount of Moisture (By Weight) 5 % 

  Bulk Density 1.6 t/m3 

  Amount of Clay (By Weight) 0 % 

  Abrasion Index 0.79 

  Excavator Capacity 50 T 

Mobile Jaw Crusher 

  Model Sandvik UJ440i 

  Type Mobile Jaw Crusher 

  Throughput, Design 156 tph 

  CSS 95 mm 

  Crusher Load 83 % 

  Crushing Work Index 20 kWhr/t 
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Description Criteria Unit 

Cone Crusher 

  Throughput, Design 207 tph 

  Model Sandvik CH830i 

  CSS 24 mm 

Triple Deck Screen 

  Type Wet Screening 

  Model Sandvik SC2463 

  Screening Type Wet 

  Top Deck Aperture 40 mm 

  Middle Deck Aperture 12 mm 

  Bottom Deck Aperture 6 mm 

  Load (with choke fed crusher) 53 % 

  Spray Water Requirements 265 m3/hr 

  Throughput   

    Feed 550 tph 

    Top Deck Oversize 200 tph 

    Middle Deck Oversize 166 mm 

    Bottom Deck Oversize 54 tph 

    Undersize 130 tph 

  Particle Size   

    Feed -170 mm 

    Top Deck Oversize -170,+40 mm 

    Middle Deck Oversize -40,+12 mm 

    Bottom Deck Oversize -12,+6 mm 

    Undersize -6 mm 

Ore Sorters 

  Ore Sorter Model Tomra Ore Sorter 

  Quantity 2 

  Throughput   

    Feed 160 tph 

    Rejects 141 tph 

    Product 19 tph 

  Particle Size   



 

Mt Carbine Bankable Feasibility Study  Chapter 5: Processing  

36 

Description Criteria Unit 

    Feed -40,+6 mm 

Rejects -40,+6 mm 

Concentrate -6,+0 mm 

  Mass Split %   

    Product 12 % 

    Reject 88 % 

Stockpiles 

Product Stockpile   

  Type Conical 

  Stockpile Feed Rate 19 tph 

  Stockpile Capacity 230 tonnes

  Product Size +6,-40 mm 

Rejects Stockpile   

  Type Radial 

  Stockpile Feed Rate 141 tph 

  Stockpile Capacity 1690 tonnes

  Product Size +6,-40 mm 

Rehandling Circuit   

Sizing Screen 

  Throughput 96 tph 

  Recirculation Load 75 % 

  Type Double-Deck Vibrating 

  Model Sandvik SL1862 

  Top Deck Aperture 10 mm 

  Bottom Deck Aperture 6 mm 

VSI Crusher 

  Quantity 2 

  Model Sandvik CV216 

Product Dewatering Circuit 

Dewatering Screen   

  Model Weir SP100 Sand Wash Unit 

  Screen Type VD12 dewatering screen 
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Description Criteria Unit 

  Screen Size 1,220 x 3,660 mm x 
mm 

  Screen Aperture 250 microns 

  Throughput 75 tph 

    Oversize 66 tph 

    Undersize 8 tph 

  Particle Size   

    Feed -6 mm 

    Oversize -6,+0.25 mm 

    Undersize -0.25 mm 

Dewatering Cyclone   

Model 500CVX Cyclone 

Tailings Dewatering Circuit 

Dewatering Screen   

Model Schenck SLV1836W  

Screen Type Dewatering Screen 

Screen Size 1,800 x 3,600 mm x 
mm 

Screen Aperture 250 microns 

Throughput 60 tph 

  Oversize 54 tph 

  Undersize 6 tph 

Particle Size   

  Feed -6 mm 

  Oversize -6,+0.25 mm 

  Undersize -0.25 mm 

Stockpiles (Tailings Dewatering) 

Product Stockpile   

  Type Conical 

  Stockpile Feed Rate 6 tph 

  Stockpile Capacity 72 tonnes

  Product Size -0.25 mm 

Rejects Stockpile   

  Type Conical 
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Description Criteria Unit 

  Stockpile Feed Rate 54 tph 

  Stockpile Capacity 650 tonnes

  Product Size +0.25,-0.8 mm 

The detailed equipment list for the crushing, screening and sorting plant is included in Appendix B. 

4.2. Flowsheet 

Ore is delivered to the ROM stockpile using trucks. 

The crushing and screening flowsheet consists of crushing and screening circuit to produce two products: 

1. Rejects Stockpile (+6mm, -40mm) 

2. Product Stockpile (+6mm, -40mm)  

ROM ore (-700mm) is reclaimed from the low-grade stockpile and open pit and is delivered to the mobile jaw 
crusher having a CSS of 95mm. It is then fed to the triple deck wet screen. 

The triple deck screen is fitted with three decks to split the feed into 4 streams: 

1. Oversize (-100, +40mm) to the cone crusher circuit having a CSS of 23mm 

2. Oversize (+6, -12mm & -40, +12mm) to ore sorter feed stockpile (to ore sorters, 1  Existing and 1  
new) 

3. Undersize (-6mm) pumped to the gravity processing plant. 

The secondary cone crusher discharge is fed onto a 900mm wide belt conveyor and recirculates back to the 
triple deck wet screen for separation into product sizes. 

The ore sorter product will be trucked to the wet plant where it will be fed to a rehandling circuit. The -6mm 
product from the triple deck screen underpan will be pumped to the wet plant surge tank where it will be fed 
into an excess product dewatering circuit and a tails dewatering circuit. 

VSI crusher and larger vibrating sizing screen is added into the existing rehandling circuit to increase the 
efficiency and throughput. The VSI Crusher will be a Sandvik CV217 VSI Crusher. The sizing screen will be a 
Sandvik SL1862 double deck screen. 

The process flowsheets for Phase 2 are shown in  Figure 21, Figure 22 and Figure 23. 

4.2.1. Mass Balance 

The ROM feed will be 350tph. Ore Sorters will treat at 160tph with 88% of the feed going to the rejects and the 
remaining 12% will be the product. Two products will be produced: 

1. Product material (crushed to (+6, -40mm) for wet plant and dewatering circuit feed) 

2. Waste material (rejects) 

The overall process mass balance is included in Appendix A. 

 

   









 

Mt Carbine Bankable Feasibility Study  Chapter 5: Processing  

42 

4.3. Process Description 

4.3.1. Crushing & Screening Plant and Ore Sorter Circuit 

The feed from the ROM stockpile is fed to the jaw crusher (21200-CR-01) at 350tph using an FEL. It is then 
fed to the triple deck vibrating screen (21100-SN-01) using the conveyor (21200-CV-01). The deck sizes of 
the screen are 40mm, 20mm and 6mm. The feed from the top deck (-100, +40mm) will be fed to the cone 
crusher (21300-CR-01) having a CSS of 23mm by passing through a bin (21300-BN-01) and vibrating feeder 
(21300-FE-01). It is then fed back to the triple deck screen using a conveyor (21300-CV-02). The undersize 
from the triple deck wet screen (-6mm) is pumped to the wet plant.  

The feed from the middle deck (-40, +12mm) and bottom deck (-12, +6mm) is fed to the ore sorter feed 
stockpile using a fixed conveyor (21100-CV-01). This stockpile has a total volume of 3,000t and a live volume 
of 600t. Tunnel reclaim feeders (22000-FE-01 and 22000-FE-02) will feed the ore sorter feed conveyor (22000-
CV-01). The conveyor will feed the ore sorters (22000-OS-01) and (22000-OS-02).  

The product from the ore sorters is fed to the product stockpile (+6, -40mm) by passing through a sampling 
point using a conveyor (22000-CV-03). The product is trucked to the rehandling circuit located at the dry 
processing plant. The rejects from the ore sorters are fed to the rejects stockpile (+6, -40mm) using a conveyor 
(22000-CV-02) passing through a sampling point. The conveyor then feeds onto a radial stacker which then 
forms a 4,000t rejects radial stockpile. 

Process Controls: 

 Hopper level by visual observation from operators 

 VSD on conveyor to control feed to the double-deck vibrating screen 

 Belt weigher on Screen Feed conveyor (21100-SN-01) 

Power: 

 Connected to Phase 2 MCC 

4.3.2. Rehandling Circuit 

The product stockpile from the ore sorter circuit will be transferred to the rehandling circuit at the gravity 
processing plant. The rehandling circuit for Phase 2 will be fed at approximately 25tph, solids. The ore sorter 
product will be fed to a bin using a FEL and a vibrating feeder (21400-FE-01) will be used to feed the screen 
feed conveyor (21400-CV-02). The double deck screen (21400-SN-01) is fed using a conveyor (21400-CV-
02). The sizing screen for Phase 2 will replace the existing Techroq screen with a Sandvik SL1862 (1800mm 
x 6200mm long) Double deck washing vibrating screen complete with two vibrator motors, top and bottom PU 
panels, integrated spray bars and coil spring isolators. 

The oversize from the screen (-40, +10mm) and (-10, +6mm) will be fed to the VSI Crushers. For Phase 2, an 
additional Sandvik CV217 VSI crusher will be added to the rehandling circuit. The crushed material will return 
to the feed bin and refed onto the sizing screen. The screen undersize (-6mm) will be fed onto the existing wet 
plant feed conveyor using the conveyor (21400-CV-03).  

