
One may consider for Instance the final product size analysis; this value was only

known to the operator at one or two hourly intervals when manual samples were

taken, Even then the results were delayed by the slow process of sample preparation,

drying and screening, This applies to most other information on the state of the

circuit. Any control (and consequently optimization) was nearly impossible because

conditions in a grinding circuit could change within minutes,

Even after the advent of reliable on-line monitoring instruments that made manual

control easier, a circuit was still difficult to keep at certain c~nditkms fol' any

appreciable length of time. Any exercise in optimization would be premature before

stable control call be nch!cvcd to keep a circuit at specified conditions, What is the

use of knowing where to operate but not being able to keep it there'?

It is against this background that the implementation of multi variable ecntral (MVC)

to the grinding circuits at East Driefotltein (2) allows for an optimization prcgramrne

to be undertaken that could provide the operator with MVC set points that would

ensure the most efficient operating conditions.

1.3 Aims of the pro] cct

According to IIukki (3) , three fundamental questions should be asked about closed

circuit gl'inding, of which two arc dirc( tly addressed by this work:

1: Introduction 3



Comminution is the most energy intensive operation in the gold extraction process.

The benefits of more efficient power utilization, liner and media consumptions as well

as ease of' operation are vast. In the context of this project, optimization of grinding

means that more product-sized material should be produced with less energy input.

Optimization does not simply mean finer grinding. A proper optlmlzatlon exercise will

determine the best balance between fineness of grind and product throughput. The

meeting of these objectives arc generally thought to be mutually exclusive. Grinding

too fine means lower throughput, wastage of energy and a score of other operational

problems like filtration problems (I).

It should be noted that optimized conditions change according to production

objectives. At a higher required throughput, it may make economic sense to reduce

the fineness slightl« and vice versa. Thus any optimization process must be dynamic

and ndaplnbie to clrcumstauces.

The success of nny attempt to optimlze a grinding circuit would depend on the

operator's ability to keep such a circuit at specified optimum operating conditions. In

the past this has been very difficult.

I : Introduction 2



1 INTj~10DU(:TION

This chapter describes the bac:kg7'01Irdto the project, why it became necessary to

optimize the circuit, and gives an overview 0/ work done previously. TI10

methodology/ollowed during the execution of'this project is also outlined,

1.1 The need rOl' opHmlzntiol1

Rising costs and falling mineral grades are probably the topics mostly discussed in the

minerals processing industry. The lmportance of)Jtoducing 1'I10reat lower cost is an

objective of every mineral producer. This is particularly true for gold mining, where

a fractional increase in metal recovery translates into large amounts of revenue

An important factor in the recovery process is the extent to which the metal is

liberated by grinding tbl' the subsequent leaching step to be efficient. More lntensive

grinding means higher recovery. But it also means higher costs.

1"Introduction
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ABSTRACT

A multi variable control strategy for a grinding circuit at East Driefontein has been

implemented by others and has enabled it to operate under stable conditions. The next

development needed was to find conditions under which tne efficiency of the circuit

was the greatest. Optimum set points exist for the multi variable controller to keep

the circuit at its most efficient state.

This project was done to determine these set points, and how it affected the operation

of the circuit. The strategy involved the collection of process data, the development

of mathematical models and the determination of these optimum set points by

simulation, This option reduced interference with routine production operations,

which is often a prohibiting factor during any development work on an existing

process.

The optimum set points were successfully determined, and were compared with

previous findings and current plant practice.
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Figure 2.3 : Instrumentatlon on no 1unit

or too little load reduces the power draft of the mill. This function had also since been

successfully taken over by a controller.

Cyclone underflows are constantly checked for roping which is indicative of an

overloaded circuit.

2.3 Instrumentation and control

2.3.1 Instnrmentatlon

The instrumentation installed on the circuit is listed in table 2.3, and their positions nre

shown on figure 2,3.

2 : Process Description 15



2.2.4 Clrcuit operation

Despite the implementation of a good control strategy, there are still aspects of the

operation under the operators' supervlsion and responsibility, Such decisions are

largely based on the experience of the operator. The important and relevant

operational aspects are discussed here.

The minimum feed rate of ore is limited to about 35 tJI1S per hour, When less ore is

added to the rod mill the cushioning effect of the coarse particles is decreased and the

steel rods may knock the liner bolts loose, A maximum of 8S tens pel' hour is

possible, again the rod mill being the limiting unit. A very coarse discharge is

produced at such high tonnages.

Before the current control strategy had been introduced the operator usually adjusted

the prir, ry and secondary sump water addition to obtain specified densities of the

cyclone overflew streams. This informatio» is still available and is currently used to

help evaluate the state of the circuit.

Pebbles are added at intervals to maximize the power draft by the pebble mills, It is

a difficult operation since the POWOI' draft peaks at an optimum mill load. Too I11llCh

2 "Process Description 14



Table 2.2 : Unit details and dimensions

Item ~: Rod mill Pebble mill

Number of units 2

Trunnion discharge
Grids and scoopsI~----·----------~-----'--------+-------------~ILength (m) 3,66 5,49

Diameter (m) 2,74 3,60
Speed (rpm) 18,7: 18,7
% of critical speed 72 81------+-------·------~------------~IGrinding medium 0,09 m x 3,35 In -100 mm pebbles

rods

Type Trunnion discharge

Liners Wave type with lifter Grids on backing
bars plates with lifter bars

--r----
Item Primary cyclone

Number of units 2

Cyclone diameter (m)
Vortex finder diameter
(m)
Inlet diameter (m)
Spigot diameter (m)
Vortex to spigot distance
1m)

0,686

0.255
0,147

Approx 0,115

2,025

Secondary cyclone

O.~)14

0,360
0,203

Approx 0,070. I
fl.°35 __j

Item

2 : Process Description

2 in tandem

Primary pump Secondary pump
- -----

2 ill tandem

Bnvlroteoh CE
Variable

125 kWDC
61

Envirotech CE
650

75 kW AC 1440 rpm
61

Number of unitsI~-----------------~------------~'------'----__"--~I17irst stage
Type
Speed (rpm)
Motor
Impeller diameter (em)I~~----------~~----+-------------- -----------~I
Second stage
Type
Speed (rpm)
Motor
1111Pcllerdiameter (em)

Envirotech CE
Variable

125 kWDC
61

Bnvlrotech CE
650

75 kW AC 1440 rpm
61
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smallest amount of water addition to prevent a 'rod mill tangle', i.e, the rods in the mill

become misaligned and subsequently entangled. The typical size analysis of the feed

materia! is shown in table 2.1.

Table 2.1 : Feed ore size distribution

Particle size ~35mm -19111m ·13mm -emm -74gm
+19mm +1301m +6m111 +74/Atn....... - - -

Mass Percent 15 40 30 14 1

The dilution water added to the primary and secondary sumps can be varied from 0

to 240 and from 0 to 130 cubic metres per hour respectively.

The pebble feed rate to each pebble mill is about 3,5 tons per hour. The pebbles are

between 100 mm and 60 mm in size.

2.2.3 Circuit physical datil

The details of the units in tho circuit are listed in table 2.2.

2 : Process Description 12



!'''.''. ,,~ DilutIon WQtor
r'-~~':':'::~ Slurry _ ...... j. j.,..... Solid.

Figure 2.2 : No 1 milling unit

This secondary underflow returns to the closed circuit aed the overflow gravitates to

the thickeners as the mille iproduct.

Dilution water is added to the rod mill inlet, the primary and the secondary sump

2.2.2 Cit'cuit feed data

Crushed ore enters the circuit at a rate of about SO tons per hour with a moisture

content of 1,1 percent. TlJis tonnage is variable since the feed rate is one of the

control actions of the MVC. Water is added to produce a 21 percent moisture

content feed to the rod mill. This figure is hll'gely historical and represents the

~!: PI'OCI!SS Description 11



The filtrate is combined with the pre-wash soluticn and is then clarified and de-

aerated. Zinc, dust is added to precipitate the gold slime that is then acid treated,

calcined and smelted with a borax flux. The bullion produced is of about 88 percent

gold.

2.2 No 1 grinding circuit

The no 1 grinding circuit at East Drlefonteln was used for the test programme.

Because it was well instrumented and under multi variable control, the acquisition of

data was made easy, This enabled the investigator to run the circuit at different

conditions while cot.acting data.

2.2.1 Circuit description

The circuit (figure 2.2) conslsts ofa primary rod mill followed by two pebble mills that

are in closet: circuit with a primary hydrocyclone each. All the mills discharge into a

common primary sump from where the primary pumps feed the two primary cyclones

VUl a distributor. The primary cyclone underflow streams ate fed to the pebble mills

while the overflows are pumped via the secondary sump to a secondary hydrocyclone,

2 : Process Description 10
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Figure 2.1 : East DrJefontein Gold Plant flow diagram

to produce two closely graded products: rod mill feed material of90% finer than 20

mm, and pebbles between 100 mm and 60 mrn.

Grinding is performed by three similar circuits comprising of two stage wet grinding

~\I1dtwo stage classification. The required milled product fineness is 80 percent finel'

than 74 microns with a solids content of about 20 percent.

The milled pulp is thickened and fed to sixteen agitated tanks where cyanide and lime

is added so that leaching occurs. An intermediate pre ..wash thickening stage removes

some high gold concentration solution, while the underflow undergoes further

leaching. Total contact time is between 24 and 36 hours. Solid ..liquid separation is

done with rotary drum vacuum filters.

2 ..Process Description 9



2 PROCESS DESCIUPTION

'flu'schapter describes theflow diagram and operating data of the grinding circuit

(/WI was used to collect the experimental data. It also gives a detailed account a/the

multi variable controller used in stabilising the plant operation.

2.1 Overall plant flow

The gold plant at East Driefontein follows a conventional route consisting of crushing,

grinding, cyanldatlon, flltration and precipitation (figure 2.1) and treats 240 000 tons

of ore per month at an average head grade of 10,5 g Au pel' ton of ore.

The crushing station includes three stages of Grushing and screening in a closed circuit

2 ..Process Description 8



The final step was to test the model and optimized conditions by comparing the

obtained results with those observed on the plant.

1 : Introduction 7



1.4 Methodology of this project

Because of the practical limitations of doing test work on an operating circuit, it was

decided to follow the off-line method (described by Mular (8» which involves

mathematical modelling of the circuit.

The project was designed in four phases: data collection, modelling, optimization and

plant testing.

Data was first collected, both by manual sampling and en-line instrumentation around

an industrial grinding circuit, which was run at different conditions, This data was

then analysed and smoothed to provide full closed mass balances of the circuit. Thus

entire 'snapshots' of the circuit conditions were created.

The modelling phase included the correct selection of suitable mathetnatlcal models

for the individual unit operations and the fitting of these models to the data. A

complete circuit simulation was then done by combining the individual models.

Optimization could then be done by simulating the circuit at different conditions and

using the results to determine the efficiency of that particular set of operating

conditions. This was done using the optlmlzation routines included in the steady state

simulator used.

J : Introduction
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Figure 1.1 : Feasible operating plane for control set points (Hulbert)

This work seeks first to confirm this phenomenon, and secondly, to show that there

exists varying degrees of efficiency within this window. The efficiency and thus the

throughput is quantified by the simulation of the circuit at different conditions within

the window. The optimum values of the MVC set points will be determined for a

specified product quality and for a required tonnage throughput. .Determining the

efficiency of operation for a range of other manipulated physical parameters is also

possible, such as cyclone spigots sizes.
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a) How can the process be used to produce the maximum tonnage of fine

material that meets a given size specification, and

b) How call energy consumption be reduced in producing such a product?

The answer to both questions hinges on what he termed the efficiency of separation.

By optimizing this efficiency one can improve the product quality in terms of the

overproduction of ii!1~s, as well as the overall production rate.

Guest (4) and Hukki and Eklund (5) showed that there is a relationship between the

circulating load and efficiency. If one could optimize the circulating load, one could

also optimize the production rate.

Work done earlier at East Driefontein by Hulbert (6) showed that a range of feasible

operating conditions exists over which the same product quality is achieved. This

range constitutes a two-dimensional "operating window" (figure 1.1) in which an

operator has some freedom of choice in setting two of the control set points while

achieving the same grind. Since these two set points (the primary cyclone feed rate

and feed density) directly COl' 01 the circulating load in the circuit, it means that

producing a specified grind at different grinding rates is possible, and thus tonnage

throughput rates. The determination of this window is discussed further in chapter 6.

1: Introduction 4



points had propel' sampling overflow weirs installed, and provided potentially good

samples, The relative accuracies of tile samples are discussed in the next chapter.

Additional data collection comprised of a regular check of tile variation in rod mill

feed size analyses and moisture content ( once per shift), Daily composite moisture

analyses of the primary and secondary cyclone overflow streams, and also the pebble

mill discharge streams, were also recorded to check the validity of the mass balance.

3.2.2 On-line datil logging

Using logged data from the PROSCON, the following instrument readings were

recorded at exactly the same time as the manual samples were taken:

rod mill solids feed rate

rod mill feed water flow rate

primary dilution flow rate

secondary dilution flow rate

pebble feed I'~tes for both pebble mills

primary cyclone feed flow rate

primary cyclone feed density

secondary cyclone feed flow rate

secondary cyclone feed density

POWel'draft for both pebble mills

3 : Sampling 28



3.2.1 Mauunl samples

Nine points around the circuit were identified as manual sampling points. (Figure 3.1).

These streams were:

rod mill discharge

both pebble milt discharges

both primary cyclone overflows

both primary cyclone underflows

secondary cyclone overflow

secondary cyclone underflow

Using audible signals, all nine samples were taken almost simultaneously at the

required time by four p-rsons using the standard sampling technique used on the plant.

This involved sweeping a sample cutter (aperture 10 to 15 mm) through the streams

and then carefully tmnsferring the contents to a suitably labelled bucket, The

equipment and techniques confbrmed to the guidelines set by Oy (9) and all but two of

the sampling points were acceptable in terms of the ease a~d representati veness of the

samples. All the persons involved in the sampling steps were trained as samplers or

plant operators.

The two cases of JiiUcult sampling were the primary cyclone cverflcws where th",l'e

was no facility for sampling, and an 'as best U~ possible' sample was obtained. Other
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All Instruments had to be calibrated and in good working Md!.:1

The above factors were out ofthe investigator's control but were monitored by the

inspection of daily log sheets.

3.2 Sampling procedure

To obtain a spread of datil as wide as pcssiole, the MVC set points of the circuit were

adjusted over a wide range. The PSM set point was fixed at 80 percent, while the

pel< and peD were varied before each test. A total of 11 test runs was done during

four sessions over a period offollr weeks. each at a different PCl" and peD setting.

Figuf'c3.2 shows that a wide spread on the PCF"PCD plane was covered.

A settling interval of about an hour was allowed for between the MVC oet point

changes and the sampling steps. at which time three consecutive samples were taken

at each manual sampling point (figure 3.1) with about 5 .. 10 minute intervals in

between. This replication ensured that repenhtbility could be tested and that steady

state could be confirmed. Each. of these three repents was labelled with the test

number followed by a, band c. This meant that 33 complete dnta sets could be

compiled .
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Figure 3.2 : The PCF ..peD range covered by the sampling campaign

There was no control over external factors like rod mill feed moisture and size

distribution, although these were monitored during sampling.

AUequipment bad to be in sound mechanical order. All pump impellers and liners had

to be well maintair ed, as well as conveyer belts, pulleys and idlers. All pipes, valves

and joints had to be ill good working crder, Mill liners had to be in a good condition,

as were the cyclone linings and spigots. The rod loads in tne rod mill had to be

maintained accordiro, to usual practice.

25
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3.1.3 Control and operating conditions

It was decided to collect differelh sample sets for different operating conditions in

terms of the circulating load, which was controlled by the primary cyclone feed flow

rate (PCF) and the primary cyclone feed slurry density (PCD) set points of the MVC.

The final product quality (PSM) set point was to be kept constant for alltests, since

only the former two variables were under investigation, Because the tests were spread

over a few days, cases of different primary cyclone spigot sizes were also recorded.

The circuit had to be kept under MVC control tln'oughout, and the pebble mill power

control had to be kept at close to optimum.
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in mind.

3.1.1 Requited information

Sufficient data was required to complete a solids and water balance around the circuit.

This was possible with the information normally logged on line by the PROSCON

system using available instrumentation. Data on size distributions for each stream had

to be obtained by manual sampling, where possible. The size information for the other

streams had to be calculated later. Additional information like mill power drafts was

also available on-line.

3.1.2 Steady state

Because the models that were to be developed were all steady state models, care had

to be taken that the circuit was operating at close to steady state, Clearly this can be

very difficult in practice, but it could be achieved approximately by running the circuit

for a long enough settling time under very strict control at~Jr an MVC set poi,nt

change, The length of this settling time was chosen to be one hour. Simulations of

the dynamic response of this circuit done by Hulbert (G) showed that this time was

sufficient to achieve steady state. This was also confirmed by inspection of the trends

of the important variables during the sampling period.
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3 SAMPLING

171ischapter describes the sampling philosophy and strategy followed to obtain/he

necessary experimental data for tno modelling step, Sampling points, sample times

and procedures are descrtbed, Soma majorproblems with the sampling campaign

are tdantified,

3.1 Planning the sampling campaign

Because of the empirical nature of most grinding and classification models, real'

operating data had to be collected to develop and correlate such models,

Furthermore, qualitative measurements of all geometries and mechanical conditions

of the physical units concerned had to be obtained, The sampling points, timing

considerations and methods of sampling had to be identified,

A sampling campaign was planned on no 1 circuit with the following important points

3,' Sampling 22



by a peak seeking controller. However, the subsequent installation of lifter bars in the

pebble millswas thought to change the typical power-load relationship of these mills

The controller often overloaded the mill by not detecting the peak power.

It had since been replaced by a constant power algorithm (7) which kept the power at

a specified level (usually 5%) just below the peak. This proved to be 11101'C stable and

easier to control than a classic peak seeking controller. Pebbles are added Ilt intervals

to keep the mill at this power setting and in most cases at a constant load level. It is

however realized that the load in the mill is not the only factor affecting the power

draft, but that circulating load also ha» a major influence. The controller is thus only

successful while the MVC keeps the circulating loud constant.
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controller is provided through a cascade ratio signal of the rod mill dilution water flow

measurement. This ensures a constant moisture content in the rod mill.

Both sump levels are controlled via the hardware controllers that act on the variable

speed motors of the first stage pumps. These loops are tuned to react slowly

compared with the MVC to prevent interaction.

Multi vsrlnble contro!

A three input three output multi variable control scheme'" is used to control the

circuit (figure 2.6). The process output variables are:

primary cyclone feed flow rate

primary cyclone feed density

particle size of the secondary cyclone overflow.

These parameters are controlled to operator set points by ncting on the throe dilution

slave loops as manipulated process input variables.
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Figure 2.5 ; Block diagrams of the three single dilution slave loops

2.3.3 Control strategy

Single varlnble control loops

As indicated in figure 2.5, all three water addition streams are regulated by

proportional ..integral (1)1)Me-based controllers. They receive signals from water .

flow meters in the same streams, and control the water flows by adjustment of

automatic valves.

The solids flow rate 011 the rod mill feed conveyor belt is also regulated by a Me·

based PI controller that adjusts the sneed of the feed belt. The set point of this
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Figure 2.4: Schematic diagram of the PROSCON 210 control system

includingthe ratio control and multivariable control algorithms. Data logging, history

collection and trending of variables are also done at this level.

The PROSCON software includes a Process Study Package that facilitates statistical

and graphical manipulation oflogged or historical values.

Figure 2.4 shows a graphical representation of the PROSCON system.
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Table 2.3 : Instrumentation list

rlns~rument
,____,
Make Application

Flowmeter Krohne AC Magnetic Rod dilution water flow rate
Primary dilution flow rate
Secondary dilution flow rate
Primary cyclone feed flow rate
Secondary cyclone feed flow
rate

Density meter Ramsay SGP Nuclear Primary cyclone feed density
Ramsay SGD Nuclear Secondary Cyclone feed density

1--.
_. --

Belt weigher Ramsay WSB Nuclear Rod mill feed flow rate
Pebble feed rate-

Level detector E & H Ultrasonic Sump levels --
Particle size:monitor Autometrics PSM 100 Product stream size analysis-
Control valve Masoneillan Camflex Dilution water flow control for

(air actuated) rod mill, primary- and secondary

- sumps
=

2.3.2 Controller hardware and software

Process control is done by a PROSCON 210 control system operating on \, r;DEC

PDP 1173 and two DEC PDP 1123 processors. Sump levels are controlled by two

Hartmann & Braun pn) controllers.

The two PDP 1123 machines, called the measurement and control (MC) stations,

provide the plant interface and control all data movement to and from the Held

instrumentation and also some low level control. The PDP 1173 or process

management (PM) station runs the supervisory system and the higher level control,
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rather than the logged instantaneous pebble addition rate. This was to allow for the

slow rate of breakage of tIle pebbles and for the long retention times of pebbles in the

mills. Experience while 'running down' the loads in the mills before relining showed

these retention times to be in the order of many hours,

4.2.5 Siz("analyses

Only two streams had no measured information about the size analysis, and these had

to be calculated.

The size analysis of the secondary cyclone feed stream was assumed to be the average

of those of the two primary cyclones.

The size analysis of the primary cyclon» feed was calcu'eted from those of the various

streams cntel'ing the primnr; circuit, A!though this did not provide a ccmsistent

material balance, it WaS thought to be adequate as ' ')tnrting poin1t tor the mass balance

sm00thing step. The data is shown in appendix D.

4.3 Mass balance smoothing

After the above mass balance calculations, all streama and size analyses nssoelated

with these streams were known, The material balances however were not consistent.

These had to be smoothed and a well-known method was used to do this, Since no
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are composites with nil information about the variation of the values lost due to

averaglng, they provided realistic starting values for the next step of'materiul balance

smoothing.

For each day the following lnformanon was available: the average primary cyclone

overflow moisture content, and the average pebble mill discharge moisture content,

which related directly to the primary cyclone underflow, By choosing the correct

secondary cyclone feed solids and water flow rates, the values of the moisture

contents of the data sets could be adjusted to match the composite daily values.

The optimizer used ill the spreadsheet program QUClttl'O Pro 6.0 for Windows

provided a quick and easy way to estimate the optimum values by doing a nonlinear

forward Newton search,

Appendix C lists the assumed values fOI' the secondary cyclone feed stream.

4.2.4 Other units

With the secondary cyclone feed stream data available, enough was known to

calculate initial material balances over the circuit, for both water and solids. The

balances around the other units could be completed by simple difference caleulatlens,

The balances around the pebble mills included the average daily pebble additlon rate
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confirmed from daily plant log sheets 'Thus the feed solids fow rate was assumed to

be 95% of the weigher reading, as logged during the tests.

4.2.2 Primary cyclone feed

The flow split to the two primary cyclones was taken to be equal. The total solids

flow rate was calculated as:

with It solid density of2,G!). The flow to each cyclone was taken to be half the total

flow.

The water flow rate was calculated from the difference with respect to the total

volume flow.

4.2.3 Secondary cyclone feed

To account for the missing information about the secondary cyclone feed, the

composite datil regarding the moisture contents of the primary overflow and

underflow streams were used. This data was logged by plant personnel as part of the

routine sampling scheme used to operate the plant. While it is recognised that these
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consistent mass balances, but more important, realistic values, that could be used in

the subsequent modelling of the circuit.

The following steps were followed to achieve this: some initial simple calculations

were done to provide starting values for the next step, namely muss balance

smoothing.

4.2 Inith.l mass balance calculations

These calculations were done from the raw data to yield more informuticn about the

material balances for each of the various tests. In some case assumptiona were made

to simplify the calculations,

4.2.1 Rod mill discharge

The rod mill was assumed to operate very close to steady state, whh no accumulation

of solids 01' water. Thus the dlscharge solids flow rate was taken to be equal to the

feed solids flow rate. The discharge water flow Wi1S the sum of the feed water flow

rate U',,j the rod mi;! dilution flow rate.

The :feed moisture content was assumed to be consistent at 5% for all tests, as Will';

.f : Data Analysis 37



4 DArrA ANALYSES

The methods fallowed to provide consistent realistic material balances/rom real

plant data are descrtbed III this chapter. Soma assumptions had to be made about

the circuit, and these arc noted. All reievant calculations and methods arc shown.

4.1 Introduction

In using any data collected from a real plant, two important factors must be borne in

mind: there are always errors from various sources associated with analysis and flow

rate data, and these errors aiw!!ys lead to inccnslstent material balances if redundant

data is inciuded(I(lXIl). Whi;~ serious errors exist in the collection of data, as with this

project, extreme care must be taken when using the data, and any conclusions drawn

should be critically examined,

Thus the data collected from the plunt had to be manipulated in a way that yielded
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All results were collated and aloepresented for each test in appendix 13, The entries

marked n/a represent the faulty instrument readings, This happened during tests In

to 2c, 4a and Ciathrough to Be.

Bxtra information used, like values from daily log sheets, will be reported in the

following chapters as and when they are used in any calculation,

Apart from the faulty instruments, the investigator was satisfied that the sampling

campaign was successful and gave a fail' representation of plant conditions,
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and that the tests could he assumed to represent steady state, except for tests Sa to Sc

. It can also be seen from figure 3.2 that the three repeated samples for each test are

closely grouped together, which is a further indication that the circuit was not

changing significantly during each test.

Inspection of figures 3.7 to 3.10 ",hows that the PSM values also showed steady

behaviour around the manual sampling instances, except agaln tests Sa to Sc, where

large variations occurred just before the samples were taken. Another feature of

figures 3.7 to 3.10 is the difference between the PSM vrlue and the manually

determined size analysis, In most cases the }ISM shows the size to b iner than the

manual sample. This difference became very small during tests 11 to 13. Errors in

the PSM readings can arise from a variety of sources, like the efficiency of the

sampling arrangement and the PSM calibration. Errors in manual sampling and

analysis could have compounded this difference, although one would expect the

manual result to show higher fractions of fine material (because of incomplete

screening). It is suspected that these errors arose from the lack of representativeness

of the sample presented to the PSM due to the physlca; sampling system. Also, it is

known that the PSM calibration depends strongly Oil the slurry density of the sampled

stream. Because the circuit was forced to operate at somewhat extreme set points,

this effect could have played l\ port.
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product particle size (as percentage smaller than 75 urn)

These val~es were automatically and continuously logged and averaged over intervals

of 5 minutes by the system. The actual time at which the manual samples were taken,

was assumed to be represented by the st....t time of the corresponding logging interval.

Although all instruments were calibrated and checked before the tests, the density

meter and flow meters on the feed to the secondary cyclone logged inconsistent

results. This is discussed in the next chapter.

3.3 Sample preparatlon find analysis

The bucket contents from the manual samples were de-watered, dried and analysed

for particle size distribution (74 urn, 150 11m, 250 urn and 1700 urn) using the

standard plant procedure (Appendix A). Originally it was not planned to analyse the

samples for slurry density or solid contents, but this proved to be a serious oversight

because of the two faulty instruments mentioned above. By the time it was realised

that these instruments were inaccurate, the s~mples had already been de-watered and

no moisture analysts could be done.

To check if the circuit was at steady state during the sampling periods, time plots

(figures 3.3 to 3.6) were prepared of the two important MVC controlled variables.

They show that olily slight variation occurred during the sampling periods,
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This technique was successfully applied to both the primary and secondary cyclones

and the results are shown in the next chapter.

4.6 Data sets for use in further modelling

It was decided to use the hitial mass balances obtained by the steps described in

section 4.2 of this chapter, rather than the smoothed balances discussed in section 4,3.

The possibility existed that additional errors could be introduced into smoothed data,

and that irnportent features could be masked I,y the smoothing step.

During exploratory attcnpts at model fittinS>ttniswas indeed found to be true, The

pebble mill models for example fitted the raw data much better than -he smoothed

data, and certain flow rate dependencies "ere hidden in the smoothed data,

The decision was then made to use the unsmoothed data (appendix D) for the mill

model fitting step, Md to use the data smoothed only around the hydrocyclones for

cyclone modelling,
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where fk41 (\.4' and III represent the adjustment needed to each component in the

respective streams for a consistent balance. Once ~ is determined, the corrected

analyses can be obtained.

If one assumes a constant standard deviation for nil the samples around the cyclone,

the recovery is obtained by minimising the squares of the component adjustments.
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crucial for mill mo('q) fitting, because the overall material balances are trivial, and no

redl'~dant data is possible for the size analyses of the connected streams.

This I11IJant that smoothing was only meaningful around the hydrocyclones. Some

very good and simple techniques exist, and a method for separating units, described

by Wills and Manser(17) , was applied to hydrocyclones in this case.

In a hydro cyclone

where fk,. Ok and Uk represent the measured mass fraction kilt size interval for the feed,

overflow and underflow streams respectively, and rk is the residual in the closure

equation generated by experimental errors in the measurements for each k. R.

represents the estimated recovery of solids to the underflow. Some factor h is defined

as

so that
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In some cases, the adjustments in the size analyses were large. The pebble mill

discharge streams were adjusted to a large extent in almost every test, and the reason

was also unknown. As was expected, the primary cyclone overflow and secondary

cyclone feed stream size analyses were adjusted substantially.

Because of the large adjustments made in most instances, some doubt could be

expressed over the representativeness of the data, and to its suitability for use in

further analyses. In most publications on mass balance smoothing. the warning is

made clearly that smoothing will not improve bad data. This caused the Investlgator

to investigate another option.

4.5 Smoothing around the hydrocyclones only

The question could be asked whether consistent mass balances were indeed needed

for the subsequent modelling stages. The answer is yes if one attempts to tit models

to nil the processing units simultaneously, which is possible with a simulator like

MICROSIM (lG), but it is not recommended because of the number of parameters to

be optimized. Usual problems include the existence of local rnlnirna, and that of

advanced computing power requirements, Alternatively, if one would fit models to

each processing item individunlly, then consistent mass balances would only be needed

for classification units, i.e, units with two OJ' more product streams where the

component in each stream is also preserved. Clearly, consistent mass balances are not
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4.3.2 Water mass balance

Since there was no redundant water flow data no smoothing could be done, and the

data was consistent already by definition. The water flow rates calculated previously

were used in all further calculations.

4.4 Corrected mass balances

Appendix F lists the smoothed mass balances for all the tests. As was noted earlier,

the two pebble mill discharge streams had to be re-constituted from the combined

streams specified by the smoothing exercise. This was done by simply splitting the

stream, and then calculating each size analyslspro rata to the raw data, but so that the

combined flow rates in each size fraction did not change, Thus the overall Integrity

of the balance was not compromised.

Inspection of the fitted data sets in appendix F shows tha.t for all tests, the adjustmcllts

made to the solids mass balance was small in general. This was to be expected since

the solids balance in the initial data set was already consistent due to the estimation

of the secondary cyclone feed. The adjustments made were the consequence of the

smoothing step of the size analyses information. A large (about 10 %) adjustment

occurred in the rod mill feed tonnage in some cases, but the reason fOJ' this was

unknown.
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Table. 4.1 : Estimated variances for different sampling positions

Type of sample Sampling point Remarks Variance (02
)

Solid flow rate Primary cyclone feed Good sample. 1
Instruments calibrated
and checked before
test.

Secondary cyclone .:'eeJ Bad sample. 50
Instruments calibrated
and checked before
test) but density meter

Itgave suspicious
readings.

Rod mill feed Very good sample. 1
Weigher calibrated and
checked routinely.

Size analyses Rod mill discharge Very good sample. 1

Pebble mill discharges Very good samples. 1

Primary cyclone Average sample. High 10
underflows flow rates made

sampling difficult.

Primary cyclone Bad sa nple, No 50
overflows SElin!" I point.

SaIni--Ie taken directly
from overflow box.

Secondary cyclone Good sample. High 10
1 underflow . flow rate made

sampling difficult.

Secondary cyclone Very good sample. 1
overflow Sampling point used

routinely for very
critlcal process

);1===0
information...
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good the sampling point, the taking of the sample, and of the analysis was. For each

stream, constant variances were assumed over all tests.

A summary of observations, and also the variances used is shown in table 4.1.

A 96 by 96 matrix derived from the derivatives of the Lagrengians had to be solved

for each test to give a smoothed solids mass balance.

A Turbo Pascal program (appendix E .. program 'SMOOTHSO.PAS') was written to

prepare the data, and to solve the set of equations in terms of the required variables.

Traditional numerical methods of'matrix solution are not always very robust, al,:.Jugh

they tend to be faster. Failure to produce a solution often occurs, especially in a

matrix with a mixture of large and small elements. 1'hi5 was experienced while trying

to solve the matrix. using the Gaussian elimination method.

This matrix, however, was recognised as a sparse matrix, and this characteristic was

exploited to apply all Iterative method that yielded results every time. The conjugate

gradient method was used.ClS)

A Ilstlng of this part of the program is also shown in appendix E as the procedure

'SOLVMAT.PAS'.
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solved simultaneously for these variables.

These were:

./=1,,,,,,113 ; k=l, ..·,l1a

1=1,...,11$ ; k=l, ...,71a

For the circuit under investigation, additional constraints had to be included for the

balance around she mills, f'h'we tho above equations assume that the mass contained

in each size class is conserved over a unit. This is obviously not true for a mill or

crusher unit, and this constraint was renlaced by the fact that all slze fractions had to

add up to unity (13). This Was the reason for the inclusion of the dummy stream and.

mixing unit to take care of the pebble addition, The smoothing software was written

to accept only one input and one output to a mill or crusher unit type.

Some indication of the reliability of the various sources of information was needed to

quantitY the variances oj and o;J, The Laguitton method (14) fc.)!' estlmating variances

was used, based 011 a qualitative 'fecI' (supported by .iperatlng experience) for how
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the smallest size interval (..75/-ull).

The rest of the connection matrix reflected the physical circuit exactly,

Setting up the objective function in terms of the constraint of the conservation of

mass, the resultant Lagrangian according to Hinde (2) is:

where lIa r.:, number of size intervals pel' stream

111 "-'I number of streams

nil ;:::number of units

a/::::: size analysis of the !Cit interval in thel1 stream

ti/;::: adjusted size analysis of the !Cit interval in the/It stream

J; ;:::solids flow rate ofthelh stream

Jj == adjusted solids flow rate of'thej" stream

8,,),./, r::: Lagrangian multipliers

of :::> staudard deviation of size analysis values

0;;;; standard deviation offlow rate values

The minimum of this Lagrangian with respect to the flow rates, size analyses and the

multipliers could be obtained by differentiating L with respect to the unknown

variables and setting it equal to zero, This yielded a set of equations that could be

4 : Data Analysis 44



111erod mill was 1101 included as a unit. 171efeed to the plant (stream 1,

.figure -I. l) was taken to be the 1'0d mill discharge.

Both primary cyclones were taken as one unit (unit 2). It was assumed that

being similar and in parallel, their behaviour would be the same.

17IIJ pebble mills were taken as one unit (uni: 4). Although not ideal, these

simplifications had to be made/or reasons described above. Because the two

pebble mills operated at different load £111(, power conditions, their behaviour

and thus product streams were Si/:.'rJlljicantOIdifferent. This problem was

overcome by readjusting the pebble mill dtscharge size analyses and solids

flow rates In a way 10 keep the con. stency of the material balances. It will

be described later.

An extra 'mixing' unit (unt: 5) was added to account /01' the addition 0/

pebbles. Because the softwar« written to do the mass balance smoothing

handled mills and crushers in a different: way than other units (to be

dlscussod later), 110 extra input streams to the mills could be specified;

Th-al'af'ora dummy stream (6) that represents the combined pebble mill

discharge without the effects olthl~ pebble addition had to be specified. The

pabb/ejlow rate was then added to the mixing unit, to be simp{)1 tncluded in

the pebble mill discharge. As a/urthel' slmplijlcatio1l, the additional mill

discharg» flow rate caused by the pebble addition was assumed to be all in
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~------------------------------------Figure 4.1 : A block diagram of the simplified circuit used in specifying the
connection matrix.

connection matrix for the following reasons. The smoothing program was written

using Turbo Pascal V.7. Ther . I'e certain memory constraints built into any such

compile!' running under DOS. This meant that the size of the resultant matrix that had

to be solved by the program was limited, Since the size of the matrix depends on the

number' of'units, streams and size analyses specified, a very simply simple connection

matrix had to be used, This was clearly not the ideal situation, but there was no

practical alternative to the problem,

The following simplifications were made:

Only solid'} ana size (malysls ware considered (,i"orreasons mentioned before) .
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redundant data was available on the water flow rates, smoothing could only be done

on the solids flow rates and t~p size analyses.

4.3.1 Solids mass balance

The large degree of redundancy of the data was used effectively by a Lagrangian

multiplier method to apply smoothing techniques to the solids mass balance. The

objective was to achieve a consistent mass balance by adjusting data known to contain

errors, white minimizing the extent of the adjustments made to the data.

Any plant can be represented by a connection matrix A. The number of rows

corresponds to the number cf'unlts (nodes) in the plant, while the number of columns

represents the number of streams connecting these units. When representing the

grinding circuit in a simplified way as in figure 4.1, the connection matrix becomes:

-1 0 0 0 0 1 0
0 ··1 0 -1 0 0 0 0

A :; 0 0 1 -1 0 0 0 -1 0

0 0 0 0 -1 0 0 0
0 0 0 0 0 -1 0 -1

with 11111 indicating that the stream feeds the unit, II ..1", it is a product from the unit

and 110
11

, that it is not connected to the unit.

Certain simplifications and assumvtlons had to be made whi.e establishing the
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shows this relationship graphlcally and again the values are listed In appendix G. It

must be borne in mind that this relationship holds only for the operating ranges under

investigation.

Figure 5.6 shows that this model was also accurate for the ranges applicable in this

project. Itwas also much simpler than the plug flow model and thus was used in all

subsequent simulations,

5,3 Pebble mills

The simple population balance model for a perfectly mixed mi11(18) was used to

simulate the operation of the pebble mills, These mills were taken to behave in tho

Slime way as ball mills, and since the average pebble attrition rate was very low (about

3 tons per mill per hour), they were assumed to behave similarly to steel balls in terms

of grinding action. For simplicity. it was assumed that the only contribution made by

the pebbles in terms of mass balance was a slight increase h the ~'15I-lmfraction in the

discharge, Because of the low attrition rate, it was taken that the entire pc:~ble

addition tonnage reported directly to the discharge as ·75 urn material without taking

part in the grinding action. Figure 5,7 shows schematically how tho model was

structured,

The l'orfcctly mixed model follows from the general population balance equation
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These assumptions were tested and were found reasonably valid. For each of the 33

test cases the rod mill discharge size distributions followed the Rosin Rammler

dlstrlbution closely and the average slope was found to be 0,799 with a standard

deviation ofO,l17, Figure 5.4 shows the values of the slopes for all the test cases,

while the values are listed in appendix G. No olear dependency on feed rate could be

identified.

The relationship between the characterlstic size and the mill throughput could be

expressed as:

dso :;: 43,94 x mill throughput - 1499

with the mill throughput in dry tons per hour and the size in microns. Figure 5.5
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The predicted versus measured dao, are plotted on figure 5,3, and shows a high

correlation at high feed rates, At lower feed rates however, some scatter occurred,

5.2.2 Simple rod rom model

It had been shown before that for open circuit mills the rate of production of material

of certain sizes was directly proportional to the throughput of the mill(21), This finding

was used to develop a very simple rod mill model that assumed the following:

The mill product followed a Rasin-Rammler distribution.

111ft slope a/the Rostn-Rammler distribution stayed almost constant.

The characteristic size {dJo} 0/ the distribution depellde~llineal'ly on tho

solids throughput through the mill.
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an approximate feed size distribm:,,\n (table 2.1) were specified and the two

_----.r .
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parameters were then optimized using a simplex procedure to approximate the given
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75 80

rod mill discharge size analysis. This step was repeated for each test. A correlation

analysis using Statist/calor Windowsshowed It dependence of both a and Ct on the

70

mill solidr. tnrougl'fJllt rate. A lineal' regression done on the dependance of the
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Figure 5.1 :Relationship of the selection function at the top size to mill throughput
for the rod mill

parameters I'm the feed rate yielded the following correlations:

a ::: ~O,0022:-c Rod millfeed solids (lph) -1'0,268
Ct :;: -0,0243 x Rod mill/cad solids (tph) +2,045

These equations arc also shown 111 tlgul'es 5.1 and 5.2. These graphs show a good

accuracy of the predlcdons of the two selection function parameters.
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where

li, top size of the ith size interval in microns

empirical parameters.

The parameters fJ, y. <) and WI are ore dependent'!", while a and a normally depend

on the milling conditions ali well.

This plug £lowmodel was av/'ilnble in MICROSIM a-id was used to simulate the rod

mill. The ore dependent parameters fJ, y. 0 and (/)1 were determined by earlier work

on East Driefonteln ore (20) (table 5.1) and these values were used in the simulation.

Tabl 51 B ke • . rea llge parameters 0 . .as' ne on 01.,

Parameter Value
p 3,125

Y 0,087
1--

4>1 0,269----
B 0

fE t))' fI t In oro

The two mill dependent parameters a and exwere fitted to the raw plant data using the

parameter estimation facility in MICROSIM, The feed solids and dilution rates and
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where

F ea

11', =

blj =

SI =:

P/I ::::;

Of l:::l

mill throughput

mass of material in the mill in size class i (function of time)

breakage function of particles breakrug from size class} into

class I

breakage rate of particles In size class i per unit time

fraction of material in the ith size class ill the feed stream

mass fraction in class i of load being discharged from the mill

per unit time

For the batch or plug flow case: F:::;O, d, ::;::0, and W;::! constant. The mass balance

simplifies to:

The functions SI and B(/ (where By is the cumulative form of b,) are described by the

following functional forms:
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modelling step effected its own 'data smoothing'.Given that any model prediction only

approximates a real situation, of'whicb sampled data if; a further approximation, some

inaccuracy of measured data could be tolerated, The disadvantage of empirical

modelling is that one tends to force the data to fit a given model structure, and not

vice versa. Nevertheless, because of the lack of availability of good fundamental

models, no 'ietter alternative existed, and this disadv-ntage can only be noted and

borne in mind while regarding the results.

As a first step, the most popular and simple models were considered. If the models

could be paramaterised in a way that approximated the data reasonably well, the

model could be accepted as adequate. Again it should be stressed that no model can

reflect reality under all circumstances.

5.2 Rod mill

5.2.1 Plug flow model

The Austin plug flow model was tried as a first attempt for the simulation of the rod

mill (18), This model is based on a population balance approach using breakage and

selection functions.

The population balance equation in a mill CEIll be written as:
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5 MODELLING

This chapter describes the modelling, parameter fitting and simulation of each of the

individual process 1I11itS~ These models were then used to simulate the entire circuit.

5.1 Introduction

Few, if any, fundamental models exist for minerals processing units, especially for

mills and hydrocyclones, Many models are empirical and involve some typo of

parameter estimation to fit existing data. Obviously this approach is only possible

when proper plant data is available to enable parameter fitting, and such models are

only useful to extrapolate the prediction of the behaviour of'pro-tessing units over a

limited operating range, but not for design purposes.

Such empirical models suited the nature of this project ideally. Data was available,

although noisy and inconsistent. The parameter fitting procedures used during the
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This technique was successfully applied to both the primary and secondary cyclones

and the results are shown in the next chapter.

4,6 Data sets fen' use in further modelling

It was decided to use the initial mass balances obtained by the steps described in

section 4.2 of this chapter, rather than the smoothed balances discussed in section 4.3.

The possibility existed that additional errors could be introduced into smoothed data

and that important features could be masked by the smoothing step.

During exploratory attempts at model fitting"this was indeed found to be true. The

pebble mill models for example fitted the raw data much better than the smoothed

data, and certain flow rate dependencies were hidden in the smoothed data.

The decision was then made to use the unsmoothed data (appendix D) for the mill

model fitting step, and to use the data smoothed only around the hydrocyclones for

cyclone modelling.
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Fltttld D50

l~igure 5.13 : Modelled vs actual prim: !'y d$oc values

the secondary cyclones. It is suspected that there was i10t enough varlatlon in the feed

density values to investigate this properly.

Given the accuracies shown in figures 5.13 to '1 these cyclone models were clearly not

very good, but due to the lack of better alternatives, were accepted to model the

hydrocyclones in the circuit .
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Table 5.2 : Cyclone calibration factor'S
. -

Factor Primary Secondary

FI 0,233 0,424
s.d= 0,043 s,d,~O!086_---

Fz 0,312 0~269
s.d> 0,023 s.d= 0,025 H

F4 " 15,41
s.d= 1.09

These values and correlations were used to model both the primary and secondary

cyclones. The predicted partition curves were compared to the original ones in terms

of the d500 cut size, the partition curve slope m and volumetric flow split values (S)

for each test. These are shown on figures 5.13 to '7. Inspection or these graphs

showed that in all cases there was a hb,h correlation of the modelled values with

actual data. This also suggested that the 'fishhook' assumption was valid for the

operating condition ranges under investigation. To investigate this phenomenon more

closely, detailed size analyses below 7S um have to be obtained for the streams around

the cyclone.

Of all the cyclone correlations, the values for the partition curve slope for the

secondary cyclone showed the poorest fit. According to Plitt(:l2), this parameter is the

most dlfflcult to fit. While developing this model, he also showed low correlations

due to some unaccounted factor.

It was disappointing not to find slmllar feed stream condition dependencies ofF4 for
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combined. Again the simplex parameter estimation procedure inMICROSIM was

used to estimate the values ofF
"
I'~and I'~for each cyclone to fit the flow rates and

size analyses provided by the smoothed mass balance. The value for k was taken to

be 1 since the solids density was very close to 2,65 and the value of this exponent

became irrelevant.

A correlation analysis of the F factors (which is listed in appendix G) 011 external

factors like flow rates and feed densities showed that only F4 for the primary cyclone

was significantlydependent on the feed density (expressed as cp). Using the non-linear

regresslo: facility ill Stalisllca!ol' Windows, this dependency wad taken to be

after Cilliers(l4)had shown similar cor..elations to hold for backfill cyclones. The Same

correlation could not be found for the secondary cyclone since there was very little

variation in the spigot sizes during the tests.

The other factors were taken to be represented by their respective mean values, since

the variation in values from test to test was small and probably attributable to

experimental errors and smoothing adjustment errors. Table 5.2 lists the average

values and standard deviations of the calibration factors,
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~---------------~--------------------------------~l~igUl'C5.12. : A typical secondary cyclone partition curve

calibration factors

cyclone diameter, inlet diameter, spigot diameter,

vortex finder dinmeter and free vortex height, all in em

.- volumetric concentration of solids in the feed slurry, in

%

Q :::

k ru

PI ~~

S =:

p ..,

PI' ;::

volumetric flow rate of'feed slurry, inlltnin

solids clllns;ty effect exponent

density of the solids, in glcm3

volumetric flow split

cyclone inlet pressure, ill kPa

density of the pulp, in g/cm3

Because the pressure reading wns not available, the last two correlations were
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According to Plitt, the parameters in the partition curve equation are described by the

following:

J) 0.71 h 0,38 QJ 0.4S( (P<.!2.) k
II I.G

( D h) O,IS (-I SI! .1..)m -'! F 1 94....l.... e' I'S
2' G

p;
I'; 1,88 Q 1.78 C O.005Sql

J) 0.37D 1.1.:14h M8 (I) 2 +D 2)0.87
C I II 0

t' _
tJ ....

F 3 29 pO.24 (5J.)3.31 1,0•54 (D2. +D 2.)0.36 e 0,0054(11
., !. P D I II (]

(I ~

D 1,11 p(J,24
o

where
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Figure 5.11 : A typical primary cyclone partition curve

y :: R (1- dl) dt<doJ do

y = 0 do~dl

where dois the largest particle that will be bypassed to the underflow. According to

Finch this size is usually between 10 and 40 um, Since the smallest representative size

for this project is 38 um (for the ..7S),t1ninterval) the bypass will always be negligible.

FOI' all tes. this assumption seemed to hold, and the uncorrected partition curve fitted

the Rosin Rummier equation better than the corrected curve, Figures 5.11 and 5,12

show the partition curves for two cases, Note that the fishhook can be clearly seen

for both the primary and secondary cyclones, Undocumented tests done previously

on the same cyclones also found the fishhook phenomenon, although this could not

be confirmed with any historical data,

1000
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R '(d) := R(d)-y
l-y

where

R'(d) =
R(d) =
y ==

corrected partition number

actual partition number

fractional bypass offine material to the underflow

corrected size, in microns. at which 50% of material goes to

the underflow

m slope of the partition curve

Normally the fractional bypass is taken to equal to the recovery of water to the

underflow, using the assumption that the water carries with it some solids with the

same size distribution as the feed. Alter numerous attempts to fit the corrected

partition numbers with Rosin-Rammler partition equations, it became clear that this

assumption did not hold here. Finch (23) had however presented a different bypass

model that explains a 'fishhook' phenomenon that sometimes occurs. He showed that
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control system. For a more general case, the above equations would include a power

dependant term as w~ll. This fact should be noted, because it had a great influence

on the determination of the ideal operating window, as will be shown in the next

chapter,

With the above parameter values substituted into the mixed mill model, the behaviour

of each pebble mill could be simulated, The model was accepted to give a good

description ofthe actual milling performance.

5.4 Hydrocyclones

The modifled Plitt cyclone model(22)was used as a basis to model both the primary and

the secondary hydrocyclones.

The model is based on the assumption that the corrected partition number has the

form of a Rosin Rammler equation:

and that the corrected partition numbers and the actual partition numbers are related

as follows:
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No.l Pebble Mill : a = -0,007 x Mill feed solids (/ph) + 1,888
No,2 Pebble Mill : a = -0,012 x Mill feed solids (tph) +2,777

Both Mills : ex = -0,012 X Mill feed solids (Iph) +2,833

These were plotted on figure 5,8 to 5.10, and again good correlations were achieved.

The expected dependance on the mill power draft could not be qua,ntified, because

there was very little variation in this value for both mills, due to the good power

5 :Modelling
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Pebble feed

Plilbble mill

Figure 5.7: Schematic diagram of the pebble mill structure

given before. For a certain size class i:

. i'2j'21

where

= fraction of material in the jtl\ size class in the product stream

The functions S, and Bli are again described by the same functional forms as before.

As with the rod mill, the previously determined ore dependent parameters were used

(table 5.1) and the selection iimction parameters were optimized for in MICROSIM.

These are listed in appendix G. Once again, the only dependence found by a

correlation analysis was that of the parameter on the mill throughput rate. The

following relationships were found:
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Flgure 6.2: The effect ofPCF, PCD and primary spigot size on the production of less
than 75~llnmaterial

in the milling section. It could simply be calculated from the mass balances as:

fines production :: (h"oll~hpllt x (required ~l'llld - 1)
100

where the feed to the circuit was taken to contain 1 percent of .7Sllm material (table

2.1), When this ql.Ulntity was plotted against the obtained PCF and PCD values, figure

6.2 resulted. Again the distinct lines can be observed, with the lower common

terrnlnatlon point at the minimum fines production rate, and the maximum at about 52

tons otfines per ho'u!' (or 66 tons pCI' hour for the rod mill feed rate) for the largest
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PCP and peD values are shown in figure 6.1.

The following observations were made:

It was found that all simulations above!a PCP of 6601113 pel' hour became

divergent and the simulator could 1101 solve the circuit.

None of the Simulations pl'P{'ormed Were within the previously determined

window (figure J. J).

Furthermore, vcryjaw stnmlauons could achieve the requtred PCP and PC'/)

values set initially. It wasfound that the values for all simulations occurred

011distinct lines, 0110jor each spigot size (fi;JlIrc 6.J). Any initial required

PCP"PCD combtnation resulted on a point 011 this locus because tha

simulator used did not allow a solution to the circuit away from this line. For

all tbe points on the ltnes, afilial grind of 80% was achieved b(!C..'(11ISe of the

large weight put 011 this requirement,

All lines terminated almost at a single point were the rod mill foad reached

its lower limit of 35 tOIlS pal' hour,

7he value chosen as the optimization objective wml the production rate of correctly

sized rneterial, From a production point of view this was the most important quantity
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Figure 6.1 : PCF and PCD values achieved for a grind of 80% .75flm at different
primary spigot sizes

(j.2 Optlmlzntton results

The following conditions wore specified to be simulated in different runs:

Final product (fuality ..80 % ~7S,am

Primary spigot sizes .' 9,S : J 0,5 and J1.S em

Primary C)ICIOl1efeeddensities,' various values/rom 1,3 to 1,5

Primary c)'clone/aodj7ow rate : various values from 400 to 700 mJ per h01l1'

The PSM requirement was given a large weight to ensure a mass balance at the

specified grind despite other constraints. After a few trail airnulatlona, some 32

slmulatlon runs were done, The resulting mass balances appear in appendix J. and the

6 " Optimization
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and secondary dilution rates. The rod mill dilution stream could be adjusted

automatically inMICROSIM to ensure a solids percentage of 72,1 % in the rod mill.

The pebble additions to the two pebble mills were taken as a constant 3 tons per hour

each, which was It good average value of the feeds during the test runs. The feed size

distribution was not specified since the rod mill model was independent of feed size

(within the bounds of this investigation). Other inputs were the geometries of the

cyclones, of which only the primary spigot size was important in this case. All other

geometries were kept constant at the same values at which the sampling runs were

performed.

To do the optimization simulations at certain required PCP and PCD values, and at

It required grind, the parameter estimation fllcility in MICROSIM was used. The

required values of the PCF, peD and grind quality (PSM) were specified as optimum

values, and the rod mill solids feed rate and primary and secondary dilution rates were

specified as perarneters. Some practical limits were set for these parameters, for

example t11e rod mill feed rate could only range from 35 to 85 tons per hour. These

parameters were then varied usmg a simplex optimization method to provide PCP,

:PCD and PSM values closest to those specified.

Th:",approach simulated the MVC control action and prevented any of the sensitivity

problems discussed in the previous chapter.
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6 OPTIMIZATION

This chapter describes the methods followed In determining the optimum operating

condttion of the circllit The simulator developed ill the preceding chapters was used

10predict paljormancas oval' a wide range of conditions. The results are discussed,

and compared with cal'lierjil1dlllgs.

6.1 Iutrodnctlon

The final step in the optimization project was to use the simulator developed in

MICROSIM to predict gl'inding performance under different operating conditions,

The approach taken was to perform simulations at various positions in the PCF-PCD

operuting plane at It required grind of80% finer than 75!-lm. Each of these simulation

runs could then be annlysed to determine conditions such as solids throughput,

The inputs required for each simulation were the rod mill feed rate and the primary
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simulations will be done by adjusting the plant inputs to optimize for required

1.450 .. .. ..

1.300 '-- .....L-----------.
1.300 1.450 tGoo

Aclual POP (kgll)

circulating load values rather than the simple simulations used here.

The modelling step was seen by the investigator as the most important and most

difficult step, Still, the circuit model was considered accurate enough to investigate

the effect that different operating conditions had on the efficiency of the process .
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analysis were examined. These variables were important in terms of the subsequent

optimization because they were the three ~Jf\,IC set points. Figures 5.20 to 5.22 show

that a reasonable agreement existed between the simulated values of these variables

and the actual values.

Considering the nature of the assumptions, the fact that data was obtained fi'0111 an

I operating plant, and the limitation of'the models (as described before), it was decided

S "Modelling

to accept that the models provided a basis fol' an optimization study.

It should also be noted that some streams (like the secondary cyclone underflow) in

the simulated circuit were very seosltlve to variations in the solids and water feed

rates. This is also a I11njor reason that the simulated results did not match the actual

data exactly, but the problem will resolve itself in the next chapter when the
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5.5 Complete circuit

All the individual unit models determined previously along with their parameters

values, were coded and programmed into MICROSlM (see Appendix H for the

relevant Turbo Pascal source code). A circuit was set up inMICROSIM in figure

5.19. Note that the assumption that the flow to the primary cyclones split precisely

in half was still used.

Each of the test cases was simulated using the real values for the are flow rate and

water addition rates and the simulated results are shown in appendix 1. In assessing

how well the simulations predicted the actual performance, the values of the primary

cyclone feed density, primary cyclone feed flow rate and the final product size
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Figure 5.19 :The simulated circuit 011 MICROSIM
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Subsequent discussions with the plant p!'rsonnel(2(,) suggested thut the narrow locus

found in this work was also observed on the plant. Figure 7.1 shows recently logged

PCF·PCD values logged in the plant for a grind of80% .7S~un under 'MVC Driver'

control. Although the PCF and peD values were shifted along the axes, the general

trend shows exactly the behaviour predicted by the model. The reasons for the shifts

could be attributed to variation in primary spigot size. and to instrument calibration.

The correspondence is remarkable given that this data was collected about six years

after the origillal plant trials. These observations prove that despite the assumptions

and kr. Nn errors encountered in this work, the results obtained were realistic and,

more important, applicable to the plant situation,
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peD set points that lie anywhere on the operating locus. The exact position would

depend Oil the tonnage requirement f?f that day. Obviously the circuit is more

efficient at hlgher peD and PCF values, since more fines are produced at the same

power draft. (The power draft is assumed constant because the pebble mills are run

under load control continuously, regardless of the circulating load.)

7.5 Plnnt implementation

The concepts developed above were implemented on the East Drlefonteln gold plant,

An 'MVC Driver' (n computer based optimizing system) was developed (25). This

systeinlused the principle of the operating region, and it would increase the PCD and

PCF set points alternatively during operation, until the maximum point is reached.

This point is determined as that PCD·PCF combination that would cause improper

pebble mill power control, or when the primary cyclone feed pumps have reached their

limiting £low rate. At this point, the PCF set point is reduced slightly, and the circuit

is controlled at this condition for as long as possible. The optimizing control system

has operated s~'lccessfully for some time on the plant.

The maximum tOlinage obtained on the plant under the optimized control was about

1500 tons p,ar day (excluding the additional tonnage from the consumed pebbles).

This trunslnt ed to just more than 62 tons per hour, which agrees closely with the 66

tons pet' hO'..I1'obtained in this project.
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1~1ig'll'('7.1 : Actual logged data from East Driefontein showing the effect ofPeF and
peD em fines production

work, however, determines this locus for one power draft condition only, and should

be seen as a further refinement of the knowledge of where the optimum operating

region lies.

The most remarkable conclusion is that by manipulation of the circulating load, the

circuit throughput can be adjusted quite freely, while still achieving a specified product

fineness. Traditionally it was thougllt that this was not possible, and that throughput

and~nndwere mutually dependent.

This work defines this operating range, and although there may be some error ill the

exact locatlcn of this range relative to the PCP and peD values, the existence and

form of the range are defined. An optimized circuit would be achieved from PCl" and
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great success. It was assumed that the fishhook effect does occur in these cyclones,

but this was baser' on unpublished data collected earlier for a different project. It is

true that the absence of data in the range below 7S microns caused the lack of

resolution necessary to define such a by-pass model more clearly.

Calibration parameters calculated for the cyclones were good and showed small

variations. In order to make progress with the simulation, average values were

assumed to be constant for this relatively narrow range of operating conditions as the

noted variations could not be correlated sensibly against relevant variables, except for

the F 4 factor for the primary cyclone. Here a known correlation was used with

success.

7.4 Optimization

The final objective of tho project proved to be the simplest and most straightforward.

M1CROSIM was used to mimic the control uceon {If the MVC and to model the

circuit while attempting to achieve .!le f'li.I,mt".s of grind objective. The fact that the

operating range occurred in a narrow ban" or locus was surprising at first, especially

considering the work done earlier that proposed a wide operating window. This
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yielded results that were of acceptable quality, provided that the limitation of

smoothing was recognised: ' smoothlng can only make good data better'. Therefore,

the raw data was rather used in the mill model development, and locally (around the

cyclones only) smoothed data in the cyclone model fitting step.

7.3 Modelling

The modelling stage was the most crucla: stage of the project. Well-known models

had to be modified while other new models were .veloped,

The simple rod mill model worked very well, and was chosen above a population

balance approach. This proved to be a reasonable representation ufreality. It should

be noted however that the model is very site specific.

The Austin pebble mill model was used exuc:tly as described in the literature, with no

modifications necessary; apart from the fact that a ball mill model was assumed, The

additional mass attributable to pebble addltlon was simply addeq to the mill discharge

M ~7SIlI11material.

The modelling of the hydrocyclones was disappointing at first. One important

deviation from the Plitt cyclone model was the modelling of the by-passed solids to

the underflow. An alternative by-pass model proposed in the lltcrature was used, with
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The proper calibration and maintenance of all instruments were of prime importance.

The effect of one instrument that.was out of order influenced the results of this project

severely, and many assumptions and effort had to be made to develop a consistent

mass balance. In this endeavour, advantages of having significant redundancy in the

data cannot be overemphasized.

The analysis of samples, especially size analysis, has its own experimental enol's

associated with it, and these effects should be recognised.

In general, the sampling exercise was done with mixed success, Data was generated

that could at l-ast be used with reasonable conftdence, but serious problems were also

encountered.

Because of time and manpower limitations and the enormous effort required to

conduct such a sampling exercise, it could not be repeated on the plant to provide

better and complete data,

7.2 Datn manlpulatlon

Because of the oversights and errors encountered in the snmpllll~ stage, it was initially

thought that smoothing was necessary to obtain consistent mass balances. Although

this was not the main thrust of the project, much work was done to develop a

smoothine program specifically for this circuit. The results of the smoothing again
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7 CONCL1JSIONS

This chapter concludes the dissertation, The results obtained are discussed and

compared to plant experience. A brief summary offindings and important points

from (tach chapter is also given.

7.1 Samplillg

Many difficulties are associated with a sampling exercise like the one undertaken. In

many cases the sampling points were not well designed and it was lmposaible to take

a representative sample of high flow rate slurry streams, Although the exact time that

the various samples were taken was well coordinated, it was still not possible to

sample the circuit to represent a title steady state condition. It must be recognised

that there fire many transients at any moment in time, and that only an approximation

of tile steady state condition is possible,
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The second (and more important) difference is the shape and size of the window. The

only explanation that can be offered for this phenomenon is that the line determined

in this work only represents a single locus of optimum grind at a certain power inpili

within the window. Because no correlation could be found between mill performance

and power draf] (due to the narrow power range) this simulator can only predict

conditions at this power input It is suggested (without proofl) that the operating

window consists of'a series of lines running almost parallel to each other representing

different power inputs.

The result of this work shows that the throughput of the circuit can be varied and

controlled to a large degree for a required product quality, something thought before

to be mutually exclusive.
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primary spigot size,

The variation of the two dilution streams is shown on figures 6.4 and 6,3, The

primary dilutionwas almost constant at between 220 and 240 m3 per hour, while the

secondary dilution varied over a large interval.

6.3 Discussion

There are two differencesbetween this result and the previously determined operating

window. First, none of the points determined here fall within the window. The

reason for this is not clear but it may be ascribed to inaccuracies in the models.

