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a b s t r a c t

Compañía Minera Doña Inés de Collahuasi SCM initiated the development of a new geometallurgical
model to characterize its Rosario deposit in terms of its comminution circuit capacity and flotation per-
formance. The comminution component of the model is now complete and is described in detail in this
article.

The model uses a combination of simulation and power-based approaches to relate ore hardness and
flotation feed size to grinding circuit throughput. Ore hardness values are provided by Collahuasi’s block
model which has been populated with ore characterisation data derived from Bond ball work index tests,
JK drop-weight tests and SMC Tests� on diamond drill cores. The influences of planned and unplanned
maintenance downtime are taken into account both in terms of frequency and duration.

The accuracy of the model is demonstrated using weekly production data taken from the period Janu-
ary–December 2008, showing an average relative error of 5.2% and an R2 value of 0.95.

The model is now in successful routine use at the mine for planning purposes and is currently in the
process of being further developed to incorporate the response of the flotation circuit.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

As Walters and Kojovic (2006) stated ‘‘Geometallurgy is not
new”, though in recent years many mining companies have in-
vested significantly in this area as they have increasingly realised
that constructive integration of geology, mining and processing
aspects into a so-called ‘‘geometallurgical model” pays financial
dividends through being able to maximize the throughput and
efficiency of their treatment plants in both short and long-term
time frames. The popularity of such modelling has been spurred
on by advances in our understanding of how autogenous (AG),
semi-autogenous (SAG) and ball mills behave, plus developments
in ore characterisation techniques relevant to AG and SAG mills
that can be obtained from small diameter drill core (Morrell,
2004).

In practice, from a comminution perspective, an effective geo-
metallurgical model should be able to forecast accurately the
throughput of the grinding circuit from information provided
by the mine plan on the nature and quantity of ores that are
to be delivered to the processing plant. To do so, there are at
least five important requirements for the model. These are as
follows:

� Sufficient and relevant samples have been identified, extracted
and tested to ensure the required definition and resolution on
a block-by-block basis in the mine plan;

� appropriate breakage tests have been chosen to describe com-
minution properties of the different rock types (units) in the
ore body;

� the model(s) chosen to describe the comminution equipment in
the circuit respond realistically to changes in breakage proper-
ties as described by the chosen breakage tests;

� all of the above are integrated into an overall description of the
on-line operational response of the grinding circuit that takes
into account non-ore related influences and which can be easily
integrated into the existing block model;

� the final model can convincingly demonstrate its accuracy
through validation using real operational data.

Each of these aspects has been comprehensively tackled at
Compañía Minera Doña Inés de Collahuasi SCM (Collahuasi) in its
development of a Geometallurgical model for its ‘‘Rosario” deposit
and these will be described in the following sections.

2. Ore body description

2.1. Location

The Rosario mineral deposit is a copper and molybdenum
porphyry with ore reserves of approximately 2.2 billion tonnes
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with an average copper grade of 0.82%. The Rosario pit is located
120 km southeast of the city of Iquique in the so-called Domeyko
Cordillera at elevations ranging from 4000 to 4900 m above sea le-
vel. Like other large copper deposits in the North of Chile, this one
is located in the northern end of the metallogenic strip of copper
porphyries from the Eocene–Oligocene epochs, which includes
Ujina, Quebrada Blanca, Chuquicamata and Escondida and other
important deposits (see Fig. 1).

2.2. Definition of geometallurgical units

The definition of the geometallurgical units was made in two
stages, important components of which were based on previous
work developed by the Xstrata Process Support Group, Canada (Fra-
gomeni et al., 2005; Lotter et al., 2002). These stages involved firstly
grouping the geometallurgical units on the basis of geological sim-
ilarities and secondly determining their volumetric representivity
in the material that was planned to be processed over the 5-year
period 2008–2012 (the limit of the current modelling project).

The final result of this process was the development of six units
that were considered to be representative of the deposit. These
were labelled UGM1–6 (initials from the Spanish ‘‘Unidad Geo-
Metalurgica”). The proportions of each, which are due to be mined
over the period 2008–2012, are presented in Table 1.

3. Sample selection and laboratory treatment

A total of 3000 m of diamond drill core was extracted for the
purposes of metallurgical testwork for this project and included

1500 m of PQ (nominal 85 mm) and 1500 m of HQ (nominal
65 mm) cores.