Power: 

 Connected to Phase 1 MCC  

4.3.3. Excess Product Dewatering 

The feed from the wet screen underflow (21100-SN-01) is fed to a blunger surge tank where the overflow will 
be fed to the excess product dewatering circuit. The circuit will consist of a dewatering screen (25100-SN-01) 
and dewatering cyclone (25100-CY-01). The dewatering screen (25100-SN-01) undersize will be fed to the 
dewatering screen underpan which will then feed to the dewatering cyclone. The dewatering cyclone will have 
a cut size of 75 microns. The cyclone U/F (-6mm, +75 microns) will return to the dewatering screen at 65%w/w 
solids. The cyclone O/F (-75 microns) is expected to be clear water which will be pumped to an existing tank 
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(32200-TK-02). The dewatering screen oversize (-6mm, +250 microns) will form a product stockpile and the 
dewatering screen undersize (-250 microns) will be recirculated back to the dewatering cyclone. 

The blunger surge tank will also pump at a nominal 60tph to the gravity processing plant.  

Process Controls: 

 Underflow hopper level to control make-up water addition 

 Underflow pump speed to control dewatering cyclone pressure 

 Cyclone pressure gauge included 

 Make-up water control valve to control hopper level 

 Water addition rate is manually set based on feed rate to the screen 

Power: 

 Connected to Phase 1 MCC  

4.3.4. Tailings Dewatering 

The tailings from the gravity processing plant will be fed to the tails dewatering circuit. The tailings dewatering 
screen (26100-SN-01) has an aperture of 250µm, the undersize of which will be pumped to cyclone (26100-
CY-01) using a cyclone tower (26100-CT-01). The overflow from the cyclone tower will be pumped to the 
existing clean water dam. 

The dewatering screen oversize will be conveyed and stacked to form a quarry free draining sand material that 
will be trucked to the quarry and stored as inventory. 

The dewatering cyclone underflow will be stacked into storage cells where the remaining moisture will drain 
back to a settlement pond before the clean water dam for re-use in the water circuit. The dewatered ultrafine 
material will also be trucked back to the quarry and stored as inventory. 

Power: 

 Connected to Phase 1 MCC  

4.4. Process Water 

Process water is provided for dust suppression and product transfer from the sizing screen to the dewatering 
screen. Water addition to the screen will be measured using a flow meter. A manual control valve will be used 
to set water flow rates. A field mounted digital display will provide water flow rate in m3/hr. Storage tanks will 
be manually filled daily or provided with a float valve. The average water demand for the circuit is approximately 
130m3/hr for Phase 2. 

4.5. Electrical and Instrumentation

4.5.1. Electrical Reticulation 

Plant distribution within the crushing, screening and sorting plant will be stepped down to 415 Vac, 3 phase, 
50 Hz via the 22/0.433kV 500kVA transformer.  

The Phase 2 crushing, screening and sorting plant will have a new MCC installed that will connect to the Phase 
1 distribution board.  

Phase 2 crushing and screening infrastructure at the gravity processing plant will be connected to the MCC 
installed in Phase 1. 

General lighting and power will be at 230/415 Vac.  
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4.5.2. Process Control System 

The site will adopt the process control system philosophy adopted for Phase 1 which is described in Section 
3.5.2. 

4.5.3. Maximum Demand 

The Maximum demand of the new equipment installation for Phase 2 has been calculated at 1187kVA. 

The total installed power for Phase 2 crushing, screening and sorting plant is 769kVA 

The total installed power for Phase 2 crushing and screening infrastructure at the gravity processing plant is 
418kVA. 

The crushing and screening plant has a total of 815kVA capacity between its two transformers. The gravity 
processing plant has a 1000kVA transformer, currently limited with 800kVA supply. If required, additional 
power to the gravity processing plant will be requested to fully utilise its 1000kVA capacity. 

4.5.4. Conveyors 

Conveyors and belt zipline feeders will have the following features: 

 Belt pull-wire(s) will trip the conveyor drive on fault. 

 Minor belt misalignment will raise a PCS alarm and severe misalignment will trip the conveyor 
drive. 

 A belt speed detection switch will trip the drive on zero speed. 

 The start-up of each conveyor will engage a locally mounted siren. 

Pull wire emergency switches will be mounted adjacent to the conveyor, accessible to operations personnel. 
When tripped, pull wire emergency switches will initiate an emergency stop interlock sequence of downstream 
equipment. An appropriate upstream PCS alarm will also be activated. For conveyors each pull wire will be 
individually alarmed in the PCS. For feeders an alarm signal will be given for each side. 

Activation of a belt drift switch will generate a PCS alarm. 

Belt speed elements will generate a conveyor under-speed alarm if the conveyor stops at any time during 
normal operation or there is belt slip. 

4.6. Site Plans 

The site plans for Phase 2 are shown in 
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5. Phase 1 Gravity Processing Plant 

5.1. Processing Strategy 

The existing gravity processing plant at Mt Carbine is currently operating and successfully treating low grade 
stockpile and tailings material at a rate of approximately 60tph. EQR has an in-depth knowledge of the gravity 
processing plant as an owner operator that has treated significant material volumes. This knowledge and 
expertise will be leveraged to make strategic decisions on the potential future process upgrades based on 
previous experience working with the Mt Carbine feed and existing plant. 

Minimal modifications are required for the gravity processing plant as it is currently operating at the required 
throughput and availability for the Phase 1 project requirements. The operational hours will increase, so some 
minor upgrades have been included to improve plant operability. 

The strategy for the process plant is one of continuous incremental improvements through the operations and 
allowing for upgrades through sustaining capital projects.  

Focus on recovery improvement and throughput will be a focus of Phase 2 activities and beyond when higher 
grade feed is introduced. 

The Phase 1 strategy for the gravity processing plant is not to alter the throughput capacity or the process 
circuitry.  

The current operational gravity processing plant performance, throughput and yield data has been used as the 
basis of the processing assumptions for the Phase 1. 

5.2. Background 

The gravity processing plant in operation at Mt Carbine is currently achieving the desired plant performance 
requirements for the feasibility study. Since commencing operations and the treatment of the low-grade 
stockpiles, EQR has achieved significant plant performance improvements over time by modifying the plant 
and feed conditions to maximise performance and yield. 

Ausenco was engaged as a process plant specialist to review and audit the existing gravity processing plant 
and identify and prioritise a range of upgrade options to further improve the plant performance for Phase 1. 

5.3. Existing Gravity Processing Plant 

5.3.1. Plant Layout 

Layout drawings of the gravity processing plant are shown below in Figure 25 and Figure 26. 
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Figure 25: Gravity Processing Plant Site Layout 

 

Figure 26: Wet Concentrator Plant 
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5.3.2. Process Plant Description 

As can be seen in the gravity processing plant site layout, sized material is fed to a feed hopper which is then 
fed to a conveyor where it is currently conveyed to the wet screen. The trommel has now been removed from 
the process circuit and made redundant. The wet screen separates the -6mm material and the +6mm material. 
The +6mm material is discharged from a conveyor, stockpiled and sent back to the XRT Sorting plant for 
processing. 

The -6mm particles are pumped to the pulse jig where the high density, tungsten bearing particles are 
concentrated, discharged into a sump and pumped to a secondary wet screen with 0.8mm panels on the 
screen. The waste material from the jig is pumped to tailings. The +0.8mm particles are fed to a rolls crusher 
and then pumped back to the front of the screen while the 0.8mm sized material is pumped to a cyclone for 
water removal and then to a distributor which sends the jig concentrate to six shaking tables.  

The shaking tables produce a rougher concentrate, this is then gravity fed to a central sump and pumped to a 
final cleaner table. The tailings from the rougher tables are then pumped back to the screen, to be jigged once 
more to minimise losses and increase recovery. The cleaner table produces a final concentrate which is 
bagged immediately. The tailings from the cleaner table a pumped back to the secondary screen, to undergo 
sizing and crushing once more and back to the rougher tables to ensure minimal losses.   

5.3.3. Process Plant Performance  2021 

The figures below summarise the historic process plant performance. In earlier months, a greater proportion 
of the plant feed was made up of tailings, however, the months of July and August demonstrate a focus on 
processing just the LGS material. 

The figures clearly demonstrate the plant performance improvements as the operations have developed a 
greater understanding of the feed material and plant requirements. 

Through an operational continuous improvement process, combined with a streamlining and simplification of 
the processing circuitry, the plant availability and recovery has improved demonstrably. 

The data below underpins the feasibility study processing assumptions namely: 

 +75% plant availability 

 +75% recovery 

 +50% concentrate grade 

The grade and recovery improvements when the gravity processing plant handles predominantly LGS material 
in the months of July and August. As is clearly demonstrated in Figure 27 and Error! Reference source not 
found., despite a significant reduction in head feed throughput compared to earlier months, the total 
concentrate production far exceeded the previous months where tailings was a significant component of the 
plant feed. The ratio of concentrate produced to head feed processed has drastically increased after swapping 
to primarily LGS material and helped accelerate the decision to progress with the Phase 1 expansion. 
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Figure 27: Ratio of concentrate produced from feed processed 

 

Figure 28: Historic Gravity Processing Plant Run Times 
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Figure 29: Historic Gravity Processing Plant Recovery 

Recovery has continued trending upward since Q1 2021 with a +75% recovery now achieved on an ongoing 
basis based on the ongoing site sampling regime.  