Inspection of the evaluation curves of the modelled circuit (figures S.20 to 5.22)

shows that the average modelled PCF is about 50 m3 per hour lower than the actual

values. The predicted PSM is about 10% lower and the peD about 0,02 units higher

than actual. Ifthls is taken into account, the location ofthe determined points moves

closer to the window and may even lie inside the window. Additional simulations run

at a required grind of 70% ·75 urn confirmed this. Furthermore, the spigot sizes at

which the operating window was determined, is unknown, and this (with other

cyclone geometries) can affect the position of the operating region, The exact

positron of the operating window is of lesser concern in this project than the

qualitative characteristics,
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6 "Optimization
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Figure 6,3 : The effect of secondary dilution on the rCF-pel) combination to
produce a 80% ..75f.lm grind

,'"

--------------------------------------------------~Figure 6.4 : The effect of primary dilution 011 the PCF-PCD combination to produce
a 80% -75f.lm grind
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'l'l1Ill1t 2a dat',aeheat

M$alilu:ec:lvalues
Primary oyclone feed flow rate
P~imary c~~lone feec:ldensity
Seoondary cyclone feed flow rato
Secondary cyclone fead density
Rod mill f~ad Bolids (wet)
Rod mill feed water
Primary .um~ dilution
Seconuar7 sump dilution
PAbble mill 1 pebble feed rata
Pebble mill 2 pebb11 feed rate
Pebble mill 1 pOwer
P~bbla mill 2 power

631.0 m3/hl:'
1.434
390.7 m3/hr

n/a
69.5 t/hr
2l.8 t/hr

270.1 t/hr
54.5 t/hr
5.5 t/hr
0.0 t/hr
328 kWhr
228 kWh,;'

spigots primary A
: primary B
; sacc:mdary

9.50 em
9.60 em
7.70 cro

From daily log sheets : II; moirJt""'e
: primary overflow 73 %
: smcondary overflOW 84 %
; p.b roill diaclar9. 29 ,

Piz. anRly ••• ~ ~ in size intQrv~l (pm)
-75 -150+75 -250+150 -1700+250 +1700___ ......... _ ........... ,._ ....... __ .. _.,.;_ ..... __ ... i!O_ ....~ ....'fOIIt_ ... -. ... __ .. _

Rod mill dhehllrga 6.2 3.8 16.8 ('7.2 26.0
prJ.m cyt: A olf 23.5 45.7 30.5 0.3 0.0
p:dm eye B olf 29.6 30.1 39.7 0.6 (J.O
l?:L'imeye: 'J\ u/f 5.8 32.2 34.4 25.2 2.4
Prim eye B u/f 6.7 28.0 35.4 25.0 4.9
!'eb mill 1 disc;:h 11.7 41.'/ 33.0 13.1 0.5
l'CIlb mill 2 dL$ch 7.1. 2S.9 36.0 27.0 0.0
Sec oyo o/t. 77.2 22.0 0.8 0.0 0.0
Sec eyo u/,f 10.7 59.0 29.3 1.0 0.0
CiII.).QuhtalC:1",,'\:tun

primary oyolone feed solids
Primary oyolone flUid water
sQoondary oyelona foed $olid$
S~oonc:lary eyoloha feed water

439.8 t/hr
465.0 t/hr

n/a
n/n

Appendix B " Ma((slIl'f)(f test results 109



'rut 1t.: c;lata sheet

Mao!ll!luradvAlue'~
,* •• Il ••• IIlI:~ .• =Ja •• ""

Primary QyclQl')e :feed flClw rate
Primary cyclone feed d~nsity
Secondary cyclon~ feed fl~w rata
saoond~ry cyolon$ fetd density
Rod mUl feed l!Iolid; (wet)
Rod mi.1.lfetid wl1tG'lr
Priml'.tl:yl!IumpdUution
SscQndEll::y 19ump dilution
Pebble mill 1 pebble feed rate
Pebblo mill 2 pebble feed rate
~.bble mill 1 power
~abbl~ mill 2 power

646.0 m3/hr
1.394
405.4 m3/1u:

n/a
69.7 t/hr
21.7 1:./hr

287.2 t/hr
3.7 t/lI.r
0.0 t/hr
2.6 t/hl:
320 kNhr
229 k.Whr

Spi90ts primary h
I pt'im!lry B
I 8t'Joondary

9.50 011\
9.60 em
7.70 em

FrOl'1\daUy log shuts : 'I; moifl1:.ut'e
I primary overflow 74 ~
: .~eondary oVQrflow 83 ~
I peP mill disoharge 30 ~

si~e analy ••• - , in size interval (~m)
-75 ~150+7S -2?O+lS0 -1700+250 +1700

Rod mill disohar9E1 7.9 4.4 11.4 48.9 2'1.4
P.cim aye A off 19.9 56.2 23.2 0.5 0.2
Pdm ayo B off 32.S 46.3 20.1 O.S 0.0
pdm eye:: 11. utI. 7.2 31.!.l 26.8 29.0 3.1
~t'.l.m oye 111 u/f G.2 25.2 22.4 :31.1 15.1
Pol:>mill 1 c;U.$oh 12.0 40.7 27.9 19.9 0.5
:P..b mill 2 dl,eh 1S.9 23.2 41.7 16.0 0.2
I!;,jO O';/e 0/£ 79.4 20.4 0.2 0.0 0.0
GGlQ oyo 11/! 13.7 6S.3 20.5 0.5 0.0
Caloulated valu~8
B••• ~••••• n•• M •••

Pr.imary cyelonta had BoUcle
Primary cyolone fGlGldwat.r
Seoondary cyolona f •• d lolid.
s~~ondary cyclone fead water

40S.6 t/hl.
491.7 t/hr

n/a
n/a.
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Teat lb d~ta sheet.n.~.~~~~=.·-.'~~~~a.
~~.m.ry cycl~na feed flow rate
Primary cyclone f •• d density
Secondary cyclone feed flow rate
Seoondary e:yclondlhad density
Rod mill fe.d mol ids (wet)
Rod mill t ••d wn~~r
Primary sump clilution
Secondary sump dilution
Pebble mill 1 pebbie feed rate
Pebble mill 2 pebble feed rate
Pebble mill 1 ~ow.r
pebble mill 2 powar

636.0 m3/hr
1.373
408.6 m3/hr

n/ill.
69.6 t/hr
22.0 t/hl.·

28G.6 t/hr
4 •.3 t/hr
fl.6t/hrC).o t/hX'
;322 kWht'
:229 kWhr

spigpta pt'imary A
: primary B
: secondary

9.50 am
9.60 em
7.70 em

From daily 109 aheet. t 'Il mo.l.l:ltureI
primary overflow 74 'Il

: aecondillry overflow 83 %
I Plb mill discharge 30 ~

Size analy~ •• - % in Ai~.interval (~m)
-75 -150+75 -250+150 -1700+250 +1700

Roel mill ditllohart;1. 0.2 9.9 10.5 41.3 3a.1
Prim eye A off 33.7 36.9 2)..2 9.2 0.0
Prim eyo B off. 20.S 57.2 20.8 l.• 2 0.0
:Prim e~'c A ~\/f 6.a 29.9 29.1 27.2 7.1
~dm eye:: 13 u/f 7.6 31.9 26.0 2!L1 9.S
Pill:! mill 1 c:lhc::h 17.9 29.5 3&.1 16.3 0.2
Plllb mUl 2 c:liach 9.4 49.4 28.4 13.5 0.3
sea eye off 77.0 22.6 0.4 0.0 0.0
Stc aye u/f 14.3 69.9 15.4 0.4 0.0
calou1at.a valu ••
••• u••••••••••• n.

P~im~ry e::yclone f •• d .olida
l?~j 't\4Iryeyolcm. f •• d wat.l:
Sk.ondary cyclone feed lolid.
saccndary 0yolon. f •• d wat4r

391.0 to/hr
492.2 t/hr

n/a
n/Il
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APPENDIXB MClISUI'cd test results

'l'est1a. dato!ishecit

Meuured vduas
.............. *••

P~imDry cyolone feed flow rata
Primary cyclone fBad density
Secondary cyclone feed flow rata
secondary cyclone feed density
Rod mill feed solids (wet)
Rod mill feed water
~rimary sump dilution
Secondary Bump dilution
Pebble mill 1 pebblG feed rate
Pebble mi.ll 2 p$bple feed rata
Pebble mill 1 power
Pebble mill 2 power

627.0 m3/hr
1.370
395.5 m3/hr

n/a
51. 7 t/hr
16.4 t/hr

281.3 t/hr
4.4 t/hr
0.0 t/hr
0.0 t/hl:'
32:3 kWhr
235 ltWhr

Spigots : primary A
: primary B
: QIIoond&.l:'Y

9.50 cm
9.60 em
'7, 70 ..'1\

From daily lQ9 sheets : % moisture
pl:'imaryoverflow

I secondary overflow
I peb mill dischar9s

I
74 lb
83 '1\
30 'b

Size an~ly ••• - 'b in size interval (pm)
-75 -150+75 -250+150 n1700+2BD +1700

Rod miU diacharljJQ 8.1 2.9 20.2 47.9 20.9
pt'im eyc A olf 28.0 36.2 34.S 1.3 0.0
pl."imeye a off 29.0 36.2 34.5 1.3 0.0
pt'im eye A u/i 7.4 34.5 30.5 23.7 3.9
Pl.'imr:ye a u/i 7.3 31.2 29.15 27.9 4.0
PIiJ:., mill 1 elisoh 16.6 38.7 28.6 1$.5 0.6
Pltb mill .2 dhoh 9.8 44.3 32.4 13.4 0.1
Se:oc O~IQ 0/£ 74.6 2S.0 0.4 0.0 0.0
SilO cye u/f 12.7 67.5 1!L3 0.5 0.0
CalQulatud va1ual•••••••••••••••••

P~imary ayclQnQ f$$d solids
Primary cyclone f6lad \'-/atu
S~Qond.ry oyclon. f.ael 80lids
Saaondary cyalon& falid water

372.6 t/hr
486.4 t/hl:'

n/a
n/a

Appendi» B : Measured fast results lOG



6 Screen sam ple

Appendix A ..Standard procedure/oJ' size analysts

7 Weigh sample

8 Calculate and report results

Transfer the sample from the dish onto
the appropriate testing sieve / series of
sieves.

Brush any adhering material from the
dish into the testing sieve I series of
sieves.

Place a label into ihe top testing sieve.

Position shaker lid, and ensure that it is
properly sealed.

Secure shaker lid tightly.

Start shaker and shake for J 0 minutes.

When the shaker stops, remove the
screens. Insert each screen on top of a
lat'ge dish.

Brush the bottom of the screen gently
using a soft brush covering the whole
area. of the screen.

Holding the inverted screen about 100
mm above the dish gently tap the sid(~
of the screen frame,

Transfer the sample from the dish to
the balance pan and weigh to the
nearest 0,1 of'a grant

Transfer individual size fraction
weights to the appropriate grading
sheets. The minus 7.~micron fraction
is obtained by subtrsction,

Calculate the percentages and
Sl.iJmit .Q;r·nding sheets to office.
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4 Wnsh sample

5 DI'Y slime

Appendix A : Standard procedure /01' size an.':tlysfs

Place the prepared sample in a
aluminium dish and add approximately
150 em' of water

Playa gentle spray of water onto the
pulp until the dish is about hnlffull.

Slowly decant slime through the 7S
micron aperture sieve reserved for wet
screening. The passage of slime
through the screen can be assleted by
gently tapping the side of the screen.

Repeat the procedure until most of'th«
slime has been transferred to the
screen. Finally wash all the material
from the dish into the screen using the
rubber hose.

By holding the screen under the spray
in one hand, wash the material
remaining on the screen with a rotating
action whilst tapping gently on the side
of the screen with the other hand.
When the water passing through the
screen is clear (i.e, free of solids) the
~ tshing is complete.

vVnsh the solids 011 the screen back.
into the dish using a. rubber hose.

Allow the solids to settle and drain tlff
excess water.

Place sample dish into drier. (take care
not to burn hands.)

Leave until completely dry.

Remove from drier and allow to cool.
(Take~care not to burn hands.)
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3 Weigh sample

Appendt» ,1 " Standard procedure /01' sisc analysis

Spread out rubber mat and brush off
any dust.

Tip approximately 1 kg material onto
the mat.

Roll the sample on the rubber mat from
alternate corners at least ten times.

Use the spatula to spread the heap to
an even depth of about 1S mm over the
mat.

Sample 100 grams from the mat using
a small spatula taking small dips over
the entire area of the flattened material.
(If more sample is required, the sample
must be remixed and sampled as
before.
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APPENDIX A Standard procedure for' size llllnlysis

The following standard procedure is prescribed for nil size analysis determinations at

East Drlefonteln Gold Plant.

1 Prepare equipment Examine each screen for damage or
excessive blockage of the sieve mesh
by holding it up towards a light.
Replace ifnecessary, Ifblocked, invert
the sieve arid use a soft paint brush to
cleat' by rubbing the sieve cloth gently
but briskly using a circular motion
until improvement is visually evident
(Nevel' use a sharp pointed
Instrument). To determine if a sieve
has been cleaned to it's maximum -
place sieve over a piece of white paper,
brush and examine the quantity of
particles left on the paper. If more
than :1:2 grams repeat cleaning
procedure,

Place the screens in the correct
sequence all the shaker base,

Start dust extraction fall,

2 ZIWO electronle (Mettler)
balance

Wipe balance platform clean.with n dry
cloth.

Switch the power on at the wall plug,

Place a clean dry sample dish em the
balance platform,

Press the zero button and wait for a
zero digital reading,
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TeJ~ 50 data sheet

Measured values
.=============-==

Primary cyclone feed flow rate
P~imary cyclone feed density
secondary cyclone feed flow rate
Secondary cyclone feed density
Rod mill feed Bolids (wet)
Rod mill feed water
Primary sump dilution
Sec:ondary sump dilution
Pebble mill 1 pebble xeed rate
Pebble mll1 2 pebble feed rate
Pebble mill 1 power
Pebble mill 2 power

536.0 m3/hr
1.472
400.3 m3/hr
1.216
77.5 t/hr
24.i! t/hr

177.4 t/hr
9.2 t/hr

20.9 t/nr
0.0 t/hr
327 kWhr
217 kWh)!'

Spigots primary A
: primcu;y 13
; l:Iecrmdary

9.50 am
9.60 em
7.70 em

From daily log sheets ; % moistUre
primary overflow 73 %

: secondary overflow 84 %
; peb mill discharge 29 %

SJ.,,,,eanalyses" 'G in size interval (J.Jm)
~75 ~150+7S -250+150 -1700+250 +1700____________ ~ ~ W" --- __

RQcl mill disc::harge 15.2 7.6 6.4 36.2 34.0
Prim eye A off 32.5 3(i,2 31.3 0.0 0.0
Prim cy" 13 off 25.3 39.S 28.2 7.0 0.0
Pdrn eye A u/f!. 10.5 21.6 3s. 2 30.6 :2.1
:!?l':iI1\ eye: B u/f 12.8 25.2 2"'.0 26.6 6.4
Peb mill 1 diseh 16.9 30.9 30.6 20.8 0.$
Pab mill 2 (:'Ii son 18.9 29.8 31.2 19.9 0.2
Sec: eye olf 75.6 20,8 3.4 0.0 0.0
Sec eye u/£ 1.3.0 60.1 26.2 0.7 0.0
calculatD~ values

1:"rima1:Yeye'lona £sed SOl1elR
Pdmary eyc!],QnQfElfiQ watGlt
SQconda,ty e!yc:lonefallIelsoHela
Sfiloondal:Ytlyelona fafiu:lWIAter

406.3 t/hl."
382.7 t/hr
138.9 t/nr
347.9 t/hr
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Test Sb data shset

Measured v,alues
primal."Ycyalt)f)ltfeed flow rate
primary cyclone foed dpnsity
Secondary oyelone feed flow rate
secondary cyclone feed density
Roa mill t~ed solids (wet)
Rod mill fead water
Primary sump dilution
seoondary Dump dilution
pebble mill 1 pebble feed rate
Pebble mill .2 pebble feed rate
pebble mill 1 power
~9bb1e mill .2 power

526.0 m3/nr
1.470
392.9 m3/hr
1.221
75.3 t/hr
23.7 r:./hr

172.3 t/hr
9.1 t/hr

10.2 t/ht'
0.0 t/hr
338 kWhr
218 kWht'

Spigots primary A
: primary 13
; secondary

9.50 em
9.60 em
7.70 am

E'rom daily log sheets : % moistUre
I primary ovo~flow 73 %
: secondary overflow 84 ~
: peb mill discharge 29 %

SizQ analyses ~ ~ in size interval (~m)
M75 ~150~75 -250+150 -1700+250 +1700

Rod mill dbcharge 9.7 9.6 7.8 40.0 32.9
p)."imeye A olf aL3 35.4 33.3 0.0 0.0
prim cytl B olf 19.9 46.4 26.8 6.9 0.0
l"r.imeye 1\ u/f 8.9 18.6 37.6 31.1 3.a
Pr:l.meye B u/f 9.7 16.9 31.3 34.•5 7.6
Peb mill. 1 dhch 12.1 33.S 31.5 22.0 0.6
Psb mill 2 diIBeh 12.6 32.9 33.9 20.1$ 0.0
Seo CyO olf 73.6 23.2 3.0 0.0 0.0
Sec eye:: u/f 14.1 38.6 40.0 6,'7 0.0

•••••• *••• ~••••••
Prlmaty oyolonGi foaa lSol.!.dlil
p~imary c::yc1on. f •• a wat~r
Secondary c::yelonaf~ad ~olidlS
S.c::onclarycyclone feed w~tQr

391.' t/hr
37G.~ t/ht'
139,$ t/hr
340.3 t/hl:
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Test Sa u~ta sheet

Measured values
Primary cyclone feed flow rate
Primary oyclone feed density
secondary e~/clone feed £low rate
Secondary cyclone feed density

. Roa mill feed Bolids (wet)
Rod mill feed water
Primary BUmp dilution
Seco)1dary sump dilution
Pebble mil\ 1 pebble feed rate
Pebble mil~ 2 pebble feed rate
Pebble mill 1 power
P~bble mill 2 power

542.0 m3/hr
1.460
412.4 m3/hr
1.231
69.1 t/hr
21.6 t/hr

176.9 t/11r
14.0 t/hr
0.0 t/hr

23.7 t/hr
337 kWhr
227 ltWhr

spigots primary A 9.50 cm
I primary B 9.60 em
: secondary 7.70 em

~rom daily log sh$ete : ~ moisture
: primary overflow 73 ~
: sQoondary overflow 84 %
: pab mill discharge 29 %

Sha analyslils- 'b in sl.ze interval (J.lm)
-75 -150+75 M250+150 ~1700+250 +1700~~---~~----~~-~-----------~----~-~~------Rod mill discharge 4.8 13.4 5.8 37.2 38.8

Prim eye A off 30.8 35.8 33.1 0.3 0.0
Prim cyc J3 off 18.6 46.5 28.5 6.4 0.0
Prim eye 1\. u/f 5.6 12.6 27.7 32.9 21.2
Pdm eye 13 u/f 8.9 17.0 32.1 34.1 7.9
!lebmill 1 dJ.l\lch la,l 20,0 44.9 16.3 0.7
Peb mill 2 cl.i.ech 14.4 39.1 32.2 14.3 0.0
SGlC eye off 74.6 22.7 2.7 0.0 0.0
sac eyc u/f 10.8 43.0 38.8 7.4 0.0

primary oyolona fm~d a~lids
Primary oyclone fe_d water
Secondary oyclone ~~ad solids
Smcondary cyclone filledwater

417.8 t/hr
394.3 t/hr
153.0 t/hr
354.7 t/h);'
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Test 4c data sheet

Maaaurer;'lvalues
Primary cyclone feed flow rata
primary cyclone feed density
Secondary cyclone feed flow rate
Secondary ~yclon~ feRd denSity
~od mill feed solids (wet)
Rod mill feed water
primary sump dilution
Secondary sump dilution
Pabbla mill 1 pebble feed rate
Pebble mill ,2 pebble feed rate
Pebble mill 1 power
Pebble mill ,2 power

SB8.0 m3/hr
1.49B
470.8 m3/hr
1.200
75.8 t/hr
23.B t/hr

214.5 t/hr
12.3 t/hr
0.0 t./hr
1).0 t/hr
308 )<.Whr
213 ltWhr

spigots priml~ry A
: pt'imllryl3
: aElcc':ll'ldary

9.60 cm
9. EiO COl
7.70 em

Fro", daily 109 ahaetlJ ; \ moisture
: primary overflow 73 ~
I aacondary overflow 64 ~
I peb mill di.eharge 29 ~

SiZe analy~es ~ % in ai~e in~erval (~m)
~75 -150+75 -250+190 ~1700+250 +1700

Red mill discnarge 7.5 7.5 9.4 34.2 41.4
Prim eye!A ¢/f lB.5 35.1 41.. 4 1,0 0.0
prim eye 1:3 off 23.3 29.5 46.2 1.0 0.0
prim eye A u./f 5.3 14.5 27.B 34. " 17.7
Prim eye B u./f 7.2 1(;' 2 3fL 7 37.5 3.4
Pab milJ. 1 disch 7.6 28.4 30.4 30.0 3.6
]?lab mill 2 dj.ach 13.G 25.7 34.8 25.7 0.2
Sac cyo o/f 81.7 16.8 1.5 0.0 0.0
SGIC eye U/f 10.6 44.2 42.7 2.5 0.0

C~lculatad valu~s•••••••••••••••••
Prima~y cyclone feed solids
Primary eycloos feed water
Secondary cyclona feed solids
Secondary cyclone feed watat

470.3 t/hr
410.5 t/hr
151.2 t/h~
413.7 1:/hr
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Teat 4c data sheet.

MeaBurac1 val.ues
••••• 2I1 ••• ::&'*::.n::::.

p~imary cyclone feed flow tate
primary cyclone fead density
Sscondary cyclone feed flow rat~
Seoondary oyolone feed density
Rod mill feed solids (wet)
Rod mill fe$CI 'l'Jolltar
Primary eump dilution
Saoondary sump dill!+-.':ll'I
Pebble mill 1 pebbl~ fe~d rate
Pebble mill 2 pebble faeci rate
Pebble mill 1 power
Pebble mill 2 power

588.0 m3/hr
1.498
470.8 m3/hr
1.200
75.S t/hr
23.8 t/hr

21.4.5 t/hr
12.3 t/hr
0.0 t/hr
0.0 t/hr
30a k.Whr
213 k.Whr

Spigots I primary A
: pl:'imarya
f nconuary

9.50 om
9.60 om
7.70 em

From daily log sheets : ~ moisture
I pt'3.maryover flow
I •• oondary overflow
; pab mill di.charge

I
73 %
Btl 'b
2~ 'II

Siza analysee - ~ in size interval (pm)
-75 -150+75 .2504150 M1700+250 +1700

Rod mill di.eelharg61 7.5 7.5 9.4 34.2 4~,.4
Prim 0'10 A 0/£ 18.5 36.1 44.4 1.0 0.0
p;rim oyo a off 23.3 29.5 46.2 1.0 0.0
Prim oye A u/f 5.3 14.5 27.8 34.7 17.7
Prim oye EI u/f 7.2 16.2 35.7 37.5 3.4
Pab mill 1 e1isoh 7.6 28.4 30.4 30.0 3.6
p&b mill 2 cUl!lch 13.6 25.7 34.9 25.7 0.2
Sac oye o/f. 81.7 115,9 1.5 0.0 0.0
Sac eye u/£ 10.6 44.2 42.7 2,5 0.0

..~~...~.....•...
primary oyclone £QQQ solids
primary eyolona faod water
Seoondary oyclona fQQQ solide
Seoondary cyclone f..ad water

470.3 t/hr
4.10.5 t/hr
151.2 t/llr
413.7 t/hr
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Tost 4b data sheet

Ma. 'lured values
Primary cyolone feled flow t''.lte
Primary cyclone feed density
SGloo11dary cyclone ;feed now rata
Secondary oyclone feed dens tty
Rod mill feed solids (wet)
Rod mill £.ed watar
Primary sump dilution
Secondary S1.1mpdilution
Pebble mill 1 pebble feed rate
Pebble mill 2 pebble feed r.te
I?sbble ...ill 1 powtar
Pebble mill 2 power

591. 0 m3/hr
1.488
477.3 m3/hr
1.:196
80.5 t/hr
25.1 t/hr

217.6 t/lu.'
10.S t/hr
0.0 t/hr
0.0 t/hr
311$ kWbr
214 kWhr

spigotS : primary A
: primary a
: seconclary

9.50 cm
9.60 om
7.70 em

From daily log sheets : % moisture
primary overflow 73 ~

: leoonclary ~verflow 84 %
• peb mill discharge 29 ,

She analyses ...'ll in size intarval (I.lm)
-75 -150+75 -250+150 -1700+250 +1700

Rod mill dil\lcharge G.a a.a 9.1 29.4 45.S)
Prim eye A off 14.6 41.1 39.\1 4.4 0.0
Prim eye a off 24.9 33.1 40.3 :1..7 0.0
Prim eyo A u/f 4.4 17.5 30.2 32.5 15.4
Prim oyc B u/i 7.1 15.7 35.7 38.3 3.2
Plilb mill 1 disoh 7.1 30.2 29.5 27.7 5.5
Pa):)mill 2 dillloh 14.5 26.5 35.9 22.5 O.G
Sec eye olf 81.0 15.4 3.6 0.0 0.0
Si!lCeye: u/f 12.3 43.2 43.2 1.3 0.0
CalQulat~~ V~lU$A........._..w~... I

I?dlllary r::yelontlftll(lldIiIOlid81
I-.c'.tmlllt'ycyclQni!l feed water
seeonda~y oyclontll feed $ol1ds
Sec.~ndary cyolontll faad w~tar

463.2 t/hr
416.2 t/hr
l51.8 t/hr
420.0 t/ht
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Test 4a data sheet

Measu.t:'advalues====::1:===-======
Prims.t:'Ycyclone feed flow rata
P.t:'imarycyclone feed density
Seoondary cyclone feed now rate
Secondary cyclone feed density
Rod mill feed solids (wet)
Rod mi1l feed water
Primary sump dilution
Secondary sump dilution
pebble mill 1 pebble feed rate
Pebble miLl 2 pebble feed .l;'ste
Pebble mill 1 power
Pebble mLll 2 power

58.1.0 m3/h.t:'
1.493
461.2 m3/hr
1.107
81. 7 t/hr
25.9 t/hr

21.3.0 t/hr
10.7 t/hr
0.0 t/hr

24.S t/hr
3:'a0 kWh);'
220 kWhr

Spigots primary A
: primary B
: secondary

9.50 em
9.60 em
'1.70 om

Fl:'omdaily log sheets ~ % lnotsture
prima.t:'yoverflow 73 %

: second~ry overflow 84 %
: p~b mill discha.t:'ge 29 %

Size analyses - % in EizEI interval (pm)
-75 -150+75 -250+150 ~1700+250 +1700--------~~--~-~-----~--~~--~---~--.~~-~-~RoelmUl di!:1ohargE! 4.8 6.8 7.5 33.15 47.3

Prim oyc A o/f 18.9 46.3 33.2 1.6 0,0
Prim cyo 13 o/f 24.0 35.1 40.2 0.7 0.0
Prim cyo A 1.I/f. 3.6 15.1 27.7 35.1 18.5
Prim Cl'C S u/l. 6.2 1'1.2 33.7 33.S 9.1
pab mill 1 r'lililch 9.8 31.1 32.2 24.9 2.0
Pab mill 2 disc:h 13.9 25.3 36.S 23.6 0.4
Sac oyo o/f: 80.6 12.3 7.1 0.0 0.0
See eye \1/'! 11. 'I 47.4 38.7 2.2 0.0

••·..I··tiI••••••••••
Primary oyolooe feed SOlids
P:r:imal:Yoyclone fead watQr
secondary oyo10o$ feed $olid$
Secondary cyclonQ feecl water

450.7 t/hr
4l0.9 t/hr
79.3 t/hr

431. 3 t/hr
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Test 3c data sheot

Measured values====u::==:=:=======
Primary cyclone feed fluw rate
Primary cyclone feed density
Secondary cyclone feed flow rate
Se90ndary cyclone feed density
Rod mill feed soli~s (wet)
Rod mill feed water
primary slimpdilution
SElcond:::.rysump .lilution
Pebble mill 1 pebble feed rate
Pebble mill 2 pebble feed rate
pebble mill 1 power
Pebble mill 2 power

566.0 mJ/hr
1.480
442.3 m3/hr
1.203
69.9 t/hr
22.1 t/hr

201.3 t/hr
10.3 t/hr
':>.0 t/hr
0.0 t/hr
320 kWhr
219 kWhr

Spigots primary A
: pt'imary 13
I secondary

9.50 cm
9.60 em
7.70 cm

From daily log sheet~a : % moisture
prl.mary overflO\~ 73 %

: secondary overrlow 84 %
: pab mill discharge 29 %

SiZe analyses - % in size interval (pm)
-75 -150+75 -250+150 -1700+250 +1700---~-------~~--~~-------~----~------~~~-~Rod mill.discharge 2.!:l 7.7 4.0 33.0 52.8

Prim eye::A olf 43.0 19.2 36.8 1.0 0.0
Prim eye B olf 41.4 25.9 32.6 0.1 0.0
Pd.m eye A ulf 2.5 19.1 28.2 33.4 16.8
P);"imcye B uU 6.5 18.7 2.2.6 35.9 16.3
l?abmill 1 diseh 13.8 21.6 32.7 29.8 2.1
Peb mill 2 disch 13.4 ~!S.1 32.8 28.6 0.1
Sec eye olf 80.9 :L6.3 2.8 0.0 0.0
!:leceyc u/f 9.3 52.9 27.6 0.2 0.0
calculatad values

p~imary cy~lona feed solids
prin\~ry oyclonlilfaUldwatal:
Sacondarr cyolone fasd solida
saoondary cyclone feaa water

4~6.3 t/hr
401.3 t/hl.'
144.2 t/hl:'
3(37.9 t./hr
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Test 3b data sheet=~================
Measured values
=:::=====:::=:====:::=:

primary eyelolll:afilledflow rate
Primary cyrlone feed density
Secondary cyclone feed flow rate
Secondary cyclone feed density
Rod mill feed solids (wet)
Rod rolll feed water
Primary sump dD.ution
Secondary sump dllutinn
Pebble mill 1 pebble ~ed rate
Pebble mill 2 pebble feed rate
Pebble mill 1 power
Pebble mil~ 2 power

564.0 m31hr
1.470
441.9 m31hr
1.197
73.3 t/hr
23.0 t/hr

201.1 t/hr
10.2 t/hr
6.8 t/hr
0.0 t/hr
321 kwhr
218 kWhr

spigots primary A
: primary a
: secondary

9.50 em
9.60 em
7,70 em

From daily log sheets I % moisture
primary overflow 73 %

: secondary overflow 84 %
I peb mill discharge 29 %

Siz~ analyses - % in size interval (pm)
-7& -150+75 -250+150 -1700+250 +17C('---------------------------~-------~~----Rod mill diechal:'ge 3.8 1.4 13.8 36.5 44.5

Prim eye A olf 35.4 18.6 40.6 5.4 0.0
Prim eye B oif 22.6 39.6 37.4 0.4 0.0
P~..,i.m cye A u/f 5.7 18.1 30.3 32.7 13.2
P:t;'imeye a u/f 5.4 16.7 26,2 36.8 14.9
Peb mill 1 diseh a.5 26.0 43.3 21.9 0.3
Peb mill 2 diaoh 8.5 26.0 43.3 21.9 0.3
Sec eye olf 73.3 15.6 11.1 0.0 0.0
Seo eye ulf 9.2 56.0 34.4 0.4 0.0

CalcUlated values====~==.====~.~==
Prim~~y cyclone feed solids
Primary cyclone feed wate~
$$eondary cyolone feed solids
second;').rycyclone feed water

425.7 t/hr
403.3 t/hr
139.8 tin.!:
389.1 t/hr
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Test 3a data sheet

Primal:"Yoj'olon(;!fe€d flow rate
Primary eyolone feed density
Secondary cyclo'(JE!feed flow rate
seeondal:"Ycyclone feed density
Rod mill feed oalida (wet)
Rod mill feed wa.tel:"
Primary sump nilution
Seeoncial:"ysump dilution
Pebble mill 1 pebble feed l:"ate
Pebble mill 2 pebble feed l:"ate
Pebble mill 1 powel:"
P~bble mill 2 powe~

554.0 m3/hr
1.466
428.0 m3/hr
1.199
74.2 t/hl:"
23.4 t/hr

195.9 t/hr
11.4 t/hr
3.3 t/hr
0.0 t/hr
322 kWhr
218 kWhr

Spigot III primary A 9.50 em
primary B 9.50 em
secondal:"Y 7.70 em

From daily log sheets : % moisture
primary overflow 73 %

: eeeond$ry overflow a4 %
: pab mill discharge 29 %

Size analyses ~ % in size interval (~m)
-75 -150+75 -250+150 -1700+250 '1-1700

Rod mill dil'loharge 10.4 4.6 12.1 42.6 30.3
prim eye A olf 43.0 28.1 24.4 4.5 0.0
Prim eye B olf 13.2 31.8 52.3 2.7 0.0
Prim eye A \;l/f 5.9 15.4 30.5 33.2 15.0
Prim eye B ulf 6.1 13.4 26.6 39.1 14.8
Peb mill 1 c1isch 13.0 32.4 31. 8 21.4 1.4
Pep mill 2 diseh 9.2 34.5 37.4 If).7 0.1
Sec eyc olf 72.6 18.6 8.8 0.0 0.0
Sec oye u/f 11.5 40.0 47.8 0.7 0.0
Calculated values~===========~====primary cyolon~ feed solids

prima.ry cyolone feed water
seoondary oyolona feed solide
Secondary cyclone feed water

414.6 t/hr
397.5 tlhr
136.8 t/hr
376.4 t/hl:'
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Test 2c data sheet==================
MeasUl!'edvalues

primary' cyclone fed flow rate
r':rimarycycl.one feed density
secondary cyclone feed flow rate
secondary cyclone feed density
Rod mill feed solids (wet)
Rod mill feed water
Primary sump dilution
Secondary sump dilution
pebble mill 1 pebble feed rate
Pebble mill 2 pebble feed rate
Pebble mill 1 power
Pebble mill 2 power

640.0 m3/hr
1.427
395.4 m3/hr

n/a
65.9 t/hr
20.7 t/hr

280.6 t/hr
20.a t/h17
0.0 t/hr
0.0 t/hr
319 kWhr
222 kWhr

Spigots primary A
pr.Lmary B
s(3conclary

9.50 cm
9.60 om
7.70 em

From <:laitylog sheets : % moJ.sture
prin,ary overflow 73 %

: secondary overflow a4 %
: peb mill discharge 29 %

Size analyses - % in size interval (~m)
-75 -150+75 -250+150 -1700+250 +1'100
-~-~-------~~~-----------~---~~- I~_-

Rod mill discharge 2.8 11.0 5.8 40.7 39.7
Print cyc A o/f 35.1 29.3 33.6 2.0 0.0
l?rim eye B o/f 23.5 54.0 21.0 1.5 0.0
Prim eye A u/f 7.0 25.1 29.5 29.0 9.4
l?rim cye F}- u/f 6.6 26.6 28.6 27.9 10.3
peb mill . disch 18.7 26.4 33.3 20.2 1.4.
Peb mill 2 tliach 9.3 41.4 29.9 19.3 0.1
Sec eye o/f 69.2 28.7 2.1 0.0 0.0
see cyc u/f 12.2 57.9 29.3 0.6 0.0

Calculated values======~*========= ,
primary cyclone feed solids
prim~ry oyclone feed water
Secondary cyolone Ieed solids
Secondary cyclone feed water

438.9 t/hl:'
474.4 t/hr

n/a
n/a
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Test 3b data sheet

Meas,?ced values
==========:=;::r:===

Primary cyclone feed flow rate
Primary cyclone feed density
Secondary cyclone feed flol" rate
Secondary eyclon~ feed density
Rod mill feed solids (wet)
Rod mill feed water
Primary sump dilution
Se~ondar.y sump dilution
Pe.Ob1e mill 1 pebble feed rate
Pebble mill 2 pebble feed rate
Pebble mill 1 power
Pebble mill 2 power

636.0 m3/hr
1.414
386 ..2 m3/hr

n/a
77.9 t/hr
24.3 t/hr

276.8 t/hr
21. 2 t/hr
8.4 t/hr
0.0 t/hr
322 kWh"
224 kWhr

Spj,gots primary 'PI
primary B
secondary

9.50 em
9.60 em
7.70 em

From daily log sheets : % moisture
primary overflow 73 %

: secondary overflow 84 %
: peb mill 'discharge 29 %

Size analyses - % in size interval (~m)
-75 -150+75 -250+150 -1700+250 +1700------------------~--~-------------------Rod IIIi11discharge 8.0 7.4 15.0 35.7 33.9

Prim eye A o/f 32.8 38.7 20.9 7.6 0.0
Prim eye B off 19.0 46.6 33.2 1.2 0.0
Prim eye 'PI u/f 6.0 2~.3 31.6 28.6 7.5
Prim eye B u/f 5.7 25.4 28.S 27.5 12.6
Peb mill 1 diseh 12.4 38.1 32.4 16.: 0.8
Peb mill 2 diseh 12.9 37.2 31.4 17.9 0.6
Sec eye o/f 80.0 18.6 0.4 1.0 0.0
Sec eye u/f 13.7 3'7.1 33.0 16.1 0.1

Calculated values===~~=====~=====~
Primary cyclone feed solids
Primary cyclone feed water
Secondary cyclone feed solids
Secondary cyclone feed water

422.9 t/hl.·
476.4 t/hr

n/a
n/a
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~est l~c data sheet

MeaSured values
Primary cyclone feed flow rate
P~imary nyelona faed density
SscondAry cyclone teed flow l:'ate
Secot1oary cyclone feted density
Rod mill feed Golide (wet)
Rod mill foed water
Primary sump dilution
Secondary sump dilution
Pebble mill 1 pebble feed rata
Pebble mill 2 pebble foed rate
?abbla mill 1 power
Pebbla mill 2 power

608.0 m3/hr
1.486
390.1. m3/hr
1.291
62.6 t/hr
19.6 t/hr

172.3 t/hr
14.6 t/h.:
0.0 .,Ihr
3.1 t/hr
322 kWhr
229 kWh.t"

spigots I primary A
I prJ.mary B
I sllIt::ondl'\l:":

9.50 em
9.50 em
0.00 em

From dlll.i.lylog shel:.li '0 I Ikmoietul:'el
prJ mary overflow 74 Ik

: s.~Qndary overflow as ~
I PiliPmill discharge 32 III

SiZe analyses ~ \ in 1111;e intervnl (~m)
~75 -150+75 -250+150 ~1700+250 +1700-~---~-~---~---~--~-~--~-----~--~-----,--~Rod mill discharge 15.6 4.9 '7.1 44.5 27.9

pdm eyc A off 03.4 33.0 13.5 0.3. 0.0
prim eye B off 52.0 37.1 10.7 0.2 0.0
prim eye: A u/f lO.3 20.6 21.7 41.4 0.0
Prim c:yc I:'l u/f 9.5 24.0 2a.5 38.0 0.0
PGib mill. 1 disc:h 30.4 23.3 24.S 2l.5 0.0
p$b m:l.ll. 2 dhc:h 27.1 27.6 2".5 17.6 0.0
Sac: eye off 'i5.6 24 •.1. 0.3 0.0 0.0
Sac: eye u/f 22.2 53.6 :14,3 0.0 0.0

Primary cyclon~ feed solid~
primary cy¢lcn$ f.acl watGr
SGleondary eyolm\e flied solids
sacondary cyelonm fGlad water

474.6 t/hr
428.9 t/ht'
182.3 t/hr
3~1. 3 t/hl:'
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Test llb data aheet

Measured values
Primary cyclone feed flow rate
primary cyclon!:lfeed density
secondary cyolone feed flow rate
$acondfl.l:y cyclena fGad density
Rod mill foed solids (wat)
Rod mill feed water
l?t'ima.rysump dilution
Secondary sump dilution
Pabble mill 1 pebbla feed r.ate
Pebbla mill 2 pebble faed rata
Pabbla mill 1 power
pabble mill 2 rower

617.0 m3/hr
1.485
390.5 m3/hr
1.2B3
66.9 t/hr
20.6 t/hr

176.0 t/hr
8.6 t/hr
0.0 t/hr
0.0 t/hr
324 1tWhr
228 KWhr

Spigots primary A 9.50 em
I primary B 9.50 em
: secondary 0.00 em

Fr01l1 daily log eht!tfltt.s : 'I! moil!lt\.lre
primar~ overflow

t secondary overflow
I peb mill discharge

I
74 'Ii
BS 'l!
32 %

Size analy~es - % in siza inte~v.l (~1l1)
-75 -150+75 -250+150 -1700+250 +1700

Rocl mill. d.illchargGl 15.1 4.0 5.8 40.3 34.8
Prim eye A ()/f 49.1 34.6 16.0 0.3 0.0
pdm eyc B olf 54.7 3E;.9 9.:3 0.1 0.0
prim eye A u/f 8,3 19.5 26.2 46.0 0.0
prim oyo B IJ/f 7.9 20.4 213.6 43.1 0.0
pab mill 1 tH.wch 27.7 30.0 25.5 16.8 0.0
l?Gtb mill 2 t:l:l.llloh 23.4 32.5 26.5 17.6 0.0
S(ttc cyc o/f 79.9 19.7 0.4 0.0 0.0
Sao cyo ulf 25.1 59.4 15.5 0.0 0.0

Primary oyclone feed solida
Priml!l.l:Y eye:lona fead watElr
SGlCOli<lal:'Y ~'tclon. fGlGldsolids
Sl!toOlidSll:'Y cyclono hael wa.ter

490.6 t/hr
435.6 t/hr
177.5 t/hr
323.5 t/hr

Appendt» B ..Measured fast results 131



Test 1121.data sheet

Measured values
Primary oyclone feed flow rate
Prtmary oyclc~e feed density
Secondary cyclone feed flow rate
Seoondary cyclone feed density
Rod mill feed solids (wet)
Rod n\iU feed WlItQt'
Primary sump dilution
Secondary Gump dilution
)?ebhle mill 1 pebble fsed rat'll
Pebble mill 2 ~ebble food rate
Pebble mill 1 power
Pebble mill 2 power

614.0 m3/hr
1.459
394.7 m3/hr
1.259
78.6 t/hr
25.3 t/hr

1.80.7 t/hr
B.2 t/hr
0.0 t/hr
6.3 t/hr
326 kWhr
231 kWhr

Spigots primary A
; prima);.·ya
; aeoondary

9.50 em
9.50 cm
0.00 em

Froln daily log sheets : III moisture
primary overflow 74 %

: secondary overflow 85 %
I peb mill dischargo 32 ,

Size anUys!lIs - , in size interval (!-1m)
~75 -150+75 ~250+1S0 ~1700+2S0 +17~0~-~--~~--.~~~-~-~--------~--~-----~-~-~--Rod mill disch ...rglCl 15.4 4.2 6.3 36.9 37.2

Prim eyo A off 50.6 43.0 G.3 0.1 0.0
Pl:'imeye B off 54.3 39.8 5.8 0.1 0.0
l'rim eye A u/f 10.8 23.1 27.0 39.1 0.0
Prim oyo B u/f 11,6 27.9 28.3 32.2 0.0
l?eb mill 1 diseh 31.0 24.5 26.0 18.4 0.0
l?abmill 2 dhch 23.4 26.2 27.6 20.S 0,0
Soo eye off 78.5 21.0 0.5 0.0 0.0
sao eyo u/f 25.0 59.5 14.4 0.0 0.0

••••••• ~~•••• *"••
Primary oyclone f~ed solids
Primary oyclona feed water
Seoondary cyolone fead solids
Seoondary cyclone feed water

452.6 t/hr
443.2 t/hr
164.2 t/hr
332.7 t/hr.
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'rest8e data sheet

Measured values
•• :11..= ••••• =••••

Primary cyclone feed flow rate
Primary cyolone feed dl;iosi.ty
ssoondary oyclone feed flow rate
Saoondl,ry oyolone :fead density
Rod mill :feed solida (wet)
Rod mill :feed water
primary sump dilution
Secondary Bump oi1utioo
Pebble mill 1 pebble feed rate
Pebble mill 2 ~ebbla feed rate
Pebble mill 1 power
Pebble mill 2 power
Spigots primary A 10.70om

: primary B 11.00 om
I secondary 0.00 cm

6H.0 m3/hr
1.451

n/a
n/a

62.8 t/h!:
l~.9 t/hr

173.2 t/hr
11.4 t/hr
5.6 t/hr
0.0 t/hr
334 kWhl:'
230 kWhr

From daily log sheets : \ moisturE!
primary overflow 73 %

t secondary overflpw 83 t
; peb mill diaeh~r9. 33 ~

Si~~ ~n~lya.s - ~ in si~e interval (pm)
-75 -150+7C -250+150 -1700+250 +1700

Rof;} mill dilllehargs 1(1.9 8.5 11.7 45.4 IS.5
Prim cye A off 47.4 27.5 IS.7 6.4 0.0
Prim eyc B olf 55.7 37.('\ 6.5 0.2 0.0
Prim eye A u/f 4.9 30.7 34.4 30.0 0.0
Pl:'imoye a u/f 4.9 30.7 34.4 30.0 0.0
l?Qb mill 1 dhoh 33.l) 2S.3 2!3.0 15.7 0.0
VQb mill .2 disoh 16.6 33,7 34.4 15.3 0.0
SmC'J C'J';Id alf 7G.l 23.2 0.7 0,0 0.0
Sao QYo u/f 12.6 52.S 34.u 0.0 0.0

Primary oyelane faed solidi
l?tim.u:ycyclonra f$l'ilq Wtl.tG:ll:'
Seoondary cyolone f •• d .olids
Seoondary cyclone fead watQr

444.7 t/hr
446 •.2 t/hr

n/_
n/a
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Test Bb clat~ sheet

MekH'IUl:'CUvalues
Primary cYGllone feed flo\~ rate
Primary cyclone feed density
Secondary cyeloflll feed £lovi rat.e
Secondary cyclone feed density
Rod mil~ feed solids (lI'at)
Rod mill feed wat.er
Primal"y sump dilution
Secondary sump dilution
Pebble mill 1 pebble feed rata
Pabble mill 2 pribble fasel.rata
Pebble mill 1 power
Pabbl~ mill 2 pow~~
Spigots primary A 10.70 em

I primary 8 11.00 cm
t secondary 0.00 cm

609.0 m:3/hr
1.455

n/a
n/a

58.3 tlhl!
18.5 t/hr

17.1.5 t/hr
11.3 t/hr
16.5 t/hr
5.5 t/ht'
328 kWhr
~30 kWhr

'rom daily log sheets : , moisture
primary overflow 73 %

: secondary overflow 83 %
: peb mill discharge 33 ,

Size analyses - , in size interval (~m)
-75 ~\50+75 -2&0+150 -1700+250 +1700

Rod mi.t disciHlrge 12.5 15.4 12.Cl 54.3
Pdm cy~ A o/f 43.7 28.9 20.2 7.2
Prim eye B olf 55.3 35.0 9.4 0.3
Pl:'imeyc l\ u/f 13.8 24.1 24.9 37.2
Prim eye::B U/f 3.5 33.7 36.2 :aG.6
Pab mill 1 disch 31.6 30.9 23.9 13.5
pab mill 2 dililch 28.9 27.5 31.0 12.6
Sec ayc olf 76.S 22.7 0.5 0.0
SCIIC oye u/f 19.0 45.6 35.4 0.0

!i,e
0.0
0,0
0,0
0.0
0.0
0.0
0.0
0.0

Oa').oulatl1dval.uoa•••••••••••••••••
~rimary oyc10n$ f~$d solids
Primnt¥ cyclonl1 fl1Qd wat.r
S$aondary cyolonm i.l1d solido

. S$oondary cyolone fl1sd watl1r

445.0 t/hr
441.1 t/hr

n/a
n/a
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Test Sa data sheat

Mel!Uluredval.ua~
•••••• =••• <.:tI".:i1i1:.

rrimar~ eyelon~ feed flow rate
Primary oyclone feed ~~nsity
Smconclary cyclone feed flow rata
secondary cyclone feed dansity
Rod mill feed solids (w~t)
Rod mill feed water
Priml:lrysump dilution
saoondar:t Bump dilutiC:lli
Pebble mill 1 pebble feed rate
Pebble mill 2 pebble feed rate
l?abbl(i1 Inill 1 power
Pebble mill 2 powGr

614.0 m3/hr
1.459

n/e.
n/a

55.7 t/llr
17.5 t/hr

172.9 t/hr
10.8 t/hr
2.7 t/h);'
5.7 t/hr
326 kWh);"
231 kWh);"

Spigots prima);"yA
: primary El
I aeeonc:\ary

10.70 cm
11.00 cm
0.00 em

From daily log aheet~ I % mois~u);"e
: pt'imary ovorflow 73 %
: eeoonda);"yoverflow 83 %
I peb mill discharge 33 ,

~} ZSi analysGis ... % in size intarvi!ll (IJm)
-75 -150+75 -250+150 -1700+250 +1700

Rod mill discharge 18.9 7.0 5.6 47.5 17.0
prim eye A olf 45.3 30.9 17.7 6.1 0.0
Prim eyo B o/f 61.2 ,'31.1) 6.9 0.0 0.0
p);'imeyo A u/t 12. J, 24,7 26.3 :~6.9 0.0
prim eye EI \1/f 20.a 2e.3 27.9 23.0 0.0
PiliP mill 1 d:!.sch 36.5 26.8 22.7 14.0 0.0
PlIo miU 2 diaoh 31.3 27.0 2$.$ 16.2 0.0
Sec eyo o/! 75.4 22.4 2.2 0.0 0.0
Sec o~'c u/f. 19.2 44.1 36.7 0.0 0.0
Caloulated values
•••••••••••••••••

~rimary oyolone fead solid;
Prim~r.y cyclone feed water
Secondary cyclon. feed Qo1id8
Seoondary cyolQn~ feed water

452.6 t/h);'
443.2 t/h%:

nla
n/a
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Test 70 data sheet

HeasurEld values
Primary oyolone f".ledflow rate
P.rimat·yoyolone feed density
Soeondary oyclone feed flow rate
Se~ondary oyclone feed density
~od mill feed sOli~s (wet)
~od mill feacl water
pr;!..ma.rysump dilution
Secondary sump dilution
Pebble mill 1 pebble feed .ra.te
Pebble mill 2 pebble feed rate
Pebble mill 1 power
Pebble mill 2 power

595.0 m3/hr
1.44'1

n/a
n/a

52.9 t/hr
16.4 t/h);'

156.8 t/hr
25.1 t/hr
6.4 t/hr
3.3 t/hr
325 kWhr
233 kWhr

Spigots : primary A
: primat'y B
: seeond<u:-y

10.70 em
11.00 cm
0.00 em

Fr\.lh\daily log sheets I % moistura
: primary overflow 73 %
: secondary overflow 83 %
: pab mill discharge 33 ~

Size analyses - , in size intat'val (pm)
-75 -150+75 -250+150 -1700+250 +1700--~---~-~-~------~-~~-~--~--~~--------~~-~od mill discharge 22.3 6.0 8.7 51.0 12.0

Prim eye A olf 48.0 28.1 17.8 6.1 0.0
l?.rimeyr- e olf 56.7 36.1 6.9 0.3 0.0
1.',l:imeyc A u/t; 13.3 28.3 23.9 34.5 0.0
prim eye B u/f 11.7 26.6 35.5 26.2 0.0
Peb mill 1 dboh 27.2 26.0 32.l 14.7 0.0
Peb mill 2 disch 33.6 29.0 26.3 11.1 0.0
SeC eyo o/f 74.5 2::;'0 0.5 0.0 0.0
See cye u/f 19.1 48.1 32.8 0.0 0.0

calculated valu~s.......-.=.....~.
Pl:'.l.IlIa.l:'Ycyclone feed GoUds
primary oyelone feed water
SGloondlt,ryoyolonll feed solid.
S61oondar'Y oyolonlll.caGld watGlr

427.2 t/hr
433.8 t/hr

o/a
n/lA
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Test 7b data sheet

Measured values2=:========_====
Primary cyclone feed flow rate
Primary cyclone feed density
secondary cyclone feed flow rate
Secondary cyclone feed density
~od mill feed solids (wet)
Rod mill feed water
Primary sump dilution
seconc:larysump dUution
Pebble mill 1 pebble feed rate
pebble mill 2 pebble reed rate
Pebble mill 1 power
Pebble mill 2 power

593.0 m3/hr
1.442

n/a
n/a

57.5 t/hr
18.3 t/hr

158.1 t/hr
27.2 t/hr
8.9 t/hr
6.9 t/hr
324 kWhr
23::1kWhr

spigots primary A
: pdmary B
; secondary

10.70 em
11.00 em
0.00 em

From daily log sheeta : % moisture
primary overflow 73 %

: secondary overflow 83 %
: peb mill discharge 33 %

Size analyses" % in size interval (~m)
~75 -150+75 -250+150 -1700+250 +1700_~_~~_~__.~~ ~~ .~J__~~.

nod mill disc-harge 18.5 6.5 7.9 52.2 14.9
Prim eye 1\ off 41.5 34.2 18.6 5.7 0.0
Prim cyo B off 58.7 35.7 5.6 0.0 0.0
Prim eye A u/f 9.1 31.1 29.8 30.0 0.0
Prim eye B u/f 13.0 27.5 34.S 25.0 0.0
Peb mill 1 disoh 34.5 28.9 24.8 11.8 0.0
Peb mill 2 disoh 33.S 32.3 28.1 6.1 0.0
See oye off 79.0 ~0.3 0.7 0.0 0.0
Sec oye u/f 17.3 45.5 37.1 0.0 0.1
Caloulated values

PrimarY cyclone feed solids
Primary oyclon~ feed water
Secondary cyclone feed solids
secondary cyclone feed water

4~1.0 t/hr
434.1 t/hr

n/Iil.
n/a
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Test 7a data sh~et=====~============
MeasuL'ed values============::".""=

primary cyclone t~ed flow rate
Primary cyclone ~ead density
Secondary cyclon'l feed flow rate
Secondary cyclone feed density
Rod mill feed soHds (wet)
Rod mill feed water
Primary sump dilutiol)
Secondary sump dilution
Pebble mill 1 pebble feed rate
pebble mill 2 pebble feed rate
Pebble mill 1 power
pebble mill 2 pOwer
Spigots primary ~

: pl:'imaryB
: secondary

10.70 em
11. 00 am
0.00 cm

594.0 m3/hr
1.448

n/a
n/a

54.6 t/hr
17.3 t/hr

154.9 t/hr
36.6 t/hr
5.1 t/hr
0.0 t/hr
326 kWhr
233 kWhr

From daily log sheets : % moisture
primary overflow 73 %

; secondary overfl~w 83 %
: peb mill discharge 33 %

Size analyses ~ 'l; in size interval. (/.1m)
~15 -150+75 -250+150 -1700+250 +1700~~~ ~_~ __ M. ~~ __ ~ ~ _

Rod mill discharge
Prim oye ;\off
Prim eye B off
Prim eye ~ U/fpdm dyd a u/f
Psb mill 1 disch
peb mill 2 diech
Sao aye off
Sec eye u/f

22.1
44.3
59.4a.Ga.G
33.4
32.5
7.2.9

100.0

Caloulated values
Primary oyclone feed solids
Primary cyolone fet;>dwater
Seoondary oyclone feed solida
Seoondary oyclone feed Water
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6.4
31.5
33.8
29.2
29,2
28 •.1.
26.3
.26.7
0.0

B.6
18.5
6.8

30.3
30.3
25.6
27.1
0.4
0.0

427.4 t/hr
432.7 t/hr

n/a
n/a

51.4
5.7
0.0

31.9
31.9
12.'il
14.1
0.0
0.0

11.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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Test Gc data sheet

Measured values===::=======:::======
Primary cyclone fe~d flow rate
Primary cyclone feed d~nsity
secondary cyclnne feed flow rate
sacondal:'Ycyclone feed density
Rod mill feed snlids (wet)
Rod mill feed water
Primary sump dilution
Secondary sump dilution
Pebble mill 1 pebble feed r.ate
Pebble mill 2 pebble feed rate
pebblp. miH 1 power
Pebble mill .2 power

612.0 m3/hr
1.454

n/a
n/a

59.4 t/hr
1.8.8t/hr

174.1 t/hr
52.2 t/hr
0.0 t/hr
6.S t/hr
327 ltWhr
233 kWhr

Spigots primary A
primary n
secondal:Y

10.70 em
11.00 em
0.00 cm

From daily log sheets : % moisture
primary overflow 73 %

: secondary overflow 83 %
I peb mill discharge 33 %

Size analyses - % in size interval (~m)
-75 -150+75 -250+150 -1700+250 +1'/00-------------~------~---~-------------~--Rod mUl discharge 18.3 8.8 10.1 44.6 1!L2

l'liimcyc A o/f 55.0 32.1 12.4 0.5 0.0
prim cl'cB o/f 57.1 33.9 8.9 0.1 0.0
l?ril\\ cye A u/f 9.4 28.4 32.1 30.1 0.0
prim cyc B \l/f 14.2 28.3 31.5 26.0 0.0
Peb mill 1 disC"h 37.1 31.1 22.0 9.8 0.0
Peb mill 2 disch 28.4 30.7 28.4 :l.2.5 0.0
Sao oye o/f 77.9 21.7 0.4 0.0 0.0
Sac cyc u/f 16.2 50.'7 33.l 0.0 0.0
Calculated values
=a~#=.p=••• ==== •• ,

prima~y cyalc:me feed solids 446.2 t/hr
pr.'imOlrycyclone feed watell: 443.6 t/hr
Sacondary cyclone ;feedsolids n/a
Ssconclary cyclone feed water n/a
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Test 6b data sheet===~====~======~==
Measured values=========::::::=::==

Primary cyclone feed flow rate
Primary Gyclone feed density
Secondary cyclone feed flow rate
Secondary cyclone feed densit~
Rod mill feed solids (wet)
Rod mill [Aed water
Primary sump dilution
s~condary sump dilution
Pebble mill 1 pebble feed rate
pebble mill 2 pebble feed rate
Pebble mill 1 power
Pebblp mill 2 power

612.0 m3/hr
1.470

n/a
n/a

49.S t/hr
15.7 t/hr:

172.6 t/h.t
81.2 t/hr
0.0 t/hr
7.5 t/hr
328 kWhr
230 kWhr

Spigots primary A
primary B
secondary

10.70 cm
11.00 em
0.00 em

From daily 109 sheets : % moisture
primary overflow 73 %

: secondary overflow S3 ~
: peb mill discnar;e 33 %

Size analyses - % in size interval (~m)
-75 ~150+75 -250+150 -1700+250 +1700

----------~------------------------------Rod mill discharge 23.5 6.7 10.4 52.4 7.0
Prim eye A olf 32.4 :l6.9 22.2 8.5 0.0
Prim cye B olf 48.1 42.0 9.7 0.2 0.0
Prim cye A U/f l,1.6 26.6 30.4 31.4 O.d
Prim cye B U/f 13.2 27.2 34.6 25.0 0.0
Peb mill l disch 37.5 26.8 23.7 12.0 0.0
Peb mill 2 disch 23.0 :lO.O 31.0 16.0 0.0
Sec::eye olf eo.o 19.7 0.3 0.0 0.0
Sec eyc ulf 115. 4 42.7 41. 9 0.0 0.0

Calculated values
Prim~ry cyclone feed solids
p,dmary cyulone feed water
Secondary ~yclone feed solids
Secondary cyclone feed water '

462.0 t/hr
437,7 t/hr

nla
n/a
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Test 6a data sheet

Heasured values
=======.;===~====

Primary cyclone feed no ..., rate
prj,mary cyclone feed density
Secondary cyclone feed flow rate
secondary cyclone feed density
Rod mill feed solidS (wet)
Rod mill feed water
Primary sump dilution
secondary sump dilution
Pebble mill 1 pebble feed rate
?ebble mill 2 pebble feed rate
Pebble mill 1 power
Pebble mill 2 power

613.0 m3/hr
1.470

n/a
n/a

49.9 t/hr
15.6 t/hr

172.0 t/hr
70. "j' tlhr
4.8 tihr
1.0 t/hr
327 kWhr
231 kWhr

spigots primary A
: primary B
: aecondazy

10.70 em
11.00 em
0.00 cm

From c:l.ailylog sheets : % moisture
primary ove~flow 73 %

: s&condary overflow 83 %
: peb mill discharge 33 %

Size analyses - % in size interval (~m)
-75 -150+75 -250+150 -1700+250 +1700-------------------~---------------------Rod mill discharge 18.9 3.5 12.4 48.6 16.6

Pl:'imcyc A o/f 42.1 28.7 20.8 8.4 0.0
Prim eye B o/f 48.0 40.6 10.8 0.6 0.0
Prim eye A u/f 14.4 24.6 28.2 32.8 0.0
Prim cye B u/f 5.7 32.0 35.2 :n.1 0.0
Peb mill 1 diseh 34.9 23.8 24.;) 17.3 0.0
Peb mill :2 disoh 16.1 25.3 25.9 32.7 0.0
Sec eye o/f 75.9 23.3 0,8 0 ..0 0.0
Sec eyc u/f 15.1 53.5 31.4 0.0 0.0

Calculated values
=======:::=~===\.:====

Primary cyclone feed solids
Prima~y cyclone feed water
Secondary cyclone feed solids
Secondary ~yclon~ feed water

462.7 t/hr
438.4 t/hr

n/a
n/a
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Teet 2b initi~l maa~ balance

st;L"eam
74.0

Solids Water
Rod mill feed
Rod mill dilution
Rod mill di8charga
Primary dilution
Prim cyclone feed
Prim cyclone A olf
Prim cyclone a olf
Prim cyclone A ulf
Prim cyclone B ulf
Pebble addition 1
l?ebbla aclditj.on2
PeP mill 1 product
Peb mill 2 product
Secondary dilution
Sec cyclone feed
Sec cyclonel off
Sec cyclona ulf
SizGl analYl:lis
.... w: • .,ntliaw, •••

St:ream

74.0

422.9
65.8
65.8

145.7
145.7

2.6
2.3

148.3
148.3
131.5
78.9
52.6

3.9 t:/hr
24.3 t/hr
28.2 t:/hr

276.8 t/hr
476.4 t/h):'
177.7 t/hr
1'17,7t/hr
60.5 t/nr
60.5 t/hr

t/hr
t/hr

60.5 t/h.1:
60.5 t/hr
21.2 t/hr

376.6 t/h::
326.2 t/hr
50.4 t/hr

~7S -150+75 w250+150 -1700+250 +1700
Rod mill discharge 8,0 7.4 15.0 35.7 33.9
pX'im eye feed 12.0 32.3 29.1 20.2 6.4
Pdm eye A olf 32.8 38.7 20.9 7.6 0.0
prim eye B off 19.0 46.6 33.2 1.2 0.0
prim cye A u/f 6.0 26.3 31.6 26.8 9.3
Prim cyc B u/f. 5.7 25.4 2S.8 30.8 9.3
Pep min 1 diseh 12.4 38.1 32.4 16.3 0.£1
Pab mill 2 rliSoh 12.9 37.2 31.4 17.9 !J.E
Sec o:r'ohad 25.9 42.7 27.1 4.4 0.0
Sac eye olf 80.0 18.6 0.4 1.0 0.0
Sec eye u/f. 13.7 37.1 33.0 16.1 0.1
., •• ~.~ •••••••• ~•• ~••••••••• =••• Q.~••••••••••~••••••••~••~••••••=

Cale Mau

Prim eye off moiot
Sac eye olf moist
pQlP mill moist

73
81
29

73 !II
84 'Is
29 !l;

Note ; Thill~$conda~y cyolone fa~d eo1ids and wata~ f1QW rata$
was astimat$d and adjusted to yield rlllasonabla wat~r
Qontants in +- 1$ priml!l.ryovarflow land p$l:lbltamill cl.i.sehl.'ll:'gIiUI
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Teat 2a initial masa balance

Straam
.Solide Water

~ocl.mill £aad
Roq mill dilution
Rod mill dischar9~
Primary dilution
Prim cyolone fead
Prim cyclonu A 01
Prim cyclone B oli
prim cyclone A u/f
Prim cyclone a u/f
Pebble addition 1
Pebble addit.ion 2
Peb mill 1 product
Peb mill .2 product
secondary dilution
Sec cyolone feed
Sec cyclone olf
Sec cyclonm u/f
Sizo analysis...................
stream

66.0
66.0

439.11
61.6
61.8

1:5a.2
158.2

2.6
2.3

1.60.8
150.8

12.3.5
70.9
52.6

3.5 t/hr
21.6 t/hr
25.3 t/hr

270.1 t/hr
465.0 t/hr
166.9 t/hr
166.9 t/hr
65.6 t/l1r
65.6 t/hr

t/hr
t/hr

65.6 t/hr
65.6 t/ht'
64.5 t/}1r

396.4 t/hr
359.9 t/hr
36.!:)t/hr

•••••• ,..,. ....... a' •••• .,,== •••••• =.;:#IC.JC~'.::.' "rj.e,: ... iii.I'f: .... lI •••• ai •••• tI:t~ ••••• lIl
-75 -150+75 ~250+150 -1700+250 '~1700

Rod mill dischargGl 6.2 3.8 15.S 47.2 26.0
pdm cyc Easd 9.1 33.S 31.2 21.9 4.1
1)rim eye A off 23.5 45.7 30.S 0.3 0.0
prim eye B olf 29.6 30.1 39.7 0.6 0.0
Prim oye A u/f 5.8 32.2 34.4 21.9 S.7
Prim \.lycB u/f 6.7 28.0 35.4 24.2 S.?
PiliP mill 1 clhoh 11.7 41.7 33.0 13,1 0.5
Pab mill .2 diseh 7.1 29.9 30.0 2'/.0 0.0
Sao oye fead :2.6.6 37.9 35.1 0.5 0.0
SilO eye olf. 77.2 22.0 O.S 0.0 0.0
s.o eye u/f. 10.7 59.0 29.3 1.0 0.0
•• _•••••• ~••••••••••••• ~•••• ~••••• _" ••••• ~••••••••••• K••••••••••

Prim eye olf moilt
SIO eye off moi.t
Pltb mill moillt

73
84
29

73 'll
84 'ii
29 'II

Nota I '.t'hll saeondau:'y cyelont11 f.aad solids Md wl!l.tat' flow rattlES
WIIUil..,.Umatctd anct adjusted to yicald ra&.llolll'lblGlwatllr
eontonta in the primary overflow and pllbbl. mill dischargQI
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Test 1c initial mase balance

solids 1'1ater
Rod mill fQacl
Rod mill dilution
Rod mill discharge G6,~
P.rima.ry dilution
?.rim cyclone feed 40a.S
p.rim oyolone A 0/£ 65.0
Prim cyclone a off 55.0
Prim oyclone A u/f 139.4
Prim cyclone a u/f 139.4
P~bbl$ addition 1 ~.&
Paoble ~ddition 2 2.3
PQb mill 1 product 142.0
PIIb miJ.l 2 prot;luct 142.0
Secondary dilution
Sac

i
oyolone feed

Seo cyclone off
sael cyclone u/f

130.0
71.1
sa.\)

SiZe andy.ia
~" •• ""iII:rUtllli •••

3.5 t/l1r
21.7 t/hl:'
25.2 t/hr

287.2 t/hl:'
491.7 t/hr
185.0 t/h!:'
195.0 t/hr
60.8 t/hl:'
60.8 t/h1.'

t/hr
t/hr

60.9 t/hr
GO.8 t/111:'
3.7 1:./hr

373.8 t/hl:'
316.1 t/hr
57.7 t/111:'

-75 ~150+75 -250+15) -1700+250 -1,1700

Rod mill discharge 7 .'i~ 4.4 11.4 48.9 27.4
Prim r;:yc fali' 14.0 32.3 29.0 20.). 4.7
prim eye A olf. 1\).9 56.2 23.2 O. !3 0.2
Pdm cyc 13 off 32.S 4&.3 20.1 0.8 0.0
Prim ",yo 1\ u/f 'J.2 sr.s 28.8 25.2 6.9
prim eye. B u/f 6.2 25.2 22.4 39.3 li.\)
PiliProil1 1 tl;Lsoh 12.0 40.7 27.9 ia.s 0.5
Pab mill 2 diseh 18.9 23.2 41.7 16.0 0.2
See eye flUlcl 26.4 51.3 21.7 0.7 0.1
Sac eye Q/f 79.4 20.4 0.2 0.0 0.0
sllIeeye u/f. l.3.7 65.3 20.5 a,s 0.0
u••••••• ~•••••••••••••••••••••••••••••• ~~•••••••• ~.~••a~•••~~.~m

Cillo Haas

Prim eye o/t moist
sec eye olf moist
Peb mill moist

74
82
30

74 I!i
03 'h
30 'll

Noh I 'l'htll sQlcon(:!aryeyal,on'l fud seHae and watllll: £lcu rat"".
wu utimat-ad and acljust(Jd to yialcl t'lir!lll1on&blCII ",'atCllt'
elontl'alnts in the prima.ry OVliarflow .lnclpl$lbbla mill d.!.nchllll:oee
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Tast lb initial mass balanoe
~a*~.~••~••••=~•• =~·~~C~.~..

