One may consider for instance the final produci 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 #pplies to most other information on the state of the
circuit, Any contrc.ﬂ (and consequently optimization) was nearly hﬁpossible becanse

conditions in a grinding cireuit could change within minutes.

Even after the advent of reliable ofi-line monitoring instrumients that made manual
control easier, & circuit was still difficult to keep at certain conditions for any
appreciable length of tirhe. Any exercise in optimization would be premature before
stable control can be achieved to keep a circuit at specified conditions, What s tha

use of knowing where to operate but not being able to keep it there?
Tt is against this background that the implementation of multi variable contrsl (MVC)
to the grinding circuits at East Driefontein ™ allows for un thinﬁz_ntio'n pragramme

to be undertaken that could provide the operator witl MVC set polnts that would

* ensure the most efficlent operating conditions.

1.3 Aims of the project

Aacording to Hukki® | three fundamental questlons shouid be asked about closed

girguit grinding, of which two are dires tly addressed by this work:

1 ¢ nirocduetion 3



Comminution is the most energy intensive operation in the gold extraction process,
The benefits of more efficient power utilization, {iner and media consumptions as well
as ease of operation are vast. In the context of this projest, optimization of grinding

means that more product-sized material should be produced with less energy inpus,

Optimization does not simply mean finer gﬁnding. A proper opth‘nization exercise will
determine the best balance between fineness of grind and produst throughput. The
mecting of these objectives are generally thought to be mutually exclusive. Grinding
tan fine means Jower throughput, wastage of energy and a score of other aperational |

problems iike filtration problems ™,

It should be noted that optimized conditions change uceording to production
objectives. At a higher required throughput, it may make economic sense to reduce -
the fineness slightle. and vice verse. Thus any optimization process must be dynamic

and ndrplable to circumstances.

12 Optimization and control
The success of any attempt to optimize 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 besn very difficult.

1 ¢ Introdnetion 2
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1 INTRODUCTION

This chapter describes the backgronrd 10 the project, why it became necessary to
optintize the cirenil, and gives an a_vém-'imv of work done previously. The

wethodology followed during the execution of this project Is also avtlined,

11 The need for optimization

Rising costs and falling mineral grades are probably the toplcs mostly discussed in the
minerals processing industi'y. The importance of producing more at 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

iberated by grinding for the subscquent leaching step to be efficient, More intensive

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

13 Introduetion 1
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ABSTRACT

A multi variable coﬁtrol strategy for a grinding circuit at East Driefontein has been
-implemerted by others and has enabled it to operate under stabls conditions, The next
developmeni_ needed was to find conditions under whi;:h tne efficiency of the clrcuit
was the greatést. Optimum set polnts exist for the multi variable_cuntrﬁller to keep

the circuit at its most efficient state,

This project was done to defermine thege set p:dinj:s, and how it affected the oﬁeration
of the cirevit, " The strategy involved the collection of process data, the devélopment
of mathematical models and the determination of fhese optitiinm set points by
simulation, This option reduced interference with routine production operations,
which is often a prohibiting factor during arty development work onan 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 : Instrumentation on no 1 unit

or too little load reduces the power draft of the mill. This functlon hatl also since been

successﬁllly taken over by & controller.

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

2.3  Instrumentation and conirel

2.3. Instrumentation

“The instrumentation Installod on the cireuit is Bsted in table 2.3, and their positions are

shown on figure 2.3,

2 : Process Description 15



2.2.4 Circuit operation

Despite the implementation of & good control strategy, there are still aspects of the
operation under the aperators' supervision and responsibility, Such decisions are
larpely based on the experience of the operator, The important and relevant

operational aspects are discussed here,

The mininum feed rate of ore s limited to about 35 tons per hour, When less ore ig
added to the rod mill the custioning effect of the coarse particles is decreased and the
stes] rods may knock ihe liner bolts loose. A maximum of 85 tons per hour is -
possibie, agﬁin ths rod mill being the limiting unit. A very coatse discharge is

produced at such high tonnages.

Before the current control strategy had been introduced the operator usually adjusted
the prin ry and secondary sump water addition to obtain specified densities of the
eyclone overflew streams. This information is still available and is eurrently used to

help evaluate the state of the cireuit.

Pebbles are added at intervais to maximize the power draft by the pebble mills. It is

 diffioult operation since the power deaft peaks at an optimum mill load. Too much

2 ! Process Leseription 14



Table 2.2 ; Unit details and dimensions

o o

Vortex to spigot distance

Itom Rod mill Pebble mill

Number of unis 1 2

Type Trunnion discharge Trunnion discharge
e Grids and scoops

Length (m) 3,66 5,49

Diameter (m) 2,74 3,60

Speed (rpm) 18,7 18,7

% of critical speed 72 - 81

Grinding medium 0,09 mx3,35m -100 mm pebbles
rods -

Liners Wave type with fifter Grids on backing

: bars e Dlates With lifter barg

Tiemn Primary eyclone Secondary cyc.lone, i

Number ofunits 2 1

Cycione diameter (m) 0,686 0,914

Vortex finder diameter

(m) 0,255 0,360

 Inlet diameter (m) 0,147 0,203

Spigot diameter (m) Approx 0,115 Approx 0,070

Semdwpump

2 : Process Deseription

Iem Primary pump
Number of units 2 in tandem 2 in tandem
First stage

| Type Envirotech CB Envirotech CE
‘Speed (rpm) Variable Variable
Motor 125 kW DC 125 kW DC
Impeller diameter (cm) 61 61

I second stage |
Type Envirotech CE Envirotech CE
Speed (rpm) - 650 650
Motor ' T5kW AC 1440 rpm | 75 kW AC 1440 rpm
Impeller dinmeter fem) 61 6l
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sallest amount of water addition to prevent a 'rod mill tangle’, i.e. the rods in the mill

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

material is shown in table 2.1,

Table 2.1 : Féed ore size distrlbution

Particle size ~35mm <19mm -13mm ~Gmm «Tdum
+19mm | +13mm | +6mm +74um o
Mass Percent 15 40 30 14 1]

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

- 1o 240 and from 0 to-130 cublc metres per hour respectively.

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

tietween 100 xﬁm and 60 mm in size.

223 Cireuit physical data

The details of the units in the sircuit are sted in table 2.2.

2 : Process Deseription 12
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Figure 2.2 : ﬁo 1 milling unit

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

‘the thickeners as the mille 1 product.

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

2.2.2 Cireuit feed data

~ Crushed ors enters the circuit at a rate of about 50 tons per hour with a moisture
content of 1,1 percent, This tonnage is variable since the feed rate is one of tho
contro! actions of the MVC. Water is added to produce a 21 percent moisture

content feed to the rod mill. This figure Is largely historical and represents the

2 ; Process Description 1



The filtrate is combined with the pre-wash solution and is then olarified and de-
aerated, Zine dust is added to precipitate the gold slime that is then acid treated,
cnleined and smelted with a borax flux. The bullion produced is of about 88 percent .

 pold.

2,2 No 1 grinding circuit

The no 1 grinding sircuit at East Driefonisin was used for the test programine.
Because it was well instrumented and under multi variable control, the acquisition of
dats wag made easy. This enabled the investigator to run the circuit at different

conditions while coli2cting data,

2.2,1 Cireuit description

The eircuit (figure 2.2) consists of a primary rod mill followed by two pebble mills that
are in closed circuit with a ptimery hydmcyclone gach, All the mills discharge into a
common primary sump from where the primary pumps feed the two primary cyclanes
vis & distributor, The primary cyclone underflow streams ave fed to the pebble mills

whils tho overflows are pumped via the secondary sump to a secondary hydrocyclone,

2 : Process Deseription . | 10
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Figure 2.1 : East Driefontein Gold Plant flow diagram

10 produce two closely graded produets: rod mill feed material of 90% finer than 20

mm, and pebbles between 100 mm and 60 mm,

Grinding is performed by three similar circuits comprising of two stage wet grinding
and two stage classification, The required milled product fineness is 80 percent finer

‘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 sa that leaching occurs. An intermediate pre-wash thickening stage removes
- some high gold concentration solution, while the underflow undergoes further
lcachin_g. Total contact time i3 between 24 and 36 hours, Solid-liquid separation Is

done with rotary drum vacuum filters,

2 : Process Description _ 9



2 PROCESS DESCRIPTION

This chapter describas the flow diagram and operating daia of the grinding circuil
ther was used o collect the experimentol dater. It also gives a detatled account of the

multi variable controller used in stabilising the plant operaﬁbn.

2.1 Overall plant flow

The gold plent at East Driefontein follows & conventional route consisting of crushing,
grinding, cyanidation, fltration and precipitation (figure 2.1) and treats 240 000 tons

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

The crushing station includes three stages of erushing and sereening in a closed circuit

3 ! 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 praject

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 ™) which involves

mathematica 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 on+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 'snapsliots' of the cirenit conditions were created,

The modelling phase included the correct selection of suitable mathematical models
for the individual unit operations and the fitting of these models to the data. A

complete sirenit 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 optimization routines included in the steady state

simulator used,

1 Introduction | 6
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Figure 1.1 : Feasible operating plane for control set po_i'nts (i{ulbert)

This work seeks first to confirm this phenomenon, and secondly, to show that there
exists varying degrees of efficiency within this window, T-He efficiency and thus the
throughput is quantified by the siinulation of the circuit at different conditions within -
the window; The oi:t_imum 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 cyeldne spigots sizes,

1 ¢ bitroduction 5



a) How cau the process be used to produce the maximum lonnage of fine

material that meets a given size specification, and
b} How can energy consumption be reduced in producing such a product?

The anawer 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 fires, as well as the overall production rate,

| Guest ® and Hukki and Eklund®® showed that there is & relationship between the
circulating load and efficiency. If one could optimize the circulating load, one could

also optimize the production rate.

Wo_rk done earlier at East Driefontein by Hulbert ¢ shoﬁ;ed that 4 range of feasible
_operating conditions exists aver which the same product quality is achieved, This
range c&nstitutes 4 two-dimensional "operating window" {figure l.i) in which an

. 'dperator ha.s.some freedom of choice in selting two of the control set points while
achieving the same prind, Since these two set points (the primary cyclone feed rate
and feed density) directly cor ol 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 proper sampling overflow woirs installed, and provided potentially good

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

- Additions! data collection comprised of a regular check of the 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,

322 On-line data logging

| Using logged data from the PROSCON, the followiﬁg Instrument readings were
' recbrded at exactly the same timo as the manual samples were taken: |

rod mill solids feed rate

cod raill fesd water flow rate

primary dilution flow rate

secondary dilution flow rate

pebble feed rates for both pebble mill

primary cyclone feed flow rate

primary cyclone feed density

sscondary eyclone feed flow rate

secondary cyclone feed densily

power draft for both pebble mills

3 : Sampling _ ' ' 28



3.2.1 Manunl samples

“Nine points around the circuit were identified as manuat sarpling points. (Figure 3.1).

These streams were !

rod mill discharge

both pebble mill discharges

both primary eyelone overflows
both primary eyclone urderflows
secondary cyclens overflow

secondary cyclione underflow

Using audible signals, afl nine samples were taken almost simultaneously at the
requirod time by four persons using the standard sampling technique used on .the plant.
This involved Sweeping a sample cutter (aperture 10 ta 15 mm) through the stfeams
and .th_an carefully transferring the contents to a suitably labelled bucket. The
equipment and techniques conformed to the guidelines set by Gy ® and all but two of
~ the sampling points were acceptable in terms of the case agd representativeness of the
samples, All fhe persons involved in the sampling steps were trained as samplers or

plant operators,

The two cases of Jifficult sampling were the primary cyclane overflows where thure

was no facllity for sampling, and an ‘as best ay possiblie' sample was obtained, Other

3 Sampling 27



All instruments had to be calibrated and in good working order.

The above factors were out of the investigator's contral but were monitored by the

- inspection of daily Ing sheets,
32 Sampling proced'um

To obtain a spread of data as wide as possinle, the MVC set points of the circuit were
adjusted over & wide range, The PSM set polnt was fixed ot 80 percent, while the
PCF and PCD wers varied before ¢ach test. A total of 11 test runs was done during
four sesslons over a period of four weeks, each at a different PCF and PCD setting,

Figure 3.2 shows that a wide spread on the PCF-PCD plane was covered.

A settling interval of about an liour was allowed for between the MVC set point
| changes- and the sampling steps, at which time three consecutive sa.:_nplea were taken
at each manual sampling point (figure 3.1} with about 5 - 10 minute intervals in
between. This replication ensured that repeatubility could be tesfed. and that steady
 state could be confirmed. - Each of these three repeats was labelled with the tost
number followed by @, b and ¢. This meant that 33 complete duta sets could be |

compiled.

3 : Sampling 26
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Figure 3.2 ; The PCE-PCD range covered by the sampling campaign

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

distribution, althougl these were monitored during sampling.

3,04 Physieal conditions

Alf equipment had (o be in sound mechanical order. All pump impellers and liners hiad

to be well maintairad, as well as conveyer belts, puileys and idlers, All pipes, valves

and joints had 10 be in good working order. Mill liners had to be in a good condltion,

as were the cyelone linings and spigots. The rod loads in tue rod mill had to be

maintained accordiny {0 usyal practice,

3 ¢ Sempling
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Figure 3.1 Mnnual sampling positions
_-3.1.3 Control and operating conditions

- It was decided to collect differenc samiple sets for different operating conditionsin
terms of the circuluting Ibad, which was controlled by the primary cyclorie feed flow
rate (PCF) and the _pri_mmy cyclone feed slurry density (PCD) set points of the MVC.
The final product quality (PSM) set point was to be kept constant for all tésté, since
only the former two variabl_es were under investigaﬁon. Because the tests were spread

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

The cirguit had to be kept under MVC control throughout, and the pebble mill power

control had to be kept at closs to optimum,

3 Sampling 24



n mind.

31,1 Required information

Sufficient data was required to complete a solids and water baiance around the circuit.
This was passible with the informﬁtion normally logged on 'Iiné by the PROSCON
system using ava.ilﬁb‘le 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 iater. Additional information like mill power drafts was

afso available on-fine.

3.2 Steady state

Because fhe models that were to be devzloped were all steady state models, care had
1o be taken that the circuit was operating at close to steady state, Clearly this cﬁn be
very difficult in practice, tut it could be achieved approximately by rnmning the circuit
for & long enough seitling time under .very strict control afvar an MVC set point
'uhnnge' The length of this settting time was chosen to be one hour. Simulations of
the dynamic response of this clreult done by Hulbert ® showed that this time was
sufficient 1o achigve steady state. This was also confirmed by inspection of the trends

of the important variables during the sampling period,

3 Sd?ﬂpﬁng : : 13
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3 SAMPLING

This ehapre}' describes the sampling philosophy and strategy followed to obtain the
necessary experimental data for the modelling step. Sampling polnts, sample times
and proceduras are described, Some major problems with the sampling campaign |

are identified,

31  Planning the sampling campaign

Becﬁuse of the empirical naturs of most grinding and classification models, real =
operating data had to be collected to develop and correlate such models,
Furthermore, qua.litative 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 identifted.

A sampling campaign was plannied on fio 1 cireuit with the following important polnts

3 : Sampling _ 22



by a peak seeking controller, However, the subsequent installation of lifter bars in the
pebible mills was thought to change the typical power-load relationship of these mills.

The controller often gverloaded the mill by not detecting the peak power,

It had since been replaced by a constant power algorithm ™ which kept the power at |
a specified level {usually 5%) just below the peak, This prerd té be more stable and
easfer to control than a classic penk seeking controiler, Pebbles are added ut intervals
to keap the mill at this power setting and in most cases at a constant load level. Itis
however realized that the load in the mill is not the only factor affecting the power
draft, but that circulating joad also har a major influence. The controller is thus only

sugcessful while the MVC keeps the circulating load constant.

2 ! Process Description 21



controller is providéd through a cascada ratio signal of the rod mill dilution water flow

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

Both summp levels are controlled via the hardware controllers that act on the variable
speed motors of the first stage pumps. These loops are tuned io react slowly

compared with the MVC to prevent interaction.
Multi vaviable control

A three input three output mulii variable control scheme® is used to control the

cirouit {figure 2.6). The provess 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 seting on the three 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 Conirol strategy

Single variable control loops

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

proportional-ittegrat (PI) MC-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 on the rod mill feed conveyor belt is also regulated by & MC-

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 coutro] systém |
including the ratio control and multi variable control algorithms, Data Jogging, history

co’llectioﬁ and trending of variables are also done at this level.

The PROSCON software includes a Process Study Package that facilitates statistical

and graphical manipulation of logged or historical values.

Figure 2.4 shows & graphical rapresentation of the PROSCON system,
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- Table 2.3 ; Instrumentation list

(air actuated)

Instrument 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
Density meter Ramsay SGF Nuclear | Primary cyelone feed density
_ Ramsay SGD Nuclear | Secondary Cyclone feed density
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
rod mill, primary- and secondary

sumps _ e

- 23,2 Controller hardware and software

- Process control is done by a PROSCON 210 control system operating on+. ¢ DEC

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

Hartmann & Braun PID controliers.

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

provide the piant interface and control all data movement to and from the field

instrumentation and also some low level control.

The PDP 1173 or process

management (PM) station runs the supervisory system and the higher fevel control,

2 Process Description
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rather than the logged instantaneous pebble addition rate. This was to allow for the
slow rate of brenkage of the pebbles and for the Jong rotention 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 Size analyses

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

0 bo calculated,

~ The sizo analysis of the secondary cyclone feed stream was assumed o be the average

of those of the two primary cyclones,

The size analysis of the primary cyclone feed was calov'«ted from those of the various
streams entering the primary eircut, Although this did not provids a consistent
material balance, it was thought to be adequate ns » starting point for the mass balanee

smoeathing step. The data is shown in appendix D.
4.3  Mass balance smoothing
Aftor the above mass balance caloulations, all streams and size aralyses associated

with these strenms were known, The material balances hawever were not consistent,

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

daveraging, they provided realistic starting values for the next step of material balance

smoothing,

For each day the following informuation was available: the average primary cyclone
overflow moisture content, and the average pebble mill discharge moisture content,
“which related directly to the primary cyclone underﬂbw. 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 mateh the composite daily values.
The optimizer used in the spreadsheet program Quattro 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 for the secondary cyclons feed stream.

4.2.4 Other units

With the secondary cyclone feed stream data available, enough was known to
caloulate initial material balances over the cirouit, for both water and solids, The
balances around the other units could he completed by simple difference calculations.

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

 be95% of the weigher reading, as logged during the tests.

42,2 Primary cyclone feed

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

flow rate was caleulated as:

volumetric flowrate (pulp density -~ 1)
4,463

solids flowrate o

with a sotid density of 2,65, The flow to each cyelone was taken to be half the total

flow.

The water flow rats was caleulated from the difference with respect to the total

volume flow.

4,23 Sccondary cyclone feed

‘To account for the missing information about the secondary cyclone feed, the
composite data regarding the molsture contents of the primary overflow snd

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

routine sampling schems used to opetats the plant. While it is recognised that thess
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consistent mnss balances, but more important, sealistic values, that could be used in

the subsequent modelling of the circuit.

The following steps were followed to achieve this: some initial simple caloulations
were done to provide starting values for the next step, namely mass bolance

smoothing,

4,2 Initinl mass balance caleulations

" These caleutations were done from the raw data to yield more information about the
material balances for each of the various tests. In some case assumptions were made

to simplify the caloulatlons,

421 Rod mill discharge

The rod mill waa assuimed to operate very close to steady state, with no accumulation
f solids or water, ‘Thus the dischérge solids flow rate was taken to be equal to the
- feed solidys flow rate. The discharge water flow was the sum of the feed water flow

rate A the rod mi' dilution flow rate,

The feed moisture content was assumed to be consistent at 5% for all tests, as was
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4 DATA ANALYSES

The methods followed to provide eonsistent realistic material balances from real
 plant data are described e this chapter. Some assumptions had 1o be made about

the civenlt, arid these are noted, Al relevant calenlations and methods are shown,

41  Introduction

In using any data coltected from & 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 ertors afways lead to inconsistent material balances if redundant
data is included®™ M | Whe» serious errors exist in the colleotion of data, ag 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 plant had to be manipulated in a way that yielded

4 : Data Analysis _ 36



All results were colinted and are presented for each test in appendix B. The entries
marked 2/ represent the faulty instrument readings. This happened during tests 1a

to 2c, 4a and Ga through to 8c.

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

following chapters as and when they are used in any caleulation.

- Apart from the fauity instruments, the investigator was satisfied that the sampling

campaign was successful and gave a fair representation of plant conditions,
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Iand tl_mt the tests could be assumed to represent steady state, except for tests Sa to So
+ It can also be seen from figure 3.2 that ihe three repeated samples for each test are
closely grouped together, which is a further indication thar the circuit was not

changing significantly during each test.

Inspéction of figures 3.7 to 3.10 shows that the PSM values also showed steady |
héhaviour around the manual sampling instances, except again tests 5a to Se, where
Iarge variations oceurred just before the samples were taken. Another feature of
figures 3.7 to 3.10 is the difference between the PSM velue and the tnanually
determined size analysis. In miost cases the PSM shows the size to b. iner than the
manual sample, This differonce became vety small dﬁriﬁg tests {1 to 13, Errors in
the PSM readings can arise from a variety of sources, like the efficlency of the
sampling arrangement and the PSM calibration. Frrors in manual sampling and
analysis could have compounded this difference, although one would expect the
manual result fo show higher fractions of fine material (becauss of incomplete
screening), Itis sus::écted that these errors arose from the lack of representativeness
of'the sample presented to the PSM due to the physica: sampling system, Also, It is.
known that the PSM calibration depends strongly on the slurry density of the sampled
_ streénl. Because the circuit was forced to operate at somewhat extreme set paints,

this effect could have played a part,

34  Resalts
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product particle size (as percentage smaller than 75 pm)
These values were automatic.ally and continuously logged and averaged over intervals
| of § minuies by the system, The actual time at which the manual samples were taken,

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

~ Although sl 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 preparation and analysis

T.he bucket contents from the manual samples were de-watered, dried and analysed
for particle size Jistribution (74 pm, 150 um, 250 pm and 1700 pm} using the
standard plant procedure (Appendix A). Originally it was nof planned to analyse the
© samples ior slurry density or solid contents, but this prerd 1o be a serious oversight
because of the two .f‘aulty insiruments mentioned above. By the time it was realised
that these instruments were inaccurate, the samples had already been de-watered and

no moisture analysis could be done.
To check if the circuit was at sieady state during the sampling periods, time plots

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

They show that ouly slight variation oceurred during the sampling periods,
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This technique was suceessfllly 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 fitial mass balances obtained by the steps deseribed in
seetion 4.2 of this chapter, rather than the smoothed baitances discussed in seetion 4.3,
The possibility existed that additional errors tould b iniroduced info smosthed data,

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

During axploratory attzupts at model fittingqtnls Was 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 1+¢re hidden in the smoothed data.
The decision was then made to use the unsmoothed date (appendix D) for the mill

madel fitting step, rad to use the data smoothed only around the hydrocyclones for

cyclone modelling.
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where £, o, and 1, represent the adjustment needed to each component in the
respective streams {or a consistent balace, Once R, is determined, the corrected

analyses can be obtained.

If one assumes & constant standard deviation for all the samples around the cyclone,

the recovery is obtained by minimising the squares of the component adjustments.

R, o 20Xy BTNV A X222 T)
s X-22)

‘whete

X o= f:(uk-ok)’
ol
Y= g%—okﬁ
R
2= E(uk-o,i,)(ﬁ;ak)

4 Data Analysis 31



crucial for mill mocel fitting, because the overall material balances are trivial, and no

redindant daig is possible for the size analyses of the connected streams.

Tliis meant that smoothing was only meaningful around the hydrocyclones. Some
very good and simple techniqﬁes exist, and a method for separating units, deseribed

by Wills and Manser " | was applied to hydrocyclones in this case. |

In a hydrocyclone

-ﬁ:"R:uk'U” 20 = ry

where £, o, and , represent the measured mass fraction k" size interval for the feed,
| overflow and underflow sireams respectively, and 1, is the residual In the closure
equation generated by experimental errors in the measurements for ench k. R,
: -re_présents the estimated recovery of solids 10 the underflow. Some fhctor his defined

as

s T+RI(1-R)

50 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 dlso 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 reprosentativeness 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 investigator

to investigate another option.

- 4.5  Smoothing around the hydrocyclones only

The question could be asked whether consistent mass balances were indeed neaded
for the subsequent. modelling stages, The answer is yes if one attempts to fit models
to all the processing units simultaneously, which is possible with a simulator like
MICROSIM 9, but it is not recommended because of the number of paramsters to
be optimized. Usual problems include the existence of local minima, and that of
advanced computing power requirements, Mtemgtively, if one would ﬁt models to
each processing item individually, then consistent mass balances would only be needed
for classification units, i.e..units with two or more product streams where the

component in each stream I5 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 w#s noted carlier,
the two p_ebbie mill dissharge streams had to be re-constituted from the combined
stfeams specified by the smoothing exercise. This was done by simply splitting the
stream, and then caleulating gach size analysis pro rafa to the raw data, but so that the-
combined flow rates in each size fraction did not change, Thus the overall integrity

of the balancs was not compromised,

Inspection of the fiited data sats in appendix F shows that for all tests, the adjustments
made to the solids mass balance was sinall 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 cyclons feed. The adjustments made wers the ¢onsequence of'the
smoothing step of' the size analys.es information. A largs (about 10 %) adjustiment
occurred in the rod mill feed tonniage in soms cases, but the reason for this was

unknown,
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Table 4.1 : Estimated variances for different sampling positions

4 : Daa Anabm‘&

1 Type of sampié Sampling point Remarks Variance (0%)
Solid flow rate Primary cyclone feed Good sample. |1
Instruments calibrated
and checked before
Secondary cyclone feed | Bad sample, 50
A Instruments calibrated
and checked before
test, but density meter |
gave suspicious
_ ' readings. _
Rod mill feed Yery pood sample, 1
_ Weigher calibrated and
_ checked routinely,
| Size analyses Rod mill discharge Very good sample. 1
| Pebblo mill discharges | Very good samples. | 1
Pritary cyclons Average sample, High {10
underflows flow rates made -
| sampling difficult,
Primary cyclone Bad sz nple, No 50
overflows samp’ .+ point,
Samy.,o taken directly
| from overflow box,
Secondary cyclone Good sample, High 10
underflow flow rate made
'_ sampling difficult. _
Secondary cyclone Very good samplo. 1
overflow Sampling point used
e routinely for very
critical process
_ N information,
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good the sampling point, the taking of the sample, and of the analysis was, For each

stream, constarit 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 Lagrangians 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, au.ough
they tend to bes faster. Failure to produce a solution often ocours, especially in a
matrix wfth & mxxture of'large and small elements, This 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 an iterative method that yielded results every time. The conjugate

gradient method was used 9%

A listing of this part of the program {s also shown in appendix E as the proceduro

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

Thase were:
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ar (@ i)
a‘?k -1 U l §a,}; = -J‘“l,.m,!?‘ H k=1nlﬂ!”¢
J S

£ - 0? EZ"}AWJ + Eeﬂ,j = 0 Sl
_ a.')i, ] J ie] kal

fy : |
'é%; = ;Au(d!f’; +fa' - fd) =0 =100y 5 k=L,
' : |

aL i ]
—r- T = =],
) EAJ} 0 Luwlt

For the circuit ﬁnder investigation, additional constraint$ had to be included for the
belance around the mills, rince the above equatlons assume that the mass contained
in each size class is coniserved aver 4 unit, This Is obviously not true for amill or
crusher unit, and this constraint was renlaced by the fact that all size fractions had to
add up to unity ™. 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 ong output to a mill or crusher unit type.
Some indication of the reliability of the various sources of information was needed to

quantify the variances o} and g%, The Laguitton method ¥ for estimating varfances

‘was used, based on a qualitative 'feel' (supported by Jperating experience) for how
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the smallest size interval (-75um).
_ The rest of the connection matrix reflected the phiysical circuit exactly.

Seltting up the objective function in terms of the constraint of the conservation of
mags, thé resultant Lagrangian according to Hinde 93 {s:
4w ", nong# ne m
L- 2}:[ 4ol ] +2[ ) St S

= el aj‘ 1 o1 kel jet et
whers 1, = number of size intervals per stream

#, = number of streams -

1, = number of units

a} = siza analysis of the A" interval in the /* strear’ﬁ

4} = adjusted sizo analysis of the K" interval in the / stream

J; = solids flow rate of the / stream

7, = adjusted solids flow rate of the /% stream

6,47 = Lagrangian multipliers

¢ = standard deviation of size analysis values

¢;= standard deviation of flow 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

o » Data Analysts 44



The rod mill was not included as a ynit, The feed to the plant (stream i,

Jigure 4,1) was taken to be the rod mill discharge.

Both primery cyclones were taken as one unit (unif 2), It was assumed that

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

The pebble mills were taken as one unit (imit 4). Although not Ideal, these
simplifications had 1o be made for reasons described above. Because the two
pebble mills operated at different load ary, power condiﬂans, their behaviour
and thus product streams were significantly different, This problem was
overcome by readjusting the pebble m.-'?l discharge size analyses and .éolids
- Jlow rates inaway 1o keep the con. stency of the material balances. Tt will

be desoribed laier.

An extra 'mixing' wnit (unu_ 5) was added 1o account for the addition af
pebbles. Becanse the software written 1o do the mass balance smoothing
handied mills and crushers in a differenit-way than other units (io be
discussed later), no extra input sireams to the mills could be spetified,
Therefor a duimny stream (6) that represenits the combined pebble mill
discharge without the gffects of the pebble addition had t6 b.e specified. The
- pebble flow rate was then added to the mixing unit, to be simply inciuded in
the pebble mill discharge. As a further simplb"iéaﬂon. the additional mill

discharge flow rate caused by the pebble addition was assumed o be all in
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Figure 4.1 : A block diagram of the sim';;liﬁed circuit used In specifying the
connection matrix. o :

connsction matrix for the following reasons, The smoothing program was written
using Turbo Pascal V.7. Ther. :¢ certain memory constraints built into any such
compiler runming under DOS, This meant that the size of the resultant matrix that had
to be solved by the program wa Iirﬁited. Since the size .of the mattix depends on the
number ofuhits, streams and size analyse# specified, a very simply simple conneciion
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 solids end size analysis were considored Gor reasons mentioned bqfar.e);
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redundant data was available on the water flow rates, smoothing could only be done

on the solids flow rates and the 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 smoathing techniques to the solids mass balance, The
objective was to achieve a consistent mass balance by adjusting data known to contain

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

Any plant ¢an be represented by a connection matrix 4. The number of rows
corresponds t the number of units (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 -1 0 0 0 6 1 1 0
0 1 -1 0= 0 0 0 Of
A=]¢ 0 1-10 0 0-1 0
o000 1-10 0 0
0000 0 0 1 -1 0 -

with "1" indicating that the stream feeds the unit, " «1", it i8 & product from the unit

and "0", that it is not connected to the unit.

Certain simplifications and assum:tions had to be made whiie establishing the -

4 : Data Analysis 41



shows this relationship graphically 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. It was also rmuch simpler than the plug. flow mo'del and thus was used in all

subsequent simulations,

53 Pebhble mills

' The sirriple population balance model for a I'Je_rf‘ec'tly mixed mill™ was used to
simulate the operation of the pebble mills. These mills were taken to behave in the |
-same way as ball mills, and since the average pebble attrition rate was very low (about
3 tons per mill per hour), they wers assumed to bel_mve_ similarly to steel balls in terms |
of grinding action, I-‘nr.simplict'ty. it was assumed that the only contribution made by - |
the pebbles In terms of mass balance was é.light increase i the «7Sum fraction in the
discharge. Because of the low atirition rate, it was taken that the entire pebble
“addition tonnage reported directly to the discharge as »75 ym material witﬁout taking
part in the grinding action, Figure 5.7 shows schematically how the model was

structured,

The perfectly mixed model follows from the general population balance equation
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Figure 5.4 : Rosin Raramler slope of rod mill discharge size distribution vs mill feed

These assuriptions were tested and were found reasonably valid, For each of the 33

| test cases the rod mill discharge size distributions followed the Rosin Rammiler
distribution closely and the averﬁge slope was found to be 0,799 with a standard

~ deviation of 0,1 i‘?. Figure 5.4 shows the values of the slopes for all the test cases,
while the values are listed in appandix G, No clear dependency on feed rate éould be

identified,

The relatlonship between the characteristic size and the mill throughput could be

expressed ag:

dyy = 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 dyg are plotted on figure 5.3, and shows a high

correlation at high feed rates, Atlower feed rates however, some scatter occutred.

522 Simple rod mill model
It had been shown before that for open circuit mills the rate of production of materiat
of certain sizes was directly proportional to the throughput of the mill?". This finding
was used to develop a very siniple rod mill model that assumed the follawing:

The mill produet followed a Rosin-Rammler distribution,

The slope of the Rosin-Rammler distribution stayed almost consiant,

The ehardctéristic slze () of the distribution depended lnecrly on the

sollds thronghput through the mill.
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Figure 5.1 : Relationship of the selection function at the top size to mill throughput
for the rod mill -

an upﬁroximate feed size distribuiion (table 2.1) were specified and the two
parameters were thew aptimized using a simplex procedure to approximate the given
rod mill discharge size analysis, This step was repested If‘or gach test. A correlation
analysls using Starfstica for Windaws showed a dependence of both @ and « on the
mill_ solidé throughput rate. A linear regression done on the dependance of the

parameters an the feed tate yielded the following correlations:

a = ~0,0022 x Rod niill feed solids (jph)+0,268
o = ~0,0243 x Rod mill feed solids (iph) +2,045

These equations are alsa shown in flgures 5.1 and 5.2, These graphs show 2 good

aceuracy of the predictions of the twa selection finction parameters.
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J( )**(1*‘1’)( )“

with cpJ = @1(;,_) b

nt

" where

d,

1

aa0y6 P,

top size of the ith size interval in microns

empirical parameters,

i

~ The parameters £ 7,0 and @, are ore dependent™, while & and & normally depend

‘on the milling conditions ay well,

This pl'ug flow model was aveilable in MICROSIM s4d was used to simulate the rod
mill. The ore dependent parameters 4 ¥ & and @, were determined by earlier work
on East Driefontein ore®® (table 5.1 and these values were used in the simulation.

Table 5,1 : Brenkage pr nrametersofBastDnafontem ore

Parameter Value
B 312
y 0,687
oy 0,269
5 o

The two mill dependent parameters o and « were fitted to the raw plant data using the

parameter estimation facility in MICROSIM. The feed solids and slilution rates and
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. ,  d(w)
J*pﬁ-f-g‘], bW, = werSw T

where

33
l!

mill throughput -
W, - mass of mﬁter’ial in the mill in size class / (functi.un of time)
b = breakage flnction of particles breakiig from sizé class f into
class_ i
S = breakage rate of particles in size class f per unit time
= fraction of material in the ith size class in the feed stream
e - mass fmction in class / of load being discharged f’r;.:m the will

per unit time

For the bateh or plug flow case: F=0, d, = 0, and W == constant, The mass balance

simplifies to:
d(w) =1
."""’""‘d; = =5, :+§ bUSJwJ

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

~ following functional forms:

Sy = “dru
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modelling step eff‘ected.its own 'data smoothing'.. Given that any model prédiction only
approximates a real situation, of which sampled data is a ﬁthhef approximatioh, so:ﬁé
inaccuracy of measured data could be tolerated, The disadvantage of empirical
modglling is {Imx_at 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 fundamentat
modelé, no hetter 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 modets were considered. If the models
could be paramaterised in a way that upproximated 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,
82 Rod mill
5.2.1 Plug flow model
The Austin plug flow model was tried ag a first aitcmpt for the simulation of the rod
mill ®,  This model is based on a population balance approach using breakage and

selection functions,

‘The pogulation balance equation in & mill can be written as:
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modeliing step effected its awn 'data smoothing'. Given that any model predictioh only
. approximafes a real situation, of which sampled data is 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 better alternative existed, and this disadvantage can anly be noted and

borne in mind while regarding the results,
As a first step, the most popular and simple models were considered. Ifthe models
could be paramaterised in a way that approximated the data reasonably well, the

mode] could be aceepted as adequate, Again it should be stressed that 1o modef can

 reflect reality under all circumstances,
52 Rodmill
52.1 Plug flow model
The Austin plug flow model was tried as & first attenipt for the simulation of the rod
mill ¥, This model is based on & population balance approach using breakage and

selection functions.

The population balance aquation in a mill can be written as;
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5 MODELLING

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

individual pracess units, These models were then used to simulate the entive cireuil,

81  Introduction

_ 'Fe_w, if any, ﬁ:_ndame‘htal mo_delg. exist for minerals processing units, especially for

mills and hydrdcyclohes. Many models are empirical and involve some typo of

e parameter estimation to fit existing data, Obviously this approach is only possible
when propet plant data is available to enable parameter fitting, and such models are

only useful to extrapolate the prediction of the hehaviour of pronessing 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 successﬁ:lly 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 initial mass balances obtained by the steps.desdribed in
section 4.2 of this chiapter, 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.

_ Duriug exploratory aftempts at model fittingthis was indeed found to be true. The
pebble mill models for example fitted the raw data much better than the smoothed

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

The decigion was then made to use the unsmoothed data (appendix D} for the mill
model fitting step, and t6 use the data smoothed only around the hydrocyclones for

~ cyclone madelting,
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Figure 5.13 : Modelled vs actuel prim: vy dyg, values

the secondary cyclones. Jtis suspected that there wag aot enough variation in the foed
density values to investigate this properly.

Given the aceuraciea shown in figures 5,13 to 7 these cyclone models were clearly not
very good, but due to the lack of better alternatives, were accepied to model the

hydrocyclones in the cireuit.

3 Modelling 73



Table 82 : Cyclone calibration factors

Factor Primary  Secondary
F, o2 0,424
. 5.d=0,043 ~ 5.4.=0,086
F, 0312 0,269
o 8.4, 0,023  sd=0,025
¥, . 15,41
5.d.22 1,09

These values and correlations were used to mode! both the primary and secondary
cyclones, The predicted partition curves were compared to the original ones in terms
.of the dgg,cut size, the partition curve slope m zmd volumetric flow split values (S)
for each test, 'Thase are shown on figures 5.13 to 9. Inspection of these graphs
showed that in all céseii thers was 1 hizh correlation of the modelled values with
actugl dam. “This also suggested that the 'flshhook’ assumption was valid for the
operating conditon ranges under investigation. To investigate this phenomenon more
closely, datailed size analyses below 75 um have to bs obtained for the streams around

the cyclone.

Of all the cyclone correlstions, the values for the partition curve slope for the
secondary eyclone showed the poorest fit. According to Plitt™, this parameter is the
most difficult to fit. 'While developing this modei, be also showed low correlations

due to some unaccounted factor.

It was disappointing not to find similar feed stream condition dependenties of F, for
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combined. Again the simplex parameter estimation proéedure in MICROSIM was
used to estimate the values of 7, F, and F, for sach cyclone to fit the flow rates and
size analyses provided by the smootlied mass balance, The value for & 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 {8 listed in appendix ) on external
factors like flow rates and feed densities showed that only F, for the prirary cyclone
was significantly dependent on the feed density (expressed as ¢). Using the non-linear

‘regression facility in Statisticg for Windows, this 'dependency wag taken to be

F, = 1’181(_55)0.1513'(0.067@

after Cilliers®™ had shown similar corvelations to hold for backfill cyclones, The same
correlation could not be found for the secondary cyclone sinics there was very little |

variation in the spigot sizes during the tests.

The other factors were talen to be represented by their respective mean values, since
the varlation in values from test to test was Small and probably sttributable to
experimental errors and smoothing adjustment ervors. Table 5.2 lists the average

values and standerd deviations of the calibration factors.
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calibration factors

cyclone diameter, infet diameter, spigot diameter,
vortex finder diameter and free vortex height, all in em
volﬁmetric congentration of solids in the feed slurry, In
%

volumetric flow rate of feed slurry, in #/min

solids dansity effect expanent

density of the solids, In g/em®

volumettie flow split |

cyclone inlet pressure, in kPa

density of the pulp, In g/om®

Because the pressure reading was not available, the last two correlatlons were
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According lo Plitt, the parameters in the partition curve equation are described by the

following:

_ ‘_Fl 39,7 D:MG D:J.G DJ.!I el ™S g 0063

S0e T Lo - P
D"‘ 008 QO.-L';( 1‘.5 )

m = By 190( 222) o105}

L d51,8801M 000
D:J?D{b'“ k028 (D"z +D:)0.87

F,3,29 P 'g_:_)a.:l H08 (D3 + D3)oas 5 000546

3
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-
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Fi.g_ure. 5.11 PA typidal pri:ﬁary cyclone partition curve

d
y= R "‘éi) d<d,
y= 0 dysd,

where da is the largest particle that will be bypassed to the underflow. According to
Finch this size is lisuully between 10 dnd 40 pum. Since the smallest representative siz&
for this project is 38 pm (for the «75um Intervaly the bypass will always be negligible,
For all tes. this assump’tion. seemed to hold, and the uncorrected partition curve fitted
- the Rostn Rammler equation better than the corrected cutve, Figures 5,11 .and 512
show the partition curvea for two cases, Nﬁte that the fishhook can be dlearly seen
for both the primary and secondary cyclones. Undocumented tests done previously
on the same cyciones also found the fishhook phenomenon, although this could not

be confirmed with any historlcal data.
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i = Rd)-y
R'(d) Ty

where
R@ = corrected pairtition number

R

y = fractional bypass of fine material to the underflow

actual partition number

1§

deyy, ™ corrected stze, in microns, at which 50% of material goes to
the underflow

b = ﬁlope of the partition curve

Non‘nhlly the fractional bypass is taken to equal to ihe 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. After numerous attempts to fit tha. corrected
partition numibers with Rosin-Rammler partition équations, it became clear that this
a’ssumﬁtion did not hold here. Finch ® had however prasented & different bypass

model that éxplains a 'fishhook' phenomenon that sometimes occurs, He showed that
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~ control system'. For & more general case, the above equations would include & power
dependant term as well. This fact should be noted, because it had & great influence
on the determination of the ideal operating window, as will be showt 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 of the actual milling performance,

54  Hydrocyclones |

The modified Plitt eyclone model™ was used as a basis to model both the primary and

the secondary hydrocyclones.

The model is baged on the assumipiion that the corrected partition number has the

 fptm of a Rosin Rammler equation:

RYd) = 1~expc~o,693c3-f‘f->m)

Qe

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

as follows:
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No.1 Pebble Mill : & = -0,007 x Mill feed solids ({pk) +1,888
No.2 Pebble Mill : @ = -0,012 x Miil feed solids (tph) +2,777
Both Mills -~ ; o = ~0,012 x Mill feed solids (iph)+2,833

| These were piotted on figure 5.8 to 5,10, and again good ¢onelgtion's were achieved.

- The expected dependance on the mill power draft could not be quantified, because

there was very little variation in this value for both mills, due to the good power
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Figure 5.7 : Schematic diagram of the pebble mill structure

given before. For 4 certain size class i}

a 1
:f( t) B _S‘w"(o +§ bUS wal) *F(Pﬂ"‘?pf), ¥ Ej =1
=1 |

where

Py = fraction of material in the /* size class in the product stream
The functions §; and B, are agaln described by the same functional forms as hefore,

As with the rod mill, the previously determined ore dependent parameters were used
(table 5.1) and the selection sunction parameters were optimized for in MICROSIM,

Thése afe listed in appendix G. Once again, the only d_ep_endence found by a
correlation analysis was that of the parameter on the mill throughput rate. The

following relatioriships were found:
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Figure 6.2 ; The effect of PCF, PCD and primary spigot size on the production of less
than 75um material

in the milling section. It could Simply be caleulated from the mass balances as

fines production =I rhraughpur X (rgqnff_'ed arind - 1)
_ 100

where the feed to the circuit was taken to confain 1 percent of -75m material {table
2.1). When this quantity was plotted against the obtained PCR and PCD values, figare
6.2 resulted. Again the distinct lines can be observed, with the lower common
 termination point af the mininum {ines production rate, and the meximum at about 52

tons of fines per hour {or 66 tons par hour for the rod mill feed rate) for the largest
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PCF and PCI values are shown in figure 6.1,
The following observations were made:

It was found that ofl simulations above a PCF of 660 nt! per hour became

aivergent and the simulator could not solve the circuit,

None of the simdations preformed were within the previously determined

window (figure 1.1).

- Furthermore, very fow .s'i:mdaﬂons conld achieve the required PCF and PCD

* values set initlally. 1t was found that the values for all simulations oeeurred
on disﬁncr lines, one for each spigot size (figure 6.1), Any initial required
PCFR-PCD combination resulted on a ﬁoin_t on this loous because the
Simulator used did vot allow « solution to the cirenit away from this line, For
all the points on the lines, a final grind qf&O% was achieved bucause of the

Iargc welght put on this requirement,

All lines termincied alnust at a single point were the rod miill feed reached

its lawer limtit of 35 tons per hour,

Tha value chosen as the optimization objective was the production rate of correctly

slzed material. From a production point of view this was the most important quantity
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Figure 6.1 : PCF aud PCD values aélﬁeved for a grind of 80% 75 um at different
primary spigot sizes

62  Optimization results
The following conditions were specified to be simulated in different runs:

Final product quality : 80 % -25um
| Prhiiary spigot sizes ! 9,5 10,5 and 11,3 emt
Primmjt cycionc Jeed densities ; various values from 1,3 10 1,5

Primary cyelone feed flow rafe ; variaus vaues from 400 to 700 n® per hour
The PSM requirement was given a large weight to ensure a mass balanca at the

specified grind despite other constraints, After a few trall simulations, some 32

simulation tuns were done, The resulting mass balances appear in appendix J, and the
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and secondary dilution rates, The rod mill dilution stream could be adjusted
automatically in MICROSIM to enure solids faercentage of 72,1 % in the rod mill,
The pebble additions to the two pebble mills were taken as a constant 3 tons per hour
cach, which was & good averaye value of the feeds during the test runs, The feed size
distribution was not specified since the rod mill mode! was independent of feed size
(within the - bounds of this investigation). Other inputs were the geometries of the
ayclones, of which only the primary spigot size was important in this case, Al other.
geometries were kept constant at the same valuea at which the sampling runs were

performed.

| .To do the qptimizaticn_simulations_ at certain required PCF and PCD values, and at
4 reciuired grind, the parameter estimation f‘acilitj in MlCROSiM was used, The
required values of the PCF, PCD and grind quality (PSM) were specified as optimum
values, #nd the rod mill solids feed rate and primﬁry and secondary dilution rates ware
speciﬁed as perameters. Some practical limits were set for these parameters, for
example the rod mill feed rate could only range from 35 to 85 tong per hour. These
pa fameéers were th.an varied usllig 2 simplex optimization method 1o pfovide PCF,

PCD and PSM values closest to those specified.

~ 'This 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
condition qf the cirentt. The simulator developed In the preceding chapters was nsed .
to prediet performances over awide range of conditions. The results are diseussed,

and conpared with earlier findings,

61  Introduetion

The final step' in the optimization project was to use the simulator déva!oped in
MICROSIM to predict grinding performance under .diﬁ"erent operating conditions,
The apj:roach taken was to perform simulatlons at various positions in the PCF-PCD
operating plane ata required grind of 80% finer than 75um. Each of thess simulation |

runs could then be analysed to determine conditions stich as solids throughput,

The in'p'uts required for each simulation were the rod mill feed rate and the primary
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Figure 5.21 : Modelled vs actual PCD values

simulations will be done by adjust.ing the plant inputs to optimize for required

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 efficlency of the process. -
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analysis were examined. These variables were important in terms of the subsequent .
op'timizat.ion because they were the three MVC set points, Figures 5.20 to 5.22 show
that a reasonable agreement existed hetween the simulated values of these varlables

and the actual values,

Considering the nature .of the assumptions, the fact that data was obtained from an
+ operating plant, and the limitation of the models (as described before), It was decided

to accept that the models provided a basls for an optimization study.

It should also be noted that some streams (like the sscondary cyclone underfiow) In
the simulated circait were very sensitive to variations in the solids and water feed
rates, ‘This is also a major reason that the simulated results did not mateh the actual

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

~ All the individual unit models dgtermined previously along with their parameters
values, were coded and programmed into MICROSIM (see Apﬁendix H for the
releQant Turbo Pas.cal'source ﬁﬁde). A cirouit was set up in MICROSIM in figure |

| 5.19. Note that the assﬁmption that the flow to the .primary cyclones split precisely

in helf was still used.

Each of the test cases was simulated using the real values for the ore flow rate and
water addition rates and the simulated results are shown in appendix I, 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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Tigure 5.19 ; The simulated cirouit on MICROSIM _

76




Hodelied slope:

nwsr

05
0.6

o7
Fitted slipe

Figure 5.16 : Modelled vs actual secondary partition curve slopes

B
- 0(
!
| S
E .
g os b
o . L N P | 1 _ B
0 D26 05 075 1 126 18
Filtad fow split
Figure 5,17 :Modelled vs actual primary flow splif values
75

5 : Modelling




100 ¢
ﬂb B - . - - ..
E 80 * -
1.
20 b
[ [} I ] - .
n 28 i kil 100
Fited D50
Figure 5.14 : Modelled vs actual second'ary dy, values
1
04 N
0 078
Fitied siopa
Figure 5.15 : Modelled vs estual primary partition curve s]opés
J ¢ Modelling 74



10.

1.

12,

a milling clrewit at Kast Driefontein Gold Mine, Council . Mineral

Technology, 1983. (Report Mog).

Canpbell, Q.P. Algorithm description and operators manual for the constam

power pebble mill nontrolier, Enst Driefontein, Intcenal report, 1988,

Mular, AL. The selection of optimization methods for mineral processes, pp.

140164,

Gy, P, and Marin, L. Unbiased sampling from a falling stream of particulate

materinl, Ivernational Journal of Mineral Prozessing, vol, 5, 1978, pp. 297-

315,

Hunt, C.A. and H_in‘de. A.L. Statistical aspects of materials balancing In the
minerals industry, _Jourr_:a! of the South Afrtean Institute of Mining and
Metallurgy, vol. 85, no. 4, Apr. 1985, pp. 131135,

Wooilacott, L.C. and Stangs, W. Guidelines for the derivation of reliable
material balences from plant date, Jowrnal of the South Afvican Institute of

Mining and Metallurgy, vol, 87, no, 7, Jul, 1987, pp. 207-217.

HMinde, A. School : Process shmulation, Control, and Opthmization,

MINTEXK, 1993, (Lecture notes)

7 ; Conclusions o7



REFERENCES

1.