  

 

Figure 30: Historic Gravity Processing Plant Concentrate Grade 

 

5.4. Gravity Processing Plant Upgrades 

5.4.1. Pumps 

A review was conducted for pumps in the gravity processing plant by Ausenco. The pump sizing was reviewed 
based on the following data: 

Preliminary mass balance based on 60tph production rates

 Assumed pulp densities from benchmark operations 
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 Elevations and piping information determined from on-site measurement 

The preliminary review has concluded that many of the pumps in the circuit are oversized and are operating 
towards the lower left of their curves. Examples are shown for PU-008, CY-003 Feed Pump and PU-024A 
Final Tails Pump.

CY-003 Feed Pump (PU-008) 

Based on the tonnage of 13.2tph indicated in the mass balance, the pump calculation was conducted at three 
different pulp densities (20, 30 and 40%). Sizing parameters and outcomes are shown in below. 

Table 3: Sizing Parameters (PU-008) 

Parameter Units Minimum Flow Moderate Flow High Flow 

Solids t/h 13.2 

Pulp Solids % w/w 40 30 20 

Flowrate m³/h 24.2 35.2 57.2 

Pipeline NB mm 75 Alfagomma 10bar flex hose 

Pipe ID mm 51 

Pipeline velocity m/s 3.29 4.79 7.78 

TDH mwater 20.7 26.45 42.49 

Minimum installed Power kW 4.2 6.4 14.1 

Actual installed power kW 15 

Based on received suction & discharge piping data and lengths the system curve was calculated (Figure 31).
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Figure 31: System Curve for PU-008 

The operating points were plotted on the installed 4/3 AH pump curve (Figure 32). Based on motor (VSD) data 
supplied, the current operating range is between 1245-1740 rpm. 

 Pump is operating to the low far left point of the BEP which causes increased wear 

 Selecting a smaller sized pump 3/2 AH would improve the pump operating point and efficiency and 
reduce wear rate (see Figure 33). 

 Based on the limited operational information available: estimates of SG, pulp density (%w/w), 
discharge pressure, actual flow rates we are very limited in review options for the pumps. 
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Figure 32: Assumed Operation of PU-008 with 4/3AH 

 

Figure 33: Curve for Smaller Pump in the PU-008 duty (3/2AH) 

This situation was apparent for most of the 4/3AH pumps in circuit. 

Final Tails Pump (PU-024A) 

The sizing of the final tailings pump was reviewed using the same methodology. Sizing parameters and 
outcomes are shown in Table 4 below. 
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Table 4: Sizing Parameters (PU-024A) 

Parameter Units Minimum Flow Moderate Flow High Flow 

Solids t/h 54 

Pulp Solids % w/w 20 15 10 

Flowrate m³/h 235 325 503 

Pipeline NB mm 200 (HDPE) 

Pipe ID mm 202 

Pipeline velocity m/s 3.98 5.50 8.51 

TDH mwater 7.9 13.6 30.1 

Minimum installed power kW 10.4 24.9 83.4 

Actual installed power kW 55 

Based suction and discharge piping data and lengths, the system curve was calculated (Figure 34). 

 

Figure 34: System Curve for PU-024A 

The operating points were plotted on the installed 6/4 AH pump curve (Figure 5). Based on motor data supplied, 
the pump currently operating at 1356 rpm. This would mean that the pump is operating close to or even to far 
right of the BEP which causes increased wear. For this duty, and the assumed sizing data, the pump looks too 
small. 
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Impellor Wear 

 

Figure 35: Assumed Operation of PU-024A with 6/4AH 

Impellor Wear 

The impellor wear (refer Figure 36 
to confirm the assumption that the 4/3 pumps are operating in a region of low flow. The photos show that the 
pumps may be wearing with the eye squaring, which is caused by: 

 Large solids 

 Low flow operation 

 Recirculation at impellor clearance 

Typical eye squaring photos are shown in Figure 36.
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Figure 36: AH 4/3 Impellor Wear 

 

Figure 37: Typical Eye Squaring Wear 

Review of a 6/4 AH pump impellor was also reviewed by Ausenco. The wear on this impellor indicates that the 
pump may be operating with a high suction velocity and causing back shroud blowout (Figure 38). This 
supports the sizing performed which shows that the pump is undersized for the duty.  

PU-003 Mineral Jig OF pump, was also witnessed to be overflowing, indicating that the pump was unable to 
meet the required flowrate. 
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Figure 38: AH 6/4 Impellor Wear Photos 

Proposed Pump Changes 

Based on the investigation described above, Table 5 details the proposed pump change outs required to 
improve the pump reliability and availability. 

Table 5: Proposed Pump Replacements 

Equipment 
No. 

Pump Name Current Model Proposed Model 

PU-002A Vibrating Screen Sump Pump (Fine) 4/3 AH 3/2 AH 

PU-002B Jig Feed Pump 4/3 AH 3/2 AH 

PU-005 Cyclone Pump 4/3 AH 3/2 AH 

PU-008 CY-003 Feed Pump 4/3 AH 3/2 AH 

PU-009 Cleaner Tables Tails Pump 4/3 AH 3/2 AH 

PU-024A Final Tails Pump 6/4 AH 8/6 AH 

PU-003 Mineral Jig OF pump 6/4 AH 8/6 AH 

The pumps listed above will be changed out on a progressive basis to ensure there is minimal plant downtime 
and that the proposed pump size change achieves the desired outcome. 

Pump Replacement 

Given that the plant performance and availability with the existing pumps is within the targeted performance 
and availability, the replacement of the pumps identified above is not deemed a critical exercise. 

Managed by the operations team, and budgeted through the opex budget, the identified pumps will be replaced 
progressively as and when required in line with major maintenance requirements for each item respectively. 

5.4.2. Rolls Crusher 

The existing process plant has a screen and rolls crusher installed after the jigs. Historically, two rolls crushers 
were installed (this is shown in Figure 39), but currently only a single crusher is installed. 
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Figure 39: Screen and Rolls Crusher 

The screen is fed -2mm material from the jigs and the screen feeds +0.8mm material to the rolls crusher. The 
sized material is then recirculated back onto the screen. 

The rolls crusher is a high wear item given the abrasive nature of the feed and rolls require replacement on a 
regular basis. To maintain plant availability when 24/7 operations commence, it was recommended to install a 
second rolls crusher into the circuit (the structure originally accommodated two rolls crushers (as shown in 
Figure 39), so the second rolls crusher can be installed in that position. The rolls crushers can be used in a 
duty/standby configuration to minimise downtime on crusher maintenance and repairs. The second rolls 
crusher will also add throughput capacity for Phase 2, when grade is increased and the duty of the rolls crusher 
increases. 
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The proposed flowsheet with the second rolls crusher (in red) is shown in Figure 40

 

Figure 40: Additional Rolls Crusher in Flowsheet 

Given that the structure already accommodates the second rolls crusher, minimal modifications are required 
to allow it to be installed into the circuit. 

EQR has already purchased the rolls crusher and has it in stock. The costs associated with this item are for 
its installation only. 

5.4.3. Control Room and SCADA Replacement 

The existing Supervisory Control and Data Acquisition (SCADA) system at the process plant is aged and many 
existing components have been discontinued. To facilitate smooth ongoing operations through access to 
suitable parts as required, as well as allowing for future expansion activities for the gravity processing plant, 
the SCADA system will be replaced and installed in a new control room located adjacent to the gravity 
processing plant. 

Haz-Elec is an electrical and controls contractor based in Cairns that was engaged to provide a lump sum 
quote for the supply and installation of the SCADA replacement system. 

The scope for the SCADA replacements includes the works associated with the supply, installation and 
commissioning of: 

Processor Replacement 

 Replacement of existing processor 

 2Mb memory, 32 Ethernet/IP ports (max) 

 Supports up to 16 local modules (in two banks) 

 Firmware installed into processor with converted program installed 

Panelview Plus 7 Graphics Terminal System 

  touch screen similar to existing touch screen with a wider format. 



 

Mt Carbine Bankable Feasibility Study  Chapter 5: Processing  

60 

 Overall dimensions at front 340(w) x 246 (h) 

 Panel cutout dimensions 312(w) x 218(h) 

 240VAC/24VDC72W power supply for installation into existing Panelview enclosure. 

 Firmware installed on Panelview and existing SCADA program modified for new format and installed 
ready for exchange 

SCADA System Installed in Control Room 

  monitor with rear mounted NUC, Windows Pro, SSD 

 Perpetual visualisation license for up to 30 screens 

 Transfer of existing Panelview layout into larger SCADA form and adjustments 

The control room will be a stand-alone 6m x 3m demountable and relocatable Atco office structure. A similar 
building has recently been procured and installed by EQR to serve as the gravity processing plant office. The 
control room will be delivered to site whole with the internal fit out complete. 

The proposed location for the control room is shown in Figure 41 and typical example of the control room is 
shown in Figure 42. 

 

Figure 41: Proposed Control Room Location 
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Figure 42: Example Control Room Building 
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6. Gravity Processing Plant Phase 2 

6.1. Processing Strategy 

The processing strategy for Phase 2 is to maintain the current process plant configuration as much as possible 
to maintain the current performance. 