G6.1
Sol,tds WatlJr

Roel mill fetad
Rod mill dilution
Rod mill discha~ge
Primary dilution
Prim cyoloo. foad
Prim cyclone ~ o/f
Prim cyclonQ B off
Prim cyclone ~ ulf
Prim cycloha a ulf
Ptpbla addition 1
P~bbl. addition 2
Peb mill 1 x>roduct
P~b mill 2 prodyct
Secondary dilution
BlllC cyclone teed
SI!'IC: Cl¥(!lone 0/';
Bee Cl¥alone u/f
She anally.La...............
Stream

381.0
6'1. "
67.7

122.9
122.g

2.6
2.3

125.5
:l.25,!l
135.3
71.0
64.3

3.5 t/Ilr
22.0 t/hr
25.5 t/hr

!l86.6 til'll:'
492.2 t/hl:
192.5 til'll:'
192.5 til'll:'
53.6 t/llr
!l3.6 t/hr

t/l'lr
t/hr

!i3.1i t/hr
53.6 t/hr.
4.3 t/llr

389.3 t/l'lr
,:ll6.4 t/l'lr
72.9 t/l'lr

w7S -150+75 -250+150 -1700+250 +1700

Rod mill di.aharg~
Prim eyo had
Prim eye 1\ o/f
Prim oye: a off
prim oye 1\ uU
Pr'im eye: a ulf
Pab m~Jl 1 eli.eh
peb mill 2 dinah
Stileeyo fal1ld
SltO eye CI/f.
StliO eyt; u/f.

0.2
11.4
33.7
20.8G.a
7.6

17.'a
9.4

2". ~
77.0
14.3

9.9
39.2
315.9
57.2
29.8
31.e
29.5
4tl. 4
47.1
22.6
69.9

11).5
25.7
21.2
20.8
29.1
26.0
36.1
213.4
21.0
0.4

15.4

41.3
17.0
8.2
1.2

23.13
24.1
1G.3
13.5
4.7
0.0
0.4

3S.1G.a
0.0
0.0

10.5
10.5
0.2
0.3
0.0
0.0
0,0

••••••• ~••• ~_•• ~.~•••• ~••••• ~••••••• ~•••• u•••••••••••••••••• ~•••

Prim eye o/f moist
s.a eyo o/f moint
'PIth mUl. l1\obt

74
82
30

74 'Iisa !l;
30 'Il

Nota I Tl'l•• Qcondnry cyolon. f •• d solids and Wlttr flow rat ••
Wl0 m.timat~d and adjusted to ~ '~ld r.llonabl. wlt$r
Qont~nt. in the primary overflow and p~hbl. mill di.ohlr9~1
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A,PPENDIXD

~,,

Cnlculutcd IlIUSS blilullce

TB.t la initial m~Ga b~lanca
••~r••••••••••••• ~.N••••••••

SolidI) Watar
............. _ ' II'l .. al.tc ••••••

Rod mill fud
Mel mill dilution
Roa mill di.charge
Pr.imary dilution
Prim cyclone feed
Pd", cyclone A olf
Prim cyclone B olf
Prim cyclone A u/f
Prim cye10lul a ulf
Pebble Adcl~tion 1
Pebble aelcU.Uon 2
PGb mill 1 prOduct
Peb mill :>. proeluct:
s~cond.ry dilution
Sec cyclone f.~d
SIIC cyclone olf
SOlO eYl!lot'lQl u/l

SlZ11 analyailll...................
Stnam

49.1
49.1

372.6
67.2
6'!. 2

119.1
119.1

2.6
2.3

121.7
121.7
134.3
54.0
90.3

2.6 t/ht'
16.4 tlht'
19.0 tlht'

281.3 tIl'll'
4S6.~tlht
191.,1. C/IIl:
191.1 til'll:'
52.1 t/ht'
52.1 t/ht'

t/hr
t/hr

52.1 tlhr
52.1 tlht'
4.4 t/ht'

386.5 t/hr
304.7 t/llral.a t/hl:

-75 -150~'7S "250+150 "'1700+250 +1700
~oc:\ mill dillc:hu9. 8.1 2.9 20.2 47.9 20.9
prim eye: faec:l 12.4 42.0 26.S 15.9 3.0
Pdm eye:A 0/£ 28.0 36.2 34.5 1.3 0.0
Prim eye a olf 2a.o 36.2 34.5 1.3 0.0
.Pr.i.m eye 1>. u/f 7.4 34.fi 30.S 2:2.9 4.7
Prim eye l':I u/f. 7.3 31.2 29.6 27.2 4.7
}?(ab mill. 1 dillleh 16.6 38.7 28.6 15.5 0.6
hb mill. 2 C\ilQh 9.a 44.3 32.4 13.4 0.1
Sae: eye fa.d 28.0 36.2 34.5 1.3 0.0
SIIC eye off 74.6 25.0 0.4 0.0 0.0
SIC eye u/f 12.7 67.5 19.3 0.5 0.0
••••••• a••• M•••••••••••••••••••••••• _••• u•••• ~*•••••••••••••• Q ••

Calc Mil'll.

?dm eYQ·olf moist
SOle eyo olf moi.t
Pt1P mill. moiat

74as
30

74 !b
83 %
30 III

Not. I Th•• tcondal.l:Y cycloliQ flil~dsolids aM watlu' flow rates
Willi .atimatilldand adjusted to yiald ran.onable water
eont.nt. in thli primell:'Yoverfl.ow aocl pebbl.1II mill diachar9(U
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APPENDIX C Estimated sccondary cyclone ,'ced values

Test Wuter Solids
Flow rille Plow rate

III, tIll

III 386.5 80.2
III 389.3 64.2
Ie 373.8 58.9
211 398.4 52.6
2b 376.6 52.6
20 366.3 60.3
311 277 20.7
3b 276.9 22
3e 269.7 22.5
411 274.5 13
4ll 274.9 14.2
4e 266.4 15
511 262.1 19.1
5b 258 13.5
So 26Q.9 12.5
611 322.8 37.3
6b 332.6 37
6e 320.7 34
711 303 37.8
7b 299.3 37.1
70 292.7 39.8
811 274.9 ::\5.9
8b 277.2 34.1
8e 283.8 32.2
1111 280.9 16.1
lIb 256.8 18.6
lie 257.9 2M
1211 251.1 9.9
12b 247.2 13.2
120 238.4 11.3
131\ 285.1 45.5
I3b 303.7 39.2
1"', ",nil Ii "11;.7
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Test 130 data shoot

Measured values_=======.":ZIC::==
Primary cyclone feed !!low rate
p~imary cyclone feed density
Secondary cyclone feed flow rate
Secondary cyclone feed density
Rod mill feed solids (wet)
Rod mill feed water
Primary sump dilution
Secondary sump dilution
Pebble mill 1 pebble feed rate
pebble mill 2 pebble feed rate
Pebble mill 1 power
Pebble mill 2 power

621.0 m3/hr
1.439
410.1 m3/hr
1.252
65.6 t/hr
20.6 t/hr

202.9 t/hr
7.9 t/hr
1.0 t/hr
0.0 t/hr
325 kWhr
234 kwhr

Spigot13 primary A 9.50 om
: primary l3 9.50 em. sGlcondary 0.00 em.

From daily log sheats : ~ moisture
primary overflow

: secondary overflow
: peb mill disoharge

:
74 lh
85 %
32 II;

Site analyses - % in size interval (pm)
-75 -150+75 -250+150 -1700+250 +1700~-~-~---------~---~-~~--~---~~----~------Rod mill discharge 14.7 4.6 6.4 44.7 29.6

1?rim eye A off 56.0 36.5 7.0 0.4 0.0
Prim eye a off 55.0 3~.1 5.7 0.2 0.0
Prim eye A u/f. 9.5 25.6 27.5 37.3 0.0
Prim eyo l3 U/f 10.1 28.8 29.7 3J..4 0.0
Pep mill 1 diseh 24.9 31.7 26.2 17.2 0.0
pap mill 2 diseh 27.7 29.S 27.4 15.4 0.0
Sec eye off 00.0 19.9 0.1 0.0 0.0
Sec eye u/f 20.4 72.3 7.3 0.0 0.0

primary eyelonQ f.eed solido
Primary oyclone feed water
SaQoncta~y cyolone feed solids
Secondary cyclone feed water

437.[1 t/hr
455.8 t/h:l:'
166.0 t/hr
347.5 t/hr
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Test 13b data sheet

Measured values:::::======:d===-===
Primary cyclone feed flow rate
Pr:imar.ycyclone feed density
secondary cyclone feed flow rate
Secondary cyclone feed density
Rod mill feed solids (wet)
Rod mill feed water
Primary Bump dilution
secondary sump dilution
Pebble mill 1 pebble feed rate
Pebble mill 2 pebble feed rate
Pebble mill 1 power
Pebble mill 2 power

61a.0 m3/hr
1.438
400.6 m3/hr
1.252
62.8 ":/hr
20.1 t/hr

197.6 t/hr
7.9 't/hr
6.6 t/hr
0.0 t/hr
328 kWhr
233 kWhr

spigots primary A
: pdmary B
~ secondary

9.50 em
9.50 em
0.00 cm

From daily log sheets : , moistQre
primary overflow 74 !i;

I sycondary overflow 85 %
: peb mill discharge 32 %

Size analyses ..% in size interval (pm)
-75 -150+75 -250+150 -1700+250 +1700

---~-------~-----------------------------Rod mill dhcharge 12.5 7.3 9.6 51.2 19.4
prim aye A off 59.4 34.0 6.4 0.2 0.0
prim eye EI off 56.9 3a.6 4.3 0.2 0.0
prim eye:A u/f a.7 28.6 32.9 29.8 0.0
prim eye B u/f 10.1 29.4 34.1 26.4 0.0
PIlIP mill 1 diaoh 23.7 32.5 28.9 14.9 0.0
Pab mill 2 diseh 21'1. 1 29.7 29.8 12.4 0.0
Sac eye off 72.1 27.7 0.2 0.C> 0.0
S$e c:yeu/f 23.1 65.9 11.0 0.0 0.0

Calculated values...-.......•.....
primary c:yclonGlfeeQ s('.)lids
primary cyclon~ fQ$d water
S~cQndary cyolone f~ad solida
sQc;.londarycyclone fGll!ldw",tGlt

434.7 t/hr
453.9 t/hr
162.1 t/hr
339.4 t/hr
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tast 13a data sheet

Measl.lreclvalues
Primary cyc~one feed flow rate
Primary cyclone feed density
Secondary cyclone feed flow rate
Secondary cyclone feed density
Rod mill feed solids (wet)
nod mill fasd water
Primary sump dilution
Secondary sump dilution
P~bble mill 1 pebble feed rata
PebblGl mlll 2 pl:1bblafeed ratl'll
Pebble mill 1 power
Pebble mill 2 power
Spigots primary A 9.50 em

: prj,mary B \1, SCI em
: secondary 0.00 em

613.0 m3/hl."
1.454
401. 6 m3/11r
1.271
49.3 t/hl."
15.8 t/hr

190.9 t/hr
7.8 t/hr

10.8 t/hr
0.0 t/hr
326 kWhr
230 Ir,Whr

From daily log sheets # % moisture
primary overflow 74 %

I secondary overflow 85 %
; peb mill discharge 32 %

Size analyses - % in size interVal (pm)
-75 ~150+7S -250+150 -1700+250 +1700

Rod mill discharge 19.5 7.4 9.9 5l.Ei 11.6
Prim cyc A off 57.2 36.4 6.1 0.3 0.0
Prim eye B off 60.5 34.0 5.4 0.1 0.0
Prim eye A u/f 8.7 27.9 34.0 29.4 0.0
Prim cyc B u/f 10.9 28.3 35.4 25.4 0.0
Peh mill 1 clisch 25.1 29.5 30.2 15.2 0.0
Peb mill 2 cUsch 22.8 31. 7 30.8 j,4.7 0.0
Sec eye off 85.2 14.7 0.1 0.0 0.0
SllIeeye u/f 24.8 61.1 14.1 0.0 0.0

~ •••• = •••• ~ ••••••
Primary cyclone feed solids
p~imary cyclone feed wata~
ssoondary oyclone feed solids
Sscondary cyclone feed water

447.0 t./h1:'
444.3 t./hr
174.8 t./l1r
335.6 1:./l1r
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Test 120 data sheet

Measured V<\lues
==== ••• ====:::=1:1==

P~imary cyclone feed flow rate
Primary cyclone feed d~ns.ity
seoonda~y oyclone feed flow rate
Secondary cyclone feed dDnsity
Rod mill feed solids (wet)
Rod mill feed water
primary sump dilution
second~ry sump dilution
Pebble mill 1 pebble feed rato
Pebble mill 2 pebble feed rata
Pebble mill 1 power
Pebble mill 2 power

6:ll.a m3/hr
1.508
403.0 m3/hr
1.283
67.9 t/hr
21. 2 t/hr

189.2 t/hr
8.2 t/hr
0.0 t/hr
0.0 t/h~
322 kWhr
221 JtWhr

Spigots primary A
: prima~y B
; secondary

9.50 em
9.50 em
0,00 cm

From daily log sheets : % moiGture
primaty overflow 74 %

: soeondary overflow 85 ,
: peb mill discharge 32 %

Size analyses - % in size interval (~m)
~75 -150+75 -250+150 -1700+250 +1700

--~-~-----------------------------~------Rod mill d.!.EIeharge 15.1 5. J. 6.S 43.2 29.S
Prim eye A o/f 58.1 33.4 8.4 0.1 0.0
Prim ::yeB olf 54.4 36.5 9.0 0.1 0.0
Pl:im eye A u/£ 7.2 20.7 28.1 44.0 0.0
Prim cye 13 u/f 9.0 20.1 30.3 40.6 0.0
):leb mill 1 diaeh 27.4 22.0 26.9 23.7 0.0
Peb mill .2 diseh 23.2 28.2 28.0 20.6 0.0
Sec cye 0/1. 81.1 1Eld; 0.4 0.0 0.0
See eye u/f 23.0 55.4 2l..6 0.0 0.0

Calculated values=.~ N••••••
primary cyclona fa~d solids
PI'imal.ryeyelonfl feed water
Secondary cyclone eaed solids
SeQonda~y cyclone f~ed water

514.8 t/hr
436.7 t/ht·
163.2 t/ht'
333.9 t/hr
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~est 12b data sheet

Measured values================
Primary cyclone feed flow rate
primary cyclone feed density
secondary cyclone feed flow rate
Secondary cyclone feed density
Rod mill feed solids (wet)
Rod miH feed water
primary sump dilution
Secondary sump dilution
Pebble mill 1 pebble feed rate
Pebble mill 2 pebble feed rate
pebble mill 1 power
Pebble mill 2 power

630.0 m3/hr
1.499
403.6 m3/hl:'
1.277
69.2 t/hr
21.6 t/hr

185.6 t/hr
8.1 t/hr
0.0 t/hr
0.0 t/hr
322 kWhr
220 ItWhl;'

Spigots primal;'yA
; primary B
: secondary

9.50 em
9.50 cm
0.00 cm

From daily log sheets : % moisture
primary ovedlow 74 %

: secondary overflow 85 %
: peb mill discharge 32 %

Size analyses - % in size tnterval (~m)
-75 -150+75 -250+150 -1700+250 +1700

Rod mill discharge 16.0 4.2 6.4 41.3 32.1
Prim cyc A. olf 52.2 35.a 11.9 0.1 0.0
Prim eyo B olf 53.3 38.0 8.6 0.1 0.0
Prim eye A ulf 9.5 2J .• a 28.4 41.1 0.0
Prim oyc l3 ulf 7.3 23.6 31.1 38.0 0.0
Peb mill 1 disoh 24.7 24.4 26.,'2 24.7 0.0
Peb mill 2 disch 24.4 26.8 28.8 20.0 0,0
Sec: oye olf 83.8 15.9 0.3 0.0 0.0
Sec eye ulf 21. 3 60.3 18.4 0.0 0.0
Caloulated values•••••••••••••••••

Primary cyclone ~eed sol~~~
Primary oyclone feed water
secondary cyclone feed solidi
Seoondary cyclone feed water

;,9 t/hr
t\J9.5 t/hr
179.6 t/hl:'
335.8 t/hr
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Test 12a data sheet~=========~=======
Measured values==~====:::=======P~ima~y cyclone feed flow rate

primary cyclone feed density
Secondary cyclone feed flow rate
Secondary cyclone feed density
Rod mill feed solida (wet)
Rod mill feed water
primary sump dilution
Secondary sump dilution
Pebble mill 1 pebble feed ~ate
Pebble mill 2 pebble faed rate
Pebble mill 1 power
Pebble mill 2 power

626.0 m3/h~
1.494
397.0 m3/hr
1.287
73.9 t/h):
23.1 t/hr

179.1 t/hr
8.5 tlhr
0.0 t/hr
0.0 t/llr
325 kwhr
221 ItWhr

Spigots primary A
: primary B
: secondary

9.50 cm
9.50 em
0.00 em

From daily log sheets : % moisture
primary overflow 74 %

: secondary overflow 85 %
: pab mill discharga 32 %

Size analyses ~ ~ in size interval (~m)
-75 -150+75 -250+150 ~1700+250 +1700-~--~-~-------~~~------~----------------~Rod CI\illc:U.sonarga 13.3 4.0 6.0 42.7 3~~·.0

Prim eye A olf 53.4 34.6 11.8 0.2 0.0
Prim eye B olf 55.9 34.5 9.4 0.2 0.0
J.>rimeye A u/f 8.6 20.2 28.8 42.4 0.0
Prim cyc B u/f 9.0 22.9 30.5 37.6 0.0
Peb mill 1 disoh 31.8 20.7 26.9 20.6 0.0
PeP mill 2 dioeh 23.2 29.2 28.2 19.4 0.0
Sec eye olf 83.8 16.0 0.•2 0.0 0.0
See.:eye.:U/f 19.6 58.9 21.5 0.0 0.0

Calculated values.=========~====~~Frimary cycLone feed solids
Primary cyclone feed water
Secondary cyclone feed Bolide
Secondary cyclone feed water

496.7 t/hr
438.6 t/hr
183.0 t/hr
327.9 t/hr
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Stream
47.0

Solida Water
noel mill feed
Rod mill dilution
Rod mill disehar99
p~imary dilution
Prim cyclone f80d
Prim oyclone A olf
Prim oyolone B olf
Prim cyclone A ulf
Prim cyclone B u/f
Pebble addition 1
Pebble addition :2
Peb l\\i11 1 px,'oeluc::t
Pab mill. 2 product
Secondary dilution
Sec cyclone feed
See oyclone olf.
Sec cyclone u/£

Site anl'l.lYllia
...... utllllll.te ....

Strnm

47.0
46.2.0
46.5
46.S

184.5
184.5

5.5
3.4

190.0
190.0
93.0
55.9
37.1

2.5 t/hr
.15.7 t/hr
lB.2 t/hr

172.6 t/hr
437.7 t/hr
125.7 t/hr
125.7 t/hr
93.1 t/hr
93.1 t/hr

t/hr
t/h).'

93.1 t/hr
93.1 t/hr
81.2 t/hr

332.6 t/h1"
272.0 t/h).'
60.6 t/hr

-75 -150+75 M250+150 -1700+250 +l7()0
ROd mill t~ilillc::hell:'ge 23.5 6.7 10.4 11.1.4 7.0
Prim eye :feed 213.5 27.5 26.9 16.8 0.7
Prim c::yeA 0/£ 32.4 36.9 22.2 8.5 0.0
pdm eye B olf 46.1 42.0 G.7 0.2 0.0
prim eye: A u/f U.6 2(,6 30.4 30.5 0.9
Prim eye B u/£ 13.2 27.2 34.6 24.1 0.9
Pllb mill 1 dbch 37.5 26.8 23.7 12 fl 0.0
Peb mLI.J. 2 disoh 23.0 30.0 :U.O 16.0 0.0
Sec::cye hlld 40.3 39.5 16.0 4.3 0.0
Satc Qye olf ao.o 19.7 0.3 0.0 0.0
:lac: oy~ u/f 15.4 42.7 41.9 0.0 0.0
.~.M••••~~••~••••~RN••~•••••_.~m•.•••••••••~•••••••••~•.••••••~.
Cheek fOl: accuraoy:

Prim eye off moillt
soc eye olf moist
l?eb mill moist

73
83
33

73 'b
83 %
33 'Ii

Nota : The u$~ondary c::yclone fer.~ solida and watQ~ flo\1 ~l!It ~
wu utimatecl lind adjl.llUd to yii!ld rauonabl. wa.ter
oontents il1 tha primary ovadlow and pGlbbllll mill cll.lchat'9lU
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Test 60 initial mass balance

47.4
Solids Water.Stnam

Rod mill flalc\
Rod mill dilut.L<:'m
Rod mill disoharge 47.4
lldmary cl.l.lutir)ft
Prim cyolone food 462.7
Prim cyclone A olf 46.7
Prim cyclone B olf 46.7
pr.im cyclone A u/f 184.7
Prim cyclone B u/f 184.7
Pebbll addition 1 5.2
P&bbl~ addition 2 3.4
Pab mill 1 product 189.9
Fab mill 2 product 199.9
Soeondary dilution
Bille cyelona feed
Sec eyelOt'lIBolf
SIC cyclone u/f

93.3
56.0
37.3

Siza analyah
.1II l.Il•• mc
St.rllldm

2.5 t/hr
15.6 t/hr
18.1 t/hr

3.72.0 t/hr
438.4 t/hr
126.0 t/hr
1~6.0 t/hl:'
93.1 t/hr
93.1 t/hr

t/lll'
t/hl:'

93.1 t/h.!:'
93.1 t/hr
']0.7 t/hr

322.8 t/hl:'
260.8 t/hl:'
62.0 t/hr

~75 -150+75 -250+150 -1700+250 +1700
Rod mill dillehal:'Qa 18.9 3.5 12.4 48.6 16.6
Prim eye fted 24.1 24.8 24.3 25.S 1.7
P.l!'imeye A olf 42.1 28.7 20.S 8.4 0.0
IJri,m eye J olf 48.0 40.6 10.8 0.6 0.0
IJdm eye A u/f 14.4 24.6 28.2 30.7 2.1
Prim eye B u/f 5.7 32.0 35.2 25.0 2.1
Pet> mill 1 diaoh 34.9 23.8 24.0 17.3 0.0
Pab mill :2 dhc:h 15.1 25.3 25.51 32.7 0.0
Seo eyo fucl 45.0 34.7 15.8 4.5 0.0
Sed eye olf 75.9 2:i.3 0.8 0.,0 0.0
Sec: eye: u/f 15.1 53.5 31.4 0.0 0.0
••••••••••••••••••••••••••••••• n•••~•••••••• ~•••••••• y._ ••••••••

Calc MGlU...~ "......•.....•.....
prim eye o/f mollt
Seo eyo olf moist
Pob mill moil1::

73
82
33

73 'ti
83 %
:33 'Il

NotQ I The d~eondary eyo~one fBad oolids and wate~ flow l:'at.&11
waa ostimat&d and adjusted to yield reaaonabl. wat.er
contents in tllla primary overflow and p!ibble mill. diaohu'9li!S
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Teat 50 initial mass balnnco

"/3.6

Solids Wata);'Straam
!'todmill fAad
Rod mill dilution
Rod mill diBcha~go 73.6
Pr.i.mary dilution
Prim cyclone fead 406.3
Prim cyclone A olf 46.5
Prim cyclone B olf 46.5
Prim cyclone A ulf ln6.6
Prim cyclone a ulf 15G.6
Pebble additj,on 1 3.3
Pebble addition 2 3.7
Peb mill 1 product 159.9
Pab mill 2 produot 159.Q
Seeond~ry dilution
Sec cyclone feed
Sec oye1oma olf
Sec cyclone u/f

93.1
80.(;
12.5

Size analyeie..............
Strum

:3.9 t/hr
24.2 't/hr
28.1 t/hr

17'7.4 t/hr
382.7 t/hr
121i.8 t/hr
125.8 t./h.l:
65.5 t/h)'.'
65.5 t/h~

t/hr
t/hr

65.5 t/hr
65.S t/hr
9.2 t/hr

260.9 t/h~
214.7 t/hr
46.2 t/hr

-'75 -150+75 -250+150 -1700+250 +1700
Rod mill ctiaCIHU:'gl!'f 15.2 7.6 6.4 .36.2 .34.6
Prim cye fGlad 17.2 27.1 26.3 22.6 6.7
Prim eye A olf 32.5 36.2 31.3 0.0 0.0
Prim cye B olf 25.3 39.5 28.2 7.0 0.0
l?t'1meye A u/f 10.5 ltll.6 35.2 24.1 $.6
l?l.'in\ eye 13 uFf 12.S 25.2 2~1.a 26.4 e.G
l?$b mill 1 disr.h 16.9 30.9 30.S 2CI.8 o.a
Pill;) mUl 2 cliach 18.9 29.S sa,a l!h~ 0.2
SilO eyc hed 28.9 37.~ 211.a 3.5 0.0
SilO eye o/f 75.9 20.S :1.4 0.0 0.0
SIIC eye u/f 13.0 50.1 2(i.2 0.7 0.0
....................... M..... n.lII.l't .... ~:OIllIl.U ••• II•• lU ......... ta •••• I11....... Iil.

Prim eye olf moilt
SlIe eye olf moi.t
Pralbmill moict

'13
'13
29

'13 'II
84 %
29 %

Not. : '.I:'h.'~eonclary eyelonm had Dolid. ttnd water flow t'atIU!
wu 8stimahd and adju.t&d to yhld l:'GiI'lPJonabbNatrar
contents in the primary OVlil:flow lionelpabbll!lmill r1irachal:'g!U
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TQst ub initial maes balance

Stnam solids Water
•••••••••••• **••••••••••••••••••••••••
Rod mill fead
Rod mill dilution
Roel mill discharge
Primery dilution
Prim cyclone feed
Prim cyclone A olf
Prim cyclone B olf
Prim cyclone A ulf
Prim cyclone B u/f
Pebble addition 1
Pebble addition 2
Peb mill 1 produot
Pep mill 2 product
S$condary dilution
Sec cyclontll feed
StIIC cyclol1l11olf.
Sec cyclon. u/f

SizEi anlA1YIl1i1
~••• ilin .

St:,t'um

71.5

71.5

397.1
46.0
45.0

152.5
152.5

3.3
3.7

155.8
155.8
9~'!.1
78.5
13.6

3.8 t/hr
23.7 t/hr
2·'.5 t/hr

172.3 t/hr
376.2 t:./hr
124.4 t/hr
124.4 t/hr
63.6 t/hr
53.6 t/hr

t/hr
t/ht'

53.6 t:./hr
63.6 t/hr
9.1 t/hl:'

258.0 t/hl:'
208.9 t/hr
49.1 t/hr

-75 -150+75 -250+l50 -1700+250 +1700

Rod mill difllcharge 9.7 9.6 7.8 40.0 32.9
Prim eyC' fGlG.>.d 11.9 29.2 28.4 24.1 6.2
prim cye;:A 0/1. 31.3 35.4 33.3 0.0 0.0
Pl:'imeyc 13 0/1. 19.9 46.4 26.a 6.9 0.0
Prim aye A u/f a.9 la.6 37.6 ~6.9 a.o
Prim eyc B u/f 9.7 16.9 31.3 34.1 8.0
l?Ial:l mill 1 clillah 12.1 33.a 31.5 22.0 0.6
Pab mill 2 dbah 12.6 32.9 33.9 20.6 0.0
Sao eyo hGd 2s. 6 40.9 30.0 3.5 0.0
SilO oyo off 73.8 23.2 S.C' 0.0 0.0
SGlI'; eye u/f 14.7 38 .•6 40.0 6.7 0.0
•••••• x•••••••••••••••••••••••• M •• ~~ ••••••••••••••• _ ••••• a••••••

Chack for aocuraoy:
calc MUla

P,I;'i.mcyr: 0/£ moll'!:
SGIC ayc olf moiat
Pta):) mill. moist

73
73
29

Nota : 'l'hasQOOndell:Y o~tclonGl feacl l!>oUcllll a'lnd Wo!I'r.llr flow rat"l1
wu utimi:\tad Md adjusted t.o yiald t'aaeu:mablli wn\.Glr
contGlntlll in thtl prima:!.·yoval'flow and pebble mill clitaohngt'Ols
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stream
65.6

solids Water
Rod mill tatord
Rod mill dilution
Rod mill dimcharg&
Primary dilution
Prim oyclone fead
Prim cyclOllGl A olf
Prim cyolone a olf
Prim cyclone A ulf
Prim cyelona B u/f
Pabbla addition 1
Pebble addition .2
Peb mlll 1 product
Peb mill 2 product
Saoondary dilution
Sec cyclone fead
SeQ cyo!one olf
Sec cyclone u/f
Si;>:$ aIH\lYIII:Ls
............. Iii .. =

65.6
417.9
45.!iil
45.9

163.0
163.0

3.3
3.7

166.3
166.3
91.9
7.2.6
19.2

3.5 t/hr
21. a t/hr
25.3 t/hr

178.£l t/hl:'
384.3 t/h:r ..
124.1 t/h:t.'
124.1 t/hr
68.1 t/h,..
613.1 t/~

t/hr
t/ht'

68.1 t/ltr
69.1 t/hr
14.0 t/hr

2G2.1 t/hr
218.2 t/h11
43.9 t/hr

-78 -150+75 -250+150 -1700+250 +1700

Rod mill. discha.t'ge 4.8 13.4 5.S 37.2 3S.S
Prill\eye faed 14.2 27.6 :~3.4 113.4 6.4
Prim eye A olf 30.8 35.8 33.1 0.3 0.0
prim cyc S off 1lL6 46.5 28.5 6.4 0.0
Pl:'J..mcye A u/£ 5.6 12.6 27.7 4S.9 B.2
Prim eye a u/f 8.9 17.0 32.1 33.S 8.2
:P1IIl:! mill. 1 di$ch 18.1 20.0 44.9 16.3 0.7
Peb mill 2 r.:liech 14.4 39.1 32.2 14.3 0.0
Site eye heel 24.7 U.2 30.8 3.4, 0.0
St;)eeyo olf 74.6 22.7 2.7 0.0 0.0
SilO eye ul'f lO.9 43.0 39.8 7.4 0.0
••••••••• ~••••• a •• *•••••••••• ~•• ~••• =••••••=*~~.~•••••••• ~••••••

ChGlolt fol:'ilIeeurmcy;

J'?:d.m eye orf-. moielt.
SGIO e.ye off l\\oill1t
Pl3lb mill rnoht

73
75
29

73 II;
94 II;
29 fl;

Notfll I 'l'hGt lI1E1condaryoyelol'lfllfeGlel ooliele and wll:bQl:'flow ntGllil
WAS $stimatflld and aajusted to yiltlcl rGlasonable watet
content$ in the primary overflow and pebble mill ctiseharg$s
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tlst 4c initial mass balance

Stream
72.0

solida W Iter
Rod mill. feed
Rod mill dilution
Rod mill discharge
Primary dilution
P~im cyclone filled
Prim cyclone A olf
Prim cyclone B olf
Prim cyclone A u/f
Prim cyclone B u/f
Pebble addition 1
Pebble addition 2
~~b mill 1 product
Peb mill 2 product
Secondary dilution
Sec oyolone feed
Sea cyolone olf
Sec cycl.one ulf
Sizea antllysi................

72.0
470.3
47.0
47.0

188.1
188.1

3.3
3.7

191.4
191.4

94.0
79.0
15.0

3.e t/hr
23.8 t/hr
27.6 t/hl:'

214.5 t/hr
4l.0.5 t/hr
127.0 t/hl:'
127.0 t/hr
78.2 t/hl:'
78.2 t/hr

t/hr
t/hr

78.2 t/hr
78.2 t/hr
12.3 t/hr

266.4 t/br
254.4 i:./hr
12.0 t/hr

-75 ~lSO+75 -2uQ+1S0 -1700+250 +1'100

Rod mill disohargCII 7.5 7.5 9.4 34.2 41.4
Pl:'imcye feed '.0.1 24.6 29.3 2B.0 7.9
prim eye A olf 16.:; 36.1 44.4 1.0 0.0
Prim eye B olf 23.3 2SL5 46.2 1.0 0.0
Prim eye A u/f 5.3 14.5 27.8 42.5 9.9
Prim eye B u/f 7.2 16.2 35.7 31.0 9.9
peb mill. 1 diseh 7.6 2~.4 30.4 30.0 3.6
Peb mill 2 disch 13.6 25.7 34.8 25.7 0.2
Sac eye ft!IiIld 20.9 32.8 45.3 l .• O 0.0
GIIO eye (l/f 81.7 16.8 1.5 0.0 0,0
Sac eye u/f 10.6 44.2 42.7 2.$ 0.0
••••••••••••••••~.Q••••M*•••••=••• " •••• ft=~•• ~•••••• =•••• ~••• ~••u

~alo Maas

Pt'im oy<= olf l:ltJ' 'It
S$e eye olf n,\'is'C
~$b fll,~:s. ~ moi&1:

73
76
29

73 %
S4lb
29 ~

Nota I The secondary cyclone f$~d solids and watel:'flow rates
wu ()stimated anel adjuested to yiald rG'uQnabllil watar
contents ln thE!!pl:iml!u.'yoVIJrflow and pebt" e mill c'lisehargaB
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Test 4b initial mass balance

Stream So1itis Wat.er
nod mill fead
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclone feed
Prim cyclone A off
prim cyclons a off
Prim cyclone A u/f
Prim cyclon;a B u/f
Pebble atidi'~ion1
Pebble addition 2
Peb mill 1 product
Peb mill !protiuct
Seeontiary dilution
Sac I:ycl.onafeed
Sac cyclone o/f
Sec c~<:Jloneu/f
Shill analysis
..... &lL ••• J": ••••

straam

'/6. S

7ti. 5

46::1.2
48.S
49.9

182.9
182.8

3.3
3.7

186.1
186.1
97.7
33.5
'4.2

4.0 t/hr
25.1 t/hr
29.1 t/hr

217.6 t/hr
416.2 t/hr
132.1 t/hr
132.1 t/hr
76.1 t/hr
76.1 t/hr

t/hr
t/hr

76.1 t/hr
76.1 I:./hr
10.8 t/hr

274.9 t/hr
257.5 t/hr
17.4 t/ht·

••• ~.VIIII:iiI.~~••• "" •••• " ••• &1 • ., ••••••• IIil ,. ,..IiIC •• t'l •• l,..w.' .. ftlttrl ••• ".

-75 ~150+75 -250+150 -1700+2"0 +1700
Rod mill dielcheu:ga 6.8 8.8 9.1 2!:l.4 45.9
Pdm eYQ feed 10.2 25.6 29.1 2&.1 10.0
Pt'im eye A olf. 14.6 41. 3. 39.9 4.4 0.0
l?t'imeye: B off 24.9 33.1 40.3 1.7 0.0
Prim eye A u/f. 4.4 17.5 30.2 35.2 12.7
prim cyc EI v/f 7.1 15.7 35.7 28.8 12.7
Pab mill 1 disch 7.1 30.2 29.5 27.7 5.5
Peb mill :'. c:lbeh 14.5 26.5 35.9 22.5 0.6
Sec eyo hed 19.5 37.1 40.1 3.1 0.0
Sac eyc off 81.0 15.4 3.6 0.0 a.o
Sec eye u/t 12.3 43.2 43.2 1.3 0.0
•••~•••••••••••••~••~.n••••••••••••••••••••••••••~•••••••u••••• _

ahaek for Accuracy:
Calo Hilns........~" .

Prim eyo o/f motet
Sac eye off moist
l?Glbmill moist

73
76
29

73 %
84 %
29 III

Nota I Tha saoondary cyclonE! .fead solids und water flow ntGlI!I
was estimated and adjustQd to yield reasonable watGlt
ocntents in the primary overfloW and pebble mill disoharges
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Taat 4a initial mass balance
•••••••• *•••• =~~.~•••=~•••••
Stream

77.6

Solids Water
Rod mill faGld
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclone feed
Prim cyolone ~ off
Prim cyclone a o/f
prim oyclone ~ u/f
Prim cyclone B u/f
Pebblo addition 1
Pebble addition 2
Peb mill 1 produ~t
Peb mill 2 produot
Secondary dilution
SllIceyclona feed
Sec cyclone off
Sac cyclon$ U/f
sbe I!Indylil!l...............
StX'um

77.6

450.7
48.8
48.8

176.5
176.5

3.3
3.7

179.8
:1.79.8
97.6
94.6
13.0

4.1 t/hr
25.9 t/hr
30.0 t/hr

213.0 t/hr
410.9 t/hr
131. \I t/hr
131.9 t/hr
73.6 t/hl.·
73.6 tjhr

t/hr
t/hr

73.6 t/hr
73.6 t/hr
10.7 t/hr

2'74.5t/hr
253. '/ t/hr
20.8 t/hr

-75 -150+75 -250+150 -1700+250 +1700
Rod mill rli1& oharge 4.8 G.B 7.5 33.6 47.3
prim eye ~i!led 10.6 25.0 29.9 25.2 9.1
pt.'imeye A off 18.9 46.3 33.2 1.6 0.0
Prim cye B olf 24.0 35.1 40.2 0.7 0.0
Prim eye ~ u/f 3.6 15.1 27.7 42.0 11.6
Prim eye B u/f 6.2 17.2 3~.7 31.3 11.6
1>IIbmill 1 dilloh 9.8 31.1 32.2 24.9 2.0
hb mill 2 diach 13.9 25.3 36.8 23.6 0.4
SilO eyc flied 21.5 40.'7 36.7 Ll 0.0
Sac oyc off 80.6 12.3 7.1 0.0 0.0
Sae ('lye U/f 11.7 47.4 38.7 2.2 0.0

Oheck tOr accur~cy:
odc Man

Prim eye alt moist
s.o eyo off moist
hb mill moi&lt

73
75
29

73 111
84 'II
29 %

Nata i The !iIGloondeu:ycycl.c:mafl4"~ aolie'lsand \~atEl)!£low rates
was eatimataci ''1cijuotllcito yililldreuonable water
corttantl!lin the ptimary averflow and pebble mill dischargeD
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Test 3c initial miss balance

Stream solids Water

Rod mill. feed
Rod mill dilution
Rod mill disoharge
Primary dilution
Prim cyclone feed
Prim oyclone A olf
Prim oyolone B olf
Prim cyolone A u,
l?cim oyolone B u :
pebble addition 1
Pebble addition 2
Peb mill 1 produot
Peb mill 2 produot
Seoondary dilution
Seo cyclone feed
seo oyolone olf
Seo oyolone u/f.

Size analysis
•••• u••••••• =
Stream

66.4

436.3
48.0
48.0

170.2
170.2

3.3
3.7

173.5
173 ..5

9!L 9
73.4
22.5

3.5 t/hr
22.1 t/br
25.6 t/ht:

201.3 t/hr
401.3 tlbr
129.7 tIm:
129.7 t/h.r
71.0 t/hr
71. 0 t/lu:

t/lu:
t/lt~

71.0 t/hr
71.0 t/hr
10.3 t/br

269.7 t/hr
237.2 t/hr
32.!i t/hr

M75 M150+75 -250+150 M1700+250 +1700

Rod mill dhch,')rge 2.5 7.7 4.0 33.0 52.8
P:t:'imeyc :feed 11. 7 23.0 28.1 28.3 8.9
l?:;imeye A olf 43.0 19.2 36.8 1.0 0.0
l?l:'im-:yo B olf 41.4 25.9 32.6 0.1 0.0
Prim oyo A ulf 2.5 19.1 28.2 38.8 11.4
Prim cyc B u/f 6.5 lS.7 22.6 40.8 11.4
Pab mill 1 cUsoh 13.8 21.(; 32.7 29.8 2.1
Peb milt 2 disoh 13.4 2S.1 32.S 28.6 O.J.
Sao eye feed 42.2 22.6 34.7 0.6 0.0
Sao cye olf 80.9 16.3 2.8 0.0 0.0
Sec eyo u/f 9.~ 62.9 27.6 0.2 0.0.==.=.=.= .• =======.=== ••• ==.==I--,ae===.====::c= •• ===.~==.====::z==== •• ====
Check for aceu~aoy:

Calo Meas
•••••••••••••••••••••••••• r·~ •••••

Prim oyo olf moist
Sec eye olf moist
P61b mill moist

73
7)
,9

73 %
84 'Ii
29 III

N'ote I 'rha seconda~y c:yolon~ heel sollds anc\ watal,' flow rates
wa$ ~l!ItimatQd ~nd aeljustad to yield reasonable water
contents in the primary overflow and pebble mill diScharges
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Test 30 initial mass balance

Stl:eam WaterSolids
Rod mill feed
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclone feed
prim cyclone A off
Prim cy~l~ne B off
Pl'im cyclone A u/f
Prim cyclone B u/f
Pobble addition 1
Pebple addition 2
PeP mill 1 pl:oduct
Peb mill 2 product
secondal:Y dilution
Sac cyclone feed
S$C cyclone off
Sec cyclone u/f
Sbe analyei,$
•• t=:1*a •• =•• =;r;

Stream

69.6

425.7
49.3
49.3

163.6
163.6

3.3
3.7

166.9
166.9
98.6
76.6
22.0

3.7 t/hr
23.0 t/hr
26.'7 t/hr

201.1 t/hr
403.3 t/hr
133.3 t/hr
133.3 t/hr
69.3 t/hr
68.3 t/hr

t/h):'
t/hl:

68.3 t/hr
68.3 t/hr
10.2 t/hr

276.9 t/hr
238.0 t/hr
38.9 t/hr

-75 -150+75 -250+150 -1700+250 +1700

Rod mill discharge 3.8 1.4 13.8 36.5 44.5
prim cyc feed 7.8 23.5 38.0 23.2 7.5
Prim cyc A off 35.4 18.6 40.6 5.4 0.0
Prim cyc B off 22.6 39.6 37.4 0.4 0.0
p.rim cyc A u/f 5.7 18.1 30.3 36.1 9.8
prim eyc B u/f 5.4 16.7 26.2 41.9 9.8
Peb mill 1 disch 8.5 26.0 43.3 21.9 0.3
Peb mill 2 disch 8.5 26.0 43.3 :a.9 0.3
Sun eye £eecl 29.0 29.1 39.0 2.9 0.0
SGIC eye Off 73.3 15.6 11.1 0.0 0,0
Sec cye u/f 9.2 56.0 34.4 0.4 0.0••••••••~••••••••••~•••••==.~=••===.~.==.==za~.~=•••••=.=n.~.==~
Check for accuracy:

Calc Heas
Prim cye off mOist
Sec cye off moist
Peb mill moist

73
76
2!'

73 %
84 III
29 %

Not~ I 'l'hlilsecondary cyclona h(i!d solids ~nd water flow rates
was Qstima.tectand adjusted to yiald ransonable water
oontents in the primary overflow and pebble mill. dischargee
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Test 3a \nitial mass balance

Stream
70.5

solidS Water
Rod mill ~eed
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclone fQed
pri.m oyeloaGl A olf
Prim oyelone B ojf
Prim cyolone A ujf
Prim cyclone B ujf
Pebble addition 1
Pebble addi.tion 2
Peb mill 1 product
Peb mill 2 product
Secondary dilution
Sec cyolone fe~d
S(IlCcyclone ojf
Sac oyclone ujf
Size analysis
•••••••••••• =
Straam

70.5

414.6
49.1
49.1

1~a.2
158.2

3.3
3.7

161.5
161.5
99.2
77.5
20.7

3.7 tjhr
23.4 t/hr
27.1 t/hr

195.9 t/hr
397.5 t/hl:'
132.8 t/hr
132.8 tjhl:'
66.0 t/hl:'
66.0 tjhr

t/hr
till);'

66.0 tjhr
66.0 t/hr
11.4 t/hl:'

277.0 tjhr
234.4 t/hr
42.6 t/hl:'

~75 -150+75 -250+150 -1700+250 +1700

Rod mUl diachal;'ge 10..;: 4.6 12.1 42.6 30.3
Prim eye feed 11.0 28.9 31.4 22.9 5.7
prim c:yc A olf 43.0 2S.1 24.4 4.5 0.0
Pdm cyc B off 13.2 31.9 52.3 2.7 0.0
Prim eye::'PI ttjf 5.9 15.4 30.5 40.7 7.5
prim eye a ujf 6.1 13.4 26.6 46.4 7.5
Pcb mill 1 dieoh 13.0 32.4 31.B 21.4 1.4
Peb mill 2 dil'lch 9.2 34.6 37.4 lB. " 0.1
Sme cye feed 28.1 30.0 38.3 3.6 0.0
Sl1leeye oj£ 72.6 18.6 B.B 0.0 0.0
sao eye ujf lJ..5 40.0 47.8 0.7 0.0
••••••••• ~•• =•••••• =~=•• ~m=z •••• ~•• ~•••••••••• n••=••• =.= ••=.~••u
cheak for accuracy:

Ca1.0 Haas

prim eye olf moist
Sec eye ojf moist
PiliPmill moist

73 !h
S4 'b
29 'b

Note : The seoondary cyo10ne feed solids and water flow rates
Was estimat.ed and acljuestedto :rield l;'easonllblewater
(10nttmts in the primary overflow and pebble mill discharges
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Te$t 2c initial mass balance

Stream
62.6

solida Water~.-==~========~=====~=~~========~=====
Rod mill feed
Rod mill dilution
Rod mill discharge
Primary dilution
prim c ~lone feed
Prim cyclune A off
Prim cyclone B of£:
Pr.im cyclone A u/f
'rim cyclone B u/f
Pebble addition 1
Pebble addition 2
peb mill 1 product
1E'ebmill 2 product
Secondary dilutioh
Sec cyclone feed
Sec cyclone off
Sec cycl.one u/f
Size analysis
=== ••• _===-==
Strea.m

438.9
63.9
63.9

155.6
155.6

2.6
2.3

158.2
158.2

127.8
67.5
60.3

3.3 t/hr
20.7 t/hl:'
24.0 t/hl:'

280.6 t/hr
474.4 t/hr
172.8 t/ht·
172.8 t/hr
64.4 t/hr:
64.1 t/hr

t/hr
t/hr

64.4 t/hr
54.4 t/h::
20.8 t/hr

356.3 t/hl:'
325.4 t/hr
40.9 t/h:r.

-75 ~150+75 -250+150 ·1700+250 +1700

Rod mill discharge 2.9 11.0 5.8 4·0.7 39.7
prim eye feed 12.2 34.0 27.6 20.1 6.2
Prl.m eye A off 35.1 29.3 33.6 2.0 0.0
Prim cye B o/f 23.5 54.0 21. 0 1.5 0.0
prim cyc A u/f 7.0 25.1 29.5 29.6 8.8
Prim cye a u/f 6.6 26.6 28.6 29.4 8.8
Pab mill 1 disch 18.7 26.4 33.3 20.2 1.4
tJeb mill 2 disch 9.3 41.4 29.9 19.3 0.1
Sec eye feed 29.3 41. 7 27.3 1.8 0.0
Sec c::yco/f 69.2 2.8.7 2.1 0.0 0.0
$Ge eye u/f. 12.2 57.9 29.3 0.6 0.0
••••~•••••••••~••••••Q*•••,~._~•••a ••• ~•••••••••••• ~••••••••• ~•••

checK for acouracy:
Calc Meas

Prim eye o/f moi$t
SQO eye o/f moist
}.'lab mill. moist

73
83
29

73 !\,
84 %
29 %

Note ; The secondary cyclone feed solids ana water flow r:atu~
was estimatell ana adjusted to yield reasona.ble water
oontents in the primary overflow nnd pebble mill discharge~
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Teat 12a initial mass balance

Solids Wate,r
Rod mill feed 70.2
Rod mill dilution
Rod mill discharge 70.2
Primary dilution
Prim cyclone feed 496.7
Prim cyclone A off 42.6
Prim cyclone a off. 42.5
Pt~m cyclone A u/f 205.7
Pr.im cyclone B u/f 205.'
pebble addition 1 2.8
pebble addition 2 2.3
Pab mill 1 product 208.5
Peb mill 2 product 2Q8.5
Socondary dilution
Sec ~y~lone feed 85.2
Sec cyclone off 75.3
Sec cyclone ~/f 9.9
Sizlll anllllsis
U...I;:Zi===:;==::I:I1'I.l
$".!1'..'GH!lm

3.7 t/h~'
23.1 t/hr
26.8 t/hr

1'79.1 t/hr·
438.6 t/hr
'\.21.3 t/hr
121. 3 t/hr
98.0 t/hr
(.lEl.O t/ht·

t/hr
t/hr

98.0 t./hr
98.0 t/hr
8.5 t/ht:

251.1 t/lu:
214.4 t/hr
36.7 t/hr

-75 -150+75 -2&0+150 -1700+250 H700
Rod nlill diee:harga 13.3 4.0 6.C 42.7 34.0
Prim eye: heel 26.4 22.1 24.4 22.S 4.8
Prim eyc l\ ~/£ 53.4 34.6 11.a 0.2 0.0
Prim eyc 13 off 55.9 34.5 9.4 0.2 0.0
Prim eye A u/f! e.6 20.2 28.6 36 6 5.8
p.rim (lye:B u/f 9.0 22.9 30.5 31.8 5.S
Peb mill 1 diGeh 31.0 20.7 26.9 20.6 O.G
Peb r.,ill 2 dlseh 23.2 29.2 28.2 1\).4 0.0
Sec eye feed 54.1 34.5 10.6 0.2 0.0
SOle eye oft B3.8 16.0 0.2 0.0 0.0
see eye u/f 19.6 58.9 21.5 0.0 0.0
w•••••• ~•• n••• ft •••••• ~ ••• n••~••~•••••• M~ ••••• Mw~.n •••• =.ft.U•• ~.~

Prim eye off moi.t
Sac eyo off mo;l..t
PIIIbmill moist

74
74
32

74 g.

85 'Il
32 %

Not. I The &aeonctl.rycyelon~ f~$d Dolida and water flow r~tew
wan setimat.d and ldjusU.d bo yield reasonable wata.r
ecmtllnte in the primal:.'yoverflow and pabbb mill dischargos
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lost 11c inieial ffilBB balanca.*...MM•• S •• ~ ••••• ~ ••••• ~ •• n

59.5
illii ==tit n ••••• lIi: t:I_ ••• .., •• x: •• =.&l.
Rod mill flllilid
Rod mill dilution
nod mil) di.charge 59.5
Primary dilution
Prim cyclon. l1ud 474.6
Prim cyclon. A o/f 42.8
Prim cyclon~ B o/f 42.8
~rim cyclon~ A U/f 194.5
Prim cyclon. a U/f 194.5
l?bblG addition 1 2.S
P.bbllt a(.idj.tion2 2.3
p~b mill 1 product 197.3
'.b m111 2 pr~duat 197.3
Secondary dilution
Sac cyclone fead
Stat: cyclon. olf
Sfllccyclonlll u/f

85.5
64.6
20.9

S1u anll.lY'il
........... J;; ••

Strum

~.1 t/hr
19.6 t/hr
22.7 t/hr

172.3 t/ht
4213.9 t./hr
121.6 t/hr
121.6 t/hl:
92.8 t/hr
92.13 t/hr

t/hr
t/hl:

92 •.8 t/hl'.'
92.8 t/hr
14.G t/hr

257.9 t/hl.·
209.6 t/hr
48.3 t/llr

-76 -150+75 -250+150 -1700+250 +1700
Rod mill dilchat.'g. 15.6 4.9 7.1 44.5 27.9
Pdm eyo ftctd 26.8 24.1 23.7 21.9 3.5
Pl'.'imoye: A olf 53.4 33.0 13.5 0.1 0.0
Prilll eye l3 o/f 52.0 37.1 10.7 0.2 0.0
Prim eye A u/f 10.3 20.6 27.7 37.1 4.3
Prim (lye B U/f 9.5 24.0 28.5 33.7 4.3
)?(\'P mi.ll 1 dhch 30.4 23.3 24.8 :>.1. S 0.0
Xl.b mill 2 diMeh 27.1 27.G 27.5 17.8 0.0.
SIItt:! <:lye fuc;\ !32.7 35.0 12.1 0.2 0..0.
Gille eye olf 7S.6 24.1 0.3 0..0 0..0
SGIC eye: utf. 22.2 !S3.6 24.2 0.0. 0..0
•••••••••••••••••~.R••••n••• w.......... ~••• u••• ~••• ~•••••••••••••

•••••••••••• 3•••••••• M •••• ~•••• ~.

Prim cye oj! 1I\0il1:
rtGle eye olf moi.tI~.b mill moht:

74
76
32

74 ~Ias !I!
32 'Ii

Not. I Tho IIIIlcondal':yavalon. f,,"d lolid. Mel w~t.t' flow .t'llltltill
\>ldfl1 IIIti\\14l.t.el and aclju.hd to yi.J.a tl1"Uonlbl. '"attt'
ccmt.nt. in thll pt'im!t'y ovnflow IIna p.bblla mill clllchargll
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Test 110 initial mass balance.h•..•~~~•.···.*··.·**.N.~..
G3.6

SoHels WatarStream
Roel mill. foGlQ
Rod mill dilution
~oel mlll discharge 63.6
P~imar, dilutLon
Prim oyclone f •• d 480.6
prim oyclonGl A olf 43.6
Prim cyolone B olf 43.6
Prim cyclone A u/f 196.7
Prim cyclone a u/f 196.7
pebblb addition 1 2.8
Pa~bla addition 2 2.3
Peb mill 1 product lS9.5
peb mill 2 pro~uot 199.5
Seconelary dil~tion
SGIC eyt-:lonGl£«I0d
SlIIeoyolon. o/f
s.o oyclol'\IIlu/f

87.2
G8.7
18.5

Sit. analyli •
••••• n••••••••

3.3 t/hr
20.6 t/hr
23.9 t/hr

176.0 t/hr
435.6 t/hr
124.1 t/hr
124.1 t/hl:
93.7 t/hr
93.7 t/hr

t/h1:'
t/hr

93.7 t/ht'
93.7 t/hra.G t/hr

256.8 t/hr
208.5 t/hr
48.3 t/hr

~7S ~150+7S -250+150 ~1700+2S0 +1700

Rod mill diMeharga 15.1 4.0 !i.S 40 •.3 34.a
.dm eye falllel 24.2 28.S 23.0 19.6 4.6
Prim eye A olf 49.1 34.6 16.0 0.3 0.0
Prim cye B olf 54.7 35.9 9.3 0.1 0.0
Prim eye A u/f a.3 19.6 26.2 40.4 5.6
Prim eyo B u/f 7.9 20.4 28.6 37 .5 5.6
hb mill 1 diBeh 27.7 30.0 25.5 16.8 0.0
PIlle mill 2 dhoh 23.4 32.5 26.5 17.6 0.0
Stileeye head. 51.9 35.3 12.7 0.2 0.0s.o eye olf 79.9 15>.7 0.4 0.0 0.0
SlIIeeye u/f 211.1 69.4 15.5 0.0 0.0
W.M ••••••••••••• ~•••• w,.nH•••••••••• ~••••••••••• _••• ~•• ~•• ~~ •••••

Cal.e MGlU.......~.•.......•....• - .
prim oye o/f moist
s.o eye o/f moist
P.b mill moist

74
75
32

74 'II
as 'Ii
32 'Ii

Nota I Th .. uoondary c:yolC;lI'IGIfuel .oHela I\nd Wr..i.tcm J.'lowratu
wu •• timat:srl anr:lacljuatlllelto yiGlld rGlI'.lIlc:ll'\lIl"f'watlllr
oont*nts in ths primal:Y cv.~flow ~nel pobht~ mill eliaehargGl5
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Test 111. initial mass balunc~..~.u~..•._....~..~..~~.....
Solids Watlal.'

ROQ mill fGled
Rod mill dilution
Rod mill di.charga
Primary dilution
Pr.i.mcyclol'llilhillel
Prim ~yolone A 0/£
Prim cyclone a off
prim cyclone A u/£
Prim eye lonG! B u/I
Pebble addition 1
'ebblQ addition 2
Peb mill 1 product
peb mill 2 product
slIIcol1darydilution
5610 oyclone fallld
13'0 cyclone nIt.
5.e cyolonll u/£
size Anl!\l.y.h•••••••••••••
Stream

74.7
74.7

452.1:
47.9
47.9

178.4
l.7S.4

2.8
2.3

iar.a
181.2

95.8
79.P
16,0

3.9 t/hr
25.3 t/hr
29.2 t/hr

laO.7 t/hr
443.2 t/hr
136.3 t/hr
1~6.3 t/hr
8S.2 t/hr
65,2 t/hr

t/hr
t/hr

S5.2 t/Ilr
95.2 t/Ilr
8.2 t/hr

280.9 t/hl.'
218.1 t/Il.!:'
62.8 ! 11ll:

-75 -150+75 -250+150 ~1700+250 +1700

Rod mill dil'H:hl!\r911l 15.4 4.2 6.3 36.9 37.2
Prim eye f •• d 25.2 23.9 23.0 21.8 6.1
Prim eye A o/f 50.6 43.0 6.3 0.1 0.0
Prim eye B o/f. 54.:1 39.S 5.S 0.1 0.0
Prim eyc A u/f 10.S 23.1 27.0 31.3 7.8
l?rim eyc B u/f 11.6 27.9 28.3 24.4 7.8
PGllbmill 1 dilah 31.0 24.6 26.0 18.4 0,0
Pab mill 2 ditch 23.4 26.2 27.6 20,8 0.0
SIIIC eyo flll.d 52.5 41.4 6.1 0.1 0.0
SIIC eye Q/f 79.S 21.0 O.S 0.0 0.0
SilO eye u/f. 26.0 59.6 l4.4 0.0 0.0
••••••••••••••••••• e~••••••••••• ~•••••••••••••••••••••••••••••••

Chllok for IICQUraoYI
•••••••••••••••• M ••••••••••••••••
Prim cye o/f moht
SilO eye off moi.t
PliO mill mOiBt.:

74
. '/3

32

74 'Ii

9S "32 'Ii

Not. I The .lIcol1dary oyelona flJllld.olid. and wllt.r flow rat ••
w •••• timat.d ~nct ad~u.tmd to yilll1dr.'lon&b111 wllt.r
cont.nt. in tha. primary oVllildl.ow anet !?Qbblfl mill dhQha);'gu
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T.ut ae initial mams balanea
.~ •••• ~•••••••••••••••••• N••

Strum
69.7

Solide Watllr
Rod mill £allld
Rod mill dilution
Rod mill cli.ElCIUl':C]Gi
Primary dilution
Prim cyclone faad
Prim cyclone A 0/£
Prim cyclonlll B olf
Prim cyclone A u/f
Prim cyclone B u/f
I?GlbblGladdition 1
PllIbbl.addition 2
PGlb mill 1 product
pob mill 2 product
SGlcondAry dilution
SGIO cyclonGl f"'lida.o cyclona 0/£
Sec cyclone u/f
Sba andy. ill..............
Strum

59.7

444.7
50.4
50.4

172.0
172.0

S.S
3.4

177.5
177.5
100.S
S8.G
32.2

3.1 t/hr
19.9 t/hr
23.0 t/hr

.'1.73.2 t/ln:
446.2 t/hr
136.2 t/hr
136.2 t/hr
aG.9 t/hr
a6.9 t/hr

t/hr
t/hr

('6.9 t/hr
96.9 t/hr
11. I) t/hr

283.9 t/hr
207.6 t/hr
76.2 t/h);'

-75 ~1S0+?5 ~250+150 -1700+250 +1700
Rod mill. di'Qhargll 15.9 a.s 11.7 45.4 la.5
Prim eye f..tid 22.a 2a.9 27.8 la.5 2.5
Prim eye A elf 47.4 27.5 la.7 6.4 0.0
Prim eye 13 o/f 55.7 37.6 6.5 0.2 0.0
prim eye A u/f 4,9 30.7 34.4 26.S 3.2
Prim eye B u/f 4.9 30.7 34.4 26.e. 3.2
Ptlb mill 1 d.!.etQh 33.0 26.3 25.0 15.7 0.0
l?Gb mill 2 dilch 16.6 33.7 34.4 15.:3 0.0
SIJIt'.l eye fuel 51.15 32.5 12.6 3.3 0.0
Site:: aye olf 76.1 23.2 0.7 0.0 0.0
SGie c:ye u/f 12.Ei 52.S 34.6 0.0 0.0•••••••••••••••••~m•••••••••N•••• n."••••~•••••••N•••••••••••••••

Prim eye o/f mei.e
S$e eye Q/f moilt
PGlb mill. moilt

'73
75
33

73 lIi
93 'b
33 'b

Not. : 'I'h. 'tlconchu:y eyeloi'\GlhGid .oUds ana watGlr flow ratal!l
Wall!I.. timatlld ana ar:ljuliltael to :rialtl l:ilIuonabl.ca wat.'r
contQntl in the primary ovltrflow and pabbla mill diachar9aa
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T.~at ab initial mass balanee

stream
55.4Rod mill feod

Rod mill dilution
Rod mill di$chQrg61 55.4
Primary dilution
Prim cye~ona feed 445.0
Prim cyclone A o/f 49.2
Prim cyclone B o/f 49.2
Prim cyclone A u/f 173.4
Prim cyclone B u/f 173.4
Pebble addition 1 5.5
,abble addition 2 3.4
Peb mill 1 product 178.9
Pab mill 2 product 17a.9
Secondary dilut\on
Sac oyclone fead
BOle oyclonGl o/f
Sao e:yclonla u/f

98.3
64.3
34.0

S!za analy.ill•••••••••••••
Stream

2.9 t/hr
:L8.5t/hr
21.4 t/hr

171.5 t/hr
441.1 t/hr
133.0 t/hr
133.0 t/hr
a7.G t/hr
87.G t/hr

t/hr
t/hr

87.6 t/hr
87.6 t/hr
11.3 t/hr

2'17.2t/ht'
204.2 t/hr
73.0 t/hr

w75 -150+75 -250+150 -1700+250 +1700
••••••••••••••••••••••••••••••••••••• ~••••••••••••• b ••••••••••••

Rod mill di8lclH\r9Q 12.5 15.4 12.0 54.3 5.a
pt'im eye: fQidld 27.3 2a.9 26.3 17.3 0.7
prim eye A O/f 43.7 28.9 20.2 7.2 0.0
prim eye B o/f. 55.3 35.0 9.4 0.3 0.0
PJ:'im eye A u/f 13.a 24.1 24.9 36.3 0.9
prim eye B u/f 3.5 33.7 3G.2 2S.7 0.9
Pctb mill, 1 dillloh 31.6 30.9 23.9 13.6 0.0
Pab mill 2 clheh 28.9 27.S 31.0 12.6 0.0
Sac eye fallld 49.5 31.9 14.8 3.8 0.0
SIIIC eye O/f 7G.8 22.7 O.S 0,0 0.0
sac eye u/f. 19.0 45.15 35.4 0.0 0.0
••~.U•••N.~••M~.*M••••••*••••• d~*••••••••••_••••••••••••••••••••

Ch.ck fo~ aCQuraoy:
C!llc M.u

••u•••••••••••••••••• ~•••••••••••
P~im eyo o/f moillt
SIC eye e/f moillt
PlIIb mill moilt

73
76
33

73 !lJ
S3'Iii
33 IIJ

Notlll I Thill.ocond~ry cyelon. f •• a lIolid. ~nd w~te~ flow rat.$
wna •• timat,d a~d adjult&d to yiald rea.onable w~ter
c:ontllntllin th. primuy oVQI)!'flowand pobbl. mill dilllehal:'glSlI
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Tast 8a initial masa balanoe

solids WaterStrum
••••••• ~•••••••••••••••••••••••••• =u••

Rod mill feed
Rod mill dilution
Rod mill discharge
Primary dilution
ptim oyclone f$~d
Prim cyclone A o/f
Prim cyclone B o/f
Prim cyclone A u/f
prim cyclone a u/f
Pebble addition 1
Pebble addition 2
Pab mill 1 product
Peb mill 2 product
Secondary dilution
Sac cyclone feed
Sac cyclont;to/f
Sec cyclone u/f
Sirl:a analysila
..... '&t!'il!.Q.=Il;t=~~

452.G
49.8
48.8

177.5
177.5

5.5
3.4

183.0
183.0
97•.7
61.8
36.9

2.8 t/hr
17.6 t/hr
20.4 t/hr

172.9 t/hr
443.2 t/hr
132.1 t/hr
132.1 t/hr
89.5 t/hr
89.5 t/hr

t/hr
t/hr

89.5 t/hr
89.5 t/hr
10.6 t/hr

274.9 t/hr
204.1 t/hr
70.8 I::/hr

-75 -150+75 -250+150 -1700+250 +1100
Rod mill clisohl!u:'ga 18.9 7.0 9.6 4'1.5 17.0
l'l;.'imeye fetrad 31.1 26.1 23.S 17.8 2.0
Prim cyo A o/f 45.3 30.9 17.7 6.1 0.0
l?rim eye B o/f 61.2 31.9 6.9 0.0 0.0
Prim eye A u/f 12.1 24.7 26.3 34.4 2.5
prim eye B u/f 20.8 28.3 27.9 20.5 2.5
Pab mill 1 eli.ch 36.5 26.8 22.7 14.0 0.0
Pab mill 2 diach 31.3 27.0 :as.S 16.2 0.0
Seo eye flillild 63.3 31.4 12•.3 3.0 0.0
Sao oye o/f 75.4 22.4 2.2 0.0 0.0
SIIIO eye u/f 19.2 44.1 36.7 0.0 0.0
•••••••••••••••• ~••••••••••••• M••••••••••••••• ~•••••• i••••••••• ~.