7 : Conelusions

Graham, R. and Grobler, Li. Filtration fests to deterniine cake and cloth
resistomee ai different degrees of grind, Gold Fields Laboratarics, September

1930, (Report no BED/11),

Gossman, G.1., Hulbert, D.G., Koudstaal, J., Brage, M, and Buncombe, A,
The application of computer control to a gold-milling circuit at East
Driefontein, Proceedings of the 12th CMMI Congress, Johannesburg, 1982,

pp.817-825,

Hukki, R.T. Fundamentals of the closed grinding cireult, Engineering and
Mining Journal, April 197, pp.102-109.

Guest, R.N. A [aboratory investigation of the importance of the circulating
load in the Icomrol' éf‘partiéle size distribution, The South Afvican Machanical

Engineer, vol, 22, no. 2, Feb, 1972.

Mukki, RT. and Eklund, H. The relationship botwéen sharpness of

classification and circulating Joad in closed grinding circuits, AIME

Transactions, vol, 238, Sept. 1965, pp. 265268,

98



Subsecuent discussions witﬁ the plant personnel®” suggested shit the narrow locus
found in this work was also observed on the plant. Figure 7.1 shows recently logied
PCF-PCD values logged in the plant for a grind of 80% ~75pm under 'MVC Driver'
control. Although the PCF and PCD values were shifted along the axes, the geﬁéral
trend shows exactly the behaviour predicted by thB model. The reasons for the shifts
could be attributed {o variation in prithary spigot size, and to instrument calibration,

* The correspondence is remarkable given that this data was coll.ected about six years
after the original plant trials, These observations prove that despite the assumptions
and kn. . ¥n en'ofs encountered in this work, the Tesults obtained were realistic and,

more important, applicabls to the plant situation,
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_PCD set points that lie anywhere on the operating locus. The exact posi_tibn would
d.epend. on the tonnage requirement for that day. Obviously the circuit is more
efficient at higher PCD 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 Joad.)

7.5  Plant implementation

The concepts developed above were implemented on the East Dricf‘ontein gold plant. |
An'™MVC Driver (a computer based optimizing system) was developed ‘z.’s'. This
system used the principle of the oparat.ing yegion, and it would Inorease the PCD and

- PCF set polnts alternatively during operation, until the maximum point is reached,
This point is deterntined as that PCD-PCF combination that would cause improper
pebble mill powsr control, or when the primary eyclone feed pumps have reached their
limiting flow rate, At this point, the PCF set point. ig feduced stightly, and tlﬁe circuit
{s controlled at this condition for as ldng ag possible, The optimizing control system

“has operated successfully for some tima on the plant,

The muximun tounage obtained on the plant under the optimized ¢ontrol was about
~ 1500 tons pur day (ekc!uding the additlonal tonnage from the consumed pebb]eé).
This translated to just more than 62 tons per hour, which agrees closely with tho 66

tons par hour obtained in this projest.
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Figm AN Actual logged data from East Driefontein shqwing the effect of PCF and
PCD on fines production

- work, hﬁwever, determines this locus for one power draft condition only, and should
"~ besecnasa ﬁ.trfhc:r refinement of the knowledge of where the optimum operating |

region Jies,

The mast remarkabls conclusion is that by menipulation of the circulating load, the
elrcult throughput can be adjusted qﬁite freely, while still acldeving a specified product
fineness, Traditionally it was thought that this was not vossible, and that throughput

and arind were mutually dependent.

This work defines this operating rangs, and although there may be some etror in the
-exact locatien of this range relative to the PCF and PCD values, the existence and

. form of the range are defined. An optimized cireuit would bo achleved from PCF and

7 : Conclusions 03



great success. It ».vas. assutned that the fishhook efﬁ‘:ét does oceur In these cfclones.
but thié was bases on unpublishied data collected earlier for a different projedtf It is
true that the absatice of data In the range below 75 microns caused the lack of
resolution necessary to define such a by-pass model more clearly,
Calibratioﬁ parameters caloulated for the cyclon.es were good Iand showed small
var'iations.' In ordet to make progress with the simulation, average values -were
assumed to bemhstant for this relatively narrow range of operating conditions as the
noted variations could not be correlated sensibly against relevant variables, except for
| the F, factor for the priméry.cyclone. Here & known correlation was used w.i_th

 success.

74  Optimization

 The final objective of tha project proved to be the sim’plest. and most straightforward,
MlCR('JSM was used -t6 mimic the control uetion of the MVC and to mode] the
cirduit while attempting t§ achieve che fieencss of grind objective. The fact that the
operating rangs occurred m a narrow ban+ or locus was surprising at first, especially

_ considering the worl done sarlier thay proposed & wide operating window. This
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~ yielded results that were of acceptable quality, providéd that the limitation of
 smoothing was recognised: ' smoothing can only make good data better'. Therefore;
the raw data was rather used in the mill model development, and locally (around the

syclones only) smoothed data in the eyclone model fitting step,

7.3 Modelling

The modalling stage was the most crucia: stage of the project. Well-known models

ad to be modified whils other new models were «veloped,

The simple rod mill model warked very well, and was chogen above a population
balance approach. ‘This proved tp be a reasonable representation of reality. It should

be noted however that the model s very site specific,

The Austin pebble mill model was used exactly as described i the literature, with no
modifications necessary, apart from the fact that & ball mill wodel was assamed, The
additional mass attributable to pebble addition was siimply added to the mill discharge

a4 =75t material,

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 altemative by-pass model proposed in the Hiterature was used_, with
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The prbper calibration and maintenance of all instruments were of primé 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 ercors

- 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 coﬁhdenca, but serjous problems were also

~ encountered,

Beoause 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 uofnplete data,
72 Data manipulation

Because of the oversights and errors encountered in the samplug stage, it was initially |
| thought that smonthing was necessary to obtain consistent mass balancés. Although

this wag not the main thrust of the project, much work wag done to develop &

smoothing program specifically for this cirouit. The results of the smoothing again
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7 CONCLUSIONS

This chapter concludes the dissertation. The results obtainsd are discussed and
conpared v plant experience. A bi-fsf summeary of findings and important points

Jrom each chapter is also given.

.1 Sampling

Many difficulties are associated with a sampling exerclse like ths one undertaken, In

' mariy cases the sampling points were not well designed and it was impossible to take
g reprasentative Sa:nple df‘high flow rate slurry streams, Although the exact time that

~ the various samples were taken was well coordinat_éd, it was still not possible to
“gample the sircult to reprosent a true steady state condition. It must be recognised
that there are many tnmsients.at any moment in time, and that only an approximatibn

of the steady state condition is possible,
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The secoﬁd {and mbre 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 & certain power input
within the window, Because no corvelation could be found between mill performance
and power drafi (due to the narrow power range) this simulator caﬁ pnly predict
conditions at this power input, It is suggested (without proofl) that the opérating
windoﬁv consists of a series of lines running almost parallel to each other represénting

different power inputs,

The _fesult of this work shows that the throughput of the circuit can be varied and
controlled to & 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 ﬂgures' 6.4 and 6.3. The
primary dilstion wés almost constant at between 220 and 240 m® per hour, while the

secondary difution varied over a large interval,

6.3  Discussion

There are two differences between this result and the previously determinad operating
win.dow. First, nbne 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 5.20 to 5.22)
shows that the average modelled PCF is about 50 m® per hour lower than the actual
values, | The predicted PSM iz abuu_t. 10 % lower and the PCD about 0,02 units higher -
than sctual. Ythis is taken into account, the location of the determined points moves
closer to the window and may even lie inside the window. Additional simulations run
at a required grind of 70% 75 pm conﬁrmed this, Furthermors, 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
postuon of the operating window is of lesser concern in this project than the

qualltative characteristics,
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Fig.ure 6.4 ; The effect of primary dilution on the PCF-PCD combination to produce
a 80% -75um grind
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Test 2a data aheot

Measurad values

Primiry eyclong faad flow rate

Primary cyglons feed denmity
Secondaxy cyclone feed flow rakte 390.7 m3/hr
nfa

Satondary cyclone fosd denalty

. Red mill feed solids (wet)

Red mill fead wataer
Primary sumgp dilutlon

Baconuayy wump dilution

Pabble mill 1 pabble faad vate
Fabble mill 2 pebbl+ faad ratce

Pabble mill 1 power
Paphle mill 2 power

spigohu t primary A
¢ primary B
i RAcondary

9.50 om
9,60 om
7.70 vm

631.0
1.434

69,8
2.8
290.1
B4.5
EIB
0.0
328
228

- Prom dally log shests : % molatvwwe 1
t primary overflow

3 aacondary ovaexflow
1 pab mill disc.arge

73
a4
29

m3 /hy

t/he
t/he

£ /he

t/he
B/l
t/he
Wl
kwhx

%
¥
2

Fize anmAlysey » & in slze Entaxval {(um)

Rod mill discharge
Prim eye A off
Prim ayc B off
Bisim oyo A w/f
Brim cye B u/i
Pab mlll 1 diwgh
Peb mlll 2 disch
Beg aye off

Eec cya w/f

caloulated values

+1700

Brimazry ayelons fasd solids
Peinary oyelona fead water
Sazondary cyclond fesd solide
Sacondayy cyelonas femd wabter

Appendfz B : Measured test vesulls

=78 ~150+75 ~250+150 -1700+250
Bed 3.8 i6.8 7.2 26.0
23.8 467 0.5 0.3 4.0
29.§ 0.1 39.7 0.8 0.0
5.8 32,2 4.4 25.2 2.4
6.7 8.0 35.4 25.0 4,9
11.7 41.9 33.0 3.1 0.5
7.l 25.9 36,0 27,0 0.0
77.2 22.0 0.8 0.0 0.0
0.7 8.0 29.3 1.0 0.0
438.8 t/he
465.0 t/he
n/a
n/a
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Taat lu data sheet
. MELmEe

Haasured valusos

Primary ayalone femd flow rate

Primary oyclond fead denaity
Baaondary cyolong fmad flow rate 405.4 m3/hy

sacondaxy cyclona foed danalty

Rod mill fesd solide (wet)

Rod mLll fead wataer
Primary sump dllution
Saoondary sump dilution

Pebble mill 1 pebble fasd rate
Babble mill 2 pabble fasd vatm

pabble mill 1 powes
Pablile mil) 2 poway

Splgote ¢ primaxy A .50 om
t primary B 5.60 em
v ssqondary  7.70 onm

From dally leg sheats :

t primary overflow
s sacondayy ovarflow
t pab mill dischacye

646.0 m3/he

1.3%4

n/a

69.7
257
287.2
3.7
0.0
2.8

320

229

% moistura 1

T4
a3
30

t/hy
t/hx
t/he
t/he
t/he
t/hy
kWhx
kWhye

B
L3
L

siza analyses ~ % in slve intexval (um)

Red mill discharge
Peim oye A o/f
Prim oye B off
Prim oye A u/d
‘Prlim oyo B /g
Pob mill 1 dimch
" Pab mill 2 4'woh
fag cyo off
Bag tye u/f

taloulated valuass

Boimary cyclona feaed snlids
Primary syclons foad watexr

‘Sacondary cyslone fesd solids

Sevondary cyclone fasd water

Appendic B ; Measured test results

15  ~1l50+75 =2504150 -1700+250 41700
7.9 4.4 11.4 #8.9 27.4
19,9 56.2 23,2 0.5 0.2
32,8 46.3 20,1 0.8 0.0
7.2 a1.%  28.8 29.0 3.1
6.2 25.2 22.4 31,1 15.1
2.0 40.7 27.9 18.8 0.5
18,9 23.2 41.7 16.0 0.2
79.4 20,4 0.2 Q.0 10,0
13.7 65,3 20.5 05 0.0
491,7 t/hxe
n/a .
nfa
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Tagt 1b data shoat

S g

Marsuad vaiues

S P R A P
raamaxy eyolone fasd flow rakts  636,0 mi/hr
Primary oyelona fesd denalty 1,373
Secondary cyclona fead £low rate 408.6 m3fhe

Seccondary cyelona feed denalcy n/a

Rod mill feed solids {waet) 69.8 t/he
Rod mill feed whbar 22.0 ¢/he
Primary sump dilution 288.6 u/he
Spcondary sump dilutien 4¢3 kb

Pabble mill 1 pebble fead rate - 5.6 t/hr
Pabble mill 2 pebbles fesd rate 0.0 £/he
Pabble mill 1 power 322 hwhe
Pubble mill 2 powsr 229 XWhr

Epigots ¢ primary & 9,50 om
t primayry B 9.50 em
"¢ sepandary  7.70 onl

From dally log shesmbts : % moloture 1

¢t primary ovarflow 4 %
t sscondary overilow 83 %
1 pak mill diwchargm 30 %

© Blze analyunn = % Ln sice Intezval (um)
=78 =1B0H75 «JE0+180 ~17004280 41700

Rod mill dimchargm 0.2 9.9 10,5 41.3 a8.1
Prim oye & o/f 33,7 26.9 2.2 8.4 0.0
Prim oye B o/f 20.8 57.:2 20.8 1.2 0.0
Prim oye A w/f 6.8 9.8 29.1 27.2 7.1
‘Prim oye 8 uif : 7.6 31.8 26.0 25.1 9,8
Pab mill 1 disch 17.9 29.5 ae, 1 16,3 0.2
Peld mill 2 disch 9.4 48,4 28.4 1.5 0.3
Sac aye u/f 14,3 9.9  1B.4 0.4 .0

Caloulatsd valuaz

Prinary oyclone lasd solids 381.0 &/hr
Prinary oyslons feed wates 492.2 t/hr
Se.ondary cyclons foed solids nia
Bacondaxy cyelune foed watdr ‘n/a
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AP P ENDIX B Measured test .'re.sults.

Tagt la data ahest

Heasurad valuas

Primary oyelone feed flow rats  627.0 md/hn

Bpimary coywelons feaed density 1.370
Sacondary cyclone Leed flow rate 395.5 m3/hy
" Smcendary cyolona faed density n/a

Rod ml)ll Fead aolide (wet) 81.7 4/hy
Rod mill fesd water 16.4 ¢/hx
Primary sump dllution 281.3 t/hr .
Sacondary mump dilutien 4.4 t/he

Pabble mill 1 pebble faed rate 0.0 &/hx
Pebble mill 2 pebble faad rate 0.0 t/hx.
Febble mill 1 poway 323 kWhy
Fabixle mill 2 powax 235 kwhy

Splgots ¢ primary A 9.50 em
t peimary B 9,60 om
: sagondayry 7.70 .

Prom dally log shemts @ % moimbuye :

v primary overflow 4 %
$ decondary overflow 83 %
1 pob mill diacharge 30 %

‘Size analysss ~ % in slze interval (um)
=75 ~150+7% =~2804150 ~1700+250 +X700

Red mil) discharge Bl 2.9 20.2 47.9 20,9
Pein oye A off 28.0 36,2 345 13 0.0
Prim oye B o/f 28.0 36,2 34.8 1.3 8.0
Bxim eye & u/t 74 34.85 . 30,8 . 23.7 3.9
Prim uyc B “!f : 7!3 31‘2 . 29,56 27.9 4.0
Pal mill 1 diasch . A6.6 38.7 2E,6 18.5 0.6
Pgl nmill 2 diech 9.8 44.3 32,4 13.4 0.2
8ea ayae off 4.6 1 © B4 5.0 0.0
Bey oye u/f 12,7 87.5 19,3 0,5 0.0

¢aloulated valuss .

Primary gyclona faad salids 372.8 t/he
Primary ayolone faad water 4ge8.4 /by
Secondéry dyclena feed solids nfa
Sugondary oyalons fead watay n/a
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6 . Screen sample

7 - Weigh sample

8 Culculate and report results

Appendix A : Standard procedure for size analysis

Transfer the sample from the dish onto
the appropriate testing sievs / series of
sieves.

Brush any adheting material from the
dish into the testing sieve / series of
sieves.

Place a Iabel into the top testing sieve,

Position shaker lid, and ensure that it is
properly sealed.

Secure shaker lid tightly.

Start shaker and shake for 10 minutes,

When the shaker stops, remove the

screens. Insert each screen on top of'a
large dish. '

Brush the bottom of the screen gently
using a soft brush covering the whole
areq. of the screen,

Holding the inveried screen about 100
rm above the dish gently tap the side
of the screen flame. _

Transfer the sample from the dish to

- the balance pan anil weigh to the

nearest 0,1 of a gram,

Transfer individual size fraction
weights to the mppropriate grading
sheets. The minus 75 micron fraction
18 obtained by subtraction,

Celoulate the percentages and
Stwomit grading shests to office,
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4 ' Wiash saniple

5 Dry slime

Appendin 4 : Standard procedure for size analysis

Place the prepared sample in a
aluminium dish and add approximately
150 ¢im® of water '

Play a gentle spray of water onto the
pulp until the dish Is about half full.

Slowly decant slime through the 75
micron aperture sieve reserved for wet
screening. The passage of slime

- through the screen can be assicted by

gently tapping the side of the screen,

Repent the procedure until most of the
slime has been transferred to the
sereen, Finally wash all the material
from the dish into the screen uging the
rubber hose,

By holding the scresn 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 scresn with the other hand.
When the water passing through the
sereen is clear (Le. free of solids) the
v shing is complets,

wash the solids on the screen back
into the dish using a rubher hose,

Allow the solids to settle and drain uﬂ:‘
excess water,

Place saniple dish into drier. (take care
not to burn hands.)

Leave until completely dry.

Remave from drier and allow to cool,
(Take care not to burn hands.)
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3 Weigh sample

Appeﬁdfw A : Standard procedure for size 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
alternats corners at least ten times,

Use the spatula to spread. the heap to

- an even depth of about 15 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 analysis

The following standard procedure is prescribed for all size analysis deterinations at

East Driefmtein Gold Plant.

1 Prepare equipment

2 Zero clecironie (Metter)
halance -

Appendix A : Standard procedure for size analysis

Examine aach screen for damage or
excessive blockage of the sieve mesh
by holding it up towards a light.
Replace if necessary, Ifblocked, invert
the sieve and use a soft paint brusl to
clear by rubbing the sieve cloth gently -
but briskly using a circular motion
untit impravement 18 visually evident.
(Never uss. 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 mors
than =#2 prams repeat cleaning
procedure, - _

Place the screens in the correct
sequenca on the shaker base,

Start dust extraction fan.

Wipe balance pletform clean with a diy
cloth,

Switch the power on at the wall plug,

Place a clean dry sample dish on the
balance platform,

Press the zero button and wait for a
zero digital reading.

102



metallurgical processes, Warrendale, Pennsylvania: The Metallurgical Society of

 AIME, 1979,

Plitt, L.R. A methematical model of the hydrocyclone classifier, CIM Bull., vol. 69,

no, 776. Decemberw?ti pp. 114123,

Wi!ls.. B.A. Maximizing aceuracy ¢ 'two-product recovery computations, Trans.

Instn, Min. Metall., 94, June 1985, pp. C101-C102,
Reid, K.J,, Smith, K.A,, Voller, V.R. and Cross, M. A survey of material balance

computer packages in the mineral processing industry, Proceedings of the 1 "ho

APCOM Symposium, New York, The Society of Mining Engineeting of ATME, 1982.

7 ¢ Conclusions 101



BIBLIOGRAPHY
Converse, 0.A. Opﬁmiza#on, Huntington, NY; Krieger, 1975.

Koudstaal, J, Computer control of the no 1 milling civeult at East Dricfontetn Gold

Mine, CSIR, 1981, (Report ELEK213).

Hulbert, D.G. and Brane, M. Multf variable control of a milling cireuit at East
Driefontein Gold Mine, Council for Mineral Technology, August 1981, (Report no
2113),
Cross, HLE. Metailurgical_ considerations in t* ¢ automation of gold-recovery plants,
Journal of the South African Institute of Mining and Metallurgy, Apr. 1973, pp. 300-
306,

Wills, B.A, Mineral processing technology, 4th ed. Oxford: Pergamon Press; 1985,

Lynch, AJ, Mineral crushing and gripding circuils,. Amsterdam; Elsevier, 1977.

- Jucoby, 8.1.8,, Kowalik, J.S. and Pizze, J.T. Iterative methods for nonlinear

optimization problems, Englewood Clffs, New Iei'sey: Prentice-Hall, 1972,

. Fine, H.A, and Geiger, G.H, Handbook on material and energy balance in

7. Conclusions 100



20,

21

22.

24,

25.

26,

71 Conclusions

March. 1993,
Campbel}, Q.P,, Everson, R.C,, Eyre, D, and Spamer, H.I, Spline solution
of the continuous batch grinding equation, Minerals Engineering, vol. 8, no.

4/5, 1995, pp.377-387.

Vermeulen, L.A,, Howat, D.D, and Campbell, Q.P. The open-circuit

- production of material finer than 75 um in open-circuit mills,

JC.S'.Aﬁ‘._Inst.Min.Metalf.. vol 91, no, 10, Cctober 1991, pp,363-367.

Flintoff, B.C,, Plit, LR, and Tursk, A.A, Cyclone modelling: a review of

' préSEnf technology. CIM Bull,, vol, 80, no, 905, September 1987, pp39-50.

Finch, A.J. Modelling a fish-hook in hydrocy.lone selectivity curves, Powder

Technology, Vol. 36, 1983, p127,

Cilliers, 1.J. Private cammunicafipn, COMRO, Johannesburg, 1987,

_Crous. LW, Economic benefits of milling control at East Driefontein,

Proceedings: XVth CMMI Congrass, Vol, 2, 1994, pp.425-430,

Crous, J.W., Private compumicatian. Bast Driefontein, 22 December, 1994,

99



13.

14.

15,

18,

17,

18,

19.

7 : Conelusions

Van Der Walt, A.D. 4 Mass balance smoothing package for mineral

processing plonts, Unpublishied M.Eng dissertation, Potchefstroom, 1995,

Woollacots, L.C., Moys, M. and Hinde, A, The use of materia]-balantc
smoothing in the evaluation of backfill operutions, J.S.Afr.Inst.MinMetall,,

voi 92, no. 5. May 1992, pp 121-129.

Press, W.H., Flannery, B.P.,, Teukolsky, S.A. and Veterling, W.T,
Numerical recipes: The art of sclentific computing, New York, Cambridge

University Press, 1987 .

. Stange, W., Ciliiers, JJ, and King, RPF, - MICROSIM VERSION 3.

Department of Metallurgy and Mnterial Sﬁienca, University of the

Witwatersrand, Johannesburg, January 1988,

Wills, B.A, and Manser, R.J, Reconciliation of simple node excess data,

Trans. Instn. Min. Metall . 94, Dec 1985, pp, £209-C214,

Austin, L.G,, Klimpel, R R, and Luckie, P.T, Process engineering of size
reduction: ball milling, SME-AIME, New York, 1984.

Austin, L.G. Private communfcation, Pennsylvania State University, 16

98



.Teat ¢ data sheet

- Measurad values

Primary cyclona feed flow rate  536.0 m3d/hr
Primary cyclone feed dansity 1.472
Bacontdary cyclone feed flow rate 400.3 md/hy
Segondary cyclone feed density 1,216

fod mill feed solids (wet) - 778 L/he
Rod mill feed water 24.2 &/hr
Primary sutp dilution 177.4 t/he
Swoondary sump dilution 9.2 £/hr -
Pabble mil) 1 pebble feed rate 20.9 t/hr
Pebble mlll 2 pebbla fead rate 0.0 £/he
Pabble mill 1 powar 327 kWhr
Pabbla mill 2 power 217 kwhe
Bplgote : primaxy A  2.50 em

: primary B 9,60 om
1 gecondary  7.70 om

- From daily loy sheets @ % moleture

! primary ovarflow 73 %
: saecondary oveyflow B4 5%
¢ peb mill dlscharga 29 %

8iae analyses = % in size interval (um)
' . w75 ~iB0F7E 2804150 -17004250 +1700

Rod mill disgharge 8.2 7.6 6.4 38,2  34.8B
Brim ove A off 32.5 36,2 31.3 0.0 0.0
Prim cyw B off 25,3 . 39.§ 2B.2 7.0 0.0
Prim cye A u/f 16,8 21.6 as.2 30,6 2.3
Prim oye B u/f 12.8 25,2 27.0 BE.6 6.4
Pab mill 1 diseck - 168.9 30.9 30.6 20,8 0.8
Pab mill 2 diseh 15.% 25.8 1.2 19.% 0.2
Sa¢ oyo o/f : 75.8 20,8 3.4 0.0 6.0
Sag aye u,f _ 13.0 6051 26!2 0.7 0.0

Calrulatsd values

Peimary oyclone fead sollds 406.3 t/he
- Primary dyelena fead water 382.7 ¢/he
" Sagondary cyolons faad solids 138.9 ¢/he
Secondary uyelone feed watay  347.9 t/he

Appendix B : Measurod test results 12



test Sh data sheet

Maasurad valuas

Primary cyelonn fged flow rate

Primany cyclone foad denalty

526.0 m3/hr
1.470

Secondary cpolone fmad flow rate 392.9 wd/he

Sacondary cyclone feed dansity 1,221

Rod mill fueed solida (wet) 76.3 t/hy
Rod mill fasd water 23.7 uw/he
Primary sump dilution 172.3 t/hx
Sevondary sump dilutien 9,1 &/he
Pebble mil) 1 pebble faed rate 10.2 t/hy
Pebble mill 2 pebble faed rate 0.0 t/hr
Pabbla mill 1 power 338 kWhy
Mabhla nlll 2 powar 218 kWwhy

Spigotm : primazy A  9.860 em
¢ primary B 9.60 om
3 spcondary  7.70 om

From dally log shasats t % moisturs

© 1 primary ovesflow 73 %
1 Eeoondary overflow Bd &
t pab mi}l dlacharga 29 %

Sicze analysea = % in slze intasval (um)
w75 ~150+75 =2B0+150 =17004250 41700

Red mill dimchange

9.7 9.6 7.8 40,90 32.9
Prim cye A o/f Ar.3 5.4 33.3 0.0 g.0
Prim cys B o/f 19.9 48.4 26.8 6.9 0.0
Frim oye A u/f 8.9 18,6 37,6 31,1 3.8
Frln uys B u/# : 9.7 16,9 313 at.5 76
Pab mill 1 dimeh 12,1 33.8 31.5 22,0 Q.8
Se0 oye o,(f 1%.8 23,2 . 3.0 0.0 0.0
Sma sye u/f _ 14.7 a8.6 40.0 647 0.0

calculatnd valual

Primagy cyelons foad unlids 397.) &/hy
Primary cyclone fead wAkay 376.2 t/hy
Sezondany cyolons fasd mollide 135.5 €/hz
Becondary cyalone fosd watkar  340.3 v/hy
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Teat Sa  Jduta sheet

Measurad values

Primary cyolona feed flow yate
Primary cyoclona fead danslty

542,0 m3/hy

1.480

Sacondary oyclone fead flow rate 412.4 m3/hr
Becondary cyclone fasd dansity 1.231
. Rod mill fead solides (wat) 9.1 &£/hx
Rod mil) feed water 21.8 t/he
Brimary sump dilution 178,% t/he -
Baoondary sump dilution 14,0 £/hx
Pabble mil® ) pebhbla faed rate 0.¢ t/hr
Babble mil. 2 pebbls faod rate 23,7 t/he
Pebble mill 1 powex 337 kWhe
Pubble mlll 2 power 227 kwhe .
Splgoks : primery &  9.50 om
t primary B 9.60 om
{ becondary T.70 om
Prom dally log sheats @ % molsture @
1 primary overflow 73 %
t sagondary overflow 84 %
t pab mill dischargs 29 &

Size analyess - % in mize intarval (um)
- =75 ~1B047B -250+150 ~17004250 #1700

Rod mill digcharge 4.8
O Bedm vy B o/ 30.8
©OPrimooeyd B off 1B.6

Prim oye A u/f 5.6

Peim oye B uw/f . 8.9
~ Pab mill 1 disoh 18.3

deb mill 2 disch 14.4

-Sec oye off T 74,6

Bac cye u/f 10.8

caloulatad valuews

Primary cyelone fesd a-lide

. Peimary cyulone feed water
Sagondary cyclons .aad sollids
Sagondazry cyclone faed watex

Appendic B : Measured test results

13.4
35,8
46.5
12.5 )
17.0
20.0
39.1
22.7
43.0

417.8 t/hr
384.3 t/he
183.0 t/hr
354.7 t/hr

5.8
331
28.5
a7.7

caz.

44.9
32,2

2.7
38.6

37.2

e b Gy
~ O &NsNOD
- L
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Tept 4¢ duta sheat

Haasured valuse

Peimary cyclone faed flow rate  58B.0
Primary eyclona fead density 1,498
Becondary cyelena fead flow rate 470.8
Secondary cyelonas fead danelty 1,200

Rod mill faed salids (wst) 75.8
Red mill fasd water 43,8
Primary sump dilution 214.5
Sacondary sump dilution i2.3

Pabble mlll 1 pebble feed rate 0.0
Pabble nill 2 pashble feed rata n.0
Palble mill 1 power 308
Pabble mill 2 powar 213

Splgota : primary A D.50 om
t primagy B 9.60 em
1 sacondary 7,70 om

Frot dally log ahaats ¢ % nolwburs v
3 primaxy ovexflow 73
t secondary ovarilow 84
1 pab mil) dimchazge 29

m3/hr
ma /hy

t/he
t/hr
t/he
t/he
t/he
t/he
kWhe
kWhr

L
]
%

siga analysos ~.$_1n wiza intanrval {(um)

=78 <150475 =2504150 =1700+2350  +1700
Red mill discnarge 7.8 7.5 9.4  34.2  43.4
Prim oye A o/f 18.5 36,1 4.4 1.0 0.0
Prim eye B D/f 23.3 29,5 46,2 - 3.0 0.0
Prim eye A /£ 6.9 14.5 27.8 34,7 17.7
Prim qye B w/E : 7.2 16.2 35.% d7.8 J.4
Fab mill 1 disoh 7.8 28.4 30.4 30,0 3.6
Fakh mill 2 diesh 13,6 258.7 34.8 25.7 0.2
- Bao oya o/f . BL.T 16.8 1.5 0.0 0.0
Sec oye w/f 0.6 44.2 42,7 2.8 0.0
calonlatad valuas
Primary cyolone fesd solids  470,3 t/hx
Primary oyolona fasd water A410.58 t/he
Secondary cyolons fead aolida 151.2 t/hy
Setondary tyolona fesd watey 413.7 t/hr
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Tesk 4¢ data shest

Moapured valuas

Primagy ayélonu fead flow rata 538.0 m3/hr

peimacy eyoelonm fead denwity 1,498

Sacondary eoyolone fsed flow yatw 470.8 m3/hy

Saopndary oyolens faeed dansity  1.200

Rod mill fewd solida (wetk) 75.8 t/hr
Rod mill foed watex 23.8 t/he
Bpimary sump dllution 214,85 t/hr
Sscondapy sump dilu+’on 12.3 t/n¥

Pabble mill ) pebble fowd rate 0.0 &/he
Pabble mill 2 pabble faed rate 0.0 t/he
Pabble mill 1 power 308 kwhe
Pabble mill 2 power 213 kwhe

Spigots : primary &4 9.50 om
¢ primary B 9,80 em
§ sacondaxy 71.70 em

From daily log shaate : % moleture :
1 primary overflow 73 %
: sEscondary ownrflow B4 %
t pab mill discharge 29 %

Slze analymer - % in mize intenval (um)

_ 75 ~A50475 2504150 =1700+280  +1700
Rod mill dimcharge 7.8 7.8 9.4 . 34.2 4.4
Prim oye A o/f - 1B.5 36.1 44,4 1.0 0.0
Peim gye B off 23.3 25,5 46.2 1.0 0.0
Prim eyy A w/f 5.3 A4S 27.8 34.7 17.7
Prim oye B u/f T2 16,2 35.7 3%.8 3.4
Pab mlll 1 alach 7.6 28.4 0.4 30.0 3.6
Bab mill 2 dimch 13,6 25,7 34.8 25,7 a.2
Bap eyw o/t Bl.7 16.8 1.5 Q.0 0.0
&0 oye u/f 10486 44.2 421 2,8 G.0Q
~ Calrulated valusa
Primaxy cyclons fesd molids  470.3 t/hr
Primayy syolons fasd waber 410.8 t/he
Secondary eyclona fead molida 151.2 ¢/he
Secondary cyclons fead water  413.7 t/he
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Tost db  data cheet

Mat sured values

Brimary cyclone feed flow rate 591.0 md/hy
Primary oyclone feed dengfity  1.488
sSecondary oyolone fead flow rate 477.3 m3/he
Sasondary cyoclene feed denmity 1.198

Rod mill femd melids (watb) 80,5 t/hr
Rod mill fead water 25.1 t/he
Primary sump dilution 217.6 t/hy
Secondary sunp dilution 10.8 t/hy
Pabble wmill 1 pebble feed rate 0.0 t/hr
Pabble mlll 2 pabble fead rate 0.0 t/hy
Pebble will 1 powar 316 ¥Whr
Babble mill 2 power 214 hthe

Splgote + primary A 9,50 om
¢ primary B 9.60 om
T mecondary  7.70 em

From daily log whasts : % molstiwe ¢

1 peimary overflow 3%
s mmoondary averflow 84 %
't pek will discharge 29 %

Bira aualyaaa = % in size Lntorval { )
=758 -150+7$ =230%150 -1700+2a0 +1700

Rod mill disgharge 6.8 8.8 9.1 29.4

45.9
Prlm cye A off i4.8 41,1 8.9 4.4 0.0
Prim oye B o/ 24.9 33.1 40.3 1.7 0.0
Prim vyo A u/f dod 1745 30.2 32.5 18.4
Prim cyoc B u/f 7.1 18.7 5.7 8.3 3.2
Peb mill 1 diseh Tl 30.2 29.5 Iy .8
Pab mill 2 disch 14.5 26.5 35,9 22.6 0.6
Bed cyc off : 81,0 154 2.6 0.0 0.0
Bac sye ulf 12.3 43,2 43,2 3.3 0.0 .

Caloulated valuas

l'.‘.llﬂlhiﬂﬂ&.-l f .
Privary cyclons fesd aolidl 463.2 t/hy
Brinany cyclone fead watarn 416,32 +/hy
Secondazy oyclona fesd mollde 151.8 ¢/hr
Sacondaxy cyclona faed water 420.0 4/he
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Test 44 data pheet

Meawurad values

Primary cyclone feed flow wate  581.0 m3/hr
Primary ovelone fead dengliy 1.483
Sscondary cyolens foed flow rate 461.2 mi/hx
fecondary cyolonae feed denelty 1,107

Red mill feed solids (wat) 8i.7 t/hr
Rad mill feed water 25.9 #/he
‘Brrimary sump dilutlon 213.0 t/hy
Smoondary sump dilution 10.7 £/he
Pebbla mill L pehble faad rate 0.0 t/hx
Pabble mill 2 pabble famd wate 24.5 t/he
Pebblae mill 1 powar 310 kWhe
Pabble mill 2 powex 220 kWhy

gpigots + primary A . 9,50 om
{ primary B 9.80 om
v secondary  1.70 am

From dally log sheets t % molaturae 3
t prinmary overflow 73 %
t secondary overflow B4 &
t pab mill dimcharge 25 %

fize analysa- = % ih alze inberval (um)
. =75 ~L50+475 «250+150 —1700+250 +1700

Rod miLl disuhargu 4.8 6.8 7.5 33.48 47.3
Prim oyec A o/f ' 18.9 46.3 33.2. 1.6 0,0
Prim oyve B off 24.0 35,1 40,2 n.7 0.0
Prinm ave A u/g 3.6 16,1 27,7 38.1 18.5
Pelm oye B u/l 6.2 1t.2 3.7 33.8 8.1
Pab mill 1 dlssh 9.8 31.A 32,2 24.5 2.0
Pab mill 2 dimch 13.9 25.3 36,8 23,6 g.4
Bae oye off 80.6 12.3 7.1 0.0 0.0
Sec oye u/f Ll 47.4 38,7 2.2 0.0

ca;euigtad'valugs

Primary oyclons faad sollds 450,7 t/hy
Primapy oycloas fesd water 410.9 £/hy
Sacondary oyclonae faad sollds 79,3 t/hy
gsecondary cyclone faad water 431.3 t¢/hr
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Test 3¢ data sheat

Masaursd valuas

Primary cyclone feed flow wate  S66.0 m3/hx
Primary cyclons feed density 1.480
Sacondary cyclone feed flow rate 442.3 md/hr
Secondary cyclone feed denslty 1.203

Rod mlll feed soli.s (wet) 69.9 t/hy
Rod mill fead watar 22,1 t/hre
Primary sump dilution 201.3 t/hr
Setondary sump dllutlon 16.3 t/hre
Pabble mill 1 pebble foed rate J.0 t/hre
Pebble mill 2 pebbla faed rate 0.0 t/hr
Pebble mill 1 powas 320 kWhe
Pabble wmill 2 poway 219 kWhrx

Splgota s primary A 9.50 om
¥ primazry B 9.60 om
¢ secondary 7.70 om

From dally log sheebs : % molsture

¢ primary ovarflow 73 &
1 secondary overilow B4 %
ol pab mill dinchnrga 29 %

Slze ahalygen - % in siza Llnterval (um)

~75 ~1B0+78 —250+150 —1?00+250 +1700
Rod mill discharge 2.5 7.7 4.0 33,0 52.8
Prim cye A off 42.0 18,2 36.8 1.0 0.0
Prim oya B o/f 41.4 25.9 32.& 0.1 .0
?r’-m oy A u{'f 2.5 18,1 28.2 33!4 16.8
Prim oye B uff 6.5 18,7  22.8 35.9 16,3
bab mill 1 disch 13.8 21.6 32.7 29.8 2,1
Pab mill 2 disch 13.4 45.1 32.8 28.6 o.l
Sac cye off . 80,9 16.3 . 2.8 G.0 0.0
Sep gyo u/ff 9.3 62,0 27.8 0,2 Q.0

Caleulated valuag
Primary oyelone feed solids  436.3 t/hr
Primazy gyclons fasd water 40L.3 t/he
Bacondary tyciona feed selide 144.2 t/hx
Sacondary ocyclene fasd watar  387.9 f£/hr
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Test 3b data sheet

Measurad vilues

Primaxy cyolone feed flow rate
Prinmaky cyclone fesed density

- Smgondary cyclone feed flow rat
Secondary oycleone feed densivy
‘Rod milli feed solids (wet)

Rod mil)l feed water

Primary sump dilution
Secondary sump dllutlon
Pebbla mlill 1 pebble -aed rate
Pabble mill 2 pebbla feed rdte
Pebkle mill 1 power

Pebble mill 2 pover

SBpigots : primary B 9.50 em
: primary B Q.60 om
: savondary 170 om

From daily log shests ¢ % molst
t primary overfiow
: pecondary ovorfiow
t peb wmill discharyge

‘Sizm analyses - % in slze inte

w7l =)E0+T75 -280+4150 ~1700+250

564.0 m3/hy

1.470

e 441.9 ni/he

1.197

73.3 €/he
23.0 t/hx
201.1 t/he
10.2 &/he
6.8 t/hr
0.0 t/hx
321 kwhr
218 kWhr

ura
73 %
84 %
28 %

rval (pm)

41700

-

Red wmill discharge 3.8
Frim cye A o/f 35.4
Prim oye B ojf 22.8
Prim cye A u/t B.7
- Ppim oyc B u/f Se4
Paby mill 1 disch 8.5
Peb mill 2 dlsch 8.5
Bae oye off - 73,3
Baa oyo u/f 9.2

aloulated values

Primavy cyelone feed golids
Primeby cyclene faed watex

- Beoondary oyclone fesed solids

' Sagondary eyclene feed water

Appendiz B ; Measured tesi results

1.4
8.6
9.6
8.1
16.7
26.0
26.0
18,6
56.0

425.7 t/he
403.3 t/he
139.8 £/hr
389,1 t/hx

13.8
40.6
37.4
30.3
26.2
43.3
43.3
.1
34.4

36,5
5.4

44.5
000
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Tast 3a - deta shast

Measuvaed values

Primary ayalona'faed #low rate  S554.0 w3/hr
Primary cyclone feed denelty 1.4686
Sacondary cyclona fesd flow rate 428.0 m3/hr
Secundary cyclone fesd denelby  1.199

Rod mill faed colide (wet) - T4.2 £/he
Fod mill feed wakay 25.4 t/hr
Primary sump dilution 195.9 t/hy
Secondary sump dilutlon 11.4 &/hy
Pebble mill 1 pebble feed rate 3.3 t/hr
Pebble mill 2 pebble fead rate 0.0 t/hr
Pabble mill 1 power 322 kWhr
Pebble mill 2 power 218 kWhr
Spigoty : primacy A 9.50 em

i primary B 9.60 om
3 smcondary T.70 om

From daily ‘log shesta : % molsture 1

: primary overflow 73 %
: segondary ovarflow 84 %
y pab mil) dischatge 29 %

Biza analyses - % in size interval (pm) _
=75 =150+75 =250+150 ~17004250 +17OD

Rod mlill digcharge 10.4 3.6 12.1 42.6

Prim @ye A off 43,0 28,1 24.4 4.5 .0
Prim oyo B off 13.2 3l.8 52.3 2.7 g.0
Prim oyd A u/f 5.9 15.4 30.5§ 33.3 8.0
Prim cy¢ B u/f 6:1 13.4 26.6 39,1 14,8
Pel mill 1 disch 13.0 32.4 3l1.8 21.4 . 1.4
Pab mikl 2 disah 9.2 34.6 37.4 18,7 0.1
Hec cyd o/t _ . 78,6 18.6 8.8 o0 0.0
Sag oye uff 11.5 40,0 47.8 0.7 0.0

Caloulated values

Primary cyoclona feed sollds 414.6 t/hr
Primaxry cyclona feed watex 397.8 t/hye
Bacondary cydleona fesd sollda 136.8 t/hr
Sacondary cyclone faeed water  376.4 t/hy
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Tast 2c dats sheet

Measured values

Primary cyclone fecd flow rate  840.0 mS/hr

Primary ayolone feed density 1.427
Sacondary oyoulone feed flow rate 395.4 md3/hy
Secondary oyclone faeed danalty n/a
Rod mill foed gollds (wek) 65.9 &/hr
Rod mill feed water 20,7 &/hy
Brimary sump dilution 280.6 t/hr
Secondary sump dilution 20.8 t/hy
Pebble mill 1 pebblée feed rate 0.0 €/hr
Pabble mill 2 pebble feed rate 0.0 t/hr
Pebble mill 1 power 319 kWhr
Pabble mill 2 power 222 kWhr
.Bplgote : primary A 9.50 cm

t primary B 9.60 om

! ssoondary  7.70 om

From dally log ahaats : % molstura @

: primary overflow . 73 %
¢ secondary overflow B4 %
: peb mill discharge 29 %

Blze analyses =~ % in size Llnterval {um)

Appendix B » Measured test resulls

=78 180478 ~250+180 =1700+4250 42700
Rod mill discharge 2.8 1.0 5.8 40.7 39.7
Prim ayo A off 5.1 29.3 33,6 2.0 ¢.0
Prim eyc B o/f 23.5 54,0 21,0 1.5 0.0
Prim cye A u/f 7.0 26.1 29,5 29.0 9.4
Prim oye B u/f 6.6 26.6 28.6 27.% 1Q.3
Peb mill ! diech 18.7 26.4 33.3 20.2 S Y
Pab mill 2 disch 9.3 41,4 29.9 19.3 0.1
Bec aye off 69.2 28.7 2,1 ¢.0 0.0
Seq oye u/f 12.2 7.9 29.3 ¢.6 0.0
~Ealoulated valuas
P&imnry cyclﬁna fead soflds 438,9 t/hr
Primary cyclone feed water 474.4 tfhe
sacondary eyelone fesd solids n/a
Sacbdndary cyclone feed water n/a

11



Test Ib data sheet

Measuzed values

Primary oyclone feed flow rate 636,00 m3/hr

Primary cyclone feed density 1.414
Secondary ayolone feed flow rate 386.2 mS/hr
Secondary cyclone feed density n/fa

Rod mill feed sollids (wit) 77.9 t/hr
Rod mill feed water 24.3 t/hy
Primary sump dilution 276.8 t/hr
Eenondary Bump dilution 21.2 t/hre
Pepble mill ) pebble feed rate = 8.4 t/hr
Pabble mill 2 pebble feed rata 0.0 t/he
Pebble mill 1 power 322 kWhr
Pebble mill 2 power ' 224 kWhr

Spigots : primary A 9.50 cm
t primary B - 9,60 com
i secondary  7.70 om

Froti daily log sheets : % molsture ¢

: primary overflow 73 %
: secondary overflow B84 %
r pab mill ‘discharge 29 %

Size analyaas - % in size interval (pm)
=75  ~150+75 —250+150 =17004250 +1700

Rod will discharge 8.0 7i4 15.0 35.7 33.9
Prim cye A o/f 32.8 38.7 20.9 7.6 ¢.0
Prim cyc B off 15.0 46.6 33.2 3.2 0.0
Prim oye A u/f §.0 2Fr.3 31,6 28,6 7.5
Prim ay¢ B u/f 5.7 5.4 28.8 27.5 12.8
Fab mill 1 diech 12.4 38.1 32.4 16.3 T 0.8
Peb mill 2 digch 12.9 37.2 - 31.4 17.5 0.6
Se¢ oye u/t 13.7 3.0 16,1 0.1

37.1 3

calﬁulatéd valuen

Primary cycleons feed sollds 422.,9 t/hr

Primary cyelohne feed water 476.4 t/hr
Secondayy cyclone feed solids | n/a
Secondary cyclone feed water nfa
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rast ile data sheet

Meagured values
S s e -twﬁ;ﬂ!lwl

Primary cyolond feed flow rate

Primary ayclone fasd denslty
gacondary cyclene feed flow rate 390.1 mi/hx

Sacondsayy cyclone faed denolty

Rod mil) feed solide {(wet)

Rod will feed watsr
Primacy sump dilution

Secondayy sump dilution

Pabble mill 1 pebble feed rate
Peltbla mill 2 pebble feead rata

Pabblae mill 1 power
Pobble mill 2 pawer

Splgots + primazy A
1 primasxry B
t mecondier

9.50 em
2,30 om
6.00 cm

608.0
1.486

1,291

62.6
12.6
m2.3
14,6
2.0
3.1
322
229

From daily log shewts @ & molsture :
1 primary ovarflow
t sacondary overflow -1
{ pab mill dipcharge az

74

‘m3/he

&/ he
t/he
t/he
t/he
Wl he

‘&/hy

kWwhe
kwhy

&
%
)

Bize nnalyaes = % in size interval (um)

Rod mill discharge
Prim oye A 6/
Prim eyo B o/f
CPeim eye A u/t
Prim cyo B u/t
Paly mill 1 disoh
Peb mill 2 diwch
. Bag oye aff
Se¢ oyo u/f

Caloulatad valuaes

S L N I 1100

Primavy cyclone feed xolide
Brimary oyslens feed waker
Sevondayy cyclone fasd aplide
gacondary cyolona fesd water
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75 -150+75 “25D+150 “1700+250 +1700
-15-6 4.9 701 44.5 7.9
83.4 33.0 13.5 0.2 0.0
52.0 37!3 1°l7 0‘2 0-0
10.3 20.6 27.7 41.4 N0

9.5 24.0 28.5 38.0 0.0
30.4 23.3 24.8 2.5 0.¢
22 27.6 27.5 17.8 ¢.0
5.6 . R4 0.3 ) 0.0
22,2 53.8 24,2 0.0 0.0

474.6 £/hr
428.9 £/hr
182.9 t/hx
321.3 &/hy
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Tast 1ib data ghaet

N

Meagurad values

Primary cyclona feed flow vata  617.0 m3/he
Prinary cyeleng fead density 1.485
Secondary cyalone fesd flow rata 390.5 m3/hz
fecondacy oyelons feed density 1,283

Rod mill foad solids (wat) 66.9 t/hy
Rod mill fesd water - AD.6 t/hy
- Primary sump dilutlon 176.0 4/hy
sacondary eump dilution 8.6 tt/hy

. Pabble mill 1 pebble faed rate 0.0 £/hx
Pabble mill Z pebble faed rate 0.0 t/he

Pebble mill 1 power 324 xwhr
Pabble mill 2 power 228 kWhe
SBplgote : primary A 8,50 om '

1 primery B 9.50 em
: sadondary  0.00 ocm

From dally log ehests ¢ % mointura @ -

¢ primary overflow %
& secondary overflow 85 %
t pab mill disalinrge 32 %

Size analyses -~ % in size lnterval (pm)
. =75 ~l50+78 ~250+1B0 *1?00+250 +1700

Red miil discharge 15.1 4.0 5.8 40,3 34.8

Podm eys A o/f 49,1 34.6 6.0 - 0.3 0.0
Prim aye B o/f §4.7  35.9 9,3 0.1 0.0
Prim oye . u!g 8.3 19,5 26,2 46.0 0.0
Prim ey B u/f 7.9 20,4 28.6 43,1 0.0
Paby mill 1 diech 277 30.0 2B6.5 16.8 0.0
Peb mill 2 disch 23.4 32.5 6.5 17.6 0.0
Sex eya off 79.9 19.7 0.4 4.0 - 0.0
-Ban oy u/i 25,1 £9.4 15.8 0.0 0.4

cglcg;atod valuas

Primayry eyclona fased solids 480.6 t/hx
Primavy oyelona fesd wabter 438,6 t/hx
Smcondagy oyalone fasd wsolide 177.5 t/hy
Sadondary oyolena fesd water  323.8 t/hr
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Test lla data sheat

Moapured valuess

Primany eyclong feed flow rate  6€14.0 m3/he
Primary cyclove feed density 1,459
fecandary cyelone fesd flow rate 394.7 m3/hr
Sacondary cyclons feed dengity 1,259

Rod mill fesd sollds {wat) 7B.6 t/hp
Rod mill feed watax 25,3 t/hx
Primary sump dilutlion 180,7 &/hy
Betondary sump dilutlon ' 8.2 v/hx
Pebinie mill 1 pebble feed rats 0.0 t/he
Pabble mill 2 pebble food rate 6.3 t/hy
Pabble mill 1 power 326 kwhr
Pebble mill 2 powar 231 kWhe

Spigots : prlmary &  9.50 em
' primary B 9.50 om
3 gecondary 0.00 em

e

From dally log sheets : % moisture
t primary overflow 74 &
1 wscondary cvarflow BE % -
t psb mill dissharge 32 %