The plant feed material for Phase 2 will have an increased head grade as a result of the high grade ore being 
introduced from the commencement of open pit mining. 

The mining operations will introduce a blending strategy between open pit and LGS ore to achieve a nominal 
head grade of 0.5% WO3. 

To support the higher head grade, a scavenging circuit will be introduced to 62ummariz potential losses from 
the jig circuit. Additional tables will be included to account for the increased WO3 grade in the feed. 

Additionally, to meet product specifications and introduce potential additional markets, the a flotation cell will 
be introduced to remove arsenopyrite from the concentrate (near density to scheelite) and the concentrate 
shall be separated into wolframite and scheelite products.

6.2. Run of Mine Characteristics 

The process plant will be fed from multiple streams: 

 -6mm material will primarily be slurry fed onto the vibrating screen SC-002 

 -6mm material may also be dewatered and fed directly onto the plant feed conveyor 

 Ore sorter concentrate will be sized to -6mm and fed into sump SU-008 which will be sized to -2mm 
through the rolls crushers and fed into the tables circuit. Feeding the high grade ore sorter concentrate 
to the tables has been designed to 62ummariz the potential recovery losses that could occur through 
the jig circuit. 

The metallurgical characterization of the process plant feed material is detailed in Chapter 3: Geology and 
Resources. 

6.3. Operational Review 

Ausenco attended the Mt Carbine site on two occasions. The first visit was in May 2021, where preliminary 
review of operating data and circuit configuration was conducted. Following the site visit several 
recommendations were made to improve the reliability and recovery of the operation and to collect data to 
confirm the tungsten losses and flowrates through the circuit. 

A second site visit was performed at the beginning of September to further review the operation and to perform 
a plant sample campaign to confirm the operating parameters and performance for the plant. Two plant surveys 
were performed by Ausenco personnel during the visit to provide a snapshot of operational performance and 
to form the basis of engineering work. 

6.3.1. Review of Site Operating Data 

Initial review of the site operating data showed that the Mt Carbine plant had an average tungsten shift recovery 
of approximately 47% between January and May 2021 producing a concentrate grade of 49% WO  during the 
same period.  

Analysis of the operating and shift samples showed that the key issue in the plant recovery was in the jigging 
circuit, associated with high losses from lower grade material. This data is shown in Figure 43. 
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Figure 43: Jig Recovery vs Feed Grade by Feed Type 

Low grade material losses were typically at each end of size range processed, typically decreasing outside of 
the 1  4 mm range as shown in Figure 44. 

 

Figure 44: Jig Losses by Size for a Low Tungsten Tailings Feed 

Losses in the tabling circuit were low, with overall table circuit recovery of +95% tungsten being achieved. It 
was thought that possibly tungsten was being lost prior to the tables circuit in the dewatering cyclone overflow, 
due to excessive generation of fines in the table feed crushing stage. 

Due to the lack of coherent data across the circuit a site survey was planned to identify the true sources of 
tungsten loss in the circuit and to provide reference solids and water balances to design upgrades to the 
treatment route.  
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A subsequent review of overall plant recovery by ore feed showed two distinct periods of performance. Since 
the decision not to retreat tailings was made, plant recovery has increased and the range of performance 
outcomes has also increased.  

Based on the data below recoveries 
85% WO  recovery vs 60%. The goal of the upgrades is to consistently produce above 80% recovery from the 
plant through scavenging the jig tailings and increasing the capacity of the table recovery circuit. This is clearly 
shown in Figure 45. 

 

Figure 45: Plant Recovery Comparison with Tails and without Tails 

6.3.2. Site Surveys 

Two plant site surveys were conducted to gather data about plant operating conditions and to determine the 
losses by size for the two different ore types being fed to the plant. The first survey was conducted on -8 mm 
ore, and the second was conduc  

The data from the surveys were entered into JKSimmet and reconciliation was performed on the assay by size 
data for the circuit. Due to inconsistencies in the assays by size data for the HG ore sample, reconciliation was 
not performed by size. The output of the reconciliation was used to develop the design criteria and the mass 
balance for the circuit upgrades.  

High level results summary for the two surveys are shown in Table 6. 

Table 6: Key Results from Site Surveys 

Area Units -8mm Ore High Grade (HG) 

Plant Feed t/h 48.9 42.4 

Feed Grade % WO  0.138 0.153 

Screen 002 

Oversize t/h 12.9 6.76 

Undersize and Midsize t/h 35.9 35.7 
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Area Units -8mm Ore High Grade (HG) 

Jig 001/002 

Mass Recovery % 14.3 15.5 

Tungsten Recovery % 83.0 73.6 

Rougher Tables 

Mass Recovery % 6.17 2.04 

Tungsten Recovery % 97.9 78.7 

Concentrate Grade % WO  23.4 32.1 

Cleaner Table 

Mass Recovery % 39.4 57.9 

Tungsten Recovery % 73.4 97.4 

Concentrate Grade % 43.6 54.0 

Overall  

Mass Recovery % 0.231 0.166 

Tungsten Recovery % 73.0 58.8 

Jig Feed to Product Recovery 

Mass Recovery % 0.31 0.20 

Tungsten Recovery % 82.6 69.8 

Note: Overall recovery of plant feed, assumes SC-002 oversize is sent to tailings and not reprocessed 

6.3.3. Jig Recovery 

Losses of tungsten from the -8mm ore was similar to the results recorded during the initial site visit with lower 
recovery in the +4mm material (64.8%). There was no recovery of the +4mm material for the HG ore which 
may explain the lower jig recovery (Table 7). Recovery of fines was higher than expected in the 8mm sample 
(76.2%) however there is room for additional recovery in the fine fraction. 

Table 7: Jig Recovery by Size 

Size (mm) -8mm HG Ore 

Mass Recovery 
(%) 

Tungsten 
Recovery (%)

Mass Recovery (%) Tungsten Recovery 
(%) 

8 0  0 * 

+4 1.3 64.8 0.0 * 

+2 3.2 80.5 3.2 * 

+1 10.2 93.1 4.4 * 

+0.5 21.4 88.4 26.6 * 

+0 27.2 76.2 12.1 * 

Overall 14.3 83.0 15.5 73.6 
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6.3.4. Table Recovery

Recovery by size data for the rougher table showed that although good recovery was achieved in coarse 
fraction (+1mm), this was the major loss in the cleaner table (Table 8). This material was much lower grade 
and would benefit from further liberation prior to cleaning. This material is currently returned to the rolls crusher 
prior to the rougher tables. 

Table 8: Jig Recovery by Size 

Size 
(mm) 

Rougher Cleaner 

Mass 
Recovery (%) 

Tungsten 
Recovery (%) 

Mass Recovery 
(%) 

Tungsten 
Recovery (%) 

Tungsten Grade 

(% WO ) 

+1 12.1 98.4 15.4 20.5 26.8 

+0.5 4.6 97.5 42.2 100 36.9 

+0 6.8 97.9 40.0 70.0 47.0 

Overall 6.2 97.9 39.4 73.4 43.6 

6.4. Test Work 

Test work described below was conducted by EQR and the outcomes reviewed and incorporated into the 
Phase 2 process design by Ausenco. 

6.4.1. Spirals 

Spirals test work had previously been conducted by Mineral Technologies, on behalf of EQR. Two samples 
representing a low-grade fines and coarse tailings sample was sent to Mineral Technologies in September and 
November 2020.  

The samples were processed through a series of closed-circuit release tests which were conducted at a single 
feed loading (~2t/h at 30- 40% solids). Each of the samples was sized and head assays taken (Table 9). 

Table 9: Spirals Feed Samples Sizing and Head Assays 

Size (µm) Coarse Tailings Low Grade Fines 

1400 100 100 

1000 97.6 98.9 

710 65.6 89.7 

500 34.7 77.8 

300 12.8 62.5 

150 3.5 45.4 

75 1.3 32.3 

38 0.5 23.9 

20 No results 19.1 

-20 0 0 

P50 (µm) 588 179 

WO  Head Grade 0.14 0.41 
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Results from each of the samples showed that optimum recovery was achieved at 9-12% mass to concentrate. 
At optimum mass recovery, tungsten recovery from the coarse tailings and low-grade fines samples was 
80%and 70% respectively. This is shown in Figure 46. 

 

Figure 46: Mass vs Tungsten Recovery for Coarse Tailings (Sample 1) and Low Grade Fines (Sample 2) 

Assays were also taken by size for the spirals tailings. Both sets of tailings assay results indicated that below 
75 µm the spirals were not effective in recovering tungsten (Table 10). 

Table 10: Jig Assay by Size of Tailings for the Spirals Tests 

Size 
(µm) 

Coarse Tailings Low Grade Fines 

%wt Grade  

% WO  

Dist 

% WO  

%wt Grade  

% WO  

Dist 

% WO  

710 36.7 0.03 43.4 14.2 0.03 3.6 

500 33.8 0.03 30.3 1.7 0.02 3.3 

300 21.8 0.02 14.8 18.6 0.02 3.4 

150 6.2 0.02 3.7 14.8 0.02 2.7 

75 0.7 0.01 0.3 8.6 0.03 2.2 

38 No results 6.2 0.19 10.6 

20 0.5 0.08 1.4 3 0.47 12.8 

-20 0.3 0.55 5.9 17.9 0.38 61.4 

6.4.2. Arsenic Removal and Product Separation 

Flotation, electrostatic and electromagnetic separation were conducted to determine whether arsenic could be 
removed from the product. Another goal from this test work was to see if the wolframite could be separated 



 

Mt Carbine Bankable Feasibility Study  Chapter 5: Processing  

68 

from the scheelite to produce a separate wolframite concentrate which could be used for ferrotungsten 
production. 