C4Ile M6IU....~ ~.......•...•.... ~ .
Pdm eyo e/f mQ is t,
$mo eye o/f moi,t
Prab mill moist

73
77
33

73 III
('3 '"33 'Ii

NoL. I Whra '.Dond~ry oyelonra flil~d.01idB And wAt.r flow rAt ••
WU oatimatGid and acljuaUd to yield reUonable water
eontants in th. primary ovarflow and pebble mill cllaohargraB
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Test 70 initial mass balance

st):eam
50.3

solids Water
Rod mill fead
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclone feed
Prim cyclone A olf
Prim cyc)lone a olf
Prim cyclone A ulf
Prim cyclone a u/£
Pebble addition 1
Pebble addition 2
Peb mill 1 product
Peb mill 2 produot
Secondary dilution
Sec cyclonGi feod
Sec cyclone olf
Seo cyclone u/f
Size analysis
.., Il1lW.

50.3

427.2
49,S
49.S

164.1
164.1

5.5
3.4

169.6
lG9.6
99.0
59.2
39.8

2.6 t/hr
16.4 t/hr
19.0 t/hr

156.8 t/hr
433.8 t/hr
133.8 t/hr
133.8 t/hr
83.1 t/hr
83.1 t/hr

t/hr
t/hr

83.1 t/hr
83.1 t/l'lr
25.1 t/hr

292.7 t/hr
200.9 t/hr
91.8 t/hr

~7S -150+75 M250+1S0 -1700+250 +1700

Rod mUl disoharge 22.3 6.0 8.7 51.0 12.0
Prim eye £Qed 28.S 27.0 27.3 16.2 1.4
prim eye A off 48.0 29.1 17.8 6.1 0.0
Prim oyo 13 olf 56.7 36.1 6.9 0.3 0.0
Prim oye: A u/f 13.3 28.3 23.9 32.7 1.8
Prim eye B u/f 11.7 26.6 35.5 24.4 1.8p$b mill 1 dilsoh 27.2 26.0 32.1 14.7 0.0
Peb mill 2 disoh 33.6 29.0 26.3 11.1 0.0
SGle eye hllld 52.4 32.1 12.3 3.2 0,0
SIIIC eye olf. 74.5 25.0 O.S 0.0 0.0
SalO eyo u/f 19.1 49.1 32.8 0.0 0.0............... ~~ •••••n.~•••••••••••••••••••••••••••~••~.~•••N.

chGlck for acouraoy:

Prim cyd olf mOillt
SilO oye off l\Ioilill;
P(Jb mill moiat

73
77
33

73 'II
S3 %
33 'Ii

Notal : ThG $acond~~y eyelon. fllad solids And w~t$r ~lowratB$
wu ctst.J.millUd and adjusted to yiGll.dreasr.mab:LI't watGll:'
c:ontQnt. in thlD primary oVlirflow lAnd plllbbl.l\\i11discharges
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Test 7b initial mass balance

stre.1at11 Solido Water
Rod mill feed
~od mill dilution
Rod mill discharge
Primary dHution
Prim cyclone feed
Prim cyolone A 0/£
Prim cyolone B off
Prim cyclone A u/f
Prim cyolone q u/f
Pebble addit~~n 1
P~bble addition 2
Peb mill 1 product
Peb mill 2 produot
Secondary dilution
Sec cyclone feed
Sec eyclona off
SQC cyclonG) u/f
Siza andysiJil
•••••••••••••
Strum

54,Ei

421.0
50.3
50.3

:160.2
160.2

5.5
3.4

165.7
165.7
100.6
G3.S
37.1

2.9 t/hr
19.3 t/hr
21.2 t/h::

15a.1 t/hr
434.1 t/hr
136.0 t/hr
136.0 t/hr
81.0 t/hr
81. 0 t/hr

t/hr
t/hr

61.0 t/hr
Bl.0 t/hr
27.2 t/hr

299,3 t/hr
206.5 t/hr
92.S t/hr

-75 -150+7S -250+150 -1700+250 +1700
i!lC'lIk Il J :.,. •• , ••••••••••

Rod mill dischatge la.5 6.5 7.9 52.2 14.9
Prim eye feed 30.7 26.9 25.1 13.9 1.9
l?,rimeye A off 41.5 34.2 18.6 5.7 0.0
Prim eyc 13 off 59.7 35.7 5.6 0.0 0.0
prim eye A u/f 9.1 31.1 29.S 27.4 2.6
prim eye a u/f 13.0 27.5 34.5 22.4 2.6
Ptab mlll 1 dielch 34.5 29.9 24.S 11.9 0.0
Peb mill 2 diaoh 33.5 32.3 28.1 6.1 0.0
Sac oyc feed 50.1 35.0 12.1 2.S 0.0
SGIC eye olf 79.0 20.3 0.7 0.0 0.0
SeC' eye: \1/£ 17.3 45.5 3'7.1 0.0 0.1
•••_••••••••••••••••• *.N••••••••••• ~•••••••••••••• ~••••••••••• ~.

Ch$ok for accuracy:
Calo MCII!UI

prim eye off moist
StaO eye 0/£ moist
P.b mill moist

73
76
a3

73 III
a3 !l;
33 II;

Not. I Th. sGlcondau:yoycl.oncafud solids IllnclwattaJ:'fl~w t",t..
Wall IIIIIItitnllltadand acl:luliteldto yiald !:(tuonabl. watllIr
contCllntsin the primaty ov.rflow and pabbl. mill dischlllrgea
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Test 7b initial mass bala!~e

Stream Solids Water
Rod mill feed
Rod mill dilution
Rod mill discharge
primary dilution
Prim cyclone feed
Prim cyclone A off
Prim cyclone a off
prim cyclone A u/f
Prim cyclone B u/f
Pebble addit~Qn 1
Pebble addition 2
Peb mill 1 product
pab mill 2 product
Secondary dilution
Sec cyclone feed
$$C cyolonll off
SGIC cyolona u/f
Siza analysis
•••• .:I •• te ......

Strum

54.6
54.6

421.0
50.3
50.3

160.2
160.2

5.5
3.4

165.7
165.7

100. 'I
63 5
3".1

2.9 t/hr
18.3 t/hr
21.2 t/hl;'

158.:\.t/hl;'
434.1 t/hl:'
136.0 t/hr
:1.36.0t/hr
81.0 t/hr
81.0 t/ht'

t/ht'
t/hl:'

81.0 t/hr
81.0 t/hr
27.2 t/hr

299.3 t/hr
20S.5 t/hr
92.8 t/hr

~~5 -150+75 -250+150 -1700+250 +1700
••••••••••••• u ••••••••••••• u ••••••••••••••••••••••••••••• ~ ••••••

Rod mill dl.ll!charga 18.5 6.5 7.9 52.2 14.9
Pl:'imeye feed 30.7 28.9 25.1 13.8 1.9
Prim eye A off 41.5 34.2 18.6 5.7 0.0
Prim eye B off 58.7 35.7 5.6 0.0 0.0
PrilT'eyc A u/f 9.1 31.1 29.8 27.4 2.6
Prim eye B u/f 13.0 27.5 34.5 22.4 2 dS
Pa):) mill 1 di$ch 34.5 28.9 24.D 11.8 0.0
PGlO mill 2 d.i,ach 33.5 32.3 28.1 6.1 0.0
SGIO eye hGid 50.1 35.0 12.1 2.8 0.0
Sac eye off 79.0 20.3 0.7 0.0 0.0
SGle eye u/f 17.3 45.S 37.1 0.0 0.1......~.•.•.•••...•.•....•........••......... ~..................
Check fot' accuracy:

Calc Mus
••••••• " ••••••• ~.~ ••• M •••••••••••

Prim cye off "Ioist
S&C eye off mai.t
Pl'lbmill moist,

73
76
33

73 !b
63 !Ii
33 !Ii

NotGi I 'I'hllsEioondary cyC1QIViIfnd solida ana water flow raU.
WI!\III utimat$d /!lndadjul!ltedto /hlcl ranonablGl watllt"
contents in 1;ha primary oV$t'flow and pGlbbla mill disehar9G1s
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Teat 71'1 initial mass balance

Stream
51.9

SoHds .Water
Rod mill feed
Rod mill dilution
Rod mill discharge
Primary dilution
Prim oyclone feed
Prim cyclone A olf
Prim cyolone B olf
prim cyclone A u/f
Prim cyolone B u/f
Pebble addition 1
Pebble addition 2
Peb mill 1 product
Feb mill 2 product
Seoondarj:' r.'iilution
Sec cyclrme feed
Sec oyclcmt. ,'/f
Seo cyclone u/f
Size analysis
••• 1t.I ••• ' ••••••

51.9
427.4
49.3
49.3

164.4
164.4

5.5
3.4

169.9
169.9

98.5
60.8
37.7

2.7 t/hr
17.3 t/hr
20.0 t/hr

154.9 t/hr
432.7 t/hr
133.2 t/hr
133.2 t/hr
83.2 t/hr
a3.2 t/hr

t/hr
t/hr

83.2 t/hr
83.2 t/hr
36.6 t/hr

303.0 t/hr
211.5 t/hr
91.5 t/hr

~75 -150+75 -2DO+180 -1700+250 +1700
Roel mill elischa,rgl!l 22.1 6.4 8.6 51. 4 11. 5
Prim eye feed 30.6 26.6 24.9 17.0 1.4
Prim eye A olf 44.3 31.5 18.5 5.7 0.0
Prim eye B r " 59.4 33.8 6.a 0.0 0.0
P;r:J.meyc A u/f a.6 29.2 30.3 30.1 1,.8
Prim cye B '~/f 8.6 2~.2 30.3 30.1 l.a
Pab mill 1 dbch 33.4 28.1 25.6 12.9 0.0
PaD mill 2 d.l.s!ch 32.5 26.3 27 •.1 14.1 0.0
SlIe cye had 51.9 32.7 12.7 2.8 0.0
Sec eye p/f 72.9 26.7 0.4 0.0 0.0
"lac cye u/f 19.5 47.1 33.4 0.0 0.0
•••••••• ~••• u•••••••••••••••••••••• _._ ••• ~•••••••••• $•••••••••••

Cheek fpr aceurl'ley:.*.~ ~ ~ .
Prim eye o/f moist
Seo eye: olf moint
pttb mill moililI!

73
78
33

73 Ii;
a3 iii
33 III

Note : The .'iloondarycyclona famd $ol.i.deam'! wat~r fl011 l:'atlllS
wU GllJtima.tlllc:lo!Indac:ljulIltatdto yiGIld l:'ullIcmabl(tWa.tGIl:'
contents in th$ primary oVQrflow and p&bbl& mill dischargae
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Test 60 i.nitial mass balance

stream
56.4

Solids WatE:!.t:'
Rod nill feed
Rod mill dilution
Rod mill dhcharge
Primary dilution
Prim oyclone feed
Prim cyclone A olf
Prim cyolone B olf
Prim cycl.one A ulf
PriM cyclone B ulf
Pebble addiUon 1
Pebble addition 2
Peb mill 1 product
Peb mill 2. product
Secondary dilution
Sec cyclone feed
Sec cyclone olf
sac cyc.lone u/f.

Giza analysi,1li
•• IiM 11II

Stream

56.4
446.2
49.7
49.7

173.5
173.5

5.5
3.4

179.0
l79.0
99.3
6i5, 3
34.0

3.0 t/hr
18.8 t/hr
21.8 t/hr

174.1 t/hr
443.6 t/hr
134.3 t/hr
134.3 t/hr
87.6 t/hr
87.6 t/hr

t/hr
t/hr

87.6 t/hr
87.6 t/hr
52.2 t/hr

320.7 t/hr
248,1 tlllr
12.6 t/hr

-75 -150+75 -250+150 -1700+250 +1700
Rod mill di$lchargl!il 18.3 8.8 10.1 44.6 18.2
prim cye feed 29.8 29.8 24.0 14.6 2.3
Prim eyo )\ olf 55.0 32.1 12.4 0.5 0.0
l?rir,U~"J B olf 57.1 3J,,9 8.9 0.1 0.0
prim eye A u/£ 9.4 28.4 32.1 27.:1. 3.0
Prim cyc B \1/f 14.2 28.3 31.5 23.0 3.0
Plllbmill 1 cU.sch 37.1 31.1 22.0 9.8 0.0
PGlb mill 2 diseh 28.4 30.7 28.4 12.5 0.0
Sac eyc feed 56.0 33.0 10.6 0.3 0.0
Sec eyc olf 77.9 21. 7 O.iI. 0.0 0.0
Sac cye u/f 16.2 50.7 33.1 0.0 0.0••••••••••• 1•••••• w••••••• ~••~~••••••••• ".M ••••••••••••• N.P.R ••••

Chlllckfor accuracy:
oalc Meas

Prim eye olf moist
Sac cyc olf moist
l?GI):) mill ml:>ist

73
79
33

73 If;
83 !Ii
33 'Ii

Note : 'he sacond"~y cyclone faod oclids and watar flow rates
wu lilllltimatGidand adj~lli1tCidto yield r~uonab1~ watllll:'
eontlllntalin th~ primary ovtilrflowi\\ndplllbblGlmill dililoh~\"9I11S
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{Calculate some check values}
pcfc:=sto[pcf,sol]/colog+sto[pef,wat];
se£e:~storsc!,solJ/aols9+sto(aef,wat);
pede:.(sto(pef,sol)+sto[pcf,wat])/pcfc;
ecdc:.(sto[scf,aolJ+sto[acf./wat))/~cfc;
pmc:=(sto[peoa,wat)+sto[pcob,wat))/

(ato(pcoa,wat]+sto[pcoa,sol)+sto(pcob,wat]+oto[pCOU,BOlJ)*100,
srno;=sto[aco,watl/(stO[sco,wat]+sto[sco,sol])*lOO;
pmmc: OJ (eto t pdis.'!.,wat J +sto [pdie2, wat) )/

(sto[pdisl,watl+sto(pdiel,sol)+sto[pdis2,watl+~to[pdis2,001))*100;
{Write report file}
if teBtnum~'la' then rawrita(fitrep) else append (fitrep)1
writaln(fitrap, 'Test ',testnum,' umoothed mass balance'),
writGlln(fitrep/' ......"'''''''..'''~.....''',.=,u,========''' ... ') I
writaln(fltrep);
w~iteln(fit~op,'Stream Solids water Adj');

writeln(£itrep, ' =.~M =.=.~••~ =.= = ..d~= ')1
writ.lnCfitrep, 'Roa mill f$Qd ',sto[rmf,sol]:6;l,'

',sto[~mf/watlI611,solmod[rmfJI6111' t/hr')1
writ.•ln(fitrQP,'Rod mill dilution

',.to[rdil,w&tlIGI1,' tfhr')t
writ~ln(fitr.p,'Rod mill dieohar9.' ,lto[rmd,.ol)16:1,'

',lIto(rmd,Natj :Gt1,flcll\\od[rmd)IG:l,' t/hr') 1
writ$ln(fitrep, 'Primary dilution

',.to[pdil,wat):Ei:l,' t/h):");
w):'it~ln(fitrep, 'prim cyolon_ feed ',sto[pof,soll:GI1,'

',.to[pef,wllt] :6:1,aolmocl[pcfl :G:l,' t/h):");
write1n(fitrep, 'Prim cyclone A o/f',atotpcoA,sol);6:1,'

',ato[pco&,watlI6:1,solmod[peO~]16:1,' t/hr');
writ.ln(fitup,'Prim cyclon. a o/f',lIItotpcob,aolJIGI1,'

'(.to{poob,wntJ;6:l,aolmod[r,cob):G:l,' t/hr')1
writttln(fitrap,'pt'im oyc:lone A U/f' ,.to[ltcul\,aoll:6:1,'

',$tO[pcuA,watj;6:1,solmod[pc::ua)16:1,' t/hr')J
writ.ln\fitr.p, 'Prim cyolone B u/f".to(pcub,lIo1jIGI1,'

',Itotpc'!p,wat) 16:1,IIc>lmod[pcllal:611,I t/h:r.')I
\,Ir.i.uln(fitrfllp,'Pebbllliad(;lition1 ',ato[p.bl, 801]1611, ,

',ao1mod(publlI6:1,' t/hr')1
writa1n(fitr&p, 'PllIbbl.addition 2 ',lto(p.b2,1I0l):6:1, I

',aolmoa(pebl)J611,' t/hr');
writdn(fittlap,'Pfllb mill 1 produc::t',stotPd1ll1,lIIol]IGll,'

I ,Ito(pdhl,wat]l G:l,lolmod[pc'.iol): 6: 3,' t/hl:')I
wriUeln(fltr&p,".b mill 2 pl:oduc::t',sUo[pdia2,lol):G:l, I

',illto(pdia2,wllt)16;l,.olmod(pdia2]:6:1,<' t/hr') 1
writ.ln(fitrep, 'secondary dilution

',.totaclll,wat)la:l,' t/hr'll
writ.ln(fitr.p,'sQC ~yclon. f •• d ',.to[.Of,80l)IGI1,'

',.to[*cf,wat]1611,.olmod(lcflIGI1,' t/hr')1
writaln(fitr.p,'S&O cyclone o/f ',Qto(lco,aol]t6tl,'

'latoraco,wlltJIGI1,.olmo~[3c::oJI611, I t/hr')1
writuln(fitrep,'sec cyclon~ U/f ',.to[scU,.Ol]IGI1, I

',.tol.nu,wat);G~1,.Qlmod[,cu]16:1, t t/hr')1
writ&ln(f.itr&p)1
writalo(f;itr&p, 'Size analy.i.')1
wrlteln(fitrep, '.N••••••••••• ')I
wl:itoln (titre!?,'SUt'eam -Y/5 -150+75
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sto[oef,sol):~solution'[3+1);
sto(scu/ool):=~olution·[B+lll
sto[oco,sol):~oolution·[4+1);
for i:.. 1 to shes do beg J.n

utu(rmd,i+21:=solutlon"!(i-l)Watraams+1J;
sto(pcf,i+2):lOoolution-((i-l)*streams+2);
~to(pcoa,i+2): ..solution·(i~1)*straams+31;
sto[poob,i+2]:=solution"[(i-l)*straams+3J;
Bto(pcua,i+2J:"solution·((i~1)*streama+5)t
ato[pcub, i~'2):IIlso).ut~ion·t (i-I)*straams+51,
st~[p$b1,i+211.so1ution·((i-l)*streamB+gJ;
sto[pQb2,i+2):~~olution·((i-1)*streams+S),
sto[pdisl,i+21:·so1ution"(i-l)*atreams+71'
ato[pdis2,i+2):.solution-((i-l)*streams+7];
if (st(pdisl,i+2)+st[Pdisl,i+2)<>O then bogin

sto[pdisl, 1+2 J : -uto(pdis1,.!..f·21*st(pdJ.sl,H2) / (at [peUs1, 1+2] +st (pdi
1112,i+2))1
sto[Pdis2,i+2):"sto[pdis2,i+2)*st[pdis2,i+2]/(st[pdisl,i+2]+at(pdi
s2,i+2J)1

Bln::l,
st~(.of,i+21:-so1uticn·t(i-l)*straame+311
st.·;, ( scu, i'r2!13Ilo1ution"((i"l) *stnamo+S) I
.to[sco,i+2J:-uolutlon"t (i-1)*atrBlam.+4)1

end, {f,:>ri}
(Cheek naqativtJ flow$}
for i I:~ 1 to 17 de bQgin

hllltl-O;
fO~ j:'" 3 to 7 do if sto(i,j)<O than bsgin

faultl ••to(i,j)+fault;
sto (.l., j ):",01

tanei 1
Itc[i,'] ••sto(i,71-fAult,

~ncl; {:eo): i)

{Do l\ IHltGlr bllln.ncll}
fOI 11u1 to 17 do sto[i,w_tl:-st(i,wtt),
{Wt'it(DrtUlulta to lUll fi'c)(x.clat}
t'fawri.tGl (fitcla:c:) 7
for i,·l to 17 do beqin

writ.ln(ritdllt,.to~i,.~1):7:1,uto(i,wat)17:1,.to(i'P1700J1711,
.to(iJ~1700):711J.toti,12S0):711/sbori,.1501:7:1,.to(i,.75J:711),

Glnd; {fol:'i}
for il~ 1 to 10 do writta(fitclat,pllt'm[i]IO:l) I
alOillll(fitdMt);
{CaloulatBi extant Qf variation}
fot' llw 1 to 17 do bllgin

a:!,zmocl(i) '110,
fot' jlh I to 7 do

.izmod [i), •• hl\lOI:\ (i I+elb.(lilt [.1., j I-lit.o [i,j J ) 1
lizmod[ill-.1zmod[i)/5,
.olmo~(111.lbu(.t[i,.oll-·to[i,ao11);

andl {fOl: i}
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for i:a 1 to sizes do begin
1: ..1;
ml ..Q,
for j:= 1 to units do begin

if mill[ll<>j then bagin
for ).:'"1 to streamo do begin

col:asizes*streams+streams+j+m+n,
coeffioients~(row+k,col):aunmatrj,KJ*aizmat(i,kJ;
coefficients·(col,t'ow+kl:aooaffioients·[row+K,Ool),

and1{for k}
m:I:lO;

end else begin
m:"-l,
1:"1~'1;

Gllld;{if}
end;{for j}
n:=n+unita~millsl

and, {for i.}
nt-O;
for i:'"1 t.o sizea do bE~gin

for j:. 1 to strumll do bag in
col,-si.zGo* (stroams+unite-mi:tla) +strGIams+j;
row;-j'I'nl
cO$fficient.-(rcw,col):"'l,
coafficiants·(col,row]:-l;
constants-[coll:-100;

!IInd/{forj}
n:-n-f·streamsl

end1{fo):'L)
for il'" 1 to units do bsgin

row ••straams*sizasl
col:-size$*(9tr~l!Ims+unitB~millB)+2*stra~ms+il
for j:'" 1 to etreams do begin

coeffici&nts-(row+j,col)lxunmat[i,j]1
coeff~cient~-(col,row+jll"'coefficients·trow+j,colll

enell{ft'lrj}
GU,Ji {for i;

{SolY~ the matriX}
dim~n:"'sizeB*(streamB+units-mills)+2*stroams+units,
"'t'itGlln(•smoothing data for tOlflltI,tastnum) I
8parse(dimen,coefficientB·,constant.·,solution~,flagl);
{Save results into matrix st>
1,"'sizQa*straama1
sto(rmf,sol) I"',olution-[l+l) 1
ato(rmel,sol] l"'solution-[1+1J I
sto{pcf,sol);ueolution-[2+1]I
ato(pcoa,sol);·solution-(3+11/2,
$totpQob,sol] ,"'solution-(3+11/2;
ato(pcua,sol]:-solution-(S+11/21
.to[pcuQ,.ol],-solution-(5+1j/2;

.to(pabl,.ol] l.solution-(9+11*attpGbl,Doll/(st(p.bl, BO 1)~·Bt(p.b2,B
01]) 1

sto[peb2,soll:~solution·(9+11-·to[pabl,aol11
ototpctisl,BolJI~8to[pcua,.olJ+sto[pGbl,solll
ato[pclie2,sol] ,,,,.to(pcub,aol)+ato(p.b2,solj,
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sizvll.rti,l):=vari(rmd,i+2)*at[.rmd,i+2)/lOO;
sizva.r[i,2):=vari(pcf,i+2]*st(pcf,i+2)/lOO,
sizva.r[i,3]:=vari[scf,i+2]*et[sct,i+2]/lOO;
sizva.r[i,4):.vari{sco,i+2]*st[sco,i+21/100;
sizvar(i,SJ:·va.ri(pcua,i+21*at(pcu&,i+2)/100;
sizva.r(i,G):·va.ri(pdisl,i+2)*st[pdial,i+2)/luul
sizvar[i,7]:·va.ri(pdisl,i+2]*st[pdial,i+2)/lOO;
sizvar[i,8]:=vari[Bcu,i+2)Wst[scu,i+2)/lOU,
sizvar[i,9):=Yari(pabl,i+2)*stfpebl,i+2)/lOO;
{checK for zero's}
for j:= 1 to 9 clo if sizvar(i,jj=O than

sizvar[i,j1:·0.01;
end; {for i}
{Size variances}
row:-O;
for i:- 1 to sizes do begin

for jlx 1 to streams do begin
rowl=row+l;
coefficients~[raw,rew):.l/(sizvarti,j);
constantsA[row):-sizmat[i,j)/(sizvar(i,j}};

end; {for j}
enalifer i}

for i:- 1 to streams do begin
roW: -1::'0\4+1;
coaffiaiants-rrow,row):-l/(flowvar[iJJI
eonstants·[row):"flowrate(i)/(flowvar(1)};

erld;{for i}

row: ..O;
n:-O;.
for i:- 1 to sizes do bQgin

1,"1,
m:·O;
for j:. 1 to units do begin

if j ~ mill[l) than bagin
ml ....l;
l~·l+ll

lind .leIa bllt,;1in
for lc I'" 1 to IIItrlilo.mAldo b\tlg.l.n

rowl·row+l; ,
coll"~i~~s*.tr(ilams+.tr$lms+j+m+nl

C~Glffipient.·[rowl~olll.unmat(j,kl*flowratGltk)1
eoaf~ioi.nts~(oolrrowl:·coGlffioillnt.~(~ow,ooll'

con.tants·(aol)l.oonstants~rooll
+ooefficient$·[rowloolJ*$i~mat[i,k);

andf{for k}
row:.row ...trelmsl
mpeO 1

enclHif}
emd;{for j)
row: ",.tl,'camsWiI
n:.n+unit.-mills/

endl {for if
r~ :•• treama*siZQ.!
)1;' I;
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{read data from disk}
for 1:-1 to 17 do

r$adln(balclat/stti,solJ,st[i,watl,stli,p17001rst[i,s17DOl,
'st[.l.,s2501,st[i,slSO],st[i,s7S1)1

for II- 1 to 10 do raaa(baldat,parm[.l.l)1
close (baldat)1
{correct addition errOr9 in sizes}
for 1,-1 to 17 do etti,.7S):·lOO-st[i,slSO)-st(.l.,G250)"

st[i,s1700]-ot[i,P1700]1
{Sat up flowrate array}
flowrate(l):.st[rmd,soljl
flowrate[Z):nst(pcf,solll
f 1.0wrat.a[3J:"'Bt[Gcf I sol) "
flowrate[41,·st[Sco,BolJI
flowrat.(51'··t(pcua,Boll+·t[~cub,soll;
flowrate[5):.st[pcua,sol)+at[pcub,ool]I
flowrate[71:*sttPdi=l,sOl)+st[pdis2,sol);
flowrateISjl-st!scu,sol]1
flowrata(9):.ot(pabl,0011+st(peb2,solll
{SQt up 81:'9 matrix}
for i:.1 to .iz •• do baqin

lizmat[i,l}:w.t[rmcl,.l.+2jl
sizmat[i,2):wat[pof,i+2]1
sizmat(i,3jlwst[ecf,i+2],
sizmat[i,4]:wat[lco,i+Zl1
•.l.lmatli,SJ:-(.t[pcua,i+2j+at[pcub,i+2l)/21
lizmat[i,GJ:-((lt[pdiQl,1+2)*mt[pdill,aol)+

.t(pdi.Z,i+2)*at[pdi.2,"011)/flowrAu.t71~
(at[pabl,i+2)*at[p.bl,sol)+
.t(p.b2,i+Z]*.ttp~b2,.olJ)/flowrat.(91)
I flowra1:.Gl(G 11

eizmAt(.l.,71IC(.t[pdi.l,i~2l*.t[pdi.1,'Qll+
It(pdi,2,.l.+2]*at[pdi.2,.ol))/
(.t[p~i.l,.ol)+.ttpdi.2Is01J)1

.izmllt[i,9j;lOl(at[p.bl,i.+2)lI·st[pOlbl,liIol]+
.t(p.b2,i+2)*at(p~b2,.01])1

(at[p,bl,.olj+.t[pab2,sol))1
aizmat[i,aJI ••t(.~u,i+2)1

cand, {for: i)
(Set up flowrat~ variance.)
flowvar[111.vn~1(rmd,soll*at[rm~,.olj/lOOl
flowvlr[2]lwvari[pcf,aoll*at[pcf,solJ/100,
tlowvar(3):-varir$Of,.o11*st(aof,oQll/1OOI
flowvar(4):.var.l.(aoo,aolj*attsco,.oll/lOO;
flowvar[SJ:wvar.l.[pcul!I,.ollwat(pcua,so11/100;
flo\,mu:((,)I.vl!lri[pdisl, 101] *st [pdhl, sol] 11001
flowvl!lrt71;·vari(pdi.l,.ol]*~t[pdi.l,.011/1001
flOwvar[8j;wvari[aau,aOlj*st[Jcu,.oll/lOOJ
flOWVM;'(9jlwvat'i [pabl, loll *at [V(1'!ll, 1.'101]/100I

{SOIt up siza variances}
for. 11w1 to siz.s do ba9in
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begin {main>
{In.i.tialiae}
new(coefficianto);now(constants);new(solution)/
dl~sC~i
{ut up f ilEl~ >
ulllign(vo!Irclat,'C;\MSC\OA'rA\FITVAIt.I:lAT');
l!!.ui9n(fi·t~ep,'0: \MSC\DA'l'A\FI'r.REP , ),

(Read in vl~i.ncas)
{$I~}~Elsat(vardat)I{$I+}
if iorlilsult-2 then bagin

wrihln ( 'Va,dance file not fo'mel');
halt(O);

and, {if}
for I:. 1 to 17 dQ readln(vardat,vari(i,sol),vari(i,wat],

vari[i,p1700],vari[i,s1700J,vari[i,s2S0),
vari[i,sl~Ol,vari[i,s751)1

clol!llJ(val:dat);
{Sat up unit matrix}
for II- 1 to units do begin

for j:w 1 te streams do unmat(i,JJ;=O,
IIInc11{forl)
unmat[l,l J ;.1;unmat(l,2] Iw~1;unmlJ.t(1,7):"1;unmat[l,9J :-1;
unmat [2,2) : -llunmat [2.3) 1l<t·1;unmAt(2,5) :""1;
unmatt3,31Iwl1unmat[3,41:-~1,unmatt3,811.-1'
unmat(4,S):-1;unmat(4,o),.Ml;
unmatlS,6):.1,unmat(S,7)IN-1,unmat(5,9J:=1;
mill[lJ :-4,
millin~trtllr~5;
milloutatr[lJ:-S,
{Start loop and define tastnum and input/output filllls}

{(only half the tastl}
for test:w 1 to 11 do begin

for lubtaat:w 1 to 3 do blll9in
if test<9 than st~(t$st:l,t •• tnum) ~l~G

,tr (tUt·t-212,tlUtnum) 1
if aubtut:ll1 thGln t.llIStnump.tl!lstnul'n+'2\ 11
if lubteSlt-2 th6<otlllltnum:-tutnum+'b',
if lubteat-3 then teltnum:-te,tnum+'c' ;
{Slitup}
tliml!lo:-O,
fillchflr (oodfioittnt.,·, Biuof (OQoffic.itllr,tIIA

),0) ,
filloha~(oon$t&ntsA, .iz$of(conmtantl~),O};
{ll.ni9n fUn)
uai9n (bUdat, '01 \MSO\DATA\SAL' 'f'taotnum+'•OAT' ) I
~lsi9n(fit~at, 'CI\MSC\DATA\FIT'+taatnum+'.OAT')1
{OPGltl filu}
{$I-}r~.l!lt(baldat);{$I+}
if ioresult~2 then bogin

wtitlllln ( 'Dl!ltAfib aM.' +tlUtnum+' •OAT not found') 1
hlllt(O) 1

IIInd; {if}
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APPENDIXE
program smoothsol;

Turbo Pascal program listing

{Reads initial data in BALxx.DAT and variance data VAR.DAT to do
material balance smoothing}
{Writes out to fitxx.DAT and FIT.Rmp}
usas solvn'lat,wi.nert;
lab£.tllabell;
canst rdil .. 1;

pdil '"2;
sdil '"'3;
rmf .. 4;
rmd "'!';
pef :.:6:
peoa 7;
poob 8;
peua '"9;
peul:>~ 10i
p<'li91.11i
pdis2- 12;!lief ...13,
sou II 141
seo .. 151
pebl '" 16;
peb2 It 17;
sol .. 1.;
wat ,.,2;
p1700 '"3,
s1700 ..4;
s250 ..5,
slSO .. 6;
s7S .. 71solsg ,. 2.65;
'.mi'!:s..5;
streams" 9;
sizes ..51
mills ..1/

{to define stream numbers in matrix st}

{Stream elements in matrix st}
{Tons per hour.}
{+1700 f,raotion}
{-1700+250 fraction}
{-250+150}
{-150+75}
{-75}

var vardat,fitrap,balaat,fitdat
tl1i~tnum
at, stoIVal:'j.
parm
s.l.Zl\10Q, solmod
tOlIlt:,subtslilt
unmat, sizmat, S.!.zVill:

ral".l;
flowrate,flowvar
mill,millinatr,milloutatl:'
climen,i,j,k,l,m,n,row,col,
itE'Il:',£lagl
ne9f'la9~efoladfe,pede,sedc,pme,
sme ,pmme ,f'au11:,
C'iol»fficients
conatants,Golu~ion

Appendis E : Program listing

text;
string(3)i
array (1••17,1 ••7) of real;
array [1..10) of r961;

I array (1••171 of real;
intEl9E1r;

I array [l •• units,l ••streamsl of
al:'~y (l••stra~mBl of r.eel;
al:'ray[l••unita) of integer;
integer;

I poolaanl
red;

I "'matrix;
~veotor;

173



Test 13c initial mass balance============~===========~===
Stream Solids Water~==================~===~======~===~===
Rod mill feed 62.3 3.3 t/hr
Rod mUl dilution 20.6 t/hr
Rod mill discharge 62.3 23.9 t/hr
prj.nary dilution 202.9 t/ht'
Prim cyclone feed 437.8 ~55.8 t/hr
Prim cyclone J\ olf 52.1 148.3 t/hr
':'rimcyclone B olf 52.1 148.3 t/hr
prim cyclone A ulf 101).8 79.6 t/hr
Prim cyolone B ulf 166.8 79.6 t/hr
pebble add.!'"'Lon1 2.8 t/hr
Pebble addition 2 2.3 t/hr
Peb mill 1 product 169.6 79.6 t/h):"
Peb mill 2 product 169.6 79.6 t/ht
sec:ondary dilution 7.9 t/hr
Sec cyclone feed 104.2 304.4 t/hx'
Sec cyclone olf 67.4 234.7 t/hr:
Sec cyclone u/f 36.8 69.7 t/hr
Size analysi!:J"_.-.I!!I ... =•••
Stream -75 -150+75 -250+150 -1700+250 +1700
Rod mill discharge 14.7 4.6 6.4 44.7 29.6
prim eye feeCl 24.2 30.4 22.3 19.0 4.2
l?x:imeye A olf 56.0 36.6 7.0 0.4 0.0
Prim eye B olf 55.0 39.1 5.7 0.2 0.0
Pri.m eye A u/f 9.6 25.6 27.5 31.8 5.5
prim eye B u/f 10.1 28.8 29.7 25.9 5.5
Peb mil.1 1 diseh 24.9 31.7 26.2 17.2 0.0
Feb mill 2 disch 27.7 29.5 27.4 l!L4 0.0
Sec eye:fe(;)d 55.5 37.8 6.3 0.3 0.0
Sec eye olf eo.o 19.9 O.l 0.") 0.0
Sec eye ulf 20.4 72.3 7.3 0,0 0.0
... =.==*== •• ==a:.= •••• ·ua:=ft= .... =====.======:c.==.===.:= •• t:t=nlllfiiltilall=_=;rt:iii;tlit

C,heek for l:Ioeu;r:aey;
Calc Maas

prim eye olf moist
Sec eye Olf moist
Peb mill moist

74
78
32

74 %as %
32 Ih

Nota : The secondary cyclone feed solids and water flow rates
was estimatad and adjusted to yield reasonable water
contents in the primary overflow and pebble mill disoha~ges
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Test 13b initial mass ba~ance===~=m:~==~~==========~=====
Stream Solids water====~===============c=========~====~==
Rod mill feed 59.7 3.1 t/hr
Rod mill dilution 20.1 t/hr
Rod mill discharge 59.7 23.2 t/hr
prima.ry dilution. 197.6 t/hr
Prim cyclone feed 434.7 453.9 t/hr
Prim dyclone A 0/£ 52.0 147.9 t/hr
'E'rimcyclone B off 52.0 147.9 t/hr
Prim • volcne A u/:' 165.4 7.).1t/hr
prim \.lclone B u/f 165.4 79.1 t/hr
Pebble addition 1 2.8 t/hr
Pebble addition 2 2.3 t/hr
Peb mill 1 produot 1613.2 79.1 t/ht.'
Peb mill 2 product 166.2 79.1 t/hr
Secondary dilution 7.9 t/hr
Sec cyclone feed 103.9 303.7 t/hr
Sec cyclone off 64.8 228.7 t/hr
Sec cyclone u/f 39.1 75.0 t/hr
Size analysis.:. =••
stream ~75 -150+75 -250+150 -1700+2~0 +1700
Rod mill discharge 12.5 7.3 9.6 51.2 19.4
Prim cyc feecl 23.8 31.0 2!i.O 17.~ 2.7
Prim cye:A off 59.4 34.0 6.4 0.2 0.0
prim cye B off 56.9 38.6 4.3 0.2 0.0
Prim cye A u/f 8.7 28.6 32.9 26.3 3.3
prJ.m eye a u/f 10.1 29.4 34.1 22.9 3.5
peb mill 1 diseh 23.7 32.5 28.9 14.9 0.0
Peb mil.l '2 disch 28.1 29.7 29.8 12.4 0.0
Sec e~'e f6;Eid 58.2 36.3 5.4 0.2 0.0
Sec eyo off 72.1 27.7 0.2 0.0 0.0
Sec: eye u/f 23.1 65.9 11.0 0.0 0.0= ••••• m.~•••~•••=~.=••=••• =M~•••• ~••••••••••••••••• *.'~•••a••_•••

Check for a.ceur~ey;
Calc Neas

Prim eye o/f moist
Sec eye o'/fmoist
Feb mill moist

74
78
32

74 %
85 !Ii
32 %

Note : The secondary cyclone feed solids and water flow rates
w~s estimated anc;'la.djus'C!lIdto yield reasonable water
Qontents in the primary overflow and pebbl~ mill disnharges
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Test 13a initial mass balance===~=======~~~=~======~=====
Stream Solids Water==~==~~~==~=~~=====~=====~===========~
Rod mill feed 46.8 2.5 t/hr
Rod mill. dilution 15.6 t/hr
Rod mill discharge 46.8 18.3 t/hr
.Pl:imary diluti.on 190.9 t/hr
ptim cyclone f€'ed 447.0 444.3 t/hr
prim cyclone ]I. off 48.7 138.7 t/hr
Prim cyclone B Off 48.7 138.7 t/llr
prim cyclone ]I. u/f 174.8 83.S t/hr
prim cyclone B u/f 174.8 83.5 t/hr
Pebble addition 1 2.8 t/hr
Pebble addition 2 2.3 t/hr
PGlPInill 1 product 177.6 83.5 t/hr
Peb mill 2 product 177.6 83.5 t/hr
Secondary dilution 7.8 t/hr
SAC cyclone feed 97.4 285.1 t/hr
Sed cyclone off 51.9 217.0 t/hr
Sec cyclone tl/f 45.S 68.1 t/h~
She analysis
._*=_1"::====:===
stream -75 -150+75 -250+150 -1700+250 +1700
====:-t==---=======uc====;: ~I -.l===========_=====i&IIit_===_== • .=:===:===============
Rod mill. discharge 19.5 7.4 9.9 51.6 11. 6
Prim eye feed 23.6 31.3 26.7 17.3 1.2
Prim cyc ]I. off 57.2 36.4 6.1 0.3 0.0
Prim cye B off 60.5 34.0 5.4 0.1 0.0
prim cyo A U/f 8.7 27.9 34.0 27.8 1.6
Prim eye B u/£ 10.9 28,.3 35.4 23.8 1.6
Peb mill 1 disch 25.1 29.5 30.2 15.2 0.0
Peb mill 2 disch 22.8 31.7 30.8 14.7 0.0
see eye feed 58.9 35.2 5.S 0.2 0.0
Sec eYC off 85.2 14.7 0.1 0.0 0.0
Sec cye u/f 24.8 61.1 14.1 0.0 0.0*A.=.~=_=•••==.========================~=·:===========*===.=a==~.
Check for a,ocuracy:

Calc Meas
prim cye off moist
Sec eyc off moist
peb mill moist

74
81
32

74 %
85 %
32 %

Note : The secondary cyclon~ feed solids and wate~ f.low~ates
Wi:\S estimi!l.teda.ndadjusted to yield reasonabl.e water
contents in the primary overflow and pebble mill discha~ges
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Test 12c initial mass balance

Stream WaterSolids===~=======================~==========
Rod ·\ill.feed
Rod mill diluti~1
Rod mill discharge
Primary dilution
Prim eye Lone J:ec3d
Prim cyclone A olf
Prim cyclone B olf
Prim cyclone A ulf
Prim cyclone B ulf
Pebble addition 1
Pebble addition 2
Bab mill 1 product
Feb mill 2 product
Secondary di,lutiol1
Sec cyclone 1aed
Sec cyclone olf
Sec cyclone \lIt'

S1iZ,Qanalysis
==I:. •••••••• It.
Stream

64.5
64.5

514.8
40.5
40.5

217.0
217.0

2.B
2.3

219.B
219.8

80.9
69.6
11.3

3.4 t/hr
21. 2 t/hr
24.6 t/hr

.189.2 t/hr
436.7 t/hr
11!L1 1:/hr
11S.1 t/hr
103.3 t/!lJ:
103.3 'I:.,hr

t,hr
t/hr

103.3 t/hr
103.3 t/hr

8.2 t/hl:'
238.4 t/hr
222.0 t/hr
16.4 t/hr

-75 -150+75 -250+150 -1700+250 +1700
Rod mill discharge 15.1 5.1 6.B 43.2 29.8
Prim eye feed 24.0 23.3 24.8 24.3 3.7
Prim eye A olf 58.1 33.4 8.4 0.1 0.0
Pl:'J.meye B olf 54.4 36.5 9.0 0.1 0.0
P.d,m eye A ulf 7.2 20.7 28.1 39.11 4.4-
Prim eye B ulf 9.0 20.1 30.3 36.2 4.4
Feb mill 1 diEleh 27.4 22.0 2L9 23.7 0.0
Peb mill 2 d!seh 23.2 2B.2 28.0 20.6 0,0
Sec eye feed 56.3 35.0 8.7 0.1 0.0
Sec eye: olf 81.1 lS.S 0.4 0.0 0.0
Sec eye ulf 23.0 56.4 21.6 0.0 0.0.=.=.~.a===••••••== ••• =••• ==============================_=_==_==
Check for accuracy:

Calc Meas
P.rim C~IC 0/£ moist
Sec cy~ off moiElt '
Peb mill moist

74
76
;'2

74 %
85 %
32 %

Note : The seeonJary cyclone feed solids and water flow rates
was estimated and adjusted to yield reasonable water
contents in the primary overflow and pebble mill discharges
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Teat 12b initial masa balance
::::;;;;========:::==;:======_======;::==

st);'eam solids Water
=:;=======:01=====:========-==:::'====::::=====~==
Rod mill feed 65.7 3.5 t/hr
Rod mill dilution 21.6 t/hr
Rod mill. discharge 65.7 25.1 t/hr
p,dmary q.i.lution 185.6 t/hl;
Prim cyclone feed 504.9 439.5 t/hr
Prim cyclone A off. 42.0 119.5 t/hr
Prim cyclone B off 42.0 119.5 t/hr
Prim cyclone A u/f 210.4 100.2 t/hr
prim cycl.one B u/f 210.4 100.2 t/hr
Pebble addition 1 2.8 t/hr
Pebble addition .2 2.3 t/hr
Peb mill 1 product 213.2 100.2 t/hr
Peb mill .2 product 213.2 100 •.2 t/hr
Secondary dilution 8.1 t/hr
Sec cycl.one feed 84.0 247.2 t/hr
Sec cyclone olf 70.B 218.8 t/hr
Sec cyclone u/f 13.2 28.4 t/hr
Size analysis=============
stream -75 -ltiO+75 -250+150 -1700+250 +1700
,io===::===::==:::i:::::::==::::===================::========~========::==~========
Rod mill clischarge 16.0 4.2 e.4 41.3 32.1
prim eye feed 23.4 23.7 2·..5 24.3 4.2
Prim cyc A olf 52.2 35.S 11.9 0.1 0.0
Prim eye s olf 53.3 38.0 8.6 0.1 0.0
Prim eye A u/f 9.5 21.0 28.4 36.1 5.0
prim eyc B ul£ 7.3 23.6 31.1 33.0 5.0
Peb mill. 1 diseh 24.7 24.4 26.2 24.7 0.0
Peb mlll 2 diseh 24.4 26.8 ~S.8 20.0 0.0
Sec eye feed 52.S 36.9 10.3 0.1 0.0
Sec nyc olf 83.8 15.9 0.3 0.0 0.0
Sec cye U/f 21.3 60.3 18.4 0.0 0.0=======~====~======~===================~============~==~========
Check £ol; accuracy: ,

Calc Heas
Prim ayc olf molLst
sec cyc olf moh3t
I?eb mill moist

74
76
32

74 %
85 %
32 %

Note : 'l'hesecondary cyclone feed solids ancl water flow rates
was estimated and adjusted to yield l;aasonable water
content~ in the primary overflow and pebble mill discharges
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Test 3a smoothed maus balance

stream
65.8

solido Water Adj
Rod m.U1 fear;.
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclone feed
Prim oyclone A off
Prim cyclone B off
prim eyc).one A u/f
prim cyclone 8 u/f
Pebble addition 1
Pebble addition 2
p~b mill 1 product
Feb mill .2 prQduct
Seeond~ry dilution
Sec eyelol\$ reed
Sb1d cyolrrllloff
Sec oycl\~I'eu/f
SiZe! analysis
.......... l'IliIiiil.

Stream

65.8
413.5
48.7
48.7

158.1
lS8.1

.3.1

.3.5
161.2
161.6

97.3
72.5
24.8

3.7
23.4
27.1

195.9
397.5
132.S
132.8
66.0
..6.0

66.0
66.0
11.4

277.0
234.4
42.6

4.7 t/hr
t/hr

4.7 tlhr
t/hr

1.2 t/hr
0.4 t/hr
0.4 t:/hr
0.1 t/hr
0.1 1!/h1.'
0.2 \ 'hr
0.2 t/hr
0.3 tihr
0.1 t/hr

t:/hr
0.9 t/hr
5.0 t/hr
4.1 t/hr

~7S -150+75 ~250+150 ~1700+250 +1700 Adj
Rod mill discharge 11.0 4.0 11.5 43.7 29.8 0.7
.Prim eye feed 14.8 23.7 30.1 25.8 !i.6 2.6
J;lrim eye A off 50.9 2B.O 20.7 0.4 0.1 3.2
Prim eye B off 50.g 28.0 20.7 0.4 0.1 H.l
Prim eye A u/f 3.6 22.4 33.0 33.7 7.4 3.8
prim c:ye B U/f 3.6 22.4 33.0 33.7 7.4 G.l
Pl1b mill :I. dialeh 9.3 12.8 14.9 12.9 1.1 9.a
Pl!b mill 2 c.1i1l1ch 6.6 13.7 17.5 11.2 0.1 10.2
S$O eye fud 50.9 28.0 20.7 0.4 0.1 9.1
SIIIt':eye off 65.3 23.5 10.9 0.2 0.1 2.9
Sac eye ll/1! 11.0 39.9 49.4 0.7 0.0 0.2

Calc Maaa
Prim eye off moist
S$O eye olf moimt
Pab mill Il\oiat

73
76
29
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Test 20 amoothad mass balanoe.~•••••~~*.=~=.m==a=~=~.==~=
St);'eltlm Solids Water Adj
Rod mill feed
Rod mill dilution
nod mill discharge
Primary dilution
Prim cyelonG foad
Prim cyclone A off
Prim cyclone a off
Prim cyclone A u/f
Prim cyolone B u/f
Pebble addition 1
Pebble addition 2
Pab mill 1 product
Pab mill 2 product
~acondary dilution
Sac cyclone feOd
Sae cyclone off
Sac cyc101~(9u/ f
Sizca and:tlllisas.-= .,.
Stral'1m

60.0

60.0
430.3
64.1
54 .1

155.1
155.1

2.5
2.2

157.6
157.3
l~a.l
64.9
63.3

3.3
20.7
24.0

290.u
474.4
172.8
172.9
64.4
G4.4

64.4
64.4
20.9

366.3
325.4
40.9

2.6 t/hr
t/hr

:2. f'. t/hr
t/hr

0.6 t/II!.'
0.2 t/llr
0.2 t/hr
C.S t/hr
0.5 t./hr
0.1 t/hr
0.1 t/hr
0.5 t/hr
O.S t/hr

t/hr
0.3 t/hr
2.6 t/hr
3.0 t/hr

-75 -150+75 -250+150 -1700+250 +1700 Adj

ROd mll dilllchar91.a 2.9 11.0 5.7 40.8 39.(\ O. l.
PdT,) eye feed 15 •.3 31.2 27.1 20.2 6.2 1..3
Prim eye A off. 39.S 43.7 16.1 0.4 0.0 7.7
prim cye B off 39.S 43.7 1(;'1 0.4 0.0 6.5
prim eye ~ u/£ 5.3 26.1 ~1.7 28.3 8.7 1.2
Pl:.i.meye B u/f 5.3 26.1 31.7 2S.3 8.7 1.2
Plib mill 1 clinch 12.3 11.6 16.1 10.3 1.0 9.7
l<l.IO mill 2 d.l.lloh 6.1 18.2 14.5 9.a 0.1 10.3
S&Q eye: fIIeel 39.8 43.7 16.1 0.4 0.0 !:-.O
Sae eye off. 67.2 30.3 :a.4 O.l. 0.0 0.8
Sae eye u/f 11. 6 57.S 30.3 0.6 0.0 0.4
•••*.~•••••••••~•••••••••••••••••u•• ~•• ~•••••••••••••••••••• 1••••••••• " •• ~

Calc: Mue
••• ~•• M •••••••••• ~ •••••••••••••••

Prim eye olf moi.t
Sle eye off moi"t
Plllbmill moi.t

73
93
29

73 lb
84 III
29 ll;
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Tast 2b smoothed mass balance

Stream
65.9

Solids Water Adj
Rod mill. faGld
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclone feed
Prim cyclonGl A ~/f
Prim cyclone B O/f
Prim cyclone A u/£
Prim cyclone B u/f
Pebble addition 1
pebble addition 2
Peb mill. 1 product
Peb mill 2 product
Secondary dilution
Sac oyclone feed
Sac cyclone o/f
Sec cyclone u/f.
She Ill.nl!llysis...............
StrlUl,m

65.9
419.2
6:L9
63.9

H5.7
1415.7

2.5
2.3

148.2
147.9
127.8
70.5
57.3

3.9
24.3
28.2

276.8
476.4
177.7
177.7
60.5
60.5

GO.5
GO.5
21.2

376.6
326.2
50.4

8.1 t/hl:'
t/hr

S.l t/hr
t/hr

3.7 t/hr
1.a t/hr
1.8 t/hr
0.0 t/hr
0.0 1.:/hr
0.1 t/hr
0.1 t/hl:
0.1 t/hr
0.3 t/hr

t/hr
3.7 t/hr
8.4 t/hl:'
4.7 t/hr

-75 -150+75 w250+150 -1700+250 +1700 Adj

Rod mil.l dl,sr.::hargli 9.1 6.9 14.2 35.~~ 34.0 0.5
P::im cye feed .a.s 30.5 28.2 20.1 5.9 1.4
Prim eyo A O/f 4l5.S ::10.9 15.8 7.4 0.1 5.2Prj,m cyc B o/f 1,5.8 30.9 15.8 ·J.4 0.1 13.2
Prim eye A u/f 1.7 30.5 33.7 25.6 8.4 a.s
Prim eye::a uri 1.7 30.5 33.7 25.6 8.4 4.0
tiel:! mill 1 dillloh 8.4 17.4 l.S.3 8.4 0.4 10.0
PiliPmill 2 d1sch e.7 17.0 14.8 9.2 0.3 10.0
Sac eye fnd 45.8 30.9 15.8 7.4 0.1 9.2
SOIa eye o/f 74.3 24.0 0.5 1.1 0.1 2.3
See eye u/f 12.7 37.9 34.J. 15.2 0.1 0.7
••• ~•••••••••••••••••••••••• *•• ~.~•••• ~"~•••• a••••• ~m~.~~ •••• w••••••• m••Q

chaek for aaQu~ncyl
calc Meas

PriM cye 0/£ m~i.t
Sac eye o/f moist
l'ab mill moist

74
82
29
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'.rest2a amoothed mass balance.m••M •••• " •• ~=•• ~~.n••••c=.~
stream

59.2
Solids WatG~ Adj

Rod mill had
Rod mill dilution
Rod mill di.charge
p~imary dilution
Prim cyclone flilsd
}rim ~yclonG A ~/f
Pr.im cy=lona a o/f
Prim cycl~ne A u/f
Prim ayclonlil B u/f
Pebble adclition 1
Pebble addition 2
Peb mill 1 product
pab mUl 2 produot
SGleondary dilution
S~C oyclone f~~d
S~C::cyclonl9 o/fSmo cyclone u/f
Siu andlYlllilll
•••••• M.1MmKl."
Stl'.'lUIll\

58.2
435.5
60.3
60.3

157.4
157.4

2.5
2.2

160.0
159.7
120.6
63.2
57.4

3.5
21.S
25.3

270.1
465.0
166.9
166.9
65.6
65.6

65.G
65.6
64.S

398.4
359.9
39.5

7.9 t/hr
t/hr

'1.9 t/hr
t/hr

4.4 t/hr
1.4 t/hr
1.4 t/hr
0.7 t/hr
0.7 t/hr
0.1 t/hr
0.1 t/hro.S t/hr
1.1 t/hr

t/hr
2.9 t/Ilr
7.7 t/hr
4.8 t/hr

-75 -150+75 -250+150 -1700+280 +1700 Adj
Rod mill di$obtlr91!1 7.0 3.7 16.6 46.3 26.3 0.5
Prim eye foed 13.2 34.9 30.2 19.0 3.9 2.1
Prim eye A o/f'; 42.3 41.6 15.5 0.6 0.1 7.6
Prim eye B 0, f 42.3 41.6 15.5 0.6 0.1 9.7
Pl:im eye A utf 1.9 32.3 3S.9 24.7 !.i. 2 1.7
Prim cyQ B ut£ 1.9 32.3 35.9 24.7 5.2 2.1
POll:! mill 1 d.l.lc:h 9.2 21 2 15.6 5,2 0.4 9.7
Palb mill. 2 cli.$Ie:h 5.6 15.2 17.0 10.7 0.0 J.0.3
s.c: eye fuel 42.3 U.S 15.5 O.G 0.1 7.S
Site e:ye: o/f 72.7 26.0 1.0 0.2 0.1 1.S
SGIO e:ye: u./f :'.0.0 58.3 30.7 l.O 0.0 0.5
•••••••• ~••••••••••••••••••••• Ma ••••••• *•••••••• w~ •••••••••••••••••••••••

Cale: MUll
P~im eye ~/f mOilt
S.c: eye o/f moiat
!?ttl;) mill mos.-t

73as
2\1

73 '!J
84 'lI
29 'li
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Solids Wata~ Aclj
Rod mill fesd 59.5 3.G 6.7 :/h~
Rod mill dilution 21. t/hr
Rod 1'1'1.1.11 c·.!.sohal.'ge59.5 25.2 G.7 t/hr
Pt.!.m,,-rydilution 287.2 t/hr
prim eyulona feed 407.3 491.7 1.5 u/hr
p);.l.mcyclone 1\ off 64.3 185.1 0.7 t/hr
pr.Lr/\eye lone B off 64, ,1 18S.1 0.7 t/hr
prim cyclone A \l/f 139.3 60.0 0.1 t/hr
prim eye lone B u/f 139.3 60.8 0.1 t/hr
PQbbll1l addition 1 2.G 0.0 t/hr
Pmbbln ad~lition 2 2.3 0.0 t/hr
P$b mUl 1 produet 141.9 60.8 0.1 t/hr
pab mill 2 product 141. 6 60.S 0.4 t/hr
Sscondary dilution 3.7 t/hr
SIIC ey(~lone flillild 128.7 373.8 1.3 t/hr
slIle cYCilonQ off 64.4 316.1 6.7 t:/hr
Sac cyelonfll u/f 64.2 57.7 5.3 t/hr
Siu anUy.h..............
stt'l3!un -76 ~150+7S ....250+150 "1700+250 +1700 Adj
Rod mill dl.schar911 8.B 4.2 10.7 48.9 27.4 0.4
prim eyc fGu»d 15.6 35.0 24.8 20,1! 4.3 1.8
1'r.\.mcye 'A off 43.6 45.1 10.9 0.4 0.1 9.5
prim aye a off 43.6 45,1 10.9 0.4 0.1 4.4
Prim aye 1\ u/f 2.6 30.3 3.1.2 29.7 6.3 2.7
l'l':imeye B u/f 2.6 30.3 31.2 29.7 5.3 5.6
Pel)? mi.ll 1 dbeh G.a 22.0 11.4 10.2 0.3 9.a
hb mill :.! cU.• ch 10.8 12.5 17.1 8.7 0.1 10.2
SGIO eye :I!•• r.'l 43.6 45.1 10.9 0.4 O.l 6.9
SOQ ayo oj£. 75.1 24.3 0.:3 0.2 0,2 1.7
SGIO eye u/f 12.7 55.4 21.4 0.5 0.0 0.4
.111••••• " •••• ,••• ,. .I "' ••• .,.I n iC.1I .

ell.clt for ~ceuracy:
Calc;- 14(1«'1

••••• ~••*••••••••••••••••••••• n_.
P~im eye off moimt
S.o eye off mQi.t
PiliPmill mQ.!.lilt.

74
9S
30

74 'h
93 Ib
30 'Ii
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Test lh 9moothad maGS balana~
••••• t1_=trJtMtet::X.II:/lttr! ... :r:=.#,' •• .i!I::::i.

Stl:'eam Solids Water Adj
Rod mUl hed
Rod mill dilution
Rod mill ciiaehal:'ga
primary dilut.ion
Prim eyclon. feed
Prim cyclon~ A olf
Prim cyclone B olf
Prim cyclone A u/e
Prim cyclone B ulf
Pebble addit.ion 1
PGlbbla lldclition 2
P'lilbmill. 1 product
peb mill 2 product
Secondary dilution
Sac cyclone fead
sac cyclone olfs.~,eyclone ulf
sh.s II.nd:r'd•............ aas.
Stl:'eam

3'17 .1
6S.S
65.S

122.S
122.S

2.5
2.2

125.3
125.0
131.5
63.0
GG.G

59.2
58.2

$.5 7.9 t/hr
22.0 t/hr
25.5 7.9 t/hr

296..6 t/hx'
492.2 3.9 t/hr.-
192.5 1.9 t/hr
192.5 1.9 t/hl:'
53.6 0.1 t/hr
53.6 0.1 t/hr

0.1 t/hr
0.1 t/'h.!:

53.6 0.2 t/Ilr
53.6 O.S t/hl:'
4.3 t/hr

399.3 3.B t/hl:
3lE;'4 8.l t/hl.'
72.9 4.3 t/hr

-75 -150+75 -250+150 -1700+210 +1700 Adj
Rod mill dil'lchargll 0.2 10.0 10.0 40.9 39.1 0.4
I'd!" eye heel 16.4 36.7 24.4 1G.~ 6.2 2.0
l?tim eye }\ o/f 41.2 49.2 9.1 0.5 ':).1 7.9
Prim eye 13 off 41.2 49.2 9.1 O.S 0.1 9.2
Prim eye A u/f 3.0 30.0 32.9 24.S 9.5 1.9
prim cye 13 u/t. 3.0 30.0 32.S 24.6 9.5 3.0
:Peb mill 1 ,Ullch 13.8 12.13 16.8 9.2 0.1 9.7
Pllh mill 2 dileh 7.2 21.0 13.2 6.S 0.1 10.3
SIC eye flUId 41.2 49.2 9.1 0.5 0.1 6.5
SIIII: eye olf 72.9 26.3 0.5 0.3 O. ~, 1.7
SIIe: eye u/f 13.4 69.9 16.3 0.4 0.0 0.4...".~.g.........".........~..................................u••••~•••~.

Cheek for accuracy:
Calc M~u

•••••••••••••••• ~•••••••• ~•••••• n

P~im cy~ o/f motet
SIC eye off moiet
Plllb mill moht

75
63
30

74 'll
93 'II
30 'II
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APPENDIXF
Teet is SlllQotnedmass balance

Smoothed muss balances

413.1
Sol~dB Water Adj·Stl:'oam

Rod mill teed
Rod mill dilution
Rod mill disoharge 46.1
Primary dilution
Pl:im cyclone feed 367.0
Prim cyclone A olf 64.6
Prim cyclone B olf 64.6
Prim cyclone A u/f 119.2
Prim cyclone B u/f 119.2
Pebble addition 1 2.5
Pebble additi~n 2 2.2
Peb mill 1 product 121.7
Peb mill 2 product 121.4
Secondary dilution
SeQ cyclone feed
Sac cyc.lone olf
Sat::cyclona u/£

129.3
50.9
79.5

Si2\IJ I!),ndYlilh..............
strGlam

2.6
16.4
19.0

281.3
486.4
191.1
191.1
52.2
52.2

52.2
52.2
4.4

3SG.S
304.7
81.8

.3.0 t/hr
t/ht'

3.0 t/ht'
t/nr

5.0 t/ht·
2.5 t/hr
2.5 t/hr
0.0 t/hr
0.0 t/hr
0.1 t/ht'
0.1 t/hr
0.1 t/ht'
0.4 t/hr

t/hr
5.0 t/ht'
3.2 t./ht'
1.B t/ht'

""75 "'150+75 -250+150 -1700+250 +1700 Adjb
Roa mill diElcharg& 9.6 2.9 19.8 47.9 20.S (',2
Pr"'i'I\ c~·c had 15.7 40.0 25.5 16.0 2.9 1.4
Prim eyc 1\ olf 35.9 49.9 13.9 0.4 0.0 8.6
Prim cye B olf 35,S 49.9 13.9 0.4 0.0 S,6
Pd.m eye 1\ u/f 4.6 34,2 32.2 24.4 4.5 1.3
Pl.'inl eye B ulf 4.6 34.2 32.2 24.4 4.5 2.3
Pltb mill 1 dbeh 11.4 18.0 13.1 S.O 0.4 9.S
Peh mil.l 2 diseh 6.7 20.6 14.9 13.9 (.'\,1 10,2
S(lC eye £(led 35,8 49.9 13,8 0,4 0.0 e,G
Sac eye f')/f 72.8 26.5 0.5 0.1 0,1 0.7
Sac eye u/1: 12.4 135.9 21.1 0.6 0.0 0.7•..•.....~.~.......~..•.....•.•.•................. ~...........~.•........
eh&ck for accuracy:
••• 1iiC.1."' ;;:;::::::oa.e..