8ize analyeges - % in size intexval (um)
75  «1B804+75 ~250+150 =1700+250 41730

Hod mill diidhurg‘ﬁ 15.4 4.2 8.3 36.9 7.2
Peim eyc A off © BO.6 43.0 6.3 0.1 0.0
Prdmi ¢ya B O!f 4.3 39.8 5.8 0.1 0,0
Prim aye A u/f ' . 30.8 23.1 27.0 39,1 a.0
P:‘im aya B uff . 11.6 279 28.3 32.2 0.0
Peb mill 1 aiasch C 410 24.5 26.0 18.4 0.0
Pab mill 2 dimch - 23.4 26,2 27.8 20.8 Q.0
Sea oya off 78.58 21.0 0.5 0,0 0.0

14.4 0.0 0.9

Gmo oyo w/f 26.0 9.8

Caleulated valuas

Primary eyolone feed solids 452,85 t/hy
Primary eyclone feued water 443.2 t/hye
Besondary oyelons fesd scllds 164.2 t/hr
Secendsry oyclone feed water 332,7 t/hy
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Zest Be daba gheot

Maasurad values

Primary cyclons feed flow rate ~ B14.0 md/he
Primary cvelons fesd danaity 1,454
Secondary oyolone fead flaw rate n/a

Sasondury cyclone fead densiby n/a

Rod mlll famsd solida {wet) 62,8 t/hy
Red mill fead watar 19,9 t/he
Primary somp dilution . 173.2 &/he
Secondary sump allutien 11.4 t/he

" Pebble mill 1 pebble feed rate 6.6 t/he
Pabble mill 2 pebble feed pate 0.0 t/he
Pebbla mill 1 powar 334 kiWhz
Pablbla mill 2 powsy 233 kWhr

Spigots : primary & '10.70 &m
: t prlmary B 11.00 om
t sagondary .00 om

Prom daily log wheets : & moimturs s

1 primary ovaxflow 73 %
¢ secandary oveyflow B3 %
1 peb mitl dlechargs 32 %

Size analyses -« & in sige inteeval (um)
' w18  wlEOHT7E ~ZB0w1S0 -17004EE0 €700

Rod mdll discharge 15.% 8.5 11.7% 45.4 1B.5
Beim eye A off 47 .4 2745 18.% Gl 0.0
Prim sye B off 5.7 376 6.5 0.2 0,0
Prim oyo A u/f 4.9 0.7 34,4 3.0 0.0
brim oye B u/f 4.9 30.7 34.4 30.0 .0
Pab mill 1 disoh 3.0 26,3 25.0 15.7 0.0
Pab mild 2 disch 16.86 3.7 4.4 18.3 0.0
Bag aye o/t ' 7642 23.2 0.7 0,0 0.0
ey oys u/ff 12.6 BR.8B 34,6 0.0 0.0

Caloulated values

Nt ok :
Primary syalone feed solids 444.7 t/hr
Primary oyclona feed water 446.2 t/hr
Secondary cyelons fesd sollds n/a
Sacondary cyslone fead water n/a
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Teat 4k date gheet

Massured valuas

Primary cyelene faeed flow rate 609.0 m3/he
Primary cyolone feed denaity 1.485
hecondary oyclona fasd flow rata nja

Sapondary cyalone feed denaity nja

Rod will fead solides (wet) 8.3 &/he
Rod mill feed water 18.5 &/hx
Primary sump dilution 171.5 #/he
Sagondary sump dilutlon 11.3 t/he
Pabbla mill 1 pabble feed rata 16,5 t/he
Palble mill 2 pebble faod rate 5.6 t/hr
PabPle mill 1 powar 328 kwhe

Pebble mill 2 poves 230 kwhe

Spigots : primary A 10.70 ¢m
t primaxy B 11.00 om
: bagondary 0.00 om

From dally log sheets : % moletura ¢
¢ primary overflow 73 %
1 amcondary ovarflow B3 %
1 pab mill dischaxge 33 %

Sleze analywes - % in slza ilntesval (un)
: w75  ~AB0475 ~2BGR1B0 -17004258  +1700

Rod ml.l discharge 12.5 15.4 iz.0 84,3 5.8
Prim eyy A o/f 43,7 28.9 20,2 7:2 0.0
Baim oyo B o/ff 55,3 35,0 9.4 0.3 6,0
Prim oye A u/f 13,8 2441 24.9 37.2 0,0
Brim oye B u/f 3.5 43.7 6.2  26.6 0.0
Pab mill 1 diech 3.8 30,9 23.9 13.6 0.0
© Pab mill 2 disch 28.9 27.8 31.0 12.8 ¢.0
Sac aye off 758.8 22.7 0.5 0.0 0.0
Sac =3'gd u}.f 19,0 45.6 35,4 0.0 0.0

Caloulatad valugs

Primary syclons fesd sollds = 445.0 &/hy

Primary ayolona feed waker 441,11 &/he
Sacondary oyolopne fmad sollds nfa
« gacondary ayclone fasd watoes n/a
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Tast Ba daks gsheat

=

Massured valuae

seimary cyclone fasd flow rata 614.0 md/hx

Primary acyclons feed density 1.459
Secondiry aeyolone feed Llow rate n/la
 Becondary cynlone feed denalty n/a
Rod mil)l fead gollds (wat) " BE.7 t/hx
Rod mil) faed wataeyw 17.6 ¢/he
Primapry somp dllution 172.9 #/he
Sacondaxy -sump dilution : 10.8 t/he

Pabble mill 1 pebble Feed rate 2.7 t/hr
Pabbie mill 2 pebble Fesd rate 5.7 t/hx
Pabbls mill 1 power 326 Jwhy
Pabble mlll 2 powsz : 231 kwhy

Bpigots r primary & 10.70 om
: primary B 11,00 cm
t sacondary 0.00 om

Prom dally log shests : % molsture ¢
t primazy overdlow 73 &
t ascondary overflow 83 %
t peb mill disghasge 33 %

b'za analywes - % In eize intarval (um) :
»78 =150+75 ~250+150 -1700+250 +1700

Red mill discharge in.% 70 .6 47.5 17.0
Prim oye B o/f 61.2 31.9 6.9 Q.0 0.0
Peim oye A u/f 12,1 24.1 26.3 36.9 0.0
Prim eys 8 u/f 20.8 28.3 27.9 23.0 0.0
Pab mill 1 disch 8.5 26.8 22.7 i4.0 0.0
Pab mill 2 dimch 31.3 a3t 28.5 16,2 0«0
Sea oyc off . 8.4 22.4 2.2 0.9 0,0
gee aya u/f 19.2 44,1 36.7 0.0 0.0

Calculated valuse

brimary eyclone faed mollds 452.6 t/hy

Primany cyelons feed water 443.2 t/he
T Secsndary cyolons feed wolide n/a

Sagondary oytlone faed wataer nfa
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Tagt 70 data sheat

Heasured values

Primary oydlena feed flow rake  5%5,0 m3/hz

Primary oyalone fead denaity 1.44%¢
Becondary cyclone fasd flow rate nfa
Secondary syclone feed donsity - nfa

Rod mill fesd polids {wet) ' 52.9 t/hr
Rod nlll feed watar 16.4 t/hre
Primary sump dilution 156.8 t/hy
Sacondary sump dilution 25.1 t/hy
Pablble mill 1 pebble feed vate - 6.4 t/hr
Pehble mill ¢ pebble fead rate - 3.3 t/hr
Pebble mill 1 power 325 kwhr
Pebbla mill 2 power 233 kiWhy-

Spigote : primary A 10.70 om
t primary B 11.00 om
t meoondaxy 0,00 em

Frow daily log shaebs : % molsture
i primexy overflow 73 %
1 pecondary overflow 83 %
¢ pab mill discharga 33 4

8izm analyses = % in slza intawval (pm) .
- 75 =150475 2504150 -17004250  +1700

Rod mill discharge 22.3 6.0 8.7 51,0 12.0
Brim cye B o/f 48.0 28.1 - 17.8 6.1 0.0
Prim oyn B off §6.7 _ 36,1 6.9 0,3 0.0
Pelm oye A u/f 13,3 - 28.3 23,8 34,5 0.8
© Prim eye B uff 11.7 26.86 "35.5 26,2 0.0
Pab mill 1 dlach 27.2 8.0 32.% 14.7 0.0
Peb mill 2 dimch 33.6 25,0 26.3 1.2 0.0
Sec eye off 4.8 250 0.5 0.0 . 040
Bdad G_yc u/f 19&1 AB8.1 32.8 0.0 0.0

._calculatad valuea

Primery cyclena fead oolida 427.2 L/he
Primary oyclons foed wabaer 433.8 t/he
Bsaondary ayclena fasd solids a/a
Seoondary oyolones fusd water n/a
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Tapt Th data sheet

Meapurad valuas

Primary cyclona feed fliow wate  593.0 m3/he

Primary cyclone fead denality 1.442
Saconddry cdyclong faed flow yate n/a
Ssoondary cyolone faed denaity n/a

Rod mill feed sollds (wak) 57.5 t/hy
Hod mill fesd watex 18.3 t/he
Primary sump dilutlon 158.1 t/hr
Sagondary sump dilution T 2742 £/he
Pabble mill 1 pebble feed rate 8.9 t/hr
Pabble mill 2 pebble feed rate 6.9 t/he
Pabble will 1 powex 324 kWhrx
Pabble mill Z power 233 xWhr

Epigots : primaxy A 10,70 om
t prlinary B 11.00 em
y secondary 0,00 om

From dally log sheets : % molsture ¢

t primary ovarflow T3 %
t paocndary overflow B3 %
t pab mill discharge a3 %

Bilze snalysesg - & in slze intareal (um)
: ~75 - ~150475 =-2B04150 =1700+2580 <1700

Rod mill discharge 18.5 6.5 7.9 52.2 14.9
Peim oye A off 41.% 34,2 18.6 5.7 0.0
Prim cyo B o/f 58.7 35.7 5.6 0.0 0.0
Prim cye A u/f 8.1 a1 29.8B 30,9 Q.0
Prim oye B u/f 13.¢ 27.% 34.5 28.0 0.0
Pab mill 1 diach 34.5 28.9 “4.8 1i.8 0.0
Pah mi-ll 2 disch 33.58 52.3 28,1 6.] b.0
Sec gye off- 79.0 - 20.3 0.7 0.0 0.0
Bae¢ oya u/f 17.3 45.5 37.1 g.0 B T

_ c;lgulnﬁad valuema

Priﬁary gyclone fesd solids 421.0 t/he

Primary eyclona feed watex 434.1 t/he
Secondary cyclons feed pollds n/a
Sacondary cyclone fead watar n/a
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Test 7a data sheet

Meagused values

RREESEEC R Y

Primary oyclone t2ad flow rate 59%4.0 m3/hr
Primary cyclone feed density 1.448
Secondary cyclony feed flow rate n/a

‘Secondary tyclone fesd denaity n/a

Rod mill feed sollde (wet} . 84,6 t/hz
Roct mill fewd watarx 17.3 t/he
Brimary sump dilubion 154.9 t/hx
Secondary sump dilution 36.6 t/hre
Pabble mill 1 pebble feed xata. B.1 t/hx
Pebble mill 2 pebble feed rate 0.0 t/he
Pabbla mil) 1 power 326 kwhx
Pebhle mill 2 power 233 kwhy
Splgots : primary A 10.70 em

: peimasy B 11.00 om
¢+ segondary 0.00 cm

From daily log shaets : % molisture @
t primary overflaw 73 %
¢+ sacondary overflaw 83 %
:-péb mill digchange 33 %

size analysas = % in slze interval (pm)
~?5 wlB0+75 «250+150 ~1700+250 +1700

Rod mill discharge 22.1 6.4 B.6 Bl.4 11.5
Prim oys A o/f 44,3 31.5 18.5 5.7 0.0
Prim ayo B off ' 598.4 33.8 6.8 0.0 0.0
Prim oyo A u/f 8,8 29.2 30.3 3t.9 0.0
Prim oye B w/f 8.6 29,2 30.3 - 32.9 0.0
Fob mill 1 disch 33.4 28.1 B5.6 12,9 0.0
Pak mill 2 disch 32.5 26,3 27.1 4.1 0.0
Sec cyc o/f 72.9 28.7 0.4 6,0 0.8
seg oya u/ff 100.0 0.0 0.0 .0 0.0

.Calculntad values

Primary cyclone faed molide 427:4 t/hy
Primary cyclone feed waber 432.7 t/hr
Secondary coyclong feed solids n/a
secondary cyclone feed water n/a
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Tast &c data sheet

Heasured valuar

Primary cyclana'faad flow yake 612.0 mi/hx

Primary cyclons faed denaity 1,454
Secondary oyclone feed flow rate n/a
' Secondary cyclene feed denelty n/a
Rod mill feed solids (wet) E9.4 ¢/hr
Rod mill feed watey - 1B.8 t/hr
- Primary sump diluilon 174,11 &/he
EBacondary sump dilution 52.2 t/hr
Pabble tmill 1 pabbls femd rate - 0.0 t/hy
Pebble mill 2 pebble feed rate 6.8 t/hr
Pabble mill 1 power 327 WWhr

Pebble mill 2 power 233 kWwhx

Epigots : primary & 310.70 om
¢ primary B 11.00 om
t pegandary  0.00 om

From daily log sheets : % molsturs i
s primary overflow 73 %
¢ sscondayy overflow: B3 %
s pab mill dischapge 33 %

Si%¢ analypep « % in mize laterval (um}
=75 ~l50+75 ~250+150 -1700+2B0  +1700

Rod mill disclharge 18.3 8.8 10,3 44,6 18.3
Prim eye A off 55.0 32.2 12.4 0.5 0.
Prim eyo B o/ff 57.1 33,9 8.9 0.1 0
Prim oye A u/f 9.4 28,4  32.1 30.1 0
Prim oye B u/f 14.2 28.3 - 3l.5 26.0 v}
Pab mill 1 disch 37.1 31.1 22.0 B.8 4]
Pab mill 2 disch 28.4 30.7 28.4 12.5 D
Sat tye off _ 7.9 21.7 .4 0.0 o
0.9 o]

caloulatsed values

Primary oyolone faed solide  446,2 &/hr

Primary eyclone fead wetexr 443.6 t/he
Sacondary cyolone feaed solids n/a
Sscondary cyclone fesd water n/a
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Test 6b data Qheat

Measurad values

Primary cyclone feed flow rate 612.0 m3/hr

Primary wyeclone feed density 1.470

Secondary e¢yclone feed f£low rate n/a

Secondary cyclone feed density n/a .
Rod mill feed Bolids {wat) 49.5 ¢ /hx
Rod mill feed water 15.7 t/hr
Brimary sump dilution .172.6 t/hr
Sacondlary sump dilution 8i.2 t/nr
Pebble mill 1 pebble feed rate 0.0 t/hr
Pebble mill 2 pebble feed rate 7.5 t/hre
Pebble mill 1 power 328 kWhr
Pebbl® mill 2 power . 230 kwhr

Spigots : primary & 10.70 em
: primary B 11.00 om
¢ secondaxy  0.00 ém

From daily log sheets : % moimture :

: primary overflow T3 %
: pecondary ovarilow 83 &
t peb mill dischiirye a3

Bize unnlyses ~ % in slze intevval (um}
' ’ ~15 «150475 ~2504150 ~1700+250 +3i700

Rod mill discharge 23.5% 6.

7 10.4 52.4 7.0
Pyrim cye A off 32.4 H6.9 22.2 - B.B .0
brim oye B off 48.1 2.0 P A 0.2 0.0
Prim oye A u/f il.6 26.6 0.4 31.4 0.4J
Prim cye B 4/ 13.2 . 27.2 4.6 25.0 0.0
Pab mill } diach © o 37.% 26.8 23.7 12.0 0.0
Pab mill 2 disah 23.0 30.0 3i1.o 16.0 0.0
Se¢ oyt o/f B0.0 18.7 0.3 0.0 0,0
Bee oyo w/f 15.4 42.7 41,9 0.0 0.0

caleulated values

Primary oyelona femd sollds 4682.0 t/hy
Primary oyulone feed wakar 437.7 &/hr
Sacondary eyeclone feed sollds n/a
Secondary cydlone fasd water ' nfa
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Tegt Sa  data sheet

Measured values

Primary cyclone feed flow rate

Primary cysclone fred

Sacondary cyclone feed flow rate
secondary cyolone feed denaity

Rod mill feed solide
Rod mlll fead water

Primary sump dilution
Sacondary sump dilutl

Pebble mill 1 pebbla feed rate -
Pabble mlll 2 pebbla fead rate

Pebhle mill 1 power
Pabblae mill 2 power

‘Spigots : primary A
i primary B
1 secondary

dengity

{wet)

on

11.00 em
0,00 em

613.0

‘1.476

m3/he

n/a
nfa

49.9
15.8
172.0
0.7
4,8
1.0
321
231

Prom delly log sheets : % melstuye :

! primary

: aecondary overflow
: peb mill discharge

averflow

73
83
33

t/hr
t/hy
t/hy
&/he
tihe
t/he
kuihr
kithe

%
%
%

sizs analyaaa ~ & in #sizée interval {um)

Rod mill dimaharge
Pelm aye A off
Prim cye B o/f
Prim ayo A u/f
Prim cyc B u/f
. Peb mill I dlsch
Peb mill 2 diseh
"Beg cya off -
Sec cyo uw/f

Caloulated values

Primaky gyclone faed

Primasy oyclons feed water

Becondary cytlone feu
Sevondary ~yelon: fee

=75 «=lE0+78 -250+150 -1700+4250 +1700
18,9 3.5 12.4 48.6 16.6
42.1 28.7 20.8 8.4 Q.0
. 48,0 40.6 10.8 0.6 .0
14:4 24.56 28.2 3z2.8 0.0
5.7 32,0 35.2 7.1 0.0
34.9 23.8 24,8 17.3 0.0
16.1 2B.3 25.9 Az.7 0.0
75&9 234.3 0.8 0.0 0!0 .
15.1 53.5 31.4 0.0 0.0
aolids 482.7 t/he-
438,4 t/hr
d solide n/a
d water n/a
121
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Test 2b initi&i mass balance

8tream Bulide Water
Rod mill famd 74.0 3.9 &/he
Rod mill dilution 24.3 t/hry
Rod wmill discharge 74.0 28.2 t/hr
Primary dilution 276.8 t/hy
Prim cyelons foed 422.9 476.4 t/he
prim oyclons A o/f 65.8  177.7 €/hx
Prim eyelone B o/f 65.8 177.7 v/he
Belim eyclone A w/f 145.7 60.5 t/hr
Prim oyclons B u/f 145.7 0.8 t/hr
Pehbla addition 1 2.8 t/hy
Pabble additlon 2 2.3 t/he
bPab mill 1 product 148.3 60.5 t/hye
Pab mill 2 product 148,3 80.5 t/hy
Sacondury dilution 21.2 t/he
Se¢ oyalend feed 131.5 376.6 &/he
Seo cyclone off 78,9 326,2 t/he
Seo oyelona u/# 52.6 50.4 t/hx
Size analyulis
T T TR
Strenm =75 =1B0+75 <2504180 =1700+250 41200
Red mlill discharge 8,0 7.4 15.0 2547 a3.9
Pxim oye fesd 12.0 32.3 29,1 20.2 &.4
Prim ave A off az.g 38.7 20,9 7.6 0.0
Prim oye B o/f 19.0 46.6 33,2 1.2 0.0
Prim oye B u/f . 5,7 25.4 28.8 0.8 9.3
Pab inill } Qisch 12.4 38,1 32.4 C 16,3 Q.8
Pub mill 2 disch 12.9 37.2 1.4 17.9 0.8
Sao oye fead 25,9 42.7 27,1 44 0.0
Saw ove o/l © ab.o ig.6 .4 1.0 .0
Bao oyo w/f i3.7 37.1 33.0 18,1 0.1

o o _ ; e
Cheok for accuraoy:

Cale Maoag

Pein oye off moigt 73 73 &
540 oye off molet a1 84 %
feb mill molat 29 29 %

Noke : The secondary cyclona foad solide and water flow rates

wae aatlmatad and adjustad to ylald roasonsble watex

pontentx Lin 18 primary averflow and pabble will discharges

Appendix I : Calewlated mass balance

144



Test 2a initisl mass balance

= "

Straam - Solide Water

Rod mill feed 66.0 3.5 t/he

Rod mill dilution 21.8 t/hr
. Rod mill dimwcharga 66.0 28.3 t/hr

Primary dilutlon 270.1 t/hyr

Prim oyelone fesd 439.8 465,0 t/he
Prim eyolona A o/ 61.8 166.9 t/hx
Prim vyolone B off E1.8 166.9 € /ha
Prlm cyalone X u/f 1%8.2 68.6 t/hy
Peim cycleone B u/ff 1E38.2 65.6 t/he
Pebble addition 1 2.6 t/he
Pebble addition 2 2.3 t/he
Peb mill 1 product 160,8 65.6 t/hx
Pab mill 2 product 160.8 B5.6 t/he

Secondary dilutlon 64.5 t/he
ger oyvlona feed 123,58 Jeg.4 t/he
Sat ovolone off 70.9 358.9 £/hr

Sac cyclone w/f B2.6 8.5 t/he

. 8ize analynsis

I I . :
Atrean =78  «lE0+75 =280+150 ~17D0+250 1700
S - SRR

Rod mill discharge 6.2 3.8 16.8 47.2 26.0-

Prim oyo fead 9.1 3.8 31.2 23,9 4.1

Puim oye A e/F 23.5 45,9 an.s 0.3 0.0

Pxim oys B o/f 28,8 30,1 39,7 0.6 0.0

Brlm oye A u/f 5.8 32.2 34.4 21.9 8.7

Prim gye B u/f 6.7 28.0 35.4 24,2 8.7

Fab mill L diech 11.7 41.7 33.0 13,1 0.8

Pab mill 2 dimdh T4l 28.9 36.0 7.0 0.0
. Bag cys faar] 26,6 a7.9 35,1 0.5 0.0

Satt oyw o/f 77.2 22,0 a.8 0.0 p.0

Sec oyo uff 10.7 8.0 =1- T J..D DO

Chaek foyr accuradgy:

© Gale Mean

Peim oya o/f molst 73 73 %

gt oyc off molet B4 84 %

Fab mlll molsts 25 29 %

Note | Thy pemondaxy oyclona fand wolids and watar flow ratams
wiR estimated and adjusted to yleld raagonable watar
aontente in the primary overflow and pabbla wmlll discharges
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Tegt l¢ initial mass bhalance
Stream Salides  Water
Rod will faad 68,2 3.5 &/he
Rad mill dilution 21.7 w/hy
Red mill discharge 66.7 25.2 &/hr
- Brimazy dilution 287,2 v/hy
Prim gycione fesd 408.B 491.7 t/he
Peim oyelena B off 65.0 188,00 t/he
Prim syelonm B off 83.0 185.0 t/hy
Peim cyélone d uw/f 136.4 60.8 t/hr
Prim oyolove B u/f 138.4 6048 t/hy
Pabble additien 1 2.6 t/he
Fabble additlien 2 2.3 t/he
Peb mill 1 product 142.0 60.8 t/he
Peb mlll 2 produst 142.0 60.8 &/he
Swoondary dilution 3.7 v/hr
SQu‘cyalona feed  130.0 37%5,8 ¢/hr
Ser oyolone off 711 31641 t/he
B cyslona w/f 58.9 5747 t/hr
Blza analyaiw _ _
AL W
Strean =95 =l50+75 ~250G+15% ~1700+250 +1700
Rod mill discharge 7.9 4.4 11.4 48,9 274
Peim oye faad 4.0 32.3 29.0 20,1 4.%
Prim eye A off i9.9 5642 23.% 0.5 0.2
Prim cye B off 32.8 46,3 20,1 0.8 0.0
Brim wye A u/f 7.2 41.9 28.8 25.2 6.9
Peim oyo B u/f 6.2 26.2 22.4 39,3 6.9
Pab wlll 1 dimoh 12.0 40.7 27,9 i8.5 0.5
Pab mill 2 ﬂ_i.'ch - 18,9 23.2 4.7 16.0 0,3
. Bae pyo fand 6.4 §1.3 21.7 0.7 0.1
S8c oye o/f 19,4 20,4 0.2 0.0 8.0
Sas GYQ u/£ 13.7 Bh,3 20.5 0.5 0.0
. - : :
Cheok for accuracy:
Cale Haap
Prim oye off molmt T4 4 %
San oye o/ molet 82 a3 4
Peb mill molst 30 30 %

Neta 1 Tha sagondaxy eyciona fead wolids and water flew rates

was eutimated and adjusted to ylald reamopable waker

contante in the primary sverflow and pabble mill discharges
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Tagt b inltial mame balanca

L LT o el e ot

Straan Sollds  Water |
Rod mill fewd 661 3.5 u/hr
Rod will dilution 24.0 &fhe
Rod mill discharge &6.1 2B.5 %/hr
Primary  dilution 286.6 &/hn

Prim cytlona fosd 381.0 452.2 t/he
Prim eyclone A o/f 67.7 192.5 £/he
Peim eyclone B of/f  67.7 192.5 t/hy
Prim gyolone A u/f 122.9 53.6 ¢/he
Prim oyslone B u/f 123.9 B3.6 t/hr
Pubble addlitien 1 2.8 . t/he
Pabble addition 2 2.3 t/hr

Pab mill 1 product 125.5 53.6 t/hr
Pab mill 2 produst 1I8.5 Ba.6 t/hn
Secondazy dilutlon 4.3 t/he
Sex cyclona faed  135.3 389,3 t/he
. Bmes ayelone ofy 7.0 J16.4 &/hy
Ser cyclena u/f 64.3 72.9 t/he
Slze mnalymin
Iﬁﬂ\ﬂ--“l..l- .
Btraam =75  «1EQ476 ~280+150 -1700+250 #1700
- R
Rod mill dischavge 0.2 9.9 4.5 41.3 as.l
Prim pys fewd 13.4 39,2 2547 7.0 6.8
. Belm oye A fo 3.7 36,9 21.2 8.2 0.0
Prim 'Gyl:l B o,i 30.3 5712 2003 1!2 O-O
Prim ayn A u/f &.8 29,8 29.1 23.8 16.8
Pfim ﬂyﬂ B “/£ 7-6 31.8 25t° 24;1 1°05
Pab mal) 1 dlsch 17.8 29.5 36.1 . 16.3 0.2
Peb mill 2 diosh 8.4 1: 9 28.4 1i.5 0.3
Hat: ays fewc 27,3 47,1 21.0 &7 0.0
Goo oye off 7.0 22.8 0.4 0.0 0.0
faq oye u/f 14.3 69.9 15,4 0.4 0.0
EHNRENEN ant L1 2 I

Chwok for Asouraayt '
Calo Moxw

Prim oya o/f molst 74 %
Sew aye o/F moist 82 83 %
tab mill molet an a0 %

Note t The wecondary cyélunn foed solids and water flow rates

~wap astimated and adjusted to , ‘sld raascnable water
gontants L the primary ovavilow and pebble mill discharges
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AP P ENDIX D Chleutated muss balinee

Tast la Inltial maos bglnnca

Strsan '_ Solides Watey

Rod mill feed 491 2.6 t/hw

Had mil) dilutien : 16.4 t/he

Rod mill dischaxge 45.1 19.0 t/hy
© Peimary  dilution . 2813 £/hre

Prim oyclens fsed 372.85 486.4 t/hy
Peim oyelone A o/f 67,2 1832 criny
Prim oyclons B U/f 67,2 191,13 t/h:r.' .
Prim oyclone A u/f 119, 52.1 t/hy
Prim cyolone B u/f 119.1 82.1 %/hy
Pabhble addliion 1 2.6 . e/he
Palbla additien 20 . 2.3 t/hy
Pak mill 1 procuat 121.7 B2.% t/he
Peb mill 2 product 123.7 52,1 t/hy
Saeondayy dilution - A4 t/he
sec cyclons fesd | 134.3 386,5 t/he
Smo gyglonw o/f 84.0  304.7 y/hr
Sec eyulone u/f - BO.3 81.8 &/hxe

Size anulysls

R R————— N : : : ]

Straam =75 ~1E0+78 »2B04150 =~1700+250 41700 A
Red mill dimghargs 8.1 2.9 20,2 47.9 - 20.9
Prim cye fesd 12.4 42.0 ‘26.8 15,9 3.0
Peim oye A o/f 28.0 36,2 34.5 1.3 0.0
. Prim oye B off . 28,0 6,2 34.8 1.3 0.0
Prim oy B w/f : 7.3 31.2 28,6 27.2 4.7
Pab mill 1 diweh 16.8 38,7 2846 . 18,5 0.6
Paub mill 2 diwch 8.8 44.3 32.4 13.4 g.1
Bay oye fewd 28.0 38.2 34,8 1.3 g,0
Sac cye off E 74,6 25.0 0.4 0,0 8.0
2.7 ’ 0.5 ) o,e

Se0 eye u/E - 8745 19.3

theok for asaupacy: o
: cala Mead

Prim oye o/f moimt 14 74 %
Sac eyt v/f molst BE - 83 %
Pal mill molat an s

Notw ¢ The secondary ayclene feed :olidu and water flow rates
was sntimatad and adjustad £o yiald reagonabla water
oontentas in tha primary overflow and pabbis mil) discharges
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APPENDIX C Estimuted secondury cyelone feed values

Tent .Wﬁter Solids

~ Flowmte  Flow rate |
Ely Mn_'

i 386.5 80.2
b 89,3 64.2
lo 373.8 58.9
T . 3984 52.6
% 376.6 52.6
% 366,3 60.3
3 27 0.7
b 2769 2
3¢ 269.7 22.5
4a 2748 13
b 274,9 14.2
de 266.4 i5
Sn 221 191
5l 258 123
S0 . 260.9 12,5
6a 322.8 373
6b 332.6 37
fic 3207 34
7a 303 3.8
T 299.2 3
7o 97 0.8
£ 274.9 CBe
Bb 277.2 4.1
8o 283.8 2.2
ila 2809 16,1
11 256.8 186
11e 2579 20,9
120 2511 9.9
12b 2472 132
S 238,4 113
18 283.1 455
13b - 308.7 302
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| Pest 13c data shoot

. Measured valuas

primary cyclione fesd flow rata

621,0 m3/hr

Primavy ayclone fead denaity 1439
Secondary eyslona fasd flow rate 410.1 m3/he
-Satondary oyclone feed density  1.252
Rod mill feed wmlide (wet) 65.6 t/he
Rod mill feaed watar 20,6 t/hn
Primazy sump dilution 202.9 t/hr
Secondary sump dilutlon 7.9 t/he
Pebble mill 1 pebble fesd rate 1.0 t/hr
Pabble mill 2 pebble feed rate 0.Q t/hx
Febble mill 1 power : 325 RWhz
Pebble mill 2 power : 234 kwWhr
Bpigots : primary &  9.50 om
] t primary B 9.50 cm
t pocondaxry 0,00 om
From dally log shesta ¢ % moistura @
' ¢ primary ovarflow Y EIRT
¢ sacondary ovavflow 45 %
t peb mill dischirga 92w
Slga analyses ~ & in plze interval (um)
=75 «lB0+75 =2B0+150 ~1700+250 +1700
Reg mill dischaxga 14.7 4,6 6.4 4.7 29.8
Prim oye B o/f - 580 36.6 - 7.0 0.4 2.0
Prim oye B off 55.0 39.1 5.7 0.2 0.0
Prim oyo A w/# 9.6 25.6 27.5 7.3 0.0
Peim eyo B u/f 10.1 8.8 29,7 31,4 0.0
Pab mill 1 disch 24,9 atl.v 26.2 17.2 0.0
Pab mill 2 disoh 27.7 29.5 27.4 15.4 0.0
Bec oyo o/f 6O 0 19.9 - 0.1 0.0 0.0
Bac oyo u/fé 20.4 73,3 7.3 0.0 0.0
Galoulated valuen
Primery syoclone fesd solidn 437,0 t/he
Primary aytlons fesd watey 455.8 t/hr
Savondaxry cyolona fesd solids 166.0 t/hr
Secondary cyolona fasd watey  347.5 t/hr
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Test 13b data sheet

Meapured valuas . ' o

Primicy oyelone feed flow rate  618,0 mi/he

Primayy cyclone feed deneity 1.438

Secondary ¢yclone fsed flow rate 400.6 md/hx
. Secondary cyclons feed density 1,252

Rod mlll feed solids (wet) 62.8 4/hr
Rod mlll feed watet 20,1 g/he
Primary sump dilutlon 187.6 t/hre
Secondaxy sump dilution 7.9 t/hr
Pabble mill 1 pebble feed rate 8,6 t/hr
Pabble mill 2 pebble feed rate 0.0 t/hr
Pabble mill 1 powar 328 kwWhe
Pebble mill 2 powar 233 kWhe

Spigote ¢ primary & 9.50 om
: t primary B 9.50 om
t gocondary .00 om

From dnily log sheeots 1 % molsture @

1 primaxy everflow %
' secondary ovarilow BB %
: peb nil) discharge 32 %

Yize annlysas - % in alze lntecval (um)
-75 =150475 ~2504150 -1700+250 +1700 -

Rod mill discharge 12.5 Te3 2.6 El.2 19.4
Prim oye & o/f 59.4 34.0 6.4 0.2 0.0
. Prim cyo B o/f 56.9 8.6 4,3 0.2 0.0
Prim eyc A u/f B.7 2B8.6 az.s 29.8 0.0
Prim eyo B u!f 0,1 29.4 94,1 26.4 0.0
Peb mill 1 dioch 23.7 3.8 28.9 14.9 0.0
Pab mlll 2 dimch 28.1 29,7 29.8 2.4 0.0
Sag OYG ﬂff 72-1 27!7 002 0!0 °|Q
Sac oy u/f 23.1 65.9 1.0 0.0 0.0

Caloulatad values

Primary cyoclone fead solids 434.7 &/hr
Brimary cyclone faed wates 453.9 t/hy
 Sesondary ayelona feed solids 162.1 t/he
Satohdary cyeleons feed water  339.4 t/hy
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Test L3a daka shaet

Measuvred valuag

Primagy oyolone feed f£low rate  613.0 m3/hy

Primary cyclona fded denslty
Sevondary oyoclohe fead flow rat

1.454

a 401.6 m3/ e

Seeondary e¢yelone feed denaity 1.271
Rod mill faed solidg (wet) 42,3 t/hr
Rod mill fasd watex 15.8 t/hy
- Primary aump dilution 120,99 /he
- Secondary sump dilution 7.8 £/hr
Pabble mill 1 pebble faed rata 10.8 t/he
Pabble mill 2 pebbla feed ratw 0.0 &/he
Pabble mill 1 power 326 kWhr
Pabble mill 2 powsr 230 k¥hre
Spigots t primary B 9%.50 em
t primary B %.50 om
¢ sacondary 0.00 om
From Gally log shmets ; % molsbura
t primavy overflow 74 %
t sactndary overflow 85 &%
¢t peb mill discharge 32w
Siza analyeag ~ % in size inkexrval (um)
' «75 =150475 ~2B0+150 =~1700+250 +1700
Rod mill Qischarys 19.5 7.4 9.9 Bl.% 1.8
© Prim cyﬂ A Q}f 5%7.2 36.4 8.1 0.3 0.0
Prim oyo B Q[f an,.s 34.0 5.4 0.1 0.0
Prim cye A u/f 8.7 27.9 34,0 29.4 0.0
Frim eye B u/f 10.9 ‘28,3 35,4 25,4 g.0
Peb mill 1 dlach 25,0 29.5 30.2 C18.2 0.0
Pab mill 2 diech - 22.8 31.7 30.8 14.1 Q.0
Sac cym . o/ff B85.2 14.7 0.1 0.0 0,0
Bec cyo w/f 24.8 61,1 14.1 0.0 a.Q
caleulated valuas
Frimary cyclons feed solide 447.0 t/hy
Primary cyclons fesd water 444.3 t/hw
Sacendary cyclone fasd sollds 174.8 &/he
Smeondary syclone feed waber 335.6 k/he
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Teat 12¢ data sheet

Measured values

: Primary.uyclone feed flow rate
Primary oyelone faed density

631.0
1,508

Sevondary cycleone feed flow rate 403.0

Sacondary syolone faed density
Rod mil) fesd polide (wat)

Rod mill feed water

Primary sump dilution
Senondary sump dilution
Pabbla will 1 pebhle feed rate
Pabble mlill 2 pabble feed rats
Pebble mill 1 powax

Pabblae mill 2 poway

splgete : primayy A 9,50 cm
¢ preimapy B 9.50 ém
¢ secondary 0.00 em

1.2853
67,9
21.2

18%.2

alz

0.0

DIO
322
221

from dally log sheets : % moloture ¢

: prlmagy ovaerflow
1 sagondary ovarflow
t peb mill dischaxga

74
as
a2

m3/hr

m3/he

t/hx
t/hr
t/hy
t/he
+/hz
t/hy
kWwhe
hwhx

%
%
B

Blzm analyocer = % in size intseval {um)
' _ ' =75 ~150+75 -2B0+150 -1700+4280 +1700

Rod mill disgharga 15.1
Brim oye & off E8.1
Prim oye B o/f - 4.4
Prim oya A u/f 7.2
Prim eye B u/f 9,0
Pab mill 1 disch 27.4
Pab mill 2 disch 23,2
Sac ayc off 81.1
e aye u/f 3.0

cn;culatgq valueg

Primary cyclona fasd sollids
Peimary eyolons faed wataor
Secondary cyolona feed solids
Secondary cyclona fued water

Appendix B : Measured test results

5,1

33.4

36.5

20.7
Cho,1
22,0
28.2
18,5
5.4

-

M B LY B
FOoOmoOO DWW oG
0 = O W 03 - O b (D

x » x & o« o W

.

514.8 t/hy

436.7 t/hz
183.2 t/hy
333.9 t/h.\.‘
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Test 12h datsa sheet

Heapured valuag

Primary oyclone fesd flow rate  630.0 m3/hx
Brimary dyclons feed denslty 1.499
Sevondary ovolone feed flow rate 403.6 m3/hr
.8gcondary cyclone fesd density 1.277

Rod mil) feed molide (wet} 69.2 t/he
Rod mill feed water 21.6 t/hr
Primary sump dilution 1g5.6 t/hr
Sscondary sump dilutlon 8.1 t/hr
Pabbla mildl 1 pebhias feed rate 0.0 t/he
Pebble mlill 2 pebble feed rate 0.0 t/hr
pakbla mill 1 powar o 322 kWhr
Pabble mlll 2 power 220 kWhr

Spigota : primary A  9.50 em
"3 primary B 9.50 om
1 secondary 0.00 em

* From daily log sheets : % molsturs :

t primary overflow T4 %
4+ sacondary ovezflow 85 %
3 pab mlll discharge 32 %

Bize analyses ~ % in size interval (um) :
=78 ~150+75 ~250+150 ~1700+250 41700

Red mill discharge 16.0 4.2 6.4 41.3 32.1
‘Brim eye K o/ 52,2 35.8 . 1.9 0.1 . 0,0
Prim ¢ye B o/f §3.3 38.0 8.6 0.1 0.0
Brim oyo A u/f 9.5 21.0 28.4 41.1 0.0
Preim oye B u/f 7.3 23.6 31.1 38.0 0.0
Pab mill A disch 24.7 24.4 26.2 24.7 0.0
Pab mill 2 diasch 24.4 26.8 28.8 20.0 0.0
Sac eyo o/t B3.8 16.9 0.3 Q.0 0.0
Sec ayo w/f 21.3 60.3 18.4 0,0 0.0
Calculatad values
Primary syclone feed golids 1.9 ¢/hr
Primary oyclona feed watex A49.5 £/he

Seonndary oyelene feed solldi 179.6 t/hy
Secondary cyclona feed watar 335.8 t/hy
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Teat i%a data sheet

Measured values

Priwmary cyclone feed flow rate  626.0 md/hx
Primary cyclone feed density l.494
Secondary c¢yelone feed flow rate 397.0 m3/hr
Senondary cyclone fesd density 1.287

Rod mill feed selide (wet) 73.9 &/hr
Rod mill fead water 23,1 t/hr
-Primary sump dilution 179.1 &/hr
Segondary sump dilution 8.5 t/he
Pebhle mill I pebble foed rate 0.0 t/hy
pPabble mill 2 pabble faed rate 0,0 tfhr
Pebble mill 1 power 325 kwhx
Pebble mill 2 power 221 kwhz
" Splgots : primary A 9.50 om
¢ primary B 9.50 em
1 secandary 0.00 om
From daily log sheets ; % mniatura :
: primary overflow 74 %
¢ secondary overflow B5 K

t peb mill dlsnharga' 328

Siaa analyses = % in slza inkerval (um) _
-75 «180475 -250+150 ~17004+250 . +1700

‘Rod mill discharge 3.3 4.0 6.0

42,7 34.0

Prim cye A off 53.4 34,68 11l.B 0.2 0.0
Prim aye B o/f BE.9 34,5 9.4 0.2 0.8
Prim oye A o/f -1 -] 20.2 28.8 42,4 0.0
 Prim cye B u/f 9.0 22.9 30.5 37.6 0.0
Peb mill 1 disch 3l.8 20.7 26.9 20.6 0.0

- Peb mill 2 dinch 23.2 29.2 28.2 19.4 0.0
Seu oyo w/f " 19.8 58,9 21.5 o.0 0.0

galevlated valuas

Frimary oyolone foed solids 4%96,7 t/hy
Primary cyclona fesd water - 438.8 £/hr
Bedondary eoyolone fesd aolide 1B83.0 t/hy
gacandary cyclona feed water  327.9 L/hr

~ Appendix B : Measired test results _ 133



Test 6b initial mass balano

Btraam golids  Water

Rod mlll famd 47.9 2,5 &/hre

Rod mill dilution 15.7 t/he

Rod mill diacharga 47.0 18.2 t/he

Primary dllution 172.6 t/hx

pirim cyclone fued 462.0 437.7 /e

Peim eyslone A o/f 46.8 1258,7 t/hr

Prim oyolone B o/f 46.5 125.7 &/hr

Prim cyclone A& u/f 184.5 83.1 t/hr

Prim cy¢lone B u/f 184.58 3.1 t/hr

Febble addition 1 8.5 t/hr

Pebblae addition 2 3.4 t/hy

Peb nill 1 product 1%0.0 93.1 t/hy
CPab mil) 2 product 190.0 3,1 &/h

gfacendary dllution 81.2 &/he

Sar ayclona feed 93.0 332.6 v /hr

Sae¢ cyclone off §5.9 272.0 +/hr

Set cyclona u/f 371 60.6 t/he

S§ize analysis

I R T

Stream w75  «lE0475 =2504)EB0 -1700+280 1700
Red mlll diwcharge 23,8 E.7 18,4 Bi.4 7.0
Prim eyc fead 28,5 27.5 26.% 15.8 0.7
Brim cyc A o/f 32.4 36.9 22.2 8.5 0.0
Prim cyo B o/f 48.1 42.0 9.7 0.2 0.0
Frim oye A w/E 11.8 2.5 20.4 30.5 0.9
Prim oy B u/f 13.2 27.2 34.8 24.1 0.9
Pab mill 1 diech - 37.58 268.8 23.7 112 n .0
Pab mliil 2 diagh 23,0 30.0 1.0 16.0 2.0
e oya faawd 40.3 39,5 16,0 4.3 0.0
Sav oye off - 80,0 8.7 0.3 0+0 0.0
fed aya ujf ©15.4 42.7 41.9 0.0 c.0
Chmek fon scouracyt

Cale Mosw

Prim cya o/f molet 73 73 %

gec oye o/f molat B3 83 %

Pal mill moist 33 33 %

Note ; The sacondary cyclons fecd solids and water £lov ral 8

wag astimated and adjusted to ylald reawonable water

contants in the peimary ovapflow und pebble mill dischargme
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Tast 6 iniulnl mass halanta

Streanm Selide  Water

Rod mill feed 47,4 2.5 t/hr
Rod mill dilutien 15,6 t/he
Rad mill dimchavge 47.4 18,1 t/hy
Primary  dilution 172.0 t/hy

Prim oywlone facd 462.7 438.4 &/hr
Peim oyolone A off 46.7 138,0 t/hre
Prim eyslons B o/f 46,7 126.0 t/he
Prim syelona A u/f 184.7 83.1 e/hy
Prim oyelone B uw/# 1B4.7 3.1 +/hx

Pebhle addition 1 8.2 t/hr
Pabble additien 2 A4 t/hx
Pab mill 1 produck 189.0 93.1 £/he
Pebl mill 2 produet 189,9 83.1 &/he
fecondary dilubion 0.7 /by
890 cyelone faud 893.3 322.8 t/he
Sae cydleone o/f 56.0 260,8 #/hr
Seo cyolone u/f 37.3 B82.0 &/hr
Slam analysis _
A .
Btream =76 ~1B0+YE ~2B0+150 ~1700+250 +1700
Rad mil)l discharxge i18.9 . 3.8 12.4 48.8 16.6
Prim eye fead . 4.1 24.8 24,3 119 ] 1.7
Prim oye B8 off 42,1 28.7 20.B 8.4 0.0
Beim oys J o/ 48,0 40,6 0.8 0.6 o.0
Foim eye A w/f 1444 -24.6 2B8.2 3047 2.1
Prim eye B u/f 5.7 32.0 3s.2 25.0 2.1
Pab nill 1 diach 34,9 23,8 24.0 17.3 0.0
Pab mill 2 disch 6.1 285.3 2B.9. 32.7 0.0
Sea0 aye aff o 78,9 3.3 0.8 0.0 0.0
e ayo u/f ' 15.1 B3.5 al.4 0.0 Q.0
Chask for acouracyt

Calo Huas
Preim oye o/f molast 73 73 0%
Sac cyo o/f molst Bz B3 %
Pab mill molmt k] J3 %

Nota : The secondary cycione fesd solida snd water flow ratas
vwas estimatad and adjusted to yleld reasonabls wator
vonkants in the primary averflow and pabble mill dissharges
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Tapt So  lonltlal maees balanen
Btpaam . So)ids  Water
Rod mill fesd 3.6 3.9 B/he
Rod mill dlilutien 24.2 t/hy
Red mill dischavge 73.8 28.1 t/hr
Primaxy dllution 177.4 t/he
Prim cyclove faed 406.3 382.7 t/h»
Prim oyoclons A off 46,5 125.8 £/hx
Peim eyclona B o/f 46.5 125.8 £/he
Peim eyclone B u/f 156.6 B5.5 t/h»
Prim oyelone B u/f 156,86 65.5 t/hy
Pebhle addition 1 3.3 t/he

- Pebble addition 2 ° 3.7 t/hx
Peb mill 1 produet 189.9 86.8 t/he
Peb mill 2 produst 159.9 65.% t/he
Seoondary dilution 9.2 t/he
fee cyelone fead 93,1 260.9 t/hy
Sec oyglone o/f 80,6 214.,7 &/hy

- Smo cyclona u/f 12.8 46.2 tjhe
Size analyals
9 L I L
Btrdam _ =75 -150+75 ~2B0+150 -1700+250  +1700

_ o s
Rod mill discharge 15.2 . T6 6.4 35.2 34.8
Prim cyc Zaad 17,2 7.1 26.3 22.6 6.7
Prim ove A off 32.5 36.2 3.3 0,0 0.0
Prim oye B o/f 25.3 39,5 28,2 7.0 0.0
Prim oye A w/# 10.5 21.6 as.2 24.1 8.6
Prim eye B u/f 12.8 28.2 29.0 R26.4 8.8
Pab mill 1 diech 16.9 30,9 3.6 20.8 0,8
Peb mil) 2 dimch 18.9 29.8 ©3l.3 15,8 0.2
Swe cye faaed 28.9 a7.9 i%.8 3.5 0.0
Bwa oye nff 5.8 20-& ded 0.0 0.9
Baw oyo u/f o 3.0 - 60.1 b2 0.7 0.0
" _ | 1 5 L
_Chack for acousamy: _
S _ Caly Meas

Peim oys o/f molst 73 73 %
Sac oyo off molmt 74 B4 %
Pab mlll molet 29 29 %

Neta : The recendary cyclone feed solids and wabay Flow ratak
win astimatad and adjusted to yield remsconable water
gontente In the prlmary overflow and pebbhla mlill dlscharges

Appendix 1D : Calerlated mass balance

134



Test BB lnitial mass balance
Straam Sulids = Hater
Rod mil) feed 71.8 3.B t/he
Read mlll dilutien 23.7 t/hy
Rod mill discharga 731.5 27,5 &/hr
Primaxy dilution C372.3 t/he
Pelw oyelone fasd 397.1 376.2 t/hx
Prim eyelone A o/f 46,0 124.4 &/hr
Prim eyclons B off 48,0 124+4 t/he
Prim cyalone A uw/f 153.8 63,6 t/he
Brim gyclone B u/f 1562.5 63.6 t/hy
Pabble addition 1 3,3 t/hy
Pabble additlon 2 4.7 t/hye
Pah mill ) produot 185.8 63,6 t/he
Peb mildl 2 product 15B.8 63.6 t/he
Swpondary dilution 9.1 &/he
Sag cyclons feed 9.1 25B8.0 t/hy
Sme oyclone off 78.5 20B.Y #/hy
Sag gyoleonw u/f 13,6 49.1 t/hre
Blze anslysis
i O 0 .
Strean w78 w]1B0+75 -250+150 ~1700+4250 +1700
- Red mill disahargs 9.7 8.6 7.8 40.0 - 32,9
- Prim oy fesd 11.9 29,2 28,4 24.% ‘B2
Prim cye A o/t 3.3 35.4 33.3 0.0 0.0
Baim eye B off - 18,9 48,4 26,8 6.9 0.0
Prim oyo A u!g 8.8 1a.48 37.6 - 28:9 8.0
Prim oyo B u/ff 8.7 18,9 31.3 3.1 8.0
Pap mil) 1 dimch 2.1 33.8 318 22.0 - Db
Bab mlll 2 dimch 12,6 32.9 33.9 0.6 .0
San oye fand 25.6 40,9 30.0 3.8 0.0
Sag aye o/f 73.8 23,2 3.0 0.0 0.0
“Ban oye njff 14.7 38.8 40.0 B 7 0.0
Chack for acouracy:
' . Cala Maan -
Prim oye s/f molat 73 73 %
Sme oyd off molet bk | #a ®
29 %

Pebh mlll moist 29

Nota t The sscondary oyclone fead solids and water flow rates
waa astlmatad and adjusted to yiald reascnable waler
contéante in the primavy ovarflow and pebble mill dliacharges
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Test 52 initial masa balane

Straam ' golids

L]

Watey
Red mill feed 65,6 3.5 t/hx
Rod mill dilution 21,8 t/he
Rod mill diwcharge 68.6 25.3 t/hx
Prlimary dilutlen 178.9 t/hr
Prim oyalone faad  417.8 384.3 t/hy
Prim ayclone A off 45.9 124,1 t/he
Prim cyclone B o/f  45.9° 124.1 t/he
© Prim cyclons A u/f 163.0 88.1 t/hr
Peim cyalons B u/f 163.0 68,1 &/t
Pabhle addition 1 3.3 t/hye
- Pebble addition 2 3.7 t/he
Pab mill 1 product 166.3 68.1 &/hx
Pab mill 2 product 1&6.3 68.1 t/hx
Sacondary dilution 14.0 ¢/he
Ssg ¢yeclona fesd 9l.8 262,1 t/hr
fay oyolone off TZf 218.2 &/hr
Set cyclone u/f 1.2 - 43.9 &/he
Eize analysis _
I T R X . .
Btrana : C w75  «l50475 =2504150 =1700+280 +1700
Rod mill dischargs . 4.8 1344 5.8 37.2 38,8
Prim oye fmad . 14.2 2?-5 . 33.4 “18.4 . 8.4
Prim cye A of# 30.8 35,8 33.1 - 0.3 . 0.0
*rim cyc B off 18.8 46.5 28.8 &4 0.0
. Pram oye A w/ff B.6 12.6 27.7 45.9 B.2-
Prim Qye B “ff B,9 17.0 32.1 33,48 8.2
Pak will 1 disch 18,1 20.0 44.9 163 0.7
bPab wmil) 2 disch - 4.4 1 2.2 1443 0.0
Sec oyo fead 24,7 - 41,2 30.8 3.4 0.0
Sse oyo o/ 4.6 22.7 2.7 0.0 0.0
San cyc u/E 0.8 43.0 38.8 © 7.4 0.0
Chack for aeouracys
Caly = Maas
-Brim oye ofF malmst - 73 738
gac aya o/f nolet 78 B4 %
Pab mill moiet 29 29 %

Note 1 The weoondary oyolona feed nolide and waker flow ratoes

war estimated and adjusted to yisld reascnable watos

contante ln the primary ovarflow and pabble mill discharyws
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Test 4¢  inltial mass hglunca

Stram Solids Witax

Rod mill faed 72.0 3.8 t/he
‘Rod mill dilution 23,8 ¢/he
Rod mill discharga 72.0 276 &/he
Primary dilution 214.5 €/hy

. Prim oyclone fead 470,3 410.5 t/hy
Prim tyclons A of/f 47.0 127.0 t/he
Prim vyclene B off  47.0 127.0 & /he

- Prim gyolone & u/f 188.1 8.2 t/he
Prim ayelone B u/f 188.1 78.2 t/he
Pabile addition 1 t/he
Pabble addition 2 t/hy

3.3
3,7

Pab mill L product 191.4 78.2 ¢/hy

Pab mill 2 product 191.4 78.2 t/he

swcondary dilution ©A2.3 w/he

Sec oyoclone fasd 94.0 266.4 t/he

Bau cyclene off - 79.0 - 254.4 t/hr

Sag cyclone u/f 15.0 12,0 t/hr

Size analysis

S I .