Flotation 

Flotation was conducted on a final concentrate sample to determine the tungsten losses of a sulphide flotation 
stage.  

Two separate tests were conducted at different grind sizes to determine if arsenic could be separated from 
tungsten and the results are summarised in Table 11 and the flowsheet is shown in Figure 47. 

Table 11: Summary of Results from Arsenic Removal Flotation Tests 

Parameter Units Test 1 Test 2 

Feed Grade 

Tungsten  % WO  55.3 54.7 

Arsenic % As 2.62 2.28 

Sulphur % S 2.15 1.99 

Primary Grind µm 75 100 

Rougher 

Residence Time min 8 12 

Tungsten Loss % 2.4 3.5 

Arsenic Recovery % 88 92.6 

PAX Addition g/t 100 130 

Cleaner 

Regrind µm

na 

45 

Residence Time min 18 

Tungsten Loss % 0.55 

Arsenic Recovery % 75.6 

PAX Addition g/t 20 

 

Figure 47: Rougher Flotation Test Flowsheet 

Between the two tests, rougher results arsenic recovery and tungsten losses were similar (Figure 48). Given 
the similar results, the 100 µm concentrate was chosen for design. 
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Figure 48: Arsenic and Tungsten Recovery for Test 1 (75 µm) and Test 2 (100 µm) 

A Cleaner test was performed on the concentrate from the 100 µm rougher concentrate. The rougher 
concentrate from Test 2 was reground top a P80 of 45 µm and subjected to cleaner flotation as shown in 
Figure 49. 

 

Figure 49: Cleaner Flotation Test Flowsheet 

The regrind and cleaning test showed that the tungsten losses could be decreased in a single stage of cleaning 
(Figure 50). Arsenic recovery in the cleaner stage however was much lower and needs to be further optimised 
to meet final concentrate arsenic specifications. 
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Figure 50: Cleaner Tungsten vs Arsenic Recovery to Cleaner Concentrate 

Following cleaning, the rougher concentrate had reduced from 19.7% WO  to 5.35% WO  which accounted 
for 0.55% of the tungsten in the product. Further test work is required to determine whether lower arsenic 
grades and higher recovery can be achieved without substantial tungsten losses. 

3.2.2 Magnetic and Electrostatic Separation 

The possibility of separating the final tungsten product to a wolframite and scheelite concentrate was 
investigated using electrostatic and magnetic separation. It was thought that it may also be possible to reduce 
the amount of arsenic in the wolframite concentrate allowing a smaller mass of scheelite to treated via flotation 
for arsenic removal.  

Results from the magnetic separation test work are summarised in Table 12. 

Table 12: Magnetic Separation Sighter Test Results 

Test Recovery to Magnetics Recovery to Mids Recovery to Non-Magnetics 

Mass 
(%) 

Tungsten 
(%) 

Arsenic 
(%) 

Mass 
(%) 

Tungsten 
(%) 

Arsenic 
(%) 

Mass 
(%) 

Tungsten 
(%) 

Arsenic 
(%) 

LIMS 1.79 0.9 0.3 98.2 99.1 99.5 

150mm 
RER 

46.3 64.4 7.6 11.2 20.8 6.3 42.5 38.4 86.1 

300mm 
RER 

62.9 75.3 19.1 6.6 4.1 7.2 30.5 20.7 73.7 

600mm 
RER 

6.99 10.1 1.2 42.0 51.5 12.6 51.0 38.3 86.2 

The magnetic separation test work found that the low intensity magnetic separator (LIMS) worked well to 
produce an iron rich magnetic concentrate with minimal loss of tungsten to magnetics. 

The high intensity rare earth rolls (RER) enacted a decent separation between the scheelite and wolframite 
minerals, with the smaller rolls producing better separation of the arsenic minerals to the non-magnetics.  
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Review of the QEMSCAN data for the samples showed that all wolframite reports to the magnetics with 50% 
of the scheelite, giving a wolframite product with 72% of its contained WO3 being wolframite and 27% being 
Scheelite. The wolframite product contained ~0.6% As of which 40% was non-liberated.  

The electrostatic separators showed similar results to the magnetic separators for tungsten and overall mass 
recover, however the arsenic followed the scheelite to the conductive material (Table 8). 

Table 13: Electrostatic Separation Sighter Test Results 

Test Recovery to Conductives Recovery to Mids Recovery to Non-
Conductives 

Mass 
(%) 

Tungsten 
(%) 

Arsenic 
(%) 

Mass 
(%) 

Tungsten 
(%) 

Arsenic 
(%) 

Mass 
(%) 

Tungsten 
(%) 

Arsenic 
(%) 

T202 52.2 77.0 93.9 6.8 5.3 1.4 41.0 17.6 4.7 

Electrostatic separation prior to magnetic separation using a 3 pass 150 mm RER was assessed to determine 
whether a combined circuit would produce acceptable results (Figure 51). 

 

Figure 51: Combined Electrostatic and Magnetic Separation Test Flowsheet 

It was unknown how the separate portions were to be treated, with tungsten split across the non-conductive 
(13.8%) and non-magnetics (15.6%) and arsenic not following a single stream split mainly between non-
magnetics (72.2%) and magnetics (18.2%) (Figure 52). These streams would both need to be further treated 
to reduce the arsenic grades. 
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Figure 52: Mass, Tungsten and Arsenic Deportment Between Magnetic and Electrostatic separation 

6.5. Process Design 

6.5.1. Overview 

Upgrades to the circuit have been developed based on an incremental and modular approach to design, with 
the additional facilities targeting the areas of major losses from the existing circuit. Where possible, changes 
to existing equipment have been minimised to reduce interruption to the existing operation, however due to 
capacity constraints upgrades to some equipment and pumps are required. 

The basis for design (Table 14) for the process plant is summarised below: 

 Plant nominal capacity of 60 t/h treating ore with a feed size of P95 -6mm 

 Capacity to treat ore with feed grades into the front end of the circuit (jigs) of up to 0.5% WO  

 Capacity to treat 16 t/h of ore sorter product at 0.85% WO  into the table circuit, with the balance of 
feed from the jigging circuit.  

 Operate at average tungsten recovery of 79.5% from ROM feed to the Jig, 

 Design flexibility to process 16 t/h of ore sorter product direct to the table circuit. Under this case, the 
circuit has been designed for 92% overall recovery which represents the maximum for design case. 

Table 14: Design Basis 

Criteria Units Design 

Plant Throughput t/h 60 

Feed Size (P95) mm 6 

Design Feed Grade % WO  0.5 

Overall Recovery (nominal) % 79.5 

Overall Recovery (max for 
design for table circuit) 

% 92% 
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6.5.2. Flowsheet Development 

Recovery improvements to the current circuit have been assessed based on the following areas and have 
been guided by operating experience at the site, data analysis of losses from survey and benchmark data from 
other tungsten operations.  

The main strategy to improve recovery through the circuit is based in increasing current jig capacity to reduce 
increase jig residence time. Review of the operating parameters and flow through the jigs highlighted that 
losses in the coarse fraction are most likely due to the low residence time in the jig and also due to the interstitial 
void of the ragging used. 

As an additional means of recovery improvement, the two jigs will treat different size fractions (coarse and 
fine) which allows individual operating parameters and ragging to be optimised for each size fraction. 

In addition to recovery improvements, equipment was checked for capacity constraints. At higher head grades, 
the table circuit will become overloaded and require additional table to remain within design loading rates. 

Finally flowsheet modifications were driven by the future ore from the pit having elevated arsenic which 
necessitates removal for sale. As part of the arsenic removal circuit there is the opportunity to produce a 
separate wolframite product for production of ferrotungsten. 

 Arsenic removal 

 Drying and product separation 

This section should be read in conjunction with the following documents: 

 Process design criteria (105969-RX-DC-0001) Appendix C 

 Overall block flow diagram (105969-0000-F-001) Appendix D 

 Process flow diagrams (105969-0000-F-002 to 023) Appendix E 

 Mass balance (105969-RX-MB-0001) Appendix F 

 Mechanical equipment list (105969-LST-001) Appendix G 

 Process Plant Layout (105969-2000-G-001) Appendix H 
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Process Design Criteria 

The process design criteria (PDC), detailed in Appendix C, was developed based on review of completed test 
work to date, and plant survey information as described in Section 6.3, as well as benchmarked data from 
similar operations. Where gaps remained in the test work, benchmark data was used until confirmatory test 
work is performed. 

6.5.3. Plant Feed 

Ore fed to the plant will be reduced from the current P95  of 8 mm to P95  of 6 mm to assess performance of 
the circuit at the new feed size. The tungsten deportation was also reduced according to the currently recorded 
deportation. Size distributions used as the basis for the plant design are shown in Figure 54 below. 

