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COMMISSIONING OF SANDFIRE RESOURCES COPPER PROCESSING PLANT 

AT DEGRUSSA, WESTERN AUSTRALIA 

 

 

ABSTRACT 

Sandfire Resources NL commenced commissioning of its 1.5Mtpa DeGrussa copper processing 

plant in September 2012.  The processing plant includes primary crushing, primary closed circuit milling, 

secondary closed circuit milling, conventional three stage flotation including concentrate regrind and 

tailings disposal.  The grinding circuit has a 7.30m x 3.35m variable speed Outotec SAG mill with an 

installed power of 3.4MW.  This mill was installed with Turbo Pulp Lifter (TPL) technology and was 

designed to operate in closed circuit with 500mm cyclones to deliver a transfer size of 180µm to the next 

stage of grinding.  A 4.7m x 7.5m Outotec grate discharge ball mill with an installed power of 2.6MW 

and Turbo Pulp Lifters is operated in closed circuit with 250mm cyclones to provide a 45m product to 

flotation.  

 

The primary mill was initially commissioned as an Autogenous Grinding (AG) mill.  During 

this period the milling circuit operated at lower than design throughput, whilst the AG mill operated with 

excessive pebble production rates and a finer transfer size to the ball mill circuit (60-80µm).  Production 

requirements inevitably led to the addition of 8% graded ball charge with a top size of 100mm.  The 

change improved throughput to design expectations (187tph). 

 

  The addition of the ball charge increased the transfer size to 80-100µm, however the pebble 

generation rate remained unchanged.  With the continued addition of steel to the mill (12%) the SAG 

mill transfer size remained finer than design expectations resulting in a very fine flotation feed particle 

size distribution.  The over ground sulfides in the flotation feed led to issues maintaining selectivity 

during flotation, and hence the grinding circuit was operated without the ball mill circuit for a period 

until other process changes were made to improve transfer size.  

 

This paper discusses commissioning issues in the grinding circuit during the early stages of 

processing and highlights remedial actions undertaken to achieve key design parameters.  It also 

discusses the outcomes of grinding surveys and the subsequent modelling work completed on the data 

collected.  

 

KEYWORDS 

 

SAG mill, Grate discharge ball mill, Charge motion, Pebbles and material transport, Energy efficiency. 

 

INTRODUCTION 

 

Sandfire Resources NL listed on the Australian Stock Exchange in March 2004 as a junior 

mineral resource explorer.  During April 2009 the company drilled what would be the discovery drill 

hole into the DeGrussa deposit returning an intersection of 75m at 2.4% Cu, 47m at 5.3% Cu and 35m 

at 6.9% Cu.  In March of 2011, development of the DeGrussa project was approved based on a robust 

pre-feasibility study.  A definitive feasibility study (FS) was completed and delivered in June 2011 based 

on a total mineral resource of 14.33Mt grading 4.6% Cu and 1.6g/t gold for 652,000 tonnes of contained 

copper and 742,000 ounces of contained gold.  Ore commissioning of the 1.5Mtpa ore processing facility 

commenced in October 2012 only three and a half years after discovery. 
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Figure 1: DeGrussa copper mine location 

 

The DeGrussa copper-gold mine is situated 900km north east of Perth, Western Australia and 

is accessible via the Great Northern Highway as shown in Figure 1.  The ore processing facility generates 

a chalcopyrite rich concentrate which is then trucked to Geraldton or Port Headland and subsequently 

shipped to clients. 

 

PROCESS MINERALOGY AND ORE CHARACTERISTICS 

 

The DeGrussa project includes a series of copper-gold rich lodes that are Volcanically Hosted 

Massive Sulfide (VHMS) style deposits based on the host rock package, mineralization style, mineral 

composition and mineral alteration.  The host rocks are submarine basalts, mafic volcanoclastic rocks 

and debris flows with sub-volcanic dolerite/gabbro sills possibly of the Narracoota Formation. 