Stxaam ' =78 wAE0+7H ~280+4150 ~1700+250 41700

Regd mill dischange 7.5 7.5 9.4 342 41.4

Prim cye faad 0.4 24.6 29.3 28.0 7.9

Prim oye A off 1B.5 36,1 44.4 1.0 0.0

Prim cye B off - 23.3 29.8 45,2 1.0 0.0

Prim cys A u/f - 5.3 14.8 27.8 42,5 5.9

Prim cyo B u/f 2.8 16.2 357 3.0 9.9

Pabk mill 1 disch 7.6 2.4 30.4 30.0 -

Peb mill 2 dimch 13,86 25.7 34.8 28,7 0.2

Sug pye fasd 20,49 az2.8 45,3 1.0 g.0
| Gao aye o/ 8.7 16.8 1.5 0.0 0.0

Sec cyo u/f 0.6 44.2 42.7 2.8 0.0

Check fox accourday:
' : ' tala Maan

WL I PO T 3 AU R .
Prim oye off andat 73 7304
Bag oya o/f nedbn . 76 84 %
Pab fiuky moles 29 29 %

Note 3 The sacondary cyslone feed solids and water flow rakas

win oetimated and adjustad to yleld reasonable wateg
- contenta. in tha primary ovarflow and pebkle mill discharges
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Test 4b fnitial mass balance

Strmam - Bellds  Water

Rod mill fead . 6.5 4.0 t/he
Rod mill allution 25,1 t/hr
Rod mill discharge 76.5 29.1 ¢/hx
Primary dilution 217.6 t/he

Prim cyolone feed 463.2 4§16.2 t/he
Prim aeyelona & o/f 48,8 132, £/hx
Prim cyclona B off 48.8 132.1 /hy
Prim cyclons A u/f 182.8 76.1 t/he
Brim cyclony B u/ff 182.8 78,1 t/he

. Pebbla addition 1 a.3 t/he
Pabble addition 2 3.7 t/hy
Pab mill 1 produet 186.1 76.1 ¢/hre
Pab miil 2 proguot 1B6.1 76.1 €/he

Secondayy dilution | 0.8 t/hy
Sac eyolone feed 97.7 274.9 t/hre
gac cyolong o; f 83.5 287.8 &/hy
Sas oyclone ujf 4.2 7.4 &/hy

Bize analysis

I : . '
Stroaam . =75  w150+75 =2504180 ~1700+250 +1700
Fod mill dlscharge 6.8 8.8 9.1 25.4 45.59
Brim cyn feed . 10.2 25.6 29,1 25.1 10,0
Prim cyq A o/f 14,8 41.1 38,9 4.4 0.0
Frim cye B o/ff 24,9 33,3 40,3 1.7 0.0
Prlm oye & u/f 4,4 17,5 an.2 35.2 12,7
Prim cye B w/f 7.1 8.7 35.7 28,8 2.7
Yeb mill 1 disah 7.1 30.2 2948 27.7 5.8
- Pab mill 2 disch 4.5 26.5 45,9 22.5 Q.6
Bag cyc fued 18.8 ar.a 40.1 3. 0.0
Bmec aye Off 81.0 15.4 3.6 0.0 8.4
-1 1] Qyc u,t 12,3 43,2 43:2 l.3 0.0

thack for accuracy:
Calo Haan

Prim eye o/f molst 73 73 9
Sec cyc o/f molmt 76 84 %
Eab mlll molet. a9 29 %

Note : Tha secondary cyclona feed solide and wates £low rates
wae eatimated and adjumtad te yleld resmonable watex
ocuntants in the primery overflow and pebbla mlll dischargas
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Tast 4a initial mase balancs

Straan ' Solids Watar
' Rod mill feed 77,6 4l t/he
Bod mill dilution . 25.9 t/he
Rod mill discharge 77.8 30.0 t/hy
- Primapy dilukbion 213,0 /by

‘Prim cyclone faad 4B50.7 410.9 t/hr
Prim gyclone A off 48.8 131.9 t/hy
Prim gyolone B o/f 4&.8 133.9 t/he

Peim ocyclovie A u/f 176.5 73.6 t/hy

Prim cyelens B u/f 178,8 73.6 t/hr

Pobblo additien 1 3.3 t/hz

Pabblae additien 2 3.7 - t/he

Pab mill 1 product 179.8 T3.6 t/he

Pab mill 2 prodact 179.8 73.6 t/hr

Sacondary dilution 0.7 &/hre

Sac¢ cyolona faad 87,6 274.5 t/hy -

Seo oytlone o/f 84.6 253.7 &/hr

fao ayclona u/f 13.0 20.8 &/hr

Size analynis

o 2 T L

Strmam w8 =1504TE ~2504i50 ~17004250  +1700
Rad mill discharge 4.8 -2 7.5 23.86 . 413
Prim eyu ‘oedg 10.6 25,0 29.9 25,2 BT
Prim oy A o/f im,s 46.3 33,2 1.6 0.6
Prim oye B o/f 24,0 35.1 20,2 0,7 0.0
Prim oyo A w/f 3.6 15.1 27.7 42.0 11.6
Frim eye B u/¢ 6.2 17.2 33.1 31.3 il.s
Pab mill 3 disch 9.8 JLa 32.2 24.9 2.0
‘Fab mill 2 disch 13,9 28,3 36.8 24,6 0.4
Sac oyo fmed 21,5 4047 36.7 L 2.0
Set eye o/f BO.5 12.3 7.1 0.0 0.0
Ssg tyo u/f 11.7 47.4 38.7 2.2 0.0
Cheek for accuracyt

' ' Cale Honw

Prim oye o/f molst 73 73 &

Seu oye o/f molet 78 84 %

Polb mill molimt 29 28 %

Nota : The macondary cyclons fusd solide and water flow ratas
wan autimatad * adjunted to yiazld reascnable wabox
coptants Ln the primagy overflow and pabble mill dischargen
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rest 3¢ initlal mams balanca

Stream Sallde Water

Red mill fead 6644 3.5 tfhr
‘Rod mill dilution 22.1 t/hr
Rod mil) dipohargs 68,4 26,8 tjfhr
Primary dilutlon 201.3 tfbc

Prim cyelona fead 436.3 401,3 tfaxe
Prim eyolona A o/f 48.0 129.7 t/he
Prim cyclone B off 48.0 129.7 £/t
Prim cyclena A u, 170.2 71.0 t/he
Prim oyclone 8 u ; 170.2 7L.0 t/he

pabble additlen 1 3.3 t/he
Pebble addition 2 3.7 /e
Pab mill 1 product 173.5 71.0 t/hr
Pab mill 2 produst 173.5 71.0 t/he

Seaondary dlluticn 10,3 &/hr
Sac cyclons fead 85,9 269.7 /he
Se¢ ayclene off 73.4 237.2 tfhr

Sen cyclone u/X 22.5 az.5 t/he
Size analysis
M ) ) o
gtream =75 =150%75 «250+1B0 ~1700+2E0  +1700.
Rod mill dischargs 2.5 7.7 4.0 a3.c0 52.8
Frim aye fasd 1.7 - 23.0 28.1 28.3 8.9
Bgim eye A off 43.0 19.2 36.8 i.0 c.0
Prim o B off q1.4 25.8 32,6 0.1 0.0
Prim cye A u/f 2.8 19.1 28.2 38.8 1l.4
Prim cye B u/f 6.5 18.7 22.6 40.8 il.4
Pak mill 1 disch 1.8 21.6 32.7 29.8 2.1
Sac aye fmad 42.2 22.6 4.1 0.6 0.0
Sac uye off 80.9 16.3 2.8 g.0 .0
Sen oye w/f 9.3 62.9 27.6 - 0.2 0.0
Chatk for mccurascy:

: L C¢alc Mans
Prim cyc off molimt 73 T3 %
Sau oye o/f moiet 7% B4 &
Pab mill molat 8 28 %

Kota ¢ The ssvondany ¢yclons faed sollds and watey flow rates
wan estimated and adivated €o yleld roasonable water
vontents in the primary overflow and pebble mill discharges
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Test 3k indtial wmass balanca

Etyaam Sollde Water

Rod mill feed 69.6 3.7 t/hy
Rod mlll dilutlon - . 23,0 &/hre
Rod mill discharge £69.6 26:F &/he
Primagy dilution 201.1 t/he

Prim cyclone feed 425.7 403.3 t/he
Prim cveloune A off 49.3 133.3 t/hr
Prim ayuime B o/f 49.3 133.3 t/hr

Prim gyclona A u/f 163.8 68.3 t/he

‘Prim ¢yclons B u/f 163.6 68.3 t/hr

Pobbla addition 1 3.3 t/hy

Pabble addition 2 3.7 g/hr

Peb mil)l 1 product 166.9 68.3 t/hy

‘Peb mill 2 product 166,9 68,3 t/hy

Secondary dilution 10.2 &/hye

Sac eyolons feed 58,6 276.9 tj/hr

-8¢c cyclone o/f 76.6 238.0 t/hy

Sa0 oyalona u/f 22.0 38.9 v/ne

Biza analysis

SN I T K Y TR R . .

Straamn =75 ~150+78 =-2B0+150 ~1700+250 41700
Rod mill discharge 3.8 1.4 13.8 36.5 44.5
Prin cye fead 7.8 23.5 38.0 23.2 7.5
Prim oyc A o/f 35.4 18.6 40,6 5.4 0.0
Prim aya B off - 22.8 39,6 37.4 0.4 0.0
Prim cye A u/f 5.7 18,1 30,3 38.3 9.8
Prim aoye B u/f 5.4 18.7 26.2 41.9 8,8
Peb mill ) diach B.5 26.0 43.3 21.9 0.3
Peb mill 2 dlach 8.5 26.0 43.3 21.9 .3
fa]:Te) oye faﬁd 29,0 26.1 38.0 2.9 0.0
Bac oye off 73,3 15.6 11.1 c.0 0.0
Beo aye u/f - 1] 56.0 34,4 T R4 a.0

, Chack for ascusagy:
R : ‘Qala Meus

Prim oye &/f melst 73 73 %
“Bew gye off meist 76 B4 %

Pah wmill molst ar 2% %

Note ¢ The secandary cyclone feed solids and water flow rates
was astinated and adjusted to yvield rveasonsbls water
wontants in the primary overflew and pabblae mill discharges
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Test 3a fnitial mass balance

Straam solids Water

Rod mill leed 70.5 2.7 t/he
Red mill dilutlen 23.4 t/hr
Rod mlill discharge 70.5 - 27,1 &/he
Primary dilution 198.9 t/he

Prim ecyolona fopd 414.5 397.,5 t/hr
Prim eyeloue B off 49,1 - 132.8 t/hr
Prim cyelone B o/f 49,1 132.8 t/hr
Prim cyoclone & u/# 158.2 66.0 &/hr
Prim oyolone B u/f 158,2 66.0 t/hy
. Pabbls additjon 1 3.8 t/hr
Pabble addition 2 3.7 t/he
Peb mill 1 praduct 161.5 66.0 t/hr
Pab mill 2 product 161,85 66.0 t/hr

Secondary dilution 1i:.4 t/br

gag oyelona fapd 98.2 277.0 t/he

Sec cyalone off 77.5 234.4 t/hye

Seo ayclona u/f 20.7 42,6 t/he

Siza analysis

P S i - .

Straum =76 =150+78 ~250+4150 -1700+250 +1700 -

Rod mill .di!chlrge 10. 4 4.6 12nl 42.6 30.3

brim oye feed 1.0 28.9 1.4 22.9 5.7

Prim gyc A off 43,0 28.1 24.4 4,5 0.0

Prim eye B o/f 13.2 3.8 52,3 2.7 0.0

Prim oy A w/f 59 15.4 30.5 40.7 1.5

Prim oye B u/f 6,1 13.4 26,8 46.4 745

Pab mill 1 dlssh 13.0 32.4 31.8 21.4 1.4

Peb mill 2 diwch 8.2 34.6 37.4 8.7 0.1

Bac cye faesd 28,1 30.0 3B.3 3.6 0.0

Baw oye off 72.6 18,6 B.B .0 0.0 -
1145 40,0 47.8 0.7 0.0

T fSee gye u/f

cheek for acouracy: :
Calo Maus

Prim gye o/t molet "5 73 % : )

Sac cyc off molet 7 84 %
Peb mill meist 29 28 %

Nota ¢ The asoondary oyclons feed solids and watax flow ratas
was ectimated and adjusted to yield reasanablae water
aentants in the primary overflow and pabble mill dischagges
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Tost 2o initlal mass balance

Stresam Solide Water

Rod will faed 62.6 3.3 ¢/hr
Rod mill dijution 20,7 t/hre
Rod mill discharge  62.6 24.0 t/hy
Primary dilution 280.6 £/hy

Prim ¢ slone feed 438.9 474.4 t/hxe
brim oyelune A o/f 63.9 472.8 ¢/hy
Prim cyclone B off B39 172.8 t/he

Pyrim oyelons A u/f 155.6 64.4 t/he
Prim cyclone B u/f 155.6 64.4 t/hx
Pabble additien 1 2.6 t/he
Pebble addition 2 2.3 t/he
Peb mill 1 product 3i56.2 64.4 /hr
“Pab mill 2 product 158.2 64.4 t/he
Sacondary dilution 20.8 t/hr
Sav oydlone femd  127.8 336.3 t/he
Seti gyolene off 67.5 28,4 ¢/hr
gac gyclona u/f 60.3 40.9 &/hx

8lzs manalysis
Ao 7 P

Straam g =15 =1850475 «250+4150 -1700+280 41700 |
Rod mill discharge 2.8 11.0 E.B 40.7 38.7
Prim cyo feed 12,2 34.0 27.6 20,1 6.2
Prim cyc B off 35.1 29.3 33.6 2.0 0.0

- Fein cye B o/f 23.5 . 54.0 21.0 3.5 0.0
‘Prim aye A u/f 7.0 25.1 29.5 29.8 8,8
Peim aye 8 u/s 6.6 26,6 28.6 29,4 8.8
Pab mill 1 disch 18.7 26.4 33,3 20.2 1.4
Fab mill 2 disch 9.3 41.4 29.%9 19.3 0.1
Sac eyo faad 29.3 41.7 27.3 1-3 0.0

. Sat aye off 69.2 28.7 2.1 a.0 0.0
Chack for ancuracy: : o :

Cale Maasg

Prim oye o/f wmoist 3 M3 %

. 2ec oyo o/f molss B3 B4 %
Pab mill molet 29 29 %

tiote : The secondary cyoclone faed solids and water flew ratud
wan esgtimated and adjusted to yleld raasopahle water
sontente in the primaxy overflow and pshble mil) discharges

Appeﬁa’t’i: D : Calenlated mass balenee 145



Test 12a Llnitlal maee balance

Stream _ Bolide  Watex

Rofd mill faamd 707 3.7 t/hy
Kod mill dilutlon 23.1 t/hr
Rod mil) digcharge 70,2 26.8 t/hx
Primary dilutlon 179.1 #/he.

Prim oyclone fasd 496.7 438.6 t/hre
Prim oyelone A of/f 42.5 121,3 t/br
Prim oycione B off 42,4 181.3 £/hy
Prum eoyclone A u/f 205.7 98.0 £/hy
Prim oyclena B u/f 205.7 98.0 £/he

Febbla additlon 1 2.8 t/hz
Pabble addition 2 2.3 t/he
Pab mill ] product 208.5 98.0 t/he
Pab mill 2 product 2UB.5 58.0 t/he
Becondary dilution B.5 t/he
Sen gyaslens feed 85,2 251.1 t/hy
Sec cyclonas o/i 76,3 214.4 t/hr
Sec oyelone u/f 8,4 36.7 &/hy
Size analysix
WL L2 A L
Suseam ' =15  wiS0+75 ~380+150 -~1700+250 1700
Rod mild disgharge 13.3 4.0 B.0Q 42,7 34.0
Peim oye feead 28.4 22,7 24.4 2.8 4.8
Prim aye B o/ff 3.4 34.6 11.8 Q.2 g.0
Peim pye B o,f 55.9 34.5 8.4 0,2 © 8.0
Prim wyc A u/f 8.5 20,2 28.8 .6 5.8
Prim oyo B u/f 9,0 22.9 40.5 31.8 5.8
Pab mill 1 digoeh 31.6 20.7 286.9 208 )
Pab mill 2 diech 23.2 29.2 28.2 1%.4 0.0
gac gyo feaed 54.7 34.5 10.6 0.2 .0
Bat oy o/t 83.8 6.0 0.2 0.0 0.0
8ex oyc u/t 19.8  58.9 2.8 0,0 0.0
Chack for accuracyt ‘
Cale Maan '

]
Peinm aye o/f nolst 74 4 &
Sea ovyo o/f molst 74 ‘ab &
Peb mlll meist a2 a2 %

Note : The secondsry oyslonw faed solids and wakor flow zatem
wan eatimated and adjustsd Lo yield veasonabis watap
contents in the primary overflaw and pebble mill dischaxgoes
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Tost 1lle inieianl wasg balance

Strean Snlida  Water

a L3 1

Rod mill faed. 59,5 F &/he

Rod mill dilutlon 19.68 ¢/hr

Rod mil} diwcharge 59.5 22.7 t/hr

Primary dllution 0172.3 t/he

Prliin oyclone fead 474.6 428.9 &/he

Belm ayclons A off 42.8 121.6 %/hy

pein oyolons B o/f 42,8 121.6 t/hy

Prim ayalons A u/f 194.5 92.8 t/he

Prim eyalone B u/f 194,5 92,8 t/hx

Pebbla addition 1 2,8 t/hx

Pabble additieon 2 2,3 g he

Pab mill 1 produst 197.3 52.8 t/hre

Pab mill 2 product 197.3 92.8 t/he

Secondary dllution 14.6 t/he

Saa gyclone feed 85,8 257.9 t/hy

Sma pyclone off &4.6 - 209.6 &/hy

Bwe gyclone u/t 20,9 48.3 t/hr

Size analywis

e O T B

Stream =75 wl80%76 =2504150 ~1700+250 41100

u .
Rod mill disvharge 15,56 4.9 741 4.5 - 20.%
Helim eye fwed 26,8 24,1 23.1 21.9 3.5
Prim oye & o/f : 53.4 33.0 13.5 0«1 0.0
Prim oye B Q!’ BR.0 371 10.7 0.2 - 0.4
Prim eye B w/f - 10.3 20.6 7.7 37.1 4.3
“Peim oye B ou/f 8.5 24,0 28.% 3347 4,3
Pab mill 1 disch ' a0.4 23.3 24.8 21.8 0.0
Pak wmill 2 diseh 27,1 27.4 27.8 o 17.8 0.0
Seu nyy fead 52.7 35.0 12.1 C.d 0.0
Sac oye «ff 75.6 24.1 0.3 0.0 0.0
Seo oye u/f 24.2 B3.8 2.2 0.0 0.0
o h i MR I
Chack for acouracy: '
- dale Mean

Prim sy¢ o/ molet 74 ]

fao oyt o/f molst 76 RS %

Fab nill molst a2 32 %

" Note 1 The secendary cvel
' wud astivated and

one feed sollds and watexr flow zates
adiuetad o yleld ressonable watey

 sentents In tha primary ovarfliow and pebbls mill discharges
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Test 11k initisl mass balance

stream Eolids  Watex

Rod mill feed 63,6 3.3 t/he
Rod mill dilukion 20.6 k/he
Red mill dischargm 63.6 23.9 t/hy
Poimary dilution 176.0 t/hr

Prim cyolene fead 480,86 435.6 t/he
Feim oyclone A o/f 43.6 124.1 ¢/he
Prim eyclona B off 43.6 124,31 /by
Prim syolone A O/ 196.7 83.7 t/hr
Prim eyolons B u/f 198,7 93.7 t/he

Pabble addition 1 2.8 t/he

Paable addition 2 2.3 £/hye

Feb mill 1 product 159.,5 93,7 t/he

‘Pab mill 2 produst 159.% 93.7 £/he

Sasndsry diletion 8.6 %/hr

Sac syclone faed 87.2 256.8 t/hye

8uq cyclons o/f BB.7 208.5 £/hr

Baa eyclona u/f 8.5 46.3 /hy

Siin analysis

IO e o T D O . .

Btream ' =18 =l50+75 =280+150 =1700+250 +i700
Rod mill discharge 18.1 4.0 5.8 40,3 34.8
Brim oyc feed 24,2 28.8 23.0 19,6 4.6
Prim oye A off 49,1 34.6 16.0 C:3 0.0
Prim ¢yc B off 84,7 33,9 9.3 0.1 0.0
Peim gye A u/f 8.3 19.5 26.2 40.4 B.6
Prim oye B u/f T:9 20.4 28.6 37.5 5.6
Pab mill 1 disch 27,7 30.0 25.5 16.8 6.0
Bec oyc faad 81.9 35.3 12.7 0.2 0.0
geo oye o/f 788 19.7 O.d 0.9 0.0
Seo oye u/f 28,1 594, 15.8 0.0 0.0

Cheok for acturacyt .
: Calz  Maewm -

Prim oyc o/f moist 74 74 4 .
Seo oyc off molst 74 85 %
Peb mill molst 32 32 %

Nota 1 The sacendary oyclona fewd mollds and watoepr [low ratas
wap satimated and adjusted to yleld ressonal’se whbtsr
contents ln the primary overflew and pabble mill dimchargan
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Tapt 1la inltim) masg balunce

) Styeam Bollds Watier

Rod mill faed 74,7 3.9 t£/hy
Rod mill dilution 25,3 t/he
Rod mill dischargs 74.7 2%.2 t/he
Primary dilution 180,7 t/he

Pelm cyclone feed 452.¢ 443.2 t/hz
Prim ocyclons A off 47.9 138.3 ¢/he
Prim cyclona B o/f 47.9 136,93 &/he
Preim eyolona A uw/f 178,4 5.2 t/he
Peim cyclongd B u/f 178.4 85,2 b/hy
Pabbla additlon 1 2.8 t/he
Pabble additlon % 2.3 t/hr
Pabd mill 1 product 181.2 B5.2 t/hr
Pap mlill 2 product 181,2 85.2 /by
saccndary 2ilution B.2 &/l
Sac oyolona faed 95.8 280.9 t/hx
Sae vyclone off 18,0 218.1 t/hye
sec cyolons w/f 18,0 62.8 ¢ /hn

Size analysinm

kl_'.n!lll.lll . )
Stresm =75 =180+75 -250+150 =1700+250  +1700
" - :

Rod mill dischargas 16.4 4,2 6.3 36.% A7.2
Prim oy faed 28,2 23.9 23.0 21.8 6.l
Prim oye A o/ff 50.6 43.0 6.3 g.1 = 08.0
Prim oye B off 54.3 39.8 5.8 0.3 0.0
Priwm eys A u/f 10.8 23,1 27.0 3.3 7.4
Prim cyo B u/f Y 27.9 28,3 2444 1.8
Pab mill 1 disch 3.0 24.6 26,0 18.4 0,0
Pali mlll 2 disch 23.4 28.2 - 21.6 6.8 a.0
a0 eya faed B2.5 Al.4 Bal G.l Q.0
Smo oyn o/ 78,8 21.0 0.5 o.0 0.0
Ban eya u/f. 26.0 59,6 14.4 0.0 0.0

chaak'far_uuuuriuyt . )

tule  MHeas

e
Prim oye o/f molist T4 4%
Sap ayc off molst A BE %
Psb mill moist 3z a2y

Notm s The sacsndary oyciona faad so)llds and water flow yatss
. was axtimated and adjustad to yield peasonabpla water
vontante in the primary overfiow and pebhle mill discharges
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Test 8¢ initlal mass balence -

straam Soiide Water

Rod mill feed §9.7 3.1 t/he
Red mil) dilution 18.9 t/he
Red mil)l dischaxgae 59.7 23,0 £/h2
Primary dilution 173:2 €fhe

Prim ayelona feed 444.7 446,2 t/hx
Prim ayolone B off G50.4 136.2 &/hr
Prim cyelone B off 2D.4  136.2 t/hr
Prim ayclone A u/f 172.0 B86.9 &/he
Pelm ¢yclone B u/f 172.0 B6.9 t/hrx
Pabble addition 1 .8 t/he
Pabble additden 2 3.4 t/hy
Peb mill 1 product 177.5 BE.9 €/hy
Pab mill 2 peoduct 177.B 86.9 t/hr
Secondary dilution - il.4 £/hr
Sag ayelone foed 100.8 283.8 t/he
fee cyolone o/f 68.6 207.6 t/hy
Ser gyolone w/f 32,2 76.2 &/hy

Siza unalynii

- . Lo e i o
atraem =78 =150475 -2B0+1B0 -1700+250 41700
Rod mill disgharge i5.9 8.8 1.7 45.4 18.5
Frim oya feed 22,8 48,%  27.8 - 18.5 1%
Prim cye A off A7.4 27.5 18.% Be4 0.0
Peim EYO .3 Q;! 58,7 37.6 6.9 013 0.0
Prim cye A u/f 4.9 30,7 4.4 26.8 3.2
Frim cye B u/f 4.9 30.7 34.4 26.8 3.2
Fab mill 1 dimch 3.0 46.3 - 26,0 15,7 0.0
Fab mlll 2 disch 18,8 33,7 3444 15.3 Q.0
San ayc fesd 51.5 az.&  12.6 3.3 0.0
Bac oys off 76,1 23,2 Q.7 0.4 0.0
Sac eyo u/f _ 12,6 BR.8 34.6 0.0 0.0

Chaak foy avcuraoy:
o dale Moaas
L] A oy N Ko

Prin oye o/f molst 73 18 4

e aye off nolst 78 B3 %
Pab mill moiwt a3 33 %

‘Nete @ The sacondary oyclone fesd solide and watar flow rates
' wan sxtimated end adjusted to yisld reasonabhla watex
contants in tha primary overflew and pshble mill discharges
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Tasls 8b  Lnitlal mass balance

" gtraeam _ gollds  Water

Rod mill faed 85,4 2.9 t/he
Rod mill dilution 18.8% t/hy
Red mill discharge &5.4 234 t/he
Primazy dilutien 171.8 /by

Beim oycions fomd 445.0 441,1 t/hy
© Prim oyclons A off 49.2 133.0 t/hr
Brim cyelons B of/f 4%.2 133.0 t/hr
Brim eyslons A u/f 173.4 7.6 u/he
Prim eyclons B u/f 173.4 87.8 t/hx
Pabble addition 1 E.B t/hye
Pubble addition 2 3,4 s/hye
Peb mill 1 preoduskt 178,98 . 87.6 &/hre
Pab mill 2 product 17B.9 87.6 £/hy

gsgondary dilution 11.% t/he
Bap ayclone fead 98.3 2974 t/he
Bec cyclong o/f 64,3 204.2 t/he

‘Bec pyclona u/f 34.0 73.0 &/he

éiza analysis
LI 0 T 20 R T

Stream “75  ~150+75 =260+150 17004250  +1700

Rod mild dimchazge 12.5 18.4 12.0 54,3 5.8
Prim cyc fead 27,3 ®8.5 26,3 17.3 0.7
Fr’-m uyc J\ 0[! 43-7 28!9 30-2 702 0.0
Prim eye B ojf E8.3 5.0 9.4 6.3 0.0
Prim aye A u/f 13.8 24.1 24,9 36.3 0.9
Prim eye B u/f 3.8 3.7 as.2 25,7 2.9
Pab mill 1 dimch al.e 30.9 23.9 1.6 g.0
Pab mill 2 diech 28.9 27.5 31.0 2.6 8.0
Ses cyr fead 48,5 k- 14,8 3,8 2.0
Bee oy off 76.8 22.7 .08 0,0 g.0

5,4 0.0 0.0

Aea cyc u/y _ 19.0 45,6 A

L o] o

Chaak o1 scsupasy: :
: : _ Gale  Meas

Prim oyz o/f meimt 73 73 &
sme pye off molet 76 a3 %
Pab mill molint 33 B3 %

Note @ The savondary cyclone fewd sollds and water flow rabes

‘whae satimated and adjuwbed to yleld reasonabla water
contaents in the primary overflow and pobbhle mill dischargas
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Tast 8a initlial mass bhalanoa

Btraan Solide Water

fod mill faed  52.9 2.5 t/hr
Hod mlll dilution _ 17.6 t/hy
Red mill discharge 52.9 40,4 t/he
Prlmary dilutioen 172.92 t/he

Prim oyclone fewd 452,06 443,2 t/hx
Prim cyalons A o/f 48,8 132.1 t/he
“Prim gyclons B o/f 4B8.8 132.1 &/hye
Pgim oyolone A u/f 177.5 = BE.5 &/hre
Prim eyelona B u/f 177.5 88.5 t/he

Pabble addition 1 5.8 £/hy
Pabbla additdlen 2 = 3.4 £ /hy
Pab mill 1 product 183.0 89.5 t/hr
Pab will 2 produgt 183,0 89.5% t/he
Sesondazy dilution _ 10.8 t/he
sap cyclons fead 9%7.7 274.9 bfhe
Bga pyclone o/f 61,8 204.1 t/he

Sac oyciona u/f 38,9 - 70,8 t/hre

Bizs analysis

I o WL B G B _ .
Straan . =78 =150+75 -2BQ+180 ~1700+250 41700
Rod mill discharge i8.% 7.0 9.8 47.5 17.0
Peim cyo fomd : 31.1 26.1 23.5 17.8 2,0
Peim oye A o/ 45,3 30.9 7.7 6.1 0.0
prim dye B off B1.2 31.9 6.9 0.0 0.0 -
beim aye A uw/f 12,1 24.% 26.3 34.4 2.5
Peim oys B u/f - 20,8 ‘28,3 27.9 20,5 2.5
pak mill 1 dimgh 35,5 26,8 22.7 14,0 0.0
Peb mill 2 dimch 3l.3 27.0 28,6 16.2 0.0
Beu cye feed 53,3 31,4 12,4 4.0 0.0
- See ocye off 8.4 22.4 2.2 0.0 0.0
Sec oya /£ 19.2 44,1 36.7. 0.0 0.0

b

check for accuracy:
Caly Muas

peim cye off molst 73 73 %
Bag ¢ye o/f molst 77 L3 %
Pab mill moimt 33 A

" Note : The segondary cyclone fend solids and watexr flow zates

was ostimated and ndjusted to yleld ressohabls watexr
conkants ln the primary overflow and pabble mill dischargses
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Test 7o inltial maes balanocs

Btragm " sollds Water

Rod mlill fead B50.3 2.6 t/hr
Rod mill dilutien 16.4 &/hx
Réd mill discharge 50.3 19.0 t&/he
Primary dilution 156.8 t/he

Prim oyelona fead 427.2 433.8 t/hy
Prim cyclone A off 49.5 133.8 t/hx
Brim oyoleone B o/f 49.5 133.8 ¢/he
Prim cyelone A u/f 184.1 83.1 t/he
Prim oyelona B u/f 164.1 83.1 t/hy
Pabble addition I 6.5 t/he
Pabble addition 2 3.4 t/hr
Peb mill 1 product 189.6 B83.1 t/hx
Peb mill 2 product 159.8 83.1 t/hy
Sevondary dilution 25,1 t/hy
Se¢ gyclons fesd 98,0 292.7 t/he
gae eyolons o/f 59.2 200.9 t/he
Bee vyolone u/f 39.8 91,8 £/hr

flze annlyiil
T Y T

Strsin w75 w150475 «2504150 =1700+250 41700
Rod mill discharge 22.3 6.0 8.7 1.0 2.0
Prim dyq fosd - 28.5 27.0 27.3 18.2 1.4
Prin aya A ﬂff 48,0 28,1 17.8 P 0.0
Prim eya B o/f 56,7 36,1 6.9 0.3 0.0
- Prim eye K u/f 13.3 28.3 23.9 a2.7 1.8
Pein aye B u!f ’ 11-7 26.8 36.8 .4 .8
Pab mill 1 disch 27.2 25.0 321 14.7 0.0
Pab mill 2 dlwsh 33.6 28.0 26.3 11.1 2.0
Sec oys faad £2.4 32,1 12,3 3.8 .0
Sav oy off 4.5 25.0 o0.b 2.0 0.0

Check for accuruey:

cale Haay

Prlm eyo o/f molat 73 73 %
Sav oyo off molst " 83 %
‘Pab mill malimt 33 33 %

Note : The secondary cyclons faad solids and water flow ratow
wan asgtimatad and adjushed s yisld resascnalbils wabey
aontants in the primary overflow and peblls mill discharges
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Test b  Linitial mase balance

Stream " 8olids  Water

Red mill fesd 54,6 2.9 t/hy
Rod mlll dilution ig.3 t/he
Red mill dimchargms 54.6 21.2 &/hy
Primary dilution J68B.1 &/he

Prim oyclona fesd 421.0 434.1 t/he
Prim oyelons A off &0.3 136.0 &/hr
Brim eyoclone B o/f 5.3 136,0 t/hr
Prim eyclons A u/f 160.2 8l.0 t/he
Prim oyelone ® u/f 180Q.2 81.0 t/he

Pabble additian 1 5.5 t/he
Pabble addition 2 3.4 t/hr
Pab mill 1 product 168.7 81.0 t/hr
Pab mill 2 preduct 168.7 B1.0 t/hr
Sacondary diluytisn 27.2 t/hr
Seec cyolone feed 100.6 °  299.3 &/hy
Bac cyolong aff 63.5 206.5 t/hr

Buc cyclonm u/f 37.1 92.8 t/hy

Siza analysia

0130 0 I

Htpaam =78 =150478 =250+180 ~1700+250 41700
Rod mill dischaxge i8.5 6.5 7.9 52.2 14.9
Prim cye feod : 30,7 28.8 25.1 13.8 1.9
Prim gye A o/f 41.5 34.2 18.56 5.7 = 0.0
¥eim eye B o/f 58.7 35.7 B.6 0.0 0.0
“Pedm oye A u/ff 8.1 31.1 25.8 27.4 2.6
Prim oya B u/f 13,0 27.5 34.5 22.4 2.6
Pab miil 1 dlech 34,5 28.9 24.8 1,8 0.0
Pab mill 2 dimeh 33.5 3z2.3 28.1 Gl 0.0
Set oyo fosd 50,1 35,0 12.1 2.8 9.0
Bau oye o/t 79,0 20.3 0.7 0.0 8.0
. Sec aym w/f 17.3 48.5 7.1 - 0.0 )

Chavk for avouracyd
. : cale Mowns

Pelm oye o/f moist 73 73 %
Sac oyc off molet 76 83 &
Fal mill molist X 33 %

Note : The ascondary cyolofin faad wollds and water flow rates
wan sstimated and adjusted to ylald resmonable watar.
contonts Ln the primary cverflow and pabble nlll discharges
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Test 7b  Ilnltisl mass balar e

Btream ' Solids  Wataes

Red mill foed 54.6 2.9 t/he
Rod mill dilution ' 18.3 &/he
Rod mill dismcharge E54.6 21.2 t/hy
- BPrimary dilution 158.% t/he .

Prim eyclonea feed 421.0° . 434,1 t/he
Prim ayclons A& o/f 50.3 136.0 &/hre
Prim oyclons B o/f 50.3 136.0 t/hr

Prim ayolona A u/f 160.2 8.0 t/hr
©Pprim oyelons B u/f 160.2 81.0 t/hx
Peblile addition T 5.8 t/he
‘Pabble addition 2 3.4 t/he
Peb mill 1 produck 165.7 81.0 t/he
Peb mlill 2 produst 168.7 Bl.0 t/he
Sacondary dilution 27.2 t/he

fec gyclone faed 100.% 299.3 t/hy
Sao gyalons o/f 63 & 208,85 t/hy

Sao cy¢lona u/f 3.1 92,8 t/hr
Size analysls
A _
Btrmarn . 75 =~150475 ~250+150 «17004250 41700
Rod mill di"ﬂharga 18.4% B.5 7.9 B2.,2 14.9
Prim oye femd © o 30.7 .2B.9 25.1 11.8 1.9
Brim oye A ojf 41.5 - 34.2 1B.56 5.7 0.0
Prim cyc B off 58,7 35,7 5.6 2.0 0.0
Prim eya A uw/f 9.1 3l.l 29.8 27.4 2.6
Prim aya B u/# 15.0 27.8 34.5 28.4 2.6
Pab mill )1 dlisch 34,5 28,9 24.a " 11,8 0.0
Pab mill 2 disch 33.5 32.3 28.1 6.1 Q.0
Bea oye off 79.0 20.3 0.7 0.0 0.0
0,0 . 041

Sac oyo u/f 17,3 45,5 a7.d

thack for accuracy:
. : ' Calo Heas

Prim oye a/f molst 73 73 %
sed oye o/f melet - 76 B3 %
Bab mll) maist 33 Ja s

Nots v The sanondary cyolone famd polids and water flow yates

was astimated and adjustad to yleld vamsonable watar
sontants in tha primazy ovaxflow and pebble mill dischargems
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Test 7a initial mass balance

. gtream Solids ' Water
Rod mill feed 1.9 2.7 &/he
Rod mill dilution 17.3 t/hr
Rod mill discharge 51.9 20.0 t/hy
Primary dilution 184.9 t/hr

Prim eyolons feed 427.4 432.,7 ¢/he
Prim cyclone A o/f 49,3 133.2 t/he
Prim cyslons B off 49.3 133.2 ¢/hy

Prim oyclona A uw/f 164.4 83.2 t/he
Prim cyelone B u/f 164.4 83.2 t/hye
PFabble addition 1 B.B t/hr
Pabbla addition 2 3.4 t/he
Pab mill 1 produet 169,9 83,2 t/hr
Pab mill 2 product 143.9 83.2 t/hr
Samcondary filutlon . 38,8 t/he

Sec cyglone feed 98.5 303.0 t/he
Sec cyalont ~/f 60,8 210.5 &/he

Bae gyolons uj¥ a7.7 51.8 t/hre

Siza analywsie

L T O

Straam _ 78 150475 -2504+150 ~1700425¢ #1700
Rod mill discherge 22,1 6.4 8.6 5l.4 “AAJB
Prim vy fead 0.6 26,6 24.9 17.0 1.4
Peim ayo A U!f 44,3 3.8 18.% W7 0.0
Prim eye B+ * 59.4 33.8 6.8 0.0 0.0
Prlu cye A u;f 8.8 29.2 30.3 30.1 1.8
Exim oye B n/# B.5 29,2 30.3 30.1 1.8
- Pab mill 1 diach 33,4 28.1 25.6 12,9 0.0
- Pab mill 2 diach 32.5 26.3 27.1 14.1 0.0
Swa eys faad E1.9 32.7 . 2.7 2.8 0.0
gap cye o/f 72,9 26.7 0.4 0.0 g.g

Sac oye u/f 9.5 47,1 33.4 9.0

Chachk for Aamcuracy)
Qale Maasg

Prim ayu"u}f moiat 73 73 % .
Sac ayo off molst 18 Ba %
Pab mlll molab 33 33 %

Note ¢ Tha .scondarny cyslons feed sollds and water flow rates
was estlmated and adjusted to yiald vasscnable watern
contants in the primary svarfliow and psbbla mill dischargaes
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Tast B2 initial masg bhalanea

Straam Solide Water

Rod nill feed 56,4 3.0 t/hr
Rod mill dilukien 18.8 t/he
Rod ml)l discharga 56&,4 21,8 t/hr
Primary dilution 174.1 t/hr

Prim cyclona faed 446.2 443.6 t/hr
Prim oyclone A of/f 49.7 134.3 t/hx
Prim oyolona B off 49,7 124,3 ¢/hr

prim tyclone A u/f 173.5 87.6 t/hx

Prim syolonm B w/f 173.5 87.6 ¢/hy

Pabbla addition 1 5.8 t/he

Pabhkla addition 2 3.4 e/l

Pgb mill 1 product 179.0 B87.6 t/he

Pab mill 2 product 179.0 87.6 t/hr

Secondary dilutlon B2.2 /by

8qgc oysiona fesd 99.3 320.7 t/hr

" Ben ayolona o/f B83.3 248,1 t/hr
a4.0 72.6 t/hr

B&a oydlons u/f

Giza analyais

S0 00 LA 4 . )
Stream : =78 wlE0+75 ~25041B0 ~1700+4+250 +1700
Rod mil)l dimcharge 18.3 8.8 10.1 44.6 18.2
Prim cye faed - 25.8 29.8 . 24,0 . 14.6 2.3
Prim eye n off - BB.O 32.1 12.4 0.5 0.0
Pric tyw B off 57,1 o aa.9 8.9 0.1 8.0
Pidm. aya B “,f 14.2 28.3 31-5 23.0 3.0
Pab mlill 1 disch 371 31,1 22.0 9.8 0.0
¥eb millk 2 disch 28,4 30.7 28.4 12,5 0.0
e aye faod _ B6.0 33.0 10.6 0.3 0.0
Sac ayo o/f 77.9 21.7 0.4 0.0 0.0
Bac Gya u,f ) 1602 50.7 33.1 a.40 0.0

Check for sccuracy:
. _ Gals Hanas

Prim oye o/f wolat 73 73 %
Sag oye o/f molst 79 B3 %
Peb i)l mbist 33 33 %

. Note ! Tha sacondury syalonas fasd golldm and watex flow rataen

wiik sstimated and adjuested Lo yield reasonabla water
pontantsd in the pulmary overflow and pabble mill dischrygoas
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{Caleulate some shack valuas})
pefeymata[pef, a0l ] foclogteto]pef, wat];
sufer=ato{ont, sol) feoleytsto(aef, wat)y
pude:={ato[pct, sol J+atofpef,wat]) /pafe;
pedesw{sto[sef, soljteto(Bek,watk]) /ecfe;
pmet=(oto[peok,wat et (peob,wat))/

(ato[paoa,wat | +ato[peoa, ol +eto| peob, wat 1 +ote{ponb, ol ) *100;
smesweto[ oo, wat) /(ato[sco,wat)+ataags, 8oL} 1 %100,
prme e {ato( paled, wak}rabo[paied, wat)}/

{(wto([pdisd,wat}+otopdiel, sol]+etolpdled, wat | +utofpdia?, pel] ) *100)
{Welte report file)

Lf testnum='la' then pewelitae{fitrep) alse appand{fitrap);
writaln(fitrep,'Teat 'stagtnum, ' amoothed masm balsnce’);

writaln{fitrep, ! '}:

weitaln{fitrap);

wrlbteln{fltrap, 'Stroam _ Sollds Water Add');
welteln (fitraep, ' ' '

weitaln{fitrep, 'Rod mill feed tyatofemE,a0lj16:3,!