Prill', eye olf moist
Sac eye olf moiet
P(lb mill moist

'/5
86
30

74 %
83 %
20 l!;

n Adj ; absolute adjustment ill the tons per hour from the original data

IlAdj : average absolute adjustment in the mass percentage in a size class

e Meas: shift average moisture percentage according to the daily Iogsheets, Calc: same
value calculated for the fitted data set.
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for j :~ 1 to dimen do begin
solution[j] l~ xi[j]

end;{for j}
if (irst >= 3) then goto 99;
goto 1

end; {i£}
rp ;= rag;
ataub(xj,xi,dimen)I
gg := 0.0;
dgg ;= 0.0;
for j ;= 1 to dimen do begin

gg := 99+sqr(g(j));
dgg := dgg+(xlrj)+gtj])*xi[j)

end;{for j}
if (gg m 0.0) then goto 99;
gam :M d99/99;
for j := 1 to dimen do begin

9 (j J : .. -xi (j ) ;
h [j) pc 9 [j )+gam*h [j )

end i{ fOr j}
cl.reol.;

end;{ior iter}
£la9: ..2;
99:
rQwrlte(fitini);
for i;- 1 to dimen do write{fltini,' ',sol.ution[i]:10t3);
writeln(£itini)1
close (fitini) 1
end;{proc sparse}
!lind.
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for j ;= 1 to dimen do begin
solution t:i I po xi [j I

and;{fol:;' j}
if (il:;'st>'" 3) then goto 99;
goto 1

end; {if}
l:;'p:= rsq;
ataub(xj,xi,dimen);
99 ;= 0.0;
dgg := 0.0;
for j := 1 to dimen do begin

gg := 99+sqr(g[j);
dgg := dgg+(xi(:l)+g[j)*xi[j)

end;{for j}
if (gg '"0.0) then goto 9~;
gam :== clgg/gg;
fo~ j :x 1 to dimen do begin

9(:lJ := -xi[j);
h{ j I It" ,~[j ]+gom*h[j)

end;{ for j}
c:ll;'s(Jll

ena/{for iter}
flag:=2;
99:
rawrita(titini);
for i:= 1 to d:l.mendo write (:Htini,, t ,!:lolution(i) :10:3);
wt.!.teln(fitin.!) ;
clo2le(fitini) ;
end;{proc sParse}
encl,
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for i~~l to dimen do begin
outvector[i):"O;
for j: =1 to dimen do outvector [i):"'outvedtor r i)+invactor r j 1

*coefficients[j,i)F
end;\for i}
end;{proc atsub}
begin {proc sparse}
assign (fitini, Ic: \l'lSC\DAT1\ \FITIN:t. 01\':." ) ;
reset (!itini) t
for i:· 1 to dimen do read(~itini,solution[il);
close(fitini);
writeln;
flag:::::1;
eps2 := dimen*sqr(sps);
irst p. O~
1:
irs~ :r' irst+1;
asub(aolution,xi,dimen);
rp :.. 0 .•0;
bsg :'"0.0;
for j :- 1 to dimen do begin

bsg :- bsg+sqr(constants[:l))1
xi[j) := xi(:ll-oonetants[:l]i
rp :- rp+sqr(xi(j))

end;{for :l}
at6ub(xi,9,dimen);
for j ;= 1 to dimen do begin

9 t j 1 :.. -g [ j 11
h[j) :- g(j)

end/{for j}
for iter :..1 to 20*dimen do begin

gotoxy(l,wharey-l);
olreol;
writaln ('Working ••• ',iter.':3, 'I err.or "',rag; 7:3) I
asub(h,xi,dimen)1
anum I'" 0.0;
adan :'"0.0;
fol:':l :. 1 to dimen do begin

anum :a anum+g(j)*h[j);
aden Ie aden+sqr(xi(j))

end;,{for j}
if (adQn - 0.0) then begin

writeln('Very singular matrix');
rEllildlnl

end; {if}
anum :- anum/aden;
for j ;..1 to dimen do bagin

xi[j) := solution(j];
solution(:)) :- solution(:lj+anum*h[:l]

end,{for j}
asub(solution,xj,dimen);
rsg l'" 0.0;
for j ;- 1 to dim~n do bogi~

xjlj) :- xj[j]-con$tantAr~l;
rog :- rsg+sgr(xj[j)

end; {for j}
if ((rsq - rp) or (rsq c- bttq*aps2») than goto 991
if (rf'lq> rJ.?)then begin
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unit solvmat;
interfaoe
uses wincrt;
oonst

maxdimen=lOOi
type

vector
matrix

= array[l •.maxdimen) of real;
array[l .•maxdimenl of veotor;

procedure sparse(dimen
ooeffioients
constants

var solution
flag

implementation
procedure sparse(dimen

coeffioients
lmnstants

var solution
fla;.~

const
eps

label
1,99;

var
eps2,rl?,g~lbsqlanumladen,rsq,d9g,9am
irst.,j I iter, i
xi,xj,g,h
fitilli

prooedure asub(invector
var outvec:tor

diment integer);
var

i,:)

veotor;
vector;

3.ntager;

integer;
matri.x.;
vector;
vector;
integer);

int(><1er;
matrix;
vector;
vector;
integer) ;

.. 1.0e-6;

double;
integer;
vector;
text;

begin {proc asub}
for i:-1 to dimen do begin

outvector(i);.O;
for j:-l to dimen do begin
outvector[iJ:aoutvector[i)+invector(j)*coefficients[i,j);
end;{for j}

end;{for i}
end;{proc asub}
procedure atsub(invector

Vat' outveotor
dimen: integer);

var
id

begin {proc atsub}
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-2S0+1S0 -1700+250 +1700 Adj');
writeln(fitrep, '===============================.=.=~==============
=~======================');

write(fitrep, 'Rod mill disehacge ');
for il= 7 downto 3 do

w1.·,i.te(fitrep, sto [rmd, i) :9: 1) ;writelrt(fitrep, sizmod (rmd) :9: 1) ;
write(fitrep, 'Prim eye feed ')i
for i:= 7 downto 3 do

write(fitreprsto(pet,i):9:1);writeln(fitrep,sizmod(pct):9:1),
write(fitrep,'Prim eye A off ');
for ir= 7 dowrtto 3 do

write(fitrep,sto[paoa,ij:9:1);writeln(fitrep,sizmod(peoaj:9:1);
write(fitrep, 'Prim eyo a off ');
for i:= 7 downto ::do

write(fitrep,sto[peob,ij:9:1);w~iteln(fitrep,sizmod[peob):9:1);
wri"t.e(fitrep,'Prim eye: A ·J./f ');
for i:= 7 downto 3 do

write(fitrep,sto[peua,i):9\ <~celn(fitrep,sizmod[peua):9:1);
write(fitrep,' prim eye: e u/f ');
for i:~ 7 downto 3 do

write(fitrep,sto[peub,i):9:1);writeln(fitrep,sizmod[peub]:9:1);
write(fitrep, 'Peb mill 1 di3eh 'Ii
for i:= 7 dcwnto 3 do

write(fitrep,sto[pdisl,i):9:1);writeln(fitrep,sizmod[pdis1)19:1);
write(fitrepi 'Peb mill 2 diseh '),
for i:. 7 downto 3 do

write(fitrep,sto[pdls2,i):9:1};writeln(fitrep,sizI'tlod[pdis2):9:1);
write(fitrep,'See eye feed ')i
for i:= 7 downto 3 do

write(fitreprsto(sef,i]:9:1),writeln(fitrep,sizmod(sef]:9;1);
write(fitrep, 'Sec eye off ');
for i:= 7 downto 3 do

write(fitreplsto[seo,i):9:1);writeln(fitrep,sizmoct[sco):9:1);
write (fitrep, 'Sec eye u/f ');
for i:= 7 downto 3 do

write (titrep, sto [SC,l, i J : 9: 1) Iwriteln (fitrepl eizmod [SOU 1: 9: 1) ;

writeln(fitre.p, '==================~~======================~"====:========================');
writeln(fitrep);
writeln(fit,rep, 'Check for accuracy:');
writeln(fitrep,' Cale HaaS');
writeln(fitrep, '==================~===~==========')i
writeln(fitrep, 'PriI'tleye off moist ',pme:4:0,'

',p~rm(61:4:0,' ");
writeln(fitrep,'Sec eye off moist ',smc:4:0,'

',p~rm[7]:4:0,' %');
writeln(fitrep, 'Peb mill moist ',pmI'tle:4:0,'

',parm[8):4:0,' %'),
writeln(fitrep);
writeln(fitrep,ehr(12));
elose(fitrep);
end, {subtest}

end; {test}
diapose(coeffi~ienr.s);dispose(eonstants);dispose(solution);
end. {main}
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Test 6c omoothed mass balanco

Rod mill reed 5!L4 3.0 3.0 t/hr
Rod mill dilution l!;l.l:! t/hr
Rod mill (lisahnrge 59.4 21.8 3.0 t/hr
Primary dilution 174.1 t/hr
Prim cyclone feed 44'1.9 443.6 1.7 t/hr
Prim cyclone A olf 50.8 134.3 1.1 t/hr
prim cyclone a olf 50.6 134.3 1.1 t/hr
Prim t:yclone A ulf 173.2 87.6 0.3 t/hr
Pdm cyclone B ulf 173.2 67.6 0.3 t/hr
Pebbla addition 1 5.4 0.1 t/hr
Pebble addi.tion 2 3.3 0.1 t/hr
peb mi.tl 1 product 178.6 87.6 0.4 t/hr
Pab mill 2 product 176.5 87. ~, 2.4 t/hr
secondary dilution 52.2 t/hr
SGIO cyclone feed 101.5 320.7 2.2 t/hr
SGlO oyelonGi olf 68.3 248.1 3.0 t/hr
SGIC eyc:lonllulf 33.2 '12.6 O.S t/hr
Si.ze analyais
.......... ~IIi ••

Stream -75 -150+75 -250+150 -1700+250 +.].700 Adj
Rod mill dielcharge 16.9 a.s 1.0.4 46.3 17.7 o.a
Prim eye feed 26.4 30.5 24.7 15.7 2.7 1.2
prim eye 2\ olf 58.6 30.4 1l.0 0.0 0.0 1.4
prim eye a olf. 58.6 30.4 11.0 0.0 0.0 1.4
Prim e::yeA u/f 17.0 30.5 28.7 20.3 3.5 4.1
pl:'imeye B ulf 17.0 30.5 28.7 20.3 3.5 2.2
Fob mill 1 dil!lch 16.4 16.2 11.5 5.3 O.S 10.2
PGlb rtlill2 di$ch 12.6 16.0 14.8 6.7 O.S 10.,1,
SIle::eye f(~ed Sa.6 30.4 1l.0 0.0 0.0 1.2
Sec eye olf 79.2 20.5 0.4 0.0 0.0 0.5
See eyo ulf 16.1 50.9 32.9 0.1 0.0 0.1.= lIiiill ~ ••• III•• ..,.II t:_ ,. •• mI ••••..... IIIl: •••••• .., •••• UlIJ.tI

Prim e::yeolf moi&lt
SeO cyo olf moist
E-'(ilP mill molat

73
78
33

73 %
S3'IlI
33 %
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-......-"-----_. __ .-.. -----

Taet 6b smQoth~q maSs balance

Strum solids Water Adj
Rod m:ll feed 48.3
Rod mill dilution
Rod mill disoharge 4G.3
primary dilution
Prim cyolona faad 462.5
prim oyolona A o/f 47.4
prim oyclone l3off 47.4
prim oyclone A u/f 183.9
prim cyclone a u/f 183.9
pabble addition 1 5.3
PebblQ addition 2 3.3
Peb mill 1 product 189.2
Peu mill 2 produc~ 187.2
secondary dilution
Sec cyclone feed 94.7
Sao oyolone off 67.1
Seo oyclone u/f 37.7
Size IInll.1Ylllh..................

2.5
1.5.7
18,2

172.6
43'1.7
125.7
125.7
93.1
S'3.1

93."
93.1
81.2

332.6
272.0
60.6

1.3 t/hr
t/hr.

1.3 t/h::
t/hr

0.5 t/hl:'
0.9 t/hl:'
0.9 t/hl:'
0.6 t/hr
0.6 t/hr
0.2 t/hr
0.2 t/hr
0.8 t/hl:'
2.8 !:'./hr

t/hl:'
1.7 t/hr
1.1 t/hr
0.6 t/hr

S1:rllll.o, -75 -150+75 -250+1!0 -1700+250 +1'/00 Adj.-= tlira •••••••• lIl til tft liUI:::;r,I"~=!~ •••• w ••• IE ••••• .., ,..t•• ~..
Rod mill disohal!'9Gl 22.1 6.7 10.6 53.9 6.7 0.7
Pl.'imeye fead 25.0 28,0 2'1.4 17.7 1.0 0.8
prim eye A off 54.4 28.9 16.7 0.0 0.0 !l.S
prim eyo a off 54.4 28.9 16.7 0.0 0.0 5.3
Prim eye A u/f 18.8 27.7 30.1 22.3 1.2 3.4
prim oy(~ B u/f 18.8 27.7 30.1 22.3 :l..2 2.5
peb mill, 1 cli.eh 17.1 l3.7 12.2 G.3 0.4 :LO.2
li'Gtb mill 2 diach 10.5 15.4 15.9 a.s 0.4 ao .0
SlIIIeeyo fnd 54.4 29.9 16.7 0.0 0.0 6.0
SGO eyQ off 80.0 19.6 0.3 O.l 0.0 0.0sec eyc u/f 14.9 43.4 41.6 0.1 0.0 0.3

check for aecuraay:
•••••• "~ •••••• ~ ••••••• ~.~ •••••••••••••• ~••••• ~••• m••••••••••••••••• ~.&....

Ptim eye off moiat
S.e eye off moist
PGlbmill moillt

Appendix F : Smoothed mass balan:..ws
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Teat Sa smoothed mass balanoe.~=~~~=.~.=.~m.=~~==~~~~••=.
stream

49.0
Solid~ Water Adj

•• UlII .. r.D1 ••• 1IiI~ ••• a ... r.;a::lll•• r2•• =:li.===._=t::.====== ••
Rod mill feed
Rod mill dilut~on
nod mill dischnrga
Prima~y dilution
Prim cyclone fawd
Prim oyalona A off
Prim oyclol1G113 off
Pr.inl cyclolle A u/f
Prim eyolone a u/f
Pabbla addition 1
Pebble addition 2
Pab mill .1. product
Pab mill 2 produot
SfioClndary t.lUutiOI1
Sac cyolone fa~d
SltO cyolone off
SIl'IC eyc:\.onlll u/f
Siu analyeh................
Strwllm

46.0
46:L4
47.1
47.1

194.1
164.1

5.0
3.3

189.1
197.4

94.3
56.5
37.S

2.5 0.6 t/hr
15.S t/hr
",J.1 0.6 t/hr

172.0 tIl'll:'
438.4 0.3 tIl'll"
126.1 0.5 t/hr
12S.1 0.5 t/hr
93.1 0.6 t/hr
93.1 0.6 t/hr

0.2 til'll:'
0.2 tlht'

93.1 0.8 tIl'll:'
9~.1 2.5 t/hr
70.7 t/hl:'

322.6 1.0 t/hl:'
:.lSO.S 0.5 t/hr
62.0 O.S t/hl:

-75 -150+75 -250+150 -1700+250 +1700 Adj

Rod miU disohl'l.rqa 19.2 3.6 12.9 49.3 16.4 0.4
pl.'im eye fClac;i 23.5 26.4 25.4 22.7 2.0 1.2
Prim eye A olf 5;;.2 34.6 13.2 0.0 0.0 6.4
Prim eye B olf 52.2 34.6 13.2 0.0 0.0 2.6
Prim eye A u/f 16.1 24.4 26.6 28.4 ~.6 1.0
prim eye: B ull. 16.1 24.4 29.6 22.4 2.6 5.7
Pap mill 1 dilaoh 17.1 12.9 12.7 7.5 0.4 10.0
Pep mill 2 c;iile:h 7.9 13.7 13.7 14.1 0.4 10.2
Slie eye f •• c:t 52.2 31\ .Ii 1..1.2 0.0 0.0 2.9
s." eye 0/'1. 'l7.0 22.1 0.8 0.1 0.0 O.S
.';lIIe eye: u/i! 14.9 53.3 31.7 0.1 0.0 0.2

Chilldlt for o!I~ourac:y I
................ ,. t "' IIJ lI: .,. *••• IIl ~ .. IU ..

Prim eye: o/f moi*t
SilO eye olf moiet
);1_" mill moht~

73
92
33

73 'b
83 'II
33 'II
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~est 50 smoothed mass balance*.~~=*~m=~=••~&~======.~.==.
StraMl Solicls Water Adj

66.4 3.9 7.2 t/hr
24.2 t/hr
28.1 'f.2 t/hr

177.4 t/hr
382.7 3.9 t/hr
lZ5.8 2.2 t/hr
125.8 2.2 t/hr
65.5 0.2 t/hr
65.5 0.2 t/hr

0.1 tjhr
0.1 t/hr

65.5 0.1 t/hr
65.5 0.5 t/hr
9.2 t/hr

2IS0.~ 4.4 t/hr
;'114.7 7.S t/hr
46.2 3.1 t/h::-

~75 -150+75 "250+150 ··1700~·2S0 ·~1700 Adj

Rod mill £feed
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclonQ feed
Prim cyclone A n/f
Prim oyolonG B o/f
Prim cyclone A u/f
Prim cyclone a u/f
Pabbla addition 1
Pebble addition 2
Pab mill 1 product
Peb mill 2 prochJct
sacondary dilution
SIllC cyclone feed
Sec cyclone o/f.
Sec cyclon$ u/f.

Si~e analyah
••••••• lil'i .....

Stnam

66.4
402.4
44.4
44.4

156.8
156.13

3.2
3.6

160.0
160.4
86.7
73.1
15.6

•••• d~ •••• ~~ •••• ~•••• ~••••• CCe~ •••• _.UU.NM •••••••• ~•••••••• ~.ft•.~•..••••••
Rod mill. dischargCi 16.1 7.4 6.3 35.2 34.\,) 0 •.5
Prim eye hed 19.5 26.6 26.2 21.3 6.3 0.9
Prim aye A o/f 57.8 32.2 9.4 0.6 0.1 10.4
Pl:'im eye B o/f 57.8 32.:2 9.4 0.6 0.1 13.0
Pri," eye 'A u/f a.3 25.1 .n.2 27.3 8.1 2.7
prim aye B u/f. 8.3 25.~ 31.2 27.3 S.l 2.0
PGlO mill 1 d.l.t'Jh 9.7 14.7 15.0 10.0 o.S 10.0
Peb mill 2 dialc::h 10.9 14.2 15.3 9.5 0.1 10.0
Sac eyc had 57.8 32.2 g.4 O.G 0.1 11.G
Sao eye o/f 69.7 25.4 4.4 0.3 0.1 2.4
SeC::(;lyeu/f l;a.6 60.1 26.6 0.7 0.0 0.2

•••• M~ ••••••••••••••••••••••••• ».
prim eye o/f mQiwt
S.o eye o/f moi*t
Pep mill moialt

74
75
29

73 'Ii
a4 ill
29 III
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Teat 5b omoothG!ld man Pl.Ilanc:l'l
••••mM.n.mm~.~•••~•••~••••••

solido Water Adj
Rod mi.l1 hlld 63.2 3.e e.4 t/hr
Rod m111 dilution 23.7 t/hr
Rod miH cliele~ar9. 63.2 27.$ B.4 tIl'll.'
Primary dilution 172.3 t/hr
Prim cyclone h.cl 393.0 376.2 4.C t/hr
Prim cyeloMI A 0/£ 43.7 124.4 2.3 t/hr
Prim eyolot1Q B o/f 43.7 124.4 2.3 t/hr
Prilll cyclona A ulf 152.8 G3,1i 0.3 t/}1I:.'
Pl:im cyclone 13 u/f 152.a 53.li 0.3 t/hr
PIa!:>l:>l.ac:1clit.l.on1 3.2 0.1 t/hr
Plllbblc add.l.t:..l.on2 3.6 0.1 t/hl:'P(,h m.l.ll 1 product 155.9 63.6 0.2 t{hr
J?Oir; mill 2 pl:odue:t lSG.3 63.6 0.6 t/l'lr
secondAry dilution 9.1 t/hr
Sf:lC cycJ.cme fQlrI 87.5 258.0 4.6 t/hr
Bille:oy(:lon. t~/f 69.9 209.9 a.7 t/hr
Slie eyclonGl u/f 17.7 4tL 1 4.1 t/hr
siu clmalyailJ
•• i1t1l IiC.

-75 ~lS0+75 ~2S0+150 -1700+250 +1700 Adj
Rod mUl dhQharglll 10.8 e.a 7.7 39.5 33.2 0.6
prim .:;yc: flied 1!;' 4 25.9 2B.9 24.0 5.7 1.1'
P ..·.l.mC':{e: A off 52.5 33.4 12.3 :1..7 0.1 9.2
P.Io"m e 'Q a olf 52.5 33.4 12.3 1." 0.1 13.1
PrJm eye: A u/f. 4.4 23.9 33.9 30.4 7.4 3.5
Pdm eye EI \1 I f. 4.4 23.9 33.9 30.4 7.4 3.9
PQP mill. 1 di.eh B.O 14.5 15.7 11. i 0.5 :\.0.0
1'111:> mill 2 clilch 8.4 14.1 16.9 10.S 0.0 10.0
sec e:ye fud 52.5 33.4 12.3 1.7 0.1 10.13
sae: e:ye olf 6S.0 30.6 3.9 0.3 0.1 3.S
SQlC eye u/f 14.2 a8.6 40.5 6.8 0.0 0.2
••••••••••••••••••••• m••••••••••• u•••••••••••••• u••• u••••••••••••• _••••• u

prim eye: off moiat
s.o e:ye 0/£ moi.t
Pap m.l.ll moist

74
75
29

73 ill
94%
29 !I;
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Test Sa smoothed mass balance

61.0
solids Water AdjStream

Rod mill faed
Rod mill dilution
Rod mill discharge 61.0
Primary dilution
prim cyclone feed 417.0
Pl.'ir..cyclone A off 46.0
Prim cyclone B off 46.0
prim cyclone A u/f 162.6
Prim cyclone B u/f 162.6
Pebble addition 1 3.1
PebblE! o!IddiUon :2 3.5
Pep m~ll 1 product 165.6
Pep mill 2 product 166.0
Secondary dilution
Sec cyclone feed
Sac cyclona off
Sec eyelune u/f

91.9
67.7
24.3

Siu andysis
•••• ft••• t"'IiI:t.~ ••

3.5
21.8
25.3

178.9
384.3
124.1
124.1
68.1
68.1

68.l
68.1
14.0

262.1
218.2
43.9

4.7 t/hr
t/hr

4.7 t/hr
t/hr

0.8 t/hr
0.1 t/hr
0.1 t/hr
0.5 t/hr
0.5 t/hr
0.2 t/hr
0.2 t/hr
0.7 t/hr
0.3 t/hr

t/hr
0.1 t/hr
5.0 t/hr
5.1 t/hr

+1700 Adj-75 -1~0+7S w250+150 -1700+250

Rod mill die~~harga 4.8 12.3 5.4 38.8 38.8 0.6
PriM eye fead 17.0 2:?.4 33.2 21.3 6.1 2.3
prim eye A olf 52.8 sa. 2 12.!) 2.0 0.0 9.5
prim eye B olf 52.8 3:1. 2 12.9 2.0 0.0 13.7
Prim eye: A u/f 6.9 lS.6 38.9 26.8 7.S '1 .a
prim eye B u/i! 6.S 19.6 38.S 26.8 7,1;) 3.7
PeP mill .1. dieeh 11.0 7,7 22.1 10.2 0.6 9.7
PiliP mill :2 dil!leh 8.7 l5.0 15.8 a.9 0.0 10.3
Seae eye feed 52.a 32.2 12.9 2,0 0.0 U.3
Sec cye olf 6a.4 27.9 3.4 0.1 0.1 2.5
Site eye u/i 10.2 43.1 39.4 7.4 0.0 0.::1

Check for accuraoy:
Cillo Ma!t3•••••••••••••••••••••••••••••••••

lJl:imcye: off mOist:
S$C CyC olf. moist
POP mill moist

Appendix F : Smoothed IIItlSS balances
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Test 4e smoothed mass balance

5B.O
Solids ~later Adj

Rod mill £aGld
Rod mill dilution
Rod mill disoharge
Priml!lt:y dilution
Prim cyolone feed
t'r.!.mcyclone A off
Prim cyolone B off
Prim cyclone A u/f
Prim cyolone B u/f
Pebble addition 1
Pebble addition 2
Pab mill 1 product
Peb mill 2 product
sac:ondat'y dilution
SGiO cyclone feed
Sao cyclone off
SGiO cyolone u/f
Siu !Indy. is
....... l.II· ••••• 1I1

sttum

5B.0

461. 2
42.7
42.7

187.9
167.9

3.2
3.6

191.1
191.5
65.3
65.0
M.3

3.8
23.8
27.6

214.5
410.5
12'7.1
127.1
78.2
78.2

78.2
"B.2
12.3

266.4
254.4
12.0

14.0 t/hr
t./hr

14.0 t/hr
t/h>:

9.1 t/hr
4.3 t/hr
4.3 t/hr
0.2 t/hI'
0.2 t/hr
0.1 t/hr
0.1 t/hr
0.3 t/hr
0.1 t/hr

t/hre.7 t/hr
14.0 t/hr
5.3 t/hr

-75 -150+75 -2&0+150 -1700+250 +:1700 "'dj
Rod mill clil!loh~r';ta 8.5 G.9 9.2 34.0 41.4 0.4
l?r.imeyc had 12.2 22.2 29.0 29.0 7.6 1.2
Prim c::ycA olf 53.7 30.1 15.1 0.9 O.~ 14.2
P);'j.m ol"o a 0/£ 5.'3.7 30.1 15.1 0•.9 0.:'1 12.5
Prim eye: A \.\1£ 2.0 20.4 32.8 3!;'4 9,.3 4.4
Prim eye B u/f 2.0 20.4 32.8 35.4 9.3 3.4
Pot'> mill. 1 clillleh 4.G 12.2 14.6 1G.0 2.S 10.0
li'GIb mill 2 disch 8.2 n.1 16.7 13.7 0.2 10.0
SGe c:ye hila 53.7 30.1 15.1 0.9 0.2 13.2
Sac eyQ olf. 73.5 23.8 2.2 0.3 0.2 3.3
SilO. oyo. u/f 10.0 44.1 43.4 2.5 0.0 0.3

Prim cya 0/£ mo,Lllt.
s.c oyo. Q/f mo.i.t
P$b mill mo..!..t

75eo
29

Appendix F : Smoothed mass balances

73 ~
84 !II
29 'ti

195



T$st 4b smoothad mass balance

stream SolidS Water Adj
Rod mill had
Rod mill dilution
Rod mill disoharge
Primary dilution
Prim oyclon~ feed
Prim cyclone A olf
Prim cyclone B off
prim cyclone A u/f
Prim cyclone B u/f
Pebble additj,Ol'l1
Pebblet additi.on 2
peb mill 1 product
Peb mill 2 product
secondary dilution
Sac cyclone feed
s.o cyclone o/f
Sec cyeJona u/f.

Sizet M, lylilis........."'...
stullm

61.0
61.0

453.0
43.5
43.5

182.9
182.9

'L2
3.6

186.2
186.5
87.1
67.6
19.5

4.0 15.5 t/hr
25.1 t/hr
29.1 15.5 t/hr

217 6 t/hr
416.2 10.2 t/ht
132.1 5.3 t/hr
132.1 5.3 t/hr
76.1 0.2 t/hr
76.1 0.2 t/hr

0.1 t/h.r
0.1 t/hr

76.1 0.1 t/hr
76.1 0.5 t/hr
10.8 t/hr

274'\~ 10.6 t/hr
257.5 15.a t/hr
17.4 5.2 t/hr

"75 -150+75 -250+150 ~1700+250 +1700 Adj
Roo mUl ohchargGl a.o 8.1 9.0 29.1 45.8 0.5
Prim eye feuilcl 12.2 23 •.4 28.9 25.7 9.S LO
Prim eye A off 52.3 29.6 17.0 1.0 0.2 15.1
prim eye B off 52.3 29.6 17.0 1.0 0.2 11.0
prim eyc A u/f 1.7 22.1 32.4 31 .:/ 12.1 2.7
Pdm cye l3 u/f 1.7 22.1 32.4 31.7 12.1 3.7
Plab mill 1 c;lilsch 4.2 13.2 14.2 14.6 4.0 10.0
PiliP mill 2 dillll;.1h 8.6 11.6 17.2 11.9 0.4 10.0
s.c cye fuo 52.3 29.6 17.0 1.0 0.2 13.1
SllIcoye o/f ?l.3 22.8 5.3 0.5 0.2 3.9
SlIDeeye u/f ri ,7 43.3 43.7 1.3 0.0 0.3

Calc Meas
p~im oye off moist
SlIDecye off moist
Pltb mJ.ll moirl.t

75
79
29

73 'h
84 ItJ
29 'II
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Test 4b omoothed maps balance

St.ream solias Water Adj
Rod mill feea 61.0 4.0 15.5 t/hr
Roa mill dilution 25.1 t/hr
Rod mill discharge 61.0 29.1 15.5 t/hr
Primary dilution 217.6 t/hr
Prim cyclona feed 453.0 416.2 10.2 t/hr
Prim cyclone A off 43.S 1.12.1 5.3 t/hr
Prim cyclone B olf 43.5 132.1 5.3 t/hr
prim cyclone A ~I/f 182.9 76.1 0.2 t/hr
Pr.tm cyclone B 1.\/£ 1f'.12.9 76.1 0.2 t/hr
Pebble addition l. 3.2 0.1 t/hr
PG!b.:>leadclition 2 3.6 0.1 t/hl:'pab mill 1 prodUct 186.2 76.1 0.1 t/hl:'
Pab mill. .2 pJ:oduet 186.5 76.1 n.!.i t/hr
Sf;lcoodarydilution 10.8 t/hr
Sec oyclooGl fGlGld 87.1 274.9 10.6 t/hr
Sac cyelona olf 67.6 257.5 15.8 t/hr
Sate cyclone u/f 19.5 17.4 5.2 t/hr
size analYlSb
••• U ••• M •• "'.,.
Stl:'lIIam -76 -150+75 -250+150 -1700+250 +1700 Adj
Rod mill diaehargill 8.0 8.1 9.0 29.1 45.8 0.5
Pt'im eye fal5ld 12.2 23.4 28.9 25.7 9.8 1.0
l?l:'imeye A olf 52.3 29.6 17.0 1.0 0.2 15.1
Pl:'imeye B 0/£ 52.3 29.6 17.0 1.0 0.2 11.0
Prim eye A u/I: .1..7 22.1 32.4 31.7 12.1 2.7
l?dm oye B u/f 1.7 22.1 32.4 31.7 12.1 3.7
PiliP m:Lll 1 dialeh 4.2 13.2 14.2 14.6 4.0 10.0
Peb mill 2 ditlloh 8.6 11.6 17.2 11.9 0.4 10.0
Sac oyo fIIaQ 52.3 29.6 17.0 1.0 0.2 l3.1
SIlIC eyc o/f 71.3 22.8 5.3 0.5 0.2 :3.~
SOlO eye u/f. 11.7 43.3 43.7 1.3 0,0 0.3
•••••••••••••••••••~.X*.M••••*.n•••~N~••~••*••• ~.m•••••*~.w.~•...•~=.~~~.
chl!lt'!~for MourncYI

Collie MI5IU
.................... ii... IIIi.).I.I •• 1U •••• aliC

Prim oye 0/£ moist
SOIC eye olf moist
PIDb mill moitllt

75
79
29

73 !Ii84 ,
29 ill
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Test 4a smoothed mass balance

Stream
==.=== ••~===================

64.6
Solids water Adj

Rod mill feed
Red mill dilution
Rod mill discha~ge
Primary dilution
Prim cyclone feed
prim cyclone A off
pr.imcyclone a off
prim oyolone A u/f
Prim cyr.lone B u/f
Pebble addition 1
Pebble addition 2
peb mill 1 product
Peb mill 2 p~oduct
Secondary dilution
Sec cyolone feed
Sec eyolone off
Sec cyclone u/f
Sh(!lanalysil'il
... Jri •••••• llilit ••

Stream

64.6
442.7
44.5
44.5

176.8
176.8

3.2
3.5

180.0
180.4
89.0
71.2
17.8

4.1
25.9
30.0

213.0
410.9
131.9
131.9
73.6
73.6

73.6
73.6
10.7

274.5
253.7
20.a

13.0 t/hr
t/hr

13.0 t/hr
t/hr

8.0 t/hr
4.3 t/hr
4,3 t/hr
0.3 t/hr
0.3 t/hr
0.1 t/hr
0.1 t/hr
0.1 t/hr
0.5 t/hr

t/hr
8.6 t/hr

13.4 t/hr
4.9 t/hr

~75 ~lS0+75 -250+150 -1700+250 +1700 Adj

Rod mill discharge 5.4 6.1 7.3 33.6 47.6 0.4
Pl.·imeyc feed 13.4 22.6 29.3 26.2 8.4 1.5
Prim eye A olf 54.6 26.3 18.1 0.8 0.1 14.3
Prim eye B o/f 54.6 26.3 18.1 0.8 0.1 12.3
Prim eye A u/f 2.3 22.0 a2.5 32.6 10.4 4.7
Prim eyc B u./f 2.3 22.0 32.5 32.6 10.4 2.5
Pa" mill 1 d1Bch 1$.2 13.4 15.3 13.4 1.5 10.0
PlIlbmill 2 diseh 8.8 10.9 17.5 12••/ 0.3 10.0
S.c eye hetd 54.6 26.3 18.1 0.8 0.1 13.3
See eye o/f 71.2 18.2 10.1 0.4 0.2 3.8
SllIeeye u./f 11.2 47.6 39.0 2.2 0.0 0.2

Cheek for accu.raey:
cale MeB.s

Prim eye off moist
Seo eye off moist
Poib mill moist

75
78
29
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Test 30 smoothed maBS oalance========~============~===~==
Stream sOlids Water Adj=G*==~=======.==========~==~=~===~=~========
Roo mill feed 60.7 3.5 5.8 t/hr
Rod mill oUut.i.Otl 22.1. t/hr
Rod mill dischargE! 60.7 25.6 5.8 t/hr
Primary dilutiol'l 201.3 t/hr
'prim cyclone fG!ed 432.3 401.3 4.0 t/hr
Pr.i.mcyclone A off 45.7 129.7 2.3 t/hr
prim cyclone B off 45.7 129.7 2.3 t/hr
Prim eyelone A u/f 170.5 71.0 0.3 t/hr
prim cyclone B u/f 170.5 71.0 0.3 t/hr
Pebble addition 1 3.2 0.1 t/hr
Pebble addition 2 3.6 0.1 t/hr
Peb mill 1 product 173.7 71.0 0.2 t/hr
Peb mill 2 pr.oduct 174.1 '71.0 0.6 t/hr
Secondary dilution 10.3 t/hr
sec eyo1.one feed 91.3 269.7 4.6 t/hr
Sec cyclone o/f 67.5 237.2 5.9 t./hr
Sec cyclone u/f 23.8 32.5 1 3 t/hr
Sha analysisz=====_u:Ji:*===
Stream -75 -150+75 -250+150 -1700+250 +1700 1\clj~===========~============~=====ft===~========~=~~================_.========
Rod mill oischarge 2.7 7.6 3.S 33.2 52.7 0.2
Prim eye feed 15.1 2J..8 25.7 28.7 8.7 1.5
prim eye A off 59.0 29.3 11.3 0.2 0.1 10.5
Prim eye B off 59.0 29.3 11.3 0.2 0.1 8.5
P.dm eye A u/f 3.1 19.6 29.9 36.:'1 11.0 1.1
prim eye a U/f 3.1 19.6 29.9 36.3 11.0 3.3
peb mill 1 disch 9.0 9.9 ).4.6 15.2 1.5 9.9
Peb mill 2 disCJh 8.7 11.5 14.7 14.6 0.1 10.1
Sec eye bect 59.0 29.3 11.3 0.2 0.1 9.5
Sec eye o/f. 78.1 1e.1 3.6 0.:':: O.l l.1
Sec:eye u/f 9 •.t 62.1 28.5 0.2 0.0 0.4~=~==~==~g.===~==R==U=~~~==~~~*==~~~~,·'-~a=~=.ac=======.~===~.~==~==~~===~
Ch~ek for accuracy:

Prim eye o/f moist
Seo eye off moist
Peb mill moist

74
78
29

73 %
84 %
29 J
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Test 3b smoothed mass balanc!l.
=============::======;:~r.:====-==

StL"eam solids ~iater Adj=====~=====================~================
Rod mill feed 61. 9 3.7 7.7 t/hr
Rod mill. dilution 23.0 t/hr
Rod milL discharge 61.9 26.7 7.7 t/hr
Primary dilution 201.1 t/hr
Prim cyclone feed 422.1 403.3 3.7 t/hL'
Prim cyclone A o/f 47.2 133.4 2.1 t/hr
Prim cyclone B o/f 47.2 133.4 2.1 t/hr
Prim cyclone A u/f 163.8 68.3 0.2 t/hr
Pl.·imcyclone B 11/f 163.8 68.3 0.2 t/hr
pebble addition 1 3.2 0.1 t/hr
PebOl.e addition 2 3.6 0.1 t/hr
Peb mill 1 product 167.0 68.3 0.1 t/hr
Peb mill '2 pror.tuct167.4 68.3 0.5 t/hl:'
Secondary dilution 10.2 t/hr
Sec cyolone feed 94.5 276.9 4.1 t/hl:'
Sec cyolone off 68.6 238.0 8.0 t/hl:'
seo cyclone u/f 25.8 38.9 3.9 t/hr
size analysis.~.a=.=•.=.JIl.
stream -75 -150+75 -250~l50 -1700+250 +1700 Adj
===:=====:=t':::=;:::=====:r:1:==;=.:::======================::::=====t1==~;=.=r:t:u:========.======r:=
Rod mill discharge 4.4 1.3 12.6 37.1 44.6 0.5
Prim eye feed 11.5 22.8 34.0 24.9 6.8 2.1
prim eye A off 48.4 29.6 21.S 0.5 O. l. 9.6
Prim eye B off 48.4 29.6 2L5 O.S 0.1 10.4
Prim eye A u/f 0.6 20.8 37.8 31. 9 8.7 4.1
Prim 'lye B I)./f 0.6 20.8 37.8 31.9 8.7 6.3
Peb mill l disch 6.5 12.1 18.9 12.2 0.2 10.0
Peb mill 2 disch 6.5 12.1 18.9 ia.a 0.2 10.0
Sec eyc feed 48.4 29.6 21.5 0.5 0.1 8.0
Sec eye o/f 65.3 19.4 14.9 0.3 0.1 3.2
See cye u/f 8.9 55 ••/ 35.0 0.4 0.0 0.2

checK for acouracy:
Calc Mea.s

Prim cyo off moi~t
Sec eye o/f moist
Peb mill moist

74
78
29

'73 %
84 IL
29 %
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Teat 12e smoothed mass ~alanco

Rod mill feed
Rod mill dilution
Rod mill discharge
primary dilution
Prim oyelone feed
Prim cyclone A olf
Prim cyclone a olf
Prim cyclone A ulf
Prim cyclone B u/f
Pebble addition 1
Pebble addition 2
Peb mill 1 produe:t
peb mill 2 produe:t
see:ondary dilution
Sec cyclone feed
See: e:yclone olf
Seo cye:lone ulf

05.2
Solids Water Ad:)stream

65.2
516.0
42.2
42.2

215.8
215.8

2.7
2.3

218.0
218.1
El4.3
70.4
13.9

Size andy.ia
...... uw ... ,. .....

3.4
zr.a
24.0

199.2
436.7
115.1
115.1
103.3
103.3

103.3
103.3

8.2
238.4
~22.0
16.4

0.7 t/hr
t/hr

0.7 t/hr
t/hr

1.2 t/hr
1.7 tlnr
1.7 t/h);'
1.1 t/h);'
1.1 t/hr
0.1 t/hr
0.1 t/hr
1.2 t/h);'
1.7 t/hr

'to/hr
3.4 t/hr
0.8 t/hr.
2.6 t/h):'

-75 -150+1a -250+150 -1700+2~U +1700 Ad:)StreAm
Rod mill disohal.'g9 14.3 5.1 6.8 44.3 29.5 0.5
Pri.m eye feed 21.1 22.4 25.3 27.1 4.1 1.5
P.dm eye A off 71.6 24.6 3.'/ 0.0 0.0 5.4
Prim eye B off ?l.G 24.6 3.7 0.0 0.0 6.9
prim eye A u/f 11.4- 21.8 29.5 32.S 4.9 2.9
Prim e:ye B ulf n.4 21.8 29.5 32.5 4.9 1.8
Pilb mill 1 disch 12.0 10.5 1.'3.9 1~' e 0.5 10.1
PiliP mJ..ll.2 dise:h 10.1 13.4 14.4 11.8 0.5 10.1
Sec cye: fsuad '71.6 24.6 3.7 0.0 0.0 6.1
SGle eye olf 80.5 19.0 0.4 0.0 0.0 0.2
Sac e:r'cu/f 22.7 55.5 21.S 0.0 0.0 0.1

Check fo~ aecuraoy:
Calc Mus

•• M••• ~••• M•••• ~••••••••• ~~ ••••••
Pl:im e:ye::off moit.Jt 73 74 'h
Sao eye: off moist 76 8S 'Ii
Pab mill moist 32 32 tk
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rest 12b smoothod mass balanco

Stream Solide Water Adj
Rod mill feed
I~odmUl dilutionRod mill discharga
Primary dilution
Prim eyclon$ feed
Prim oyclone A 0/£
Prim cyclone D o/fPrim cyclone A u/f
prim cyolone B u/f
pepble elddition 1
Pebbl.e ~dditi.on 2
Peb mill 1 produdt
Pelb mill 2 product
Secondary dilution
Ssc cyclone feed
SGiC cyclt.m~ o/f
Stae eycl.one u/f
Siz. analysill
...... ~·ii;:lP;I;k ..... .!W

Stl:lll41m

65.0
65.0

506.4
43.3
4~~.:3

209.9
209.9

2.7
2.3

212.7
212.2
86.6
70.1
16.4

3.5 0.7 t/hr~n.6 t/hr
25.1 0.7 t/hr

185.6 t:/hr
439.5 1.5 t:/hr
ll.9.6 1.3 1:/hr
.l.19.G 1.3 t/hr
100.2 O.S t:/h1.·
100.2 0.5 t/l1r

0.1 t/hl:
O.! t/hr

100.2 0.6 t:/hr
100.2 l.l t/hr

13.1 t/ht'
247.2 2.6 t/hr
218.a 0.7 t/hr
28.4 3.3 t/hr

~75 ~lS0+75 ~250+1S0 ~1700+2S0 +1'/00 Atlj
•••••_••••u••••u•••=~e~=r.~••••~.w•••~•••••~.~m~=•••~•••••m*.n.~~•••M.~~.nu
Rod mill di,ch~t'g(l 15.4 4.2 6.5 42.0 31.8 0.3
Pdm eyc fur.l 21.3 23.4 24.6 26.2 4.5 0.9
Prim eye A ~/f 71.6 24.S 3.6 0.1 0.0 7.7
p).'im ey a O/f 71. 6 24.9 3.6 0.1 0.0 7.3
Prim eyc 1\ u/f 11.1 23.1 2S.9 31.6 5.4 1.S
pt'im eye a u/f 11.1 23.1 2S.9 31.6 5.4 1.G
Patb mill. 1 diaeh 11.2 11.9 13 •.2 13.7 0.5 10.1
Pflb roHl 2 ctillQh 11.0 13.1 14.5 1l.1 0.5 10.2
SilO eye hod 71.6 24.S 3.6 0.1 0.0 7.5
SGiO etyc o/f 82.7 16.9 O.~ 0.1 0.0 0.4
SilO cye urI! 20.9 60.5 la.6 0.0 0.0 0.2

Chtlc]c fot' o!'Iocut't\\cyI

•••••••••••••••• ~••••••••••••••••••••• ~•••••••••• u••••~u•••••••••••••••••

1Il•• III : •• ~ &ltv: .

P).'imeyc olf moiot
SGIO eye Olf moiat
Pi\JIbmiH moiae

73
76
32

74 ~i
65 'II
32 ~i
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Teat 12a smoothod mas a balanceh•••••~~=.E~=~~~~.~~e.~~===¥
Stream

70.4
Salida Wator Adj

Rod mill feed
Rod mill dilution
Rod mill c;liac:harge
Primary dilution
Prim oyc:lono foad
Prim cyclone A off
Prim cyclone a off
Prim cyolone A u/f
P~im cyclone a ujf
P9bble aduLt-ion 1
pebble ~ddition 2
peb ml.11 1 product
'eb mill 2 product
Secondary dilut:l.on
See oyelone foed
Seo cyolona off
Sile oyolonG ujf
Siz Analy.is
" ii..u ••

70.4
49B.5
44.1
44.1

205.1
205.1

2.7
2.2

207.8
20'7.3
66.3
7!305
12.S

3.7 0.2 t/hr
23.1 t/ht'
2S.a 0.2 t/ht'

179.1 t/hr
438.6 1.8 t/hr
121.3 1.5 t/hr
121.3 1.5 t/llr
9B.0 0.6 tjhr
98.0 O.G t/hr

0.1 t/hr
0.1 t/hl."

98.0 0.7 t./hr
98.0 1.2 t/hra.s t/hr

251.1 3.1 t/hr
214.4 0.2 t/ht'
36.7 2.9 t/hr

-75 -150+78 -2~0+lSO -1700+250 +1700 2\11j

Rod mill. c:lilllehargra 12.5 4.0 6.0 43.7 33.7 0.4
l?rim eye fsecl 23.2 21.9 25.0 24.7 5.2 1.2
prim eye 1'1 off 74.5 22.4 3.1 0.1 0.0 8.4
Prim eye B off 74.5 22.4 3.1 0.1 0.0 7.4
l?dm eye A u/f l,2.4 21.7 29.7 30.0 6.3 2.6
pl:'imeye B ujf 12.4 ai.7 29.7 30.0 6.3 1.5
PliO mill 1 dJ.lileh 14.6 9.9 13.8 11.S O,!i 10.2
Pap mill 2 diloh 10.a 13.9 14.5 10.S 0.5 10.1
SilO e{o filmd 74.S 22.4 3.1 0.1 0.0 7.9
sac eye off 83.0 16.7 0.2 0.1 0.0 0.3
Slit:: eye u/f 19.3 89.0 21.7 0.0 0.0 0.1

P~~m eye o/f moi.t
SilO eye ojl mQi.t
Pllb mill moilllt

73
74
32

74 'I;
85 'li
32 II!
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'eat 110 smoothed maao balanco

Stream Solids Water Adj
Rod mill faad
Rod mill dilution
Rod mill diooharge
Primary dilution
Prim cyclone feed
Prim oyclone A olf
Prim cyclone B off
Prim cyclone A ulf
Prim cyclDne B u/f
Pebble addition 1
Pebble addition 2
Peb mill 1 product
Peb mill 2 product
Secondary dilution
Sec cyclonQ feed
Sec cyclone off
Sac cyclonlll u/f
Siu analydl
"."" ••••• 11'1 •••

strum

60.5
60.S

477.2
44.3
44.3

194.3
194.3

2.7
2.2

197.0
196.5
S8.6
6S.7
22.9

3.1
19.6
22.7

172.3
428.9
121.7
121. 7
92.8
92.8

92.13
92.S
14.6

257.9
209.6
48.3

1.0 t/hr
t/hr

1.0 t/hr
t/hr

2.6 t/hl:'
1.6 t/hr
1.G t/hr
0.2 t/hr
0.2 t/ht·
0.1 t/hr
0.1 t/hr
0.3 t/hr
0.8 t/hr

t/hr
3.1 t/hr
1.2 t/hr.
2.0 t/hr

-75 -150+75 -250+150 -1700+250 +1700 Act:)

Rod mill clilllchl!lrgUi 14.7 4.9 7.2 45.7 27.S O.S
Prim eye f(!utd 23.4 24.1 24.0 24.6 :309 1.4p)"im eye ,1\ off 62.S .31.2 6.4 0.0 0.0 3.6
Prim eye B o/f 62.S 31.2 6.4 0.0 0.0 4.2
Prim eyCl A u/f 14.6 22.4 28.0 10.2 4.8 2.8
Prim eye a u/f 14.6 22.4 28.0 30.2 4.8 2.2
Peb mill 1 disch 13.1 11.6 12.15 12.6 0.5 10.1
PGlb mill 2 diseh 11. 7 13.7 14.0 10.3 u.5 10.1
Slie eye: f.ud 62.5 31.2 6.4 0.0 0.0 3.9
Site cyQ o/f 76.1 23.S 0.3 0.0 0.0 0.2
See eye u/f. 21.9 53.5 24.S 0.0 0,0 0.2

Calc: MilliS

Ptim cyc off moist
SilO eye 0/£ moi_t
hb m.l.ll mo.i.1It

73
76
32

74 Q;as !Ii
32 'I.
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Test llb smoothed mass balance.~.~~=~===.======rmc===~====
Stream Solids Water 1\dj.==••a.*••==.====~z.~===m.=•••===.~==g==:===
Rod mill feed 65.1 3.3 1.5 t/hr
Rod mill dilution 20.6 t/hr
Rod mill dischal.·ge 65.1 23.9 1.5 t/hr
Pl:'imary dil.u.t:.ion 176.0 t/h::
Pri,m cyclone feed 482.9 435.6 2.3 t/hr
Prim cyolone 1\ Off 45.3 .124.1 1.7 t/hr
Prim cyclone B oif 45.3 124.1 1.7 t/h>:
Prim cyclone A u/i 196.1 93.7 0.6 t/hr
Prim cyclone B u/f 196.1 93.7 t/hr
l?abblGladdition 1 2.7 0.1 t/hr
PGlbblGladdition 2 2.2 0.1 t/h>:
Peb mill 1 product 198.9 93.7 0.7 t/hr
Peb mill. 2 PNduct 199.3 93.7 1.2 t/hr
sacondary dilution 9.6 t/hr
St!:ccyclone faed 90.6 256.9 3.4 t/hr
SOlO cyclonllloff 70.0 20a.5 1.3 t/hr
Sac cyclonlllu/f 20.6 48.3 2.1 t/hr.
Siu analysis
•••• ~ .... ~:u••••

Straam -75 ~150+7S -250+160 ~1700+250 +1700 Adj

Rod mill di IIIChfll:gli 14.1 3.9 5.3 42.0 34.2 0.7
Prim r.yc fe(l)d 22.1 26.6 23.9 22.S 5.0 1.7
Prim cye A off 67.3 21l.1 3.6 0.0 0.0 7.3
Prim eye::B off 67.3 29.1 3.6 0.0 0.0 5.0
PrJ.m eye A u/f 11.8 25.9 29.4 27.7 15.2 5.1
Prim eye EI u/f 1:1..8 25.9 28.4 27.7 6.2 4.0
Peb mill 1 di~ch l2.6 13.7 13.3 10.0 0.5 10.2
Peh mill :2 disoh 10.7 14.9 13.9 10.5 0.5 10.1
SCStc: eye fuel 67.3 29.1 3.15 0.0 0.0 15.2
Sac oye off 79.1 20.5 0.4 0.0 0.0 0.3
Sae eye u/f 24.7 59.S 15.9 0.0 0.0 0."

P~im ero c/~ incist
S!!lCl eye o/-L moilllt.
Pc.aPmill moist

73
75
32

74 !II
85 %
32 Ifj
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Test 11a smoothed masa balance
~*•••• w.mm=~B.~••~~=M=~z~~=m

stream solids Water Adj
Rod mi13 fIIIllId
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclone feed
Prim cycl~na A olf
Prim cyclone B olf
Prim cyclone A ulf
Prim cyclone B ulf
Pebble addition 1
Pebble addit,ion 2
Pab mill 1 product
Pab mill 2 product
Secondary dilution
Sac cyclone fellld
S~U',1 cycloMl 0/£
Sac cYellon. u/£
Size analyl\lh....~ .
strnm

74.1
74.1

454.1
48.7
49.7

179.3
178.3

2.7
2.2

181.0
lS0.5
~7.5
'/9.0
18.5

3.9
25.3
29.2

180.7
443.2
136.4
136.4
85.2
85.2

85.2
85.2
8.2

290.9
219.1
62.9

0.6 t/hr
t/hr

0.6 t/hr
t/hr

1.4 t/hr
0.8 t/hr
0.8 t/hr
0.1 t/hr
0.1 t/hr
0.1 t/hr
0.1 t/hr
0.2 t/br
0.7 t/hr

t/hr.
1.7 t/hr
0.7 t/hr.
2.4 t/hr

~75 -160+75 ~250+150 -1700+250 +1700 Adj

Rod mill d.i.sdharga 14.~ 4.3 6.3 37,4 37.1 0.2
Pdm dye hGjd 25.0 24.S 22.7 21.5 6.4 0.3
l?l:'imeye A olf 68.2 28.6 3.1 0.1 0.0 7.0
Pr.trn eye B olf 68.2 28.6 3.1 0.1 0.0 5.6
I):d.m eyo A tll.t: 13.2 23.3 2~.0 27.3 8.2 1.6
Prim eye B u/f 13.2 23.3 28.0 27.3 8.2 2.0Pap mill 1 d:l.sch 15.4 12.5 12. a 9.1 O.S 10.J.
Eilllb mill .2 <:lheh 11.6 .L4.3 13.6 J.O.2 0.5 10.1
Sae eye had 68.2 28.6 3.1 0.1 0.0 6.3
Slid eye olf '17.8 21.6 0.5 0.1 CI.O 0.3
SIiliC t:yc u/f 25.6 59.9 14.5 0.0 0.0 0.2
••••••••• ~•••••••••• Q••• a~•••••••• ~••••••••••••••• ~N~ •••••••••••••••••• ~.

Calle MIlIU

pr.',tm eyr: {."I ,f,. 1110';'1:11-

Sac cyCJ 0/." I'll:" ">II.
hb m.l•• 3, moio;li~

74
73
32

74 Ili
8S 'lI
32 %
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T~st 8c smoothed mass balance~••~~n•••=====~=m~====.~~~c~
stream solids Water Adj
Rod mill fasd
Rod mill dilution
Rod mill discharge
Primary .dilution
Prim cyclone faed
Prim cyclone A off
Prim cyclone a off
Pr.l.mcyclone A ~'/f
prl.m cyclone B u/f.
Pebble addition 1
Pebble addition 2
Peb mill 1 product
Pab mill 2 procluct
Secondary dilution
S~e cyclone ~aad
Sac e:yolc))'\!it()I f
Sao cyclone Il/f.
Size an2l.1Y$.i..
M ••••••••• ;,tl ••

62.6
446.2
51.8
SL8

171.3
171.3

5.3
3.3

176.6
174.6
103.6
71.3
32.3

3.1
19.9
23.0

173.2
446.2
136.2
136.2
86.9
86.9

86.9
96.9
11.4

283.8
207.6
76.2

2.9 t/ht'
t/hl:'

2,9 t/hr
t/hr

1.5 t/hl:'
1.4 t/hr
1. 4 t/hr
0.6 t/hr
0.6 t/ht·
0.2 t/hr
lJ.2 t/hr
0.9 t/hr
2.9 t/hr

t/hr
2.8 t/hr
2.7 t/hr
0.1 t/hr

-75 -150+75 -250+150 "1700+.250 +1700 Adj
Rod mill C.lil3cheu:'gGl 14.4 a.s 12.1 46.b 18.2 0.7
P:d.I'1 cye fiiGld 19.8 29.5 27.8 20.0 2.51 1.0
Prim eye A 0/£ &8,0 30.9 11.2 ().O 0.0 5.6
Pdm eye B olf 58.0 30.9 11•.2 0.0 0.0 2.8
Prim eye A u/£ 8.4 29.0 32.8 26.0 3.8 1.6
pt:im eye n U/f 8.4 29.0 32.8 215.0 3.8 1.6
l?Gb mill 1 dillleh 14.3 13.6 3.2.(5 8.6 0.5 10.3
hb mill 2 dilach 7.2 17.4 17.4 8.4 0.5 10.0
Smo eye: flillfld e8.0 30.9 11.2 0.0 0.0 2.6
Sliteeye off 78.S 20.9 0.6 O.C 0.0 0.9
SIlIO cyo u/f 12.5 52.S 34.7 O.:J. 0.0 0.1

Check fo~ aecur&oYI ,
•••• JlCQlIII il:••••••••• m••• r;o. , •••••••• :lI n .

Prim oyo off moist
'SGle eye 0/£ moist
PllIbmill m?ht

72
74
33

73 !II
83 %
33 III
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Test 8b smoothed mass balanoe

57.S
solLas Water Adjstream

Roel mill feed
Rod mill dilution
Rod mill disoharge
pl:'imary dilution
prim oyolone fayd
prim oyolona A o/f
prim cycLone a o/f
Prim cyclone A u/f
prim cyclone a u/f
Pebble addition 1
Pebble addition 2
Pab mill 1 produot
Peb mill :2 product
Seoondary dilution
Sec eyolone feed
Sao oyclone o/f
SIIIC cyolone u/f
Si2:GI analysis
,. ".
Stl:llUlm

57.5
446.7
SO.S
50.3

173.0
173.0

5.4
3.3

178.4
176.4
100.7
66.2
34.4

2.9
18.5
21.4

171.5
441.1
132.9
132.9
87.6
87.6

87.6
87.6
11.3

277.2
204.2
'-'\1.0

2.2 t./hr
t/hr

2.2 t/hr
t./hr

1.7 l:./hr
1.2 t/ht'
1.2 t/hr
0.3 t./h:t:
0.3 t/hl:'
0.1 t/hr
0.1 t/hr
0.5 t/hr
2.5 t/hr

t/hr
2.4 t/hr
1.9 t/hr
0.4 t/hr

-75 -150+75 -250+150 -1700+250 +1700 Adj
Rod mill discharge 11..7 1S.3 12.1 55.6 5.4 O.S
prirn eye faad 24.2 29.9 25.8 19.1 1.0 l.2
Prim cyo A off 57.6 30.0 1:>'.5 0.0 0.0 6.0
prim eye a off 57.6 30.0 12.5 0.0 0.0 2.1
Pri.m nyc A u/£ 14.6 29.8 29.7 24.6 1.3 4.7
prim aye B u/f 14.6 29.8 29.7 24.6 1.3 4.6
Pltb mil.1.1 ciilllC;lh 14.0 16.3 n. a 7.8 0.:3 10.1
Pab mill 2 diseh 12.8 14.5 15.3 7.2 0.3 10.1
SilO C:YI'.l had 57.6 30.0 12.5 0.0 0.0 3.2
Sec eye o/f 77.13 21.9 0.5 0.1 0.0 0.3
SilO o:tGl u/f 18.7 45.6 35.6 0.1 0.0 0.1

Ch~ek for acouracy:
•• M••••••••••••••••••• ~•• g_••••••••••••••••• ~••••• *•••••• ~••••••••• ft •••••

calo Hau......••••~....~...•.............
pJ.·im c:,to Q/f moilt 73 73 Il<
SGiC OyCl off moist 76 S3 'Ii
PGlb mill moist 33 33 flJ
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'l'astSa smoothed mass balance

Stream
54.7

Solida Wate~ ~dj
Rod l1\illfe:ad
Rod mill dilution
Rod mill discharge
Pril1\a.rydilution
Prim cyclone feed
Prim cyclone A olf
P~im cyclone a olf
.ril1\cyclone A ulf
Prim cyclone a u/f
Pebbla addition 1
Pebble addition 2
Pep l1\ill1 product
reb l1\ill2 product
s~condary dilution
Sec ~yelone faod
Sac cyclone olf
Sac cyclone u/!

shill analysh
.......... Wlll ....

54.7

452.5
48.9
48,

177 •
171.3

5.4
3.4

182.8180. p,

97.7
63.3
34.5

2.8
17.6
20.4

172.9
443.2
132.1
132.1
89.5
89.5

89.5
89.S
10.8

274.9
204.1
70.8

1.8 t/hr
t/hr

1.8 t/hr
tlllr

0.1 t/hr
0.0 t/hr
0.0 t/hr
0.1 t/hr
0.1 t/h~
0.1 t/hr.·
0.1 t/hr
0.2 t/hr
2.3 t/hr

t/h~
0.0 t/hl:'
1.5 t/hr
1.4 t/hr

-78 -150+75 -250+150 ~1700+250 +1700 Adj
Rod mill clisehal:'gGi :tR.O 7.1 9.7 48.':: 16.6 O.SPl;'il1\cyc feed 23.1i 26.8 23.7 18.6 :L4 O.S
Prim eyc A olf 56.2 29.6 14.1 0.1 0.0 4.01
Prim eye B olf 56.2 29.6 14.1 0.1 0.0 2.9
Prim eye 1\ u/! 21.0 26.0 215. 3 23.7 3.0 4.3
Pdm eyc n u/f 21.0 26.0 26.3 23.7 3.0 1.5
PGtP l1\il11 dhch 16.7 14.0 11. 6 ".3 0.4 10.2
Pllb mill. 2 dioch 14.4 14,1 13.0 a.s 0.4 10.1
Sac eye fElllId S6.2 29.G 14.1 0.1 0.0 1.9
Sec eyo o/f 76.4 21.5 2.0 0.1 0.0 0.4
Sltd dYO u/f 19.2 44.4 36.4 0.1 0.0 O.l

Ch.ok for aeouracy;
Calc

••••••••••••••••••••••••••• M •••• ~

l?r.im dyo 01f moi$t
Sse eye olf moist
P\\lb mill. moiet

73
76
33

73 ql
93 %
33 %
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Teat 7c smoothed mass balance

stream ~vlids Water Adj
Rod mill feed 51.6 2.6 1.4 t/hr
Rod mill dilution 16.4 t/hr
Rod mill discharge 51.6 19.0 1.4 t/hr
Primary dil.ution 156.8 t/hr
Prim cyelone feed 427.8 433.8 0.7 t/hr
prim cyclone Z\ olf 49.3 133.8 0.2 t/hr
Pl:'imcyclone B olf 4!L3 l33.8 0.2 t/hr
Prim cyclone A uti 164.6 83.1 0.5 t/hr
Prim cyclone B u/f 164.6 83.1 0.5 t/hr
Pebble addition ). 5.5 0.0 t/hr
Pebble addition 2 3.4 0.0 t/hr
Peb mill 1 product 170.1 83.1 0.5 t/hr
Peb mill 2 product 168.0 83.1 1.G t(hr
Secondary dilution 25.1 t/hr
S$C cyclone feed 98.6 292.7 0.4 t/hr
Seo oye).ooi'l.lolf 60.4 200.9 1.2 t/hr
S$O cyclone u/f 38.2 9l.8 l.6 t/hr
SiZGlanalysis
............. a••

str(lUlm w75 -150+75 -250+150 -1700+250 +1700 Adj
Rod mill disehal:'<;1tl! 21.4 6.1 8.6 52.3 H.G 0.6
Pr.im cye feed 25.2 27.3 27.5 18.2 1.7 1.1
Prim oyo A off 53.8 .'33.1 13.0 0.1 0.0 4.3
prim oye B olf 53.8 33.1 13.0 0.1 0.0 2.4
Prim eye A U/f 16.6 25.5 31.9 23.7 2.2 4.7
Prim oyo B u/f 16.6 25.5 31.9 23.7 2.2 2.2
1'l)b mill 1 dboh 11.8 13.3 16.4 8.G 0.4 10.1
Peb mUl 2 diseh 14.6 14.8 13.4 6.S 0.4 10.2
SGIO eyo 'lued 53.8 33.1 13.0 0.1 0.0 1.2
SeC eye olf. 75.8 23.7 0.5 0.1 0.0 0.5
Seo eye u/f H" i 48.1 32.7 0.1 0.0 0.0

Cale Hau

prim eye olf mol,st
Sec eye olf moist
Peb mill moi$t

73
77
33

73 iii
63 II;
33 %
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Teet 7b fJl1loothedmaeo balance==-==~=======*====~~=======~
stream soUde Water Adj
===••• ===~=~•• ===.~•••===~.===ac••=••~n=====
nod mill fee" 57.2 2.9 2.6 t/hr
Rod mill dilution 18.3 t/hr
Rod mill discharge 57.2 21.2 2.6 t/hr
Primary dilution 15S.1 t/hr
prim cyclone feed 423.2 434.1 :L3 t/hr
Prim cyclone A 0/'; !:i1.0 136.1 0.7 t/hr
p.d,m cyclone n olf 51.0 136.1 0.7 t·/hl.·
prim cyclone A 11/1: 160.6 81.0 0.4 t/hr
Prim cyclone B u/f 160.6 81.0 0.4 t/hr
Pebble addition 1 5.4 0.1 t/hr
pebble addition 2 3.3 0.1 t/hr
Peb mill 1 produot 165.0 81.0 0.3 t/hr
Peb mi.11 2 product 163.9 81.0 1.7 t/h:t·
secondary dilution 27.2 t/hr
sec cyclone feed 101. 9 299.3 1.3 t/hl:'
Sac cyclone o/f 65.8 206.5 2.3 t/hr
Sec cyelona u/f 36.1 92.8 1.0 t/hr
size anal ysLs
•• === •••• :=:-:,..
stream -75 -150+75 -2$0+150 -1700+250 +1700 Adj~===.a========~======~====================~~=======~=~=====~====•••=======
Rod mill discharge 17.1 6.6 e.1 53.7 14.5 0.7
prim cye feed 26.0 29.3 26.0 16.4 2.3 1.7
Prim eye A olf 57.9 28.7 13.4 0.0 0.0 6.5
Prim eye B o/f 57.9 28.'1 13.4 0.0 0.0 3.1
p;J;'imeyo A u/f 16.0 29.4 30.0 lU.5 3.1 3,0
Prim eyc B l1/f 16.0 29.4 30.0 21.5 3.1 2.2
peb mill 1 disoh 14.5 14.8 13.1 7.7 0.5 10.1
peb mill 2 di$eh 14.1 16.5 14.8 4.0 0.5 10.2
Sec eye feed 57.9 28.7 13.4 0.0 0.0 3.6
Sec eye el/f eO.l 19.3 0.6 0.0 0.0 0.5
Sec:: eye u/f 17.1 46.0 3G.7 0.1 0.1 0.2

CheCK for aOQurnoy:
Calc:: Maas......~ ~ ~.~~..~..~..~~.