 

Figure 54: Plant Size and Tungsten Deportation

6.5.4. SC-002 Jig Feed Screen 

The Jig Feed Screen (SC-002) will receive ore either from the existing feed conveyor system or from a new 
pipeline which is being designed by others. The screen will operate as per existing design scalping +6 mm 
oversize material from the top deck and delivering it to an oversize stockpile.  

The undersize from the top deck will be separated into a 2-6 mm and 0-2 mm products on the bottom deck 
which will be pumped to the coarse and fine jigs. 

6.5.5. Jig Duplication 

Coarse Jig 

The coarse jig will receive the 2-6 mm product from the jig feed screen and separate it into product for further 
processing with the overflow also being scavenged in subsequent stages. The recovery of the coarse jig has 
been based on existing performance of the coarse fractions through the jig. It is anticipated that jig performance 
will improve with higher residence time leading to more stable recovery through the circuit. 
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Table 15: Coarse Jig Design Basis 

Criteria Units Design 

Feed Rate t/h 19.7 

Feed Size  mm 4-6 

Jig Type  Russell Jig Model J2/70 HT 

Mass Recovery  % WO  5.97 

Tungsten Recovery % 87.2 

Fine Jig 

The fine jig will receive the 0-2mm product from the jig feed screen and separate it into product for further 
processing. Due to the higher liberation of the fine material the tailings from the circuit will be passed directly 
to the scavenging circuit without any feed preparation.  

The recovery of the fine jig has been based on existing performance of the fine fractions through the jig. It is 
anticipated that jig performance will improve with higher residence time leading to more stable recovery 
through the circuit. 

Table 16: Fine Jig Design Basis 

Criteria Units Design 

Feed Rate t/h 40.3 

Feed Size  mm 0-2 

Jig Type  Russell Jig Model J2/70 HT 

Mass Recovery  % WO  19.7 

Tungsten Recovery % 82.5 

6.5.6. Jig Scavenging Circuit 

Jig scavenging has been designed to recover the coarse and fine jig losses from the circuit which have been 
consistently shown in operating and survey data. 

Crushing 

The coarse jig overflow is passed over a coarse separation screen which scalps the +4 mm material from the 
jig tailings. This material is crushed in a roll crusher to P100 of nominally 2 mm. The crushed coarse rejects is 
combined with the fine rejects and pumped to the scavenging circuit. There is option to stack the 2-4mm rejects 
from the screen. 

Scavenging 

The scavenging circuit consists of a feed screen which separates the scavenger feed into two size fractions 
which are treated through a spiral circuit (coarse) and through a reflux classifier (fines).  

Feed to the two circuit will need to be balanced to maximise feed to the reflux classifier, which will be 
refurbished and tested by EQR prior to installation of the new circuit.  

Conservative mass and tungsten recovery have been used to design the scavenging circuit to allow for 
inefficient operation of both units to maximise recovery. 
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Table 17: Scavenging Circuit Design Basis 

Criteria Units Reflux Classifier Spirals 

Feed Rate t/h 20.7 37.6 

Feed Size  mm -0.5 +0.5 

Type  M1000  

Mass Recovery  % WO  30 30 

Tungsten Recovery % 65 65 

Table Feed Preparation 

The table feed preparation circuit has a screen operating in closed circuit with a rolls crusher to reduce the 
feed size to the table circuit to P100 of 1 mm. 

In the upgraded circuit SC-003 will require upgrading to treat the additional mass from the higher throughput 
from the scavenging circuit. In addition to the reinstallation of the crusher as part of the Phase 1 scope. 

6.5.7. Table Duplication 

To improve separation of the table circuit and allow efficient grade recovery and separation of fine and coarse 
particles at the higher feed rates the table circuit will be duplicated. To allow duplication of the circuit, a feed 
screen will be installed prior to the existing circuit. The screen aperture will be optimised in practice to ensure 
each table circuit receives the optimum feed rate and size. 

Table 18: Table Circuit Feed Screening Basis 

Criteria Units Feed Screen 

Feed Rate t/h 25.1 

Aperture Size  mm 0.5 

The existing tables will operate as the coarse table circuit. These tables have an inefficient linear motion for 
tungsten, however are currently performing well in this duty. 

The new tables circuit will take a finer feed, and for this circuit, Diester tables have been selected as used in 
other fine recovery tabling operations. 

Table 19: Table Circuit Design Basis 

Criteria Units Coarse Tables 
(Existing) 

Fine Tables 

Feed Rate t/h 17.34 7.75 

Feed Size  mm +0.5 -0.5 

Type  Chinese/ Wilfley Motion Deister 

Rougher Circuit No 6 x 1 decks 2 x 3 decks 

Cleaner Circuit No 1 x 2 decks (upgraded) 1 x 2 decks 

The table products will be bagged individually and dewatering using current practice prior to being batched to 
the arsenic removal circuit or drying and separation circuit. 
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6.5.8. Arsenic Removal 

As required the product will be batched to the arsenic removal circuit. The circuit consists of a small ball mill 
package and pilot Jameson cell with product dewatering cone. The concentrate from the Jameson cell will be 
bagged and dewatered, and the concentrate can be assayed and assessed whether rebatching through the 
milling and flotation circuit should occur to reduce the amount of entrained tungsten lost to the arsenic/ sulphide 
concentrate. 

Table 20: Arsenic Circuit Design Basis 

Criteria Units Design 

Ball Mill 

Feed Rate (max) kg/h 500 

Product Feed Size (P80) µm 100 

Installed Power kW  

Flotation 

Type  L500 Pilot Jameson Cell 

Mass Recovery to Sulphide 
Concentrate 

% 8.8 

Tungsten Loss to Sulphide 
Concentrate 

% 2.4 

Tungsten Product Dewatering Cone 

Settling Rate t/m2/h 1 (estimated) 

6.5.9. Drying and Product Separation 

Bagged tungsten product will be fed to the existing rotary dryer. This unit is complete with feed hopper and 
screw feeder. The unit performance has not been verified, however it is anticipated that a product moisture of 
0.5% w/w can be achieved from the unit. 

Following the product drying the dry concentrate will either be bagged or passed to the RER unit which will 
separate the concentrate into a wolframite and scheelite concentrate. 

Table 21: Drying and Product Separation Design Basis 

Criteria Units Feed Screen 

Tungsten Dryer 

Type  Indirect rotary 

Feed Rate (max) kg/h 500 

Product moisture (nominal) % water (w/w) 0.5 

Product Separation 

Type  300mm RER 

Mass Recovery to Wolframite 
Concentrate 

% 75 

Tungsten Recovery to 
Wolframite Concentrate 

% 62 
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6.5.10. Reagents 

Table 22 summarises key design criteria for reagents. 

Where possible reagents, PAX and MIBC will be sourced and delivered at dosing strength. Due to low volume 
dosing requirements, the reagents will dosed directly to the circuit from the received drums using dosing 
pumps. 

Table 22: Key Reagents Design Criteria 

Description Use Total Consumption Unit Consumption 

PAX    

MIBC  

(W24 
alternative) 

Sulphide flotation/ arsenic removal 
collector 

1.8kg/day 150 g/t 

6.5.11. Mass and Water Balance 

The mass balances for the nominal and design grade cases, as well as the ore sorter to table case have been 
developed to a preliminary level based on the survey data. These balances are detailed in Appendix F. The 
data has been used for equipment sizing and selection and to derive the project water demand.  

Stream data of the key process streams are shown in Table 23, whereas the water demand is summarised in 
Table 24. These are shown for the design feed grade case only. 

Table 23: Key Process Stream Data 

Stream Description Solids 
(t/h) 

Slurry 
(m3/h) 

% Solids 
(w/w) 

S_001 Plant Feed 44.0 15.6 99.0 

S_003 Vibrating Screen Feed 44.0 60.8 49.2 

S_005 Vibrating Screen Midsize to SU-002B 14.4 8.6 80.0 

S_006 Vibrating Screen Underpan to SU-002A 29.6 54.2 40.3 

S_015 Coarse Jig Concentrate 0.9 13.8 6.0 

S_016 Coarse Jig Tailings 13.6 102.3 12.2 

S_022 Fine Jig Concentrate 11.7 187.8 6.0 

S_023 Fine Jig Tailings 47.7 255.1 16.7 

S_024 Jig Overflow Screen Feed 13.6 102.3 12.2 

S_026 Jig Overflow Screen Oversize 5.1 2.3 90.0 

S_028 Jig Overflow Screen Midsize 4.1 2.4 80.0 

S_029 Jig Overflow Screen Undersize 4.4 99.5 4.3 

S_032 Scavenging Feed Screen Feed 52.7 277.5 16.9 

S_033 Scavenging Feed Screen Undersize 18.7 247.3 7.2 

S_034 Reflux Classifier Concentrate 3.7 8.3 35.0 

S_035 Reflux Classifier Tailings 15.0 239.0 6.0 

S_039 Spiral Concentrate 6.8 15.0 35.0 
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Stream Description Solids 
(t/h) 

Slurry 
(m3/h) 

% Solids 
(w/w) 