Toabofumt,wat] 1811, solmod[rmf}i6:l, " L/he' )y
writaln(£itrap,'nod mill dilukion
‘ymbto[rdll,wak}i6el), ! s/hry;
weltoln{fitrep, 'Rod mill diacharge',sto[xmd,sol]tétl,’
femtofrmd,wat )8 ) nelmed(end) il £/het )y
writuln{fitrap,'?rimury dilution _
1, sto(pdll, wat]6e],! t/he' ) :
weltaln(fitrep, ‘Peim cyclone faed ', mtof{pef,sol]i1é:il,’
Yysto(pol,wat] bl solmod({pef]toil;t k/het) g
wrlteln{fitrep, 'Prin syelone a o/f',stn[pcna,anl];ﬁ:l,'
yeto[poos,wak) 16l anlnod(peoayescl,t t/hn' )
wrltaln{fitrep, 'Prin eyclene B a!f',ata[panb,ual]ssai,
rimto{puoh,wat) 6l eelned[paoh] t6el,t t/hrt)y
writaln(fitrep, ‘Prim oyolone A u/f',stolpoun,mal]:6sl,!
etalpova,watjibel, solmod{poun) 611, t/hety;
wrltaln,fitrep, 'Pelin cyelone B u/f',ltu[pcuh.laljxstl,
Vemtolpeub,wat] bl eelnedpounti 8l t/he')s
weitaln(fiteap, "Pobble addition 1 ', sto[pebd,asl)16il,?
‘ysolmod{publ)&il, e/he'yy
_ writlln{fitrnp,'Pubbli adeltion 2 ', eta(peb2, a0l)1631,"
tywolmed(pebl]i6il, ! e/he')y
weitaln{fitraep, 'Peb mill i prndunt';uto[pdisl,nnl]aG:l;
Vento(pdlel, wat]1611, solned[pddnl}e 6, w/he'y;
welteln(fitrep, 'Peb mill 2 preduct',nenlpdilz,luljeszl.
toutolpdin?,wakli6:l;solmed{pdis2] s8s), " B/het);
welieln{fitrep, 'Secondary dilution
';itb{'dil;w‘t]lﬁllg' t!h#'fl ' -
writeln{fitrep, '8oc gyclone fasd ‘', sto[scfd,moljtéd, "
temtofwaf, wak]t6tl, solmod[nef)iGe}, ' ¢/he' )y
weltealn(fitrep, '6ae pyclone o/f ', ato[sgo,s0L)16:1l,!’
“ystolwoo,wat)] 1811, a0lmod[sco)t &L, t/he' )y
weltsln(fitrep, 'sec oyclone u/f ¥, gto[scu,mol)18:l,’
embo(mou,wet) 6] enlmod{asu)i i), Y Bfhet ),
wyltaln(fitrap);
wirlteldn (fltrep, 'Blea analysin');
wplialn(Elirep, ' mumnmnmmununnm ) | .
weitaln{fitrep, 'Stranm =78  =1B0475
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Bho[ock,s0l) t=solution " [3+1};

ato[scy, sol)] resalution™ [B41];

ste(oey, sol] tupoluklen™[4+1];

for li= ) ko sizes do begin
gtulemd, iv2 ) twaalution™f {l-1)¥atraamu+l]
pto(pof, iedliepolution”[ (L-1)*atreamat2))
"sto(pooa, 142 ) smgolution” [ (4~1)*mtruamm+d ]}y
sto[paod, L+2) =galuklon” [ (L~1)katroama+d);
ptolpoua, L+2] tagolublon™| (i~1) *abraama+bi;
sto[poub, 1+3 ) ruacdutleon™{ (1~1) ¥etreama+5]}
sto[pabl, i42] teaolution®{ (1=~1) *streame+d);
stofpel2, 142} 1egolution™ [ {i=1) *atranma+d ]}
skofpdisl, L+2 ) rmaglution® [ (iwl)vatraans+? )}
wto{pdial, L+2 ) tmgolution™( {i~1) *straana+7]}
L8 (et(pdial,i+2)dnt(pdinl, i+2) <D then begln

sto(pdlel, L+3 [ mato(pdisl, 142 ¥t [pdled, 142}/ (et [pdisd, 1+7 )+ [pdi
82, 58+2]})s

WEo[pdlie2, Le2 ) ienbo[pdind, i+2) et [pdled, £92)/ (et (pala), Le2 +nt [ pdl
w2 di2]) s
eni}
-wkaiand, L+2]:-auluhiun { {i=1)*atyaama+3 ]
pta(mot, i+42) 1xsolution™ [ (l~l) #streams+8];
stofaco, 142 ) tenslution® [{i-l}*utxauml+4]:
Candp{for L)
{Chack nagative f£lows)
for A= 1 te 17 de begln
fanltsnly
“foe Jim 3 ke 7 do &f sto{l, )1<0 then begin
Faultymstofi,defaully
eto[l,])txd)
and}
stofl, 7]|-sho[i,7}~fnu1t:
and) {#or 1}

{Do a watar balance}
Row Llisd ke 17 do ste(d,wat)rmon(i,wet)}

{Welte rosulta to File £itxx. dah}
rowrite(fitdae);
for Liwl to 17 do begin

writnln{f tdat,ltofi,lul]=7 1.uta(i,wah]t?:l,ﬂtﬁ[i,pl?OO]:?:l,

wbe{ L, wl700) 171, nto L, 025011 71),0tko{L,01B0} 7l ,nt0(L, 895)1711) )
and) {fox i}
For liw ) o 10 do welbe(fitdat, papm[i]6:1l);
dlogs {fitdat)§

{Caloulate extant of variation)
for Lim 1 o 17 do bagin
wlamed] L) =0,
for Jim 3 to 7 do
slzmod (L) tmmizmod [ L) +abn (ntl L, g ~nta(l,31)}
alemod{L)ienizmod[ L] /5;
solmod (L) reaba{we(L, sol)~ato(l,sol) )y
andy {fon L}
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for liw» 1 to sizap do bagln
Limly
s} :
for jJi= 1 to units 40 baegin
Lf millfli<»y then baglh
for kiw )1 to straams do begin
coli=glzesratroanstatraamadjtming

poefficiento™ [sowtk,col ) swunmat [}, k) *oizmat{l, e}y

coafflcients”{gol, rowthk) tuscafflelante” [ rowkk, tol] §
endy {for k)
miwll;
and elae begin
miw=ly
o Limldl;
and; {1f}
andy {for 3j}
ntsmtunite~millsy
mnd; {for L}
ni=0;
for Lim 1 to slzaw do bagin
-fox Jiw 1 to sbreams do begin
voli=glzep® {straamatunite-milla}+straame+])
rowrsjin;
coafficiente” [row,col]imd;
corfficients” (ool vow)1ml;
gonstantn” (ool ] 1=100;
and; {for I}
nisghELrasms )
and; {for 1}
for Liw ) to units do bagin
rowssatyeansdvulzas) _
coltealzas* (streametunios-mills)+2*ptranmu-ti}
for Jim } to streams do bagin
. coaffiolents” {rowti, col Y tmunmat[L, 5]}
poafficiants™ {apl, rowt) ] ixpcostficlents ™ [vowtd, mel ]}
and; {for I}
maly {for L)

{Solvé the matilx})

- dimgniwslizes { stresmetuniteemillie ) 2 atroamstunite;

- owplteln(Smoeothing data for test ', testnum)} '
aparse(dinen,soefficlents” , conatantn”, solutieon®, £flaglil;
{8ave regulte Into matrin et}
lisglzag¥atrannn;
atofrmf, ol tegolutlon” [141]);
wto[rmd, vol] twsolution™ 1+l
sto{pad, g0l ] 1anclution™[2+1];
sto[poos, sol) seealution™ (341} /2;
sto{paok, ol r=palution™f3+1)/2;

- weo[poua,eel) iwenlutlon” (5+1]/2;
mto{pavh, wol] temolution®{5+41] /2y

stolpabl,wel ] iusolutlon® {9+l 1 st pabl, ool )/ (st [pabl, sol]vnt [pab2, »
[l '
sto[pab?,s0) ) twsolution”9+] ) =sta[pabl,wol)}
sto[pdliel,scl] imato[pons, nol j+ato[pabl, aol)
gto[pdinl, sel) teato[poul, sol)+ato{pabl, sol);
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slzvar{i, 1) ssvardrmd, L+2 ] *at{2md, 1+2) /1004
slzvazr{i,2)evarl|pef, i+2)*st[pof, L+2]/100;
mivvar{l,d)t=avariect, L+2 | vat[Bat, 492]/100;
slevar[l, 4] twyavl{nco, Lb2 ) rat[soo, L+27 /200
pizvagid,5)1=vari(poua, L+2 ] vat [ peun, 1+2) /100;
Blavag(i,8) twvard(pdiel, t+2ratipdind, L+2) /1005
sizvar({d,7]swvari[pdisl, L+2 ) st {pdisl, 1+2)/100;

- Slevar(i,8)sxvard[egu, l+2)%etfsou, L42) /100;
glavarl, 9y sevarl (pobl, L+ ) xat{ pabl, 1427 /100
{chack for zere'n}
- for jiw 1 to 9 do 1f sizvar{li,qi=0 then

sizvar[i F1imb,01;
end; {for i}

{8ize variances}
rowiwl;
for ilim 1 te sizea do begln
for ji= 1 to streams do begin
LowrmrowEl
confilieienta™[row,cow)iwl/ (sizvar{li 4)) )
conptante” [row) swalamak(l, ]/ (iavar i, 3});
snd; {for i)
and; {for i}
for iy= 1 to streams do bagin
rowisrowtl;
cosfflalanta” [row, yow) twl/ {flowvax[l]}}
sonmtants" [row]1nflowratalil/ (flowvar{i]}s
endg{for LY

rowinly
ne=0y
for itm I to slrzas do bagin
1ymd; :
mym{;
for jem 1 te units do bagin
if 4 w mill[1l] than bagin
mim~L}
Limitl;
anc alad bagin
for kim ) to straams do begin
XOWIMTOWHL}
nnle-aiznn*-tr-aml+ltreaml+j*m+n;

' cnufficiunt:“[raﬁ,mul]1~unmat[j,k1*£1awrats(k]:

coufficients”[ool rowjrucontficiants” [vow,coll}
coenetants” [aol]z-oonltnntl [ool)
+epafflolents” [ruw,col}*sismab(i k)t
andp{fox k}
rowtwraw-sEreans
mauly
and) {if}
endy {for j}
row: embroamekl s
nisnrunits~mille)
andj {for i}
T twstreamutolzas)
s Ay
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{rend data from disk)
For Tiwl to 1% do .

raadln{halﬂ&t,ut{i,ual],st[i,wa&],st[i,pl?ﬂO],ut{L,sl?OO],
‘stfi,a250], 801, 8180),86[4,875) )
for Ii= 1 to 10 do read{baldat,parm(i]);
clons(baldat);

{correct addition errors inh sizes)
far It=1l to 17 do st{i,e75)]=]l00-sk(L,8280)=atll,s250]~
gL, sl700]1~ak{L,pl700];

{Set up flowrate array}

flawrata[l)rwat (2nd,s0l)}
Blowrata[2)1est[pef,80L]}
flowratald)iwpk{ock,sol]?
flowrate[4)tont{nco, 80l
flowpata(5) rwat [pous, solj+at [poub, solly
FPlowpate[B)r=at|[pous, sel)+et[poub, 50l ])
flowrabe[7]iwst{pdiel,sel)+st(pdis2, snl)}
flowrate[8]wat{pon, sel];
flowrata[9) vegt[pabl, gol)+ati[pebl, s0l)

{Swt up size matreix)}

for Liml to slzea do begin
shemat(d, )] runt(emd, i43);
mizmak{d,2) ik pel, Le2]y
wiematidl, 3)wmk[aof,i42])
giamat|dl, 4]rnnt[s00,l42])
siomat{dl, 5)em(ntpova, L2 ) +atfpoub, i+3}) /2)
wigmatll, 6)aw( (Re{pdial, Le2 %ot [pdiel, el )+

st {pdled, i+2 ) st (pdlied,a0l]} /flowcata(? )~
{st[pabl, L+2 ) at{pabl, mal ]+ '
nhtpab2,i+2l*nt[pnbz,uoll)/fluw:ntt[gjj
Jflowzate[8))
mizmatfLl,7)re(st{pdiel, i*2]*lt{pdill,l01]+
st[pdind, L+e3 ] ot {pdisd, wod] )/
{BE[pdlel, aol}rat [pdle2, sb1))
nizmatrL Slaﬂtlt[pnbl AR ) et [ pabl,s0l)+
at{peb2, L+Z ) *at[pab2,acl]}/
(st {pabl,scli+et[pab2, acl]]y . -
:Lzmat[i Blawst(acw, iv2)y)
mndy {for i)

{Sat up flowrate variances) '
flowvar[llimynel [, wol et [ 2md, n0l ] /100
flowear[2) rwyari{pef, nol ] *at{pof,ncl) /100y
Novwear 3 iwvari{wof sol]*at{wof, 001} /1007
flowvart4)1wvard{nco, soll*st{nco, s0l) /1004
flowvar[5] swvarifpoun, wel ] et tpona, wal ) /100;
flowvar6]imvarl[pdisel, ol | *at[pdisl, pol] /1007
flowyant?)pevari{pdisl, sol ) xatfpdind, wol ] /100)
flowvar[8)] 1evard[sou, aol} s [seit, sol)/100;
flowynrl9) tmvard [pebl, sol) ¥t [posl, ael] /100;

{88t up slze variancam}.
for Lliml to wizea do bagin
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begin {main} .

{initialise)
new(coefficients) jnoaw{constants) jnew({aclutlon};
dlracy)

(sat up £ilas}
assign{vardat, 'Ci1\MSC\DATA\FITVAR. DAT )}
ampnign(fitrap, 'O \MEC\DATA\FIT,.REP' ) ¢

{Reaad in variahces)
{$I=)}rasat{vartdat); {5I+}
1f lorasult=2 than begln _
weiteln('Variance file not found'y;
halt (0},
and; {if} :
for Tia ) to 17 do raadln(vardat,vari{i,as)),vari[i,wat),
vard[l,pl700),vackfi,al700),varil L, a2507,
varl(l, ml10] ,vars(l, 475}
closa(vardat)}

{8at up unit matrix}
for It= 1 to units do bagin .
for jiw 1 to streams do unmat[i,j]:nﬁp

endjy{for I}
cunmat(l,}jielrunmak[l,2) texlzunmat( 3, 7] 1wl unmakil, a;:-:;
unmat[2,2] telsunma[2.3) tamelunmat(2,5) 1s~l;
unmat (3, 3] emdyunmat (3, 4] sm-Lpunmat[3, 8 1w=1}
unmat[4,5) tedunmatd, 6] tanly
unmatis,6)=lyunnat{s, 7]:m~1:unmat[5 8}iml;
mill]dl)smdy

millinwbr(Ll)emby

milluututr[l]:us:

{stnrt loup and define testnum and input/sutput filag)

{{only half the tastl)}
for test:s 1 to 1l do hegin

for subbest:= 1 ta 3 do begin

i€ tast<y® then sty{test:l,testnum} aloe
ptr(tagte2r 2, tontnum) §

Lf mubtestal than cestpumsetegtnums'a';

Lf wubbeste? then testnumistestnuns'b'; .

i subtest=3 than tastnumimtastnumt'ol;

{Setup}

dimani=0;

t&llnhur{uuufﬂiainntn sizeot (voalficiarue™),0);
rillahnr{unnstnan ’ nizact{nanstantn 110}

{nuniqn #ilenm)
allign{baldat,'c:\Msc\ukTﬂ\BnL‘+taatnum+'.DBT'}:
nslignttitdgt,'c:\Msc\DATﬂ\FIT'+tautnum+'.DAT Y

{opan flles}
- {§I~}ranwt{baldat}) {$I+)
1f loresults? than bagln
wWilteln{ 'Data £ila BAL'+beanbnums' DAT not found');
halt({0)}
andy (L%}
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AP PENDIX E Turho Puscal progriun .listing

program smoothsol;

{Reads initial data in BALxx.DAT and variance data VAR.DAT te do -
material balance smoothing)
{Writee out to fltxx.DAT and PIT. REP}

tias solviat,wincrt;
Yabal labell;

conat rdil = 1; {to define stream numbers in masrix st}
pdil = 2 '
sdil = 3
rmf = 4;
rmd = Fj
‘pef = 6
pooa = 7}
pach = B;
pous = 9
poub = 10;
pdlai= 11;
pdisle 12,
gof = 13y
feu = 14
woo = 153
pabl = 1§;
peb2 = 17; _ _
a0l = 1 {&hream slements in mateix st)
wat w 24 {fons per houn}
pl700 = 3;  {+1700 fraction}
#1700 = 4; {~1700+280 fractlion}
m250 = 5y {=280+150)
8lB0 = 5 {~150+75}
w78 = 7 {78}
-golay = 2,65)
units = 5}
phraand= 9
plzas = 5;
willa - 1
“var vardat, fitrepn,baldat, fitdat  textr
tarknum v etring{d);
gty Bko,vars + array [1..17,1..7} of real;
. parm t array [1..10) of deal;
sl znod, solmod t array [(1..17) of roal;
taat, subtant t inbegai
unmat, sdlzmat,elzvar : array (l..unite,l..stieame) of
rual: _
flowsute, Flowvay ¢ ar. ay [1..mtreams] of real;

mill, millinstr, millouketyr & array (i..unite)] of intagex;
diman, i.; j ;kf 1,m,n,row,anl,

Ltex, flagl t intagar)
neaflag ! bowlean)
pefo,nefe, pode, sada, pma,

ume, prime , fault 1 dealy
vaafficients ¢ *mabelx;
aonstants, scluclion ¢ “vootoy)
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Tast'lac initial masa balance

Stream : ISolida Water

. Rod mill feed . 62,3 3.3 &/hr
Rod mill diiution 20,6 ¢/he
Rod mill discharge 62.3 23.% t/hr
Prisery dilution 202.9% t/hr .

Prim oyclone feed. 437.8 485.8 t/hy
Frim cyclone A of/f 52,1 148,3 t/hy
nrim eyclone B off 52.1 148.3 t/he

Prim cyclone A uff 15%.8 79,6 t/hy
Prim eyolone B u/f 166.8 79.6 #/hr
Pebble addi~lon 1 2.8 t/hy
Pebble additlon 2 2.3 t/hz
Peb mill 1 product 169,.6 79.86 t/hr
. Peb mill 2 product 1é9.6 75.6 t/hy
Secondary dilution 7.8 &/hy
5ec cyclone fead 104.2 a04.4 t/hr
Sec oyelong o/f 7.4 234.7 £/he
e cyclone uw/f 36.8 69.7 t/he
Siza analysisg
A
Straam ~98 =150475 «2%0+150 ~4700+250  +1708
Rod mill discharyge 14,7 4.8 B.4 44.7 28.6
JPrim gye feed - 24.2 30.4 2.3 19.0 4.2
Frim oyc A o/f B6.0 38.6 7.0 0.4 0.0
Prim aye B o/f 55.0 3g.l .7 0.2 0.0
Prim oyo A u/f 9,6 25.6 27.58 al.s B.8
Prim oyc B u/ff 10.1 28.8 29.7 25,9 5.5
Pah mill 1 d.tsch 24,9 31-7 28,2 17-2 c.0
Peb mill 2 disch 27.7 29.5 27 .4 18.4 . 0.0
Sex oy fasd 55.5 37.8 6,3 L3 0.0
Sec ey off 80.0 19.9 0.1 0.% o.0
Ses tya u/f 20.4 72.3 7.3 0.0 0.0

. theck for acauracys
talt  Meag

Prim cyc o/f molst 74 4 %
Sag cye off molsk 78 - B %
Peb mill moist az 2 h

Nota : Tha secondary cyclond fead sollde and watei flow rates

“was astlmatad and adjusted to yield reaachable watar
dontonte in tha primary ovarflow and pabble mill dischavges
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Test 13b inltial masa basancs

Stream ' Solids Water

Rod mill feed 59,7 3.1 £/he
Rod mill dilution 20,3 s/he
Red mill discharge 59,7 23.2 t/hy
Primary dilution. 197.86 t/hr

Prim cyclone faad 434.7 453.9 t/he
Prim cyolone A off 52.0 - 147.9 t/hr
Brim oyelone B o/f 82,0 147.% t/he

Prim -volones & u/i 165.4 73.1 t/hy
Prim v yclene B u/f 165.4 79.1 t/hr
Pebbla addition 1 2.8 t/hye
Pebbla addltlen 2 2.3 “ej/he
Peb mill 1 product 164,2 8.1 u/he
Pob mill 2 product 168,2  79.1 &/hx
Sepondaxy dilution 7.9 t/hr
Sec cyclone feed 103.9 303.7 t/hy
.Beu cyclone off = 64.B 228.7 t/hr
Sag cyelone u/f 39,1 75,0 £/hx
8ize analysis
.ﬂtﬂ.ﬂ-ﬂlﬂlﬂﬂﬂﬂ . . . . .
Stream =756  =1B0+475 =250+150 =1700+25Q «1700
Rod mill discharge i2.% 7.3 9.6 1.2 19.4
Prin cyc fead 23.8 31.0 25.0 17.¢ 2.7
Prim ocye & off 59.4 34.0 6.4 0,2 0.0
Prim oye B o/f E6.9 38.6 4.3 0.2 g.0
Prim oye A u/f 8.7 28.6 32.9 28,3 3.3
Prim eye B u/f 16.1 29.4 4.1 22,8 3.5
 Palk nill 1 disch 23.1 32.5 28.9 14.9 6.0
Pab mill 2 disch 28.1 29,7 29.8 12.4 g.0
Sax eye faad 58,2 36.3 5.4 0,2 0.0
Sac aye o/f ) 72.1 27,7 0.2 0.0 0.0
Sau oyy u/E 23,1 55.9 11.0 0.0 0.0
Ghrck for ancursoy: '

cala Meas -
Prim oyt o/f moist 74 "M%
Bec oyd off molet 78 85 %
Pab mlll molat 2 32 %

Hote 3 The sscondary oytlone fesd solide and water flow rates
wag eatinated and adjustmd to ylaeld reagonable watexr
opnkents in the primary overfleow and pabblse mill discharges
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rest 13a injtial masg balance

Stream Salids Water

Rod mill feed 46.8 2.5 t/hr
Rad mill dilution 15.8 t/hr
Rod mill dlischarge 45.8 18.3 ¢/hr
DPolmery  dilutlon 190.9 &£/hr

¥Prim oyclone feed 447.0 444.3 &/hr
Prim cyolone A off 48.7 138.7 t/hre
Prim cyclone B o/f 48.7 138.7 t/hr

Prim ayelene A u;jf 174.8 83.5 t/hr

Prim oyolona B3 u/f 174.8 83.5 t/hr

Pabble addition 1 2.8 t/he

Pabble addition 2 2.3 t/hr

Peb will 1 product 177.6 83.% t/hr

Pab mill 2 product 177.6 83,5 t/hr

Secondary dilutlen 7.8 t/hr
‘8ac cyclone feed 97.4 285,11 t/hy

sec cyclone off 5,9 217.0 t/hre

Soo ¢ydtlona u/f 45,5 6B.1 t/he

Sizae analyals

S 7 O L L _ .

Btream 75 =150+75 =2804150 ~1700+250 +1700
Rad mill dlischarga 19,8 . 7.1 2.9 51.6 “11.6
Prim cye fead 23,6 31.3 26.7 17.3 1.2
Prim cyc A o/f 7.2 36,4 6.1 0.3 0.0
Prim cye B off 60.5 34.0 5.4 0.1 0.0
Frim oyad & u/f 8.7 27.% 34.0 27.8 1.6
Prim oyc B u/f 20.9 28,3 35.4 23,8 1.6
Pab mill 1 disch 25.1 29.8 30,2 15,2 0.0
Palh mill 2 dimch ‘22.8 3l.7 3.8 14.7 b.o
8Sev oyc fead 58.9 35.2 5.8 0,2 0.0
Bag cyo off 85.2 14.7 0.1 0.0 0.0.
Beoc oyu w/f 24.8 61,1 14,1 .0 0.0
Chack for spcurscy:

: T Onlo Meas

Prim oye o/f molst 74 74 %

Sag cye off molst 8l as %

Pab mill molst a2 2%

" Note : The secondary byclane feaed salidé and watar flow rabtes
wie estimated and adjusted to yiald reasonable waber
vontants Ln the primary overflow and pabble miil discharges
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Tept 12c initial mass balance

Stream Solids  Water

Rod 4il) feed 64.5 3.4 t/hr
Rott mill dilution 21.2 t/hx
Rod mill discharge 54.5 24.6 t/hr
Frimary dilution . 189.2 t/hr

Pxim cyclona femd 514.8 436.7 t/he
Prim cyclona A off 40.5 115.1 &/hy
Prim oyclone B off 40.5 = 118.1 t/hr
Prim eyclone A u/f 217.0 ° 103.3 t/he
Prim cyclone B u/f 217.0 103.3 &£, 'hry

Pebble addition 1. 2.8 t, he
Fabble addition 2 2.3 t/he
Pab mill 1 produet 219.8 103.3 t/hy
Pekh mil) 2 product 219.8 103.3 t/he

--8acondary dilution 8.2 t/hr
Seoc cyaelone fsed 80,9 238,4 t/hr
Be¢ cyglone off 69.6 222,0 t/hr
Bau cyclong u/f 1.3 16.4 t/hy

8iza analyais

T YT RS

Straan ~78 =1B0+75 ~280+150 =-170042580 +1700
Rod mill diescharge 15.1 5.1 6.8 43.2 29.8
Prim oyo faad ' 24,0 23.3 .. 24.8 - 24.3 3.7
Prim aye A o/f E8.1 33,4 8.4 a,1 0.0
Brim cyo B o/f 4.4 36.5 4.0 0.1 0.¢
Peim eyo A u/f Ta2 20.7 28.1 39.56 4t
Prim oyo B u/f 5.0 20,1 30.3 36.2 4.4
Fab mill 1 dlsch 27.4 22.0 2t.9 23.7 0.0
Pab mill 2 disch 23.2 28.2 © 28,0 0.6 0.0
Sea cye faed 86,3 - 38,0 8.7 0.1 2.0
Sac oyo o/f Bl.1 18.8 0.4 0.0 0.0
Bec cye u/f 23.0 B5.4 21.6 0.0 0.0

Chack for scourasy:
C Caloe Meas

Prim oye o/f molat M. 4%

Bec eye off molat ° 76 88 &

Pab mill molst 32 32 %
Nete : The saconlary cyclone faed.aalida_and water flow rates

waw aptimated and adjusted to yleld ramsonable water
aontents in the primary ovarflow and pebble mill dischaxges
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Tasl: 12b inltial mass balance

stream Solids  Wataer

rod mill feed 65,7 3.5 t/hy
Rod mill dilutien 21.6 t/hr
Kod mil) discharge 65.7 25.1 t/hr
Primary dilution 185.6 t/hr

Prim cyclone feed 504.9 43%.5 t/hr
Prim cyclone A off 42.0 119,58 t/hy
Prim cyclone B off 42.0 11%.5 t/hx
. Priwm cyclone A W/f 210.4  100.2 b/he
Prim cyclona B u/f 2106.4 100,2 t/hr

Pebble sddition 1 2.8 t/hr

Pebbla addition 2 2.3 t/hr

Pab mill 1 produot 213.2 100.2 t/he

Pabh mill 2 product 213.2 100,.2 £/hr

Sacondary diluticon 8.1 t/he

S8ec oyclone feed 84.0 247.2 t/he

Sao oyolonhe off 70.8 418,8 &/hx

Se¢ cyclone u/f . 13,2 28.4 t/hy
. Bize analysis

RRE T e b

Straam =78 ~150+75 =250+150 -1700+250 +1700
Rod mill discharge 16,0 4.2 .4  41.3 3a.1
Prim cye feed 23.4 23.7 24.5 24.3 4.2
Prim oyc A off 2.2 35.8 11.¢ 0.1 0.0
Prim cyc B o/t 53.3- 38.0 8.6 0.1 0.0
Prim eye A u/f 8.5 21.0 28.4 - 36.1 5.0
Ppim oye B u/ff 7.3 23.6 3.1 33.0 5.0
Pab mill 1 disch 24.7 24.4 26.2 24,7 0.0
Pap mlll 2 disch. 29,4 26.8 28.8 20.0 Q.0
Bac cyo feed 52.8 36.9 10.3 0.1 0.0
sec nyc o/f 83.8 15.9 0.3 0.0 0.0
‘Sed eyc uff 21,3 60,13 18.4 - 0.0 0.0
.Check For acguracy: ,

' calc Heas

‘Prim e¢yo off moist 74 T4 %

gec wyo of/f molpt .16 85 ®&

Peb mill modlet 32 32 %

Note : The secondaxy cyclons feed solids and water £low rates
' was estlmated and adjusted to yleld reasonable water
contents in the primary overflow and pebble mill dischargas
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Test 3a smoathed ma#a balancs

Btrmam Sollids Water Adj

. Rod mill fead 65.8 3:7 4.7 t/hr
Rad mill dilution 23.4 t/hr
Rod mill dimcharge 65.8 27+1 4.7 wjhx
Primagy dilution 188,95 t/he
Prim cyelene faed 413.5 387.5 1.2 t/hy
Prim ovelone A off 48,7 132.8 - 0.4 &/hx
Prim cyclona B o/f 48.7 132.8 0.4 &/hr
Brim cyclone A u/f 158.1 66,0 0.1 t/hr
Prim ecyclona B u/f 158.1 wb,  G.Y R/he
Pabble additlen ] 3,1 0.2 1 'he
Pabhlae addition 2 3.8 0.2 t/hx
Peb mill 1 product 1l6l.2 66,0 0,3 t/hr
FPeb mlill 2 preduck 16).6 66,0 0.1 t/hx
Sacondary dilutlion 1.4 t/he
Sad cyslone fead 97.3 277,00 0.9 t/hy
Sag ayolona o/ 2.5 234.4 5.0 &/hy
Bec eyclere u/f 24.8 42.6 4.1 t/hr
Size analysis
ﬂ_‘- A 20
Straam ’ © =75 wlE0W75 2504150 ~17004250 +1700 Ad)
Rod mill discharge 110 4.0 1.5 43,7 20.8 D.7
brim ocyc fead 14,8 23.7 an.li 25,8 5.6 2.6
Brdim ayc A O!f 50,9 2B.0 20.7 G4 0.1 3,2
Prim cyo B o/f 50.9 28.0 20.7 0.4 0.1 18,1
frim oye A u/f 3.8 22.4 33.0 33.7 7.4 3,8
Prim gye B u/# 3.4 22.4 33,0 33.7 Ted 6.1
Pak mill .1 diach 9.3 12.8 4.9 12.9 1.1 5.B
Pab mill 2 diseh C 8.8 13.7 17.5 1.2 0,1 0.2
Seo oye faad 50,9 28.0 20.7 0.4 0.1 9.1
Sac cyo D!f . 65.3 23.8 10.9 0-2 D.1 2.9
Beo cyo u/f 1L.e 39,9 48.4 0.7 0.0 a.2

Chack for ac EASYt
calo Maas

peim oyc of/f wolst 73 73 §
Sat oye off molot 76 84 %
Peb mill molst 28 29 %
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Tagk 2¢ smoothad mase balance

Btraam Bollids  Waker Ad)

Rod mill faeed 60,0 3.3 2.8 t/hy

Rod mill dilution 20.7 t/he

Rod mill dischargs 60.0 23.0 2.5 t/hr

Primapy dilutien ' . 280,48 t/he

Prim cyclons fesd 438.3 474,4 0.6 t/he

Beim oyclone A o/f 64,1 172,88 0.2 t/hr

Prim eyelons B o/f 6B4.1 172.8 0.2 t/he

Prim ¢yolane B u/f 155.1 64.4 0.5 ¢/he

brim cyelone B u/f 165.1 G4.4 0.5 t/hre

Pablile addition 1 2,58 0.1 t/he

Faphle addivion 2 2.2 0.1 &/hx

Fab mill 1 product 157.6 64.4 0,5 t/hre

Pab mill 2 produst 1E7.3 64.4 0,8 t/he

Fetandary dilutlion 20,8 t/he

Sac oynloans fosd 128,10 366,3 0.3 &/hp

gee cyslone off 84.9 25,4 2.8 t/hy

8ed gyolona u/f 63.3 40,9 3.0 t/hn

Siza analyals

T O
. Btream w78 ~1H0HTE =250+180 ~17004250 1700 Adj

Red 1l discharge C 2.9 1.0 5.7 40.8 35.6 0.2
Brim oYe fawd 15,3 3L.2 27.4 20.2 6.2 1.3
?:;im sye A o/t 39.8 4347 16.1 Godt 0.0 (%
Feim cye B o/f 3.8 43.7 16.1 0.4 6.0 6.5
eeim cya 3 u/f . 5,3 26.1 3.7 28,3 8.7 1.2
Peim oye B u/é 5.3 26.1 1.7 28,3 8,7 IR Y- I
Fab mill 1 disch 12.3 11.6 16.1 10.3 o 8.7
rub mill 2 disch 6.3 18.2 14,5 9.8 0.1 10.3
fag oyo fead 39,8 43,7 i6.1 0.4 0.0 8O
e oyo o/f 67.2 30.3 2.4 0,1 .0 0.8
fao cye ulf 1l.8 5745 30,35 0.5 0.0 0.4
L

Chask for aosuvasy:

Prim eye o/f molst 73 73 %
gag oye o/f molat a3 B4 %
Pab mill moist 28 29 %
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Tept 2k smoothed mass balance

Stroam Solids  Water Ad}

Rod mill fead 65,9 4.9 8.1 t/hr
Rod mill dilukion 24.3 t/he
© Red mill discharge 63,9 2B:2 8.1 ©/he
Primary dilutlon 276.8 t/hr
Prim ayclona feed 415.2 476,4 3.7 t/hr
Prim ayclona A o/f 63.9 17,7 1.8 %/he
Prim eyolene B off 63.9 1777 1.8 t/hr
Peim cyclons A u/f 145,7 60.5 0.0 t/hr
Prim cyclons B u/f 145,7 605 0.0 t/hr
Febble addition 1 2,58 - 0.1 &/hy
Pebbla addition 2 2.3 0.1 t/hxe
Pab mill 1 product 148.2 60.5 0.1 t/he
Pab mill 2 product 147.9 0.5 0.3 t/he
Sacondary dilutlion 21,2 t/he
ERo oyulopns fead  127.8 376.6 3.7 t/hr
Sac cyclone off 70.8 326.2 8.4 t/hx
geo cyeolona u/f 57.3 80.4 4.7 t/he
Size analyais
T T
Straam =78 =350+75 =~2B0+150 =1700+250 41700 Adj
Rod mill discharge 9.1 6.9 14,2 35.% 34.0 0.5
Pzim aye fead 25,3 30,8 28.2 2041 5.9 1.4
Prim ayo & 0/f 45.8 30.9 15.8 744 Q.1 6.2
CPeim oye B off 5.8 30.9 15.8 1.4 o.1 13.2
fedn oye A w/f S 1.7 0.5 as.? 25.8 8.4 2.5
Prim oye B u/f 1.7 30.5 3.1 25.8 8.4 4.0
Pab mill 1 diech B.4 7.4 15.3 B.4 0.4 0.0
Pab mlll 2 disch 8.7 17.0 14.8 9.2 0.3 10:0
Baa oyo famd | 4.8 0.9 15.8 74 0.1 9.2
Gea uye o/f - 74,3 24.0 0.8 1.1 0.1 2.4
Sed eya u/i 12.7 - 37.% 34 15.2 0.1 0.7

Chagk for acouracy:
: cale MHeas

Prim eye o/f nelet 74 74 %
Haco sye o/f molmt B2 a4 %
Pabk mill molmt 29 29 %
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Tast 2a smoothad mans balance

Stream Solids  Water Ay

Rod mi)l faad 58.2 3,5 7.9 t/ht

. Rod mill dilution 21,8 t/he
Rod mill dliechargas 88,2 8.3 7.9 t/he
Beimary dilution 270,12 /e
Prim oyoelone feed 435.3 465.0 4.4 t/hye
Feim oyolono A off  60.3 166.% 1.4 t/hr
Peim cyslone B off 6G0.3 166.9 1.4 t/he
Feim cyelene & u/f 157.4 68.6 0,7 t/he
Frim oyclone 8 w/f 157.4 65.5 0.7 t/hr

. Pebble addition 1 2,5 o 0.1 t/he
Pabbls addition 2 2,2 0.1 t/hye
Pabk mill 1 product 260.0 65,6 0.8 %/hy
Pal mill 2 product 159.7 65,8 1.1 u/he
Seoondary dllution 64.5 t/he
Sac cyclone feed  120.6 98,4 2.9 t/ur

. S0 oyclone off 63,2 8%, 7.7 t/he
Sag cyalone u/f 87,4 38.5 4.8 t/hy
Size anulyals
0 e ol
Straam =75 =180475 =250+150 ~17004280  +1700 AdY

" Reodl mill dischaxgs 7.0 i 16,6 46.3 26.3 0.5
prim oye feod 13,2 34,9 30,2 is.0 a.9 2.
Prim cye A off 42.3 41.8 15,5 o6 0.1 7.8
Prim oye B o, f T 42.3 4.6 15.5 0.6 0.1 9.7
Frim esyc A u/f 1.9 32.3 35,9 24.1 B.2 1.7
Prim oye B u/# 1,9 32.3 35.8 24,7 8.2 2.1
Polt mil) I dimsch 5.2 21.2 1646 B2 0.4 8.7
Pab mil) 2 disch 5.8 16.2 17,0 10.7 0.0 i0.3
See ocye fawd 42.3 4146 15,5 6.6 0.1 7.8
Bec oy ofF o 7247 458.0 1.0 0.2 U2 1.8
Se¢ oye w/t .0 58,3 36,7 1.0 0.0 0.5

dhack for aaturasyl

' Cale  Mear
Prim oye o/f moist 73 73 %
Bwa aye o/f molst 85 84 %
Paly mill molst 29 29 &
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Past lo smoothed pnusn Lalance

Strean Solide Water AdY
Rod mill fasd 59.5 3.8 &7 Y/he
Rod nmily dllution 21l t/hr
Hod mil) ¢imchavge &9.5 - 28.2 6.7 t/hr
Brimary dllution 287.2 t/hy
Prin cyelons fead 407.3 491.7 1.5 t/he
Prim cynlorie A o/f 64.3  185,1 0.7 t/hr
bPrim eyclone B off 64.3 185.1 0.7 t/he
Prim eyclone A u/f 139.3 60,8 0:1 t/hx
Prim syclona B u/f 139,23 60.8 0.1 tfhr
Pabbla addltion 1 2.6 0.0 t/hr
Bebbla adaitlion 2 2.3 0.0 t/hr
Pab mill 1 product 141.9 6.8 0.1 &/hr
© Peb mill 2 product 141.86 60.8 0.4 t/he
pasondary dilution 3.7 t/he
Bec cyalona feed  128.7 373.8 1,3 t/hy
Soc gyclena off 64.4 3l6.1 6.7 tfhy
Seg oyolons wjf fid.2 §7.7 5.3 t/hn
Slaa annlysis
R  OR  F
gtraan =78  ~150+7% ~REO4150 ~17004250  +1700 Adj
“ . - FTER |
Rod mill dischargs 2,8 4.2 6.7 48,9 27.4 0.4
Prim oy feed 18.6 35,0 24,8 20.4 4.3 1.8
- Prim ocya A ﬂfﬂ 43.6 45.% 10,9 0.4 0.1 S5
Prim eye B o/f 43.6 48,1 . i0.9 Ged 0.1 4.4
Prim oye A w/f 2.6 30,3 k.2 29.17 6.3 2.7
Prin cye B u/f 2.6 30,3 31.2 29.7 6.3 5.6
Pak mill 1 gdinch 6.8 22.0 11-4 10.2 0.3 9.8
Pab mill 2 disch 1o0.8 12.5 17.3 -1 0.1 10.2
Sa0 oye faed 43.6 45,1 10.9 0.4 c.1 6.9
Baw aye o/f 8.1 24.3 0.3 0,2 0.2 1.7
2.7 85,4 21,4 0.5 0.0 0.4

Sed eya u/f

cheak for soecurseys :
Cale Haaw

peim cya o/f molst 74 74 &
Beo oye off modet a3 83 %
Pab mill moiwst 30 30 %
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Teet 1h smoothed wmasy balance

Straam Solids Wakar 2dj

Rod mill foad 58.2 3.5 1.9 &/he
Rod mill dilution 22,0 t/he
Rod mill digeharga 68.2 25,8 7.9 ¢/he
Primary dilutiion 2B6.6 t/he
Prim oyolona famd 377.1 452,2 3.9 £/hy
Prim eyolona A off 65,8 = 152.5 1.9 €/l
Frim eyolone B aff &5.8 192.5 1.9 t/he
“Bedm eyclone A u/f 122.8 3.6 0.1 t/hr
Prim cyclene B u/f 122.8 53,6 0.1 &/hy
Pabble addiiion 1 2.5 0.1 t/he
Pabbla addition 2 2.2 0.1 t/he
Pk mill 1 product 125.3 3.6 0.2 t/hr
Pab mill 2 preduct 125.0 53,6 0.5 £/l

secondary dilutien 4,3 Y41

Bax cyolone fesd 131,58 38%,3 3.8 t/he

Sec cyuleona off 83.0  316.4 8.1 t/hn

a0 cyclone u/i 66.6 74.9 4.3 t/he

Bire nnalysis

T O .

gtream “75 =lBOTE =2B804150 =-1700+2B0 41700 hdy

Rod mill discharge 0.2 0.0 10.0 40.8 39.1 0.4
Prin uys faed - 1B 4 36.7 24.4 15,3 g.2 2.0
Prim eye A off _ 41,2 49.2 8.1 0.5 2.1 7.9
Prim cye B o/f - 41.2 49,2 . 9.1 0.5 0.1 8,2
Peim oyo A /¢ 3.0 30.0 32.8 24.8 9.8 1.9
Polm cya B u/f 3.0 30.0 3z.8 24.8 9.5 3.0
Pab mill L disch 3.8 12.8 16.8 B.2 0.1 9.7
Feb mill 2 diwech Te2 21.0 13.2 6.8 0.1 0.3
Sae oyc feed 41.2 49.2 9,1 Q.5 0.1 6.5
5eu cye off 72.8 26,3 0,8 0.3 0, 1.7
‘Sec gyo u/f : 13.4 69.9 16.3 0,4 .0 0.4

Chack for ecouxacyy

Cale Mean
0 i _ ] .
Prin aye off molet 78 L
Seg oye o/F molet a3 Bl %
Pab mill molat 30 3G %
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A.P PENDIX F | Smoothed muss halunces

Teat ia ameothed mass balance

étream Bolida Woter Ady °

Rod mill fwad 46.1 2.6 3.0 t/he
Rod mill dilution _ 16.4 #/hy
fod mil) dischavgs 46.1 9.0 3.0 t/hye
Frimayy dilutien 281.3 t/he
Peinm cyelone faed 367.8 4B6.4 5.0 t/hr
Prim oyelone A o/f 64.6 51,1 2.5 t/hr
Prim cyclone B o/f 64.6 igl,l 2.5 w/he
Prim eyclona A u/f 119.2 52.2 0.0 t/hr
Prim eyolone B w/f 119.2 52,2 0.0 t/hy
Pebble additlen 2.8 0.1 t/he
Pebbla addition 2 2.2 ¢l t/he
Pab mill 1 product 121.7 2.2 0.1 t/hr
- Pab mill 2 product 121.4 - 52.2 0,4 &/hr
. Saeondary dilatlon 4.4 e/he
Sae oyalons fasd 129,31 3E6,8 5.0 t/hy
Se¢ oyulons o/f §Q.8 apg.7 3.2 &/he
Bag oyelons u/f 78.5 Bl,8. 1.8 t£/hr
Bige analysis
T . .
Straam i =75 =150+75 ~280+180 ~17004250 +1700 Adj”
. Rod mill discharye 8.6 2.9 15.8 4.9 20,9 (Y
C Pfim ayo faad 18.7 40.0 25,5 15.0 2.8 Y
Brim oye A off 45,8 458.9 13,8 D.4 0.0 8.8
Prim oye A u/f 4.6 4.2 32,2 24.4 4.5 1.3
Prim oye B u/f 4.8 34.2 38.2 24,4 4.8 2.3
Pab mill 1 dlmeh 1.4  18.0 13.1 8.0 6.4 9.8
Pah mill 2 disch 6.7 20.6 14.9 6.9 0.1 0.2
Sse oye fasd 35,8 45,% i3.8 0.4 0.0 B.8
- Bag ayo "Jff 72.8 26.5 . 0.8 Q.Y 0.1 Q.7
- %2.4 658.9 21.1 0.6 6.0 0.7

Sec oy u/:

Chaci for accuracy:
cale LUTT Y

pziv oye off molst 7 M %

Bag aqye a/f molwt B6 - 83 %
Pab nlll molat 40 Kl

* Adj : absolute adjustment in the tons per hour from the original data
YAdj : average absolute adjustment in the mass percentage in a size class

* Meas: shift average moisture percentage according to the daily logsheets, Calo ; same
value calculated for the fitted data set,
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for § 1= 1 to dimen do begln
aalutlon(j) &= =xi{j)
endy {for 3}
“4f (irpge »= 3) then gote 99:
goko 1
end; {LL} .
rp i= reqd;
ataub({xy,xi,dimen});
gg ¢= 0.0
dgy :m 0.0y
for § s= 1 to dimen do begin
gy = ggteqri{g{il);
dgy = dggr(xi{Iyrati]imifs]
endy {for 3}
Lf (gg = 0.0} then goboe 99;
gam = dgg/g9g9;
for § := 1 to dimen do begin
gld) == ~xifi]?
h(3] s= g(J)+gam*h(]]
endy {for 3}
oliaol;
end; {for ltexn}
fluagi=d;
99 _
rawrlta{fitinl);
for fiw 1 to dimen do write{fitini,* ',solutien[i]:lﬁta):
writaln(£itint);
cloaa{fltinl)
and; {proc sparse}
wnidd,
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for § 1= 1 to dimen do begin
aolution[j] = xi{j]
end; (for 3}
if {irst >= 3} then gokto 29;
goto 1
and; {(1£}
rp = reg
atsub{xj,al,dimen);
gg = 0.0y _
dgyg = 0.0}
for § 1= 1 to dimen do begin
gy = ggtaqri{g(d));
dgg 3= dgg+{xi[j}+g[j])*xi[j]
and; {for 3}
_ 4f (gg = 0,0) then goto 95;
gam = dgg/gy;
for 3§ 1= ) to dimen do bagin
g3l s= =riL[3);
h{j] = :[ﬂl+qnm*hlil
end; {for j}
olrealy
and; {for itex}
“flagiw?;
-} H
raweite (fitind);
for iiw 1 to diman do write(fitini,' *roolublon[i)11043}y
welteln(fiting )
clowd{fitini);
and; {proc apnrna}
and,
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for i:=1 to dimen do bagin
' outvedtor([l] 1«0}
for 3: -1 to dimen do outvector|l]imoutvactor([i)+invector(])
veoefficlente(j, ils
and; {for L}
end; {proc atsuh}

begin {proo sparse}
assign{fitind, *c: \MSC\DATA\FITINI.DAT');
ragseh{fitipl);
for Li= 1 to dimen do rsad{ritini,aolution[i]};
close(fitinl); _
whiteln}
#layg:=l;
aps? 1= dimanﬁsqx(apa);
Lygt t= O3
1l:
lrak sn fest+l)
asubs{eolutlon,xi,dimen)
rp t= 0,0}
heg s» 0.0
for § = 1 to dimén do hegln
bogy 2 bagracr (constante(dl);
RL[3} a= xi(j]-cunutants{j]:
¥p 1= rpeeqe(xi(i])
end; {for 4}
atsub{xi,g,diman]:
“for J 1w ) to dimen do begin
aid] = ~g{3ls’
' B3] = gli]
and} {for 9}
for lter = } to 20%dimen do bhagin
gotoxy(l,wharay-1};
olyaal;
weltels {('Working...' itex:d, ', sxroy =, pegi773);
npub(h,xi,diman};
anum := 0.0y
-adap rw 0.0}
for 3 s 1 to dimen do bagin
anum := anumeglii*hi{i}s
aden tw adan+sqr{xi[j]}
ands{for 3}
Lf (adan = 0,0) then bagin
wiritaln (' Very singular mateix'yy
raadlng
and; {1£)
anum = apum/aden;
for § 1= L to dimen do bagin
»1L(4) 1= aedukion{i): .
golutlon{y] iw aalution[j]+anum*h[j]
endj {for I}
asub(solution,x},diman)}
gy sw Q.05
for § :m 1 to diman do bagin
®i13) = wi[)j=vonntante(4);
pag sw wegiaqge(xi{ll}
snd) {for 4}
LE {(umg = £p) or {rug <= begrape?)) then goto 89
Lf (wpg > xp) then bagin
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unit’aalvmgt;
intexface
upmas winett;

wongt
maxdiman=100;

type |
vaotor = array{l..maxdimean]
makrix " arrayil..maxdiman]

procedure aparse(dimen
coefficiente
congtants
var solutien
flag

implementation

procadura sparde {dimen
. ‘cpefflcleonts
uwnnstants
vay svlutien
flag
congt
i aps

-~ label
1,99;
var
apel, LY, gy, beg, anun,; aden, reg, dgg, gan
irat, b | PER.T1 P4
xi,xd,g.h
gleini

- propaedure asub(invector -1 wegton}
var outvectox ¢ veotor;
dimern: integex);
var . _
L,3 .t integer;

bagin {proc amuh}

for lLiwl to diman do bagin
ounkvector[i}i=l;
for ji»l to dipan do begin

outvactor[i] r=outvacter{i}+invectoy 4} fcoafficlanta(i, ];

aénd; {for 3}
endj {for 1}
‘andj {proc asub}

- procedure ataub{invector i veotory
var outvactor t vector;
dimen: lnteges);
var
EYS + integexr;

bagin {proc atiub)
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of renl;

of vectory

i
H

A mE AR a4

intager;
matrls;
yector)
veotor;
integeri;

integar;
mat.yix;
vackor;
veabor;
intsger);

1.08-6)

double;
integexn;
veotory.
text}
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~250+150 ~17004250  +1700 2dj'};

writeln{fitrep,*
' =ty _
write(fitrep, 'Rod mill diecharge '});
- for iie 7 downto 3 do
write(£itrep, sto(rmd,1)19: 1) swelitaln(fitrep, siamod(rnd):9: 1) ;
write{fitrep.'Prim cyc fead )y
: for i:= 7 downto 3 do
write(fitrep,sto[pet, )9 1};wrlteln(fitrep,aizmcd[pcf]:9:1}:
welte(fitrep, 'Prim oye A o/f '}:
" for li= 7 downto 3 do
write(fitrep,sto[pena,1):19:1) jwritein{fitrep,sizmod[pecalt9tl);
write{fitrep,'Prlm cye B off Y}
for i:s 7 downto 3 do
write{fitrep,stofpock,1]:9: 1};writeln(fitrep,aizmod[pcob] 9:ly;

write(fitrep, 'Prim cye A /£ 37
for i:= 7 downto 3 dum

write(fltrep,sto[peua,i)19: .celn(fitrep,sizmod(poua):9sly;
write(fitrep, 'Prim cyo B ajf Yy

for i:= 7 downto 3 do
write({fitraep, stofpoud, 1]:9:1);erteln{fitrap,sizmod[poub]:9 1)t
write(fltrap,'Peb mlill 1 disch ')y
for iim 7 dewntoe 3 do
write(fitrep,sto[pdisl, 1}:9: 1};w:iteln(fitrep,sizmad[pdisl]:9:1}:
: write(fitrep, 'Peb mill 2 dlsch  ');
fory L= 7 downto 3 do
" write{fitrep,stolpdis2,i]:9: 1};writaln{fitrep,sizmod[pdisz]x9 Ly;
' write{fitrep, '8ed cyc feed 'y;
for i:= 7 downto 3 de
write{fitrep,sto(sct,i]: 9;1);wrlteln{fitrap,sizmnd[scf] 9 1};
write({fitrep,'Sec cyc off Yy
for i:= 7 downto 2 do
write{fihrep;ato[snn;i]:9:1},writeln(fltrep,alzmnd[sco]:9 1)y
write(fltrep, 'Sec cyc u/f "1
for Li= 7 downto 3 do
write(fitrep,stofaon,i])t9: 1};ertaln(fitrap,aizmad[scu]:9:1);

"'writeln(fitrep,

'yt
weiteln(£itrep); '
writaln(fit;ap,'check for accuracy "y
weltaln{fitrep, ! Cale Meas't});
weikaln{fitrep,’ erm 1) 7
weiteln{Fitrep, 'Prin cve off maLat poci 40,
,parm{S] 4:0,' 8');

writaln{fitrep, 'Sec oye off molst tyEmeids, !
Yypasm[7iid:0, %'} )
" wiiteln{fitrep, 'Peb mill moist t,pmmat 40, !
--'rparm[B]:d:O, ' %'}’
writeln{fitrap);

writeln(fitrep,chr(12));

closa(fitrep);

and; {subtast)
end; {test)}
disPQae{aoafficianrs);disposa{canstants}:dispasa(solution);
snd. {main)
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Test &g smoothed mass balanece

' Btream Sollds wWater Adj
Rod mill fesd 58.4 ) 30 3.0 'l'-,’hr
Red mill dilution 1.8 t/he
Rod mill discharge 58.4 21.8 3.0 t/br
Primary dilutlen 174.1 t/he

Erim cyclona faed 447.9 443.6 1.7 t/hr
Prim eyclona A off S50.8 134.3 %3 t/he
Prim tyalona B off 50.B 134,35 1.1 t/hy
Peim vyclone A u/f 173.2 87.6 0.3 t/he
Prim oyclons B u/f 173.2 87.6 0.3 ti/he

Pabble sddition 1 5.4 0.1 £/hr

Pebble =ddition 2 3.3 - 0.1 t/hye

Pab mill 1 produet 178.6 B7.6 0.4 tihr

Pek mill 2 product 176.5 87,4 2.4 t/br

Secondary dilution 52.2 t/hy

Ben wyclone famd  101.5 J20.7 2.2 ¢/hx

Seq oyclone o/f 88.3 248.1 3.0 t/hr

Sac cyolone w/f 33,2 12,86 0.8 t/hr

Bize analysis

T

Bt reaam ' ~75 ~150+75 ~R280+180 ~1700+250 #1700 Ady

Rod mill discharge. 16.9 8.8 10.4 46.3 17.7 0.8
Prim cyc fead 26.4 an,s 24.7 15,7 2.7 1.2
Prim ayc & o/f 58,6 c.4 - 11.0 g.0 0.0 L4
Prim cyo B o/f 58.6 0.4 1.0 0.0 0.0 1.4
Prim oye A u/# 11.0 30.5 28,7 20,3 3.8 4,1
Prim oye B u/f 17.0 30.5 28,7 20.3 3,5 2.2
Peb mill 1 diseh 16.4 16,2 11.8 B.3 0.5 0.2
Pab wlill 2 dimeh 12,6 18,0 14.8 5.7 0.5 102
Sau vy fued 58.6 0.4 1.0 0,0 0.0 142
Say gys 5!! 79,2 2005 0.4 0.0 0.0 0.5
sﬂc.cyq uff 16.1 50.9 32-9 0.1 0.0 0.1

chack fos Agouracy:

calec Meag
FIT T 11 tr s
Prim oye off molst 73 738
Set sye o/f moist 78 - 83 %
Peb mill meist 33 AN
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Tawk 6b amoothed mass balance

stream Solide Water  Adj

Rod mill) feed 48.3 2,5 1.3 t/he

Red mill dilutlen 15.7 t/hr

Rod mill dimcharga 48.3 18.2 1.3 &/he

Frimary dllution 172.8 t/hr

Prim cyclone faed 462.5 437.7 0.5 ¥/hy

‘Peim ayelons A off 47.4 126.7 0.9 u/hp

Poim oyclens B o/f 47.4 125.7 0.9 t/he

Prim cyelona A uw/f 183.9 3.} 0.8 t/he

Prim eyaolona B u/f 183.9 3.1 0.6 &/hx

Pabble addition 1 5.3 : 0.2 t/hy

pabble sddition 2 3.3 0.2 e/hy

Pab mill 1 produect 189.2 23,4 0.8 t/hr

Pab mill 2 preducy 187.2 93,1 2.8 t/he

Besondary dilutlon Bl.2 . tfhe

Sse ecyeclonm faad 54,7 332.6 1.7 t/hx

Swg ayolone off 57.1 ° 272.94 1.1 &/he

Sac cyclonw o/t a7.7 60,6 0.6 t/hr

8lze analymiw

I M A o ) .
gtiraam =78  wlEO+7H ~250+150 ~17004250 #1700 AdY

Red mill dlschange 22.1 6.7 10.46 3.9 6.7 C 8.7
Prim oys fead 26.0 8.0 27.4 177 1,0 0.8
Frim oyu A off 54,4 28,9 1647 0.0 0.0 B.8
prim qye B o/ff 54,4 28,9 16.7 G.0 Q.0 5.3
Brim oye A u/f 8.8 27.7 3o0.1 22,3 12 3.4
Prim gya B u/f - 18.8 27.7 a0 22,3 1.2 2.5
Paly milk 1 disch 17.% 13.7 2.2 6.3 0.4 10.2
Pab mill 2 disah Q.8 15.4 15.8 8.5 0.4 0.0
Bag vyt fawd 54.4 28.9 i8.% 0.0 0.0 6.0
sag oyw off 80.0 15.86 0.3 0.1 0.0 - 0.0
Gy oye u/f 14,8 43.4 41.6 .1 0.0 0.3

X =

thexk for socurasy: -
Cule Neus

L1 L L1 L]
Prim oye off molmt B 13K
fac oye o/f molst 83 - BA N
Peb mill modst 3 a3
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Tegt Ba smoothed mase bhalanoy

straam Splide  Water Adj
Red mill feood 48.0 2.8 0,6 t/hr
Revd mill dilukson 15.6 t/he
. Rod mill dischaxge 48.0 1l 0.6 t/hy
Primary dilution ir2.0 £/ he
Prim cyclona fead 462.4 438.,4 0.3 t/hr
Prim eyclona A off 47.1 126.1 0.5 g¢/hr
Prim oyglone 8 off 47,1 126.1 0.5 &/hre
Prim eyclona A u/f 184.1 93.1 0.6 &/hre
Prim cyalone B u/f 1B4,1 93,1 0.6 &/hy
Pabble addition 1 5.0 0.2 tfhe
Pebble additlon 2 3.3 0.2 t/he
Peb mill 1 produst 189,1 53.1 0.B t/hr
PFob mill 2 produst 187.4 83.1 2.5 &/he

Smeundary dilution v Fy ) t/ha

Sat oynlona fasd 94,3 322.8 1.0 t/hre

. 8o cycleons off £6.5 60,8 Q.5 u/hy
Bec ovyelone uw/f 37.8 62.0 0.5 t/hr

-Blaw analysiw
HI-_-'IIIMIHIH .
Steaam =78 =150475 »250+1B0 ~17004R80 41700 hdj

- Red mill discharga 18.2 3.6 12.8 49.3 16.4 0.4
Prlm aye fasd ' 23.58 26,4 25.4 22.7 2.0 1.2
Peim oye A off - BE.2 36 13,2 0.0 00 6.4
Prim cye B o/f - B2.2 34.8 13.2 0.0 0.0 4.8
Prim gye A w/f 16.1 2444 8.6 28.4 2.6 1.0
Pedm ciu B w/f l6.1 244 28.6 28.4 246 8.7
Pab mlll 1 digeh 7.1 12.% 1z.7 7.5 0.4 10.0
Pel mill 2 dixch 7.9 13.7  13.7 4.1 0.4 0.2
Sac cyc fead ER.2 4.8 13.2 ¢.0 0. 2.9

- Beo oye off 7.0 22.1 0.8 Q.3 -0.Q 0.8
See oyo u/f ' 4.9 %3.3 31.7 0.1 0.0 0.2

Check for asmuracy: .
Cale Hons
brim ayo off molst 73 78 %
Bud oys o/f melst b2 83 %
Pab mill molwt a3 . 33
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Test 5o smoothed mass balanca

Straean Solide Water Adj

Rod mill feed 86,4 3.8 7.2 t/hr
Ro#t mill dilution 24,2 t/hx
Rod mlil) digcharge 66.4 28.1 +4 &/he

t/hr
t/he
t/hy

Primary dilution 1774
“Prim cyolone fwad 402.4 382.7
Prim cyclopna B off 44,4 1z5.8

»
‘Pyim oyalonoe B off 44.4 125.8 2 t/he
Prim cyclone A u/f 156.8 85.5 2 t/hy
Prim cyglone B u/f 1l56.8 65.5 .2 t/he

t/he
t/hy
t/hy
t/hy
t/he
/by

Pabblz additlon 1 3
Pebble addition 2 3
Pab mill 1 product 160.0 85,8
Pab mill 2 product 150.4 66,5
Facondary dilutlen 8.2
ey oyclona feaed BE.7 260.9

- .