In average, this implied three PQ drill holes and three HQ drill
holes per UGM. After that, the following procedure was followed
by the Collahuasi geologists and technicians:

1. Normal geological core description was performed every 2 m
of drill core. For instance: Logging lithology, structures, alter-
ation, mineral zonation and geotechnical parameters. In
addition, readings of magnetic susceptibility were taken
and the 2 m samples were tag-numbered later on for
assaying.

2. Considering the total metres (500 approx.) into the same geo-
metallurgical unit, uncut core pieces for grinding tests were
removed. These pieces were selected by a project geologist from
each 2 m sample length within the interval, and they were rep-
resentative in terms of veining, fracturing, alteration and lithol-
ogy in each 2 m sample length.

Following this procedure, the hardness distribution and the spa-
tial distribution it is considered well represented.

The comminution tests selected to characterize the different
units were the JK Tech drop-weight test (Napier-Munn et al.,
1996), the SMC Test� (Morrell, 2004) and the Bond ball work index
test (Bond, 1961). Composites using the PQ core were made up to
represent each of the six UGM classes and JK drop-weight and Bond
ball work index tests were carried out on these. Over 100 samples
were also subjected to SMC Tests� and Bond tests using the HQ
cores to provide variability details.

Fig. 1. Rosario mineral deposit and metallogenic strips in the North of Chile.
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4. Experimental results from laboratory tests

4.1. Grinding results on average composites

Table 2 shows a summary of the main laboratory test results
obtained from the composite sample testwork program.

From Table 2, it can be observed that UGM2 is relatively hard
compared to the other units (note that with the JK drop-weight
parameters a harder ore has a lower value for the parameter
A � b). This unit represents 26% of the total that will be processed
within the period 2008–2012. The Bond index in this unit tends
to be relatively soft for ball mill grinding. However, as in the case
of the JK drop-weight tests, UGM2 is indicated to be the hardest
unit.

4.2. SMC test� and bond work index variability tests

Tables 3 and 4 show the SMC Test� and Bond ball work index
test variability results respectively for each UGM. From an A � b
perspective it can be seen that the UGM4 and UMG5 units have a
relatively high degree of variability. UGM4 has similarly high var-
iability in terms of the Bond ball work index.

5. Description of the Collahuasi grinding circuit

The Concentrator operating facilities start with the primary
crusher at the Rosario pit. Crushed ore is transported by overland
conveyor to the 100,000 metric tonnes coarse ore stockpile in front
of the three SABC grinding circuits.

The initial circuit included two grinding lines and achieved full
production in October 1998. A third grinding line was installed
during a subsequent expansion, with full production being
achieved in April 2004. The first two identical grinding lines (Lines
1 and 2) consist of one 32 � 13.5 ft (8000 kW installed power) SAG,
in series with one 22 � 36 ft (8000 kW) ball mill. The third grinding
line (Line 3) consists of one 40 � 22 ft (21,000 kW) SAG mill work-
ing with two 26 � 38 ft (15,500 kW each) ball mills. The SAG mill is
currently the largest of its kind in the world. The SAG mill trommel
oversize product (pebbles) is sent to the pebble crushing plant,
consisting of two pebble crushers in parallel. Crushed pebbles are
returned to the coarse ore stockpile. The ball mills work in a re-
verse classification circuit, in which the hydrocyclone underflow
feeds into the ball mills and the hydrocyclone overflow is sent to
the flotation circuit.

The current daily average throughput of Collahuasi’s grinding
circuit is 130,000 metric tonnes per day with an average product
size (P80) of approximately 200 lm.

6. Comminution circuit modelling

To represent the performance of the SAG mill circuit it was
decided to use JK Tech’s comminution simulator – JKSimMet,
whilst the power-based equations of Bond were chosen for the ball
mill circuit (Bond, 1961). The so-called variable rates model (Mor-
rell and Morisson, 1996) was used to simulate SAG mill perfor-
mance and model parameters were fitted using data from
surveys of the circuit undertaken in 2006. To account for the ob-
served non-linear response of throughput as load is varied, the
algorithm proposed by Morrell et al. (2001) was used where neces-
sary to adjust the breakage rates for load levels different to those
observed during the 2006 survey.

Collahuasi’s SAG feed particle size distribution is maintained
under control. Different blasting mesh (distance between blasting
holes) and explosive charge are used for different UGM in order
to ensure a controlled particle size distribution.