Prim eye o/f moist 73
Sec eye olf moist 76
reb mill moist 33

.,:~%
1.:.'3 ill
33 %
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Test 7a smoothed mass balance==~==z=======.~===~=========
stream solids Wate)." Adj=====r==~===~.=====n~=====================~=
Rod mill feed 55.0 2.7 3.1 t/hr
Rod mill dilution 17.3 t/hr
Rod mill. discharge 55.0 20.0 3.1 t/hr
primary dilution 154.9 tlhr
prim cyc loru feed 428.7 432.7 1.3 t/hr
Prim cyclone A olf 50.0 133.2 0.8 t/hr
Prim cyclone B olf 50.0 133.2 0.8 t/hr
:prim cyclone A ulf 164.3 83.2 0.1 t/hr
prim cyclone B u/f 164.3 83.2 O.! t/hr
Pebble addition 1 5.4 0.1 t/hr
Pebble addition 2 3.3 O. J t/hr
Peb mill 1 product 169.7 83,.2 0.3 tlhr
Peb mill 2 product 167.!i 83.2 2.3 t/hr
secondary dilution 36.6 t/hr
Sec cyclone feed 100.0 303.0 1.5 t/hr
See cyclone olf 63.8 211. 5 3.0 t/hr
sec cyclone u/f 36.3 91. 5 1.5 til'll."

SiMI analysis===a_ili._._&itn._
Stream -75 -150+75 -250+150 ~1700+2~0 +1700 Aclj

Rod mill discharge 20.0 6.5 e.7 53.6 11.1 r. a
prim eye feect 24.3 28.9 26.1 19.0 1.8 2.3
Prim eye A olf 55.2 32.S 12.4 0.0 0.0 4.7
prim eye a olf 55.2 32.5 12.4 0.0 0.0 2.2
prim eye A u/f 14.9 27.S 30.3 24.7 2.3 2.7
pl.'imeye a u/f 14.9 27.8 30.3 24.7 2.3 2.7
Peb mill 1 dI ach 12.9 15.8 13.7 7.3 0.4 10.1
Peb mill .2 clisch 12.6 14.8 14.5 8.0 0.4 10.1
Sec eye feed 55.2 32.5 12.4 0.0 0.0 1.3
Sec eye olf 75.6 24.1 0.4 0.0 0.0 1.1
Sec eye u/f 19.5 47.1 33.4 0.1 0.0 0.0.==.:~n*==~====="~=~====•••••==.= ••=~.===.==~••••a.=.===••X.==.~••~;A.=U==
Check for accuracy;

Calc Meas
Prim ey~ Olt moist
Sac eye 0/£ moist
Pep mill moist;

73
7 "
33

73 !h
83 !j;
33 'Ii
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APPENDIXH MICROSIM program listing

{

{

MIOROSIM : Ore dressing models
{••••••u.=.u=.~===••==~~.~~=zc=~~=.~=•••=.=.~~===========~=.~====u
Jlu:_:::.:.Ut::=U:i:ill: }

(0) R.p.I<ing
}{••~~a=~========~.====~=~~===~••=.=r.=co~=~==m~~===~====.=~==~=~===

•••• &*:.n*=== •• }
{ Model by QP Campbell

}

.._-_ ..-------}
-- ..._--,.- ..._-- }
{ primary cyclone Model

)
{ Plitt's updated cyclone modal, adapted for EOGM primary
cyclone }{~ ~ ~~~ ~ ~_~ __ ~ __ w __ ~ ~_~~_~~~~_~_~ __ ~~ ~

......_--- ....._--->
OVERLA~ PROCEDURE PRIMC~C(VAR atm

point
tYPIll_num I

1 Stms;
ToUniti
uniTypeS)1

VAR
FaedPt,O!Pt,UfPt
Fa~dH20,0fH20,UfH20
dc,di,d o,du,h,fl,f2,f3,f4,dens exp,viso,p in,parall
~,phi,sg,s,slope,ra guess,rs oale,uf flow,dSO factor
d50o, ).Oartiticm,I.I3_errOrI feed::mass, Uf::msu, of_mass
ydash,sum,rf,pu,tl,rhs,ri
i, j ,l~,l,m, iter
po,thaoret_po
temps

String r 20 J ;

BEGIN
WITH point~ DO
BEGIN
clu: -pal.'am [1) ;
}

fl:-pelt'alm(2)I
}

f~ p"pax:am[3) ,
f41-1nIUm[4) ;

END;

'roM,
ToREi;

I REAL;
REAL;
REAL;
REAL1
lNTEGER;
Real;

{correction faat.ors
{Spigot dian\EltGlrin cm

dOI .. SS.fir
h:"202 di I
di:""14." ;
d 01'"25.5;
parall :1121
dlllnl1laxpl ..O.5,
vise: i'-1i
rIllQdPt:QSolidSelact(stw[point~.inoutl211)1
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aJphal"'am"'(feedpt~.tonneS)*3.S+aol
9al\un~u",0. sa7;
bat.tI:",3.125,
PhiS P-o. 269 ;

With raysl:emDo
Begin
'or 1:=1 To nde Do
Begin
seleettiJI=Sl*Pow(~ize(i)/siza(l),alpha);
1.f (i-nda) ~hen a~lect(iJI=O.O;
For j:=l To ngc Do
Fot' 1t1"'1To nso Po
'or 1;-1 To n40 Po
r'Or 11\:"1To nEic:Po
BegJ.n
ft'aotion := SolidYalve(i,j,k,l,m,feedpt)/(l.O +

tl!.u*eeleettil)i
SolidPut(i,j,k,l,m,proapt,fraction)1

End;
End;
Por il..2 To nde t
Bsgin
11 ..1-1;
For ii:~l ~~ 1 Do
Segin
~zj:.ejzu(i-1J/.1zQ[iiJI
Ijzlt·O,O,
If i<>ndo Then .zl:.liz~[i)/.izo(iiJI
l:Iijl.phiS*i>ow(l3z:!,ga.mma)+(1"phi5)*Pc (dZj,b()U)
bil:-phiS*Pow(szl,gammt)+(1-phi5)*Pow{szl,bata)
bs;-l:lij··bi11
frl.tau/(l,O+t~u*selwctril)*·eleot[iil*bsl
For :11-1 To ngc Do
'or It:nl To nee Do
For 1~.1TO n40 Do
Fo~ 11\:-1To n5p Do
a.gin

fr&.cdonl-SQliclValu. (if j, k, l,I1\, pt'or.'lpt)'''f.r'''SoUdV~lul!I (ii, j, k,l,I1\, pr
odpt) 7

Solid~ut(i,:I,k,l,m'P~oclpt,fr&ction);
End,

Encl,
End;

1J:nd;
End;

{~."".Q.r ••• _.=.=a:.~==t",::::=c.ttS=•• ~.U=M"jI.II.\!Zt".,*.u •• 'h"\II •• ,*•........ ta ••• m •
•••••••• .:ru •• }

{••••• W•• Q•••••• W.~Dg.= •• QU~ ••~H~~ ••••••• _~.~~ •• N.~.~ ••••••••• 3•• ~
•• c.... "'IL..w •• }
{ ROD lULL

}
< Thh is a. sililplamodal for a rod-mill.

I
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END;( _._~~~ . ~ ~_~~_~N_~ ~ ~ .'~ ~~~_~_~ W_~_
..._ '"'---_ .._-}
{ PEn at.)\)MOOEL

}
{ Breakags & Salsction function model. Rased on AUBtin,
Klimpal and Luo)(ie}
{ correlat.ions for the selection tl."\d brea)(ago functions.
Asaumetl that the }
{ mill ia a 'ingll, well-mixed reaotor.

}
{

}
{ Mode~ param~ter. are :

}
1) Solection function at top size

}<__ ~ .~_~ w ._~ __ ~_~._~~ __ •• ~~ ~ ~ __

-------""'-_._ ..,
oVlilrlay )?roc:;adur.eQCPepblomil1(Var stm I fltmsl

point I toupit,
type_num I Uni~ypes)1

Var
feadpt Ip.t:'odpt:
fudh20,prodh20
alpha,beta, gamma, Sl
PhiS,slm,slc,am,ac
tau,l.j,s.l,bij,pil,bo,fr
fnction
i,j,k,l.,m,H
ulect
Holdup

'1'or4;
'1'or6;
Mal 1

I Rul;
REId 1

I Rul 1
tntElc;tQJ':1
l\rny(sizrangaj
Real;

tllI(;lin
f.lldptl~SolidSQlect(.tm[l?oint~.inout[2]l)
prodpt:.SolidSelllct(.tm(point~.inout(4]1)
feAdh2o:-Lixivraleot(stm(pointA.inout(2J]l
prodh2Q;.LixivS.l$ct(.tm[point~.inout[4Jll
prodl?t"'.tonnQI!:":L'ilI.dpt~.tOl1nUI
p~odh20·.:L'l~wl.f••dh20·.floWl
Holdup 1111 11,4,

With point" Do T~ul!JI«Hc')ldUp*lOOO)/J)'CiI~Ql?t·.'l'onnes)/50; iTau in
minutu}

{panmctOlt'l1r
With point. ~ do tJ99in
Slml"'paum[l);
SlCllllptl.t'am(2); {StJ1G1ctJ.on rata at top siz., per min }
am l.par.am(3]1
M :.po!lt'am[4]1
!!It,d,
if (-.lm/Blo»1/{(f~.dpt·jtonn~c)*3.6) thon sllNl olae

Sll·.lm*(fQadpt~.tonn&.)*3.G+Slol
if (-~m/ao»1/«fQQdpt·.tonnae)*3.6) than alpha:-l else
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FOR i:~l TO nde Do
£,,:r.::GIN
tl;~~O.693*PON(size[iJ/d50c,alope),
IF (tl<~40) THEN ydash:=l.O
~~SE ydash:~1.O-~XP(t1)1
IF ydaNh<O.o THEN ydaBhl~o.O
ELsm
IF ydash>1.0 THEN ydaah:-l.O,

eum:"O.O;
rOR k:m1 TO nee DO
'O~ 1:"1 TO n4e no
FOR ml~l TO n5c 00
sum:"s\II1\+solidValuG(.L,j,k,l,m,FoeclI't);

uf flow:"uf flow+sum*ydash;END; •
ENO,
IF fee~pt~.Tonnaa<~Q.O THEN Rfl~l.o
ELSE Rfl.(s/(s+l.O)-phi/lOO.O/f~adpt~.tonnea*uf_flow)1

(1.O-phi/lOO.O/feedpt~.tonnes*uf_f1ow);
IF Rf>l.O THEN Rf:-l.O
ELSE If Rf<D.D THEN Rfl-O.O;
if si~e(il<30*le-b then
Ri:=Rf*(l-siza(il/(30*le-G))
alse ri:"O,

UfPt·.Tcnn.e:aO,O, OfPt-.Tonnes;"O.o;
rOR j:"l TO ngc DO
BEGIN
d50el~dSO_faeto~/PON«(9~av(jl-l.O)/l,G,dens_eXp)1
'OR i:~l TO nde DO
aEGIN
tl:",-O.693*PON(size[il/dSOe,slope)1
IF (tl<-40.01 THEN partition: ..l.O
ELSE partitionl"(l.O-EX~(tl))*(l.O-Ri)+Ri;
IF partition<O.O THEN partition:-O.O
~tSE IF partition>l.O THEN ~artitionl.l.Ol
FOR klMl TO nse 00
FOR.1:..1 TO Ivle DO
Fe/R m:-1 TO nSe 00
B7~G!N
f~.d_malsl.SolidValue(i,j,k,l,m,FeadPt);
uf ma.'I.pa~tition*fQa~ma~$;
of-mas.:.fQ$d ma.~-uf mass,
SOlidPut(:l,j,k,l,m,UfPt,Uf mau) I
Solidput(i,j,k,l,m,ofPt,of:ma.s)I
UfPt·,Tonnas:-VfPtft.Tonna$+uf mass;
OI1l?tA. Tonnaa ,"'OfPt' •Tonnes+of-masl:l;

END; -
]l:NO;

END;
END,
UfH20~•ll'l.O\~:.F~..dH20~•Flowv<RfI
OfH20·.rlow:.Fe~dH2o·.Flow·UfH20·,Flawl
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sg=~ora_Oenaity(FeeclPt)1 {Ora fe~d so,
tons/m3 }
IF 1'19<=0.0THEN q:=FGedH2o~.Flow/l000.0 {Flow i.nm3

per second >
ELSE q;.(F~~dPt~.Tonnea/s9+FeedH2o~.Flow)/1000.O; {Flow in m3

pel: aecond }
ql-q/parall; {Volume flow to each

cyolone, m3/a}
1'_in:"1. 8S*POW(q*60000. 0,J,. 78)"'EXP(0.0055*1'hi)/
(POW(dc,0.37)*POW(di,0.94)*POW(h,O.28)*l?OW((du*du+d_o*d_o),O.87));

{Oyclone inlet pressure,
KPa }

IF p in<=O.O THEN a:=O.O
ELSE-

a:-£4"'3.29*POW (P1llp_RO(point~.inout (2)),0.24) *POW(du/d_o,:3. 31) *POW
(h,O.54)*
POW (d\l*du~'d_o*c;l_ol0.36) "'EXP(0.0054*phJ.)/POW(clo,l.ll) /I?OW(1'_J.n,0.24
) ;

{Volumetl:ic flow splJ.t

IF '1<.0.0 THEN slopa;"O.O
ELSE

slope: .f2*1. 94*EXP (..1.Ft8*s/(1.O'~IO))*POW (dc*dc*h/ (q*GOOOO. 0) 10.15) I
{PartJ.ti.onourva slop ••

}

IF ~<"O.O THEN dSO_factorlal
ELSE

dSO_factol::-fl*30.7*POW(dc,O.46)*Pow(di,0.6)*I?OW(d_o,1.21)*SQRT(V.
se)
*EXP(0.063*phi)/(POW(du,O.71)*POW(h,O.38)*POW(q*60000.0,0.4S»)*lE-6;

}

w~it$ln(ms9_fil,phiI6:2, (q*GOOOO.O):GI1,p_in:6;l,s:6:3,slope:6:3,d
SO factor/l~~618:2),
WITH system 00
BEGJ;N
Uf flow:-O.OI
FOR j:-l TO ngo 00
BEGIN
Ir (9l:AVlj)<1.O) THEN
BEGIN
S'rR (j, tamps) 1
t1pdAtfllWindow(3,'Erro%,'in PUtt Qyclonlllmodal : sa of 9l:aVJ.ty

class '+tempa+' <1.0');
BGlep(300,lOOO) 1
JSOo:-dSO faotol:;

n:ND -
ELSE
d50rl.d50_fAotor/POW((9raV(jJ~1.O)/1.6,dens_IIlXp)1
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END;
ENOl
UfH20·"lew;=FeedH20·,Flow*Rf;
Of H2o· ,'low:=FuadH2c" "low-UfH20· ,Plow;

END;

......----------){ S~conary C~clone Modal
}

{ Plitt'g updated c~olona model, adapted fer EDGM seconadary
cyclone }
- .. - .. - .. -~.---- >OVERLAY PROCEDURE SECC'!(C(VARstm

point
type.~num

: Stmo1
ToUnit;

: Uni'.l'ypes);
VAR
FaedPt,OfPt,UfPt
'$edH20,Of820,UfH20
do,ditd_o,du,h,fl,f2,f3,f4,dens_Glxp,viac,p_in,parallq,phi,YCJ/./alopGl,rn_CJuGlBS,rs_ealo,uf_flow,r:l50_faotor
dSOo/partition, rs._error, feed_mllss, uf_mau, of_man
ydash,aum,rf,pu,ul,l:'hs,ri
i,j,lt,l,m,itGlr
!?o,thllo.r.Gtt po
tllmp. -

string[20J;
BEGIN
W:t'l'Hpointft 00
BEGIN
dUI"pa.:t'l!lm(l]1
iUP ~aram[2l;
)

f21·paramt3] I
f41..p.nram(41;

END;

ToM;
I ':CoR6;

REAL;
REALi
REAL;
REAL;

I INTEGER;
Real;

<oorr~ction factors
{Spigot dil!lmat~r in cm

de: 1I~)l.4 ;
h:.2E,3.61
di'-:IO.3;
d 011'36;
pAl:nlll-l;
dell"_lIxp:"O.S,vbol·l,
PalldPtl-So1idSalllct(ctmtpoint-.inout(2Il)I
tlfPt * .. solidSllllact (atl\\tpoil\t - •i.noul:t 11J 1 ) ,
OfPt I"'SolidSGtllllQt(_em (POi11t ~ •j,noul~(5 J J ) I
t.GtdH2ol-LixivS$lect(.tm(poLnt~.inout[all)1
UfH20 I"'LixivSGllIllQt(atm(poLnt·.inollt[411);
Ofli20 I "'Lj.xi\iselact(Bt\O\( l?o.Lnt·•inollt (5ll ) I
phl:"'Volum'_Pol:Cflnt_solids(point-,inout(:1])1 {Volumo percent

1II01id.in feed }
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elSOc:=d50_factorl
END
ELSE
ciSOc; "'elSO_factor /POW ((gl:av (j )-1.0) /1. 6,dmns_exp) I

FOR i:~l TO nde DO
BmGIN
tl:=-O.693*POW(size[il/dSOc,slope) ,
IF (t1<-40) THEN ydaahl~l.O
ELSE yclash:=l.O-EXP(tl)1
IF ydash<O.O :HEN ydash:eO.O
ELSE
IF ydash>l.O THEN ydash:-l.O,

sum:-O.O;
FOR It: -1 TO nac no
FOR 1:=1 TO n4c DO
FOR ml-l TO nSc DO
sum:=sunl+solidValufa (i,j Ik,l,m,FeedPt) t

uf flow:-uf f1ow+sum*ydash;
END; -

ENO,
IF fa~dpt~.Tonne5<.O.O THEN Rfl-l.O
BLSE Rf:-(s/{s+1.0)-phl/100.0/feedpt-.tonnea*uf_flow)/

(1.O-phi/100.D/fiaadpt~.tonnes*uf_flow),
IF Rf>l.O THEN Rf;-l.O
ELSE :tl!' RfcO.O THEN Rf:"O.O,
if siza[iJ<30*le-6 th~n
Rj:-RfW(1-siza[il/(30*la-6»
ahe ri: -0 I

UfPt~.Tonnes:.O.O; Ofl?tA.Tonnes:*O.O;
FOR j:-l TO ngc DO
BEGIN
dSOcn*C:\SO_factor/POW ( (grav[ j )-1. 0) /1.6, cle:ms_flxp)I
FOR il-l TO nde 00
BEGIN
tl:--0.693*POW(siza(iJ/dSOe,slcpe);
IF (t1<-40.0) THEN partition:.l.O
ELSE partition:,,(l.O-EXP(tl) )*(1.0~Ri)~·RiJ
IF part.l..t.i.on<O.OTHEN pal;'tition:-o.O
ELSE IF partition>l.O THEN partitionl-l.01
FOR kl.l TO nsc 00
FOR 1:-1 TO n4c PO
FOR ml-1 TO nSc 00
BEGIN
had_mulIIl.solidValue (i, ~, It, l., m,ll'alldIlt)I
uf m~ssl·partition*fe.d mae.,
of-masel-feed mass-uf maSSI
SQlidPut(i,j,k,i,m,UfPt,uf_mass);
SOlidPut(i,j,k,l,m,ofPt,of maills);
'Ufpt" • 'l'cmnas; ..Ufl?t ~. 'l'onnes+uf mass 1
OfPt'" •'xonm:ls: -OfPt ~•Tonnes+of- maes;

END; -
ltNo;
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tJ£1'1:. :=s"UclSe1.eot(etmIPoint-,inout(4)))/
OfPt :-solidSaleot(stm(point',inout(S)));
FeedH2o:~Li~ivSelsot(etm[point-.inout[2J)}1
UfH20 :~Li~ivSelaot(stm(point~.inout[4Jl)1
O£H20 :-LixivSelect(atrn(point-,inout[SlJ)'
phi:-Volume_Parcent_solids(point-.inout[2) 1/ {Volume peroent

solids in feed }
sq;-Ore Density(FeedPt); {Ore feed SG,tons!m3 _ )
IF $9<.0.0 THEN q:.'eedH20·,Flow/1000,0 (Flow in m3

I?l)r second >
ELSE q;.(FeedPt-,Tonnee/sg+FeedH20·,Plow)/1000.0, (Flow in m3

per second )
q:.q/par~ll; {Volume flow to ea~h

cyclona, m3/s}
p.w,in:"1. a8*POW(q',60000. 0,1. 78) *EXt' (0. OOSS*phi) /

(POW(dc, O. 37) *PQW(di, 0.94) *POW(h, O.28) *POW( (du*du'I-d_o*cl_O) 10.87) ) /
{Cyclone inlet pres.ura,

KPa }
if £4-0 then
f4:-1.l81*pow«(d_o/du),0.lSl)*Exp(Phi*0.067)i
IF p_in<.O.O THEN s:"O.O
ELSE

IS l.f4*3. :lSG*POW(f'ulp_RP (point-. inou1q 2 J ) ,0.24)*POW(du/d_o, 3.31) *PO
W(h,0.54)*

PCW{du*dll+C'_o*d_o,0,36) *EXP(O. OOtl4*phi)/POW(do,l.11) /l?OW(p_in, 0.24
) ;

{Volumetric flow spat.
}

IF q<"O.O THEN slopel-O.O
Er,SE

slopa:.f2*1.94*mXP(-1.SS*s/(1.O+s))*POW(do*dowh/(q*SOOOo.O),O,lS),
{Partition curve slopa.

}
IF q<-O.O THEN dSO_f.aoto~:-l
tt,Sl!l

d50_faatol:,-fl*39.7*POW(do,O.46)*Pow(di,O.G)*POW(d_o,l.21)*SQRT(vi
1110)

*F.XP(O.063*phi)/(POW(du,0.71)*l?OW(h,0.38)*l?OW(Q*60000.O,O.45))*lE"
61

{Col:l.'ItotadD50 in lnatet'lll

WITH fIIyst4imDO
a~GIN
uf fl.Oflll"O.OI
FOR j:-1 '1'0n90 DO
BlllGINl' (;rav[jJ<1.0) THIN
BEGIN
S'I'R(j,tQmpfl);
UpdataWi.ndQw(3,iEr~or in Plitt oyolone mod~l ~ sa of gravity

clan. i+temp.+' <1.0')1
BIUlp(300, 1000) 1
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APPENDIX G List of ull model parumeters

':'f0ot F't~rj 14,Ul [";bl'1 .. 'IOU 1 1 l'f'bblQ mIll ~) !'rIm(lty cyclt.ltl(l ~il)(~(."!nl:1fl1:'1 'JYI:l(,flO

dto 81<"1)0 st i) CI ~1(11 " r, ,', '" ,'I ,', ,0,
bI'IIt::I~t'l:I..Ult:1i'b.m:al1'l ....te.=et:1l;at1.tr;ltJ,~;;)Utl:U~IlQ.~l.':lC1t:lt3ft::lbt!1atlqtl .. ,'!~t!'lt:le;uut";!t:!~Uc:lnt101:'.:u~t::a!;1t!1.l:;tn:c:::::.to.Ct:J_C.Clt:10tlI;l'200tlt:tt;:lt:'lio.Ot:1ml:lt.';'t:lJ;:I.Ocf:lt:J;t:t

la 998.4 0.%0 0.510 1.015 i ,300 1.509 0.304 O.32Z G.460 0,344 0.239 17.,130
:r. 11~Jl. t.! 1.37.; l.ug 1 t O~~2 c/.~? 1 0.345 ',.88() o. 454 0, ~;54 1.!i.8(1(J
!':: 1;;H.6 O. a91 1 f 1liZ 1.:;77 1.('9'/ 1.cas 0.31J O. :109 5.9r,O (I. :,OG o. ;:;~3 16,440
~li 111)1. !I O. ~91 (J. ;131 0.3"3 5.040 O.;;B9 O. ;'38 lUt G!jO
;;r. l:j~q. 9 0.803 1. ;,(1;, 1. ~~4 1. o::r 1.;;4~ (1.::88 fl. :18'1 5.8'iO C,. a;;l (,h:;!J(l 1&.~.:(,
~,~ 1494. '/ O. soc c, El82 (1.9'/8 1 f 2ti4 O.:Hit.) o. 3~'1 6. :no (1,355 (;.;1£10 In. ::cto
ja 1312.0 0.7'8 0, 9~\() 0. aas 1.4~5 1.048 O. ~(l4 l).aGO 7.3~CI O. [l8r, 0.35;, 1'I.30(l
'::b 1895.5 1.0013 1.717 1.'/35 0.:::31 o. ~8& 7.320 (i,t):;~ t'.::J17 1'1, 4~o
J~ 2ZiB.9 n. 9r,~ (1.405 (l.e::l (1.443 O.~lJ 0.:1l6 (1.4(.,1 v.uso ('.40B CII ;';8j H,.4,Hj
4n 21(,0.5 \1.ll;jG 0.1,1(1 \.1 t 9CI~) u. '1;,:1 0.9;)0 ('.PH () t :~flr, "t I 4.;0 [i. £14 ~1 (1.3(I£J 13.90(1

4rJ ~Ol1.4 0.730 O.;j:W 0.9,;, O.GuO (l.q~4 0.:';58 n.407 0.8,,0 I!.HW C'. :.1 (I H,.R(i(t

4~ 1')1:31. ~ I) • ., [,4 nt~l51 O.??G 0,541 O.8·}~ O. ::CIl 0.3'19 ".420 04 r14£i (I ~~Q~j lt3,'h"J(l

~a 14'1'7.B O.8G4 1.681.1 1.2{)S (1.~fJ5 0.406 ~.38(1 O.[,D (J. ~!_)l 1';.1;.0
C,b 1358.4 I). '4l 0.<348 1 ')"'l>"j 1).443 O.8,n 0,205 1).4::8 B.040 U.4W) O.2~3 15.190, ~. t.;.L.

~#: 1£,19.7 (J.[,II:1 O. ~8.! 0.89!J (I.~i4 fl. '168 0,1 ~4 0.433 '1.6;;0 O.77., (/ •. ~.j,4.'j 1'1.('6t<
"e 799.3 0.719 0.301 0.388 0.790 (I. 3~ 4 0.::30 14. :l30
~t.. 510.1 O.itiO o, ~llHJ O.n8S 0 ..4 ~2 O. no O.Z61 (1.3% U. HiO 0.357 Oi~3~ 15.ono
~~ 7BO.2 0.68G r.res O!li9;: 0.681 O. G'/7 0.26'1 0.404 8.050 0.401 0.2'4 15.180
ia b26 • ., 0.il3 0.1318 0.4913 O.')~O (\.591 O.2r~G 0.381 9.480 O. 4~5 1),2GO 14.040
7r., 759, :I 0.733 (1.6135 o, ssa 3,;;,90 1.159 0.219 O. ~;~'1 8.780 0.430 (J. ~40 15.lliO
1,,: 1338.0 (1.705 0.789 0.8:<4 0.998 0.719 (J.2:lS O. :l92 9.430 0.3% (l.26fi 14. ,1AO
~~ 771l.8 (l.uD? 0.00 0.392 0.329 0.417 O. ,142 0.3'19 9.110 o, ur, 0.2'1'/ 1;1.G~O
~1';; 541. 0 O. fl5Li (l.G% 0.558 Oi9;':!) {l.70l 0.::&8 0.40:-; 0.390 ('.3l<G o, ;;«(, 1!J. '/1(1
e:: 814.3 01.132 0.205 0.152 0.135G 0.062 0.244 O. 38;~ 8.430 0.432 0. :::94 l>1.&?(!
l~u 1<126.8 0.$94 O.3e~ 0.339 0,263 0.411 O.~19 0.456 11. 4eo 0.4::4 C.2SQ 14.58U
111, 1(;7'1.1 0.615 1.077 0.\)95 1.247 0.864 0.180 0.3GG 13.380 0.4 ll9 0.260 13.500
11" 1~4 B. 4 O.GG3 0.201 0.1';1 0.6';6 0.570 1."_ 211 0.3G8 13.040 0.424 0.298 15.0~0
UI!. lG2G.3 0.667 0.334 O.l!lO 0.587 0.590 0.149 0.389 11.920 0.370 0.2(,7 16.640
lZb 1493.' 0.G19 0.190 0.00'2 0.446 0.424 O.llY) 0.354 12.520 0.411 O.:!57 14.6130
l~~~ 1;:;;'8.1) O.G!.i& 0.294 0.160 0.G05 0.547 0.10'/ 0.358 12.270 0.420 0.;':94 14.930
13~ 645.5 0.752 0.327 0.440 0.463 0.6:32 0.181 0.340 12.890 0.272 0.227 H.730
lJb 920.G 0.809 0.3!l9 0.528 0.652 0.621 0.246 O.SG2 11 •.$30 O.S8~ 0.279 14.580
l~e 1351;. S 0.6'10 0.:193 0.521 O.&2t> 0.:J4G O.ZOG 0.345 10.64(1 0.451 O. ::Ion 10.750

Missing values represent outliers or unsuccessful regression attempts
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Test 13c smoothed mass balance

Stream
==~====~=~========~~========

Water 1\djSolids
Rod mill feed
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclone feed
Prim cyclone A olf
Prim cyclone a olf
Prim cyclone A u/f
Prim cyclone a u/f
Pebble addition 1
pebble addition 2
Peb mill 1 product
Peb mill 2 product
secondary dilution
Sec cyclone feed
Sec cyclone olf
sec oyclone u/f
Siz!lt analysis
........... =-&1.
StrColam

63.1
63.1

439.1
52.5
52.5

167.0
167.0

2.8
2.3

169.8
169.3
105.0
67.9
37.1

3.3 0.6 t/hr
20.6 t/hr
23.9 0.8 t/hl:'

202.9 t/hr
455.8 1.2 t/hr
148.3 0.4 t/hr
148.3 0.4 t/hr
79.6 0.2 t/hr
79.6 0.2 t/hr

0.0 t/hr
0.0 t/hr

79.6 0.2 t/hr
79.6 0.3 t/hr
7.9 t/hr

304.4 '1.8 t/h::
234.7 .).5t/hr
69.7 0.3 t/hr

-75 -150+75 -250+150 "'1700+250 +1700 Adj
Rod mill discharge 14.4 4.6 6.4 45.5 29.2 0.3
prim eyc feed 22.7 30.5 22.2 20.0 4.6 0.6
prim eyc A o/f 59.1 38.2 2.7 0.1 0.0 1.8
Prim cyc B olf 59.1 38.2 2.7 0.1 0.0 1.6
prim cye A u/f 11.3 28.1 28.3 2G.3 G.I) 2.2
Prim eye a u/f 11.3 2a.1 28.3 2G.3 6.0 0.8
Peb mill 1 diech 11.6 1S.9 13.1 9.2 0,5 10.1
Peb mill 2 disch 12.9 ~.4.a 13.7 8.2 0.5 10.2
Sec cye faad 59.1 38.2 2.7 0.1 0.0 loS
Sec eye rJ/f 80.2 19.6 0.1 O.J. 0.0 0.1
Sec cye u/f 20.3 72.1 7.6 0.1 0.0 0.1

CheCK for aocu acyl
Calc Maas

P:t:imeye o/f moist
Sec eye olf moist
PaP mill moist

74
78
32

'14 %as %
32 !h
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Test 13b smoothed mass balance===~===========~=======~====
Stream Solids Nater Adj

Rod mill feed 60.7 3.1 1.0 t/hl:
Rod mill dilution 20.1 t/h1;'
Rod mill disoha.rge 60.7 23.2 1.0 t/ltr
Primary dilution 191.6 t/hr
prim oyclon9 feed 434.8 453.9 0.1 t/hr
Prilllcyclone A olf 51. 7 147.9 0.2 t/hr
Prim cyclon", B olf 51.7 147.9 0.2 tlhr
prim cyclone A ulf 165.6 79.1 0.2 t/hr
Prim cyclone B ulf 165.6 19.1 0.2 t/hr
pebble ac1dition 1 2.8 0.0 t/hr
Pebble addition :2 2.3 0.0 t/hr
Peb mill 1 product 16($.4 79.1 0.2 tl11r
PiliP mill 2 product 167.9 19.1 0.3 t/hr
Secondary dil.ution 7.9 t/hr
Sec cyolone hed 103.:', 303.7 0.4 t/hr
Sec oyc10nl'l olf 65.8 228.7 1.0 1:/hl:'
Ssc cyc2.one u/f 37.7 75.0 1.4 t/hl:"
size a.nal.ya:ia
...... IIir:i .

~75 ~lS0+75 ~250+l50 -1700+25U +1700 Aclj
Ron mill discharge 12.2 '1.4 9.7 51.7 19.0 0.3
prim cyc feed 21. 7 31.S 25.4 18.4 3.0 O.S
Prim cyc A olf , .1 40.7 4.2 0.1 0.0 2.6
Prim cyc B olf !hL 1 40.7 4.2 0.1 0.0 0.8
P:d.m cyc A u/f 11.2 28.6 32.0 24.1 3.9 1.2
Pdm eye B u/f 1l.2 28.E1 32.0 24.1 3.9 1.1
Peb mill 1 diach 10.6 16.7 14.7 7.9 0.4 10.1
Peb mill 2 disch 12.6 15.3 15.1 6.5 0.4 10.2
Sec dye feed 55.1 40.7 4.2 0.1 0.0 1.7
Seo cye o/f! 73.4 26.4 0.2 0.1 0.0 O.S
Seo oye u/f 23.3 65.S 11.2 0.1 0,0 0.2

Check for accuracy:
Calc Maas

Prim cy~ oif moist
Sec eye 0/: moist
Pl!tbmill moirat

74
78
:;2

74 %
85 %
32 'I>
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Test 13a smoothed mass balance

Stl.'earn Water AdjSolids==.~=.==.===~==~============================Rod mill feed
Rod mill dilution
Rod mill discharge
prima~y dilution
Prim cyolone feed
Prim cyclone A off
prim cyclone B off
Prim cyclone A u/f
Prim c/clone B u/f
Pebble addition 1
Pebble addition 2
Peb mill 1 product
Peb mill 2 product
Secondary dilution
Sec cyclone feed
SOlO cyclofi!llOff
Sac c.yelom. u/f
Si2H~ analysis
.. a:r: .

48.3
48,3

448.5
48.1)
48.6

175.6
175.6

2.8
2.3

178.3
177.13

97.3
53.2
44.2

2.5
15.8
18.3

190.9
444.3
138.6
138.!)
83.5
83.5

83.5
83.5
7.8

285.1
217.0
68.1

1.5 t/hr
t/hr

1.!i t/hr
t/hr

1.5 t/hr
0.1 t/hr
0.1 t/hl.'
0.8 t/hr
o. a t/hl.·
0.0 t/hr
0.0 t/hr
0.7 t/hr
0.2 c/hr

t/hr
0.1 t/hr
1.2 t/hr
1.3 t/hr

M75 -150+75 ~250+150 -1700+250 +1700 Aclj

Rod mill. discharge 18.9 7.4 10.0 52.S 11.2 0.4
Prim cye feed 22.1 aU.6 27.4 18.3 1.5 0.8
Prim cyc A o/f 58.1 35.5 6.4 0.0 0.0 0.5
l?l:imeye B o/f 58.1 35.5 6.4 0.0 0.0 1.0
prim cyc A u/f 12.2 29.2 33.2 23.4 1.9 2.1
Prim cyc !.'3 u/f 12.2- 29.2 33.2 23.4 1.9 1.1
Peb mill. 1 disch 11.6 14.4- 15.6 8.1 0.4 10.1
Peb mill 2 disch 10.6 15.5 15.9 7.8 0.4 10.1
Seo cyc feed S8.1 35.5 6.4 0.0 0.0 0.4
SeC cy.::off 85.6 14.2 0.1 0.0 0.0 0.2
Sac eye u/f. 24.9 61.1 14.0 O.l 0.0 0.1

Check ~or accuracy I

Calc Meas
Prim eye off ~j\oist
Sec eye o/f moist
peb mill moist

74
80
32

74 %
85 %
32 %
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Test 3c modelled mass balance

Rod mill feed
Rod mill dilution
Rod mill discharge
Primary dilution
~dlncyclona feed
Prim cyclone A off
Prim cyclone B olf
prim cyclone A u/f
Prim cyclone B ulf
Pabbl~ addition 1
Pebble additic~ 2
Peb mill 1 product
P~b mill 2 product
Secondary dilution
Sec cyclone feed
SIlIC oyclon. off
Sl$lecyclone u/f

66.4
SolidS Waterstream

66.4
463."
66.3
66.3

165.7
1G5.7

3.3
3.7

169.0
169.4
132.6
73.7
56.9

SiZtl ana1.y....Si
.... WiuIlUa.Itl •• ~.

StrClam

3.0 t/hr:
22.7 t/hr
25.7 t/hr

201.3 t/hr
413.2 t/hr
134.7 t/hr
134.7 t/hr
72.0 t/hr
72.0 t/hr

t/hr
t/hr

72.0 t/hr
72.0 t/hr
10.3 t/hr

279.6 t/hr
23',.<1 t/hr
42.2 t/hr

-75 -150+75 -250+150 -1700+250 +1700

Rod mlll dischargGl 9.:1. 6.2 6. CI 46.4 31.5
Pl:'.tm eye fead 23.3 24.0 29. Ei 17.1 6.0
prim eye 2\ o/f 50.3 29.1 19.6 0.9 0.0
prim cye B o/f 50.3 29.1 19. Ei 0.9 0.0
Prim cyc A u/f 12.5 21.9 33.5 23.6 a.3
PX'im .:lyea \,/f 12.5 21.9 33.5 23.6 6.3
PGIb mill 1 disch 24.6 25.5 33.7 14.3 2.0
PIIIb mill 2 dil~h 25.5 25.6 33.3 13.:/ 1.9
See eye fUd 50.3 29.1 19.6 0.9 0.0
Sec eye off 67.1 2.3.9 9.0 0.0 0.0
SIllC eye u/f 29.4 35.7 32.S 2.1 0.0
•••••••••••••••••• Ut~~ ••••• u•••••••• ~••••••• ~••••••••••••••••••••••.........
PC' w 566.2 m3 P$t hour
pcp.. 1.4131
PSM· 57.1'pas.ing 75 miorons
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Teet 30 moclallGd maSs balance
~~ •• ~••~.~~.~~ •••• Q•••• ~••~••••

66.4
solids Wa:\::erStrGll!lm

Rod mill faed
Rod mill dilution
Rod mill di.eharge
Primary dilution
Prim cyclone fCilQd
Pr.lm oyolon" A olf
Prim cyclone B 0/£
Prim cyclonQ A u/£
Prim oyclor.. B ulf
PCilbbla~ddition 1
PabblCil addition 2
Peb mill 1 product
Peb mill ~ product
s~condl!lry dilution
0$.0 oyolen_ fCiled
o$tlIO aYc:llontllo/fs.o oyolon. u/f
sin lOlly.iII...............

463.7
66.3
66.3

165.7
165.7

3.3
3.7

169.0
169.4
132.6
73.7se.9

Strum

3.0 t/hr
22.7 t/hl:
25.7 t/hr

201.3 t/hr
413.2 t/hr
134.7 t/hr
134.7 t/hr
72.0 t/hr
72.0 t/lu:

t/hr
t/hr

72.0 t/hr
72.0 t/hr
10.3 t/hr

27~.6 t/hr
2~7.4 t/hr
42.2 t/hr

....... IiIIiIli .. ,.. U.lfll.tte II ••••••••• ! e.at .
-75 -150+75 -2$0+150 -1700+2$0 +1700

Rod mill. d,t.chllr9· 9.1 6.2 6.a 46.4 31.5
I?dm eyc f.ec;t 23.3 24.0 29.6 17.1 6.0
prim eye A olf $0.3 29.1 1(1.6 0.9 0.0
Pt'im eye 13 0/£ 50.3 29.1 is'. IS 0.51 0.0prim eye: A ulf 12.5 21.9 33.S 23.6 a.3
Pt'im eye B u/f 12.5 21.9 ~J.5 23.G a.3
Pall:! mill 1 ,\iaeh 24.6 25.5 33.7 14.3 2.0
UP mUl 2 clhoh 25.5 25.6 33.3 33.7 l.9
SilO eye heel 50•.3 29,1 ~.9, G 0.9 0.0
SlIe aye olf 67.1 23.9 9.0 0.0 0.0
SlIe "yr:: ulf 29.4 35,7 32.S 2.1 0.0.w••••••••••••••••••••••••••••••••••••u.~••••••••••••~.~••••••••~•
...... 1ft iii.

PCll' •
POD •
PSM •

sse.a ml p~r hour
1,49:1.
67.1 , pl ••Lng 75 micron.
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Teat 3b mc)cielled maaa balance~wn==~.r=~=~.~DQ===~~•••==U~==~~
Stream solids Water
Rod mill. j:eeci
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyQl~nB f •• d
Prim cyclone A 0/£
prim cyclc:ma a off
Prim cyclone A U/f
Prim cyclone a u/f
Pebble addition 1
pebble addition 2
Peb mill 1 product
Peb mill 2 product
Secondary dilution
Sec cYdlon~ fa.d
stileeyelona off
See cyclone u/f
Sin analYlilh................

477.2
6£1.1
69.4

170.2
170.2

3.3
3.7

17:.5
173.9
136.9
76.(;
60.2

Strum

3.0 t/hr
23.9 t/hr
26.9 t/hr

201.1 t/hr
417.6 t/hr
135.0 t/hr
135.0 t/hr
73.9 t/hr
73.8 t/hr

t/hr
t/hl:'

73.B t/hr
73.a t/hr
10.2 t/hr

280.3 t/hr
2313.3 t/111:'
42.0 t/hr

••••••••••••••••••••••• N••• ~.~ •••••••••••••••••••••••• n •••• m •••••
-75 -150+75 -250+150 -1700+2S0 +1700

Rod mill diec:harge a.5 5.8 6.4 45.1 34.2
Pdm eye hed 23.4 23.2 29.1 17.6 6.7
prim eye A off 50.4 28.5 19.9 1.1 0.0
Prim eye: a off 50.4 29.5 19.9 1.1 0.0
prim c:ya }\ u/f 12.5 21.0 32.6 24.3 9.4
Prim dye B U/f 12.15 21.0 32.9 24.3 9.4
Pab mill 1 dlleh 25.0 24.6 33.0 14.9 2.4
Peb mill 2 diaeh 25.13 24.7 32.7 14.5 2.3
Sed eye 'flied 50.4 2S.5 19.9 1.1 0.0
Sile eye off 67.1 23.6 9.3 0.0 0.0
SIIC eye;:u/f 29.3 34.9 3.305 2.5 0.0
•••••••••••••••••••••••••••• ~ •••• ~M •• ·.~~ ••••••• ~ •• *•••••••••••••••
•••••••
POF •
POD •
P9M ..

597.7 m3 pc," hour
1.49"
67.1 , pamainq 75 microna
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Test 3a modelled mass balance

Straam Solids Water
Rod mill feed 70.5
Rod mill dilution
Rod mill discharge 70.5
Primary dilution
Prim cyelone feed 476.8
Prim eyclor.e A off Ga.7
Prim eyclone B off 68.7
Prim cyclone A u/f 169.5
Prim cyclone B u/f 169.5
Pebble addition 1 3.3
Pebble addition 2 3.7
Peb mill 1 product 172.8
Peb mill 2 produet 173.2
SecDndary dilution
Sec cyclone feed 137.4
Ree cyclone off 77.2
See cyclone u/f 60.3
Sin an&lYlia
••••••• ~u ••••
strl!lam

3.0 t/hr
211.3 t/hr
2'1.J t/hr

19B.S t/hr
41:!.7 t/hr
13:!.3 t/hr
13:1.3 t/hr
74.0 t/hr
74.0 t/hr

t/hr
t/hr

74.0 t/hr
74.0 t/hr
1l.. 4 t/hr
2ni.9 t/hr
23<f.4 t/hr
4L!; t/hr

••• II.SJil • .,iI ,. ~'* ai:I •••••••• tr_ •• '*..........••• *•••••• -= ...
-75 -150+75 M2S0+1S0 ~1700+250 +1700

Rod mil1 dililchargli 8.3 $,,] 6.3 44.7 35.0
prim c~ fried 23.0 23.0 29.2 17.8 6.9
l?~im "'Ie A off 49.5 28.7 20.5 1.2 0.0
prim eye B o/f 49.5 28.7 20.5 1.2 0,0
Pl:im eye A U/f 12.2 20.8 32.8 24.S 9.8
P.t'im eye B u/f 12.2 20.8 32.8 24.5 9.8
Pob mill 1 diach 24.7 24.5 33.2 15.1 2.5
Feb mill .2 diloh 25.4 24.6 32.9 14.7 :2.4
SeQ Qye fIlItlcl 49.5 28.7 20.5 1.2 0.0
SeQ eye o/f 66.1 24.1 9.13 0.0 0.0
Sile eye u/f 28.3 34.7 34.2 2.7 0.0
M•••••••••••• ~.~ ••••••••••••••• :.~•••••• ~•••• "•• ~•••••• N••• ~•• "••••
_•• it•••

peF •
pet> •
PSH •

592.G m3 pa~ hour
1.501
66 •.',lbpauing 75 mierens
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Tent 20 modelled mass balance

62.2
So l.I.d a Waterstream

Rod mill feed
Rod m111 dilution
Rod mill discharge
primary dilution
Prim cyclone feed
Prim cyclone r l/f
prim cyclone ~ off
Prim cyclone A u/f
Prim cyclone a u/f
Pebble addition 1
Pebble addition 2
peb mill 1 product
Pab mill 2 product
Seqondary dilution
Sec cyclone feed
Scae cyclone off
Sec cyclone u/f
SiZillIlnalysia
M .

62.2

484.1
64.1
64.1

178.1
178.1

2.6
2.3

180.7
180.4

128.3
67.4
60.9

Strum

3.0 t/hl"
21.1 t/h:t'
24.1 t/hr

280.6 t/ht'
~95.3 t/hr
178.9 t/hr
178.9 t/hr
68.8 t/hr
68.8 t./hr

t/hr
t/hr

68.8 1:./hr
a8.S t/hr
20.S t/hr

378.5 t/hr
325.6 t/hr
52.9 t/hr

-76 -150+75 ~2S0+1S0 -1100+250 +1700
•••••••••••••••••••••••••••••••• _•••••••••••• n••• ~•••••••••••••••

Flod mill dhchargla 10.1 6.8 7.4 48.2 27.S
Prim eyc feed 30.4 24.\) 24.1 15.6 s.u
Prim eye A off 64.9 24.7 10.3 0.2 0.0
Pdm eye 13 off 64.9 24.7 10.3 0.2 0.0
pr5.m eye A u/f 18.0 24.9 29.2 21.2 6.8
Prim eye: a u/£ 18.0 24.9 29.2 21.2 6.8
P1tb mDl 1 dilch 31.2 26.4 28.0 12.6 1.9
Pltb mill. 2 dlleh 31.0 26.4 28.0 12.6 1.9
SlIIeeye fuel 64.9 24.7 10.3 0.2 0.0
Sac eye Q/t 81.2 15.8 2.9 0.0 0.0
Slae eye u/1' 46.7 34.S 18.4 0.3 0.0
,~•• "•••• e~••~~••• a•••••• **.~.~••••••••••a••• M •• »••••••••• ~•• *•••• "
."'......
por Q 678.0 m3 per hQur
POD'" 1.445
PSM. 81.2 'bPU"inlJ 75 mioron.
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T~Bt 2b modelled mnes balance.~.~~=~~n~~.=~=~~=~~~~.=~m=••=~

74.0

so:t.i.dEl Water
Rod mill feed
Rod mill dilution
Rod mill di$char9~ 74.0
Primary dilution
Prim cyclone feed 541.6
Prim cyclone 11. off 72.7
Prim oyclone B off 72.7
Prim cyclone A u/f 197.9
P.-'imcYC::loneB u/f. 197.9
Pebblo addition 1 2.6
Pebble addition 2 2.3
Pab mill 1 product 200.5
Pab mill 2 produot 200.2
Secondary dilution
Sac cyclone £e9d
SilO c::yolonll o/f
Sec cyclone u/f

145.4
78.S
GG.9

~l t8 ollnalYlirrl
....... ;a .. I111 •••• .,.

Stra.nm

3,0 t/ht:
25.6 t/hras.s t/hr

::mi.8 t/hr
50'~.4 t/hr
178.4 t/hr
17'8.4t/hr
'16.2 t/hr.
'16.2 t/hr

t/hr
t/hr

76.2 t/hr
76.:1t/hr
2L2 t/hl:'

378.1 t/hr.
32G,5 t/ht'
51.6 t/hl:'

-7~ -150+75 -250+150 -1700+250 +1700
••••••• _ ••••• ~n ••• ~.M ••~ft~~.,~••••••••• ~••••• ~W.U~ •••••• ~•••••••••

Rod mill dilchQ.t'g!l 1.7 5.3 5.9 43~3 37.7
Prim oyo £.lIId 29.i' 20.5 23.0 1a.2 e.s
Prim eye A 0/£ 64.. 22.8 12.3 O.S 0.0
Prim eye B off 64.4 22.8 12.3 0.5 D.D
'rim eye A U/f 17.0 19.9 27.0 24.6 11.5
Prim eye B u/f 17.0 19.9 27.0 24.6 11.&
Peb mill 1 disch 32.6 21.6 25.9 15.7 4.2
Fab mill 2 cli.ch 29.7 21.6 26.a 17.1 4.R
Sec oye fead 64.4 22.8 12.3 O.S 0.0
S~e c~o off aO.7 1S.4 3.~ 0.0 0.0
SSd dye u/f 45.3 31.6 22.1 1.0 0.0
•••••• ~W~ •• N••••• ~•• M~ ••• AR •••••••••••• ~ •• ~•••••• ~•• ~~.M.~ ••••••••......"'.
li'CF ..peD ..
PSM ..

713.8 m3 p.~ hour
1.4.72
aO.7 ~ pa••ing 75 mie~on.
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Test 2& mOdelled mass balance

Rod mill teed
Rod mill dilution
Rod mill disoharge
Primary dilution
Prim oyolone feed
Prim oyolone A olf
Prim oyclone B olf
Prim cyclone A u/f
Prim oyolone a ulf
Pebble addition 1
Pebble addition 2
peb mill 1 prod~ot
P$b mill ,2 produot
Secondary dilution
Sao cyolone f~ed
Sec cyclone olf
SIlIOcyclonlllu/f
Siu analysis
........... I# •• ~

615.0

Solids Wr.terStream

66.0

507.0
69.5
69.5

la3.8
183.8

2.6
2.3

186.4
186.1
139.0
70.5
68.5

StrUU\

3.0 t/hr
22.5 t/hr
25.5 t/hr

270.1 t/hr
495.6 tIll:!;'
1'15.2 t/hr
175.2 t/hr
72.5 t/hr
72.5 t/hr

t/hr
t/hr

72.5 t/hr
'/2.5 t/hr
64.5 t/hr

414,9 t/hr
360.1 t/br
54.9 t/hr

~75 "150+75 -250+150 ~1700+250 +1700

Rod mUl clischarge 9.2 6.3 6.9 46.6 31.1
Prim cye f'e:uid 30.5 23.7 23.S 16.1 5.9
Prim eye A olf 64.0 24.5 11.3 0.3 0.0
prim eye 13 off 64.0 24.5 1l.3 0.3 0.0
Prim oyo A u/f 17.S 23,4 20.5 22.1 S.l
Prim eyo a ulf 17.6 23.4 28.5 22.1 8,1
Flab miH 1 ditroh 31.7 25.0 27.4 13.4 2.$
!?eD nll'l 2 dlseh 31.0 25.0 27,6 13.8 2.6
Sec cyo filled 64.0 24.5 11.3 0.3 0.0
SOlO eye olf 91.4 15.5 3.1 0.0 0.0
S19Q eyo ~/f 46.1 33.7 19.7 0.6 0.0
•••••••• *•••• ~•••• N••••••• u_ .......... ~.............. Q••••••••••• ~...........
PCF ...
PCO ..
PSI{ ..

686.9 m3 p~r hour
1.460
81.4 II; pllllUin9 75 nlicl.'onlll
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Test 2a modelled maso balance==:============~======~===~====
stream Sol.i.dt'!Water==.~••=======================~==••======Rod mill feed 66.0 3.0 t/hr
Rod mill dilution 22.5 t/hr
nod mill diE'.::harge66.0 :l5.5 t/hr
Primary dilution 270.1 t/hr
l?l:'imcyclone feed 507.0 495.6 t/hr
!'rim eyol..Jna A off 69.5 175.2 t/hr
Prim cyolone B off 69.5 175.2 t/hr
pdm oyelone A u/f la3.a 72.5 t/hr
Prim cyclone B u/f 1" ,a 72.5 t/hr
Pebble addition 1 2.6 t/hr
1?l'llbble addition 2 2.3 t/hr
PiliP mill 1 product 1a6.4 72.5 t/hr
Pab mill 2 produot la6.1 72.5 t/hr
$eeondary dilution 64.5 t/hr
Sec cyclcme faeel 139.0 414.9 t/hr
Seo cyclone off 70,5 360.1 t/hr
Sec cyolone u/f 68.5 54.9 t/hr
size analysis_= .. *11.11" •• :=_
Straam -75 -150+75 -250+150 -1700+250 +1700
ROd mill. discharge 9.2 6.3 15.9 46.15 31.1
Prim eye hillel 30.5 23.7 23.8 16.1 5.9
l?dm eye A off 64.0 24.5 l.l.3 0.3 0.0
Prim eye B off 64.0 24.5 11.3 0.3 0.0
i?1:'imeye A \\/£ 17.8 23.4 2a.5 22.1 a.1
Prim eye B u/f 17.a 23.4 28.5 22.1 a.l
I?$b mill 1 disoh 31.7 25.0 27.4 1:';'4 2.5
PGlb mill. 2 dilleh 31.0 25.0 27.6 13.8 2.6
Sac eye felfld 64.0 34.5 11.3 0.3 0.0
Sec: eye off a1.4 1&.5 3.1 0.0 0.0
Sac oye u/f 46.1 33.7 19.7 0.6 0.0
*••••••••• ~••••••••••• UR.~ ••••••••••••••••••• ~••"•••• ~•••• M •• UW •••
1JIr') •••••

PCll' •POD •
PSM ..

6aG.9 m3 par hout
1.460
al.4 , pas.Lng 75 mtotons
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TeJt lc modell~d mass balance

stream Solids
=======~~=====~====~==~====~===

Water
Rod mill feed
Rod mill dilution
Rod mUl discharge
Primary dilution
Pl."irn cyr::lo.1efeed
Prim cyclon~ A off
Prim cyclone l3 0, t

Prim cyclone A u/f
Prim cyclone l3 u/f
Pebble addition 1
Pebble addition 2
Peb mill 1 product
Peb mill 2 product
Secondary dilution
sac cyclone feed
Sec cyclone off
SElc eyal.one u/f

66.2

500.5
65.7
65.7

184.4
184.4

2.6
2.3

187.0
186.7
131.3
70.7
60.6

Sil>.a analysis
::I •••••••• "'.UI.
Straam

3.0 t/hr
22.6 t/hr
25.6 t/hr

287.2 t/hr
505.4 t/hr
182.4 t/hr
182.4 t/hr
70.3 t/hr
70.3 t/hr

t/hr
t/hr

70.3 t/hr
70.3 t/hr
3.7 t/hr

368.5 t/hr
316.5 t/hr
52.0 t/Ill.'

-75 -150+75 -250+150 ~1700+250 +1700

Rod mill discharge 9.1 6.2 6.8 46.S 31.:3
Prim eye feed 30.5 23.5 23.6 1(;'4 6.1
l?rim v;.'<'''' A off 65.6 23.8 1~.4 0,2 0.0
Prim Ol'C l3 off 65.6 23.8 10.4 0.2 0.0
Prim eye ."1 u/f 17.9 23.4 28.3 22.1 8.2
p:cim eye a U/f 17,9 23.4 28.3 22.1 8.2
P\'tb"'ill 1 diseh 31,9 24.9 27.2 13.5 2.5
Peb mill 2 disoh 31.2 24.9 27.5 13.8 2.6
Sec cye faaci 65.6 23.8 10.4 0.2 0.0
Sec eye o/f. 81.4 15.5 3.l 0.0 0.0
Sac eye u/f 47.2 33,6 18.9 0.4 0.0
•••••••••••• c•••••••••••••• a•••••••••• r••• a••••••••••••••• m•••••••

•••••••
POI" ..
PCD ..
PSM •

694.3 m3 par hour
1.449
81.4 , paa~in; 75 microns

Appendtx I ..Stmulated mass balances 229



Teat lb rrodelled mass balanc~=~=====~~~=========~~==========

66.1

Solids Waterstream======================================~=
Rod mill feed
Rod mill dilution
Rod mill dis~harge
~rima~y dilution
Prim cyclone feed
Pr.im cyclone A O/f
~rim cyclone B o/f
Prim cyclone A u/f
Prim cyclone B u/f
Pebble addition 1
Pebble addition 2
P~b mill 1 product
Peb mill 2 produot
Seoondary dilution
Sec cyclone fe~d
Sec cyclone off
Sec cyclone u/f
sizllIeU'\alYRis
If.I==i:d:= •• =~t====

66.1
500.0
65.7
65.7

lM.2
184.2

2.6
2.3

186.8
186.5

131.4
70.8
60.6

stream

3.0 t/hr
22.6 t/hr
25.6 t/hr

286. 6 t/h:~
504.7 t/hr'
182.0 t/hr
182.0 t/hr
70.3 t/hr
70.3 t/hr

t/hr
t,lhr

70.3 t/hr
70.3 t/hr
4.3 t/hr

368.4 t/hr
316.4 t/hr
52.0 t/hr

-75 -150+75 -250+150 -1700+250 +1700

Rod mill discharge 9.2 G.2 6.8 46.5 31.2
Prim cyc feed 30.4 23.6 23.6 16.4 6.0
Prim cye A off 65.5 23.9 10.4 0.2 0.0
prim cyc a off 65.5 23.9 10.4 0.2 0.0
Prim eye A u/f 17.9 23.5 28.3 22.1 8.2
~dm cyc B u/f 17.9 23.5 28.3 ,'22.1 8.2
peb mill 1 diech 31.9 25.0 27.2 13.4 2.5
Peb m.i.J.12 disch 31.1 25.0 27.5 13.8 2.6
Sec eye feed 65.5 23.9 10.4 0.2 0.0
SGe eye o/f 81.3 15.6 3.1 0.0 0.0
Sac aye u/f 47.0 33.7 18.9 'J.4 0.0=•••"~~=••••"••=~.===.==.~a••••••=.==••==============.=_=== ••_.=~.
PCF ..
~CD ..
PSM ..

693.4 m3 per hour
1.449
81.3 ~ passing 75 microns

Appendix I : Simulated mass balances 228



APPENDIX I Simulated mass balances

stream
====~_====================c====

Solids Water===.=.============~=====================
Rod mill f.eed
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclone feed
Prim cyclone A off
prim cyclone B off
prim cyclone A u/f
Prim cyclone B u/f
pebble addition 1
Pebble acldition 2
Peb mill 1 prodUct
Peb mill 2 product
Secondary dilution
Sec cyclone f.eed
Sec cyclone off
Sec c:yelone u/f

49.1
49.1

419.3
52.7
52.7

157.1
151.1

2.6
2.3

159.7
159.4
105.3
54.2
51.2

SiZ$ analysis
St.t'lHlm

:300 t/lu::
16.0 t/hr
19.0 t/hr

281.3 t/hr
473.B t/hr.
176.6 t/hr
176.6 t/hr
60.3 t/hr
60.3 t/hr

t/hr
t/hr

60.3 t/hr
60.3 t/hr
4.4 e/hr

357.5 t/hr
304.7 t./hr
$2.9 t/hr

-75 -150+75 -250+1$0 ~1700+250 +l.700
Rod mill discharge 16.2 10.3 10.5 [:1.2 ll.B
Prim eye;:feed 29.8 30.5 2S.1 12.8 1.8
Prim eye A off 64.5 27.3 8.2 0.0 0.0
Prim eye B off 64.5 27.3 8.2 0.0 0.0
Pr.im eye A u/f 18.2 31.5 30.9 17.1 2.4
prim eye 13 u/f 18.2 31.5 30.9 17,J. 2.4
Plib mill 1 cliaoh 28.7 32.3 29.2 9.2 0.5
Pep l\\i112 diseh 29., 32.4 28.8 8.7 0.5
Sec eye feed 64.S 27.3 8.2 0.0 0.0
Sec C:ye off. 81,1) 16.9 2.2 o 1'\ 0.0
Sec eye u/t. 47.j, 38.3 J.4.S u, : 0.0~._•...•~.•..~.~~~=~...==.~~••••••••••~.~~~••=.=••~••••~••••••••• n

PCF It 632.0 m3 per hour
PCp.. 1.413
PSM It 81.0 % passing 75 mie~ons
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{
}<=~=====~=============~=====~=============~~~===~c================

====.."'......===}
Overlay Procedure QCRodMill(Var stm : stms;

point ToDnit;
type_num : UniTypeS);

Var
feedpt,
prodpt ToR4;
feedh20,
prodh20 ';I.'oR6;
rmf,c;50Isl
i
fr,cum

Real;
integer;
Array(sizrange] of Real

Begin
feedpt:=solidSelect(stm(point-,inout[2111
prodF~:aSolidSelect(stm[point·,inout(4]])
feedh20:=LixlvSelect(stm[point-.~nout[21])
prodh20:=l,j.xivselect(stm[po:!.nt-.inout(4) I)

prodpt-,tonnes:=faedpt-,tonnee;
prodh20·,flow:=feedh20·.flow;
rmf:=£eedpt-,tonnee*3.6t
if rmf<40 then d50:=300 else
d50:=43.94*rmf-1499;
e1:=:;0.799;
With system Do

Bagin
For i:=l To nde Do
Begin

if i= 1 then cum[i]:= 1 else
cum(i) :- 1~exp(~(pow(size_cla6e[i-l)*le6/d50,sl)));

End;
For i:=ndc downto 1 do begin

if i-ndc then fr(i):=cum[i) else
fr[i]:=cum[:!.l-cum[i+ll;

end;
for i:= 1 to ndc do

SolidPut(i,l,l,l,l;prodpt,fr[il*feedptA,tonnes);
end;

End;
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Tlilst7c modelled mass bala.nco

Stream solids Water
Rod mill feed 50.3
Rod mill dilution
Rod mill discharge 50.3
Primary dilution,
Prim cyclone had 387.1
Prim cyclono 110/£ 53.5
Prim cyclone B off 53.5
Prim cyclone 11u/£ 1 l.2
Prim cyclone n u/f 140.2
pebble ~ddition 1 5.5
Pebblo addition 2 ~.4
psb mill 1 product 145.7
Peb mill 2 product 143.6
Secondary dilution
Sec cyclone feen 106.9
r~e cyclone off 59.4
Sec cyclone U/f 47.5
Sblt analYlh
............ iI;:la.

3.0 t/hr
15.5 t/hr.
19.5 t/hl:'

156.8 t:./hr
390.6 t/hr
10a.1 t/hr
106.l t/hr
87.2 t/hr
67,' t/hr

t;hr
't/ht

67.2 t/hc
67.2 t/hr
25.1 t/hr

241.4 e/hr
201.5 ';/h1'.'
39.9 t/h1'.'

-75 -150+75 "'250+1S0 ,·1700+250 +1700
Rod mill dhcharga 15.3 9.a 10.1 51.4 13.4
prim cyc fud 23.9 "'7.5 32.0 14.5 2.1,
prim eyc A off 46.7 30.7 19.7 O.g 0.0
Prim eyc B 0/£ 46.7 30.7 1Q.7 0.9 0.0
prim eye 11 u/f 14.5 26.2 36.7 19.7 2.9
Prim eye I:l Il/f 14.5 26.2 36.7 19.7 2.g
l)~b mill 1 disr.h 24.6 26.5 35.8 10.6 0.5
Pea mill 2 di.ch 24.9 29.4 35.6 g.? 0.4
SIIC cye::fud 48.7 30.7 19.7 0.9 0.0
Sec eyo olt 65.3 25.5 9.2 o.y 0.0
SltO eye u/f 2'1. g 37.2 32.9 2.0 0.0
••••• M•••••••• ~ ••••••••••• _ ••••• D ••••••• n••••••• u••••••••• ~.~~ ••••
•• 1' .."" ...