L =X o OO0 O00 MW ~r
H O I s R A RS A RO f

Sgc cyolona o/f 3.1 ald.n 5 t/hr

Seo cyolona u/f 18.6 46,2 .1 t/he

Sles analysis _ _

-nﬂlﬂ-ﬂn._ﬂﬂ-i . .

Stream . =78 =LEQ%75 «250+180 -1700+280 41700 Ad)

Rod mill dischaxge 16,1 7.4 B3 35.2 34.9 Q.5

Peim sye fead : 19.5 26,6 a6.2 21.3 6.3 0.9

Prim eyo A o/f 57.8 32.2 5.4 Ou6 0.1 10.4

Puim oye B off 57.8 2.2 9.4 0.6 B.1l 13.0

prim ove A u/f 8.3 S 25.1 #1.2 37.3 8.1 %

Peim eye B uff 8.3 25,1 31.2 27,3 8.1 2.0

Peh plll 1 digvh 8.7 14,7 15.0 10.0 g.5 19.0

Pab mlil 2 dimzh 1H.9 14.2 15.3 8,8 0.1 10.0

ez uyc femd 57.8 32,2 9.4 0.8 0.1 11.8
. Seag oye n/f . 89,7 25.4 4.4 0.3 0.1 2.4

Beo ayw u/f 12.6 60,1 26,8 . 0.7 _ 0.0 0.2

“Ghegk for sgcaracy:
cale - Heaw

TPrdm eye offF molut 74 T3 & . .
gen aya o/f molst 75 84 % _
Ped mill molst 29 29 %
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Temt Eb smoothad mass balance

Straam _ solido Water AQj

o 1
Rod mill fwad 63,2 3.8 B.4 t/the
fod mill dllution 23.7 t/hie
Rod mill dleobarga £3.2 27.5 8.4 t/hr
Primayy dilutien 172.3 t/hr

t/hye
t/he
t/hy
E/he
t/hn
t/he
t/he
t/hye
t/he
&/ha
t/hy
E/hy

Peim cyclone fowd 393,0 376.2
Prim ayelone A off 43.7 124.4
Prim cyelone B o/f 43,7 124.4
Beim oyclone A u/f 152.8 83,8
“Peim gyalone B u/ff 152.8 6344
Pabbles additien )} | 3,
Febbla addition 2 a,
Pek mill 1 preoduct 155, 63.8
Pt miLl 2 product 156.3 53,6
Swcondaxy dilutlon 2.1
Seg cyulona fasd 87.8 258.0
Bt gyclone off 69,8 208,59

i 00 dw COOOOC0O MM
a3 B R Y G G G O

P

. Amg oyclane u/f 1747 49,1 E£/he
Blre analysis .
A o e . : .
Stream : w75 w=1ED+HTS =250+150 ~17004250 +1700 Adjy
Rod mill diwcharge 10.8 £.8 T4 an,. 5 1.2 0.6
Prim syo faed 15.4 25,9 28,9 24.0 5.7 1.5
Bodm aye A off B2.5 3.4 12,3 .7 0.1 9.2
Pmoe s B off 2.5 3.4 12.3 1.7 0,21 Si3.1
Prim oye A u/d 4,4 23,9 a3.¢ 0.4 7.4 3.5
Prim oya B u/f 4.4 23,9 3.9 30,4 7.4 1.9
rab mill 1 disch 8.0 14,5 15.7 11.¢ 0.5 10.0
Fob mill 2 disoh 8.4 i4.1 i5.8 1.6 0.0 10.0
Sag oye fawd B2.5 33.4 12.3 1.7 0l 10.8
" Sed uye off .. 650 30.8 3.9 0.3 0,1 3.8
14,2 8.6 40,8 6.8 0.0 0.2

Ber aye w/f
L _

Chedk for Aoouracy: S .
Gule Nuan :

Prlm oye off woimt 74 73 %
Seg oyc of/f molat 75 84 %
Pab mlill molst 29 28 &
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Tegt 53 Bmoothed mass balance

Btresm sollds Water Adj
Rod mill femd 61,0 3,5 4.7 t/he
Aod mill dilution 2.4 t/hr
Rod mill dischargas 61.0 25.3 4.7 t/he
Primary dilution i78.9 t/he
Brim cyolone faed 417.0 384.3 0.8 t/hr
Pein oyclone A o/ 46.0 124.1 0.1 &/hx
Peim oyelone B u/f 46.0 124.1 0.1 t/hr
Prim oyclone A u/f 162.6 68.1 0.5 t/hr
Prim cyolona B u/f 182.6 68.1 0.5 t/he
Pabble addltion 1 3.3 0.2 t/hxe
Pabble addition 2 3.8 0.2 t/he
Peh mill 1 produect 165.6 68,2 0.7 e/hx
- Peb mlll 2 product 166.C 68.1 0.3 t/hx
. Begondary dilution 14.0 t/he
Sac cyclona fead 91.9 2621 0.1 t/he
Bay ayslone o/f 67,7 218.2 . 5.0 t/hx
fao oyelone u/f 24,3 43,8 5.1 ¢/he
Blze analyain
T g R .
Straam o =75 «1BO475 «250+150 ~17004250 41700 Adj
Rod mill discharge 4,8 iz.3 B.d 38.8 . 3B.8 0.6
Priﬂ Uyﬂ faﬁd_ 17.0 2204 33.2 21.3. ﬁul 2.3
Pxim cye A off . 52,8 32,2 189 2.0 0.0 9.8
Prim aya B bff 2.8 32.2 12,9 2.0 0.0 13.7
Prim cyo A w/f 6.9 19.6 38.9 28,8 748 U -
‘brim oye B uff . 6.8 19,6 38.9 6.8 7.8 3.7
Pab mlll 1 dimch 11.0 7 22.1 10.2 0.6 - 9.7
Pab mill 2 dimch 8.7 15.0 15.8 8.9 0.0 10.3
Sey aye foud 52.8 3.2 12.9 2.0 0.0 11.3
foe aye off 68.4. . 27.9 3.4 0.1 0.1 2.5
" Ses oy w/f © 10,2 43.1 39.4 7.4 0.0 0.3

Chack for acouxsdy: :
T : Snle Meas .

Prim ayc o/f molat 73 73 %
Bau eye o/f mplaet 76 84 4

Peb mill molst 29 29 %
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Tagt 4c smookhed mase balance

Shrean Solids Watar  Adj
Rod mill feed 5.0 3,8 14.0 t/hy
Rod miil dilubtion 23,8 t/he
- Rod miil diecharge 5B8.0 27.6 14.0 t/hy
Brimary dilutien 214.5 t/hx
CBrdm oyslots fesd 461.2 410.8 9.1 tfhn
Prim eyelons A o/f 42.7 127.1 4.3 £/he
Prim eyolone B off 42,7 127.1 4.3 t/he -
Prim eyolena A u/f 187.9 8.2 0.2 tfhy
Prim c¢yclone B w/£ 187,9 78.2 0.2 t/hx
Bobble addition 1 3.2 0.1 /0
Pabbla addition 2 3.6 0.1 t/he
Pab mill 1 preduct 191.1 78.2 0.3 t/hz
Pab mill 2 preduct 191,8 ¥8.4 0.1 t/hr
Secordary dilutlion 12,3 t/hr
Ben cyclona feed 88,3 266.4 8.7 t/h»
Bed oyclons o/f £5.0 284.4 4.0 t/hre
Sec cyplone u/f 2o, A0 5.3 t/hre
Slza analywis
ARG O e e
Stream w75 «lEQ+7S =2B0+150 ~1700+25C  +L70H Ad)
Rod mill dimcharye 8.5 6.9 . 9.2 34.0 41.4 0.4
Puim oye fead 12.2 22,2 29.0 29,0 7.8 1.2
Peim oye & ofF 53.7 30.1 8.1 0.9 0.2 14.2
Prim oye B off 53.7 30,1 15,1 0.9 0.5 12.5
Prim oye A u/f 2,0 20.4 32,4 35,4 9,3 4.4
BExlm eye B u/f 2.0 20.4 32.8 38.4 9.3 3.4
Pob mill 1 dimab 4.6 12.2 14.5 18.0 2,8 . 0.0
Pab mill 2 disch - 8.2 A1 16.7 3.7 0.2 10.0
fag oyy faad B3.7 0.1 15.1 0.9 0.2 13.2
-1 1+ Uygn!f 73.58 23.8 -] 0.3 0.2 3.3
et oyc w/f 0.0 4.1 43.4 2.5 0.0 C 03
Cheak for agouzaoy: - :
: ' Cale - Maam
Prim eye o/f molet 75 73 %
Se0 aye o/f molmt 80 84 &
Peb mill molet 29 29 %
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Teut 4h smoothed mass balance

Stream Solida Water Ad)
Rod mill faed 61,0 4,0 15,8 t/he
Rod mill dilution 25.1 t/he
Rod mill disoharga 61.0 29.3 15,5 t/he
. Primezy dilutlien 217 6 t/he
Prim cyclone fesd 453.0 416.2 10,2 &/he
FPyim ayclone A o/f 43.8 132.1 5.3 t/hy
Prim oyolone B off 43.35 132,31 8.3 t/he
Prim tyelons A u/f 182.9 76.1 0,2 t/hr
Prim eyclona B u/f 182.9 76.1 0.3 t/he
Pabbla addition 1 3.2 0.1 t/he
Pabble mddition 2 3.6 0,1 t/he
Pals mill 1 product 186.2 76,1 0.1 t/he
Pab mill 2 produdt 1B6.5 76.1 - DB t/hs
sSscondary dilutlon 16.8 t/he
Sac cyclone faed a7.1 274,9 1D.6 ¢/hx
Sag gyolone off 67.6 257.5 15.8 &/hx
Bey oyclons u/f 19.5 17.4 8.2 %/he
Shee ar lywis
T T K e
Straam =75 ~1E0478 ~250+180 ~1700+4250 1700 Add
Rod mill discharye B,0 8.1 8,0 25.1 45.B . 0.8
Prim aye faad 2.2 23.4 28.%9 25,7 0.8 1.0
brim oye A off 2.3 25,6 17.0 1.0 0.2 15.%
Prim oye B off : 52,3 25.68 7.0 1.0 0.2 1.0
Prim oyc A u/f 1.7 22,1 32.4 , 317 12.1 2.7
© Brim eya B u/f 17 22,1 32,4 -3l1.7 2.1 3,7
Pab mill 1 dimcgh 4.3 3.2 - 4.2 14.8 4.0 10.0
Pab mil) 2 dimch 8,6 1.6 7.2 1i.9 0.4 10.0
Sen oyo fasd B2.3 29,6 17.0 1.0 0.2 13.1
Seg ayu o/f -71.3 2.8 " B3 0.8 0.2 3,9
Sac =4 “,f 11-7 43.3 4‘31? 1,3 0.0 0.3

KR

Chack f£or avounacy: o
Onlo Maxs

Prim tyc o/f moist 75 73 %
Sao gye o/f polst 79 84 %
Peb mill molat a9 29 0%
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Tp#t 4b smoothad mans halance

Straam Solids  Waker  ad3

Rod mill feed 61.0 4.0 15.5 t/hr
Rod mill dAilution 25.1 t /b
Rod mill discharge 6%.0 25.1 i5.5 t/hr
Primary dilution 217.6 /b

Prim eyélone fasmd 453.0 416.2 10,2 t/hz

Peim oyclone A off 43.5 132.1 E.3 bjhre
brim cyclone B off 43.5 132.1 6.3 t/he
Prim ayelone a u/f 182.9 6.1 0.2 t/hx
Prim cyclone B u/f 182.9 76.1 0,2 t/he
Pabble addition 1 3.2 .1 t/he
~ Pabple addition 2 3.8 ' 0.1 t/hr
Pab mill 1 product 186,2 76.1 0.1 &/hre
Peb mill 2 produat 186.8 76.1 0,85 t/hr
Seoondary dilution 10.8 t/hre
gav pyclona fead B7.1 274.2 14,6 t/hr
Sau cyoclona o/ff 67.6 287.8 15.8 t/he
Sac cyclona u/f 19.5 7.4 B.2 t/hr
Slze analyals _
o L O I A e e, :
Styaam «78 ~150+75 -2504150 ~17004250  +1700 * AdY
Rod mill diﬂaharg‘ 8,0 8.1 Q.Q 29.1 45,8 0.8
Prim 2ye ford . 12.2 2304 28.% 25.7 9.8 1.0
Prim oye A off 82,3 29.6 7.0 4.0 0.2 15.1
Prim sye Ba(’f 82,3 29,6 17.0 1.0 0.2 11!0
Pfiﬂ\ aye A uf.C 1.7 2211 32.4 . 31.7 12.1 2.7
Prim oye B u/f 1.7 22.1 32.4 3l.7 2.2 3.7
‘Pab nill 1 diseh 4.2 13,2 4.2 14,5 4.0 - 10,0
Pab mill 2 dimch 8,6 1l.6 17.2 11.9 0.4 10.0
Seo cye faad B2+3 29.8 47,0 1.0 a.2 13.1
_gac oye off 73,3 22,8 5.3 0.6 0.2 3.9
sﬂd ﬂ}'c U,ff ;1&? 4303 4317 1-3 Dio 0.3
. _ - . .
Ghack for ascuracyy .
' . Cale Naas
Prim eye o/f molet 75 73 %
Sed oye off molst ki:| a4 %
Peli mill molat 29 20 %
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Test 4a smoothad mass balancea

Btraam ' Bolids Water  Adj

Red mill feed 64.6 4.1 13.0 t/hy

Red mill dliutlon 25.9 t/hy

Rod mlill discharge 64.6 0.0 13.0 t/hy

bBrimary dilution 213.0 t/hy

Prim oyelona faed 442.7 410.% B.0 t/hy

Prim ayclena A off 44.5 131.9 4.3 t/hr

Prim vyalone B o/f 44.5 131.9 4.3 t/hr

Prim oyalone & u/f 176.8 73.8 (.3 t/hr

Prim oysione B uff 176.8  73.6 0.3 t/he

Pabble Hddition 1 3.2 0.1 t/hr

Pebbla addition 2 3.8 0.1 t/hr

Pebk mill 1 product 180.0 73.8 0.1 t/he

Pab mill 2 product 180.4 73.6 0.5 t/hn

Sacondary dilution 10.7 t/hye

Say gyelona feed 69.0 274.5 8.6 t/hr

Bwe eyolons o/f 1.2 253.7 13.4 t/he

Sa¢ oyclana u/f 17.8 20.8 4.9 t/hre

Bize analysin

A e  k  a .

© Btyaam w78 150475 «~250+150 -17004250 #1700 Adj -

Rod mill discharge 5.4 6.1 7.3 - 33.8 47.6 0.4

Prim gye faad 13.4 22.8 29,3 96,2 B.4 1.8

Prim cyoc A off - B4.8 26.8 18.1% 0.8 0.1 14.3

Prim oyc B off 54.6 26.3 18,1 0.8 0.1 12.3

Prim oys A u/f 2.3 22.0 32,58 42,6 - 10.4 4.7

Prim oye B u/ff 2.3 22,0 32.5 32.8 10.4 2.8

Pab mill 1 disch 6.2 13.4 15,3 13.4 1.5 10.0

Sac cyq fead 54.& 26.3 18,1 .8 0.1 13.3

Seo cya off 71.2 is.2 10.1 0.4 0.2 3,8
11,2 47.6 A5.0 2.2 0.0 0.2

Sao aye u/f

Check for acoupacy: .
cale Maaw

Peim aye o/f molet 75 3%
8o oyo o/f molat - 78 B4 %
Fab mill modet 29 29 §

Appendix F : Smonthed mass balances ' ' 193



- pept 3¢ smoothéed mass balance

Styraam _ Solide  Water  Adj
Rod wmill fead 60.7 3.5 5.8 t/hyr
Red mill dilutlon 22,1 t/hr
Rod mill discharge 60,7 25.6 - 5.8 t/hr
Primary dilution 200.3 - &/hy
Prim cyclone fead 432.3 401,32 4,0 /he
Prim vyolone A off 45.7 129,7 2.3 t/hre
Prim oyglone B off 45.7  -129.7 2.3 t/hr
Prim eyclond A u/f 170.5 71,0 0.3 ¢/he
Prim cyglone B uw/f 170.5  71.0 0.3 t/fhe
Pebble addition 1 3.2 0.1 v/he
Pebble addition 2 3.6 o0l t/he
Pab mill 1 produch 173.7 13:0 0.2 t/hr
pab mill 2 product 174.1 71,0 0.8 £/hr
Secondary dilution 10.3 t/hre
S#c cyclone feed 21.2 269.7 4.6 t/hx

 8ec cyolona off 7.5 = 237.2 5.9 &/hr
8ac cyclone u/f 23.8 32,6 1 3 t/he
Slze analyela _ _
Y ok i . .
Strasm =75 =150+75 ~250+1E0 -1700+250 +1700 Adj
Rod mil} diechargs 2.7 746 3.8 33.2 B2.7 Y-
Prim oyc feed ' 15.1 21.8 - 25,7 28.7 8.7 1.5
Prim cyc A off 59.0 29,3 11.3 0.2 0.1 10.5
Prim cyc B o/f 59,0 29.3 11.3 0.2 - 0.1 8.5
Prim oye B w/f 3.1 19.6 25.9 38,3 11.0 1.1
Prim cyc B w/f 3.1 19.6 29.9 36.2 11.0 4.3
Pab mill 1 disch 8.0 9.9 14,6 18.2 1.8 . 9.9
Pak mill 2 disch 8.7 11.5 14.7 14.6 0.1 10.1
Bao oyt feed 55.0 29.3 11,3 0.2 0.1 9.8
Bae oye o/f 78.1 4.2 - 3.8 - 0.2 0.1 1.1
sSag eye u/ff 1T 62.1 28.5 0.2 0.0 0.4
check for agouracy: . :

: Calc - Moas

Prim oye of/f moist 74 73 %
Sao eoye o/f molet 78 84 %

Pab mill moist 29 -1-
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Tant 3b smoothed mass balance

Stream Solldes  Water  adj
Rod mill feed 61.9 .7 7.7 t/he
Rod mill dilutlion . 23.0 t/he
Rod mill dischaxge 61.9 26.7 7.7 tthe
Primaxy dilutlon: 201.1 t/he
Prim cyclone fead 432.1 403.3 3.7 t/he
Prin eyclone A off 47,2 133.4 2,1 t/hx
Prim cytlone B off 47.2 133.4 2.1 ¢/bx
Prim oyelone A u/f 163.8 68,3 0.2 t/hr
Prim eyclone B u/f 163.8 68.3 0.2 t/he
Pabble additicn L 3.2 0.1 t/hr
Pebble addition 2 3.6 0.1 tfar
Pap mill 1 produet 167.0 68.3 0.1 t/hr
Pely mill Z product 167.4 - 68.3 0.5 t/hy
gecondary dilution i0.2 t/he
Bge oyelone feed 24,5 276.9 4.1 t/hx

- 8mo oyolone off 68.6 238.0 8.0 t/hr
Se¢ ¢yelona u/f 25.8 38.2 3.9 t/hr
Bize mnalysip
TN R I A v .
Straam ' . w7H  -1HO+75 -280+150 ~3i7004250 +1700 Rdj.
Rod mlll dischargs 444 1.3 12.8 a7.1 44,6 . 0B
‘Prim cyt fanad 11.5 22,8 34.0 24.9% 8,8 2.1
Prim oyo A off 48.4 25.6 21.5 0.5 0.1 9.6
Prim oye B off 48.4 23,8 21.5 0.5 0.2 10.4
Pein oye A u/# c.6 20.8 37.8 al.9 B.7 4.1
Prim gye B wu/f 0.6 20.8 a7.8 31,9 8.7 6.3
Peb mill 2 diech 6.5 12,1 8.9 i2.2 - 0.2 10.0
Swo cya fesd . 4B.4 29.6 21.5 0.5 0.1 8.0
sec oyc off 65.3 19.4 14.9 0.3 0.1 3.2
sep gyt u/f . 8.8 58.7 35.0 0.4 0.0 0.2

Chack for ascuracy: . _
: ' ' ‘Calo Maag

Prim cye O/f wolst 74 73 %

Bag eye off melat 78 84 %

Pab mill molst : 29 29 %
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Tgpt 12c pmocthmd masa balaneo

Stream Belids  wWater  hAdy

Rod- mill feed 85.2 3.4 0.7 &/hr
Rod mill dilution 2.2 t/hr
Red mill discharge 65.2 24,6 0.7 t/hr
frimary dilutlon 189.2 &/he
Prim cyclona feed Li&.G 43E.7 1.2 &/he
Prim eyalona & ao/f 42,2 115.1 1.7 &/ne

 Prim oyclona B o/f 42.2 . 115.1 1.7 t/he
Prim cyclone A& u/f 216,86  103,3 1.1 t/hx
Peim cyolone B u/f 215.8 163.3 1.1 t/hre
Pabkle addition 1 2.7 0. t/hr
Fabble addition 2 2.3 0.} t/he
Peb mill 1 preduct 218.6 163.3 1,2 t/hy
Pab mill 2 produtt 218.1 103.3 1.7 t/he
Secondary dilution 8.2 t/hy
s cyclone feed 84.3 238.4 3.4 kfhy
Be¢ cyelona o/f 70.4 22%.0 0.8 tfhy
Sa¢ oydlons u/f 3.8 6.4 2.8 &/hx
Siza analysin
I 20 L A R .

Stgeam _ =78 ~)BOw7H =2B0+150 -1700+260 #1700 Ad)

- Rod mill discharqa 4.3 511 6.8 44.3 ) 29,5 0.5
Prim cye faad : 21.1 22.4 28,3 27,1 4.2 1.5
Prim eye A off 71,6 24.6 3.7 0.0 0.0 5.4
Prim cyc B o/f S 7.6 - 24.8 3.7 0.0 0.0 6.9
Prim ¢ye A u/f 11.4 21.8 29.85 32.5 4.4 2.9
Brim oye B u/f 11,4 21,8 29.5 32.8 4.9 1.5
Pab mill 1 disch 12.0 10,58 13.8 1. 0.5 0,21
Pak maldl 2 disch 103 13.4 14.4 1.8 0.8 10.2
Suc aye feed 71,6 4.8 3.7 g.0 0.0 Gad
Seg 9ye fo 80.8 8.0 0.4 0.0 .o Q.2

.8 G.0 0.0 . 0.1

 Sap oye u/f 22,7 BEE.B 2

Check for accuracy:
' ' ' cale Mang

Prim oy off molat 74 4R
sac oys o/f molat 76 as &
Pab mill moist 32 32 %
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Tapt 12b amoothod masgs palanco

Stroam Bolide Water Adj

Rad mill fosd 65.0 3.5 0.7 t/hr

Rod mill dliutien 2.6 t/hr

Red mill discharge 65.0 25.1 0.7 t/hr

Prinary dilution 185.6 t/he

Brim cyclone fead 50G.4 439,585 1.5 %/hx

Prim cyolone & off 43.3 1319.6 1.3 t/he

Yeim oyelons B o/f 43.3. 19,6 1,3 #/hr

Prim wyclons B uff 209,90 100.2 0.5 #/he

Prim cyclone B u/f 209.9% i0g.2 0,5 t/hre

Pabble additien 1 2.7 0.1 t/he

Fabble addition 2 2.3 0, t/hr

Peb mill 1 preduct 212.7 100.2 0.6 t/hy

Fab mill 2 product 212.2 100.2 1.1 t/hr

secondary dilutlon B.1 &/hy

8mo oyclens feed B&.6 247.2 2.6 t/he

Sec oyslone off 70.31 A18.8 0.7 t/he

Beo oyaléne u/f 16.4 28,4 3,3 &/he

~ Bize analymis
e O M
. Btpeanm- =75 =lEQ+7E =2B0+1B0 =1700-+250 +1700 Ag8)

Rod mill discharge 8.4 4.2 B8 42,0 31,8 0.3

Prim ovo femd 21.3 23.4 24.8 - 26,2 4,5 0.%

Prim cye A o/f 7.8 24.8 3.6 0.1 0.0 7.7

Peim oy B off 71.6 24.8 3.8 0.1 0.0 7.8

Prim oyo A u/f 11.3 23.4 8.9 al.é B.4 1.8

Bedm ey B u/f 1141 23,1 28.9 31.6 B4 1.6

Pab mil) 1 dimch ii.2 1.9 3.2 13.7 0.5 0.1

Pab mill 2 dipuh 11,0 13.1 id.5 al.l Q.8 10,2

gac oyo feod 71.6 24,8 3,6 0.1 0.0 1.8

gae uya off 82.7 16.9 0.3 0.1 0.0 04
E.E 0.0 Q.O 0.2

~ Bap ayc u/f 20,9 60,5 0 1

L]

" Chaele for asourpeyt
ca;u - Hezn

Prim oyo o/f melst 73 T4 %
Sec eye o/% molst 76 a5 %
Bak mill molst a2 32 %

Appendix F : Smoothed mass balunces : 212



© Test 12a smoothnd masa balange

Straam ‘Bolide  Watar | Adj
Rod mill feod 0.4 . 3.7 0.2 t/hr
Rod mill dilution 23,1 t/hy
Rod mill Qischarge 70.4 26.8 0,2 t/he
Peimary dilution 179.1 B/he
Prim vyslone foed 498.5 438,86 1.8 u/he
Prim cyclone A off 44.1 12%.3 1.6 t/hy
Prim eytlona B off 44.1 121,316 t/he
Prim cyalone R u/f€ 205.1 58,0 0.6 ¢/he
=im eyolone B u/f 205.1 98.0 0.6 t/hr
Pablile additien 1 2.7 0.1 ¢/hx
Pabble ndditien 2 2.2 ' 0.1 t/he
rob mill 1 product 207.8 98,0 0.7 £/hr
Feb mill 2 product 207.3 88.0 1.2 t/hr
Sacohdary dilutlon 8.5 & /he
oo oyclone foed B8.3 25L.1 3.1 #/hrn
Sag ayclone off 14.8 214.4  0.% t/he
Seg eyclong u/f 12.8 -46.7 2.9 t/hr
Siza analysis
R Y ) .
Btyeam w78 =LE504TE ~2504150 ~170042B0 1700 Adj
Rod mill dlechazge 22,5 4.0 6,0 43,7 3%t 0.4
¥rim cye fesd 23.2 21.9 25,0 24,7 1Y 1,2
© Prim oye A o/f 74.5 23.4 3,3 0.1 0.0 8.4
“prim oym B off 74.5 22.4 3. 0.1 0.0 7.4
Prim oye A u/f 12.4 25.7 29,7 30.0 6.3 2,8
Prim eyo B u/f 12.4 2.7 29.7 30.0 6,3 1,5
Pab mill 1 dimch 14.86 9.9 13.8 11.8 Q.0 10.2
Pab mill 2 disoh 10.8 13.9 14,8 10.8 0.8 0.1
fag oye feed 4.8 22.4 3.l 0.1 0.0 7.9
Sen wye off 83.0 16.7 0.2 0.1 0.0 0.3
see oye w/f : 9.3 59,0 21.7 0.0 0.0 0.1
, Cheok for ascuracy: _
eals Maag
Pram aya o/f moimt 13 74 %
G oyc o/t malet 4 85 %

Pab mill molmt a2 32 %
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Tant 1lc smoothed mass halanco

Stream Solide Water  Adj

Rod mill feed €60.5 3.1 1.0 t/hy

Rogl mill dllution i9.8 t/he

Rod mill discharga 60.5 22.7 1.0 %/hr

Primary dllutlon : 172.3 t/hy

Peim cyeleons foed 477.2 428.9 2.6 t/hy

Prim cyclons A off 44.3 121.7 1.6 t/hy

Prim gyclone H o/f 44.3 121.7 1.6 t/he

Padm ecyelone A w/f 194,23 92,8 0,2 t/hw

Prim cytlona B u/ff 194,3 92,8 0.2 t/hr

Pabble addition 1 2.1 - Ol &/hpe

Pebble addition 2 2.2 0,1 t/he

Pal mill 1 produst 197.0 92,8 0.3 t/he

Pab mill 2 produaf 196.5 92.8 0.8 t/hr

Seoondary dilution _ 14.6 t/he

5sa ¢yslann feed eg.,6 | 257.9 3,1 t/he

Bao eyclone off 65,7 209.6 1.2 t/he

Sac cyclons u/f 22.% 48.3 2.0 &/hr

Siza analysis

TR O D 5 O

Straam =75 =150475 =2804150. -1700+250 41700 2Adj

Rod mill dimcharge 14.7 4,9 T2 45.7 27.5 0.5
Prim oy fead : -23.4 24,1 24,0 24.6 2.9 1.4 ..
"Byim oye A off - 82,8 31.2 6.4 R.0 g.0 3.8
Prim oye B o/f 62.5 31,2 6.4 0.0 0.0 4.2
Prim eye A u/f A 22.4 28,0 0.2 4.8 4.8
Prim oye B u/f 14.6 a2.4 28.0 3042 4.8 2.2
bab mill % dimoh 13.1 11.6 12.6 12.5 0.8 0.0
Pab mi«ll 2 dimch 11.7 1307 14,0 10.3 .5 10.1
Sa0 oyo fmoad 62.B 31.2 8.4 0.0 0.0 3.9
gac qyq o/t 8.1 23.5 8.3 0.0 0.0 0.2
sag oya uff 21,9 53.5 24,8 Q.0 0.0 . 0.2

Chach for ascurasy: : o
o : Caleg Hena

Prim oyo o/f molst 73 74 %

Bec oye o/f molet 76 BS %
Peb mill meist k< }] b} 4
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Test 1lb smoothed mass balance

Stream Solida Water  AdYy

Rod mill feed . 68.1 3.3 1.8 t/hy
Rod mill dllution 20,6 t/hix
Rod mill dimcharge 65.1 23.9 1.5 t/hr
Primary dilution ~176.0 t/hx
Prim eyelone feed 482,9 #435,6 2.3 t/hz
Prim gyclons A off 45.3 l24.1 1.7 L/he
‘Prim oyclons B off 45.3 - 124.) 1.7 &/hr
© Prim cyclone A u/f 188.1 93.7 0.6 t/hr
Prim eyclona B u/f 196.1 93,7 - " tfhe
Pablsle additlen 1 2.7 0.1 ¢/hr
Fabble addition 2 2.2 0.1 £/hy
Pab mill 1 product 198.8 3.7 0.7 t/hy
Pabh mill 2 product 198.3 93,7 1.2 t/hr
Bevondary dilutien 8.8 t/he
Bec cynione fead 0,8 256.8 3.4 t/hy
Sag ayolena o/f 70.0 208.5 1.2 t/hy
90 oyelona u/f 20,6 48,3 2.1 t/he
- 8lze analysis
A 7 . . .
Stream «75 =1BO+7E =280+180 ~1700+250 +1700 Adj
Rod mill diwcharge 4.1 3.8 5.3 42.0 34.2 0.7
Prim oys fasd 22.1 26.6 23.8 22.5 §.0 1.7
Peim eye A o/f 67.4 29.1 3.6 0.0 0.0 Tad
Prim oye B o/ 7.3 29.1 a.§ 0.0 0.0 5.0
Prim oys A& u/f . aa,.8 25.9 28,4 27,7 6.2 5.1
Prim cye B u/f .18 28,9 24.4 47.7 &.2 4,0
Peb mill 1 disch 12.6 13,7 13.3 16,0 0.5 10.2
“ pab mill 7 dliash 10.7 4.8 13,9 10,5 0,5 1G.1
fuc cyc famd 67.3 29,1 3.6 &0 0.0 6.2
Sag ays off 79,1 R0.5 044 0.0 0.0 0.3
-San eyo u/f : ] 2417 59-5 158.% 0,0 0.0 D2
o ke

Chack Zox poouraCys
Calec Maws

E:im'aya.njﬂ Moist 73 W %
St gyo o/ moist 18 85 %
Pah mill molst 32 a2
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Test lla smoothad mass balance

Btraam Soelids Water RAdy
Rod mil). fead 74.1 %3 0.8 v/he
Rod mill dilution 25,3 t/he
Rod mlll disgharge 74,1 29.2 0.8 t/hr
Erimagy dilution . 180.7 t/hre
Prim pyoslons feed 454.1 443,2 1.4 t/he
Prim oyclena A off 48.7 136.4 0.8 t/hr
Prim cyelona B off 48,7 136.4 0.8 t/hy
Prim eyvolens A u/f 175.3 85.2 .1 t/he
Prim cyclone B u/f 178,3 8s5.2 0.1 t/hy
Pabble additlon 1 2.7 ' 0.1 t/he
Pabble additden 2 - 2.2 0.1 &/he
Peb mill 1 product 181.0 B85.2 0.2 &/he
Peb mill 2 product 180.5 B5.2 0,7 t/hy

- Bacondary dilatlen 8.2 £/hxe
Sau eyslone foed 87.8 280.9 1.7 t/hy
Sec ocyolons off 78.0 218.1 0.7 t/hr
Sea cyolene u/# 18.5 62,8 2.4 t/hy
Size analysia o

-+ R RO S T S N
Strean o =18 «lB0HTS ~RBOHLED =17004250 42700 hd)j
Bod wmill dischargs i4.9 4.3 6.3 37,4 7.1 0.2
Padm oye A off 88.2 28.6 3.1 0.1 0,0 7.0
Prim oyo B off 68.2 28.8 3.1 0.1 6.0 5.6
Prim oye A u!‘ 13.2 23,3 8.0 27,3 8.2 1.6
Brim cye B u/f 13.2 23.3 28.0 27.3 8.2 2.0
Pah mill 1 disch 15.4 1245 12.48 8,1 0.6 10
bBab mill 2 disugh 11.6 14,3 13.8 0.2 0.5 0.1
Sec ays faad GB.2 28.6 3.1 0.1 0.0 6.3
S5ag eye off i 8 21.8 8.5 0. 0,0 0.4

14.5 0.0 0.0 0.7

5ag wyc u{f S 25.8 59.8

. Chotk for acougacy: : .
N Cala ‘Maak
NN AL - Y o

Prim aye of/%F weamt 74 74 %
Sac oye ofi mi a% 73 88 %
Pal mi.]l moidt 3z - 32 %
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Tast 8¢ smoothed masa balance

Stream Salicds  Water  Ad)

. Rad mill faed 62,6 3.1 2.9 t/hr

Rod mill dilution 19.4 t/he

Rod mill discharge 62.5 23.0 2.9 t/hx

Primary ,dilution - 173.% t/he

Prim cyclone fasd 446.2 446.2 1.5 s/he

Feim cyelone A off $1.8 136.2 1.4 ¢/hy

Prim cyclons B o/f 51.8 136.2 1.4 t/he

Prim cyelons A u/f 171.3 86,5 0.6 t/hre

Prim cyclons 8 u/f 171.3 86,5 0.8 &/hx

Fabhle addition 1 5.3 0.2 #/hr

Pabble addition 2 3.3 u,2 t/hx

Pub mill 1 product 195,56 86.9 0.9 t/hy

Pab mill 2 product 174.6 86.9 2,9 t/hy

Bmcondary dilution 11,4 t/hy

8ef ecyclone yaad 103.6 283.8 2.8 t/he

Bac gyclone o/ff - . 71.3 207.6 2.7 v/he

Bau eyclone 1u/f 32.3 76,2 0.1 &/he

Slea analysis

N I .

Bhpoam ~78 =)B0478 ~-250+150 ~17004250 41700 Adj

_ Lt o Lt

Rod milli discharge i4.4 8.8 12.1 46.b 18.2 0.7
© Prim cye fTawed 18,8 9.5 27.8 20.0 2.9 1.0

Peim eyo A off 58.0 30.9 1.2 0.0 0.0 5.8

Prim cye B p/f 58.0 0.9 4.2 0.0 0.0 2.8

Prim cyc A uje B4 29.0 32,8 76,0 3.8 1.8

Prim oye B u/f 8.4 28.0 32.8 26.0 3.8 - 1.6
© Pab mil)l 2 disoh 7.2 17.4 7.4 B¢ 0.5 0.0

880 cye faed 58,0 30,9 11.2 0.0 0.0 2.6

Ban oya off 78.5 20,9 0.8 0.0 0.0 D.9

0.0 0.0 0.1

Said ayd “ff 12.6 52.8 - 34.7
- o

Chack for adeuraay:
Cale  Masas

Prim cyc of/f molwt 72 73 %
“Bew oys off molst 14 Ba %

Pab nlll maist 33 33
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rast Bb smoothed mass balanecs

stream Bolids Waker Ad)
“Hod mlill feed 87,5 2.9 2,2 ¢/he
rod mill dllutlen 18.58 t/he
Rod mill discharge 57.5 21,4 2.2 &/hy
Primary dilutlon 171.8 . %/jhz
Prim eyelona feed 446.7 441.1 1.7 &/hx
Prim cyclone A &/f 50.3 132, 1.2 #/he
- Pelm oyolena B off 50.3 132.9 1.2 t/hre
Prim eyelona A uw/f 173.0 B7.6 0.3 v/hr
Brim eyslena B u/f 173.0 87.6 0.3 t/he
Pebble addition 1 5.4 0.1 t/he
Pabbla addition 2 - 3,3 “ 01 E/hx
Pab mill 1 product 178.4 7.6 0.5 tjhe
Pelh mill 2 product 176.4 87.6 2.5 t/hr
fecondary dilution 1.3 " /he
gap cyclong feed  100.7 2712 2.4 t/hr
Sac cyclone off 68.2 204.2 1,9 t/hy
Sae cyclone u/f 34.4 *7,0 0.4 t/he
g8ize analysis
TN VT . ) . )
Bhream . . =B ~lB0+75 w250+150. «17004250  +1700 Ady
~ Red mill discharge 1.7 15.3 12.4 E5.6 5.4 0.5
Prim eye fead 24,2 29.9 25.8 19,1 1.0 1.2
Peim oys A off ' E1.8 an.n 12.5 0,0 0.0 640
Prim cye B o/f 7.8 30.0 12.5 0.0 0.0 2.1
Peim aye A wild 4.6 29.8 29.7 24.8 1.3 4.1
Prim eye B u/f 14.6 29.8 29.7 24,6 1.3 4.6
Pab mill 1 dlach 14.0 16.3 11.8 7.8 0.3 0.1
Pab will 2 disch 12.8 14.5 18.3 T2 0,3 10,1
Heo ayo faad B7.8 0.0 12.B 0.0 0.0 3.2
Sse oyc o/f 7745 21.9 0.5 0.1 0.0 0.3
5 6 0)1 : 010 Oul

Sae oya u/f 8.7 48.6 3

Chark for asouracy:
: : cale HNoas

Brim oye o/f molet 73 73 %
gae oye off molat 76 ' B3 %
Pab mill moist 33 3 &
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Teat Ba amcnthad_mass balanca

atpman C Bolids Water AQ)

 Rod mill fead 54.7 2.8 1.8 t£/hr
Rod mill dilution 17.6 t/he
Rod mill discharge 54.7 20.4 1.8 t/he
Primary dilution . 112.9 t/he
brim eyelena famd 452.5 443.2 0.1 t/hy
Prlm eyelona & off 48.9 132,k 0.0 t/he
Brim uvyclons B off 48, ©132.1 0.0 t/hn
.rim cyclone A u/f 177 . 89,8 0.1 t/hy
Prim oyalone B u/f 177.3 BR.5 0.1 t/hr
Pebble addition 1 B4 0.1 t/hr
Pebble addition 2 3.4 0.1 /b
Pab mill 1 product 182,.8 B2.5 0.2 t/hy
Fab mill 2 preoduct 1B0.7 8%.5 2.3 €/l
Sgcondary dilutlon . 10.8 t/hy
Seq cyulona faad 9.1 274.% 0.0 t/hr
Sec ayclone off G3.3 204.1 1.5 t/he

' Sac cyalon® u/f 34,5 70,8 1.4 t/hr
Bize analyais
MR W R e . .
Strean =75 =180475 =-280+150 -~1700+4250 41700 Ad)
Red wdl) diluhnrgt 1R.0 T+l 9.7 48,0 16,6 0.5
Prim oyo faad 28, - 26.8 23,7 18.6 244 0.8
Prim oyt A off . Be.2 29.6 14.1 Q,3 0.0 4.4
Brim cya B o/ 56,2 29,6 4.1 a,1 0.0 2.9
Brim qyo A u/f 21.0 46,0 26.3 23.7 3.0 4.3
Hrdm oye B u/f 21.9 26,0 26.3 23,7 3.0 1.6
Peb mill 1 diwch - 16.7 14,0 ii.8 - 7.3 0.4 10.2
Pab mill 2 diseh 1.4 14.1 3.0 8.5 0.4 10.1
Sac oyc faad 56.2 29,6 13,2 Q.1 Q.0 1.9
Bec cyd off - 76.4 21,5 2.0 0.1 0.0 0.4

0.1 0.6 [+ 3% §

'gﬁc dys a/f 19,2 44,4 36.4

. Cheak for acguracy: '
. ' Cale MNess

Prim oyo off molst 73 78 %
Gsa oye off molst 76 B %
BPeb mill nolat k| g
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Tegt 7c emoothed mase balance

Btream ' Sulide Water Add

Rod mill feed 51.6 2,6 1.4 t/hx
Rod mill dilutlon 16.4 t/hr
Rod mill discharge 51.6 19.0 1.4 t/he
Primary dilution 186.§8 - t/he

Prim cyolone fead 427,8 433.8° 0.7 &/hr
Prim oyclona A off 49.3 133.8 0.2 t/hr
Prim cyclons B o/f 49.3 13,8 0.2 t/he
‘Prim cyclons A u/f 164.6 B3.1 0.5 t/he
Prim cyclonae B u/f 184.6 83,1 0.5 t/hx

Pabblae addition 1 5.5 0.0 t/hye
Pabble additien 2 - 3.4 0.0 &/he
Peb mill 1 product 170.1 83.1 0.5 &/hr
Pab mill 2 product 168.0 83.1 1.6 t/he
Smcondary dilution 25,1 t/hx
Sao eyclons faad 98.8 292.7 0.4 t/he
Seo oynlons off 60.4 200.9 1.2 t/hx
- Bwo gyslons u/f 38,2 21.8 1.6 &/hx
Size analyals
AT . R
Htream . : =75 ~150+95 ~ZB0+1850 =1700+280 +1700 Adj
Rod #mill dischasge 21.4 6.1 8.6 52,3 11.6 0.6
Prim coyo fead - 2b,2 27.3 21.% 18.2 1.7 1.1
Pxim oye A o/ff 53.8 ‘3341 13.0 0.1 0.0 4.3
Prim oya B o/¢ 53,8 33.1 13.0 0.1 0.0 2.4 .
Prednm oye A w/E 1646 25.5 31.% 23.1 2.2 4.7
Primt oye B u/f 16.6 26,5 3l.9 23,7 2,2 2.2
Pah wil) 1 diwch il.B 13.3 16.4 8.6 0.4 . la.1
Pab mill 2 disch i4.6 14.8 13.4 6.5 0.4 10.2
Eee gyc fued £3.8 3.1 13.0 0.1 0.0 - 1.2
Bgu oye off 75.8 23.7 0.5 0.1 0.0 0.5
" Seg qye u/f 19.1 48.1 . 32.%7 .1 0,0 0.0

cthack for accuxaocys '
L Calo Neaas

Prim oye o/f moist 72 . 13 %
et oye o/f molet 77 A3 % !