JKSimMet is proprietary software and could not be easily inte-
grated with the Collahuasi block model software. To overcome this
problem a series of simulations of the SAG mill circuit were run in
which the throughput was incrementally varied and the power
draw and SAG mill circuit product size (so-called transfer size T80

for short) recorded. Operating conditions for the SAG mill such as
ball load, speed and % solids were kept constant as they are during
normal plant operation. This simulation protocol was repeated un-
til throughputs resulted either in the predicted power draw reach-
ing 90% of installed power or the total load (balls and rocks)
reaching 30%. These were the practical limits dictated by actual
plant operation. This procedure was carried out for each of the
UGM units using the JKTech A and b values as presented in Section
4. For each UGM each throughput and associated transfer size was
then put into the following equation.

P ¼ 10 �Wi � tph � 1ffiffiffiffiffiffiffi
P80
p � 1ffiffiffiffiffiffiffi

T80
p

� �
ð1Þ

where P is the ball mill circuit power draw, Wi is the Bond labora-
tory work index for the selected UGM (expressed in kWh/t), tph is
the SAG circuit throughput, P80 is the ball mill circuit final grind
P80 and T80 is the SAG mil circuit transfer size for the selected
UGM and at the throughput indicated by ‘‘tph” (metric tonnes per

Table 1
Representative units of Rosario deposit within the period 2008–2012.

UGM Ore Alteration Lithology Proportion (%)

1 Primary Sericite; Argillic; Chlorite–Sericite Intrusive Porphyry 18
2 Primary Sericite; Argillic; Chlorite–Sericite Hosted Rock 26
3 Primary Quartz–Sericite; Porpylitic; Quartz; Biotite; Potassic Intrusive Porphyry 19
4 Primary Quartz–Sericite; Porpylitic; Quartz; Biotite; Potassic Hosted Rock 25
5 Secondary Sericite; Argillic; Chlorite–Sericite Intrusive Porphyry + Hosted Rock 7
6 Secondary Quartz–Sericite; Porpylitic; Quartz; Biotite; Potassic Intrusive Porphyry + Hosted Rock 5

Table 2
JK Drop-weight and Bond ball work index test results on composite samples.

UGM average Parameter UGM1 UGM2 UGM3 UGM4 UGM5 UGM6

JK Drop-weight testing parameters A 59.1 61.7 63.6 49.5 58.9 61.6
b 0.9 0.6 0.8 1.2 0.8 1.0
ta 0.80 0.73 0.64 0.78 0.56 0.95
A � b 52.6 37.0 52.8 59.4 49.5 58.5

Standard bond work index, Wi KWh/t 10.5 12.5 10.5 11.4 10.7 9.9
Specific gravity SG 2.61 2.90 2.58 2.57 2.66 2.69
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hour). Rearranging Eq. (1) gives Eq. (2) from which the ball mill cir-
cuit final grind (P80) can be estimated:

P80 ¼
10 �Wi � tph �

ffiffiffiffiffiffiffi
T80
p

P �
ffiffiffiffiffiffiffi
T80
p

þ 10 �Wi � tph

� �2

ð2Þ

A schematic illustrating this process is given in Fig. 2.
Having related SAG mill throughput to SAG mill power and the

ball mill circuit P80, the data was then reduced to a series of curves
representing the relationship between the SAG mill specific power
consumption (S.P.C.), which is the SAG mill power draw divided by
throughput, and the ball mill P80 for each UGM. Fig. 3 shows the six
resulting plots. The terminal points in each plot (at coarser P80 val-
ues) are associated with reaching the SAG mill limit of 90% of in-
stalled power or 30% load. From Fig. 3 it can be observed that
when the P80 increases the predicted SAG specific power consump-
tion (kWh/t) decreases. This phenomenon is driven by the fact that
in SAG mills, particularly those with high ball loads, the power
draw of the mill is dominated by the ball charge. The SAG mill ball
charge used to perform the simulations was 15%. When the SAG
mill is being underfed, and hence the throughput is relatively
low, the kWh/t is relatively high. As throughput is increased the
rock load builds in the mill, though its influence on the power draw
is relatively small and disproportionate to the throughput increase.
As a result the SAG mill power goes up by a relatively small

amount compared to the throughput increase and hence the SAG
mill kWh/t drops. In the ball mill circuit, however, the higher
throughput is translated into a coarser P80. Hence, as the SAG mill
kWh/t decreases the ball mill circuit P80 increases. It should be
noted that this response is usual for circuits that are mostly ball
mill capacity limited. Where the circuit is SAG mill capacity limited
and the ball mill has excess capacity, operational practice is often
to target a specific flotation feed size and to keep it at this value
regardless of the SAG mill throughput and kWh/t. Collahuasi tends
to be ball mill capacity limited and hence is operated in a way sim-
ilar to that implied by Eq. (2).