PCF. 53G.7 rn3 pm~ hour
POP" 1.449
PSM. 6!3.3 % pusinq 75 rniCl:OfiS
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Teat 7b modelled masa balMCO

54.6
solids Wtl.tal;'

Rod mill l:Qod
Rod mill dilution
Rod mill disoha~ge 54.6
Primary dilution
Prim eyolon~ faQu 408.4
Prim oyeloha A olf 56.S
Prim cyclone B off 56.G
Prim cyelona A ulf 147.5
prim cyclone)) ulf 147.5
Pebble addition 1 5.S
Pebbl. addition 2 3.4
Peb mill 1 product 153.0
Pab mill 2 product 150.9
secondary dilution
s.c cyclolle f.Glld
Sec eycloflill o/f
SGle eyelonQ u/f

113.2
63.2
50.0

shlJ analYll.l.l
............. 111

3.0 t/hr
18.1 t/hr
21,1 t/hr

158.1 t/hr
400.3 t/hr
109.5 t/hr
109.5 t/hr
90.6 t/hr
90.6 t/hr

t/hr
t/hr

90.6 1:./hr
90.6 t/hr
27.2 t/hr

246.2 t/hr
206.2 t/hr
40.0 t/hr

-75 a150+75 -250+150 -1100+250 +1700
I~od mill. diaeharg& 12.8 8.4 a.9 50.8 19.0
Prim eyo fuel 23.9 26.~ 31.3 15.5 3.1
Prim eye A off 49.7 30.0 20.2 1.1 0.0
prim eye B olf 48.7 30.0 20.2 1.1 0.0
Prim eye A u/f 14.4 24.8 35.5 21.0 4.3
l'lri(11eye B u/f 14.4 24·.8 35.5 21.0 4.3
Peb (11ill1 dbeh 25.2 27.4 35.0 11.6 o.a
Pep (11ill2 eli.eh 2~.4 28.1 34.8 10.9 0.7
sec cye f.ott 48.7 30.0 20.2 1.1 0.1')
Set: eyo off. 65.3 25.1 9.,5 0.0 0.0
SIiC c:lo u/f 27.7 16.2 33.6 2.5 0.0
••••••• *~•••••• ~•••••••••••••••••••••• ~b •••• ~ •••••• *••••••• ~••••••..........
POll' •
POD •PSM •

554.4 m3 p$r hQu~
1.459
65.3 ~ P& •• in9 75 microns
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Test 7a modelled mass balanoe

51.9
Solids Natel'stl:'eam

Roc;!mill feed
Rod mill dilution
~od mill disoharge
Primary dilution
Prim oyolone feed
Prim cyclone A o/f
prim oyclo~e B o/f
Prim cyclone A u/f
Prim cyclone B u/f
PebbJ.e addition 1
pabb1A addition 2
Peb mill 1 pro~uQt
peb mill 2 pl~oduet
Seeondary dilution
Sae cyelona feed
SQlC cycl.onl olf
Sac cycJ.ona u/f
Sin analyaiB
.............. a:.

StrQlam

51.9
397.3
55.5
55.5

143.1
143.1

5.5
3.4

148.6
146.5
1;'1.1
60.8
50.2

3.0 t/hr
17.1 t/hr
20.1 t/ilr

164.9 t/hr
393.5 t/hr
107.8 t/l'lr
107.8 t/h.t'
89.0 t/hr
89.0 t/hn

I!/hr
t/hr

89.0 t/hr
89.0 t/ht'
36.6 t/hr

252.3 t/Ilr
:all.7 t/hr
40.6 t/hl:'

-76 -15D+75 -260+150 -1700+260 +1700
Rod mill. d.!.lllchaL'ga 1'''':2 9.2 9,7 51.3 15.6
Prim eye :fuel 24.0 27.0 31.7 14.8 2.5
p:;.l.mcy'o A o/f.'. 48.6 30.5 19.9 1.0 0.0
prim eye B olf 48.6 30.5 19.9 1.0 0.0
Prim eye }\ u/f 14.5 25.7 36.1 20.2 3.4
prim eye B u/f 14.5 25.7 36.1 20.2 3.4
PQlb mill 1 clilllch 24.9 28.1 35.4 11.0 0.6
PQb mill 2 dheh 2!L2 28.9 35.2 10.2 0.6
SllIe eye h.d 49.6 30.5 19.9 1.0 0.0
SaC: eye o/f 65.6 25.2 9.1 0.0 0.0
S(lIO oye ulf 27.9 36.a 33.0 2.2 0.0
••••••••••••••••••••••••• ~~ ••••• ~•••••••• ~~ •• ~m ••••••••••••••••• r.•........
'0'. 543.4 m3 per hou~
POD" 1.455PSM ~ Gs.G ~ paloing 75 mlorons
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Test Gc modelled mass bal.nco

Stroam SoUds Water
Rod mill. feed
Rod mill dilution
ROd mill discharge
Ii't'imarydiluticm
Prim ~yclona feed
prim cyclone A olf
Prim cyclone B 0/£
Prim cyclone A u/£
Prim cyclone B u/f
Pebble addition 1
Pabbla addition 2
Peb mill 1 product
Peb mill 2 product
Secondary dilution
Seo cyolone feed
Seo eyolone olf
Sec c::yc:lorlt.»] f

435.3
60.6
60.6

156.9
156.9

5.5
~L4

16:~.4
1GO.3
12:'.3
6~1.1
51:,.1

sin analyra:La
............ st.
Strum

,'LO t/hr
lS.S t/hr
21. a t/hr

174.1 t/hr
429."1t/hr
120.0 t/hr
120.0 t/hr
94.8 t/br
94.S t/hr

t/h),"
t/hr

94.S t/hr
94.8 t/hx-
52.2 t/hr

292.2 t/hr
24S.0 t/hr
44.2 t/hr

y75 -150+75 -250+150 -1700+250 +1700
:Rod mill di$ehargll 12.0 S.O S.S 50.3 :U.1
Prim eye: feed 2G.4 26.2 2S.7 15.2 3.5
Fri" eye A off 52.S 2S.S 17.4 1.0 0.0
pri:!, oye B off 52.S 29.S 17.4 1.0 0.0
Prim eye A Ulf 16.2 25.2 33.0 20.1 4.S
Prim oyo a u/t! 16.2 25.2 33.0 20.7 4.8
PlIlb mill 1 eli"ch 21,9 27.4 32.1 11.15 1.1
l?abmill 2 d.ilch 29.0 27.9 32.0 11.1 1.0
Seo eyo feQlQ 52.S 2S.S 17.4 :1,.0 0.0
SilO oye olf 70.S 22.6 7.1 0.0 0.0
Sao QyQ u/f 32.3 36.2 29.4 a.a 0.0
................. Ul ................ 11 ............................. n•••••• n ...........
•••• IIJ ....

l?CJ.1' III

PCO ,.
?SH ..

694.0 m3 Pilll:' hOUI:
1.456
70.S , pl••inQ ~6 mioron.
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test Gb modelled mass balance

Solids 'I'?atar

~od mill hllld
Rod mill dilution
Raa mill dischargs
Primary dilution
Prim cyclonQ fead
prim cyolone A 0/£
prim cyclonQ a O/f
Prim cyclone A u/f
prim cyclone a u/f
pebble addition 1
pabble addition 2
pab mill 1 product
l?eb mill 2 product
s.condary dilution
Sac cyclone f •• dSec cyclona olf
SAC cyolone u/f
Siu eh1alYlilll
••• a tc

397.2
55.6
5!L6

143.0
143.0

5.5
3.4

148.5
14G.4
111.1
55.9
55.3

,;.0 t/hr
lS.2 t/hr
18.2 t/hr

172.6 t/hr
415.9 t/hr
119.0 t/hr
119.0 t/hr
89.9 t/hr
88.9 t/hr

t/hr
t/hr

88.9 till:!:aa.9 t/hr
81. 2 t/hr

319.3 t/hr
271.9 t/hr
47.4 t/hl:'

............ X tIf t!illl'!lft~~=r:=!I:i.IC.at •• Jel'ltal ••• IJI *IU•• tJI.ta.iC ~
-75 -150+75 -250+150 w1700~25Q +1700

Rod mill dilac::nargC!l 18.0 11.2 11.3 50.4 9.0
Prim cyc fead 27.3 29.9 29.0 :1.2.5 1.3prim eye A off 53.3 30.6 15.5 0.5 0.0
pl."1m eye B off 53.3 30.6 15.5 0.5 0.0prim eye A u/f 17.:1. 29.5 34.3 17.2 1.S
Pt'im eye B u./f 17.1 29.5 34.3 1·1.2 1.13
P.)~ mill 1 dillch 27.4 30.8 32.5 9.0 0 •.:1
Pill,) mill 2 cli.eh 27.G :31.5 ~2 •.J ~.3 0.3
Stile eye fud 53.3 30.6 15.5 0.5 c. tJ
SlIe eye olf 72.3 22.4 5.4 0.0 0.0
SlIe eye l~/f 34.1 39.0 213.S J..:I. 0.0
••_••••$•••••••••M••••••• ~••• ua••••••••••• ~••••••• M••••••• ~•• H••••.."'.......
POll''' 5G5. a m3 Pill: hour
POD" 3.043'/
PSM ~ 72.3 ~ pa •• in9 75 micrQn~
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Test Sa modelled mass balancen••••~.a~.=~_.u.~••==••~~==.a=.

47.4
soHds waterstream

Rod mill fead
Rod mill dilution
Rod mill ai.charge
Primary cliluticl)1
Prim cyclona feed
Prim oyolone A olf
Prim cyclone B olf
Prim cyolone A ulf
Prim oyolone a u/f
pabble adciitipn 1
Pebble addition 2
pab mil.l 1 prOduct
P~b mill 2 product
Sao~nd.ry dilution
6ao cyclone feed
Sille eyclonlll o/f
Slio cyclooGi u/f

47.4
396.0
55.3
55.3

142.9
142.9

5.S
3.4

148.4
146.3
110.6
!lS.6
!~,4.0

Siu andy.is•••••••••••••
Strum

3.0 t/h),"
1!5.3 t/h):'
19.3 t/hr

1'72.0 t/hr
414.2 t/ht'
118.4 t/ht'
).lB. I) t/hraa.7 t/h):'sa.7 t/ht

t/hr
t/hr8a.7 t/hrea.7 t/ht

70.7 t/hr
307.6 t/hr
261.2 t/hl:
46.3 t/hr

-75 -150+75 -250+150 -1700+250 +1700
Rod mill l;!ililohargQ 17.6 11.0 11.2 50.6 9.5
prim eye feed 27.0 29.6 29.2 l2.8 1.4
prim eye A olf 53.1 30.6 15.8 0.5 0.0
Prim eye B olf 53.1 30.6 15.8 0.5 0.0
pdm eye 1\ un 17.0 29.2 34.4 17.5 1.9
prim eye 13 u/t. 17.0 29.2 34.4 17.5 :1. 9
Plllb mill 1 dillleh 27.2 30.6 32.8 9.1 0.4
Pllb mill 2 diticn 27.5 31.3 32.5 a.5 0.3
Silte eye t."lct 53.1 30.5 15.8 0•.$ 0.0
SGHl eye off n.7 22.5 5.6 0.0 0.0
SliO eye u/i 33.7 38.9 26.3 1.1 0.0
•• *•••••••••••••• ~M •••• ft •••••••••• ~ ••••• u.*•••••••••_••••••~••••••........
PCl!' ..
)?CD ..'
PSM ..

S63.5 m3 PQr hour
1.437
71.7 ~ pa••ing 15 microns
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Test 5c modelled maas balance

stream sol.id~ Water
Rod mlll feacl
Rod mill dilution
Rod mill discharge
primary dilution
prim cyclon$ fGl~d
Prim cycloP& A olf
Prim cyclone B olf
Prim cycl~ne A u/£
Pri,m cyclone B u/f
Pebble addition 1
Pebble addition 2
Feb mill 1 product
Peb mill 2 product
Seconda~y dilution
sac cyclone feed
he oyclon"" olf
St.'Iecyclone ulf

She analy.ist
••.••••••• tw •••

73.6
73.6

476.7
70.0
70.0

168.3
168.3

3.3
3.7

171.6
172.0
140.0
80.4
59.6

St::lllam

3.0 t/hr
25.S t/hr
28.5 t/hr

1'/7.4 t/hr
395.3 t/hr
122.4 t/hr
122.4 t/hr
75.2 t/hr
75.2 t/hr

t/hr
t/hr

75.2 t/hr
75.2 t/hr
9.2 t/hr

254.0 t/hr
215.0 t/hr
39.0 t/hl:'

-75 ~150+75 w250+150 -1700+250 +1700

Rod mill dil!lchargtll 7.8 5.4 6.0 43.5 37.4
Pl:'im eye £aad 21.5 22.0 30.2 18.6 7.7
Prim eyo A o/f 46.3 28.6 23.3 1.8 0.0
prim eye 13 011: 46.3 28.6 23.3 1.8 0.0
Prim eye::A u/f 11.1 19.2 33.1 25.6 10.9
Prim ~~yds u/f 11.1 19.2 33.1 25.6 10.9
:!:lebmUl 1 die<eh 23.4 23.5 34.2 16.1 2.8
Peb mill 2 dheh 24.3 23.7 33.9 15.6 2.6
Sec e::yefGllllcl 46.3 28.6 23.3 1.8 0.0
Sec eye olf 52.2 25.3 :':'2.5 0.1 0.0
Sec eye u/f. 24.9 33.0 38.0 4.1 0.0
•••N•••••••••••• ft.~•• ~.M••••••~•••~•••~.~•••••••••• ~•••u•• ~•••• *••............
PCF II

POD •
I?SM •

&75.2 m3 par hour
1.516
62.2 \ passing 75 miorons
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Teat 5b modelled mas& balance

stream
71.5

Solids Water
Rod mill feed
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclone fQ(;jd
Prim cyclone A o/f
Prim cyclone a o/f
Prim cyclone A u/f
Prim cyclone B u/f
Pebble addition 1
Pebble addition 2
Peb mill 1 product
peb mill 2 product
secondary dilution
Sec cyclone feed
Sec cycl(:me off
Sec cyclona u/f
SizGI analysis...............

71.S
464.2
68.3
G8.3

163.7
163.7

:'l.3
3.7

167.0
16".4

136.5
78.2
58.3

Stream

3.0 t/hr
24.7 t/hr
27.7 t/h't

172.3 t/hr
386.1 t/hr
119.1 t/hr
119.1 t/hr
73.9 t/hr
73.9 t/hr

t/hr
t/hr

73.9 t/hr
73.9 t/hr
9.1 t/hr

247.4 t/hr
208.9 t/hr
38.4 t/hr

-78 -150+75 -250+150 -1700+250 +1700
Rod n\ill disehargGl S.l 5.6 6.2 44.3 35.8
prim eye fGlE)d 20.8 22.4 31.1 18.5 7.2
Prim eye }\ off 44.9 29.2 24.1 1.8 0.0
prim eye B o/f 44.9 29.2 24.1 1.8 0.0
Prim eye 1\ u/f 10.7 19,6 34.1 25.4 10.2
P.rim eye B u/f 10.7 19.6 34.1 25.4 10.2
Peb mill 1 diseh 22.5 23.9 35.3 15.8 2.4
Pl.ibmill 2 diseh 23.6 24.1 34.9 15.1 2.3
Sme eye flied 44.9 29.2 24.1 1.8 0.0
Sac eye o/f 60.7 26.1 13.1 0.1 0.0
Sac eye u/f 23.7 33.3 3a.8 4.1 0.0
•••••••••••••• ~••• n••••••• ~•••••••••• ~••••••••••••••••• ~N."••••••••
11••••••

PCF ..
PCD III

PSM ..
561.3 m3 p$r hQu~
1.515
60.7 , pasQing 75 microns
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Test Sa modelled mass balanc~

65.6Rod mill feed
Rod mill dilution
Rod mill discharge
~rimary dilution
Prim cyclone feed
prim cyclone A off
Prim cyclone a off
Prim cyclone A u/f
Prim cyclone a U/f
PGlbble addition 1
Pebble addition 2
Peb mill 1 ~roduct
peb mill 2 product
secondary dilution
Sec cyclone ;t;eed
Sac cyclone off
Sec cyclone u/f.

65.6

447.2
65.2
65.2

158.4
158.4

3.3
3.7

161.7
162.1
130.4
72.6
57,8

SizlOlanalysis..............
StraM\

3.0 t/hr
22.4 t/hr
25.4 t/hr

17!.l.9t/hr
~86. 7 t/h.r
122.0 t/hr
122.0 t/hr
71.3 t/hr
71.3 t/hr

t/hr
t/hl:'

71.3 t/hr
71.3 t/hl'
14.0 t/hr

258.1 e/hr
216.3 t/hr
39.8 t/hr

-76 ~lS0+75 -250+150 -1700+250 +1700
Rod miH diecharge 9.3 6.3 6.9 46.7 30.8
pl:'imcya bed 21.2 23.9 31.7 17.!:i 5.8
Pritn eye A off 45.8 30.1 2.2.8 1.3 0,0
p·d.1ll eye B olf 45.8 M.l 22.8 1.3 0.0
Prim cye A u/f; 11.1 21.3 35.3 24.1 8.2
P.l!'imeye B u/£ 11.1 21.3 35.3 24.1 e.~
!lab mill 1 cUsch 22.3 25.3 36.0 14.5 1.8
Plab mill 2 t:lisch 23.6 25.6 35.5 13.7 1.7
Sec eye faad 45.8 30.l 22.8 1.3 0.0
Seo c::ye off 62.3 26.1 11.5 0.0 0.0
Seo eye u/f 25.0 35.0 37.0 2.9 0.0
.~ •• ~••••••••• a••••••••••• ~~••••••••••••••••••••••••••• _* .. ~..............
PelF -
POD '"
PSM •

555.5 m3 par hou~
1.501
62.3 ~ passing 75 miQ~On5
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T~at 4c modelled mass balance

stream Solids
====================~====~====:

72.0
====~========================e~~===~====
Rod mill feed
Rod mill dilution
Rod mill disch~rge 72.0
Primary dil.ution
Prim cyclone feed 495.9
prim oyclone A o/f 70.7
Prim cyclone B u/f 70.7
Prim cyclone A u/f 177.3
Prim cyclone B u/f 177.3
Pebble addition 1 3.3
pebble addition 2 3.7
Pel? mill 1 product 180.6
Peb mill 2 product 181.0
secondary dilution
sec cyclone feed
Sec cyclone o/f
Sec cyclone u/f

141.5
79.2
62.2

Size analysis_•••• n.;:=====
Stream

3.0 t/hr
24.9 t/hr
27.9 t/hr

214.5 t/hr
436.7 t/hr
143.1 t/hr
143.1 t/hr
75.3 t/hr
75.3 t/h)!'

t/hr
t/hl.

75.3 t/ht·
75.3 t/hr
12.3 t/hr

298.5 t/hr
254.8 t/hr
43.8 t/hr

~7s ~150+7S -250+150 ~17QO+250 +1700
Rod mill d:!.schal:'ge 8.1 5.5 6.1 44.1 36.2
Prim cyc feed 25.0 22.5 27.4 17.8 7.4
Pr:im cyc A o/f 53.7 27.1 18 •.1 1.0 0.0
Prim cyc B olf. 53.7 27.1 18.1 1.0 0.0
Prim eye A u/f. 13.5 20.6 31.2 24.5 10,3
Prim eye B u/f 13.5 20.6 31.2 24.5 10.3
Pllb mill ]. <:tisch 26.9 23.9 31.1 15.2 2.9
Peb mill 2 diseh 27.1 23.8 31. 0 15.2 2.9
Sac eye £esd 53.7 27.1 18.1 1.0 0.0
Sec eyc o/f 70.4 2L6 8.0 0.0 0.0
Sac cye u/f 32.5 34.2 31.1 2.2 0.0
•••• N•••••••••• ~.=••n•••• ~~•• ~.~ •••••• ~ ••••••••• =~.~.=•••M.q •••••
•&•••••

POI1' '"
POD ..
PSM ..

623.8 m~ p~r hour.
1.495
70.4 % paseing 75 microns
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Test 4b modelled mass balance:==========================~===
stream solids Water================~=======================
Rod mill feed 76.5 3.0 t/hr
Rod mill cUlution 26.6 t/hr
Rod mill discharge 16.5 29.6 t/hr
pr.l.mary dilution 217.6 t/hr
Prim cyclone feed 518.3 446.8 t/hr
prim cyclone A olf 73.8 145.6 t/hr
Prim cyclone B off 73.S 145.6 t/hr
prim cyclone A ulf 185.4 77.9 t/hr
prim cyclone B u/f 185.4 77.9 t/hr
pebble addition 1 3.3 t/hr
Pebble addi.tion 2 3.7 t/hr
Peb mill 1 product 188.7 77.9 t/hr
Peb mill 2 product 189.1 77 .9 t/hr
Secondary dilution 10.8 t/hr
Sec cyclone feed 147.6 301.9 t/hr
Sec cyclone olf. 83.7 258.1 t/hr
Sec cyclone U/f 64.0 43.8 t/hr
Size analysis=============
Stream -75 -150+75 -250+150 -1700+250 +1700=============c=~=~=============================~=================
Rod mill discharge 7.4 5.1 5.7 42.3 39.5
Prim cyc feed 25.4 21.0 26.4 18.6 8.6
Prim eyc A olf 54.7 25.9 18.2 1.2 0.0
Prim eyc B olf 54.7 25.'3 18.2 1.2 0.0
Prim cyc A u/f 13.6 19.1 29.8 25.5 12.0
Pr.tm cyc B u/f 13.6 19.1 29.8 25.5 12.0
Peb mill 1 diaeh 28.0 22.4 29.7 16.2 3.7
Peb m:Ll.l2 disch 27.4 22.2 29.9 16.6 3.9
Sea cyc feed 54.7 25.9 18.2 1.2 0.0
Sec eye off 71.2 20.7 8.1 0.0 0.0
Sec eye u/f 33.1 32.8 31.4 2.7 0.0====~~~=====~====;===============~================================
=======
PCF =
PCD ..
PSM ..

642.4 m3 per hour
1.502
71.2 , passin; 75 microns
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'rest 4a modeJ.led mass balance=================~===~=========
stream Solids Water========~===============================
Rod mill feed 77.6 3.0 t/hr
Rod mill dilution 27.0 t/hr
Rod mill discharge 77.6 30.0 t/hr
Primary dilution 213.0 t/hr
Prim cyclone feed 5'\.8.6 442.6 t/hr
Prim cyclone A o/f 74.1 143.1 t/hr
prim cyclone B o/f 74.1 143.1 t/hr
prim cyclone A u/f 185.0 78.2 t/hr
Pr.i.mcyclone B u/f 185.0 78.2 t/hr
Pebble addition 1 3.3 t/hr
Pebble addition 2 3.'1 t/hr
Peb mill 1 product 188 .. <:.1.2t/hr
Peb mill 2 product 18E. 78.2 t/hr
Secc)ndary dilution 10.7 t/hr
Sec cyclone feed 148.2 :';%.9 t/hr
Sec cyclone off 84.4 253.6 t/hr
Sec cyclone U/f 63.9 43.3 t/hr
Size analy ..is
Stream ~75 ~150+75 -250+150 -1700+250 +1700
====l============t:::=I:::==============t:===========::==============::}::=====
Rod rnill dischargE! 7.2 5.0 5.6 41.9 40.2
Prim eye feed 25.0 20.9 26.5 18.7 8.9
prim cyc A off 53.9 26.1 18.6 1.3 0.0
Prim cye 13 off 53.9 26.1 18.6 1..3 0.0
Prim eye A u/f 13.4 18.9 29.7 25.6 12.4
Pr.im eye B u/f 13.4 18.9 29.7 25.6 12.4
psb mill 1 disch 27.7 22.3 29.8 16.4 3.8
Peb mill 2 d,i.seh 27.1 22.1 30.0 16.8 4.0
Sec eye feed 53.9 26.1 18.6 1.3 0.0
Sec eye off. 70.4 21.1 8.5 0.0 0.0
Sec eye u/f 32.3 32. " 32.0 3.0 0.0=.=It•• =••••• ============~===••=~==========.=====~~==~======~.~••••
PCF '"
PCD =
PSM '"

639.3 m3 per ho~r
1.506
70.4 ~ passing 75 microns
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tost 13b modelled mass balancea•••••==~=_~u=.~c~.~.~~~~=••=.=

59.7
Solicls Waterstreum

~ocj mill. feed
Rod mill. dilution
Rod mlll di9char9~ 69.7
primary dilution
Prim cyclone feed 429.5
prim cyclone A o/f 60.0
prim cy~lona B olf 60.0
prim cyclone A u/f 154.6
Prim cyclone B ulf 154.6
Pebble additi~n 1 2.B
pebble addition :2 2.3
Peb mill. 1 product 157.4
Peb mill :2 procluct 156.9
Secondary dilution
Sec cyclone feed
Seo cyalone 0/£
Seo oyclone \llf

120.1
64.7
55.4

SiMI lnalYlllila
:i:iI t. ••

Stl:$l!lm

3.0 t/hr
20.1 t/hr
23.1 t/hr

197.6 t/hr
395.6 t/hr
131.1 t/hr
3.31.l t/llr
66.6 t/hr
66.6 t/hr

t/hr
t/hr

66.6 t/hr
66.6 t/hr
7.9 t/hr

270.2 t/ht·
22S.S t/hr
41.6 t/hr

-75 -150+75 -250+150 w1700+2S0 +1700

Rod mill di.ElehargCl '.0.9 7.3 7.9 49.2 24.9
Prim eyc fEleQ 21.5 26.3 31.5 16.3 4.4
prim aye; 11. olf 47.3 31.9 20.1 0.7 0.0
prim cye B olf 47.3 31.9 20.1 0.7 0.0
Prim eye A u/f 11.5 24.2 35.9 22.3 6.1
pJ:im eye 13 u/f 11.5 24.2 35.S) 22.3 G.l
Peb mUl 1 diach 22.0 2".6 36.0 13.0 1.3
Peb mill 2 dilileh 23.0 2B.0 35.5 12.3 1.2
Sec oye feed 47.3 31.9 20,1 0.7 0.0
soo C!yc olf 64.5 26.4 9. J 0.0 O.u
Sec oye ult! 27.2 3S.3 33.0 1.5 0.0
•••••••• M •••••••• g.~x •• ==••• Q••~•••• ~••••~••••• =~ft~m •• _._ ••• "•• a••
• lilt't~ ....

PCIl' ..
PCD •
PSM •

557.7 m3 PQr ~our
'.•48064.S , p&slIIing 75 mio~ons
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~est 13a modolled maaa balance

Stream
46.8
solids Wa~er

Rod mill feed
Rod mill dilution
ROd mill d.i.lilelnll:,ge 46.?
Primary dilution
prim cyclone feed 366.0
Pt'im cy~Jlone t\ off 50.0
Prim cyclone G off 50.0
Prim cyolone A u/f 133.1
prim cyclone B u/f 133.1
Pebble addition 1 2.8
Pebble addition 2 2.3
Feb mill :I. product 135.9
Pab mi 1 2 product 135.4
secondnry dilution
S.c cyclone feed
Sac oycl.ona off
SIIC oyclo:'ll1lU/f

100.0
52.1
47.9

SiZQ analysh
•• ~.t:I••••••••
Stream

3.0 t/hr
15.1 t/hr
18.1 tInt'

190.9 t/hr
368.0 t/hr
125.5 t/hr
125.5 t/hr
58.6 t/hrsa.6 t/hr

t/hr
t/hr

58.6 t/hr
58.6 t/hr
7.8 t/h:l:

258.7 t/ht'
2:!.6.9t/ht'
41.8 t/hr

............ U Of "~~===II'J0i3•••••• tD ••••• "&:t.mlll IiiilEl.i!e

-75 -150+75 -250+l50 -1100+260 +1700
Rod mill discharge 18.2 11.3 1;),4 5Q.3 8.7
Prim eye fGH!lQ 21.0 30.7 33.7 13.3 1.3
Prim eye A off 46.5 34.9 18.3 0.3 0.0
t>rim C.ye B off 46.S 34.9 18.3 0.3 0.0
pl:'im I:ye::A u/f 11.4 29.:1. 39.5 18.2 1.8
pt'im eye:: B u/f 11.4 ~9.1 39.5 18.2 l.a
Pltlb mill 1 dbch 19.6 31. 7 38.5 9.7 0.3
Palb mill 2 dilch 20.9 32.3 37.8 S.7 0.3
SilO aye fluid 46.S 34.9 J.S.3 0.3 0.0
SIlIC eye off 64.2 28.1 7.7 0.0 0.0
s~e:: eye u/f 27.2 42.2 29.9 0.6 0.0
••~."M.n•••••••*~~•••••••M.k.••••~.AQ•••••~••••••••••••••••••••~••w
••• LV •••

POF •
1)00 •
}.'ISH ..,

506.1 m3 per hour
1.450
64.2 % pA •• in9 75 micron.
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~est 12d modelled mass balanco

64.!5
Solids Wahl:'Stream

Rod mill feed
Rod mi11 dilution
Roel mill clisehllrgGl
primary dilution
Prim ~yclone feed
Prim ~yclone A off
Prim oyclone a off
Prim cyclone A u/f
Prim oyolone B u/£
Pebble addition 1
Pebble addition .2
Peb mill 1 product
Peb mill 2 product
Secondary clilution
&$0 cyolone f~acl
Sao ':yolonGloff
s.o oyolonGt u/£
ShGl ans.1YllIis..••,. w.

64.5
445.4
6.3.6
G3.6

159 •.3
159.3

2.6
2.3

162.1
161.6
127.1
69.9
57.2

3.0 t/hl:'
22.0 t/hr
25.0 t/hr

189.2 t/hr
393.3 t/h2:'
127.3 t/hr
127.3 t/hr
69.4 t/h1:'
69.4 t/hr

t/hr
t/hr

69.4 t/hr
69.4 t/hr
a.2 t/hr

262.9 1::/hl:'
222.4 t/hr
40.4 I:/hr

-75 ~150+7S ...aO+:~50 -1700+250 +1700
Rod mill diaeharge 9.5 6.5 7.1 47.2 29.7
Prim oye faed 21.1 24.6 31.5 17.2 5.5
Prim eye A )/f 46.2 30.a 21.9 1.1 0.0
Prim oyr- B O/f, 46.2 30.8 21.9 1.1 0,0
Prim eye A u/f 11.1 22.1 35.4 2::J.7 7.7
Prim eye: B u/f 11.1 22.1 35.4 .23.7 '1.7
'ill'lb mill. 1 cliach 22.2 26.0 35.a 14.~ l.a
Pllb mill .2 dhc:h 23.0 26.4 35.5 13.5 loG
SilO oye bad 46.2 30.a 21.9 1.1 0.0
$.0 eyo off 6.3.0 20.3 10.7 0.0 0.0
slle eyo \1/! 2S.7 36.3 35.6 2.3 0.0
••••••n••••••••••••••••~~••••u.*.~••*.u~•••a••••••P•••~•••••••••••........
POll".
PCD •
PSM ..

561.4 m3 P"Y' houl:
1.494
63.0 ~ p~'Qin9 75 mio~on.
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Test 12b modallad mass balance••••*~=~=~~=~=n=#.N~~=cre~~=.~=~

6S.7
Solide WaterStream

Rod mill fead
Rod mill dilution
Rod mill dischar9~ 65.7
P~imary dilution
Prim cyclone fG~d 447.5
Prjm cyclona A olf 64.2
Prim cyclone a olf 64.2
Prim cyclone A u/f 15~.7
~rim cyclono B u/f 159.7
?abbl0 addition:l. 2.a
P&bble addition 2 2.3
POP mill 1 proQuct 162.5
l?ab mill 2 product 1G2.0
Secondary dilution
Soc cyclone feed
SI'iICeyclc::mll off
SIIC cyclone u/f.

1213. 4
71,0
57.3

She analyai •
•••• uu••••••••

strum

3.0 t/h"
22.4 t/nr
25.4 t/hr

lSS.El t/hr
3!!l0.7t/hr
125.6 t/hr
125.6 t/hl:'
69.9 t/hr
69.9 t/hl:'

t/hl:'
t/hr

69.9 t/hl:'
69. 9 t/hl~a.l t/hr

259.2 tlhl'.
219.2 t/hr
40.0 t/hl:'

•••••• '-! •••••• .,iatlte •••• :.t • ..-: III ••••• nu •••• 'l •• M .

Rtld mill discharge 9.3 6.3 6.9 4Ci.7 30.1:)
prim cye hEld 20.9 24.3 31. 6 17.S s.a
Prim eye A olf 4S.7 30.7 2:L4 1..2 0.0
Pl:'imeye B olf. 45,7 30.7 22.4 1.2 0.0
Prim eye 1\ ulf 10.9 21.7 35.2 24.0 a.2
Prim eye B ulf 10.9 21.7 3S.2 24.0 a.2
Pillbmill 1 disch 22.1 25.7 3S.\) 14.5 1.9
PliO 'lill 2 dhch 22.9 26.0 35.5 13.13 1.7
Sac eye hlld 45.7 30.7 22.4 1.2 0.0
Srac e:,:/e olf. G2.3 26.5 11.2 0.0 0.0
Sac eye u/f 25 :: 35.8 36.4 2.6 0.0
" •••••• Mtl~~ ••••••••• ~~ ••••• n•••• _•••••• N •••• ~~" •••• R •• u•••••••• ~••..........
POI" ..
POI) ..
psH ..

559.6 11'13par hour
1.499
62.3 % plgaing 75 microns
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Waet 12a modelled mane bolanca...~~..~~.E...=.~.~==.~c~~m~=g=
Stl:'lUm Solids t;atar
Rod mill feed 70.2
~od mill dilution
Rod mill diQchAl:'g& 70.2
Primary dilution
Prim cyclone feQd 461.0
Prim cyolen. A olf 66.S
Prim cyclone a olf G6.S
Prim cYQlona A u/f l63.h
Prim cyolone B u/f 163.6
'ebble addition 1 2.8
Pebble addition 2 4.3
Peb mill 1 product 166.4
p&p mill 2 product 165.9
Secondary dilution
ana cyclone feed 133.6
SGC cyclone olf 75.1sec cyc1on. ulf ~e.s
Si:l. ... nlily.iII
••••••••• M •••
Rtullm

3.0 t/hr
24.2 t/h,!:'
27.2 t/hr

3.79.1 t/h~
31:9.3t/hr
12'a.6 t/h;r
1~ l.G t/hl:
7~'.n t/h;r
'12.0 t/hl:

t/hr
t/hr

7!l.0t/hr
72.0 t/hr
8.1. t/hr

253.7 t/hr
214.6 t/hr
39.1 t/hr

-75 -110+75 -250+150 -1700+250 +1700
Rod ml.ll d.hohargl1 8.4 5.7 6.3 44.8 34.7
Prim eye: t$lSld 20.5 23.1 31.1! 18.2 6.9
Prim eyo 1\ 0/£ 44.9 30.0 23.6 1.6 0.0
Prim cye B o/f 44.13 30.0 23.6 1.6 0.0
Prim eye 1\ u/f 10.6 20.3 34.4 25.0 9.7
Prim eye B \1/£ 10.6 20.3 34. ~ 25.0 9.7
PiliP mill 1 diaeh 22.1 M.6 3S. t 15.5 2.3
poJ:) mJ.ll 2 cliseh 22.8 24.9 35.2 14.9 2.2
SilO eye hed 44.9 30.0 23.6 1.6 0.0
$1110 cye olf 61.0 26.6 12.4 0.1. 0.0
SClc) eye ulf 24.0 34.S 39.0 3.$ 0.0
~ •••••••••• ~ ••• ~ ••••••• t ••• "~~ •••••••••• ~ ••••••••• s•...••= •• ~.u.~.•
**•••••

PCF III

PCO •
PSM •

563.3 m3' pill:hour
1.510
61.0 \ pasDing 75 mie~ona
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Test 12a modelled moos balanco

Stream Solids Water
Rod mill feed 70.2
Rod mill dilution
Aod mill discharge 70.2
Primary dilution
Prim cyclone feed 461,0
prim cyclone A off 6S.8
Prim cyclone B off 66.8
Prim cyclone A u/f 163.6
Prim cyclone B u/f 163.6
pabble addiUon 1 2.8
Pebble addition 2 2.3
Pap mill 1 p~oduct 166.4
Pab mill 2 product 165.9
Secondary dilution
Sac cyclone feed 133.6
Sac cyclone off 75.1
Sac eyolona u/f 58.6
shill analySiS..............
Strum

3.0 t/hr
24.2 t/hr
27.2 t/ln:

179.1 t/hr
389.3 t/hr
122.6 t/hr
122.6 t/hr
72.0 t/hr
72.0 t/hr

t/hr
t/hr

72.0 t/hr
72.0 t/hr
8.5 t/hr

253.7 t/hr
214.6 t/hl:'
39.1 t/hl:'

~75 -150+75 -250+150 -1700+250 +1700
Rod mUl discharge
Prim eye feed
Prim eye A off
Prim c~.. B n/f
Prim eye A u/f
prim eyc a u/f
Peb mill 1 disch
Pab mill 2 disch
SOlO eye fa(lld
SaQ eye off
SltO oyc u/f

8.4
20.5
44.8
44.8
10.6
10.6
22.1
22.S
44.8
61.0
24.0

5.7
23.1
30.0
30.0
20.3
20.3
24.6
24.9
30.0
26.(;
34.5

6.3
31.2
23.6
23.6
34.4
34.4
35.4
35.2
23.6
12.4
38.0

44.8
18.2
1.6
1.6

25.0
25.0
15.5
14.9
1.6
0.1
3.5

34.7
6.9
0.0
0.0
9.7
I), 7
2.3
2.2
0.0
0.0
0.0

POll' ..
PCD ..
PSM ..

~G3.3 m3'per hour
1.510
61.0 ~ l~ssin9 75 miorons
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Test 11c modelled mass balanceM~n.=.=~••==••~=a.~~.===••~~===

!l9.5
Solids WaterStream

l'{odmill feed
Rod mill dilution
Rod mill discharge
Primary dilution
Prim eyelone feed
Prim cyclone A olf
Prim eye lone a olf
Prim cyclone A u/f
Prim cyclone B ulf
Pebble addition 1
Pebble addition 2
peb mill 1 product
Peb mill :2 product
Secondary dilution
Sec cyolone feed
Sec cyclone olf
SIlIC cyclone u/f
Siu ~nalyllil!l
•••••••••• WI ••

59.5
415.6
59.9
59.9

147.9
147.9

2.8
2.3

150.7
150.2

119.9
64.8
55.1

Str6ll!lm

3.0 t/hr
20.0 t/hr
23.0 t/hr

172.3 t/hr
36"/.5 t/hr
117.3 t/hr
117.3 t/hr
66.5 t/hr
66.5 t/hr

t/hr
t/hl:'

66.5 t/hr
66.5 t/hr
14.6 t/hr

249.1 t/hr
210.0 t/h!"
39.1 t/hr

M75 -150+75 -250+150 -1700+250 +1700
Rod mill discharga 10.9 7.3 7.9 49.2 24.7prim eye feed 19.4 25.S 34.0 16.8 4.4
Prim eye A olf 42.5 32.3 24.:1. 1.1 0.0
Prillleye B olf 42.5 :"2.3 24.1 1.1 0.0prim eye A u/i! 10.1 22.7 37.9 23.2 6.1
Prim eye B u/f 10.1 22.7 37.9 23.2 6.1
PllIb mill 1 disQh 19.9 26.7 38.6 13.5 1.2
Pab mill 2 diaeh 21.0 27.3 38.1 12.6 1.1
silleeye filled 42.5 32.3 24.1 1.1 0.0
Scao c.ya olf 59.2 28.5 12.2 0.0 0.0
Sea eye u/f 22.7 36.7 38.1 2.4 0.0
•••••••• M••••••• ~ ••••••••••••••• N••• W••••••••••••••• u••• ~•• ~••••• M

•••••••
POll' •
PCP •
PSM •

524.3 m3 p~~ hour
1.494
59.2 ~ pa••ing 75 miorQna
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Tast llb modelled maQB balance

stream
~od mill hed
~od mill dilution
Rod mill diecharge
PriMary dilution
Prim cyolone feed
P~im cyclone A off
Prim cyclone a off
prim cyclone A u/f
Prim cyclone B u/£
Pabble acidit.ion1
Pabble addition 2
Pap mill 1 product
Pap mill 2 product
Secondary dilution
Seo cyclone feed
Sec cyclone olf
Sac cyclone u/i
Sizal Ilnal.yaia................

63.6
Sol.l.ds Water

63.6
433.1
62.4
62.4

154.2
154.2

2.8
2.3

157.0
156.5
124.9
68.9
56.0

stream

3.0 t/hr
21.6 t/hr
24.6 t/ht

176.0 t/hs:
376.6 t/hr
119.7 t/hr
119.7 t/hr
68.6 t/hr
69.6 t/hr

t/hr
t/hr

69.6 t/hr
68.6 t/hr
8.6 t/hr

249.1 t/hr
209.2 t/hr
38.8 t/hr

-75 -150+19 -250+150 -1700+250 +1700
~od mill dl,.charge 9.8 6.6 7.2 47.6 28.9
l?rim eye i",f.lI:1 19.8 24.5 33.0 17.4 5.3
Prim eye A Off 43.3 31.3 M.l 1.3 0.0
Prim eye a off 43.3 31.3 24.1 1.3 0.0
l?rim eye A u/f 10.2 21.7 36.7 23.9 7.5
Prim cyc 13 u/f 10.2 2l..7 36.7 23.9 7.5
Peb mill :1. dilsoh 20. oJ 25.9 37.5 14.3 1.6
hl:l mill 2 dilloh 21.7 26.3 37.1 13.4 1.4
Sec eye fud 43.3 :31.3 24.1 1.3 0.0
Sile eye off 59.7 2'1.7 12.5 0.0 0.0
SIIC eye U/f 23.1 35.7 39.4 2.8 0.0
•••• ~•••••• "•••••• _•••••••••••••••••••• N••••• U•••• *••• ~n •••••• ~•••..........
POl1' ..
peD ..
l?SM •

540.0 m3 per hour
l..499
59.7 , passinq 75 microns
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Test lla modelled m~as balance

stream Solids Water
Rod Il\ill eeeel
Rod mill dilution
Rod mill discharge 74.7
~rimarY dilution
Prim cyolone fead 480.1
Prim cyclone A off 69.9
Prim cyclone B off 69.9
prim cyclone A u/f 170.1
Prim cyclone a u/f 170.1
Pebble addition 1 2.8
Pabbl~ addition 2 2.3
Peb mill 1 product 172.9
Peb mill 2 product 172.4
secondary dilution
sec cyclone faed
SIIIC cyclona off
Slie cyelona u/f

139.7
79.6
GO.2

size anal.ysia
.: ... ur ••••••• tu••

Strum

3.0 t/hr
25.9 t/hr
28.9 t/hr

180.7 t/hr
397.5 t/h):.'
124.4 t/hr
124.4 t/hr
74.3 t/hr
74.3 t/hr

t/hr
t/hr

74.3 t/hr
74.3 t/hr
8.2 t/hl:'

256.9 t/l'lr
217.7 t/hr
39.2 t/hr

1iM: •••••• ;: •••• ,.. , .. IIii: l:Ii_.6.1t •• JQj:::I;::=l::."' •••• ==== ••• m x .
-75 -150+75 -250+150 -1700+~SO +1700

Rod mill dilachar91ii1 7.6 5.3 5.9 43.0 38.2
Pt'im eye feftd 2:1..1 22.0 30.1 18.8 B.O
Prim eye A off 45.9 28.9 23.4 1.8 0.0
Prim eye a 0/£ 45.9 28.9 23.4 1.8 0.0
Prim eye A u/f 10,6 19.2 32.9 25.8 11. 3
l?l."im eyc B u/f 10.8 1S1.2 32.9 25.8 11.S
PIIPmill 1 ditaeh 23.2 23.5 34.1 15.3 2.9
hl:l mill 2 disch 23.5 23.8 34.0 15.9 2.6
Sae eye fead 45.9 28.SI 23.4 l.8 0.0
Stileeye olf 61.9 25.0 12.4 0,1 0.0
SlIe eye \\/f 24.7 33.4 37.9 4.1 0.0
~•••••••••••••••••••••••••• w••••••••••• r ••••••••• "~•• N.~~~.~.D.~.•........
POii' •POD •
PSM •

578.7 n\3 par hour
1.517
61.9 % passing 75 microns
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Test 80 modelled mas~ balance

stream Solids Water
3.0 t/hr

20.1 t/nl'
23.1 t/hr

173.2 t/hr
425.7 t/hr
118.2 t/hr
1113.2t/hr
94.5 t/hr
94.5 t/hr

t/hr
t/hr

94.5 t/hr
94.5 t/hr
11. 4 t/hr

247.8 t/hr
207,5 t/hr
40.3 t/h:t.·

Rod mill feed 59.7
Rod mill dilution
Rod mill discharge 59.7
Prim~ry dilution
Prim cyclone feed 435.~
Prim oyclone A off 59.3
Prim cyclone B off 59.3
Prim cyclone A u/f 158.2
Prim cyclone B u/f 158.2
Pebble addition 1 5.5
Pebble addition 2 3.4
Peb mill 1 produce 163.7
Peb mill 2 product 161.6
Secondary dilution
Sec cyclone feed 118.5
Sec cyclone off 68.3
Sec cyclone u/f 50.2
Size analysis
•••••••• n ••••

Stream -75 -150+75 -250+150 -1700+250 +1700

Rod mill dilgehal'gEi 10.9 7.3 7.9 49.2 24.9
prim eyc feed 25.2 24.8 29.3 16.2 4.4
l'l'.'.tmeye A olf 51.8 28.4 18.7 1.1 0.0
Prim cyc B off 51.8 28.4 18.7 J..1 0.0
Pr.i.lneye A u/f 15.2 23.6 33.3 21.9 6.0
prim cyc B u/f 15.2 23.6 33.3 21.9 6.0
Pab mill 1 d.l.seh 27.1 26.2 32.9 12.6 1.3
Pab mill 2 disch 27.2 26.8 32.S 12.0 1.2
Sac eye fGl(\ld Sloe 28.4 18.7 :1..1 0.0
Sac cye off 67.6 23.5 e.9 0.0 0.0
Sac ell'c u/f 30.1 35.2 32.1 2.6 0.0
•• ~•••••• *••••• =••••••• _•• a=•••=.a••=x.=.==~••==~===.=~W••=.=•••• =.........
POll' •
POD •, PSM ..

589.9 ma per hour
1.459
67.6 % p~~sing 75 microns
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T~st 8b mod~ll~d mass balance======~===============~========

Rod mill f~~d
Rod mill dilution
Rod mill discharge
Primary .dilu'l:ion
prim cyclone feed
Prim cyclone A 0/£
prim cyclone a o/f
Prim cyclone A u/f
Prim cyclone B U/f
Pebble addition 1
Pebble addition 2
Peb mill 1 product
Peb mill 2 product
S~condar~ dilution
Sec cyclone f~ed
Sec cyclone 0/£
Seo cyclone u/f

55.4
Solids Waterstream====~===.~===x=~==.============~~=====~~
55.4

414.9
56.1
56.1

151.2
151. 2

5.5
3.4

156.7
154.6
112.3
64.0
48.3

size analysisx_===========

3.0 t/hr
18.4 t/hr
21.4 1.:/hr

171.5 t/hr
415.7 t/hr
116.5 t/hr
116.5 t/hr
91.3 t/hr
91.3 t/hr

t/hr
t/hr

91.3 t/hr
91.3 t/hr
11.:3 t/hr

244.3 t/hr
204.1 t/hr
40.2 t/hr

w75 ~150+7S -250+150 -1700+25D +1700
Rod mill discharge 12.5 a.2 8.7 SO.S 20.0
prim eye feed 24.9 26.1 30.2 15.5 3.3
Prim eye A o/f 51.1 29.4 1a.6 0.9 0.0
Prim eye B 0/£ 51.1 29.4 18.6 0.9 0.0
prim cye A u/£ 15.1 24.9 34.5 20.9 4.6
PJ:"imeye B u/f 15.1 24.9 34.5 20.9 4.6
Peb mill 1 diseh 26.2 27.4 33.8 1l..6 0.9
P~b mill. 2 disch 26.4 28.1 33.7 11.0 O.S
Sec eye fe~ct 51.1 29.4 J ~. IS 0.9 0.0
Sec eye o/f 67.2 24.2 ,,6 0.0 0.0
Sec cye u/f 29.8 36.3 ;';J..7 :L2 0.0
=ft••• uc"==u=m.====~===.=rr ~==3."~~==.=•••••••••••••••••••••••••*
~t:c.*=.=
PCF ..
PCD ..
PSM =

572.2 m3 per hour
1.451
67.2 , passing 75 m~crons
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Test Sa modelled mass balance

Stream Solids
==============================~

Water

Rod mill feed
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclone feed
Prim cyclone A off
Prim cyclone B off
Prim cyclone A u/f
Prim cyclone B u/f
pebble addition 1
pebble addition 2
Peb mill 1 pr oduct;
Peb mill 2 prodUct
secondary dilution
Sec cyclone feed
Sec cyclone off.
Sec cyclone u/f

52.9
======== ..;================================

52.9
404.7
54.5
54.5

147.8
147.8

U.S
3.4

153.3
151.2
108.9
61.7
47.2

Size analysis=======:=::=;:;==-
Stream

3.0 t/hr
17.5 t/hr
20.5 t/hr

172.9 t/hr
413.1 t/hr
116.8 t/hr
116.8 t/hr
89.7 t/hr
89.7 t/hr

t/hr
t/hr

89.7 t/hr
e9.7 t/hr
10.8 t/hr

244.4 t/hr
204.1 t/hr
40.4 t/hr

-75 -150+75 ~250+1S0 -1700+250 +1700

Rod mill discharge 13.7 8.9 9.4 51.2 16.8
prim eye fet;!d 25.0 26.9 30.4 14.9 2.7
Prim eye A off 51,.'3 29.8 18.1 O.S 0.0
Prim eyc B off 51.3 29.8 18.1 0.8 0.0
prim eye A ll/f 15.2 25.9 35.0 20.1 3.7
Prim cye B u/f 15.2 25.9 35.0 20.1 3.7
Peb mill 1 cUsell 26.0 28.2 34.1 11.0 0.7
Peb mi.ll 2 cliseh 26.3 28.9 33.9 10.3 0.6
Sec oye feed 51.3 29.8 18.1 0.8 0.0
Sec eye off 67.4 24.3 8.2 0.0 0.0
Sac eye u/f 30.1 37.1 31.0 1.8 0.0== •• =.=•• =&:Ia:::.=.a=~=L1t:·J=.=:U==;::; .I=======:==-======I====r====::=====a====u:.
=fIII ••• i:il=

PCF =
PCD ..
PSM ..

565.8 m3 pe~ hour
1.445
67.4 % passing 75 microns
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Test 62 optimized mass balance
==r.:==t::t:=;-:=e:::::=t:::!CI::;:::::::::r, ==v:==C-A::~-.t!=~

Rod mill fMd
Rocl mill dilution
Rod mill di$charga
Pr~mary dilution
Prim cyolone faecl
Prim cyclone A 0/£
Prim cyclone B olf
Prim cyclone A ulf
Prim cyclone B 1.1/£
Pebble addition 1
Pebble addition 2
Peb mill 1 product
Pab mill 2 product
Secondary dilution
Sec cyclone feed
Sec cyclona olf
Sac cyolons u/f
Sbe analysis
... .: •••• I111' •• &.t .. ~

35.0
35.0

335.4
39.3
39.3

129.4
128.4

3.0
3.0

131.4
131.4
79.6
41.0
37.6

3.0 t/hr
10.6 t/hl.'
13.6 t/hl:

233.5 t/hr
435.4 t/hr
147.9 t/hr
147.9 t/hr
69.7 t/lll.·
69.7 t/hr

t/hr
t/llt

69.7 till!!'
69.7 t/hr
0.0 t/llr

295.9 t/hr
247.0 t/h::
48.9 t/hr

........... ea•• =J.t- •••• a:••• 1"t:....:: •• tat:it=.~.~.wuili#=tlJ:I= •••• Jt •••• IJCIiI ••••••• ,," ..... tW

~75 ~150+75 -250+150 -1700+250
Reld mill discharge 28.1 15.6 14.2 40.3 1.B
Pl'.'imeye Fa en 30.0 36.5 25.0 8.2 0.2
prim eye A olf 63.1 29.7 7.1 0.0 o. o
Prim eyc B olf 63.1 29.7 7.1 0.0 0.0
Pdm eye A ulf 19.9 38.6 30.5 10.7 0.3
Pril'llCiyC B \\/f 19.9 38.6 30.5 10.7 0.3
Plllbmi,ll 1 d3.soh 27.4 38.5 28.6 !5. 4 .. 0
"eb "'ill 2 dueh 28.7 38.5 27.9 4.a 0.0
Sec "yc ;flUid 63.1 29.7 7.1 0,0 0.0
Sea cye off 79.4 18.7 1.9 0.0 0.0
SGie cy,:u/f 45.4 41.0 12.8 0.0 0.0
••••~••'.~.R~••••••••••••••~••M~••••••••N•••••••••••~•••••~•••~••••• =••• at

PCF ..
POD ..
PSM ..

5G2.0 m3 p.~hour
1.372
79.4 % passino 75 microns
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Teat 61 optimilod maoa balanced~~W~O~~~~~~~==~m~~~===~~~~~e==
Stream Dolido Water
Rod mUl feed
Rod mill dilution
Rod mill discharge 43.9
Prim~ry dilution
l?:dtn e::yolonrahed 398.3
Prim cyclone A olf 53.8
Prim cyolone a olf 53.8
prim oyclona A u/f 145.4
Prim cyclone B u/f 145.4
Pebble addition 1 3.0
pabbl~ addition 2 3.0
P~b mill 1 produot 148.4
Pab mill 2 produet l48.4
sacondary dilution
Sec cyclone feed
SIIC cyclone olf
S.Q cyclone ulf

107 5
49.9
57.'7

Size andy.is
....... ta .

Stullm

:300 t/hl."
14.0 t/hr
17.0 t/hl:'

215.3 t/hl:'
450.9 t/hr
144.6 t/hr
144.6 t/hr
BO.S t/hl:'
80.S t/hr

t/hr
t/hr

SO.S t./hr
80.8 t/hl:'

122.5 t/hl:'
411.6 t/hr
354.? t/hl:'
56.9 t/l1r

-?S -150+75 -280+180 -1700+2&0 +1700
Rod mill dischl!u:g9 22.0 13.1 12.7 47.2 4.9
prim cia fud 31.1 32.9 24.S 10.5 0.7
Pdm cye::A o/f 60.6 29.5 9.7 0.1 0.0
Prim eye B o/f 60.5 29.5 9.7 0.1 0.0
PriM eye A ul41 20.2 34.2 30.4 14.3 0.9
P.t:'imcyo a u/f 20.2 34.2 30.4 14.3 0.9
peb mill 1 diEieh 29.3 34.5 28.6 7.4 0.2
peb mill. 2 r:U.llch 30.6 34.S 28.0 6.a 0.2
Sec: eye: fud 60.6 29.S 9.7 0.1 0.0
Sao cyo O/f ao.o 17.7 2.3 0.0 0.0
SaQ eyo u/f 43.6 39.7 16.2 0.3 0.0
"', ........... , ........... 11 ........................................... 1IIt .......... 'I' ....

POP' III

POD •
PSM III

601.2 m3 per hour
1.413ao.o , pa ••ing 75 miorons

Appendix ,J " Optimized mass balances 268



Teat GO optimizod mana balance=====~==~==~====~=~~==~=c~=====
Stream Solids water
Rod mill feed
Rod mill dilution
Rod mill discharge
Primary dilution
Prim eyclone feed
Prim cyclc.me A o/f
Prim cyclone B olf
Prim cyolone A u/f
Prim cyclone a u/f
Pebble addition 1
Pebble addition 2
hb mill l. product.
Peb mill 2 product
Second~ry dilution
SeQ eye lone feed
SIi!C cyclone o/f
SilO ..yclone u/£

S8.B
59.8

480.2
67.6
6'1.6

172.5
172.5

3.0
3.0

175.5
175.5
135.2
64.8
70.4

Size analysis
•• td ••••••••• n

Stre!Ul\

3.0 t/hr
19.8 t/hr
22.S t/hr

215.0 t/hr
48t;).4t/hr
146.7 t/lu:
146.7 t/hr
93.5 t/hr
93.5 t/hr

t/hr
t/hr

93.5 t/hr
"13.5 t/h!:'

1:35.3 t/hr
428.7 t/hr
373.1 t/hr
55.6 t/hl:'

1IU _ IIl.ZI ••••• a.IIiI •• ~.ti*'••• Qt .tit.kllllt:illil=i'Ii r"U!I •• t'IllC .. "liIn.
-75 ~150+75 -250+150 -1700+250 +1700

Rod mill diBo}U\rgla 11.2 7.4 S.O 49.5 23.9
Prim eye faad 31.0 25.8 24.5 14.7 4.0
Pl:'im eye A o/f 60.6 26.1 12.7 O.S 0.0
Pl:'im cye B o/f 60.6 :Hi. 1 12.7 0.5 0.0
Prim eye A u/f 19.4 25.6 29.2 20.2 5.S
prim eye a u/f 19.4 25.6 29.2 20.2 s.s
"'atb mill 1 disch :31.8 27.0 28.0 1l.7 1.5
);JlIlb mill 2 r;\il'lah 32.2 27.0 27.9 11.5 1,4
Stileeye hllld GO.6 26.1 12.7 0.5 0.0
see eya o/f 60.0 16.6 3.4 0.0 0.0
9.0 ayo utf 42.B 34.9 21.3 1.0 0.0
••••••••••••••••••••• ~•••••• M••••••••• ~O ••••••••••••• ~••••••••••••...,.....
POll' III

POD III

PSN III

GG1.G rn3 pGl~ hour
1.4$2
80.0 ~ p~Rsing 75 miaron.
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Teat 59 optimizod mass balmDoe••••~.~=~.$a~d~=~~=~m=c~=~~.n~=
Straam

58.9
SoUds Water

Rod mill feed
Rod mill dilution
Rod mill c.lisC'harge 58.8
Primary dilution
Prim cyclona fesd 490.2
prim cyclone A 0/£ 67.6
Prim cyclone B 0/£ 67.6
Prim cyclone A u/£ 172.5
Prim ~yelon0 B u/f 172.5
Pebb~a addition 1 3.0
Pebble addition 2 3.0
Pab mill 1 product 175.5
Peb mill 2 product 175.5
seconrlary dilution
StC ayclone foed
SItO cyclone olf
S.C oyclone u/t

Siu andylill
..... lII ••• tlJce •••

Stnam

135.2
64.8
70.4

3.0 t/hr
19.8 t/ht
22.S t/hr

215.0 t/hr
480.4 t/hr
146.7 t/hr
146.7 t/hl:
93.5 t/hr
93.5 t/hr

t/h::
t/hr

93.S t/hr
93.5 t/hr

135.3 t/ht'
428.7 t/hr
373.1 t/ln:
55.6 t/l'lt'

-75 -150+75 ~2S0+150 -~700+2S0 +1700
Rod mill di~chat'ge
Pt'im aye fIIeel
Prim eye A olf
Prim eye a olf
!?tim ~~'e A u/f
Prim eye: B ulf
PiliPmill 1 eli.eh
Pab mill 2 eli.ah
SrlC eye f.-eel
Sec:: eye.)olf.
SEle eye u/f

11.2
31.0
GO.!S
60.6
19,4
19.4
31.8
32.2
GO.6
90.0
42.S

7.4
25.13
26.1
26.1
25.6
2!;'6
27.0
27.0
26.1
15.6
34,9

8.0
24.5
12.7
12.7
29.2
29.2
29.0
27.9
12.7
3.4

21. 3

49.5
14.7
0.5
0.5

20.2
20.2
1l.7
11.5
0.5
0.0
1.0

23.9
4.0
0.0
0.0
5.5
5.5
1.5
1.4
0.0
0.0
0.0

•••••• Iif

PCF ~ 661.6 m3 p~r hour
PIJD" 1.452
PSM '" 130.0 I!! pusin9 75 miol:'tH'lfi
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Teat 59 optimized mass balance.=~.====cm=.=~~==~~==~=~=====~=
57.0

SoUds Wa.terstrea.m
~od mill !iElsd
Rod mill dilution
~od mill discha.rge
Primary clil.ution
Prim cyclone fesd
Prim cyclone A off
Ptim cyclone B olf
Prim cyclone A ulf
Prim cyclone B u/f
Psbbl~ a.ddition 1
Psbble a.ddition 2
Pab mill 1 product
Pab mill 2 product
Secondary dilution
Seo cyolone feed
Sao oye:lone olf
SGIC cyclone u/f
Siza analYII.1..s
....... tiIo ..... ao ••

57.8
472.0
64.9
64.9

171.1
171.1

3.0
3.0

174.1
174.1
129.8
63.8
6(; •.0

Stnam

3.0 t:/hr
19.4 t:/hr
22.4 t,lhr

222.8 t/hr
483.2 t/hr
149.8 t/hr
149.8 t/hr
91.8 t/hr
91.8 t/hr

t/hr
t/hr

91. 8 t/hr
91.8 t/hr

106.9 t/hr
406.4 t/hr
352.0 t/hr
54.5 t/hr

-75 "150+75 -250+150 -1700+250 +1700
Rod mill discharge 11.5 7.6 8.2 49.8 22.8
Pliim eye fllad 31.0 26.0 24.S 14.6 3.9
Prim eye A olf ~1.4 26.0 12.2 0.4 0.0
~rim eye B olf 61.4 26.0 12.2 0.4 0.0
Prim eye A ulf 19.5 26.0 29.3 20.0 5.2
Prim eye B u/f 19.!l 26.0 29.3 20.0 5.2
hb mUl 1 c:'I1aoh 31.'/ 27.4 28.1 11.l:i 1.4
Pab mill 2 diseh 32.2 27.4 27.9 11.2 1.3
SilO eye filled 61.4 26.0 12.2 0.4 0.0
Sile eye olf ao.o 16.7 :3 ~ 0.0 0.0• .:1

SilO eye u/f 43.4 35.1 20.7 0.9 0.0
~.~•••••••••••••••• ~••• ~~••••••• ,.•••••• *•••••••••• g.~.M.~R..n~ ••••

PCI!'. 661.3 1'1\3 p19'" hour
I'CD It 1.444
PSM It 80.0' tA~.in; 75 miorons
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Test 57 optimized mass balance•••=~=====~=_==UW"z=.~=~~w==n==

noc;lmill feed
Rod mill diluti~n
Rod mill c;lischatgs
Primary dilution
Prim cyclon~ feeo
Prim cyclone A olf
Prim cyclone a olf
Prim cyclona A ulf
P~im cyolone B ulf
Pebble addition 1
Pebble addition 2
Peb mill 1 product.
Peb mill 2 product
Secondary dilution
StiC cyclone feed
SeC c::ycloneolf
Sac cyclone u/f

44.2
Solids WaterStl:'eam

44.2
403 •.1
!:is.3
55.3

146.3
146.3

3.e 0
3.0

149.3
149.3
110.6
50.2
60.3

Size analysis..............
Stt'Glam

3.0 t/hr
14.1 t/hr
1'1.1 t/hl:'

210.7 t/hr
449 ...t/hr
142.9 t/hr
142.9 t/hr
81. 8 t/hr
91. 8 t/hr

t/hr
t/hr

ai. 8 t/hr
Sl.e t/hr

142.3 t./hr
4:28.0 t/hr
370.1 t/hr
58.0 t/l1r

-75 ~1$0+7~ ~250+150 -1700+250 +1700
Roc;lmHl dilllchar9Q 21.4 12.8 12.5 47.8 5.4prim eye fud 31.0 32. "' 24.9 10.6 0.7
Pt'im cyc A olf 60.0 23.7 10.1 0.2 0.0prim cyo a olf 60.0 29.7 10.1 0.2 0.0prim eyc A u/£ 20.0 33.9 30.5 14.6 1.0prim cye B u/f 20.0 33.9 30.S 14.1S 1.0
).!lAb mill 1 eUllch 29.3 34.3 28.7 7.5 0.2
Peb mill 2 c;lbc.:h 30.6 34.3 28.1 6.9 0.2
Sec eye end 60.0 29.7 10.1 0.2 0.0
sec QY¢ oli! SO.O 17.7 2.3 0.0 0.0
Sec eye: u/f 43.4 39.7 16.(; 0.3 0.0
•• ~•• a •••••••••• ~*•••"•••••~•••••••R •••••••••••• M •• ~ ••••••••••••••

POF .. GOl 5 m3 l:Jer houl:'
POD .. 1.4 7
l'SM .. eo 0 'II 1:1 ,1.I1'l ...n:1 ",5 :''CIict'on.
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~ost 56 optimized mass balance.D~.===.=••===~===~~~~~====~=C=

46.1
SoHda Weti'll:Stream

Rod mill fGlad
Rod mill dilution
Rod mill discharge 46.1
Primary dilution
Prim cyclonGl feed 416.1
Prim cyclone A 0/£ 57.4
prim cyclone a 0/£ 57.4
Prim cyclone A ulf 150.6
Prim cyclone B ulf 150.6
Pebble addition 1 3.0
Pebble addition 2 3.0
peb mill 1 product 153.6
Pob mill 2 product 153.6
Secondary dilution
Sec cyclone feed
Sac cyclone olf
$$C cyclone ulf

114.9
52.1
6?.7

She analysis..............
Stnam

3.0 t/l'lr
14.9 t/l'lr
17.9 t/ht'

210.9 t/l'lr
454.5 t/l'lr
143.4 t/hr
143.4 t/hr
83.8 t/ht'
83.8 t/ht'

t/hr
t/hr

83.8 t/hr
83.8 t/hr

147.7 t/hr
434.5 t/ht'
376.5 t/hr
58.0 t/hr

~75 -150+75 ~250+l50 ~l700+2S0 +1700
.Mtt:.tt. •••• az•• .,.cra., •• :. ••••••••••••••• ;a:••••• a:l'4l'1 •• IIt tlb:t!:

Roa mill. diElcl'lar'Je 18.9 11..7 11.7 49.8 7.9
Prim eye feted 30,51 31. 6 25.0 U.S 1.1
Prim eye A olf 59.9 29.3 10.7 0.2 0.0
Pr.tm eye B off 59.9 29.3 10.7 0.2 0.0
prim cye::A uif 19.9 32.4 30.5 15.8 1.5
Prim e::ycB t- .... 19.9 32.4 30.5 15.8 1.5'.A{"

hb mUl 1 d.i.ach 29.6 33.0 28.8 8.3 0.3
Pel;) mill a dbeh 30.S 33.0 21" 2 7.7 0.3
sec eye: feed 1:19.9 29.3 10.7 0.2 0.0
Sao eye o/f 80.0 17.6 2.6 0.0 0.0
Stile;: eye::u;: 43.2 39.0 17.5 0.4 0.0
•••••~••~•••~••••m•••M••••••• *•• ~••• Q.M ••••••• ".*••"•••••a.~••*.~*
••• ",.W!l.