Pob mill molet 33 KK
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~TaBt 7b shoothed mass halance

Blxaam Bwplida Water  Adj

Rod mill fae 57.2 2.9 2.6 t/hr

Rod mill dilution 18,3 t/he

Rod mlll discharge B7.2 21.2 4.6 t/hy

Peimary dilution 153.1 t/he

Prim eyolone feed 423.2 434, 2.3 t/he

Prim cyvlone A o/ 51.0 136.1 0.7 t/he

Prim cycgione B off 5.0 136.1 0.7 t/he

Prim ocyclona A u/f 160.6 81.0 0.4 t/he

Prim cyolone B u/f 180.6 81.0 0.4 t/he

Pabble addition 1  &.4 0.1 t/he

Fabble addition 2 3.3 0,1 t/hy

Pab mill 1 product 165.0 81.0 0.3 t/he

Pap mill 2 product 163.9 81,6 1.7 &/hr -

‘Becondary dllutien 27.2 t/hy

fac oyalona faed  101.9 29%.3 1.3 t/he

B8sc eyclona o/f €5.8 206.6 2.3 t/hr

Sec cyelone u/f 36.1 92,8 1.0 gfhr

Sles anulysis

20 S YA . .

straeam =78  ~150+75 =-250+4180 -1700+280 41700 Add

Rod mill dimcharge 17.1 6.6 8.1 53.7 14,58 0.7
Prim ocyc fead . 26.0 29.3 26,0 l6.4 2,3 1.1
Prim oye A off 579 28.7% 13,4 0.0 0.0 6.5
Prim ovyc B off 57.9 28.7 13.4 0.0 0.0 3.1
. Brim cyo A u/# 16.0 29.4 30.0 2l.5 3.1 3,0
Prim oyc B ll/f' 16,0 29.4 30.0 21.5 3.1 2.2
Pab mill 1 disch 14,5 l4.8 3.1 77 0.5 10.1
Tab mill 2 diasch 14.1 16.5 14.8 4.0 0.5 10.2
Saq eye fsed B7.9 28.7 13.4 0.0 - 0.0 3.8
Hae oyw off 80.1 19.3 0.6 6.0 0.0 .5

SQT -0,3 _0.1 0.2

Bee wye u/f- _ 17.1 46,0 - 3

Chack for moturacyi _ '
. ) : gale Haug

Prim oye o/f molst 73 PR

Sac oye o/f molst To78 &3 4

Fab mill molst a3 33 &
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Tagt Ta swoothed mase balance

Stream solids  Water Adj
- Rod mill fead B5,0 2.7 3.1 w/hye

Rod mill dilution 17.3 t/he

Rod mill discharge 55.0 20,0 3.1 t/he

Primary dilutian 154.9 ¢/hr

Prim cyclone fead 428.7 432.7 1.3 t/hy

Frim cyclona A off 50,0 133.2 0.8 ¢/he

Prim cyolone B of/f 50.0 133,.2 0.8 t/hr

Prim cyclone & uw/f 184.3 83.2 0.1 t/he

Prim oyulone B u/f 164.3 83.2 0.3 t/he

Pebble additilon 1 5.4 0.1 t/hr

Pebhle addition 2 - 3.3 0.1 t/hr

Pap mill 1 product 169.7 g3.z2 0.3 t/hr

Pab mill 2 product. 167.5 Ba.2 2.3 t/hr

Secondary dilution ' 36.6 t/he

Sat cyclona fead  100,0 303.0 $.5 t/hr

Bac cyelons o/f. 63.8 211.8 3,0 &/hr

gae cywlone u/f 36,3 91.5 - 1.5 t/hr

Siuve analysis

o L e . . .

Stream _ =75 «lE0475 ~250+150 «17004250 41700 Ad§

Rod mill discharge -.20.,0 6.5 8.7 £3.8 11.1 1.0
Prim cyc famsd 24,3 28.9 28.1 192.0 1.8 2.3
Prim ayw B off 5.2 32.5 12.4 0.0 0,0 4.7
Prim oye B off 55.2 32.%8 12.4 Q.0 0.0 2.2
Prim ﬂyﬂ A u!f 14.%8 27.8 30,3 24.7 2.3 2.7
Prim oye B u/f 14.9 27.8 30,8 . 24.7 2.3 2.7
Peb mill 1 disch 12.9 5.8 13.% 7.3 0.4 ig.1
Pab mill 2 dlach 12.6 14,8 14.5 8.0 0.4 10.21
Sec oyo foad §5.2 32,5 12.4 0.9 0.0 1.3
Sag oyg C’!f 75.8. 24.1 0.4 0.0 0.0 1.3

3.4 0.1 0.0 0.0

Saoc oyec u/f : 15,8 47.:1 3

¢heck far acouracy: :
: Cale Masp

Prim oye o/Y moist 73 73 % . \
Sed oyo off molat Kk} B3 %

Pab nlll molst 33 3 %
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APPEN DIX H MICROSIM program listing

{.

e } . . .
{ : MICROSIM i@ Qre dressing modele
} .
{ o {6} R.P.King
}
{
o .
{ Modal by QP Campball
H
{
-—muh———u-u—}
=

-—--n---mn—n—--}

{ Perary Cyelone Model

}
{ Plitt's updated cyclone tiodal, adaptad for EDGH primary
eyelong ) } )

D?ERDHY PFROCEDURE PRIMOYC(VAR stw t Stme;
- polnt 1 ToUnit;
type_hum : UniTypea);

VAR
Pandpt nfpu,vat
FeadH2o,08H20, UEH20
do,dl, d _o,du,h, £1,22,43,£4,dens_sxp,vize,p in,parall
q,phi,ag,u,alopa,ra GUBHE , X8| nn~r,uf flow,dso faotor
d50e, partition,e_ arrar,faad Maus,uf | mass,nf mans
ydash, oum, vf, pu, ), che, vl

. i;jfkrljm;itar
pt; thaorat po
tempe

String[20);

ToRrd;
ToR&;
REAL}
REAL}
REAL;
REAL}
INTEGER}
Realy

B AN M EL AR AR W e e

BRaIR _
WITH pednt® DO
BEGIN :
dusmparam{l])} {Spigot dlamataer in om

2lemparam(2); ' . {Correction fachors

fhvmpazam[3};
£4ywparam(4];
BEND

" deiw6B.6y
hi=202,5¢
die=ld. 7
d_oim28.5;
pavallim2y
dene_expiw0. 5;
viguimly _
FosdPtinSolidSelect (etr[polnt" . Lnouty2)]);
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_ alpha:eam* { foadpt * ctonnes) 31, 6hag;
gamma e, 637
beta r=3,126;
Phil :=0,069;

With eystem Do
Bayin
For lial o nde Do
Begin
pmalest|i]s=SivbPow{slzall)/slza[l] alpha);
If (iwnde) Then melect{l):«=0,0;
For ji=1 To nge Do
Por kiwel To nae Dp
¥or li=l1 Te nde Do
rer misl To nio Do
Bagin
fraction i» Solldvalve(l,j,x,L M, feadpt) /(1.0 +
couvgelact[il)s
solidput{l,J kel m,prodpt £ra=tion}:
Bnds
Bnd; -

Por 1te2 To nde T
Bagln i
limi~l}p
For fi:s] 2o 1 Do
Bagln
rojremixzafl-d)/mizelil]y
szlind, (7
If i<»nde Thaen usl:trlsn[&;/uizn[it];
iy ruphi Sepow!nxd , gamma )+ {1-phi5)¥Be (o024, hata)
Bilimphlb*bow!nzl, ganme )+ {L~phil) *Pow{szl, bata)

baiwhli«hil
frimtau/ (1. 0+taurpaloct(i)) vaalect (il ] ¥ha}

ror jrwml To nge Do
For kitml To nac Do
for li=l To nde Do
Fou miel ¥6 nic Do
Bagin

.fbaatlnn:-salidviluoti,j,k}l,m,prndpt)wﬁr*aélidValuufli,j.k,l,m,pr

pdpt)
. Salidbuti{d,d, k1., pradpt, fraction);
Brid s
End;
End;
Endj
Bnd;

{ "

W )

[ : e
S e

{ ROD HILL
' }
{ This is & almple model for a rod-milk.
} .
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END

{..,.... - [

-u-nnnm-n—n-lu—u-}

{ PEUBLE MODEL

}

{ Braakage & Salection functien model. Based on Auatin,

Rlimpsl and Luakia)

{ corralatlons for tha selection and hreakage functiona.

Asauned that the }

.o mill ie & single, well-mixed ramstoy.

}

{
} : _

{ Model parameters ars :

' H .

{ 1)y Belactlon funetion at top Bize
} .

{

Overlay Procsdura Qcpahblum111(Var Btm 1 Btms;
polnt t tounik;
type_num : Unk¥ypes)}

Var

faadpt, prodpé t Tord;
fandh2o, prodhle ! Tors;
alpha,bata, gamna, 51 1 Resl |
Phis, slm, slo, am,ac 4 Real;
Lav,msd, 82, bid,bll, be iy 1 Real ;
Epaction _ + Real ;
ip;i;k,:l.,m'.li 1 Int.g‘tr H
palect t Arpay[wlzrangs] of Real
Holdup t Rekl;
Bagin

faadpti=Solidselect (stm[polnt™fnouk[2])}
prodptintolidgalect (stm[polnt”« Lnout{4] )}

fandhdoixbixivieleot (atn(polnt™. Lnout (2

. o
prodhiormLixivselact (stm{point®, ineut[d]]) ;

prodpt®, tonnes»feedpt " tonnes;
- prodhie”, flowimfsudh2o*, flow;

Holdup 3= 11.4}

With pninﬁ‘ Do Taurw{ (HoldUpv1000) /FasdPt™. Tonnan) /60; {Tawn in

minutas}

{parametars}
With point™ do bagin
Slmiwparam[l])y
Sloimparam(2}y - {Salackien rate st top siza, pey min
Al s=parami{3)y
ap imparam(4};
gt}
if (~mim/ala)»l/{(feadpt™.tonnac)*3.6) than sliwl olas
Slswglm* { foadpt” . tunnar)¥3,. 6310y
Lf {=am/ac)>1/({feadpt" tonnak)¥2,6) than alphar«}l alea
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FOR Li=l TO nde DO
BYGIN
tlymul, GQB*PON(siza[1]{6500,31&9«);
IF {tl<=40) THEN ydashi=l.0
LLBEE ydashiel .O-EXP(t1);
IF ydagh<0.0 THEN ydamhia0.0
ELSE _
IF ydagh»1.0 THEN ydashi=l.0
sue =0, 0;
FOR ki=l T0 nag DO
FOR Liwl TO nd4e DO
FOR mi=] TO nbe DO
sume=sum+Salldvalue(l,d, k,l,m,?aadvt);
uf_flowi=uf flowrsumrydasht
END:
END;

b4 £eadpt‘.rnnnau<un.u THEN Rftwl,0
BLSE Rfim(a/(#+L.0)-phl/100.0/faadpt™ . tonnesruf flow)/
{1.0-phi/100.0/feadpt™. tonnearuf_flow}}

IF RESL.C THEN REiml.0
BLSE IF Rf<D,0 THEN Rf:w=0.0;

Lf siza{l)<30%la-& them
RitwREx(l~alza[i]/(30%1e«5)}
alma iliwd;

UERL" Tonnesiwd.M) . QfRL" Tonnesim. 0y
POR 4iml TO ngo DO : .
BEGIN
A50arndb0_factor/POW( (grav(])=1.0}/1.§,dene_uxp);
FOR l:m) TO ndp DO
BEGIN :
w3, 693 P0OW (slza[ L] /dS0e, alopa);
TP (£1<~-40.0) THEN partitlon:=}.C
BLSE partition:s{l,0~BXP{tl))*{i.0«RL}+Riy

IF partltions0.0 THEN partitloni=0.0
BLSE IF partition»l.0 THER partition:wl,0p

FOR kiw]l TO nac DO
FOR li=) TO nde DO
POR mim] TO nbe Do
ENQIN
fwad_mamssi=folidvalua(l,, R, 1,;m, FegdPt);
ut mauna-pa&tttiun*fqud mags
of | maal:nfaad masa-uf mase;
sulidﬁut{i.j.k¢l,m,UfPt,u£ mamm) ¢
SolddPut (i, d, ke dom, 0Pk, 0f_manw)}
U£Pt* . Tonnas | =UEPL” . Tonnes+us . mage;
aﬁPt',EonnaaluofPt“.Tonnnn+of _mARE}
END;
END} .
END;
BNBy

ULHIO™  PlowswPagdH20" . FlowRE)
OfHEa" . FlowimEesdi2o™ ( Plow~UFfH20", Plow;)
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sgs=ora_Denalty(Feedbt); {Ore feed 8G,

tons/m3 }

IF sg<=0.0 THEN gt=Faadi2a“ .Plawflnﬂu o {Flow in m3
per sagond ) ' .

BLBY gi={FeadPt",Tonnes/sg+Faadilo” .Fluw){loou 07 {Flow in m3
par agcond } )

giwg/parally . {Volume flow to each

cyclona, m3/s}
| p_Ani=1,B84POR (q¥E0000,0,1,78) *EXP (0. 0085 ~phi) /

{(POW({de,0.37)*POW{dL,0.94) *POW(h,0,28)*PON { {durdu+d_o*d_o0},0.87));
: {Cyulone inlet pressurs,
Kea }

IF p_in<=0.0 THEN si=0.0

BLSE

@1=f4n3, 292POW (Pulp RD(point™. fhout]2]),0.24) *pOW(du/d_o, 3. 31}*P0w
(h,0.54}%

POW (dudurd_ord_o,0.36) *EXP{0,0054+phi) /POW (do, L, 11}/POW(p in,0,24
3} .

. {Volumetric #low aplit

Y .

IF g<w0.0 THEN slopai=0,O
BLSE
ulupn:-fZ*l SAREXR (=L, RE¥/ (1. 04n) ) *POW (do*derh/ (g*60000,0),0.15);
{?artitian cuxve slopn.
o}

IF yawQ.0 THEN dsq_fanhofaul

ELSE :
d80_factoriwf1vad, TwPoW(de,0.46) ¥Bow(di, 0,6) ¥POW{d_o,1.21) *EQRT [v.
se)

EXD(0.063%phi) / (POW(da,0.71) *POW (11, 0. 38) *POW {g¥80000.0,0.45) ) ¥1H-
&

_ {Coryacted D50 in metexrs
)]

' writaln(msq fil,phl:s:z,{q*ﬁnouo 0)eBrl,p in:61l,846:3,8l0per6:3,d
L:34] £autor{15v53332}:
WITH systam DO
BREGIN
uf_Llowim0.0)
FOR jiwl TO ngae DO
BEGIN _
IF (grav{i)<i.0} THEN
BEGIN
BTR(Y tomps)y
Updataitindow(3, 'Herer in PLict nyulcna modal t 8G of gravity
slann thempat' <1.0')}
© Baap{300,l000)
4800y wd50_factor;
END
ELSE
d50riwd80 fagtow/POR( (graviil=1.0)/1.6,dens_exp))
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END;
END§

UfH2o" . FlowiaFopdHdo*® , FlowsRE; ' .
OfH20™ . FlowtwFuadi2o" . Flow=UfHa" . Flow;

ERD .
{ . o e et

e o 00 P e v ek

{ Goconary Cyolone Hodel

) : :
{ Plist's updatud eyolone nodel, adapted for BDGM seconadary
ayelone } o
{ . . oy -

OVERLAY PROCEDURE SEGGYG(VhR atm y Btme)
polnt ! Tolnit;
kype_num : Unilypes))

VAR .
FeadPt,0fPt, UEPL
Fandi20,08R20, UiH2e
de,dd,d_o,du, h, 81,42, 23, 84, dens_axp,vine,p_Ln,pavall
a,;phi, ug, s, ulupa,rs Gues , re_ eala,uf fluw,dsn factor
d500, partition, r%_error, feed_mass,usf maxs,of mass
ydauh,sum,rf,pu t1,rhe, i

_ i, j k,1 rm;!.t“lf -
pa,thuoretﬂpa
tamps

Strdng(20)}

ToR4;
ToRE;
REAL}
REATL}
RERL}
REAL?
INTHGER;
Real;

R R A N .

" BEGIN
WITH polnt~ DO
BEGIN
-dursparaufd); {Spigot diamator in om

Fln garam(2] _ ' {Corpmotion factors

f2rwparam(3])
f4rwparvani4);
ENDy

Cdoindl.g;

him283.5¢

di!'ﬂﬁ..‘!?

d_cirmds;

parallr=ly

denm_axpind By

visgiml;

FaadPtiwsolidsalect (xtmpoint*. lnout[2
UfPt  ¢=BolldBelact {stni[pelnt”. lnoui(d
 QfRt r-BnliGSalact(;tmtpaLnL'.inourts

fesdHfoswlixlvialack (mbn{polnt® lnout[2]]) ¢
UfRdo  swLixdvSelact (atmipoint™.dnewt[4]]);
OfH20 :-Lixivsalact{atm[paknt‘.inuut[ﬁ]J);

phi:-?ulume Porcent_Golidm{point™.inouk(3]}; {Volume parcent
nollds in faad }
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d50c:»dB0 Faetar;

BND

BLSH
d50g:=a50_factor /POW( (grav(i]=1,0)/1.6,dens_exp)};

FOR Jl:=1 TO nde DO
BEGIN
tlr==0.693*POW{pize[1)/d500,8lopea)}
IF {t1<~40} 'THEN ydashix=l.0
BLSE ydaashiw] . 0-EXP(E1l);
IF ydagh<0.0 2JHEN ydashi=0.0
ELSE
IF ydash®»1.0 THEN ydaeh:imi. 0
aums =i, 0}
FOR kil TO nge DO
FOR li=)l 70 nde DO -
FOR mi=l TO nSa DO
aumt =sum+Solidvalua (L,3, %, L, m, FaedPt)
uf_ Flewi=uf flowrsumtydash;
END;
BND}

IF fasdph”.Tonnes<sd, o THEN Rfi=l.0 :
BLESE Rfenisi{s+1 0)}-phi/100.0/feadpt™ .tonnaa*uf _flow)/
(1. Q-phlfloe 0/feadpt ", toaneevui_#low)

1P RESL.0 THEN Rfswl.0
BLEE IF Rf<O.0 THEN Rf1eD.0;

If wize]i]<30%1e~5 then -
RigmREw{l=plza[i)/{30%1a~B)}
eloe rli=0)

UfPL™ . Tonnas: =0, 0; ' ofpt” . Tonnagr=0,0;
FOR ji=ml TO ngo bO
BEGIN
A50e s =g 50 factbrl?OWl{grav{jj-l 0y /1.6, dane _axp) )
FOR Liml To nas DO
BEBIN
€10, 693 %POW{sizu( L] /d500, nlopa))
IP {$1<~40,0) TEEN partltion:mi,0
ELSE paptltlon:={1.,0~BEXP({tl})*{1,0~R1}+RL;

TP papeitiondd, THEN partition:=0.0
ELsE IP partitlon>l.0 THEN partitlontel.d;

FOR kiwml TO naa DO

FOR liml 70 nde DO

FOR miwl TO nbc DO

BEGIN
famd_magei=solidvalue(dl,) %, 1,m, FeadPi)
uf_maesi=partition*fesd_massy
of mausswiend masa-uf masa;
solidpuk{l, K &, m, UEPL, uf _mnas);
Bolidput (L, 3, kL, OfPE, 0F _manal)
UFDE", Tonnaw: nUEPL", Tonnestud _mhga;
CfPR™. Tonnal:nO£Pt‘.Tonnaa+a£ _masu}
END)

BNDy
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#Epr  reSollidSelect (wum[point” Anout[41]1))
OFfpt :wSolidSelect{stm[polnt .inout(6]])s
3

Feadi2os=LiglvEalact (stn(point . inouk{2]1}s

UiHZe  swldsdvBelect (stm(polnt™.inoutfdi) )}

ofHRe imbixivBaleot(stm[paint™.inout(5]1})+¢

-~ phii=Voluma_Porcent Selids{polnt”.inout(2]}; {Volume perecant
aollds in fead 1}

Bgi=0rs_Denslty(FeadPk}) o - {orae fesd BG,

tona ‘md }

IF sg<m0,0 THEN gi=FeadH2o”.RFlow/1000.0 {Flow in m3
rer eacond }

BLSE qtn{?nadpt‘.wnnnaa;-q+vaadﬂzn «Flow) /i000.0; {Flow Ln m3
par sacond '}

giwg/parall) o {Valume flow to aach.

¢yclons, mi/s} _
P inywl,BAa*POW{ g 60000,0,1.78) ¥EXP{0.00EE*phi) /

(EOW(do, 0,37 *POR (AL, 0.94) *POW(h, D 28) *POW( (durdusd_ord_o),0.87)})
{Cyclona inlet prassuxa,
Kea } .
Lf £4=0 then
£4:=1,181%Pow{(d_ofdu),0.151) *Bxp(Phi*0.087) ¢
IP p_in<=0,0 THEN #1%0.0
- ELSE
s3wE4*3, 286YPOR(Pulp RD (point™. inout[2)),0.24)*poW(du/d_o,3.31)*p0
W(h,0.84)*

PO (Aurdurd_o*d_o, 0, 38) ¥ERP{0, ouuupm.upowmc,n. 11) /POW(R, tn, 0. 24

}i
C{(Volumetrle £1uw gplit

. y . .
IF g<n(,0 THEN slopni=0,0
BLEE

-Blopaswi2*l. 94*3x9¢~1 gawa/{1. O*a)}*Pow(dc*dc*h}{q*ﬁﬁooo Q},0.18);

{Partition cunrva nlnpa.

_ }
I¥ q<n(.0 THEN d50_Fagtopiwl
BLSE
GE0_XactorymEle39, 7ROl (de,; 0. 48) vFow(dl, 0. 6)*POW{d o, 1.21) *SQRT (vl
. 8G) . _

;ExP(D.ﬂﬁS*phi)f{POW(du,D.71]*PDW{h;O.aﬂl*POW{q*60000.0,0.45))*1E~
¢ .

. {Cogrmotad D50 in matars

}

WITH syekam DO
BEGIN
uf flowim0.0}
¥OR jiwl YO ngo DO
HEGIN
IF [grav[j)<1.0Q)} THEN
RREGIN -

BTR{Y, tanpn) }

UpdateWindaw(3d, 'Breer in Blitt oyclona modal 3 56 of gravity
claps 'dhampet' <1.0');

Beap (300, 1000)
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APPENDIX G List ui’ all maodel puvasieters

Primazy cyelonc

] ]

Tagt  Red KHidl Pablyle will 3 Pebble mild 2 Soooncdaty  gyelong
dy glopn O{3} -] 3111 a F - Fy 133 & Py
ia 9af,4 0,066 050 1,015 1,386 1,509 0.3064 D322 6.48¢ 0,344 0,239 17.430
M 11581.& 1,378 1.119 1.8z A Y .80 0,484 0. 0E4 LD BOD
iz ipd4,6 0,85 162 13T L,00Y (1,009 00313 0,369 5,950 0,306 0,243 16.4dD
2a 1154.68 0,091 . o bd3 0,373 LhoB40 By 3 16,650
Lt 139,89 B,B03  1.303  I,.304  L,00F  1.T40 0,588 RLBBT O LLBTD 0,321 L.8B00 1h.2e0
H 1494,7 0,560 OLBBZ 0,979 1.264 0,366 0,351 6,370 6,385 0,250 15.090
i “31312.0 0,778 0,920 0.888  1.425 1,048 0004 0,360 7.320 G.8RE 0.35% 17,300
M- 1695.5 1.004 . 1.117 1.7 0231 0,386 1.3200 L0B32 317 17,480
i 2275,9 0,953 0,408 0,821 0,443 0,813 (216 BoA0d 7.930 0408 0 DL,UES 15,430
‘4a 210,86 .83 0,010  QLA05 0,731 0,930 0,178 L3ER 7.0 DOB4S 6,305 13, 00F
L1 201L.4 0,730 9.330  0.9%3 O.eub 0,924 0.2B8  0.407  0.BS0 G380 GLI10 15,860
T 1791,9 0,754 D.LEl 0 0,776 0,541 QUB¥R PLROL L3790 7,430 8545 DR 14,760
La 1428 0,204 1.68G 1.206 0,505 G.006° H.380  4.513 4,101 14.150
= 1358,4 0,741 G.64R  1.082 0,343 0.837  0.205  0.428  4.040 - 6,480 0,593 15,1480
LA 1639.% 0,083 0,082 0BG 0.pM 0.TGE 00484 (A33 0 T.6R0 0 0776 0.8 17,000
fa 749.3 0,718 0,301 G.388 B.700 G, 394 G.238 14,330
Al 530.1 0,760 O0.9%6h 0,588 0,492 0.726 0G.261 0,35 B.4AD 0,357  G.232 15,000
&z “80,2 0.6B6 L.469 0,69%  0.697 Q.677 ©0.267 0.40d 6,050 0,401 0.274 15.1R0
26,7 0,713 0.510 0.498  0.TAD D,5%1 0.286  ©,3B1 9,480 G.405  0.260 54,040
T 759.3 0,733 9,665 0,559 3,390 1,159 0,21%  0.307 8,780 G430 4,040 1B,160
-] Gak.0 0,708 0,789 0.8% 0,898 .70 @235 0,392 D.430 G.3NS D.260 14,480
1] ™Ma.8 0,687 0.430 0,382 0,329 Q.437  0.242 0370 800 0,418 0,37 13,600
£ £41.0 . 0,056 0.695 0,558 0,985 0.701. .288 0,408 8.390 0,386 0,280 15,70
Ee 814.3 0,732 0,285 0.152 0.6 D862 0,244 0,302 8.430 0.432 0.094  J9,5%0
ia0 192G.8 0,564 0,382 0,339 0,263 0.411 6,208 0,456 11,460 0.424 0,260 14.580
lig 1691,1 0.5l L.0Y7  D.695 1,247 0,664 Q.180 0,366 1X. 380 0.46%  0.260 13,500
Lis 144p,4 0,863 0.20% 0,15} 0.666 Q570 211 0,368 13,040 0.424  0.298 15.0R20
“lia 1626.3 0,667 0,334 B0.150  0.587  0.580 0.149 0,389 11.920 0.370 0.267 18,640
12k 1483.7 0,610 0,450 0,092 0,446 0.424  0.36%  0,2B4 12,520 0.441 0287 14.660
1.,  1358.0 0.68% 0,284 0,160 0,005 0.5647 0,167 0,388 12,270 0.420 0.29¢ 14,830
13 645,56  B.752 0,327 0,440 0,463 0,632 0.181 0.340 12,890 0.272 0,227 14,730
h3] 924,6 0.B09 . 0.3B5 9,538 0.652 0.621 0,246 0,368 11,530 6,56% 0,278 14,560
Lig 1356,8 ©,470 0,383 0,621 0,826 0,54G 0,204 0.346 10,640 0.451 0.300 15,7490
Missing values represent outliers or unsuccessful regression attempts
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Test 13a smoothed mass balance

Straam Bollds Water  Adj
Rod mill feed 63.1 3.3 0.8 t/hrx
rod mill dilution 20,8 t/hr
-Primary dilution _ 202.9 t/he
Prim cyclone fead 439,11 455.8 1.2 t/hr
prim eyclone A off 52,5 148.% 0.4 &/he
Brim ayelone E off 52.5 id48.3 0.4 t/he
Pritn cyolone A u/f 167.0 79.6 0.2 t/hr
Frim cyolona B u/f 167.0 9.6 0.2 t/hr
Pehbla addition 1 2.8 0.0 &/hy
Pebhle addition 2 2,3 - 0.0 t/hy
Peb mill 1 product 16%9.8 Y9.6 0.2 t/hr
Pak miil 2 product 169.3 79,8 0.3 t/hr
Secondary dilutliaon 7.8 t/hr
Bav oyslone feed  A05,0 °  304.4 5.8 t/hr
Sac dyalﬁna D,f 67.9 234,7 J:5 t!ht
Ssc gyclona w/f 3t 69.7 0.3 t/he
Slza analyals o
T .
Struan : =76  «=150+75 -2B0+150 =1700+250  +1700 Adj
Rod mil)l dischargs 4.4 4.6 6.4 45.8 29,2 0.3
Prim eye faad 22.7 - 30.5 22.2 20,0 4.6 0.6
Prim oyo A off §9.1 38,2 2.1 0.l Q.0 1.8
Prim oye B o/F 58,1 AB.2 2.7 0,1 0.0 1.6
Prim fyo a_ u/f 11.3 28.1 . 28.3 26'3 6.4 2.2
Prim eye B u/f ' 11.3 28.1 28,3 26.3 6.0 0.8
Pab nmill 1 diseh 1.8 15,9 13,1 9.2 0.5 10.1
Pab mill 2 dismch 12.% 4.8 13.% - B.2 0.5 10,2
Sak cye fand . 2%.1 38,2 2.7 0.1 0.0 1.6
gaz aye off BO.2 15.6 0.1 0.1 0.0 g.1
" Swa oye w/f ' 20.3° 72,1 .8 .d 0.0 0.1
chack for ateu acy: . -
Cale Kman
Bpim oyw off moist 74 748
Bed vyc o/f molet 78 85 &
Pab mill molet 3% 32 %
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tast 13b smoothed mass balance

stream Solids Water 2dj
"Rod mill feed 60,7 3.1 1.0 t/hre
Rod mill dlilution : 20,1 t/he
Rod mil) diecharge 60.7 23.2 1.0 &/l
Frimapy dilution 187.6 " t/he
" Prim cyclons feed 434.8 453,89 0.1 t/he
Prim oyclone A off 51.7 147.8 0.2 t/hz
Prim ayolone B o/f 5l.7 147.9 0.2 tfhe
Prim cyalona A u/f 185.8 7¢.1 0.2 t/hr
Prim oyclone B u/f 165.6 79.1 0.2 t/hr
Pebble addition 1 2.8 0.0 t/he
Pabble additien 2 2,3 0.0 &/hxe
Peb mill 1 produot 168.4 79,1 0.2 &/hr
Pab mill 2 product 167.9 79.1 0.3 t/h2
8econdary dilution e t/he
Sag cyelone faed  103.% 303.7 0.4 &/he
gag cyclons off 65.58 228.1 1.0 £/hr
Sac ¢ydlons u/f ar.e 76.Q 1.4 t/he
8iza analysinm
ok 6 g i ' I .
Straam =15 +~150+75 =250+150 -1700+26U +1700 Adj
FRod mill dischaxge 12.2 Tadd 9.7 1.7 19.0 0.3
Prim oye feed 1.7 3l.8 25.4 18.4 3.0 0.8
_Prim oye A o/ff U § 40,7 4.2 0,1 0.0 2.8
Puim oyq B off 53.1 40.7 4.2 - 0,1 0.0 0.8
Prim cyc B u/f 1.2 28,6 32,0 . 24.% 3.9 1.2
Brim oye B “!f 11,2 28.6 3i.0 4.1 3.9 4.1
Peb mill 2 disch 12,8 15.3 15.1 6.5 0.4 0.2
Bgc dya faead 56.1 40.7 4.2 0.1 6.0 1.7
SOQ ﬂyﬁ‘ bff 73-4 25.4 062 001 U-O 0-5
1.2 D.1 0.0 0.2

Sen ayo w/f _ - 23.3 68.5 11.2

Chack for acouracy:
o ' " gale Maag

"Brim cye off moisbt .74 74 &
Seg cye ©/% molst 78 B5 %
Pab mlll molei %2 - |
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Tapt 13a swmoothed mase balance

Btream SBolldes ‘Water AdQj
Rod mill feead 48.3 2,8 1.5 t£/hy
Rod mill dilutien 1s.8 t/he
Rod mili diechaxge 48,3 8.3 1.5 t/hx
Primary dilutien 190.9 t/he
Prim cyolong femd 448.5 444.3 1.5 t/iy
Prim oyclonm A off 48.6 138.6 0.1 t/hry
- Peim oyclone B off 4B.8 138.6 0.1 &£/he
Prim cyclone B u/f 1756 83,5 0.8 t/he
Prim cyclone B w/f 175.6 83,5 0.8 t/hy
Pabble addition 1 2.8 0.0 t/he
Pabble addition 2 2.3 . 0.0 /b
Pab mill 1 product 178.3 83,5 0.7 t/he
Pab mill 2 product 177.8 B3.5 0.2 t/hr
Becondary diluwtion 7.8 /by
gsec cyclone feed 97.3 285.] 0.1 t/hy
Bsn oyelone o/ f 53.2 217.0¢ 1.2 t/he
Sec vyelone u/f 44.2 Ba,% 1.3 &/he
Biza analysis
‘e e o e : .
Stresm =75 =}B0+75 ~250+4150 -1700+250 +1700 Adj
Rod nlill discharge is.9 7.4 10.0 52.5 11.2 0.4
Prlm oyae faed 22,1 au.é 27,4 . 18,3 1.5 0.8
Peim oye R o/f o 58,2 35,5 6.4 0.0 0.0 0.5
Prim eyc B off 58,1 38.5 6.4 0.0 0.0 1.0
Prim ayc A u/f i2.2 29.2 33.2 23.4 1.8 2.
Prim cya el U/f 12,2 29.2 33,2 23.4 1.9 1.1
Pakh mill 1 disch 1.6 14.4 15.6 8.1 0.4 0.1
Peb mill 2 diech 10.86 18,5 18,9 7.8 G.4 30,1
Seg ayu foad B8.1 36.5 6.4 0.0 0.0 D.4
gag oyo o/f 85,6 14.2 0.1 0.0 0.0 0.2
14‘0 Oai 0!0 Qll

. Sma aydo u’f 24.9 5191

Chack for accurasy:
Cala ~ Hens

Prim aya o/f wolst 74 4%
. Sag cyo off molst 80 86 %
Pab mill moist az a2 %
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Test do modelled mase balance

Btrean " Solids Water

Rod mill fesd &6.4 3.0 t/hr
Rod will dilution 22.7 t/hr
Rod mill discharge 66.4 25.7 g/hr
Prinary dilution 201.3 t/hx

pein cyclons fead 463.7 413,2 t/he
Prinm cyclone A o/f 66.3 134.7 t/hy
Brim eoyclone B of/f 66.3 134.% e/hre
Prim cyelone A u/f 165,7 2.0 £/he
Brim oyclone B u/f 165.7 72.0 /he

Pabbla addltion 1 3.3 t/he
Pebble additicn 2 3.7 : t/hy
Peb mill 1 product 169.0 72,0 v/he

Pab mill 2 product 169.4 72,0 &/hr
Secondary dilutlon 103 t/hx
Sat cyclona feed  132.4 279.6 #/hy
Seo gyclona o/f 73.7 2374 ¢/he
Seq oyglona u/f 58,9 42.2 t/he

Size mnalym.s
0 2 3 Y

Lrenm _ =75 =150+75 -350+160 =17004250 1700
Rod mill discharge 9.3 6.2 6.8 46,4 - 31l.5
Brim oye faed - 23,3 24,0 29,6 1743 8.0
Prim oye A off 80,3 29.1 9.8 0.9 0.0
Prim oye B off 50.3 29,1 19.6 0.9 0.0
Brim eye A w/f 1248 21,9 33.5 23.6 8.3
Prim ayo B u/f 12.% 21.9 33.8 23,6 8.3
ek mil)l 1 diseh 2448 5.5 33.7 14.43 2.0
Pab mill 2 disch 25,8 26,6 33.3 13,1 1.9
Seac ¢ye Faud _ 50.3 29.1 19.8 8.9 8.0
Sac oyo Q/f 67.1 23.9 9.0 gig glg

fec ayo u/ff 2944 3B.7 32.8

ol 2 o
PCF w 588.2 m3 per hour

PCO m  1.451
PEM w 87,1 % pareing 75 micronw
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Teat 3¢ wodellad mass balance

Strean  Belide  Water

Rod mill fsed 66,4 3.0 t/hr
Rod mill dlilutien 22.7 &/he
Red mil) discherge 66.4 25,7 tfhye
Primary dilution 201.3 £/he

Prim cyclons feud 463.7 413,23 t/hy
Peim syalone A off 66.3 134.7 &/he
Prim cyclone B off 66.3 134.7 t/he
Prim cyelens A u/ff 1685.7 72.0 t/hy

Prim eyelone B u/¥ 165.7 72,0 t/hx
Pabble sdditicon 1 3.3 /e
‘Pabbla addition 2 3.7 e/hr

-Peb mill 1 product 168.0 72.0 &/he
Pab mill 2 product 169.4 2.0 t/he
sepondary dlluilon 10.3 /he
Sae oyelone ffaed 132.6 279.8 t/he
S80 pyalone off 3.7 237.4 t/he
Baw oyolone u/# 0.9 42.2 t/he

Siza analyasins
L 2

Stresm ~75  ~1BOM15 =280+1B0 «1700+280 44700
. o L - { | 1]
Hod mill dimoharge 9.1 6.2 6.8 46.4 31.%
Prim cye fawd 23,3 24.0 29,8 i7.1 6.0
Feim oye A 8ff 50.3 2841 19.48 0.9 6.0
Prim oye B o/f 6G.3 2%.1 19,86 0.9 0.0
Peim oye A u/f 12.8 21.5 31,8 23.8 8,3
Pxim oya 8 u/# 12,8 25.9 A3.5 23,6 B,3
Pab 1ill 1 disch . 24,6 25.58 33.7 14,3 2,0
Pab mill 2 dimoh 2E.5 15,6 33.4 14.7 1.%
Asc oyc Zead 50.3 29,1 1946 0.9 .0
89u ayd o/f 67.1 23,8 9.0 940 0.0
8. eye u/E ' 25.4 35,7 3%2.8 2l 0.0
T O O T N N OO 0 O 0 0 T S TR A

[t 1] ]
PUF m EBB.2 m3 pey hour

BOD w 1,481
PEM = 47.) % paaslng 75 micwons
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Tost 3b modelled mads balance

- Stream Solids Wator
Rod mil) foed 69.6 1.0 ¢/hr
Red mill dilution 23.9 t/he
Rod mil) clscharga 69,6 26,9 t/hr
Primary cdilutien i 2011 &/hr

Prim cyolune fead 477.2 417.6 t/hx
Prim aycions A off 68,4 135.0 t/he
Prim oyulcna B off  B68.4 135.0 t/hye
Peim gyelone A uw/f 170.2 73.8 &/hr

Prim gyolons B u/f 170.2 73.8 £/he
Pobble addition 1 3.3 t/he
Pabble addition 2 .7 t/he

Pab mill 1 preduct 172.§ 73.8 t/he
Pab mill 2 product 173.9 73.8 t/he
Secondary dilution 10,2 t/he
Sec oyolone famd  136.8 280.3 t/hre
Spo ocyolane off 76.6 238,3 t/hy
- Sec oyolone uff BO.2 42,0 &/hy

Biza analysis

R T )
Straan =38  ~)1G50+75 ~250+18D ~1700+250 +1700
Fr-’-m oye fawd 23.4 23.2 25.1 17,6 a.7
Prim eye a off BO.4 28.8 8.9 1.1 0.0
Prim oyo B o/f . BO.4 28.5 19.9 1.1 0.0
Prim oyo A u/f 12.% 21.0 32.8 24,3 9.4
P:‘.‘im aye B u,f 12.8% 21.0 2.8 24.3 904
Pab wmill 1 disch ?5.0 24.6 43,0 14,9 2.4
Pel mill 2 dimach 2B.0 24.7 2.7 4.5 2.3
Se0 ayo Iamd 50.4 28.5 19.9 el 0.0
Swo oyt off 6743 23,6 5.3 0.9 G.0
2,8 0.0

Swc oya u/f 29.3 34.8 34,5

LU ]
POP = §557.7 m3I pe lhour

PCD w 1,497
CPaM = 67.1 & papaing 75 wicrans
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Tagt 3a modelled mass balanoce

St rasm Solidae 'Watar

Rod mill feed 70.5 3.0 t/hx
Rod mill dilution 24.3 &/hr
Rod mill digchaxge 70.5 274 t/he
Primary dilution 19%.9 £/hxy

Prim cyolone femd 476.8 412.7 t/he
Prim vyclore A o/f 68,7 13%.3 w/he
Brim cyclons B off 68.7 132.3 t/he
Prim cyclons a u/f 169.B 4.0 t/he

Prim ecyclone B u/f 168,5 74.0 t/he
Pebhle addition 1 3.3 /by
Pabble addition 2 3,17 t/he

Pab mill 1 product 172.8 74.0 t/he
Pab mill 3 product 173.2 74,0 t/he
Bacondary dilution 11.4 t/he
Sec cyclena feed 137.4 275.9 t/he
Hee cyolona off 7.2 234.4 t/he
Smg oyglons w/f 60,3 A5 t/he

Siza Anslyais

O e L i M . ) .

Seraam : ' ~1E  w150%75 ~2E041580 ~1700+250 - +1700
Rod mill dischargae 8.3 5.9 6.3 44.7 35.0
Prin oy . fesd 23.0 23.0 29,2 17.8 6.9
Prim oye A off 49.5 . 287 20.5 1.2 6.0
Peim oye B off 49.% 28.7 20,5 1.2 0.0
Prim ove A u/¥ 2.2 - 20,8 32.8 24.5 9,8
Prim oye B utf 12,2 20.8 32.8 24,5 9.8
‘Pols mill 1 dlsch S 247 24,8 3.2 15,1 2.5
Pab mill 2 disgh 28.4 24.8 32.9 14.7 2.4
fan oyo faad 49.8 28.7 20.5 1.2 0.0
Seu oyo off 660 “24. 9.8 0.0 0.0

2 [ 7 ’ o'a O ’

Seo ova u/# 28.3 A4.7 3442

BT
POF w BY92.6 m3 per houxr

Peh m 1,501
PEM w 86,3 % passing 78 micrens
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Teapt 2o modellad MARE lsalance

Styaam Bolida Water

; . . -
hod mill feod 62.2 =~ 3.0 #/hr
Rod mill dilution 21.1 t/he
Rod mill diecharge 62.2 24,1 t/hr
Primayy dilution 280.6 t/ht

Prim cyclone feed 484,1 98,3 t/he
Prin cyalons ? 3/f 64.1 178,9 t/hx
Prim cyclona b o/f 64,1 178.9 t/hy

Prim cyclone B w/f 178.1 68.8 t/he
Prim cyelone B u/f 178.1 68.8 t/he
Pebble addition 1 2,6 t/he
Pebbla addition 3 2.3 v /he
bPabh mill 1 preduct 180,7 68.8 t/hr
Pab nill 2 produest 180.4 68.8 t/hy

Sepondary dilution 20.8 t/hr
Bme cyolona fesd  128.3 378.5 t/he
gac cyclone off a7.4 328.6 &/he
Sac cyclone u/f €0.9 52.9 t/hy

Size analyais

90 N TR

geraam w78 =150475 2504150 =1700+250  +1700
Rod mill discharge 10,1 6.8 Y 48,2 2.5
Prlm.cyﬂ fagd 0.4 . 24.9 2441 ls&s 8.4
Brim cye A off 64,9 24,7 10.3 0.2 0.0
Prim Qyﬁ B Off 64,9 24.1 10,23 0.2 0.0
Pelm oyo A u/f 18.0 24.¢ 9.2 2.2 . 8.8
Prim cya B u/f 18.0 24.5 a%.2 ?1.2 6.8
Pak mill 1 disch 31.2 268.4 28,0 12.6 3.8
Yab mlill 2 disch . 5.0 26,4 28.0 12.6 1.8
Sac eye fnad 64.9 4.7 10.3 0.2 0.0
Bac eye off al.2  18.8 2.9 0.0 )
San Dyu “!1' ) ’ 46|? 34.5 . 1&.4 0.3 OUD
o L
I

POF m  €78,0 m3 par hour
pCD w  1.448
PSH = Bl.2 % pasaing 75 mieyonm
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Test 2b modelled mass balance

Stroam Solides  Water

Red mill feed 74.0 3.0 t/hx
Rod mill dilution 2546 &/hy
Rod mill discharge 74.0 - 28.6 /hr
Primayy dilution 296.8 t/he

Prim oyolons feed 541.6 50%.4 t/he
Prim gyelons b off T2.7 178.4 t/he
Prim syslone B off  72.7 1718.4 t/he
Prim eyclons A u/f 197.5 76.2 &/hxe
prim gyclons B u/f 197,9 76.2 t/hre

Pabble addition 1 2.6 t/he
Fabble addition 2 2.3 t/he
Pab mill 1 product 200.8 78,2 t/he
Pab mill 2 product 200.2 76.0 t/hre

Begendary dilutiion _ 23.2 t/he
Sac oyglons fasd  145.4 378.1 &/hy
Sao pyclens o/f 16.5 326,5 t/hr
Sao cyelons u/f 66.9 Bl.6 t/he

£ize analysis
e B -.‘-.

Blraam =78 =lB50475 ~ZE0HL50 «L7004250  +1700

o Ll )

Rod mill discharge 2.7 8,3 5.9 43,3 3.7
brim oyo fewmd 29,7 20.6 23.0 is.2 8.5

Peim ayg A o/f 64.4 22.8 2.3 0.5 4.0

Prim oye B off B4 4 22.8 12.3 0.5 0.0

Peim oye - l.l/f B 19,0 15,9 27.0 24.6 11.5

brim oye B u/f 17.9 19.9 27.0 24,5 1.8

Pab mil)l 1 diech 2.4 21.6 28.9 5.7 .2

Pal mill 2 diseh 2947 2.6 26.8 174 4,8
Bey aye fewd 84.4 22.8 12.3 0.5 . D.0

dec oyo ofE 8C.7 i5.4 3.9 0.0 C G0

gat oye u/E 45,3 - 3%.6 . 22.1 1.0 .0

L L LT 7]

POP w  713.8 m3 per hour
POD w 1,472
PEM w 80,7 % pamsing 75 mlovons
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ragt 24 modalled mass balance

Strean Salids Water.