A simple power model (see Eq. (3)) was used to fit the S.P.C.
curves shown in Fig. 3.

S:P:C: ¼ J � ðP80ÞK ð3Þ

The parameters J and K depend on the metallurgical unit and
the grinding line (1–2 and 3). Table 5 summarizes the values for
these parameters per grinding line. It is noticeable from the data
in Table 5 that in general there is a systematic difference in the
parameters between line 3 and lines 1–2 which results in S.P.C. val-
ues for line 3 being lower than for lines 1–2. This is caused mainly
by the differences in the relative amounts of ball mill power to SAG
mill power, line 3 having more ball mill power in relation to SAG

Table 3
SMC test� results (A � b values) to study spatial variability.

SMC, A � b Average on composite sample Variability samples

Number of samples Simple average Standard deviation Min Max

UGM1 52.6 17 43.8 6.6 36.3 59.6
UGM2 37.0 21 32.2 7.2 24.0 52.6
UGM3 52.8 14 50.4 10.5 36.6 71.4
UGM4 59.4 19 50.5 29.0 28.5 131.5
UGM5 49.5 37 65.5 36.9 35.4 212.5
UGM6 58.5 13 62.6 15.6 42.0 86.9

Table 4
Bond ball work index results to study spatial variability.

Bond work index, Wi, kWh/t Average on composite sample Variability samples

Number of samples Sample average Standard deviation Min Max

UGM1 11.5 14 12.5 1.8 9.6 14.9
UGM2 13.7 13 13.8 1.5 11.6 16.5
UGM3 11.5 9 11.3 1.0 10.2 13.3
UGM4 12.6 13 12.2 2.3 8.2 15.3
UGM5 11.8 4 12.2 1.2 10.8 13.5
UGM6 10.9 11 11.1 0.8 10.1 12.6

SAG

KW

BallMill

P (KW)

Pebbles

Crusher

P80

JKSimMet Simulation

Bond Equation

tph

tph
T80

SAG

KW

BallMill

P (KW)

Pebbles

Crusher

P80

JKSimMet Simulation

Bond Equation

tph

tph
T80

Fig. 2. Simulation procedure followed with each UGM.
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mill power than in lines 1 and 2. This tends to make line 3 less ball
mill limited than lines 1–2, hence allowing the line 3 SAG mill to be
less underfed than the SAG mills of lines 1–2.

Eq. (3) can now be used to estimate the circuit throughput for a
given UGM by selecting the appropriate J and K values and choos-
ing a target P80 for the ball mill circuit. This generates a S.P.C. value
for the SAG mill. If the automatic SAG mill control is then set to a
particular power draw then that power draw divided by the S.P.C.
value should be the instantaneous throughput achieved by the
grinding circuit. Blends of UGM units being fed to the mill are han-
dled by producing a weighted average S.P.C. based on relative ton-
nage in the blend. The blend is defined by the mine plan which
uses the model to estimate production. The mine plan also consid-
ers several constraints such as: pit stability, trucks fleet capacities,
shovel capacities, grades, etc.

7. Production model

The S.P.C. versus P80 relationship of Eq. (3) is used to predict
the instantaneous throughput of the circuit. In practice, however,
throughput cannot be maintained at the predicted levels all of the
time due to occasional interruptions or disruptions, usually as a
result of maintenance-related shutdowns. These have both a di-
rect and an indirect impact on production. The direct impact is
the shutdown of the equipment that causes total or partial reduc-
tion in throughput whilst repairs are made. Additionally, through-
put is limited during ramp-up after repairs are finished and in
some cases also a ramp-down as the plant is made ready just
prior to a maintenance shutdown. In these cases the plant is
not at full capacity for several hours and this causes reductions
in throughput that are not related to ore type. The ramp-up
and ramp-down delays tend to be of fixed duration. Therefore
the net effect is that, not only does the duration of the shutdown
have an impact on productivity, but also the frequency with
which they occur. Hence one long shut down will incur only
one penalty ramp-up and ramp-down delay. Several shut downs
with the same duration as the long one will cause several
ramp-up and ramp-down delays, therefore resulting in greater
throughput loss.