 

Originally the DeGrussa mine had lateritic gold, oxide copper and supergene copper vertically 

above the hypogene mineralization.  The hypogene mineralization exists in four lodes: DeGrussa (DG), 

Conductor 1 (C1), Conductor 4 (C4) and Conductor 5 (C5).  The hypogene mineralization is greater than 

90% massive sulfide consisting mainly of pyrite, chalcopyrite, pyrrhotite, sphalerite and sub-ordinate 

galena, as well as minnesotaite, talc and magnetite. 
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Figure 2: Overview of DeGrussa Project’s ore bodies 

 

The distinct iron sulfide mineralogy (and quantity) tends to define metallurgical response.  

Comminution and flotation properties within the different ore types are relatively consistent across the 

ore bodies and follow distinct trends. 

 

The sulfide minerals are amenable to recovery via traditional flotation methods therefore this 

was the basis for the comminution and concentrate plant design.  The dominant valuable metal is copper, 

which is contained predominantly within chalcopyrite and minor assemblages of chalcocite 

mineralization. 

 

DESIGN PARAMETER ESTABLISHMENT AND FLOWSHEET DEVELOPMENT 

 

The DeGrussa Project was a fast-tracked project.  The plant was designed and equipment 

procured on the basis of the test work of DeGrussa and Conductor 1 lodes and a detailed prefeasibility 

study (PFS).  To close the loop on the additional lodes of C4 and C5 a confirmatory detailed feasibility 

study (FS) was conducted. 

 

The design parameters were developed from a series of comminution and flotation composites 

generated from three combination PQ/HQ diamond metallurgical holes drilled through the DeGrussa 

and Conductor 1 lodes.  In total, seven samples were selected for diagnostic comminution test work 

including five samples from the mineralized zones and two additional samples from the waste zones 

immediately adjacent to the mineralization.  Additionally from this drilling two flotation composites 

were generated “DeGrussa” and “Conductor 1” composite to represent the geological grade of copper, 

gold, zinc and arsenic in the DeGrussa and Conductor 1 ore lodes. 

 

The design inputs used to develop the milling circuit by Orway Mineral Consultants (OMC) 

are illustrated in Table 1.  These were used in conjunction with the optimum grind size determined from 

the flotation test work (m) and Sandfire’s annual milling capacity requirement (1.5Mtpa). 
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Table 1: Comminution parameters for the initial design 

 
 

Considering all options available, a SAG and ball milling circuit was deemed the lowest risk 

and preferred design option due to the relatively fine grind and treatment rate required. 

 

To allow future throughput flexibility Sandfire elected to increase the diameter and power of 

the SAG mill, close circuit the SAG mill with cyclones and reduce the size of the ball mill. This closing 

of the SAG mill had the additional benefit of creating a more energy efficient system resulting in 

significantly reduced power usage from the site’s diesel generators.  The comminution design parameters 

are illustrated in Table 2. 

 

 

Table 2: Comminution design parameters 

 
The milling equipment was ordered based on the data contained in Table 2 simultaneously with 

the publishing of the FS.  As part of the FS, four composite samples, representing mineralization and 

waste from both Conductor 4 (C4) and Conductor 5 (C5) were tested.  The results of the comminution 

testing are displayed in Table 3. 

 

Comminution	Properties	 85th	Percentile	Ore	 "Hard	Waste"	 "Friable	Waste"	

CWi	 kWh/t	 8	 		 		

RWi	 kWh/t	 19.2	 9.2	 17.2	

BWi	 kWh/t	 14	 18.3	 14.5	

Ai	 		 0.342	 0.113	 0.043	

A	 		 64.4	 56.6	 73.8	

b	 		 0.86	 0.51	 0.78	

A	x	b	 		 55.1	 28.9	 57.6	

ta	 		 0.35	 0.28	 0.53	

SG	 		 3.79	 2.66	 2.85	

	

Parameter	 Unit	 Value	

Annual	Throughput	 Mtpa	 1.5	

Grinding	Circuit	Utilisation	 hours/annum	 8000	

Throughput	 tph	 187	

Feed	Size	F80	 mm	 125	

Product	Size	P80	 µm	 45	

Dilution	 %	 1	-	15	

		 		 		