S_040 Spiral Tailings 27.2 76.3 29.0 

S_041 Combined Scavenging Concentrate 10.5 23.3 35.0 

P_113 Ore Sorter Product 16.0 35.3 35.0 

S_047 Jig Concentrate Screen Feed 50.1 278.1 16.1 

S_049 Concentrate Screen Oversize to Crushers 10.9 11.1 60.0 

S_054 Dewatering Cyclone Feed 40.3 332.4 11.3 

S_055 Dewatering Cyclone Overflow 8.8 54.7 14.5 

S_056 Dewatering Cyclone Underflow 31.6 277.7 10.6 

S_057 Table Feed Screen Oversize 21.8 235.2 8.8 

S_061 Coase Rougher Table Feed 21.8 235.2 8.8 

S_064 Coarse Rougher Table Concentrate 1.1 37.7 2.9 

S_065 Coarse Rougher Table Tailings 20.7 212.5 9.2 

S_070 Coarse Cleaner Table Concentrate 0.4 3.0 12.9 

S_071 Coarse Cleaner Table Tailing 0.7 36.7 1.8 

S_074 Fine Rougher Table Feed 9.8 42.5 20.0 

S_077 Fine Rougher Table Concentrate 0.7 24.5 2.7 

S_078 Fine Rougher Table Tailings 9.1 29.0 26.1 

S_080 PW Fine Cleaner Table Wash 0.0 4.0 0.0 

S_081 Fine Cleaner Table Concentrate 0.1 2.9 4.3 

S_095 Grinding Product 0.6 6.1 8.5 

S_097 Jameson Cell Concentrate 0.0 0.2 20.0 

S_101 Tungsten Product 0.5 6.2 7.7 

S_105 Tungsten Dryer Feed 0.5 0.3 70.0 

S_109 Tungsten Non-magnetic Concentrate (Scheelite) 0.2 0.1 99.5 

S_110 Tungsten Magnetic Concentrate (Wolframite) 0.3 0.1 99.5 

S_086 Final Tailings 55.4 469.7 11.0 

 

Table 24: Water in / output Stream Data 

Description Flowrate (m3/h) 

Total water requirement 421.7 

PW to Feed Prep Area 55.3 

PW to Coarse Jig 99.3 
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Description Flowrate (m3/h) 

PW to Fine Jig 147.2 

PW to Jig Tailings Scavenging 22.1 

PW to Scavengers 61.2 

PW to Table Feed Prep 9.8 

PW to Coarse Tables 17.1 

PW to Fine Tables 15.0 

PW to Arsenic Removal 0.6 

6.6. Plant Layout 

Figure 13 shows the project site including the existing process plant and facilities. 

Key design constraints that have been imposed on site layout include: 

 Minimisation of disturbance to environmentally sensitive locations  

 Maintaining existing process pad boundaries and  

 Minimisation of development footprint 
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The new fines mineral jig (JG-003/004) has been located close to the existing mineral jig (JG-001/002) (Figure 
56). The orientation of the new jig has been turned 180 degrees to allow the fine mineral jig overflow to be 
combined with the coarse jig overflow once it has been crushed by  the jig overflow crusher rolls (RC-004). 

 

Figure 56: Fine Mineral Jig, Overflow Screen and Crushing Plant 

The crushed jig overflow and fined jig overflow are pumped to the existing derrick screen located in the former 
Kelsey Jig plant (Figure 57). To facilitate feeding the screen oversize to the scavenger spirals (SR-001) and 
the undersize to the scavenger reflux classifier (XM-001) the current final tailing sump (SU-024) will be 
reinstated as the screen undersize sump. A new final tailings sump and pump will be located north of the 
current location. 
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Figure 57: Jig Overflow Scavenging Area 

Following scavenging, the concentrate from the spirals and reflux classifier are pumped to join the jig 
concentrate on vibrating screen (SC-003) (Figure 58). Due to the increased flow requirement, this screen will 
be upgraded, and an additional rolls crusher installed to crush the additional load. The ore sorter product will 
be pumped to the derrick screen sump (SU-008) which recirculates to (SC-003). 
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Figure 58: Upgrade Jig Concentrate Screen and Jig Oversize Crushing 

The undersize from the screen is pumped to the dewatering cyclone which has been relocated above the new 
table feed screen (SC-006). The oversize from the table feed screen is transferred to the existing tables 
building which will process the coarse (0.5mm) product. The existing tables will be upgrade to double decks 
to facilitate the increased tonnage.  

The fine fraction will be sent to a new fine tables circuit consisting of three stacks of three Deister rougher 
tables (Figure 59). These tables perform better separation on fine materials than existing tables due to the 
different table motion. The concentrate from these tables will be upgraded in a new cleaner table circuit 
consisting of a single stack of two Deister tables. 

The concentrate from the fine and coarse cleaner table circuits will be bagged for sale, or further processing 
depending on the arsenic, wolframite and scheelite content. 
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Figure 59: Table Feed Screening and Fine Tables 

If the tungsten product has a high arsenic content, the product can be batched through the arsenic removal 
circuit which consist of a small pilot scale mill package and a pilot Jameson cell package (Figure 60). The 
tungsten product (flotation tailings) is dewatered in a dewatering cone, and the flotation concentrate is bagged 
for either further processing to improve tungsten recovery, or for disposal depending concentrate grades. 
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Figure 60: Arsenic Removal Circuit 

If the table product is low in arsenic the removal circuit can be skipped with the product fed to the tungsten 
dryer via the hopper and screw feeder (HF-002) (Figure 61). The dry product can either be bagged for final 
shipment or processed through the tungsten dry HIMS (MG-001) to produce a separate wolframite and 
scheelite concentrate. 
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Figure 61: Tungsten Drying and Product Separation 
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7. Capital Cost Estimate 

7.1. Capital Cost Summary 

The summary of the capital costs for the process infrastructure as described in this Chapter 5: Processing is 
provided in Table 25. 

Table 25: Capital Cost Summary 

WBS Item Description Capital Cost (AUD) 

Phase 1  Crushing Screening and Sorting Plant 

21100 Screening 751,312 

21300 Secondary Crushing 277,340 

21400 Tertiary Crushing / Rehandling Circuit 715,039 

25000 Product Handling and Dewatering 512,945 

30000 Services 955,421 

72500 First Fills and Spares 44,335 

76000 Design 160,000 

Subtotal  Phase 1 Crushing, Screening and Sorting Plant 3,416,392 

Phase 1  Gravity Processing Plant 

23000 Wet Processing 43,679 

Subtotal  Phase 1 Processing Plant 43,679 

Phase 2  Crushing, Screening and Sorting Plant 

21100 Screening 1,278,908 

21300 Secondary Crushing 780,281 

21400 Tertiary Crushing / Rehandling Circuit 482,418 

22000 Ore Sorting 2,129,165 

25000 Product Handling 107,802 

26100 Tailings Dewatering 364,675 

30000 Services 765,791 

72500 First Fills and Spares 137,743 

76000 Design 413,633 

Subtotal  Phase 2 Crushing, Screening and Sorting Plant 6,460,416 

Phase 2  Gravity Processing Plant 

23000 Wet Processing 5,226,669 

26000 Tailings 135,813 

72500 First Fills and Spares 151,501 
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WBS Item Description Capital Cost (AUD) 

76000 Design 536,248 

Subtotal  Phase 2 Gravity Processing Plant 6,050,232 

TOTAL Processing 15,970,719 

The detailed capital cost estimate for the crushing, screening and sorting plant is attached as Appendix I. The 
detailed capital cost estimate for the gravity processing plant is attached as Appendix J. 

7.2. Basis of Capital Cost Estimate 

The basis of estimate  for the processing infrastructure is detailed in Chapter 12: Capital Cost Estimate.  
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8. Operating Cost Estimate 

8.1. Operating Cost Summary and Basis of Operating Costs 

The operating costs for the processing plants with the basis of estimate is detailed in Chapter 13: Operating 
Cost Estimate. 
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10. List of Abbreviations 

Abbreviation Description 

BEP Best efficiency point 

EQR EQ Resources Limited 

FEL Front end loader 

HDPE High density poly ethylene 

HG High grade (ore) 

HIMS High intensity magnetic separator 

IP Internet protocol 

LGS Low grade ore stockpile 

MCC Motor control centre 

PDC Process design criteria 

PLC Programmable logic controller 

RER Rare earth rolls 

ROM Run of mine 

SCADA Supervisory control and data acquisition 

VSD Variable speed drive 

VSI Vertical shaft impact crusher 
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 Crushing Plant Mass Balance 

  





Annual Throughput Mtpa 1.0 A % 94% A

Crushing Operating Hours (Design) hrs 2857 A tph 175 A

Crushing  Rate (Design) tph 350 A % 85% A

ROM Moisture % 5% A % 61% A

Ore Solids S.G t/m3 2.65 A % 14% A

Water S.G t/m3 1.0 A tph 60 A

Rock Screen O/S % 32% A % 75% A

Primary Screen Top Deck O/S % 47% A

Primary Screen Bottom Deck O/S % 42% A

t/h
m /h
t/h

m /h
t/h

m /h
% solids

t/m
t/m
t/m
mm

t/h
m /h
t/h

m /h
t/h

m /h
% solids

t/m
t/m
t/m
mm -40,+6

128.7
90%

1.60
1.0
1.51
-40,+6

90%

1.60
1.0

1.0 1.0 1.0

5.6 10.0

1.1

1.51
22

1.51 1.51

12

1.00

1.60
1.0
1.51
-6

8

174.8
109.3
19.4
19.4
194.3

9

11.2
7.0
1.2
1.2
12.4
8.2
90%

206.7

20.7 42.5
42.5
94.5
62.2

2.65
1.0

136.9
55%90%

PSD -40,+6 -40,+6 -40,+6 -40,+6 -40,+10 -10,+6 -6

PSD -700 +170,-400 -170 40 - -170 -170,+40

Stream Number 10 12 + 13 14 15 16

1.00
1.51

24.5 23.0

Ore Sorter Feed

Ore Sorter Reject

Rehandling Screen Top Deck O/S

Rehandling Screen Bottom Deck O/S

Wet Plant Feed Rate

10.9 61.7

Linear Screen O/S

61.7 302.7 152.4
90% 90%

Rehandling Screen Recirc.