In order to incorporate all of these influences, the production
model shown as Eq. (4) was developed as follows:

TonðP80Þ ¼ TL1 � ðH � Hml1 � Hfl1 � Nl1 � HtÞ
þ TL2 � ðH � Hml2 � Hfl2 � Nl2 � HtÞ
þ TL3 � ðH � Hml3 � Hfl3 � N � HtÞ � PTtchp � ðHmchp þ HfchpÞ

ð4Þ

where:

� Ton (P80) is the total treatment capacity of the grinding circuit
for a certain P80 within a period of time of H hours in total.

� TL1 is the average instantaneous throughput of grinding line 1 for
a given target P80. TL1 is obtained dividing the average specific
power consumption by the SAG power draw. The average spe-
cific power consumption is the weighted average of the specific
power consumption associated to each UGM (from Eq. (3)) by
the proportions in which the units are fed in a period of time.

That is:

S:P:CL1 ¼
X6

i¼1

S:P:CUGMi
l1 ðP80Þ � fi ð5Þ

where fi are the proportions of each UGM within the period of time,
then:

X6

i¼1

fi ¼ 1 ð6Þ

Finally, the average throughput is calculated from Eq. (7) as follows:

TL1 ¼
PSAG LINE 1

Draw

S:P:CL1
ð7Þ

S:P:C:UGMi
L1 ðP80Þ is the specific power consumption of the SAG line

1 at a certain P80 when 100% of the UGMi is processed. The sub in-
dex ‘‘i” denotes the number of the unit, i.e., it takes values from 1 to
6.

� TL2, TL3 are the same as TL1, i.e., they correspond to the instanta-
neous throughputs of grinding lines 2 and 3 for a certain P80.

� H: total hours within the time period, without deducting stops
of any kind.

� Hml1, Hml2, Hml: total of programmed maintenance hours at the
grinding lines 1, 2 and 3, respectively.

� Hfl1, Hfl2, Hfl3: total of unprogrammed maintenance hours at the
grinding lines 1, 2 and 3, respectively. Historical information can
be used as to estimate of this parameter.

� Nl1, Nl2, Nl3: number of shut downs within the analysis period of
grinding lines 1, 2 and 3, respectively.

� Ht: Hours or transient period that a grinding line takes to
achieve the stationary condition (full capacity). Statistically, 12
h were observed in Collahuasi as transient periods. Assuming a
uniform ramp-up to achieve full capacity, a total of 6 h of treat-
ment loss was estimated for each stop in a grinding line.

� PTtchp: treatment capacity losses caused by the pebbles crushing
systems shut downs.

� Hmchp: programmed maintenance hours at the pebbles crushing
system.

� Hfchp: unprogrammed shut downs at the pebbles crushing
system.

8. Validation

From January to December 2008 weekly data was collected
from the production records. Information included throughput,
SAG mill power draw, both the programmed and unprogrammed
shutdown hours per grinding line, plus the ball mill circuit P80

per grinding line fed to the flotation circuit.
The proportions of each unit fed to the plant were obtained

from the mining planning report for the period. In the case of Col-
lahuasi, the shortest period over which the model is expected to be
accurate is a week. The reason for this is the fact that there are two
stockpiles between the open pit and the SAG mills. The blend pro-

Table 5
Parameters of Eq. (3).

J K

Grinding line 3
UGM 1 79.82 �0.57
UGM 2 65.84 �0.51
UGM 3 82.20 �0.58
UGM 4 82.54 �0.56
UGM 5 89.61 �0.58
UGM 6 58.79 �0.53

Grinding lines 1�2
UGM 1 86.67 �0.53
UGM 2 87.84 �0.50
UGM 3 77.92 �0.52
UGM 4 94.83 �0.54
UGM 5 101.79 �0.55
UGM 6 67.06 �0.49
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duced in the stockpile makes difficult to calculate the exact propor-
tions of each unit fed to the plant on a daily basis.

Using this information plus the ‘‘S.P.C. versus P80” curves associ-
ated with each metallurgical unit for each grinding line, the aver-
age instantaneous throughput of each line was predicted, as
follows:

TLj ¼
PSAG LINE j

Draw

S:P:C:Lj
ð8Þ

In Eq. (8), TLj is the average throughput of the grinding line ‘‘j”
for a certain P80. The average specific power consumption was esti-
mated from Eq. (3), considering the proportions ‘‘fi” of each unit
within the analysis period.

Subsequently Eq. (4) was used in order to estimate the total
treated ore per week during 2008. Fig. 4 shows the predictive
capacity of the model for the period in question. As can be seen,
the production model was able to predict in a satisfactory manner
the observed processed tonnages. Fig. 5 shows the actual values
versus the predicted average weekly throughput with an associ-
ated R2 value of 0.95. The calculated average relative error of the
model was 5.2%.