Primary	Mill	 		 SAG	

Inside	Shell	Diameter	 m	(ft)	 7.3	(24)	

EGL	 m	(ft)	 3.35	(11)	

Operating	Ball	Charge	 %	vol	 10	

Maximum	Ball	Charge	 %	vol	 15	

Media	Diameter	 mm	 125	

Operating	Total	Load	 %	vol	 25	

Maximum	Total	Load	 %	vol	 35	

Speed	(Variable)	 %	Nc	 65	-78	

Specific	Energy	 kWh/t	 13.5	

Operating	Power	 kW	 2525	

Installed	Motor	Power	 kW	 3400	

		 		 		

Secondary	Mill	 		 Ball	Mill	

Inside	Shell	Diameter	 m	(ft)	 4.7	(15.4)	

EGL	 m	(ft)	 7.8	(25.6)	

Operating	Ball	Charge	 %	vol	 31	

Maximum	Ball	Charge	 %	vol	 36	

Media	Diameter	 mm	 35	

Speed	 %	Nc	 75	

Specific	Energy	 kWh/t	 11.8	

Operating	Power	 kW	 2200	

Installed	Motor	Power	 kW	 2600	
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Table 3: C4 and C5 comminution parameters

 
As part of the FS C4 and C5 parameters shown in Table 3 were added to the initial data.  Steve 

Morrell (SMCC) was engaged to peer review the data and assess the impact of this data on circuit design.  

SMCC used the 85th percentile data in the simulations allowing for up to 15% dilution.  JKSimMet was 

used to determine circuit flow rates required for detailed design and to model the expansion case.  The 

modelling revealed: 

 The C4 and C5 drill core test data, when added to DG and C1 test data, slightly 

increased the ore hardness originally used by OMC for design purposes.  Despite this SMCC 

estimated that the mill sizes and circuit configuration proposed for the initial 1.5Mtpa circuit 

should meet Sandfire’s requirements 

 SMCC concurred with OMC that 2.3Mtpa could be achieved by open-circuiting the 

SAG mill and adding an identical ball mill to the initial unit 

 SMCC believed the expansion option could be achieved without the incorporation of 

a pebble crusher. 

 

The design of the DeGrussa grinding circuit is a typical SAG and ball mill (SAB) type.  A single 

Metso C140 jaw crusher operating with a closed side setting of 125mm crushes pre-blended run of mine 

(ROM) material to 80% passing (P80) 146mm which is then conveyed to a 4,200t primary crushed ore 

storage bin.  The material is reclaimed via one of three vibrating feeders which deliver ore to the primary 

mill.  The installed primary mill is an Outotec 7.30m x 3.35m effective grinding length (EGL) grate 

discharge SAG mill with 3.4MW installed power. The mill is also installed with Turbo Pulp Lifters 

(TPL) in lieu of standard radial pulp lifters. 

 

Once material is discharged from the primary mill the slurry is pumped to a cluster of four 

CVX500 cyclones which are designed to achieve a P80 of 180µm.  The cyclone underflow gravitates to 

the SAG mill feed chute via the primary flash flotation cell and the cyclone overflow gravitates to the 

ball mill discharge hopper.  This slurry, along with the ball mill discharge, is pumped to the secondary 

cyclone cluster including twelve 250CVX cyclones which are designed to achieve a P80 of 45µm.  

Secondary cyclone underflow gravitates to the ball mill feed chute via the secondary flash flotation cell 

whilst secondary cyclone overflow gravitates to the flotation circuit. 

 

The installed secondary mill is an Outotec 4.7m x 7.5m grate discharge ball mill with 2.6MW 

installed power.  The ball mill is also installed with Turbo Pulp Lifters (TPL) in lieu of standard pulp 

lifters.  The designed comminution circuit layout is illustrated in Figure 3. 