PCF •
POD •
PSM •

611.S m3 per hQur
1.424
SO.O , paeaing 75 micron.
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tast 56 optimized mass balance••••~~.~~r.=c=======~~~=.===~•••

f\od mLll hed
Rod mill dilution
Rod mill discharge
Primary dilut..i.on
Prim cyclone feed
Prim cyclone A olf
Prim cyclone B off
Pdm CyCtot1E1 11. u/f
P~im cyclone B u/f
l?e~bla addition 1
Pebble addition 2
Pab mill 1 product
~eb mill 2 product
$Qcondary dilution
Seo cyoloora fwltQ
SQCi cY~'llonl!l off
I:leeoyolonll u/£

Size MalYl!lis
...... ».1 ••• ~.....

4S.1
solidS WaterStraam

46.1
416.1
57.4
57.4

150.6
150.6

3.0
3.0

153.6
153.6
114.9
52.1
62.7

3.0 t/hr
14.9 t/hl:
17.9 t/hr

210.9 t/hr
454.5 t/hr
143.4 t/hr
143.4 t'./hr
83.8 t/hr
83.8 t/hr

t/hr
t/hr

83.8 t/hr
83.8 t./hr

147.7 t/hr
434.5 t/hr
376.5 t/'l):'
58.0 t.! \1:

-75 ~150+75 -250+150 -1700+2&0 +1700
Rna mill dhtlhatgll 18.9 l',.7 11.7 49.8 7.9
Prim cyQ bed 30.9 31.6 25.0 11.S 1.1
Prim Qyc A off 59.9 29.3 10.7 0.2 0.0
Ptim eye B o/f. 59.9 29.3 10.7 0.2 0.0
Prim Qye A u/f 19.9 32.4 30.5 15.8 1.5
Pri,rneye B u/f 19.9 32.4 30.5 ~5. 8 1,5
Peb m.i.l11 dleeb 29.6 33.0 28.8 B.3 0.3
Pob mHl 2 cliaeh 30.S 33.0 28.2 7.7 0.3
SeQ eye fGlClId 59.9 29,3 10.7 0.2 0.0
$1110 eye off 80.0 17.G 2.& 0.0 0.0
SIlQ oye u/f 43.2 39.0 17.5 0.4 0.0.*.~.............~......N.~••••W*••~•••••~~••••••••••••••••~•••*••
1I11U •••••

PCli' ..
POD •
PSM ..

611.5 m3 Pllt hour
1.424
80.0 % pa••in9 ?S mier.ons
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teat 55 optimized mass balance
=•• *.~~.~..*~=~.=~==~=~===~====

48.2

Solids Waterstream
Rod mill faed
Rod mill dilution
Rod mill discharge 48.2
Primary dilution
pr.i.mcyelona fasd 427.2
P:dm cycloMi 1\ olf 58,9
Prim cy tone a olf 58.9
Prim c~~lone A ulf 154.7
prim cyclone B u/f 154.7
pebble addition 1 3.0
Pebble addition 2 3.0
Peb milt 1 product 157.7
Pab mill 2 product 157.7
secondary dUution
Sec cyclone fsect
sec eyc:lone olf
SElIC cyclona \l/f

117.8
54.2

s3.2'1'8 ulalyeit:s...............

3.0 t/hr
15.6 t/hr
18.6 t/hr

213.7 t/hr
460.7 t/hr
14t' '. t/l1r
144 Cj t/hr
F.J.4 tll1r
8~.4 t/hr

t/hr
t/hr

85.4 t/hl:'
85.4 t/hr

140.9 t/hr
430.8 t/ht'
373.3 t/hr
57.4 \:',/hr

+1700"'1\) "150+75 -250+:1.50-1700~'250
Rod mill clilllt:harga 16.9 10.7 10.9 5l.0 10.6
prim eye feked 30.9 3('.4 25.0 12.2 1.5
Pdm eye: }\ 0/£ 60.1 28.6 11.0 0.2 0.0
l?ri.meye a olf GO.l 29.6 11.0 0.2 0.0
prim eye 1\ u/e 1~1.a 31.1 30,3 16.7 2.1
print eye l3 u/f lSI.S 3:l. .1 30.3 16.7 2.:1.
hl:l mill. 1 c;lbch 30.0 31.8 28.8 8.9 0.4
pap mill 2 c:lilch 31.1 31. 9 28.3 8.4 0.4
a.e eye hllld 60.1 28.6 11.0 0.2 0.1.)

Sac eye olf 80.0 17.4 2.6 0.0 0.0
suc eye Itlf 43.2 38.2 18.2 0.5 0.0
••• n.M •••••• *••••••• Q••~"••••a••• ~._ •••• X••• _UM •••••••••••••• ~.~ ••
•••• r,s:iII.

PCP' •
POr. •PSM •

621.9 m3 par hour
1.428
80.0 , pa~.in9 75 mieron~

Appcmdlx J ..Optimi::ad mass batanaes 262



Test 54 optimized mass balance

Stream Solids Water
Rod mill feed 52.7 3.0 t/hr.
Rod mill dilution 17.4 t/hr
ROd mill diGcha).:'9952.7 20.4 t/hr
P).:'ima).:'ydilution 217.3 t/h).:'
Prim cyclone feed ~·,1"1.0 471. 5 t/h).:'
Prim eye lone A olf 62 •.: 147.0 t/hr
Prim eyelona B olf 62.2 147.0 t/h):'
Prim cyclone A ulf 3.62.8 as.s t/hr
Pdm cyclone B ulf 162.8 Sa.8 t/hr
Pebble adc;lition1 3.0 t/hr
Pebble ac;lc;lition:2 3.0 t/hr
l?eb mill 1 product 165.8 a8.8 t./hr
Peb mill 2 product 165.8 88.8 t/h).:'
secondary dilution 129.9 t/hr
Sec cyclone feed 124.4 423.8 t/lll.'
Sac cyelon61 0/£ 58.7 367.& t/hr
SeC cyclone ulf 65.7 5~.3 t/hr
size analysis................
straam ~7S ~150+7S -250+150 u1700+250 +1700
Rod mill discharge 1~.B 9.0 9.4 51.2 16.6
P.t'im eye: felltd 30.9 28.2 24.9 3.3.5 2.5
Pdm eye A olf 60.6 27.4 11. 7 0.3 0.0
Pri.m eyc B olf 60,6 27.4 11.7 0.3 0.0
Prim cye A ti/f: 19.6 28.5 29.9 18.5 3.5
P:dm eye: B ulf 19.6 28.13 29.9 18.5 3.5
PP.lb mill 1 (H[)ch 30.8 29.6 28.6 10.2 0.8
PIIP mill :2 diach 31.7 29.6 28.2 9.8 0.8
Sao cyc £aad GO.Ei 27.4 11.7 0.3 0.0
s.e: eye olf 80.0 17.1 2.S1 0.0 0.0
Sec cye ulf 43.2 36.7 19.5 0.6 (1.0•••~••M._N= ••••••••• *•••• r.••••• ~•• *••••••••••• ====•••~.C_••• L•••*M
•••••••
POF ..
);lOD •
PSM ..

641.3 m3 per hour
1.437
80.0 % passing 75 microns
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APPENDIXJ
optimization

Test 53 optimized mass balance

Simulated mass balances for

35,0

solids \'laterStl.'eam
Rod mill feed
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclone feed
Prim cyclone A off
prim cyclone B off
Prim cyclone A u/f
prim cyolone l3 u/f
pebble addition l
pebble addition 2
Peb IIli111 product
Peb mlll 2 product
Socondary dilution
Sec cyclone feed
Sec cyclclI1a o/f
s~ ...cyclone u/f
Size analySis_M=_=:r'!==='=*._

35.0
335.4
39.3
39.3

12B.4
l28.4

3.0
3.0

131.4
131.4
7B.6
41.0
37.6

St.ream

.3.0 t/hl:'
10.6 t/hr
13.6 t/hl:'

233.5 t/hl,'"
435.4 t/hr
147.9 t/hr
147.9 t/hr
69.7 t/hr
69.7 t/hr

t/hr
t/hr

69.7 t/hr
69.7 t/hr
0.0 t/h!:'

295.9 t/hr
247.0 t/hr
48.9 t/hr

-75 -'50+75 -250+150 -1700+250 +1700
).\odmill discharge 2B.1 15.6 14.2 40.3 1.8
l'rim oye fead 30.0 36.5 25.0 8.2 0.2
pl::'imcye A off 63.1 29.7 7.1 0.0 0.0
pl:.'im::yc B off 63.1 29.7 7.1 0.0 0.0
Prim eye A u/f 19.9 3a.G 30.S 10.7 0.3
Prim eye B u/f 19.9 38.6 30.5 10.7 0.3
Feb mill 1 eliseh 27.4 38.5 2B.6 5.4 0.0
Peb mill 2 cliseh 28.'1 38.5 27.9 4.8 0.0
Sale eye feed G3.1 29.7 7.1 0.0 0.0
Sec eye off 79,4 lB.7 1.9 0.0 0.0
Sse eye u/f 45.4 41.6 12.6 0.0 0,0
.1I.1II: ...... *=Il'I••••• I¢ ••• ==••• ;r:II..... =.rr:..;:~m;::~= ••••• =.a:.==:IIInr.':.= ••••••• =

PCF •PCD III

PSM ..
562.0 m3 per hour
1.~72
79.4 % passing 75 midrons
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~e~t 13c mod~lled mass balance======~==~=======~=============

62.3
solids WaterSt:t'eam=====~=~====~===~===============~=======

Roc' '11.l.l1feed
Rod mill dilution
Rod mill discharge
Prima:t'Y dilution
Prim cyclone feed
Prim cyclone A off
Prim cy~lone a off
Prim cyclone A u/f
prim cyclone 13 u/i
Pebble addition 1
Pebble addition 2
peb mill 1 product
p~b mill 2 produ~t
Secondary dilution
Sec cyclone feed
Sec cyclone 0/£
Sec cyclone u/f

62.3
443.4
62.0
62.0

159.6
159.6

2.8
2.3

162.4
161.9
124.1
67.2
56.9

Size analysil:!
\":11_==_="====:====
Stream

3.0 t/hr
21.1 t/hr
24.1 t/hr

202.9 t/hr
405.4 t/hr
134.5 t:/hr
134.5 t/hr
68.1 t/hr
68.1 t/hr

t/hr
t/h:t'

68.1 t/hr
68.1 t/hr
7.9 t,/hr

277.0 t/h:t'
234.8 t/hr
42.2 t/hr

-75 -150+75 -250+150 -1700+250 +1700
Rod miU discharge 10.1 6.8 7.4 48.1 27.6
Prim cye feed 22.2 25.7 30.6 16.6 5.0
Prim eyc ]I off 48.6 31.1 19.6 0.7 0.0
P:z:imcyc 13 0/£ 48.6 31.1 19.6 0.7 0.0
Pr.il" eyc A !.t/! 11.8 23.6 :14.9 22.7 6.9
Prim cyc B u/£ 11.8 23.6 34.9 22.7 6.9
peb mill 1 disch 23.0 27.0 34.9 13.5 1.6
l?ab mill 2 disch 23.8 27.3 34.5 12.8 1.5
Sec eye feed 48.6 31.1 19.6 0.7 0,0
r~o eye off 65.8 25.5 S.7 0.0 0.0
Sec cye ~\/f 28.3 37.7 32.4 1.6 0.0=.~••.••~*•• *==.= •• ~=.=~~.~.=...•.....•~A.~==~a.=~••••••••••••••••

POl" 111

peD ..
l?SH 111

572.7 m3 par hour
1.482
G5.a I passing 75 microns

to
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Test 70 optimized mass balance
1If •• ===x .... ::.=:a:c===.,...,.~=u====I.:===

40.0
solids Watel:'stl:eam

Rod mil.l faei.)
Rod mill dilution
nod mill dischargQ 40.0
Primary dilution
Prim cyclona feed 3~2.2
Prim CYClone A olf 44.1
Prim cyclone B olf 44.1
Prim cyclon~ A u/f 132.0
Prim cyclone B ulf 132.0
Pabble addition 1 3.0
Pebble addition 2 3.0
Peb mill 1 product 135.0
Peb mill 2 product 136.0
Saeondary dilution
Sec: cYQlone feed
Seo cyolorlGlolf
SGIC eyelona IJ/f

88.2
46.0
42.2

Siu andysi.s
••••••• 14......
Strum

3.0 t/hl:'
12.5 t/hr
15.6 t/hr

229.3 t/h!:'
439.5 t/hr
14G.a t/hr
146.8 t/hr
73.0 t/h!;'
73.0 t/h!:'

t/h,\;,
t/h!;'

73.0 t/hr
73.0 t/hr
18.8 t/hr

3l.2.3 t/b!;'
262.6 t/hr
49.8 t/hr

...... :aliil •••••• Wi.t:;&.'iiI I:J •••• z; •••• :=•••••• a.r:t •• ~.==r:;r=n ..M75 ~150+75 "250+160 -1700+250 +1700

Rod mill discharge 31.0 16.6 14.6 36.7 1.1
Prim eye fuel 31.3 35.9 2'1.5 8.1 0.1
Prim eye A olf G2.9 29.5 7.5 0.0 0.0
prim eye B olf 62.9 29.S 7.5 0.0 0.0
pl:im eye A ulf 20.7 38.1 30.2 ic.a 0.2
prim oyc::B ulf 20.7 38.3. 30.2 10.8 0.2
Pab mill , diseh 28.5 38.0 2B.1 6.4 0.0
hI:> mill 2 diseh 25).8 37.9 :27.3 4.8 0.0
Sec::eye hillel 62.9 29.5 7.5 0.0 0.0
5!1e eye olf 79.2 18.7 2.1 0.0 0.0
Sec eyc ulf 45.1 4:1..3 13.5 0.1 0.0
•••• *••••••••••••• K••••••••••••••••••••••••••••••••••• ~ ••• ~ •••••••.........
PCii' •
PCD 1II

PSM •
572.4 n13 Pllll!'hour
1.383
79. 2 ~ paui.ng 75 micronll
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Ta.t 67 optimized mass balanoe
=•••• ~~.==••u~e.==~==m=~d~~a.~=

37.9ROd mill hEld
Rod mill dilution
Rod mill diaeharge 37.9
Primary dilution .
Prim oyolona fead 350.6
prim oy01c:)1'I6IA olf 42.4
Prim cy010na a 0/£ 42.4
Prim eyolen. A ulf 132.9
Prim cyolone a u/f 132.9
Pebble addition 1 J.O
Pebble addition 2 3.0
Peb mill 1 produot 135.9
Pab mill 2 product 135.9
Secondary dilution
Sae cyolone faad
Seo cyolon" ¢It
Sec cyclol\(Iulf

84.8
43.9
40.9

SiMI ,unUya.l..til
iiiiiJ.IIt ~

3.0 t/h!:'
1l.7 t/hr
14.7 b/hr

235.9 tjhl:'
445.2 b/hr
150.4 t/hr
150.4 b/hr
72.2 b/h!:'
72.2 t/hr

t/hr
t/hl;'

72.2 t/h!:
72.2 t/h);'
13.1 t/hr

314.0 t/h1.·
263.7 t/hr
50.3 t/h!.'

-75 ~150+75 -250+150 -1700+250 +1700
Rod mill di.ch,ur.-t;'ItlI .2a.1 15.6 14.2 40.3 loa
J?,rl,,11\ eye had 3l.\) 35.7 24.5 8.5 0.2
Prim eye A o/f 63.7 29.1 7.2 0.0 0.0
prim oye a olf 63.7 29.1 7.2 0.0 0.0
Pl:'im eye A ulf 20.6 37.8 30.1 11.2 0.3
pdm eye a ulf 20.6 37.8 30.1 13..2 0.3
)?Glb mill 1 dbch 28.S 37.7 28.1 5.7 0.1
PiliP miJ.J..2 aisQh 29,S 37.7 :U.4 5.1 0.0
See eye feed 153..7 29.1 7.2 0.0 0.0
Sec eye o/f 80.0 18.1 1.9 0.0 0.0
Slie eye u/f 46.1 40.9 12.9 0.1 0.0
••• ~•••••••• *••• ~.w.~........*•••••••• y••••• ~u ••• _••••••••••••••••

•••••••
per. 577.5 m3 per hour
POD· 1.378
PSM· 99.0 ~ passin~ 75 mieron~
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Ta~t 73 optimized mass balance~~~~==~==~=e~~=~~==~==~.=~~~~~=

Rod mill feed
Rod mill dilution
Rod mill disoharge
primary dilution
prim oyclone feed
Prim oyclone A olf
Prim cyclon~ a olf
Prim ~~clona A u/l
prim oyclone B u/f
Pobble addition 1
Pebbln addition 2
Feb mill 1 product
pab mill 2 product
Socondary dilution
Sec cyclone feed
Sec cyclone 0/£
Sec oyclone ulf

66.1
Solido WaterStream

S;!9.7
133.1
83.1

IS1.7
lEU.7

.3.0
3.0

184.7
184.7
166.3
72.1
94,1

Size analysis
.... t::=::;It\t:l:lIUl':tr!.tII

:3.0t/hr
22.6 t/hr
25.6 t/hr

217.5 t/hr
461.5 t/hr
:l51. 7 t/hr
151.7 t/hr
79.0 t/hr
79.0 t/hr

I:'/hr
t/hr

79.0 t/hr
79.0 t/hr

237.4 t/hr
ll40.8 t/hr
480.5 t/hr
6U• .3 t/h~'

~75 -150+75 -2S0+~~O -:700+250 +170Q
Rod. mill diachar90 9.2 6.2 6.S 46.5 3)..3
Prim eyc had. 29.7 24.!i 24.G 15.S S.G
1'1"1m cya A 011: 57.9 26.7 l4.G 0.8 0.0
Prim eye B 0/£ 57.9 2G.7 14.6 0.0 0.0
Prim eye A u/f 16.S 23.5 29.2 22.3 8.2
prim eye B u/£ 16.8 23.S 29.2 22.3 8.2
Pab mill 1 dhch 30.7 2S.::l 2e.1 13.1.i ~.4
J?lIIb m.J.l1 2 dilioh ;~O.4 2S.~ 28.2 13.7 2.5
Sac eye: faacl 57.9 26.7 14.5 O.S 0.0
Sac eye olf 79.9 16.6 3.5 0.0 0.0
Sac eyc u/f 41.0 .'34.5 23.1 1.3 O.Q"~.....•..~.•~.~.r.....~~.~Q~Q ••• ~n...~.....•~._.M.~~~....dM •••• U•..........
PCI~ III

PCD '"
PSM •

651.4 m3 p;r hour
a, 499
79.9 , p••• ing 75 microns
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'~Gt 72 optimizod mass balance
!.Iiir Lr., "~.l:IIlIiIi •••• ItI•• c=eElZ:'A=t ==_=lC1i1.UU=

Stl,"sam Solic1ti1 Water
Rod mill faad
nod mill dilution
Rod mill disoharge
Primary dil:.l:iOll
prim cyclone toad
Prim cyclone A 0/£
Prim oyclone B 0/£
Prim cyclone A ulf
Pdm cl'elone B u/£
P$bbla addition 1
Pebblll additioll 2
Peb mill 1 p~aduct
peb mill 2 product
secondary dilution
SIIIC c:yclon($food
SGlI:l oyclorlllolf
Sac eyolone u/£

Sin analysis
............. a:.

35.4
35.4

338.1
40.8
40.8

128.2
128.2

3.0
3.0

131.2
131.2
81.7
41.4
40.3

Stnam

3.0 t/hr
10."/ t/hr
13.7 t/hr

25.s.S t/hr
422.1 t/hr
160.a t/hr
160.S t/hr
50.3 t/hr
50.3 t/hr

t/hl.·
t/hr

SO.3 t/hl."
50.3 t/hr
0.7 t/ht'

322.2 t/hr
270.9 t/hr
51.3 t/hr

-76 -150+75 -250+150 -1700+250 +1700

Rod mill clUchl'A:t'90 213.1 15.6 14.2 40.3 1.8
Prim eyc hlild 28.8 37.6 25.2 a.2 0.2
P1:'.i.meyo A olf 63.3 30.5 6.2 0.0 0.0
P):'im eye 13 olf 63.3 30.5 6.2 0.0 0.0
Prim oy,: A u/f 17.8 39.8 31.2 lCJ.9 0.3
Prim eyc B u/f 17.8 39.8 31.2 10.9 0.3
P.b mill 1 disch 25.5 39.7 29.2 S.S 0.0
Pltb mill 2- diseh 26.9 39.7 28.6 4.9 0.0
Sac eye: fliad 63.3 30.5 G.;l 0.0 0.0
51110 oyCl elf 79.9 18.S 1.6 0.0 0.0
SilO aye:: u/f 4(;.2 42.7 11.0 0.0 0.0
•••••••••••••~••••••~••••••••••••m*••_.m••••••••~.m••~••••••••••• ~
•••••••
PCll' III

PC,) ...
PSM 10'1

S4~.7 m3 p_r hour
1.363
79.9 , palaino 75 m£cronl
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Test 71 optimized mass balancee••n••••~.~••m~~.=~~d.~e~~=.~*=

35.6
Solids WaterStream

Rod mill feed
Rod mill dilution
nOd mill dis~harge 35.6
P:iroary dilution
Prim cyclone fead 343.7
Prim cyclone A of! 43.3
Prim cyclone B o/f 43,~
P~im cyclone A u/f 1:8.6
?rim cyclone B u/f 128.6
pebble addicioll 1 3.0
Pebl:.leadclition 2 3.0
Peb mill 1 product 131.6
Peb mill 2 product 131.6
Secondary dilution
Sec cyclone teed
Sec: cyclM& o/f
Sec cyclone u/f

86.6
41.6
45.0

s.l..ze analysis
••••••• IWi .. =t·•• =
st):'GI$.m

3.0 t/hr
10.a t/hr
1::). a t/hr

246.1 t/hl.'
417.8 t/hr
157.1 t/hr
157.1 t/hr
Sl.e t/hr
51.a t/hr

t/hr
t/hr

51.8 t/hr
51.8 t/hr
44.9 t./hr

31:19.2t./hr
304.8 t/hr
54.4 t/hr

-75 -150+75 -250+150 ~1700+250 +1700

Rod mill dillchiolrge 28.1 15.6 14.2 40.3 1.8
Prim eye :foed 28.9 37.6 25.1 8.2 0.2
Prim eye A 0/£ 62.0 :U.2 6.a 0.0 0.0
Prim eye B o/f 62.0 31.2 6.8 0.0 0.0
Prim eye ,l.\ u/f 17.8 39.13 31.2 10.9 0.3
pri.m eye B u/f 17.8 39.8 31.2 10.9 O.~
Peb mill 1 diseh 25.5 39.7 :2g.2 5.5 0.0
I?Qb mill :2 diseh 26.9 39.7 28.5 4.9 0.0
Seo eyo flitld 62.0 31.2 6.8 0.0 0.0
Billeeye o/f 80.0 la.S 1.6 0.0 0.0
Sec oye u/f 45.4 43.0 11.6 0.0 0.0
•••• n•• Q•••••• ~~ ••••••••••• ~•• =.n~ •••• ~u••• ~•••• =••••~~•••~•••••••
POF ..
POD •
PSN •

547.5 m3 per hour
1.391
80.0 , paaain; 75 microns

Appcmdb,~J ..Optimized mass balances 278



Te~t 69 optimized mnss balance
.*•••••••••~••~.=•••=••=~"••~=~
stream Solids Water

Rod mill feed 35.S
Rod mill dilution
R~d mill discharge 35.8
Primary dilution
Prim oy~lon$ feed 341.7
Prim oyclone A olf 40.8
Pdm cy-elona B off 40.8
Prim cyclone 'A u/f 130.1
prim cyclone B ulf 130.1
Pebble addition 1 3.0
Pebblo addition 2 3.0
pab mill 1 product 133.1
Peb mill 2 product 133.1
saeondary dilution
Sec: oyclone feed 81.5
Sad eye lone olf 41.8
Sac eyclon~ u/f 39.7

She analysis
............. r.c.

stream

3.0 t/hr.
10.9 t/hr
13.9 t/hr

233.3 t/hr
439.1 t/hr
148.7 t/hr
148.7 t/hr
70.8 t/hr
70.8 t/hr

t/hr
t/hr

70.8 t/hr
70.B t/hr
l!LO t/hr

312.5 t/hl:'
2G2.1 t/hr
50.3 t/ht'

-75 -150+75 -250+150 -1700+250 +1700
Rod mill discharge 28.1 15.6 14.2 40.3 1.8
Prim eye feed 30.5 36.3 24.7 8.3 0.2
Prim eye A olf 63,4 29.5 7.1 0.0 0.0
Prim eye 13 off 63.4 29.S '7.1 0,0 0.0
prim cye A ulf 20.3 38.4 30.2 10.a 0.3
l?dm eye B u/f 20.3 38.4 30.2 10.8 0.3
Pab mill. 1 dilaeh 27.9 38.3 29.3 ,1).5 0.0
PAb mill 2 di-I!Iah 29.2 38.::1 27.5 4.9 0.0
Sae Clye faed 63.4 29.5 7.1 0.0 0.0
Sac eye off 79.9 18.2 1.8 0.0 0.0
Dec eye u/i! 4.6.9 41.4 12.6 0.1 0.0
••••••••••••••• *•••~.~.~••••••• n••••••••••• w••••••••••• ~••~•••••• ~
$.1 ...

PCF ..
POD ..
PSM ..

6GS.O m3 par hou~
1.375
79.9 % passing 7S microns
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Test 68 optimi~ad mass balance~.~.=..~..*•• r.~.~~.=ft••• &••=~==
35.0

Solieie WaterStream
Rod mill feed
Rod mill dilution
Rod mill dischargG
l?rirn!lryd:Llut.ion
Prim cyclone feed
Prim cyclone A olf
Prim cyclone a off
Prim cyclon. A u/f
Prim cyclone a u/f
Pebble addition 1
Pebble addition 2
Pab mill. 1 product
Feb mill 2 product
Secondary dilution
Sac cyclonQ feed
SeC7 cyclone) o/f.
SQC cyocl0M !.l/f

35.0
335.6
39.3
39.3

128.5
128.5

3.0
3.0

131. 5
131.5
78.7
41.0
37.6

;Si;!:a analYl!lis
&•••••••••••••

Strcum

3.0 t/hr
10.6 t/hr
13.6 t/hr

234.0 t/hr'
436.0 t/hr
148.2 t/hr
148.2 t/hl.·
69.7 t/hr
69.7 t/h!:'

t/nr
t/hr

69.7 t/hr
G9.7 t/hr
0.0 t/hl:'

296.4 t/hr
247.5 t/hr
48.9 t/hr

-75 -150+75 -250+150 -1700+250 +1700
.1 •••••••• a: ••••• n•• ft.= .,••••• III••• lIt.acU •••• :c.l\ttll ut :w. =•••• =- ..
Rod mill disch~r9a 28.1 15.6 :1.4.2 40.3 1.6
Prim eye feed 30.1 36.5 :~5.0 8.2 0.2
Prim eyc A olf 63.2 29.7 7,1 0.0 0.0
Prim eye B olf 63.2 29.7 7.1 0.0 0.0
prim eye A u/f 19.9 38.6 30.5 10.7 0.3
prim oyc EI U/f H.9 38.6 30.5 10.7 0.3
)?cab mill 1 dirach 5 38.5 28.6 5.4 0.0
PcIb mill 2 d.lsch .8 38.5 27.6 4.8 0.0
Sec eyo hed 63.2 29.7 7.1 0.0 0.0
Sec eyc O/f 79.5 18.6 1.9 0.0 0.0
S~o eye u/f 45.5 41.7 12.7 0.0 0.0
......... =......... "'......... IIl ................ 'n .......... II.III: ••••• «;:111•• *1 •• ::.:1 ••

•••••••
per •
POD •
PSM •

562.6 m3 PQ~ hou~
1.371
79.5 , pn ••ing 75 mle~ona
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Test GS opt.imizad mass balance
c••~==~.=.===.~======.=~=.~••=r

Roa mill .feed
Rod mill dilution
Rod mill discharge
Primary diluti~n
Prim cyclone feed
Prim cyclone A o/f
Prim oyolone B o/f
prim cyclone A u/f
Prim cyclone B u/f
Pebble .!l.dclition1
Pabbla addition 2
Peb mill 1 product
l?eb mill 2 product
Saeondeu;,yclilution
Sec cyolone feed
Seo cyclone 0/£
Sec cyclone u/f
She analys.l.e
•••• = .:.

35.0
SoUds Wai;.pl:'Stream

35.0
335.4
39.3
39.3

128.4
3. .13. 4

3.0
3.0

131.4
131.4

78.6
41.0
37.6

Stnam

.3.0 t/hr
10.6 t/hl.'
13.6 t/hr

2.33.5 t/hr
435.4 t/hr
147.9 t/hr
).47.9 t/hr
69.7 t/hr
69.7 t/hr

t/hr
t/hr

69.7 t/hr
69.7 t/hr
0.0 t/hr

295.9 t/hr
247.0 t/llr
413.9t/hr

·75 -lRO+75 -250+150 -1700~250 +1700
Rod mill diD charge 28.1 15.6 14.2 40.3 1.8
Prim cye hllld 30.0 .36.S 25.0 8.2 0.2
Prim eye .1\ o/f 63.1 29.7 7.1 0.0 0.0
..rim eye B olf 63.1 29.7 7.1 0.0 0.0
Prim aye A. u/f 19.9 38.6 30.5 10.7 0.3prim ayc B u/f 19.9 38.6 30.5 10.7 0.3
Pa):) mill 1 dJ.SClh 27.4 36.5 26.6 5.4 0.0
tJllIb mill 2 disch 2B.7 38.5 27.9 4.8 0.0
Sac eye £oGld 63.1 29.7 7.1 0.0 0.0
Sllleoyc olf 79.4 18.7 1.9 0.0 0.0
Sec eye ujf 45.4 41. 8 12.9 0.0 0.0••••_••*.a•••••=_ ~.. =~.~n•••••••*.*•••• ~~=••• ~••• M~ ••• _ •• ~ ••

:u ..

PCl)' ..
1'00 ..
PSM ..

562.0 rn3pa~ hour
1.372
79.4 % passinq 75 microns
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Test 64 optimized mass balance
".M.#::_in==r..==iI::==:t::::=:d:e=.==~J===a=

35.8
Solids Waterstream

Rod mill feed
~od mill dilution
Rod mill disaharge
Primary dilution
Prim cyclone feed
Prim oyclone A off
Prim cyclone B off
Prim cyolone A u/f
Prim cyclone B u/f
Pebble addition 1
pebble addition 2
Peb mill 1 product
P~b mill 2 product
Secondary dilution
Sec cyolone feed
Sec cyolone olf
Seo cyclone u/f
Size s.nalYlilis
•••• iiI .

35.8
341. 7
40.8
40.8

130.1
130.1

3.0
3.0

133.1
133.1
81.5
41.8
39.7

Stream

3.0 t/hr
J.O.9 t/hr
13.9 t/hr

233.3 t/hr
439.3. t/hr
14B.7 t/hr
148.7 t/hr
70.B t/hr
70.8 t/hr

t/hr.
t/hr

70.8 t/hr
70.8 t/hr
15.0 t/hr

;12.5 t/hr
262.1 t/hr
50.3 t/hr

-75 -150+75 -250+150 ~1700+250 +1700

~od mill discharglil 18.1 15.6 14.2 40.3 1.8
Pl;'im eye feed 30.5 36.3 24.7 8.3 0 •.2
Prim eye A off 63.4 29.S 7.1 0.0 0.0
Pri.m eyc B off 63.4 29.0;; 7.1 0.0 0.0
Pdm eyc A- u/f 20.3 38.4 30.2 10.8 0.3
l?.rimcye: B u/f 20.3 38.4 30 •.2 10.8 0.3
PEibmill 1 disch 27.9 '38.3 .28.~I 5.5 0.0
PEibmill 2 disch 29.2 38.3 27.5 4.9 0.0
S$O eyo feed eJ3.4 29.5 7.1 0.0 0.0
Sec:' eye off 79.9 18.2 La 0.0 0.0s~o eyr:: u/f 41),9 41.4 12.6 0.1 0.0
==••••• M~•••••=••••••••••••••••••• ~••• N.=.=•••~n~~= ••••=••• c••••=~
.... Ill••••

per. 5G8,0 m3 p$r hou~
.PCD" 1.375
PSM" 79.9 ~ p~ssin9 7S microns
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Test 64 optimized mass balance==.~=.==.~~~========~=~===c====

35.8
solida WaterI3tream

Rod mill feed
Rod mill dilution
Rod mill discharge
Primary dilution
P~im cyclone feed
Prim cyclonG A off
Prim cyclone B off
P~im cyclone A u/f
Pdm cyclone a u/f
Pebb1e addition 1
Pebbla addition 2
peb mill 1 X.,\,:oduct
Feb mill 2 p~oduct
secondary dilution
Sec cyclOl'l(llf" 'd
Sac cyclone oft
SI#C cyclone u/f

35.6
341.7
40.6
40.6

130.1
130.1

3.0
3.0

133.1
133.1
61.5
41.6
39.7

ShGl e.nall'sis
.... _ •••• :1111:•••
straam

3.0 t/h.r
10.9 t/hr
13.9 t/hr

233.3 t/I:!r
439.1 t/h.r
148.7 t/hr
148.7 t/hr
70.8 t/hl:
70.8 t/hr

t/hr
t/hr

70.8 t/hr
70.8 t/hr
15.0 t/hr

312.5 t/hr
262.1 t/hr
50.3 t/hr

-75 -150+75 -250+15Q -1700+250 +1700

Rod mill discharge 28.1 15.6 14.2 40.3 1.8
Prim eye feed 30.5 36.3 24.7 B.3 0.2
Prim eyc A o/f 63.4 29.5 7.1 0.0 0.0
prim eye B 0/.. 63.4 29.5 7.1 0.0 0.0
Prim eyc A u/f 20.3 38.4 30.2 10.8 0.3
Prim eye::B u/f 20.3 38.4 30.2 10.8 0.3
PGlb mill 1 disch 27.9 36.3 26.3 5.5 0.0
pab mill 2 dillleh 29.2 3S.3 27.5 4.9 0.0
SIIC eye feed 63.4 29.5 7.1 0.0 0.0
Stile eye o/f 79.9 1B.2 1.8 0.0 0.0
Sec oye u/f 45.9 41.4 12.6 0.1 0.0.=......~....~....._........•~....~...~.......= ••••••• ==~•••••••• s
:a•• I.1l •••

pCF. 568.0 m3 pat hour
PCD.. 1.375PSM m 79.9 % passing 75 microns
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Test 63 optimi~ed mass baldnce==~=========~============~=====

Rod mill fssu
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclone reed
Prim cyclone A o/f
Prim cyclone B o/f
Prim C: olone A u/£
prim cyclone S u/f
Pebble addition 1
Pebble addition 2
Peb mill 1 product
Peb mill 2 product
Secondary dilution
Sec oyclone feed
Sec oyolone o/f
Sec cyolone u/f!

siza analysis
........ 14 •••• at

35.0

Solids WaterSt.t:'eam

35.0
335.4
39.3
39.3

128.4
128.4

3.0
3.0

131.4
131.4
7a.6
41.0
37.6

3.0 t/hr
10.6 t/hr
13.6 t/hr

233.5 t/hr
435.4 t/hr
147.9 t/hr
147.9 t/hr
69.7 t/hr
69.7 t/hr

t/hr
t/hr.

69.7 t/hr
G9.7 t/hr
0.0 t/hr

295.9 t/hr
247.0 t/hr
48.9 t/hr

-75 ~lSO+75 ~250+1S0 ~1700+2S0 +1700

Roo mill discharge 2S.1 15.6 14.2 40.3 1.8
Pdl\\eye faetl 30.0 36.5 25.0 a.2 0.2
Prim oyt;: A olf 63.1 29.7 7.1 0.0 0.0
prim eyo B olf 63.1 29.7 7.1 0.0 0.0
Prim eye A u/f 19.9 38.6 30.5 10.7 0.3
Prim eye B u/f 19.9 38.6 30.5 10.7 0.3
Peb mill 1 dhoh 27.4 38.5 28.6 5.4 0.0
Pap mill 2 disch 28.7 38.5 27.9 4.8 0.0
Seo cye:had 63.1 29.7 7.1 0.0 0.0
Sac oyc olf 79.4 18.7 1.9 0.0 0.0
Sec eye u/f 45.4 1.8 12.8 0.0 0.0
r•••_••••M ••• n•••M ••• ~U~ •• ~•••• ~ ••••• *••••• ~.~••• ~=•••••• Q••• ~._ ••

•••••••

POll' ..
POD ..
PSM ..

562.0 m3 per hour
1.372
79.4 % p~maing 75 miCrons
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Teat 66 optimized mass balance*a~•••m.=~.=.=~~mU=~~~D~~=~=~~=

37.2
Solids WaterStream

~ocl mill feed
~od nill dilution
Rod mill discharge
prinary dilution
prim cyclone feed
Prim cyclone A o/f
prim cyclon$ B Off
Prim eyclona A u/f
pr~m cyclona a u/f
Pebble addition 1
Pabbl$ addition 2
peb mill 1 product
Peb mill 2 pr~duct
s~condary dilution
Sec cyclone faee!
Srae cyclone o/f
Sac cyelone u/f
Size analysis.....,. .

347.1
41.5
41.5

132.1
132.1

3.0
3.0

135.!
135.1
83.0
43.2
39.8

stream

3.0 t/hr
11.4 t/hr
14.4 t/hr

237.5 t/hr
444.9 t/hr
150.9 t/hr
150.9 t/hr
71. 5 t/hr
71.5 t/hr

;;/hr
t/hr

71.5 to/ltr
71.5 t/hr
7.0 t/hr

308.8 t/hr
258.9 t/hr
49.9 t/hr

-75 ~150+7S M2S0~lS0 -1700+250 ,1-1700
Rod mill. dj.l!Iehat.'9!!1 28.1 15.6 14.2 40.3 1.B
Prim cye feQd 30.9 35.9 24.5 8.4 0.2
Prim eye A o/f 63.9 29.0 7.0 0.0 0.0
Prim eye B olf 63.9 29.0 7.0 0.0 0.0
J;lrimeye A u/f 20.5 38.0 30.0 ll.l 0.3
pL'im eye B tI/f 20.5 38.0 30.0 11.1 Od
Pab mill 1 di(ich 28.4 37.9 28.1 5.6 0.0
pab mill :2 elisch 29.7 37.9 27.4 5.0 0.0
Sec eye hillel 63.9 29.0 7.0 0.0 0.0
SIIIC eye o/f 80.1 18.1 1.9 0.0 0.0
SeC) eye: u/f 46.4 4:\..0 12.6 0.1 0.0
••••••• u•••• ~•••• d ,_••••• ~••• "•••••• m•••••••••••• ~~ •••••••••••• ~*
•• w .....

PCF II

PCD ...
PSM •

575.9 m3 p.r hour
1.3"5
aO.1 % passing 75 microns
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Test 82 optimizerl masl balance

stream
44.0

solids Water_=================c==============~=~=~==
Rod mill feed
Rod mill dilution
Rod mill discharge 44.0
~rimary dilution
Prim cyclone feed 411.8
prim cyclone A 0/£ 61.5
t'J:lmcyclone B off 6J..5
prim cyclone A u/f 144.4
prim cyclone B w/f 144.4
Pebble addition 1 3.0
Pebble addition 2 3.0
~eb mill 1 product 147.4
Peb mill :2 product 147.4
Secondary dilution
Sec cyclone teed
sec cyclone off
Sec: c:yclona u/f

122.9
50.0
72.9

Sin ana.l:isis»c:==_==n::it_==ac
Stream

3.0 t/hr
14.0 t/hr
17.0 t/hr

217.6 t/h:r
42S.6 t/hr
149.5 t/hr
:1-49.5t/hr
63.3 t/hr
63.3 t/hr

t/hr
t/hr

63.3 t/hr
63.3 tIll!:'

227.6 t/hr
526.7 t/hr
462.3 t/hr
64.4 t/llr

~75 -150+75 -250+150 -1700+250 +1700

Rod mill discharg!l 21.7 13.0 12.6 47.5 5.2
Prim cyc feed 29.6 34.3 25.2 10.3 O. ",
prim eye A off 57.6 31.9 10.3 0.1 0.0
prim eye 13 off 57.6 31.9 10.3 0.1 0.0
Prim I~yc A u/f 17.7 35.3 31.5 14.6 1.0
Prim eye B U/f 17.7 35.3 31. 5 14.6 1.0
lleb mill 1 dimeh 27.0 35.7 29.7 7.5 0.2
Plllbmill :2 dieleh 28.3 35.7 29.0 G.9 0.2
SeC eye filed 57.6 31.9 10.3 0.1 0.0
Sec eye o/f ao.o 18.0 2.0 0.0 0.0
See: cye u/f 42.3 41.5 16.0 0.2 0.0..~.=......~.=z==a.=••=.f~~n•••••~•••••••==~==••• a*•••••=~•• ~•• ~=••
Iit .

POF ..
POD •PSM ...

581.0 rn3 plr hour
1.441
80.0 % passing 75 microns
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Test 81 opt~mized masa balance

Stream
53.1

Solids Water
Rod mill feed
Rod mill dilution
Rod mill discharge
Prj,mal:'Y "1.J.ution
Prim cyclone feed
Prim cyclone ~ off
Prim cye l.cne B u/f
Prim cyclone ~ u/f
Prim cyclone B u/f
Pebble addition 1
Pebble addition 2
peb mill 1 product
Pab mill 2 product
Secondary dilution
Sec cyclone fead
S(!C cyclone 0/£
Sec c:;yclone u/£
She analysi,s
•• .:;:n:c.t=rl ..... ;;: ••

53.1

466.4
71.3
71.3
161.9
161.9

3.0
3.0

164.9
164.9
142.5
59.1
83.4

stream

3.0 t/hr
17.6 t/hr
,'.0.6t/hr

2~0. 7 t/hl.·
445.3 t/hr
152.2 t/hr
152.2 t/hr
70.4 t/hr
70.4 t/h.t:

t/hr
t/hr

70.4 t/hl:'
70.4 t/hr

237.9 t/hr
542.4 t/hr
479.2 t/hl:'
63.2 t/hr

-75 -150+75 -2$0+150 ~1700+250 +1700

Rod mill discharga 13.6 B.B 9.3 51.2 17.1
PJ:im eye feed ~1j.6 29.5 25.3 13.1 2.S
prim eye ~ o/f 57.6 29.6 12.4 0.3 0.0
Pl'.'imeye B o/f 57.6 29.6 12.4 0.3 0.0
Prim eye ~ u/f 17.2 29.4 31.0 18.7 3.7
Prim eye B u/f 17.2 29.4 31.0 18.7 3.7
peb mill 1 dl$ch 2S.6 30.5 29.6 10.4 0.9
peb mill 2 disch 29.6 30.S 211.2 9.9 O.S
SIIC eye htcl 57.6 29.6 12.4 0.3 0.0
Sac eye: off: 80.0 17.4 2.6 0.0 0.0
Sec eye ll/f 41.7 36.4 19.4 0.5 0.0
1l\ ••• tIZ ........... lilit ....... III •••• tI.t .. ., •• IU ..... ~ ••• Ii •• ,.••••• _••••••• u ••••• .,,=.

POF ill

PCD ..
PSM ...

621.3 m3 par hour
1.467ao.o ~ plssing 75 microns
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test 80 optimized maSti aalance

stream
i::::::==r:;====:;O:======'=======~==I ..:======t=======~=
Rod mill feed 58.9 3.0 t/hr
Rod mill dilution 19.6 t/h1:
Rod mill discharge 58.9 22.S t/hr
Primary dilution 224.1 t/hr
Prim oyclone feec! 492.8 455.4 t/hr
prim cyclone 1\ off 75.5 154.1 t/hr
prim cyclone B 0/£ 75.5 154.1 t/hr
Prim cyclone 1\ ~l/f 170.9 j'3.7 t/hr
Prim cyclone B u/f 170.9 7?,.7 t/hl.'
Pebble addition 1 3.0 t/hr
pebble aciclition 2 3.0 t/hr
Peb mill 1 product 173.9 73.7 t/hl:
Peb mill .2 product 173.9 73.7 t:/hr
See;ondary clilution 219 .a t/hr.'
Sac oyclone feed 150.9 526.C t/hr
Sec cyclone off 64.9 466.7 t/hr
Sac cyclone u/f 86.0 61.2 t/hr
Size analysiS
••••• .:••• n=••
straam -75 ~150+75 -250+160 -1700+250 +1700
Rod mill. di.l!lc:hargct 11.1 7.4 S.O 49.4 24.0
prim eyc feed 29.7 21.1 25.0 14.3 3.9
Prim cye A off SS.2 26.:1 13.2 0.4 0.0
prim eye S 0/£ 58.2 28.2 13.2 0.4 0.0
Prim oyc A u/f 17.1 :?6.6 30.3 20.4 5.6
pdm cye B utf 17.1 26.6 30.3 20.4 5.6
PiliP mill 1 disch 29.6 2B.O 29.1 11.i! 1.5
Pab ",.Lll 2 diseh 30.1 2B.0 2B.9 11.6 1.4
Sec eyc feed 58.2 28.2 13.2 0.4 0.0
Sec eye o/f BO.O 17.0 3.0 0.0 0.0
Sec eye U/f 41.7 3G.6 20.9 O.B 0.0
.............. u...... ,. ...................... *~iI ........ lI ............ cc ......

PC)! '"
POD ..
PSM ...

641.4 m3 per hour
1.471;1eo.o % passin9 7S microns
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Test 79 optimized mass balanoe

39.6
Solids WaterStream==.==.=====~=~==~======.==============~~Rod mill feed

Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclone feed
Prim cyclone ~ 0/£
prim cyclone B off
prim oyclone A u/£
prim cyclone a u/£
Pebble addition 1
Pebble additiol1 2
Peb mill 1 prQcluct.
Peb mill 2 product
Secondary dilution
Sec cyclone feed
Sec oyclone 0/£
ssc cyclone u/£
Size analyaia
••• l1li •••• ,. ••••

39.6
361. 6
44.5
44.5

136.3
1315.3

3.0
3.0

139.3
139.3
88.9
45.6
43.3

3.0 t/hr
12.3 t/hr
15.3 t/hr

209.2 t/hr
464.7 t/hr
137.6 t/hr
137.6 t/hr
94.7 t/br
94.7 t/hr

t/hr
t/hr

94.7 t/hr
94.7 t/hr
47.9 t/hr

323.2 t/hr
272.4 t/hr
50.8 t/hl:'

~75 -150+75 -250+150 -1700+250 +1700
Rod mill discharge 28.:1. 15.6 14.2 40.3 1.8
Prim eye feed 32.9 34.3 24.0 B.7 0.2
prim eyc A Off 63.2 28.4 8.3 0.1 0.0
Prim eye B olf 63.2 28.4 8.3 0.1 0.0
Prim eye A u/.'e 23.0 36.2 29 ..1 :1.1.5 0.3
prim eye l3 u/e 23.0 36.2 2('.1 U.S 0.3
Peb mill 1 d1$ch 30.9 36.1 27.1 5.S 0.1
Peb mill . .:IiI!Ieh 32.2 36.1 26.4 5.2 0.0
SGe eye hed 63.2 28.4 8.3 O. ~\ 0.0
Sec eye off 80.0 17.8 2.2. 0.0 0.0
sao eye \l,/f. 45.5 39.6 14.8 0.2 0.0•••~.=•••==•••••=:.=.~•••••••• =•••~=~•• m~=•• ~•• ~•• ~•• 3~~~.=.=~.=.=.
J?CF •POD ..
PSM ..

601.2 m3 per hour
1.375
80.0 , passLn; 75 microns
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Tast 78 optimi~od mass balanoe

StrElam Solids Water
Rod mill feed
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclone feed
Prim oyolone A olf
Prim oyclone B off
prim cyclone A u/E
Fri.m cyclone B ulf
Pebble addition 1
Pebble addition 2
Peb mill 1 product
Peb mill 2 prodl1C
secondary dilution
Sec cyclone feed
Sec cyclonEl off
sse cyelc:mEilu/f

49.8
49.8

424.3
52.7
52.7

159.5
159.5

3.0
3.0

162.5
J.62.5
105.4
55.8
49.6

SizGa analYlilis
•••••••••II~."
Stream

3.0 t/hr
16.:; t/hr
19.3 t/hr

220.3 t./hr
SOO.7 t/hr
144.7 tlhr
144.7 t/hr
105.6 t;/hl:
105.6 t./hr

t/hr
t/hr

105.6 t/hr
105.6 t./hr
38.5 t/hr

328.0 t./hl,·
278.1 t/hr
49.9 t/hr

~75 "150+75 -250+150 -1700+250 +1700

Rod min discharge 1/;' 6 10.0 10.3 51.3 12.8
Prim eyo had 32.4 28.2 24.4 13.1 1.9
prim oyo A off 63.5 :25.8 10.4 0.3 0.0
prim c:rc B olf 63.5 25.8 10.4 0.3 0.0
Prim eye A u/f 22.1 29.0 29.1 17.3 2.6
Prim eye;: B \1/£ 22.1 2SJ.0 29.1 17.3 2.6
peb rnill 1 c:lisc::h 32.6 2~1.a 27.7 9.4 0.6
Peb mill .2 dil!1oh 33.5 2'3. a 27.3 a.a 0.5
Sill0 eye fGlec.i 63.5 25.8 10.4 0.3 0.0
S~c eye off 80.0 .t6.9 3.1 0.0 0.0
Sao eye u/f 44.9 35.9 lB.7 O.G 0.0
••••••••• w••••• ~=:~n •• ~~ •••• u*r.=•••••~.~.~.*..m.~ •••• =••••••••••••

POt!' •
POD •
}:lSI-! •

660.0 m3 psr hour
1.400
80.0 ~ pBssing 75 miorons

Appendix J ..Optimized mass balances 285



Test 77 optimi~ed mass balance

Stream solids Water
Rod mill feed 51.0
Rod mill dilution
~od mill cliseha~ge 51.0
~rimary dilution
Prim oyolono feed 433.2
trim cyclone A off 55.0
Prim cyclone a off 55.0
trim cy~lone Ii. u/f 161.6
Prim cyclone a u/f 161.6
Pebble addition l 3.u
Pebble addition 2 3.0
Peb mill 1 product 164.6
Peb mill 2 product 164.6
secondary dilution
Sec cyclone feed 110.1
Sec cyclone 0/£ 57.0
Sec cyclone u/f 53.0
SizGI analysj.s
•••••• u••• :rcCM:

3.0 t/hr
lb.8 t/hr
19.8 t/hr

213.4 t/hr
49B.9 t/hr
142.1 t/hr
142.1 t/hr
107.3 t/hr
10"1.3 t/hr

t/hr
t/hr

107.3 t/hr
107.3 t/hr
61. 6 t/hr

345.9 t/hr
294.8 t/hr
51.1 t/hr

~75 -150+75 -250+150 -1700+250 +1700

Rod mill di$charge 14.8 9.5 9.9 51.4 14.4
Prim eye feed 32.3 27.7 24.4 13.3 :2. 2
prim eye A o;f 62.S 25.9 11.0 0.4 0.0
prim ':"eB t'/f 62,,8 :'.5.9 11.0 0.4 0.0
Prim eye Ii. u/f 21.9 :.{S.3 29.0 17.8 3.0
pt'im eye B u/f 21.9 28.3 29.0 17.8 3.0
Pl!bmill 1 diseh 32.7 29.2 27.7 s , 7 0.7
Peb mill :2 difleh 33.6 29.3 27.3 9.2 0.6
Sec eye £GIed 62.8 25.9 11.0 0.4 0.0
Sele c:yc olf 80.0 ',6.8 3.2 0.0 0.0
Sec eye ulf 44.3 35.6 19.3 0.7 0.0~~••••••••m~••u."*~.~•••••••=•• =====~.=.==•••D.~=$=••=~=~==~.=.~~•........
PCF •
POD ..
PSM '"

662.4 m3 per hour
1.407
80.0 % paasing 75 microns
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Test 77 optimized maes balance=~==~~=========~====~==~======~

51.0
Solids Waterstream

===.u===.=.===~';:=======_=========.========
Rod mill feed
Rod mill dilution
Rod mill diScharge
Primary dilution
Prim cyclone teed
Prim cyclone A olf
Prim cyclone B olf
prim cyclone A u/f
Prim cyclone a ulf
Pebble addition 1
Pebble addition 2
Peb mil.l 1 product
Peb mill 2 product
Secondary dilution
Sec cyclone feed
Sec cyolone olf.
Sec cyclone u/f.

51.0
433.2
55.0
55.0

161.6
161.6

3.0
3.0

164.6
1M.6
110.1
57.0
53.0

Site analYflis::==.= ••• ::..==-

3.0 t/hr
16.8 t/hr
19.8 t/hr

213.4 t/hr
498.9 t/hr
142.1 t/hr
142.1 t/hr
107.3 t/hr
10·,.3t/hr

t/hr
t/llr

107.3 t/hr
107.3 t/hr
61.6 t/hr

345.9 t/hr
294.8 t/hr
51.1 t/hr

-75 ~150+7S ~250+150 -1700+250 +1700

Rod mill discharge l.4.8 9.5 9.9 51.4 14.4
pl.'im-aye feed 32.3 27.7 24.4 13.3 2.2
Prim eye A o/f. 62.8 25.9 11.0 0.4 0.0
l?.timcyc B olf. 62.8 25.9 11.0 0.4 0.0
prihl eyc A 1.1lf 21.9 28.3 :19.0 17.S 3.0
'i?rim eye a ulf. 21.9 28.3 29.0 17.8 3.0
Plllbmill 1 d.l.soh 32.7 29.2 27.7 9.7 0.7
PeP mill 2 disoh 33.6 29.3 27.3 9.2 0.6
sar. 0'10 £aad 62.8 25.9 11.0 0.4 0.0
SQO eyo o/f. 80.0 16.8 3.2 0.0 0.0
SGIC eye u/f 44.3 35.6 19.3 0.7 0.0•••••••• =•••• ~"•• m=~ ••~.M.=.=~.=•••u••~.=~=.~~.=====.====U~A=.=.~.
pCF ..
PCI) ..
pSI-! ..

b62.4 m3 par hou~
1.407
80.0 , passing 7S mioron$
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Test 76 optimized mass balance

37.4
solids Waterstream===~=~======~~====================~=====

Rod mill feed
Rod mill dilution
Rod mill discharge
Primary dilution
Prim cyclon= feed
pr~~ cyclone A off
prim cyclone B off
prim cyclone A U/f
Prim cyclone B u/f
Pebble auditiun 1
Pebble addition 2
Peb mill 1 ~roduet
Peb mill 2 product
Secondary diluti~n
Sec cyclone feed
Sec eye Lone off
Sec oyclone u/f

364.7
49.2
49..~

133.1
133.1

3.0
3.0

136.1
136.1
98.5
43.4
5$.1

Size ana1yds
StI.'E!am

3.0 t/hr
11.5 t/hl'
14.5 t/hr

173.6 t/hr
438.4 t/hr
123.3 t/hr
123.3 t/hr
95.9 t/hr
95.9 t/hr

t/hr
t/hr.

95.9 t/hr
95.9 t/hr

174.9 t/hr
421.6 t/hr
363.0 t/hr
58.6 t/hr

-75 -150+75 -250+150 -1700+250 +1700
Rod mnl diScharge 28.1 15.6 14.2 40.3 L8
prim cye feed 32.2 35.3 24.1 8.1 0.2
Prim eye A Off 59.2 30.8 9.9 0.2 0.0
Prim eye B off 59.2 ,30.8 9.9 0.2 0.0
Pt'!m eye A u/f 22.2 37.0 2~'J.4 11.1 0.3
Pril\\ eye B u/f 22.2 37.0 29.4 11.1 0.3
Peb mill 1 diseh 29.';) 36.9 27.5 5.6 0.1
Pep mill 2 diseh 31.2 36.9 26.8 5.0 0.0
SSe eye feed 59.2 30.8 9.9 0.2 0.0
Sec eye off 79.8 18.0 2.1 0.0 0.0
sec eye u/f 42.9 40.8 16.0 0.3 0.0.=.~.=.=============~====~===~=========c===.===.==============~===
PCF '"
POD '"
PSM '"

576.0 m3 por hour
1.394
79.8 % passing 70 microns
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Test 75 optimized mass balance~=~======~====~===~========~===

Rod mill fG!ed
Rod mill d3.lution
Rod mill dischar\ 1
primary dilution
Prim oyclone feed
prim oyclone A olf
Prim cy~lone B olf
Prim cyclone A u/f
prim cyclone B u/t
Pebble' addition 1
Pe-bble addition 2
peb mill 1 product
Peb mill 2 product
Secondary dilution
Sec cyclone feed
sec cyclO))e olf
Sec cyclone u/f
Size analysis

42.5
Solids WaterStream====~====~=======~======================
42.5

375.8
44.7
44.7

143.2
143.2

3.0
3.0

146.2
146.2
89.4
48.5
40.9

=======:===:===
Stream

3.0 t/hl
13.4 t/hr
16.4 t/hr

225.9 t/hr
484.2 t/hr
145.2 t/hr
145.2 t/hr
96.9 t/hr
96.9 t/hI:

t/hr
t/hr

96.9 t/hr
96.9 t/hr
4.2 t/hr

294.6 t/hl"
246.6 t/hr
4S.0 t/hr

-75 -150+75 -250+150 -1700+250 +1700====~=======~=~=====~==========~~========================:~===~==
Rod mill clischarge 24.4 14.2 13.4 44.7 3.4
Prim eye feed 32.8 32.4 24.2 10.1 0.5
prim eye A o/e 64.5 27.0 8.3 0.1 0.0
P::im cye B off 64.5 27.0 8.3 0.1 0.0
l?d.m c:ro A U/f 23.0 34.1 29.2 13.2 0.6
P);'imdye El U/f 23.0 34.1 29.2 13.2 0.6
'HlP mill 1 clisch 31.6 34.2 27.4 6.7 0.1
flep mill 2 diseh 32.8 3'1.2 26.7 6.1 0.1
Sec eye feed 64.5 27.0 8.3 0.1 0.0
Sec eye off 80.0 17.5 2.5 0.0 0.0
S(i!Oeye u/e 46.2 38.3 15.3 0.2 0.0=======.=~=======Q======================~~~~=~===.~=======~.=~==.=
POF '"
POD '"
PSM '"

62 IS. 0 tl\3 pElt' i'.ottt'
1.374eo.o % pa$sing 75 mior.on$
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Test 74 optimized mass balance==================~~=~=========

66.3
solids Waterstream=~=============================~========

Rod mUl £r::led
Rod mill dllution
Rod mill djscharge
Primary· ~~lution
prim cyelelle feeel
Prim cyclone A off
Prim cyclone B off
Prim cyclone A u/f
prim cyclone B u/f
Pebble addition 1
Pebble addition 2
peb mill 1 product
Peb mill 2 produc~
Secondary dilution
Sec r.yel~ne feed
Sse cyclone off
Sec cyclone u/f

66.3
530.8
83.3
83.3

182.1
182.1

3.0
3.0

185.1
185.1
166.7
72.3
94.3

Si~e analysis
=i::~;t*=."*.==JC=;
Stream

3.0 t/hr
22.7 t/hr
25.7 t/llt'

217.6 t/hr
461.9 t/hr
151.8 t/hr
151. a t/hr
79.1 t/hr
79.1 t/hr

t/hr
t/hr

79.1 t/hr
79.1 t/hr

2:.i7,7t/hr
541.3 t/hr
480.9 t/hr
60.3 t/hr

-75 -150+75 -250+150 -1700+250 +l'l00
=.====;;:=;===========l::========:;=======t:':=:'===~==~==========:=:===-====::'l====
Rod mill r.iisoharge 9.1 6.2 6.8 46.4 31.4
Prim eye feed 29.8 24.4 24.6 15.6 5.7
prim eye A olf 57.9 26.7 14.6 0.8 0.0
Prim eye B off 57.9 26.7 14.6 0.8 0.0
prin' eye A u/f 16.6 23.4 29.2 22.3 8.3
Prim eye B u/f 16.8 ~?,::\. 4 29.2 22.3 8.3
Peb mill 1 diaeh 30.8 25.2 28.1 13.5 2.5
Peb n1Ul 2 diaeh 30.4 25.1 28.2 13.8 2.5
Sec eye :feed 57.9 26.7 14.6 0.8 0.0
Sec eye olf 80.0 16.3 3.5 0.0 0.0
S~!lC eye u/f 41.1 34.5 23.1 1.4 0.0~~======.===.~=.==~~=~=~=~=~=======~~===~=====*=~~=~========~~.~~~
::=11:====-

VCF =
peD =
);>SM ..

662.2 m3 per hour
1.499
80.0 % passing 75 mir.rons
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Te$t 74 optimized mass balance
===============================
stJ::"eam Solids ~later==~==============~====================~=
Rod mill feed 66.3 3.0 t/hr
Rod mill dilution 22.7 t/hr
Rod mill discharge 66.3 25.7 t/hr
primary· dilution 217.6 t/hr
prim cyclone feed 530.8 461.9 t/hr
p.dm cyclone A If 83.3 151.8 t/hr
Prim cyclone a olf 83.3 ;),51.8 t/hr
Prim cyclone A u/f 182.1 79.1 t/hr
prim cyclone B ulf 182.1 79.1 t/hr
Pebble addition 1 3.0 t/hr
Pebble addition 2 3.0 t/hr
Feb mill 1 product 185.1 79.1 t/hr
peb mill 2 product 185.1 79.1 t/h1:
Secondary dilution 237.7 t/hr
Sec cyolone feed 166.7 541.3 t/hr
Seo cyclone olf 72.3 480.9 t/hr
Sec cyolone u/t 94.3 60.3 t/hr
size analysis._:'::==========;;i:
Stt'Glam -75 -150+75 -250+150 -1700+.250 +1700
Rod mill discharge 9.1 6.2 6.8 46.4 31. 4
Prim eye feed 29.8 24.4 24.6 15.6 5.7
Prim eye A olf 57.9 26.7 14.6 0.8 0.0
Prim eye B olf 57.9 26.7 14.6 0.8 0.0
Prim eye A ulf Hi.8 23.4 29.2 22.3 8.3
prim eye B u/f 16.8 23.4 29.2 22.3 8.3
l?eb mill 1 disch 30.8 25.2 28.1 13.5 2.5
Feb mill .2 diseh 30.4 25.1 28.2 13.8 2.5
See eye feed 57.9 26.7 14.6 0.8 0.0
See eye olf BU.O 16.5 3.5 0.0 0.0
Sec eye u/f 41.1 34.5 23.1 1.4 0.0==~.=====~===~=======~=~=========~===.========"===~==~=====~======
=======
per =
PCD ..
PSI-! =

662.2 m3 per hour
1.499eo.o ~ passing 75 microns
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