Stream Description

5 3 + 4 4 6 7Stream Number 1 2 3 4

Solids 350.0 112.0 238.0 207.0 52.0
218.8 70.0 148.8 129.4

0.0 445.0 207.0 186.0
19.6

Solution 18.4 5.9 12.5
0.0 278.1 129.4 116.3

Slurry 368.4 117.9 250.5 217.9
24.5 23.0 20.718.4 5.9 12.5 10.9 61.7

61.7 494.4 230.0
237.2 75.9 161.3 140.3

Specific Gravity / Bulk Density
0%95% 95% 95% 95%

Solution 1.0 1.0 1.0
1.60 1.60 1.60 1.60Solids 1.60 1.60 1.60 1.60

1.0 1.0
1.63 1.51 1.51 1.52Slurry 1.55 1.55 1.55 1.55

-40,+6 -6

Stream Description

1311 12

40.0 24.410.0
6.3
1.1 2.74.4

3.5
Solids 174.8 162.6 12.2

1.1

30.0
6.3109.3 101.6 7.6 25.0 15.3

1.4 0.6

Slurry 194.3 180.7 13.6

19.4 18.1
18.8

19.4 18.1 1.4
11.1

3.3
33.3

Solution
1.1

44.4 27.1 6.2 11.1

90% 90%90% 90%
4.1 7.429.4 18.0

4.4 2.7 0.6

22.1

Solids 1.60 1.60 1.60

90% 90% 90%
128.7 119.7 9.0 7.4

90%

1.60

1.51 1.51Slurry 1.51 1.51 1.51
1.0 1.0 1.0Solution 1.0 1.00 1.00 1.0

1.60 1.60 1.60 1.60
Specific Gravity

3.3





N/R m3/hr
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 Crushing Plant Equipment List 

  



655 MT CARBINE PROJECT

Speciality Metals International Limited

Equipment List 

 

J 9/11/2021 Revised and Reissued for Client Review - Updated with Phase 1 & 2 AY CB

H 24/08/2021 Revised and Reissued for Client Review - Updated with Option 1, 2 & 3 SK CB

G 24/08/2021 Revised and Reissued for Client Review - Updated with Option 1, 2 & 3 SK CB

F 24/08/2021 Issued for Client Review - Updated with Option 1, 2 & 3 SK CB

E 15/07/2021 SK CB

D 14/07/2021 SK CB

C 25/06/2021 SK CB

B 23/06/2021 SK CB

A 10/06/2021 SK CB

Rev Date Description Prepared Reviewed Func/Fac Appr'd
Project 
Auth'd

Client Appr'd

Issued for Client Review

Issued for Client Review 

Issued for Client Review

Issued for Client Review

Issued for Client Review



Client:

Project:

Project No:
Title:

SNO AREA DESCRIPTION

GENERAL AREA DESCRIPTION PHASE 1 PHASE 2
1 20000 - PROCESSING 20001 20002
2 21000 - Crushing and Screening Plant 21001 21002
3 21100 - Screening 21101 21102
4 21200 - Primary Crushing 21201 21202
5 21300 - Secondary Crushing 21301 21302
6 21400 - Teritiary Crushing 21401 21402
7 22000 - Ore Sorting 22001 22002
8 22100 - Ore Storing process 22101 22102
9 23000 - Ore Storage, Transport and Pumping 23001 23002
10 25000 - Product Handling, Storage and Transportation 25001 25002
11 25100 - Product Handling, Storage and Transportation process 25101 25102
12 26000 - Reject Handling, Storage and Transportation 26001 26002
13 26100 - Reject Handling, Storage and Transportation process 26101 26102
14 30000 - ON-SITE INFRASTRUCTURE 30001 30002
15 31000 - Civil Infrastructure 31001 31002
16 31100 - Roads 31101 31102
17 31200 - Pads and Laydown Areas 31201 31202
18 31300 - Dams and Drainage 31301 31302
19 32000 - Surface Services and Utilities (Dry and Wet Plant) 32001 32002
20 32100 - Power Supply and Distribution 32101 32102
21 32110 - Main Substation 32111 32112
22 32120 - Site Distribution 32121 32122
23 32200 - Water Services 32201 32202
24 32210 - Potable Water ( By others) 32211 32212
25 32220 - Fire Water 32221 32222
26 32230 - Waste Water 32231 32232
27 32240 - Storm Water 32241 32242
28 32250 - Mine Affected Water 32251 32252
29 32300 - Air Services 32301 32302
30 32400 - Fuel and Lube Facilities and Distribution 32401 32402
31 32500 - Communications 32501 32502
32 73000 - Construction Equipment, Tools And Supplies 73001 73002
33 73100 - Construction Equipment & Light Vehicles (Including maintenance) 73101 73102
34 73200 - Tools & Consumables 73201 73202
35 73300 - Fuels And Lubricants 73301 73302

AREA NUMBER 

WORK BREAKDOWN STRUCTURE

EQ RESOURCES

MT. CARBINE PROJECT 

655
Process Areas and Description
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 Process Plant Process Design Criteria 
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 Process Plant Block Flow Diagram 
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 Process Plant Process Flow Diagrams 
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 Process Plant Mass Balance 
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 Process Plant Equipment List 

  



Mt Carbine Tungsten Project 
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 Process Plant Layout 
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 Crushing Plant Capital Estimate 

  



 
 

655 MT CARBINE PROJECT
Speciality Metals International Limited

CAPITAL COST - PHASE 1 & 2

  

B 25/11/2021 AO AY CB CB

A 14/09/2021 AO AY CB CB

Rev Date Description Prepared Reviewed Func/Fac Appr'd
Project 
Auth'd

Client Appr'd

Issued for Client Review

Issued for Client Review



Project No: 655
Project : MOUNT CARBINE - CAPEX SUMMARY
Date: Nov 2021

MT CARBINE SCOPE - PHASE 1 Installation Hours
Equip & 

Materials
Installation Cost Total Cost

SCREENING 21100 1,372 510,894 240,418 751,312

SECONDARY CRUSHING 21300 472 199,319 78,021 277,340

TERTIARY CRUSHING 21400 - Refer Note 1 1,209 506,459 208,580 715,039

PRODUCT HANDLING, STORAGE AND TRANSPORTATION 25000 102 48,027 17,775 65,802

PRODUCT HANDLING, STORAGE AND TRANSPORTATION 25100 709 352,386 94,748 447,134

AIR SERVICES 32300 78 33,450 14,625 48,075

MAIN SUBSTATION 32110 260 146,475 39,000 185,475

POWER SUPPLY & DISTRIBUTION (SITE DISTRIBUTION) 32120 691 145,936 103,650 249,586

CONTROL SYSTEM 32120 206,635 127,500 334,135

SURFACE SERVICES & UTILITIES (WATER) 311 79,800 58,350 138,150

TOTAL DIRECT COST 5,205 2,229,381 982,666 3,212,047

INDIRECTS 204,335 204,335

CONTINGENCY (15%) 512,457 512,457

TOTAL ESTIMATE 5,205 2,229,381 1,699,458 3,928,840

Note 1 : Includes sunk costs for Techroq screen & VSI crusher

MT CARBINE SCOPE - PHASE 2 Installation Hours
Equip & 

Materials
Installation Cost Total Cost

SCREENING 21100 2,189 909,937 368,971 1,278,908

SECONDARY CRUSHING 21300 480 690,281 90,000 780,281

TERTIARY CRUSHING 21400 240 437,418 45,000 482,418

ORE SORTING 22000 3,849 1,510,901 618,264 2,129,165

PRODUCT HANDLING, STORAGE AND TRANSPORTATION 25000 7,000 90,027 17,775 107,802

PRODUCT HANDLING, STORAGE AND TRANSPORTATION 26100 390 291,527 73,148 364,675

MAIN SUBSTATION 32110 40 80,325 6,000 86,325

POWER SUPPLY & DISTRIBUTION (SITE DISTRIBUTION) 32120 1,657 371,951 248,550 620,501

CONTROL SYSTEM 32120 36,465 22,500 58,965

TOTAL DIRECT COST 15,845 4,418,833 1,490,208 5,909,041

INDIRECTS 551,376 551,376

CONTINGENCY (15%) 969,062 969,062

TOTAL ESTIMATE 15,845 4,418,833 3,010,646 7,429,479
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 Process Plant Capital Estimate 
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