Comminution	Properties	 C4	-	Massive	 C5	-	Massive	 C4	-	Barren	 C5	-	Barren	

CWi	 kWh/t	 		 		 		 		

RWi	 kWh/t	 		 		 		 		

BWi	 kWh/t	 11.5	 11.1	 19.3	 20.7	

Ai	 		 		 		 		 		

A	 		 66.5	 67.7	 68.4	 67.9	

b	 		 0.8	 0.9	 0.5	 0.4	

A	x	b	 		 53.2	 60.9	 34.2	 27.2	

ta	 		 0.37	 0.36	 0.33	 0.23	

SG	 		 3.69	 4.19	 2.94	 2.85	
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Figure 3: DeGrussa comminution circuit layout 

 

EARLY COMMISSIONING 

 

The SAG mill was initially commissioned as an Autogenous Grinding (AG) mill to determine 

if design throughput could be met without the use of grinding media.  During this period the milling 

circuit operated at 150tph, which was less than the design throughput target of 187tph.  Compounding 

this issue the AG mill operated with a high pebble production rate (greater than 70tph) and a fine transfer 

size of 60-80µm that, combined with the ball mill circuit, produced a very fine grind that negatively 

impacted flotation performance. 

 

Given lower than required milling rates in AG mill mode 100mm grinding media was added to 

lift rates.  An 8% graded steel charge with a top size of 100mm improved throughput and increased the 

transfer size to the ball mill to 80-100µm (Figure 4).  Despite this improvement the pebble generation 

remained high. 

 

 
Figure 4: Daily average performance of SAG mill 

 

 

The SAG mill transfer size to the ball mill remained too fine despite the addition of the steel 

charge.  During this period, pebble circulation rates typically ranged from 60 to 80tph compared to the 

design (less than 10tph).  At these rates the pebble circuit was frequently overloaded and resulted in 

numerous mechanical failures.  Investigation into the high pebble rates revealed a substantially higher 
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level of critical size material in the feed to the grinding circuit; 25% of the mass was in the 10 to 30mm 

size fraction compared to the design of 10% as shown in Figure 5. 

 

 
Figure 5: DeGrussa SAG new feed size distribution 

 

During this period numerous modifications were made to both the primary and secondary 

cyclone clusters, in an attempt to coarsen the particle size distribution to the flotation circuit.  A detailed 

review is beyond the scope of this paper, however, in general cyclone apexes were reduced, vortex finder 

diameters increased and operating parameters adjusted to suit a coarsening of the overflow.  Two of the 

four primary cyclones were modified, changing the lower cones to a flat bottom design, in an attempt to 

coarsen the transfer size and remove the fine fractions from the SAG mill discharge. 

 

Modifications to the cyclones were ineffective or only marginally beneficial.  Optimization of 

the operating parameters was made particularly difficult as the processing plant was treating ore not 

characterized during design and this ore displayed significantly different grinding characteristics to the 

long term underground ore supply. 

 

OPEN PIT MATERIAL 

 

Comminution circuit behavior was significantly impacted by the requirement to treat 

transitional material mined from the DeGrussa open pit.  The open pit was initially established to mine 

saleable direct shipping ore (DSO) only, therefore this ore was not tested for comminution or flotation 

parameters.  Material below the DSO cut-off grade (13% Cu) mined from the open pit was stockpiled 

and the decision to process this material was made to fill the planned gap in the underground ramp up 

and the commissioning of the processing plant. 

 

The open pit material displayed significantly different comminution properties to the 

underground ore material that represented the long-term ore supply for the concentrator.  Throughputs 

while treating open pit material were significantly higher (20%) than those achieved processing 

underground ore only.  Despite the ability to treat the open pit material at elevated throughput this 

material created flotation issues thus requiring the amount of open pit material in the blend to be limited.  