9. Application of the Collahuasi treatment model to mine
planning

The production model is now programmed in such a way that
planning engineers at Collahuasi are able to estimate the grinding
circuits’ treatment capacity for each mining plan that may be cre-
ated. One advantage of this approach is that it allows the planning
engineers to maximise treatment capacities on the basis of appro-
priate blending of UGM units and also on the basis of the concen-
trator’s maintenance program. Another advantage of this approach
is that it also allows the use of the P80 as an input for flotation cir-
cuit modelling. This latter model is currently under development
but will ultimately be integrated with the grinding model. This will
enable planning engineers to optimise copper production and
hence maximise profit by appropriate selection of UGM unit mix-
tures and planned maintenance programs.
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An example of this application is presented in Fig. 6. This shows
the concentrator’s treatment capacity in tonnes per day estimated
for several periods at a certain P80. The proportion of each metal-
lurgical unit fed to the plant is shown for each analyzed period.

As can be seen from Fig. 6, there are two periods where the ex-
pected throughputs are lower in comparison to the others (Periods
4 and 5). In these periods there is a high composition of UGM2 and
UGM4, which are the hardest ores (see Fig. 3).

Fig. 7 shows again the predicted throughput presented in Fig. 6,
but this time, the proportions of UGM2 and UGM4 in the periods 4

and 5 were diminished, increasing the amount of the other geo-
metallurgical units. As can be seen from Fig. 7, the expected
throughput is smoothed out and should lead to a much more stable
circuit performance.

10. The effect of the unprogrammed shutdown hours on
treatment capacity

As mentioned in the previous section, one application of Eq. (4)
is that planning engineers can modify the mining sequence of met-
allurgical units, i.e., adjust the proportions of UGMs planned to be
fed into the plant, in order to ensure a certain level of throughput.
A further novel application of Eq. (4) is that it allows the quantifi-
cation of the impact of unprogrammed shutdown hours on plant
throughput. In the case of Collahuasi unprogrammed shutdown
hours are among the main reasons for low availabilities during cer-
tain periods. For example, Table 6 summarizes the Collahuasi ob-
served availabilities obtained from the programmed and
unprogrammed shutdown hours during the period January to
December 2008. When all the unprogrammed shutdown hours
are removed (Hfl1 = Hfl2 = Hfl3 = 0), the availabilities will improve
resulting in an increase in the predicted throughput. Fig. 8 illus-
trates this by comparing both the predicted throughput presented
in Fig. 4 and the predicted throughput when all the unprogrammed
shutdown hours are removed. The result was that if maintenance
practices could be improved and the unprogrammed shutdowns
reduced, the weekly throughput could have increased by 100,000
extra tonnes per week, i.e. about by 10%.

The effect of adding a transient period in the model when the
pebbles crusher is back in service in the model was analysed. In
this case, this input contributes less than 1% of the model accuracy.

11. Conclusions

The aim of developing a robust and accurate production fore-
casting model for the grinding circuit at Collahuasi has been satis-
factorily achieved through the use of a combination of simulation
and power-based modelling. This resulted in a model with an aver-
age relative error of 5.2% as inferred from the statistical analyses
using production data from the period January to December, 2008.
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Fig. 7. Estimated tonnes per day (TPD) at a certain P80 after blending optimization.

Table 6
Observed availabilities during 2008.

Grinding line Observed values within the period January�December 2008

Average Standard deviation Min Max

Line 1 90.3 12.6 35.1 100
Line 2 88.7 14.6 34.0 100
Line 3 82.5 21.6 0.0 99.3
Pebble crusher 82.6 12.5 49.1 100
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Fig. 8. Effect of unprogrammed shutdown hours on the treatment capacity.
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It is believed that the accuracy of the model was due to:

� Identification and selection of sufficient and relevant samples
for characterisation purposes;

� Use of appropriate breakage tests for characterisation;
� Development of a robust model for describing comminution cir-

cuit performance;
� Incorporation of non-ore related operational influences into the

final throughput forecast model.

The model allows planning engineers to maximise grinding cir-
cuit treatment capacities on the basis of appropriate blending of
UGM units and also on the basis of the concentrator’s maintenance
program.

Ultimately the model will be extended to incorporate the flota-
tion circuit’s response and therefore enable optimisation on the ba-
sis of metal recovery and hence profit.
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