 

Flotation recoveries were negatively affected due to the high proportion of oxidized material 

and the subsequent unintentional activation of sphalerite.  With throughput limited by downstream 

restrictions, the mill was often required to run at minimum mill speed to retain sufficient mill weight to 

protect the liners.  A compromise was reached by blending up to 15% open pit material with underground 

material to achieve the best combination of mill throughput and flotation performance.  Open pit material 

was included in the blend until September 2013 when treatment was changed to solely 100% 

underground mine ore feed.  Following the treatment of the open pit material, a better understanding of 

the mill capabilities was gained of the long term ore supply and focus placed on grate modifications. 
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Figure 6: Impact of pit material on throughput 

 

GRATE MODIFICATION 

 

The initial set of steel grates used for commissioning were installed with 25mm horizontal slots 

as well as a long vertical slot between adjoining grate plates running almost the length of the grate giving 

8.9% total open area.  

 

 
Figure 7: Initial set of grates with a long vertical slot 

 

In January 2013 a modification to the grate set was completed as well as the commencement of 

the addition of larger grinding media (125mm vs 100mm).  The initial grates were removed in February 

2013 with moderate peening observed and replaced with the modified grate. 

 

The grates were modified from the original design by blanking off the radial slot with a section 

of steel.  The reduction in open area caused by blocking the radial slot was approximately 22.5% with 

total open area reducing to 6.9%.  Modelling work indicated that increasing the ball charge from 8% to 



 
 

 

VANCOUVER 2015 

11 | P a g e  
 

over 10.5% was necessary to negate the impact of reduced open area on mill throughput.  Following the 

installation of the modified grate the impact on pebble generation was immediate with a 50-60% 

reduction in pebble generation observed at the same throughput. 

 

 

FAILURE OF GRATES 

 

In May 2013 the grates experienced a partial failure of one of the webbing pieces on the outer 

edge of the grate plate.  The failure saw an increase in pebble generation and difficulties with auxiliary 

equipment as discussed previously. Due to the uncertainty surrounding the cause of the failure the 

addition of larger diameter grinding media was stopped and circuit operation returned to a more 

conservative method. 

 

 

  
Figure 8: Pebble production trend 

 

In September 2013 the plant transitioned from an open pit and underground mine ore blend to 

a 100% underground mine ore blend.  This change coincided with a rapid reduction in cast grate service 

life, an average of 35 days between failures compared to previous service lives of three months.  To 

address this issue ball charge and speed of the mill were investigated and found that if reduced the mill 

throughput suffered significantly. 

 

Concurrently a set of 50mm thick Hardox grate plates were plasma cut to the slot dimensions 

of the cast grates to be attached with composite lifter bars (short lead-time) and a set of rubber grates 

were being fabricated to allow the mill throughput to be maintained and improve the service life of the 

grate. 

 

The Hardox grate was delivered first and put into the mill while the preferred rubber grates 

were being fabricated.  The Hardox grate operated for approximately 5 weeks before the rubber grates 

were installed.  The Hardox grates performed very well however the decision to move to the rubber grate 

was taken.  The rubber grate showed minimal signs of wear particularly in the areas of previously 

observed failures.  Regular monitoring was undertaken for signs of wear and damage whilst further 

designs were investigated. 

 

Although the rubber grates reduced the pebbles flow rate to less than 20tph (Figure 8), the 

throughput rates were not able to be maintained at the design rate of 187tph as shown in Figure 9 however, 

a larger ball charge of 12% was used post January 2014 and 200tph was achievable. 
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Figure 9: SAG performance with steel and rubber grates 

 

PROCESS REVIEW AND MODELLING  

 

Reviewing the performance history of the DeGrussa grinding circuit since commissioning, has 

indicated the following: 

 

 A finer feed with more critical size particles:  It is well recognised that SAG mills are 

sensitive to feed particle size distribution (PSD).  The actual PSD achieved from the crushing 

of the DeGrussa ore is very different to the predicted PSD assumed in the original modelling 

based on review of over 2,500 other samples taken worldwide with similar comminution 

parameters. 

 

As a result the grinding circuit feed to the plant has 250% more critical size material (10-30mm) 

in the feed compared to design.  This critical size material is very difficult for the SAG mill to 

process and requires a lot of power requiring higher ball charges and impact energies. 

 

 The failure of grates:  The failure of the cast steel grates was related to an unfortunate 

combination of a too high ball charge (~12%) with a too low total charge (~20%).  The result 

of this combination is that 60% of the charge in the mill is steel (the upper limit of steel is 

usually 40% of the charge).  However if the ball charge was lowered or the total charge 

increased the throughput at DeGrussa was severely impacted. 

 

To increase the service life of the grates, the cast steel grates were replaced with rubber grates.  

Rubber grates have shown to be more durable, however the shell lifters in the mill were still 

sustaining damage and peening.  The further complications of the speed control limitations, 

resulting from the slip energy recovery (SER) system not allowing the drive train to be 

overloaded at low speeds, and the vibration the high ball charge generated above 74% critical 

speed, pushed the SAG mill to its design boundaries and limited the throughput.  

 

 High fines generation:  The presence of excessive scats in SAG mill charge leads to charge 

slump an efficient attrition action, causing overgrinding and generation of higher proportion of 

finer particles.  The mill contents discharged through the broken grates (Figure 10) supported 

the presence of excessive pebble size particles. 
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Figure 10: SAG mill contents 

 

A holistic modelling approach consisting of detailed process modelling and analysis of charge 

motion, material transport and particle breakage in both SAG and ball mill circuits has been carried out 

by Dr Sanjeeva Latchireddi of Energy Efficient Milling Solutions (EEMS), to understand and identify 

critical issues, and provide the appropriate solutions.  The following recommendations were developed 

to improve circuit throughput and reduce metal losses in finer particles.  The suggested recommendations 

are listed in the order of implementation: 

 

 Install a suitable pebble crusher in the SAG mill circuit to treat up to 100tph of pebbles.  The 

installation of a pebble crusher allows the milling circuit to treat over 280tph without a second 

ball mill and to halve the ball charge in the SAG mill (improving wear life and ball 

consumption) 

 Redesign the SAG mill grates to include porting suitable for the DeGrussa ore 

 Redesign the SAG shell liner profile to encourage high energy impacts and improve wear life 

 Install a suitable classifying screen in place of the SAG primary cyclones.  Installation of a 

screen is expected to give the following improvements: 

o A significant reduction in circulating loads 

o A reduction in excessive fines (10 micron) generated in the SAG mill 

o A reduction in metal losses within fines (10-micron) of the flotation circuit 

o Will provide scope to increase the SAG mill capacity to 280tph  

 Install tramp a metal collector at the end of the primary classification screen oversize remove 

small steel from the SAG mill and improve the impellor life of pumps.  

 

The predicted performance of the DeGrussa grinding circuit after implementation of the 

proposed pebble crusher and screen are illustrated in Table 4. 
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Table 4: Current and predicted performance of DeGrussa grinding circuit 

 
 

 

Proposed pebble crusher installation is expected to bring the following benefits: 

 

• Allow “sprint capacity” in the treatment rate of the plant and reduce the pressure on the 

milling circuit 

• Improve the grinding process eliminating the premature damage to the linings 

• Reduce operating cost by reducing the grinding media consumption and the power required 

to grind the ore. 

 

CONCLUSIONS  

 

The DeGrussa Copper Mine commenced commissioning of its 1.5Mtpa concentrator in 

September 2012.  During its first 18 months of operation, the milling circuit experienced numerous issues.  

The majority of these problems originated from the very fine feed particle size distribution fed into the 

processing plant.  The recommendation to install a pebble crusher was based on holistic modelling by 

EEMS and the recommendation has not changed throughout the evolution of the processing plant. 

 

The recommendations to install a pebble crusher is contradictory to the traditional views as 

stated in JKMRC’s Mineral Comminution book (NappierMunn et.al) “As the action of a recycle crusher 

is to remove rocks from the mill which are important as grinding media for fine particles, operating with 

a fine classifier as well can produce a build-up of sand-like material.  This may lead to a drop in 

throughput and hence nullifies the advantage given by a recycle crusher.”   

 

The decision to proceed with the installation of a pebble crusher into the DeGrussa milling 

circuit is a decision that needs careful thought considering the untraditional recommendation and the 

cost of the potential project. 
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