Rod mill feed 66.0 3,0 t/hrx
Rod mill dilution 22,5 ¢/hxe
Rod mill discharge 66.0 25.5 t/hre
- Peimary dilutlen 2%0.1 t/hx

Frim ayeleona foaad 507.0 0 495.6 t/he
Prim eyolons A off 69.5 176.2 £/hx
Prim eyolone B o/f 6D.8 175.2 t/hy
Prim oyclone R uff 133.8 72.5 t/hy
Brlm cycleona B u/f 183.8 73.5 t/he

fabble addition 1 2.6 t/he
Pabble mdditilon 2 2.3 t/he
_Pab mill 1 product 186.4. 72,5 t/he
Pab mill 2 product 186.1 72.5 t/hy
Secondary dilutien 64,8 t/hy

Sae oyclons fesd  139,0 414,9 t/he
fat ayclona off 70.5 360.1 t/hyr
San cyelone u/f 68.5 £4.9 t/he

Siza =mnalysin

-Shraam ~75% ~150475 -280+1E0 ~1700+350  +1700

Rod mill diacharge © 8.2 6.3 6.9 46.8 31.1
Prim sy fesd - 30.5 23,17 23.8 16.1 8.9
Prim oya & off B4.0 24.5 1.3 0,3 2.0
Prim vye B off 64.0 24.5 143 0.3 0.0
Prim oya & “/s N ed. 4 28.5 22,1 8.
Prim oyo B u/f 17.8 23.4 8.5 22,1 8.1
Pab mi}l 1 diesh 3.7 25.0 A7.4 13.4 -
Pab mi>) 2 disch 31.0 28,0 = 27.8 13.8 2.6
Sen oya faad . 4.0 24,5 11.3 9.3 0.0
Sec oye off 8.4 16.8 3a Q.0 .0
S eye w/f - 48,1 33.7 - 19.7 . ) 0.6 0.0
W

POF = §86.9 m3 per hous
PCD = 3.460
PaM wm  Bl.4 % pawning 75 microne
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Tagt 28 modelled mass halance

Stream folids  Water

Rod mill feed . 66.0 3.0 &/br

Rad mill dilution 22.5 t/hx
~Rod mill dlssharge 56,0 25,5 t/hr

Primary dllution o 270.1 &/hye

Prim cyclone fead 507.0 495.6 t/hy
Prim eyelone A off 69.5 175.2 t/he
Prim cyclone B o/f 69.5 175.2 /h2
Prim cyelone A u/f 183.8 72.5 t/hr

Prim. cyclana B u/f 1"..8 72,5 t/hr
Pebble additlon 1. 2.6 t/he
Pabble additicn 2 2.3 t/he
Fak mill 1 produect 186.4 72,5 t/he

Pab mill 2 produch 188.1 72,8 t/he

Sacondary dilution 84.5 ¢/ne
Sao oyclune feed 139.0 . 414.9 &/hr
- Swa cyclona o/ff 0.5 360.1 t/hy

Eag pyclone w/f 88.5 54,9 t/hy

Blze analysim
I

Straam =75  wlB50475 -250+150 ~1700+250  +1700
Rod mill discharge 8.2 6,3 6.9 46.6 al.1
Prim oyo fesd 30.5 23,7 23.8 18.1 5.9
Prim ¢ye A o/f 64,0 24,8 i1r.3 0.3 0.0
Prit oyo B o/f 64,0 24.5 11.3 0.3 0.0
‘Peim oeye A wW/E 17.8 23.4 28.% 24243 8.1
Prim cyo B u/f _ 17.8 23.4 28.5 22.1 B.l
Pab mill 1 disch 31.7 25,0 27,4 13.4 2.5
 Pab mill 2 dimch : 31.0 28D 27,6 13.4 1
1. 1-] aye faad 84.0 24,5 1103 0.3 0.0
Sec oyo off 8l.4 15.5 3.1 0.0 0.0
Bag oye u/t . 46,1 A3,7 1.7 0.6 G.4

[ttt 1] ] )
PCP m 686.9 m3 per hour

h = 1.460
JBEM w 81l.4 % pasaing 7B miorona
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Tgat le modell=d mamy balance

Stream : Solids  Watex

Rod mill faed 66,2 3.0 t/hr
Rod mill dilution 22.6 £/he
Rod mill discharge 68.2 25.6 t/he
Primary dilution 287.2 t/hr

Prim oyolons feed 500.5 5G5.4 t/hr
Prim eyelone & off 65,7 162.4 t/he
Prim cyclona B o ' 65.7 182.4 t/hr
Prim cyclone B u;f 184.4 70.3 &/hye
Prim qyolone B u/f 184.4 70,3 t/he

Pabbla addition 3 2.6 t/hr
Pebble addition 2 2,3 t/hr
Peb mill 1 preduct 187.0 70.3 t/hr
Pab mill 2 product 186,7 0.3 t/he
Seeondary dilution ' 3.7 £/he
Beo pyalons feed 131.3 368.5 &/hr
Sac cyclons o/f 70.7% 316.% t/hr
Bac oyceinne u/f 60.6 52,0 t/he
3Llze analysis

| W T 0 ) .
Stream =75 ~150+75 ~250+150 =1700+350 +1700
Rod mill discharge 2.1 6.2 6.8 46. 5 31.3
Prin cyc feed 30,8 23.5 23.86 16.4 6l
Prim vre A off B5.6 - 23.8 - A4 0.2 0.0
Prim cye B o/# 65.6 23.8 12.4 0.2 0.0
Peim aye A u/f : 17.49 23.4 a8.3 22,1 8.2
Prln oye B u/fe iv.8 23.4 28.3 22,1 B.2
Pab L1l 1 disch 31.8 © 24,9 C27.2 13.8 2.5
Pab mill 2 diech - at.2 4.9 27.5 13.8 2.4
get cye faed 65.86 23.8 ia.4 6.2 0.0
Heo syo o/f _ 8l.4 15,5 3,1 0,8 0.0
Beg dya u/f . . a47.2 33.6 18.9 0.4 0,0
1 i o

POF m 694,39 m3 pur hour
PCD = 1,44%
PBM =  8}3.4 % puasing 75 miorons
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'Taat 1b rodelled mass balance

Straam Solids Water

Rod mill feed 66.1 3.0 t/he
Rod mill dilution 22.6 t/hr
Rod mlll élecharge 66.1 25.6 t/thr
"Primary dilutlien 286.6 t/h:

Prim oyclone fsed 3500.0 §04.7 t/hr
Prim ocyelone A of/f 65.7 182.0 t/hr
Prim cyclone B o/f 65,7 182.0 t/hy

Prim oyolone R -u/f 184.2 70.3 t/hy
Prim cyclone B u/f 184.2 70.3 t/hr
Pebbla addition 1 2.6 t/hr
Pebble addition 2 2.3 t/hr
Pabh mill 1 product 186.8 0.3 t/he
Peb mill 2 product 1B6,.5 70,3 £/he
Sacondary dilution 4,3 £/hr
Baa cyclone feed 131.4 368.4 t/hr
Sac oyclone off 70.8 ° 316.4 t/hx

" 8ac syclona u/f 60.6 52.0 t/hx

Bizw analysais

W R I .
- Btream =15  =150+75 -250+150 -1'700+250 #1700
Rod mill discharge 9.2 6.2 6.8 46,5 3l.2
Prim oye faed . 30.4 23.86 23.6 16.4 6.0
Prim cye A off 68,5 23.9 10.4 0.2 0.0
Prim eye B off 65.5 23.¢ 10.4 0.2 0.0
Prim oyec A u/f 17.% 23.5 2B8.3 22,1 8.2
oim oye B w/f - )1.8 23.5 28.3 22.1 8,2
Peb mil) 1 disak 31.9 25.0 27.2 13.4 2.5
Peb mill 2 dlsch al.l _ 25.0 27.5 13.8 . 2.6
- 8ac cye feed 66.5 23.9 10.4 0.2 0.0
Boac QY ﬂ;f 81.3" is. 8 3.1 0.0 g.0
gl4 U.O

Sao cye ufE 47.0 33,7 18.9

Tt T 0
FOF = §53.4 md per houp

PO = 1,449
PEM = Bl.3 & passaing 75 micreong
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AP PEN])IX I Simulated mass balances

Test 1a modellad mass ba’anee

Straam Salids Water

Rod mill fasd 45,1 5.0 £/l
Rod mil) dilution 16.0 t/he
Red mlll discharge 49,1 19.0 t/hr
Primary . dilution 281.3 /hye

Prim oyclone feed 419.3 473.8 t/hx
BPrim cyelone n off 52,7 176.6 t/hr
Prim cyclona B off 82.7 176.6 t/hre

Prim cycvlone A u/f 157.1 60.3 t/hr
Frim oyelone B w/f 157.) 60.3 %/hr
Pebhle addition & - 2.6 t/ar
Paebble addition 2 2, t/hy

Peb mill 1 product 159.7 80,3 t/he
Paby mlll 2 product 159,4 60,3 t/he

Sacondary dilution . 4.4 ¢fhr
S¢g cyclona feed  105.2 357.5 t/hy
Sac gyclone off B4.2 a04.7 t/he
Ssu oyolonae uyf 1.2 82,9 &/hr

‘S8ize analyeis

3¢ qrt e o A -

Straam ~75 w1B50+75 =2BEN+150 ~Ll700+250 +1700
Rod mill discharge 16.2 10.3 10.8 BE1.2 11.B
Prim cye faat 29,8 30.5 25.1 12.8 1,8
Prim cye A o/f 64.5 27,3 8,2 0.0 0.0
Prim cye B off 64.5 27.3 8.2 0.0 0.0
Prim oye A u/f 8.2 31.5 30.9 17,1 2.4
Peim eye B u/f 8.2 .5 30.9 17.1 Zh
- Peb mill 1 disuh 28,7 34.3 29.2 8.2 0.8
Pub mill 2 d.‘LEUh 29.7 32.4 28.8 8.7 0.5
Smo cyo fowd 684.5 27.3 8,2 0.0 G.0
Saa eys o/f BL.Q 16,9 2.2 0n n.0
Sec oyo u/f _ 47.% B3 - 145 0.1 6.0

N XY
PCF = 632,0 m3 psr hour

PCp = 1.413
psM = 81.0 % passing 75 micrdns
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{

}

{

7 ¢ 0 T O }

Overlay Procedura QcRodMill(var stm t Stmej
polnt 3 Tolinlk;
type num : UniTypes);

Var .

feadpt,

prodpt : ToR4;

- feedh2o,

prodh2o t ToR&;

rmf, 650, 8l : Real;

i ¢ integer;

fr,cum ¢ Array(aizrange) of Real
Bagin

faedpt:-BulidSGLact(atm{poLnt“ inout[ 11
prodp ¢1=8olldselact (stm[point ™, inouk[4])

- e

!
)
faadhzas*Lixiv&elech{sﬁm[painb‘.inout[zj}) ;
prodhlos=Lixlvselect (stm[polnt”.inout{4}]} ;

prodpt” . honnasi«feadpt™, tonnes;
prodhlo”. £lowrmfeadhla™, flow)
 rafiwfeedpt” . tonnes*3.6;

if rmE<40 than q50:=300 else
A503n43, 94%rmE-1489;
aly=D,799;

With system Do
Bugin
For ii=l To ndu Do
Begin-
1f iw= 1 then cum[i]:= 1 nlae
coumfi) i= leaxp{-~(pow(aize claas[i-l]*leé{dﬁo !l})},
End;
For it=nde downte 1 do hagin
if iepde then fe[i]r=cum[i] elee
. Erlilowoumfi)-oum(i+l]y
end;
for Li:= } to ndo do :
Solidpuk(i,1,1,1, 1,prodpt fr[i)*feedpt™.tonnas);
ard}
Bnd;
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Test 7c modelled mass balance

strasm _ Salids  Water

Rod mill feed - 80.3 3.0 t/hr
Rod mill dllution 16,8 &/he
Rod mill dischapga 50.3 9.5 v/he
Primary dilutien . 1%6.8 t/he

Peim cyolona fead 387.) 390.6 t/hr
Prim oyelona B o/f G&3.5 081 t/he
bPrim eyolons B o/f 53.5 108,10 t/hr
Prim oyclons A u/f § 2.2 87.2 &/he
Prim oyglons B u/f 140.2 a7." ¢/he

Pebble addition 1 8.5 . % /he
Peblle addition 2 5.4 t/hr
Peb mill 1 product 145.7 87.2 t/hr
Peh mill 2 product 143.8 B7.2 t/hr
secondary dilution 25,1 t/he

Sac eyclone feed 106.% 24%.4 u/he
Ceu cyolone o/f B0 4 201.8 &/he
Sce oyclone u/f 47.5 39.9 t£/he

Size analysis

IIHNIFIII-KHI .
Bhroam =75~ «~1l50+%78 ~ZB0+150 ~17Q0+2560 +1700
© Rod mil} diwcharge 15.3 8.8 - 10.1 Bl.4 A3.4
Frim oyu faad 23.8 7.5 a2.0 14.5 2.t
Prim cyo A o/f 48,7 30.7 19.% 0.9 0.0
Prim gye B Q{ﬁ 48.7 30.7 19.7 0.8 0.0
Bein aye A u/f i4.5 26.2 36.7 19.7 2.9
Peim eyo B u/f 14,5 26.2 3.7 19.7 2,9
Pab mill 1 disch 24.8 28.5 35.8 1G.8 0.5
Pab mill 2 diech 24,9 29.4 35.8 9.7 0.4
Sac oy faed 40.7 3oy 5.7 0.9 - g0
Beg oye off B5.3 25.5 9.2 Q.6 0.0
Bwe oya w/# 279 37.2 32,9 2.0 0.0
o v

PCF w» 536,7 mi poex hour
oD m 1,448
PSH = 65,3 & pansing 75 mlewona
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Tapt Th modelled mass balance

Btraam ) Solids  Watex

Rod mill vaod 54.6 3.0 tihe
Rod mill dilution Ie.1 t/hy
Raod mlll dlecharge G4.8 21.1 #/hy
Primary dilukicen 188.1 t/hy

Prim oyolons faed 408.4 400.3 £/he
prim eyulona A of/f B6.6 109.56 &/hy
Prim cyclons B o/f B&.6 108.5 t/he
Prim cyclone A u/f 147.% 99,8 t/he
Prim cyslone B u/f 147.8 0.6 t/hx

Pahble addition 1 5.8 /e
Pabble additien 2 3.4 t/he
Pab mll)l 1 produst 153.0 90.8 t/hr
Pab mill 2 peoduct 150.9 20,6 t/hr

Secondary dilution 27.2 t/hx
Seo cyclons faed 113.2 246,2 t/he
Gec ayoclons o/f 6.2 206.2 &/l
See cyalona ujf 50,0 40,0 &/hy

Size analysis

men M O B !

Stxaan : ' =78  =i50475 ~280+150 ~1700+3250  +1700

fad mill dimchapge 12.8 8.4 8.9 E0.8 19.9

Prim oya fmaed 23,9 26.% 31,3 5.5 3.1

Peim eye A off 48.7 30.0 a0.2 1.1 0.0
Prim oyc B off 48.% 30.0 20,2 i1 0.0

Perdm oye A u/f 13.4 24.8 35.8 21.0 4.3

Prim oyo B u/f -14.4 24.8 38,5 21,0 4.3
Pab mill 1 dissh 28.2 274 35,0 11.8 0.8

Pab mill 2 disch 254 28,1 34.8 10.9 0.7

gec oyoe fead 48.7 a0.0 20.2 1.1 0.0

Sac oya off €5.3 25.1 8.8 4.0 .0

Sug oye u!f - ) 274 1612 3.6 a5 Q.0

TN
PCP = 5354.4 m3 par hour

poD = A, 489
PSM = 65.3 & pasalng 75 miorona
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nagt 7a modelled masa halanca

’ Strean Sollda  Water
Red mill fesd E1.9 3.0 %/he
Bod mill dilution 17,1 e/hxe
Rod mill dlischargs 51.9 20,1 £/he
Primary dilution 154,9 t/he

Prim oyolene femd 397.3 383.5 t/he
Prim cyclens A off 5.5 07,8 t/hr
Prim oyeléze B o/f 85,5 107.8 &/he
Prim cyclena A u/f 143.1 89.0 t/hy
Prim eyclone B u/f 143.1 89,0 £/hr

Pabbla addition 1 5.5 c/he

babhbla addltion 2 3.4 t/he

Peb mili 1 product 148.6 85,0 t/hr

Pab mill 2 product 146.5 89.0 t£/hy

Secondary dllution 38.6 t/he

Baa cyalona fesmd  1.1,1 252.3 t/he

Bae owyolona o/f 6.6 211,7 t/he

Sec oyoLlona ujfg B0.2 40,8 &/hy

glize analyels

- R, 20 O 2 .

Stream =76 ~150+75 -2850+150 -l700+250 41700

Rod wmill discharge 14.2 #.2 9,7 8l.3 15.6

Prim oyg fead . 24.0 27.0 3.7 14.8 R.B

Prim oyo A o/f 48. 6§ 30.5 i19.% 1.0 0.0

Prim cye B off 48,6 0.5 19.% 1.0 0.0

prim cye A w/f 14.5 25.7 a6, 0.2 3.4

Bedm f-'ye B u{f 14.58 25.7 36,1 20{2 3.4

ok mill 1 diwch 24,9 28,1 35.4 1.0 0.6

Pab mill 2 diweh 25.2 28.9 38,2 10,2 .6

Bec ¢yo fesd 48,6 0.5 19.8 1.0 0.0

Gat oye off 65,6 25.2 2.1 0.0 0.0

Bac aya uff 7.8 38.8 38,0 2.2 Q.0
L] L LE S L) b L _

i w2
POF = E43,4 m3 par houx

POL « ).455
PaM = 68,6 % pasning 75 miorons
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Tagt 6o modellod mass balance

Stroam . sélidu Watey

Rod mill fasd 56.4 - 3.0 t/he
fed mil) dilutleon 18.8 t/hr
Rod mill discharge 56.4 21,8 t/hy
Primary dilution 174.1 &/he

Prim pyclons fesd 435.3 429.% €/he
Prim syclons A off 6&0.8& 120,0 t/hy
Prim gyoclons B o/f 60,6 12000 t/he
Prim cyclone A u/f 186.9 94,8 t/he
pim eyecleone B u/f 186.% 94.8 &/he
Pablile addition 1. 5,5 _ B/ hy
Pabble addition 2 4.4 t/hye
Pab mill 1 product 1&62.4 94.8 £/hp
Pab mill 2 product 180.3 94.8 t/hr
Secondaxy dilution E2.2 t/he
Sec oyolona fsad  12%i.3 292.2 t/he
St sywlone off 65.1 248.0 u/hr
Sec oyglone u/f E&,1 44.2 &/he

Size analysis
ﬂ_- ML RO

- stxean | o75 =150+75 ~250+150 17004250  +1700

Rod mlll dischacge 12.0 8.0 - 8,8 50.3 . 21.1
Prim cye feed 28,4 6.4 28,7 15,2 3.5
Priv oys A o/f E2.8 28.8 17.4 1.0 0.0
Priu oye B o/f 52,8 28,8 17.4 1.0 g.o
Prim ayu b ufg 16.2 25.2 33.0 - 204% 4.8
Prim oye B u/# 16.2 25.2 3.0 20.7 4.8
Pek mill 1 dimeh 27,% 2744 az. 11,6 1.1
Pab mill 2 dimch 28,0 27.9 32.0 1.1 1.0
Sac oye Faad 52.8 20:8 17.4 3.0 0.0
sec cye o/t 70,8 22.8 7.1 8.0 0.0
- _ -1 o
MR

POF m 554.0 w3 par hour
CPOD = 1,486
HEM = 70.5 § pasalng 75 miocrona .
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Test &b medelled mass balapge

Strman gnlids Hatar

Rod mill foed %0 3.0 t/hr
Rod mill dilution 15.2 £/he
Hed mill discharge 47. 8.2 t/he
Primary dllution 172.6 t/hr

Prlm cyclons fead 897.2 415.9 /e
Prim cyclona A o/f 55.6 119.0 w/he
Prim cyolona B o/f BR.& 119.0 t/hye
Prim cyolone A u/f 143.0 88,9 t/hy
Prim cyclons B u/¥ 143.0 88.9 t/he
Pebhle addition 1 5.8 t/hy
Pabble addition 2 3.4 t/hx
Pob mill I product 148.5 88.9 t/he
Fab mill 2 produet 146.4 B&.Y% v/hr
Gacgondary dilution - Bl.2 t/hy -
et cyclona fead 111,11 319.3 t/he
5ag dyclone o/f 55.% 27L.9 &/he
Smo oyclone w/f §5.3 47.4 t/he

Size moalysim

[CTT P T e ' ’ ’
Htrean . w18 =lB04TE ~250w15Q ~1700+280 wir00
- Red mill discharge 18.0 1i.2 1.3 50.4 4.0
Polm oys fead 27.3 . 29.9 29.0 ~12.5 1.5
Pfim Uy.ﬂ A O/f 53-3 30.6 15.5 0.5 [+ 191
Frim aye B n!f . B3.3 30.8 15.5 Q.5 . 0.0
Prim oye A u/f 1.4 29,5 34,3 17.2 1.8
Peim aye B u/f 11.1 29.5 34.3 7.2 1.8
Peb mill ) disch - 2%.4 30.8 2.5 9.0 Q.3
Pabh mill 2 dimsch 27.6 al8 Ak4d B,.3 Q.3
Sac cye faed 84,3 30,6 15.5 Q.5 Q.0
Sac gyo ﬂff 12,3 C R34 5.4 0.0 0.0
- Bz gye w/f - 24,1 39.0 25.8 1.1 6,0
I A S A O -
LU ]

PUF m  565.8 m3 per hour
POD = 1.437 .
PoM w  72.3 % paswing 76 micxony
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Test Ga wodalled mase halance

Etream ' Holids Watap

Rod mill feed 7.4 4.0 t/hre
Rod mill dilution 15.3 &/hy
Red mlll Simchaxge 47.4° 18.3 t/hy
- Primary dilutlion 172.0 t/he

Prim cyclons feed 396.0 414.2 t/he
Peim oyelone A off 55.3 118.4 &/hre
Prim cyulons B o/f 85.3 1.8.4 t/he
Priw cyclone A w/f 142.9 88.7 t/hr
Prim qyclone B u/f 142.9 88.7 %/hy

Pobble addition 1 5.5 t/he

Pobble addition 2 3.4 t/he

Pab mill 1 produst 148.4 88,7 t/he

Peb mill 2 produck 146.3 88,7 t/he

Smoundary dilution 70,7 t/hy

Set cyelons fasd 110.6 307.86 t/hy

Sat gytlone off 56,6 a6l1.2 t/hy

Sap eyelene u/f 4.0 46,3 t/hy

Slze analyuis

R O

Strwan =75 w1S50+7E ~250+150 »17004250 41700

. ] _ - -

Red mill discharga 178 1.0 11.2 50.8 9.8
“Prim eya faad 27.0 28.6 29,2 12.8 1.4
Brim oye A off 83,1 0.6 15,8 0.5 0.0
Peim oya B o/f 3.1 ab. g 15.8 0.5 0.0
Prim oye A u/¢ .10 29.2 444 17.5 1.9
Prim ¢ye B u/t 17.0 9.2 34,4 17.5 1.9
Pab mill 1 disch 27.2 at.é 32.8 8.1 0.4
Pab mill 2 diach 25 31,3 32.% 8,5 Q.3
Sko aya fond 53.1 3016 18.8 . 0.B 0.0
Sac Gyd ﬂff ) 71|7 22-5 5&6 0.0 O.U
Ban oyo u/f 3347 - 38.9 6.3 1.1 0.0
A '

pCP = 863.6 m3 per hour
pen & 1,437
. PSM o« 7.7 & passing 15 mlozonw
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Tect S¢ modelled mass balanoe

Stream ! Solids  Waker

Rod mill feed 73,6 3.0 t/hc
Rod wmill dilutien 25,5 t/he
Rod mill discharga 73.6 28.5 t/hy
Primary diluklon 177.4 t/he

Prim oyolona faed 474,7 395.3 t/hr
Prim oyulone & of/f 70.0 122.4 w/hw
Prim oyclons B o/f 70.0  122.4 /he
Prim cyulone A u/f 168,323 78,2 t/he
Prim cyclone B w/f 168.3 5.2 t/he

Pabble sddition 1 3.4 /he
Paubble additcion 2 3.7 t/hr
BPab mill 1 praduck 171,68 5.2 t/he
Peb mill 2 pzoduskt 172.0 75,2 t/hy
Sacondaxy dllutlen : 8.2 t/he

Sac cyclone fead  140,0 254.0 t/he
e cyolona off 80.4 215.0 &/l

Ssc cyoleons u/f B9.8 ag.0 t/hy

Slize analysis

T D O O _

Strmam ~75 ~1B0+75 ~2B0+180 -17004280  +1700
Rod mill dlischarge 7.8 5.4 6.0 = 43,5 a7.4
) Prim dyc fﬁﬂd 2105 22.0 30-2 1815 7.7
Prim oya A o/f 46,3 28.86 - 23.3 1.8 0.0
Prlm oya B off 46.3 28.6 23,3 1.8 0.0
Prim cya A u,f 11.1 19.2 33.1 25,6 10,9
Prim aya B u/f 1.1 19.2 33.) 25.6 10,9
Pab mlil ) diegh 3.4 . 23.5 4.2 - 16,1 2.8
Pab mlll 2 disch 24.3 A7 33.% 15.68 2.6
Se¢ gyc faad 46,3 28.6 23.3 1.8 0.0
Bag aye off 82.2 = 28.3 i2.% .1 . 6.8
Sag aye u/f 24.% - 330 38,0 4.1 0.0
B b L)t

PCF w E75.2 m3 par hour
PCh = 1!516
BAM = 62,2 % passing 75 miorons
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Test 5b wmodalled mass balance

Btpream Solida  Watar

Rod mill fead 71.5 3.0 &/hr
Rod mill dilution 24.7 t/he
Rod will dischazge 71.5 27.7 efhe
Peimary  dllutlon 172,32 t/hre

Prim oyplons fawd 464,32 3g6.1 t/hy
Prim oyoclonm 3 o/f 68.3 119.1 £/hy
Frim eyolona B of/f 68,3 119,11 t/he

Prim cyclone A u/f 183.7 73.9 t/hr
Prim eyoleng B u/f 163.7 73.9 t/hr
Pabble addltion 1 2,3 t/he
Pebble additlon 2 3.7 t/hye

Peb mll) 1 product 167.0 73.9 &/hr
bab mill 2 produet 167.4 73.9 t/he
Sasondary dilution 9.} t/hr
Bac cyclonw feed 136.5 247.4 t/he
Bag eyelons off - 78.2 208.9 t/he
Sez ocyclons u/f 58.3 8.4 t/he

Blzs analyals

Stream =75 =1B0478 «250+180 ~1700+250 +1700

. Rod mill discharge . 8. 5.6 6.2 44.3 a8.8
Prim oys feed B-1: 0% - 22.4 31.1 18,5 T.2
P.r.‘im oyo A ﬂff 4409 2912 24-1 1.8 0.0
Prim oye B o/f 44.9 29.2 24.1 1.8 0.0
Pedm oye A u/f 10,7 19,6 33.1 25,4 10.2
Puim oyo B u/f 0.7 18.6 34,1 °  RE.4 10.2
Pab mill 1 disch 22.5 23,9 35.4 5.8 244
=0 1=} Qyﬂ fand 44.5 29,2 24.1 1.5 0.0
g&c oyo Q{f 80.7 -1 A i3.1 0.1 0.9
Bag wye u/f 23,7 33,3 <11 4.1 .0
Lt il o]

POF = B561.3 m3 per hour
PeD w 1,518
PSH = 60,7 % passing 75 microns
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Test 5a modellad mase balance

Btream Solids  Water

Rod mill faed 65,6 3.0 £/he
Rod mill dilutien 22.4 t/hr
Rod will dimchargas 658.6 25.4 t/hn
Primary allution 178,99 t/hy

Prim oyclone feed 447.2 86,7 t/hy
Prim vyclone A o/ 65,2 122,0 ¢/hy
Prim ecyslone B o/f 65.2 132,0 £/hr

Brim cyclons A u/f 158.4 71,8 t/hr
Prim cyelons B u/f 158.4 . 71,3 f£/hrx
Fabble addition 1 3.3 £/ hre
Febble addition 2 .4 t/hx
‘Bgh mil) I product 161.7 71.3 efhy
Peb mill 2 product 162, 71.3 &/hy
Sacendary dilution 14.¢0 t/he
Bac cyclona feed 130.4 258.1 t/hr
- fec vyclote off 72,6 418,3 t/hr
Smo eyclens u/f B7.8 2,8 o/he

8ize analysis

S B T i

Stiream _ =76 ~150+75 ~-250+4150 ~17004250 #1700
Fod mill: discherge . 9.3 6.3 8.9 46.1 30,8
Prim cyd fmad . 21.2 23.9 al. 17.58 - 5.8
Beim eye A o/f AS.8 0.1 22.8 13 0.0
Prim cyo B o/f 45.8 ao.1 22.8 1,3 - B0
Prim oye A u/§ 11.2 21.3 38,3 24.1 8,2
Prim eya 3 u/f 1l.1 21.3 35.3 24,2 8.2
Feb mill 1 diech 22,3 - 78.3 38,0 14.8 1.B
Pab mill 2 disoh 23.8 25,6 35.5 13.% 1.7
Ssc oy fead 45,4 20,1 22.8 1.3 0.0
Sec oyo off 62,3 28,1 11,5 0.0 00
Sev wya w/f 25,0 35,0 37,0 2,9 0.0
T o T

PCF = 585.5 m3 par houy
PaD = 1,501
BPE8M = 62.3 % pasming 75 migrons
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Tast 4o modelled mass balance

Stream Solids  wabter

Rod mill feed 72.0 3.0 t/he
Red mill dllution _ 24.9 t/hr
Rod mill diecharge 72.0 27.9 t/hr
Primary dilution 214.5 &/he

Prim cyelona faed 495.9 436.7 t/hx
Prim eyclons A o/f 70.7 143,1 t/he
Prim syclone B o/f 70.7 143.1 t/hre

Prim cyclone A u/f 177.3 75.3 t/hr
Prim cyclope B uff 177.3 75.3 t/he
Pebble addition 1 3.3 t/hr
Pabble addition 2 3.7 t/hy
Pab mill 1 product 180.6 75,3 t/he
Pab mill 2 produet 181,0 . 75.3 t/hy
Secondary oilution 12,3 t/he

8¢ eyclonad fead 141,85 298.5 t/hr
Saa gyclens off 79.2 254.8 t/hx
8Suc cyoclons u/f 62.2 43.8 t/he

 8irze analysis

XS W AE LT MR M

gtraam =785 =iG0475 -2504150 «1700+250 +1700
Rod mill dischapge 8.1 R:1%: G.1 44.1 a6.2
Prim cyc faed 25,0 22.5 2.4 17.8 7.4
Prim oyc A off 53,7 27.1 1841 1.0 0.0
Prim oye B o/ff 3.7 27.1 la.1 1.0 0.0
Prim gyo & w/f - 13.5 20.8 31.2 24,5 i0.3
Prim cye B u/f 13,5 20.& @ 31.2 24.8 0.3
PQb mill 1 dllah 26.9 23,9 3l.1 15.2 2.9
Pab mill 2 disch 271 23.8 31.0 15.2 2.9
Sec oya fead " 83,7 27.2 18.1 1.0 0.0
.SQQ_U}'G Q/E ) ] 7004 21.6 8.0 0.9 0.0
Sag oye u/ff 32.5 34.2 31.1 2,2 0,0

.,y
PCF »  623.8 md paxr houx

PCD w  ).485
PEM = 70.4 % pagsing 75 microns
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Test 4b modelled mass balanoe

sthream 80lids Water

Rod mill fead 76.5 3.0 t/hr
Rod mill dilution 28.6 t/hy
Rod mlll discharge 76.5 29.6 &/hr
Primaxy dilution 217.6 £ /br

Prim eyclone feed Bi1B.3 446.8 t/he
Prim cyclone A off 73.8 . 145.8 t/hr
‘Prim cyclone B off 73.8 145.8 t/he

- Prim cyclone A u/f 185.4 77.9 t/fhr
.Prim cyolone B u/f 185.4 77,9 £/hx
Pabhle addition 1 3.3 . t/hy
Pebble addition 2 3.7 t/he
- Peb mill 1 product 188.7 77.9 t/hr
Peb mill 2 product 18%9,1 77.8% t/hr
Sacondary dilution - 1b.8 t/hx
Bac uvyclone faed  147.6 301.9 t£/he
Sec cyclone off 83,7 258.1 &/hy

‘See cyelone u/f 64.0 43,8 t/hr

Bizg analysid

T sl e e : -
Stream =75 «180+75 -250+150 -1700+250 +1700
Rod mill discharge 7.4 5.1 8.7 42,3 39,5
Prim eyc faad : 25.4 2l.0 26.4 18.6 © 8.6
Prim oyc A ojff 84.7 25.9 18.2 - 1.2 ¢.0
Prim cy¢ B off 54,7 25.9 AB.2 .2 o.0
Prim cyc A u/f 13.6 19.1 29,8 25.5 12.0
Frim cyo B w/f 13.6 16.1 29.8 25.5 12.0
 peb mill 1 disch 28.0 22.4 29.7 16.2 3.7
Pab mill 2 disch 27.4 22.2  28.% 1&.8 -~ 3.9
Beg oyo faed 54.% 25,9 18.2 1.3 0,0
Seq oye off 71.2 20,7 8.1 0.0 0.0
2.7 0.0

Sac ¢yc w/f _ 33.1 32,8 31.4

POF = 642.4 n3 par hour

POL » 1,502 .
PSM = 71.2 % passing 75 microns
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Test 44 modelled masa balance

straam Bolids Water

Rod mill feed 7.6 3.0 t/he
Rod mill dilution 27.0 t/he
Rod mill discharge 77.6 30.0 t/hr
primary dilution 213.9 t/he

Prim cyclone feed 518.6 442.6 t/hr
Peim cyclone A off 74.1 143.1 t/hre
Prim oyolona B off 74.1 143.1 t/hx

Prim oyclone A u/f 185,0 78.2 t/hx
Prim cyclone B u/f 185.0 78.2 t/he
Pebble addition 1 3.3 . t/he
Pebble addition 2 3.7 t/he
Peb mill 1 product 188.- 8.2 Lt/he
Pab mill 2 product 1L8S 78.2 tjfhy
gecondary dilution i10.7 t/he
sec cyelone feed 148,32 596,99 t/hy
Sec ecyclone o/f 84.4 2B3.6 t/hy
Sec gyclone u/f 63.9 43.3 t/hx

Slze analysls

T A L N R

Stream - ~75 =150475 =2504150. =1700+250  +1700

Rod mill discharge 742 5.0 5.6 41,9 . 0.2
Prim cye faad 25.0 20,5 26.5 iB.7 B.9
Prim cyc A off 3.9 26.1 18,6 1.3 0.0
Prim oye B o/ff 53.9 - 26,1 18,86 1.3 0.0
Brim cye A w/f 13.4 18.9 29,7 25.8 12.4
Prim cyc B u/f 13.4 18.9 29.7 25.6 12.4
Peb mill 1 disah 277 22.3 29.8 16.4 3.8
Peb mill 2 dimch 27.% 22.1 30.0 16.8 4.0
ssc oyc foad 53.9 26.1 18.8 1.2 0,0
fao oye o/f 70,4 21.) B.5 0.0 0.0
Beg dyd u/f 32,3 -~ 32.7 32,0 3.0 a.0

i e
PCF = 638,3 m3 per hour

PCO = 1,506 .
BPEM = 70.4 % pagsing 75 microns
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Tast 13b medelled mass balance

Btrsum _ 8olids  Watexr

_ Rod mill feed 59,7 3.0 &/he
rod mill dilution 20.1 t/hy
Rod mill dischaxgs 59.7 23.1 &/he
Primary dllution 197.6 t/hy

Prlm oyclona fend 429,58 395,86 t/hy
Frim eyslone A off €0.0 131.1 ¢€fbe
Prim cymlone B off 60.0 J31.1 t/hy
Prim cyclona B u/f 154.4 66.6 t/hx
Prim cyclone B u/f 154.6 66,6 &/hr

Pabble additien 1 2.8 t/hy
Febbls addition 2 2.3 t/hz
Pak mill 1 product 157.4 66.6 t/hy
Fab mill 2 product 156.9 B&.6 t/hy
Secondary diluclon 7.9 t/he
8¢ cyolona fead  120.) 270.2 t/by
Sa0 uyeslors off 64,7 228.5 t/he
Ban oyclone w/f 55.4 41.6 &/hy
Size analywsls
L e A I I .
Stream _ 75 ~1B0475 -250+150 «1700+2580 41700
Rod will discharge g8 T3 749 49.2 24,
Prim oyo feed 21,8 26.3 1.8 16.3 4.4
prim oya A off 47.3 L. 30.1 0.4 0.0
Prim cye B off 47.3 31.9 20.1 D.7 0.0
Prim oyo A ufi 11.5 24:2 35.9 22.3 5&1
Prim oye B u/fé 1.5 24.2 35,9 22.3 Gal
Peb mill 1 disgh 23.0 2%.6 36.0 13,0 3.3
Pab mill 2 disch 23,0 28.90 36.8 12.3 1.2
Sac oys faad 47.3 31.¢ 20,1 0.7 0.0
Ba0 oyR Off 44.5 _ 2644 8.2 .0 o.u
gan ays u/f -1 N T 1: T 33.0 1.5 0.0

el 1=

E g ol ]l g
PCF m - 557,7 n3 per bour

pon = 1.480
PEM =  £4.5 % paswing 75 microna
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Test 13a modolled mass balance

Stream . Sollde Water

Rod mili feed 46,8 3.0 t/hx
Rod mill diiution 15,) t/he
Rod mill dischaxge 45.P 8.1 w/hz
Primary diluotien 150.% ¢/hy

Prim oyclone fewd  366.0 388,0 t/hr
Prim cyclons A off 50.0 125,85 &/he
Prim oyalone i off 50.0 125.5 t/hr
Prim cycelons A u/f 133.1 88,8 t/hy
Prim oyclons B u/f 3133.1 8.6 t/hr

Pabbla additlion 1 2,8 t/he
Pabbla asddition 2 2.3 t/he
Pab mill 1 product 135.9 58,6 &/hr
Fab mi 1 2 product 135.4 58,8 t/he
Secondary dilution 7.8 t/hr
Sec oyeclone fead  100.0 358.% t/he

. Se¢ oyclone off 2.1 216,9 tfhre
fag oyovlone u/f 47,9 41,8 t/hy
Glze analysis
I A O Pl ik B
Btraan . ~¥5 =1504%5 =~350+A50 ~17004+R560  +1700
Rod mlill disgharge 18.2 11,3 1).4 50.3 8.7
Prim cye feed 21,0 30,7 23,7 13.3 1.3
Prim oye A o/f 46,5 34.9 8.3 0,3 0.0
Prim cye B off 46.8 4.9 ia.3 o.3 0.0
Felm gyo A u/f 1t.4 28,1 39.5 18,2 1.8
Prim ayo B w/§ il.4 AB.1 39,8 18,2 1.8
Pal mil) 1 dimsch 9.8 aL.7 38,5 87 0.3
bab mill 2 disch 20.9 32.3 7.8 8.7 0.3
Sac aye fand 45-5 34.9 18.3 0.3 0.0
Sag &yo °!f : - . 64,2 2311 ) T.7 0.0 ] Q.0
sec oye /P 27.2 42.2 259.9 0.6 0.0
101

POF w»  506.1 w3 pex hour
pob = 1,480
PEM = 84,2 % passing 75 migrons
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Test 12t modalléd masa balanseo

Stream Solides Wateyr

Rod mill faeed © &4.5 3.0 t/he
Rod mill dilution 22,0 t/hr
Rod mlll discharga 6&4.5% 25.0 &/he
Primayy dilutien 189.2 t/he

Prim cyalons foaad 44B,.4 393,3 t/hy
Prim cyelons A o/ 63,6 127,23 t/hx
_Peim pyclone B o/f 63.6 127.3 t/hr
Prim oywlons A ujff 159,% £9.4 &/br

Prim oyclons B u/f 159.3 69.4 t/hy
Pabble addition 1 2.8 t/he
Pabkble addition 2 2.4 t/he

Pab mill 1 predust 162.1 69.4 t/hy
Pab mil) 2 product 161.6 69.4 t/hr

Secondary dilution 8.2 t/hy
bec oyolone fesd 127, 262.9 ti/hye
Sap uyclons o/f 69.5 222.4 4/hn
Sec ayalone u/f 7.2 40.4 t/he

Hize analysis

T Y

Straam . «78 ~1B50%7E =~2E0+550 =~1700+250 41700
Rod mill discharge g.5 6.5 741 47,2 49,9
Prim cye faed ' 21.) 24.6 31.5 17.2 5,8
Brin ayn A 1{5 46,2 &80.8 2.9 1.1 0.0
Prim oys B o/f 46.2 ae.a 21.9 4.1 a.o0
Prim oyo A ll/f . 11.1 22,1 i6.4 23,7 7.7

- Prim aye B u/# 1141 22.1 35,4 23.7 7.7
Pab mil) ) disch 22,2 26,0 35.8 14,8 1.8
rab mill 2 disch 23,0 26.4 1 13,5 1.6
Bea oyn fead ' 46.2 30.8 219 Ll 0.4
den ayc o/f 63.0 26,3 10.7 0.0 Q.0
Sa¢ oyc w/f 25.7 36,2 5.6 2.3 0.0
G

-PCF'w  BGl.4 m3 par hour
PCD w  1.494 '
PEM = G3.0 % pasging 75 misxone
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Tast 12k modelled mass balance

Straam Solida Water

Red mill feod 65.7 3.0 t/h~

Hod mill dilution 22,4 t/nr
- Red mill dischargs 65.7 25.4 £/hx

Primary d&ilution i188.6 &£/hy

Beim cyolons foesd 447.8 a90.7 t/hr
Priw cyclona A aff B4.2 128.6 t/he
Prim oyslons B off 64.2  125.6 t/he
Prim oyclone A u/f 159.7 69.9 £/hr
Prim cyolona B u/f 159,7 §9.9 t/hx

Pabble addition 1 2.8 £/he
Psbblae additlon 2 2,3 t/he
Pab mil) i product 162,5 69.9 t/he
Pal mill 2 product 162,0 69,9 t/hy
Seoondary dilution 8.1 t/hy
oo oyelona faad  12B.4 259.2 t/hr
gae wyolone off 1.0 219.2 t/he

Smo agyclonm u/f 7.3 40,0 &/he

Bize analyain

. TS I T, WY
straam - _ =78 =1B0HYE =2504150 =1700+250 #1500
n _ R
. Rod mill discharge 0.3 8.3 6.9 46G.7 30.9
“Prim cyo faad 2.8 24,3 3.6 17.8 5.8
Prim oye A off 48.7 30,7 22.4 1.2 0,0
Prim cye B o/f A5:+7 30.7 22.4 1.2 0.0
- Prim owyo A w/f 0.8 21.7 35.2 24.0 8.2
Peim aye B u/g 10.9 217 35.2 24.0 8.2
‘Pab mild 1 dinch 22,1 28.7 35,9 14.5 1.9
Feb will 2 disch 22.9 26.0 35,5 13.8 1,7
Sec oyo feed 45.7 30,7 22.4 1.2 0.0
Bao oyg o/f 82,3 26.5 11.2 0.9 0.0
Sag wye uff 25 35.8 36.4 .8 0.0
i N A o 1 W
L

pcﬁ w 558,45 md par houy
POD w 1,498
PaH wm 62,3 % paasing 75 mliorens
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Tant 12a modelled mase balancy

Stresm Solids tiatcar

Rod mil)l faed - 0.2 3,0 t/he
- Red will dilutien 24,2 e/he
© Red mill diecharge 70.2 27.2 t/hz

Peimary dilutien 378.1 t/he

Prim oyolone fead 461.0 35%.3 t/hy
pelm eoycloene A off 66,8 122.6 &/he
Brlm eyolone B off 66.8 123.6 t/hy
Prim cycleone & w/f 163.4 a0 £/
Prim eyclonme 8 u/f 163.5 7E€.0 t/hy
Fabble addition 1 2.8 t/hy
Pobble addition 2 2.8 v/he
Pab mil)l 1 product 166.4 72.0 t/hr
Pab mill 2 produst 185.9 - 72.0 u/he
facondary dilution 8.4 t/he
Sne wyalone faed 132.6 253.7 t/he
Seo cyelons of¢ 75.1 214.6 t/hr
- Sad cytlona u/f 8.4 . 39.1 t/hr

Bive snalymix

T N M

Bhumam o =78 ~lR047H -2EQ41E5Q «17004250 +1700
‘Rod mill discharge 2.4 5.7 6.3 44.8 34.9
Eelm oyn fesd 20,5 23.1 31.2 ig.2 8,8
Prim cye A o/f 44,8 30,0 23.6 1.6 5.0
Prim oys B off 44.8 3040 23.6 1.6 0.0
Prim aya A u/f 10,8 20,3 34.4 25.0 8.7
Prim ove H u/f 10.58 20,3 34.1% 25.0 8.7
Pab mill 1 dimeh 22,1 24,6 3g. 1 15.8 243
Pok mill 2 disch 22.8 24.9 35,2 . 14.8 2.2
Sec ayd fead 44,8 30.0 23,6 1.6 0.0
ast oyo off 61.0 25.8 12.4 0.1 0.0
g 111

BCr »  363,3 m3 par hour
PR = 1,B10
- PEM = 61,0 % pasping 75 miorons
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rapt 12a modelled maze balance

e

Stream ' solids  Water

Rud mill fend 70.2 3,0 t/hr
Hod mill dilution 24.2 t/hre
2od mill dischaxge 70.2 27.2 &/hye
primary diluelon 17%.1 &/he

Prin oyelona faed 461.0 385.3 t/he
Prim cyclona A o/f &6.8 122.6 ¢/hr
Prim oyclons B o/f 66.8 132,86 t/he

Prim oyslone A u/f 163.6 72.0 €/hy

Prim oyclona B u/f 163.6 72,0 t/hy

Pabbla addition 1 2.8 Ct/he

Pabble addition 3 2.3 t/he

Pab mill 1 product 166.4 2.0 ¢/he

Pabk mill 2 produst 165.9% 72.0 ¢/hyr

‘Secondary dllution 8.8 t/he

far oyaelons fead 133.6 253,7 t/hr

gau cyclons o/f 5.1 214,86 t/hy

bag eyelona u/f 8.6 39,1 &/hye

Slze mnulyais

T L O O

Btrein : »75 150475 ~2850+150 ~1700+250 +1700
Rod mill dimoharge . 8.4 B.7 6.3 44.8 34,7
Prim oyo fead 20,5 23.1 31.2 18.2 6.9
Prim oya A o/f 44.8 38,0 23.86 1.8 .o
Prim ey B nff 44,8 30.0 23.6 1.6 0.0
Prim oys A u/f 0,8 20.3 34.4 25.0 8.7
Prim aye B u/f 10.8 20,3 34.4 25.0 9,7
Pab mill L diseoh 22.1 24.6 35.4 15,58 243
Pab mill 2 disch 22.8 24.9 38,2 14,8 2,2
Sag cya Foed 44,8 30.0 23.4 1.6 0.0
Bag oyo off : 81.0 26.6 12.4 0.1 0.0
Sec nyo u/t ' 24,0 34.5 as.o0 1.8 0.0
W I o

BOF »  563.3 m3 par hour
PCD = 1,510
PSM = 61,0 % taseing 75 mlorons
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Test 1lv medelled mass balance

- Stream golide Water

© Rod mill feed 59.5 3.0 %/by
Rod mill dilution 20.0 t/he
Rod mill diachaxzye B&59.5 23,0 t/hy
Primary dilution 172.3 &/hx

Prim eyclone faed 415.6 367.8 &fhe
Peim oyelone A off 59.9 117.3 t/he
Prim cyclone B off H9.9 117.3 t/he

Prim cyclone A u/f 147.9 €6.5 t/hy
Peim eyolons B u/f 147.9 86.5 t/hx
Pabble addition 1 2.8 t/hx
" Pabble additlion 2 2.3 t/he

Pab mill ) preduct 150.7 86,5 t/hx
Pab mlll 2 product 150.2 66,5 t/hr
Secondary dilutien : 14.6 t/hy
goc gyolons fesd  115.9 249,12 t/h»
Gat cyolone off 64.8 210.0 ¢/hy
Sat cycleons u/ff 85.1 38,1 e/he

Size analyeis
S o 2

Stremm =75 “LBO+Y5 -2BO+LE0 ~17004280 < +1700

Rod mill dischargse 10.9 7.3 .9 49,2 4.7
Pein cye faad - 19.4 25.5 34.0 16,8 4.4
brim ocye A bff 42,5 32.3 24,1 1.1 0.0
Prim syo B off 42,5 J2e3 24,1 1.2 0.0
Peim ¢ye A u/f ' 0.1 22.7 7.9 23,2 6.1 -
Prim oya B u/f 0.1 22.7 an.9 23.2 5.1
Pab mill 1 diwch 19.9 26,7 38.68 13,58 1.2
Pak mill 2 diech 21.0 %?.3 38,1 126 1.1
Sa¢ gyc fasd - : 4Z.5 32.3 24,1 1.3 0,0
faw oye oft : 89,2 28.% 122 Q.0 0,0
Soo oye uff 22,9 36,7 33-1 204 0.0
i o

PCP w  524.3 m3 per hour
PCD = 1.4%4 .
PAM = 55,2 % paseing 75 wmicrona
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Peat 1lb modalled mass balance

Straam Bolide Water

Rod mill feed 83,6 3,0 &/hx
Rod mill dilutlen 21.6 t/hr
Rod mill discharge 63.8 24,86 £/hr
Primary dilutlan i76.0 t/he

Prim cyclona faed 433.1 376,86 t/he
Peim oyclone A of/f 62,4 119.,7 t/he
Prim cyclone B off &2.4 11%.7 &/hy
Feim cyalona A u/ff 154.2 68,6 t/hr
Prim oyolons B uff 154.2 68.8 t/hy

Pabble addition 1 2.8 t/he

Pahble addition 2 2.3 - efhw

Pap wmill 1 preduat 167.0 68,6 €/he

Peb mill 2 produst 156.5 68.6 t/he

Secondary dilution _ 8.8 t/he

Sac gyclons faud  124.8 243.1 t/hye

Bau cyclone off 68,9 209.2 t/hre

Sec cyclone uff 56,0 - 38.8 t/hr

Slza mnalysis

W . .
Stream 78  w150475 ~250+180 -1700+260 #1700
Rod mill d4acharge 9.8 6.6 7.2 47.6 28,9
Prim eye tued 19.8 24.5 33,0 1.4 B3
Prim oye A o/f - 43.3 1.3 24.1 1,3 0:0
Peim aye B off 43.3 31.3 249.1 1.3 0.0
Peim oye A u/f 0.2 21.7 . 38.7 23.9 7.5
Prim eya B w/g ' 1o0.2 21.7 36,7 23.9 T8
Pak mil) L ddsch 20.9 25.9 37.5 14,3 1.6
Peb mild 2 disoh 21.7 46.3 1.1 i3.4 l.4
Sec cyc fead 43.3 31l.3 24.1 1.3 0.0
Bay cye off 59.4% 27,7 i2.B 0.9 .0
Sea gye u/ff 23.1 35.7 38.4 2.8 e.0
L b L

roOF m 540.0 m3 per hour
BOD w 3,459
. PS8M w  £8.7 3 pasaing 78 microns
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Test lla modelled mass balance

Stream _Solidn Wntexr

Rod mill feed 74,7 3.0 t/hr

Rod wmill dilution 25,9 t/he

Rod mill dismeharga 74,7 28:9 t/hr
o Primary diletion 180.7 t/hre

Prim cyclons fesd 480.1 387.5 t/hy
Prim epclone A off 69.9 124.4 £/hx
Prim cyslons 8 off 69.9 124,4 t/he
Prim cyclone A u/f 170.1 74.3 t/hr
Prim cyelona B u/f 170.1 74.3 t/hx

Pakble addition 1 2.8 £/hn

Pabble addlitlon 2 2.3 t/he

Pab mill 1 produet 172,9 74.3 &/he

Peb mill 2 product 172.4 74.3 t/hre

savondary dilutlen 8.2 t/hy

gao cyelonm fead  13B,7 284,9 t/hr

Sec ayelons off 79.86  217.7 t/hx

Swc oyolena u/f 80.2 39.2 §/he

Slze analysia

S Ik A . ’

Stream =75 =150+75 =2B0+150 ~1700+4250  +1700
Rod mill dischargs 7.8 . B3 5.9 43.0 3.2
Prim oyo faed 2L.1 22.0 ag.} ie.8 ‘B,
Prim ayo A o/f 45,9 28.9 23.4 1.8 0.0
Prim oyo B o/f 48,9 248.9 23.4 1.8 0.0
Beim oyo A u/f i0,8 19.2 32.9 5.8 11.3
Prim aye B n/E 10,8 19.2 32,9 35.8 1i.3
Fal mil) 1 disch 23,2 23,6 341 16.3 2.9
Péb mill 2 dimeh 23,5 3.8 44.0 15,9 2.8
Hae cyo faad 45.9 28.9 23.4 1.8 0.0
gec aye off 1.9 28.6 12.4 0.1 8,0
Sam oye w/ff 24,7 . 33.4 - 3.9 4.1 0.0

1
POF = S78.7 m3 par hous

PCD wm 1,517
PSM = 61,9 % pasaing 75 mlorens
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Test B¢ modelled mabad balance

Straam Sclids  Watey

Rod mill fead 59.7 2.0 t/hy
Rod mill dilution 20,1 t/far
Rod mil) discharge 59.7 23.1 t/he
Primary dilution . 178.2 t/hy

Prlin oyslone feed 435.% 425.7 t/he
Prim vyelone A o/f §D9.3 118.2 t/hr
Prim ayelone B off 59.3  118.2 &/hr
Prim eyclone A u/ff 158.2 94,5 t/hr
Prim eyclone B u/f 15B.2 94,5 t/hy

Pebbla additien 1 B.& t/he

Pabble addition 2 3.4 t/he

Péb mill 1 produqr 163.7 94.5 t/hr

Fab mill 2 product 161,6 94,5 t/hr

Sacondary dilutien 1.4 =/ne

Se¢ cyclone faed  118.5 247.8 t/hx

San cyalone off 68,3 207.5 t/hx

Ssc ayelons u/f B0, 2 40,53 t/hr

8ize analyais

Sl Bkt T S 2 L A .

Straam : =78 =150+75 =2504]50 =1700+250 ~ +1700

Rod mill discharge 10.9 7.3 7.9 49,2 24.9

Prin eyc feed 25.2 - 24.8 29.3 16,2 4.4

Brim gye A off 51.8 28.4 - 1a.7 1.1 0.0

Prim uye B off 51.8 26,4 18.7 1.1 0.0

Prim oye A u/f 15,2 23.8 33.3 2.9 . 6.0

Prim oye B u/f 15.2 23.6 - 33,3 2.8 6.0

Fgb mill 1 diasch 27, 26.2 32,9 1246 Al
. Pab mlll 2 diseh 47.2 26.8 32,8 12.0° 1.2
- Bag eyc faad : - Bl.8 28.4 18.7 1.3 G.0

Sap ayc off : 6746 23,5 8,9 0.0 0.0

Sec oyo u/ff _ 0.1 35.2 32.1. 2.6 2.0

TG E A L

PCPF = 58,9 m3 par hour
POD = 1,459 :
' PSM m  67.6 % psmeing 75 miciens

Appendix I ; Simulated mass balanees ' 250




Test 8b modelled mase balance

Stres&m ' Solidas  Water

Rod mill feed  55.4 3.0 £/he
Rod mil) dilution 18.4 &/he
Rod mill dizchargs 55.4 21.4 ¢/hy
Primary dllution 171.8 t/he

Prim cyclane fead 414.9 415.7 t/hr
Prim oyoclone A off 56,1 116.5% t/he
" Prim oyclone B off 56,1 116.5 t/hr

 Prim oyclons A u/f 151.2 91.3 t/hr
Prim cyuloria B u/f 151.2 91.3 t/he

Pabblae addition 1 E.§ t/he

Pabble addition 2 3.4 t/he

Pab mlll 1 product 156.7 1.3 £/he

Peb mill 2 product 154.6 81.3 t/hr

Benondary dilution 11.3 t/he

Sea cyclone fasd  112.3 244,3 t/he

Sae oyclong o/ff 64.0 204,11 t/he

48,3 40,2 t/hr

. 8so oyelone u/f

Size analysis

&;mgnnaauauau . ) .
Btream _ =75 ~1BE0%75 -250+150 =1700+250 +1700
Rod mlll diacharge 12,8 - 8.2 8.7 50.6 20.0
Pritm cyo feed ' 24.9 26,1 30.2 i15.58 3.3
Prim oye A off 51.1 29.4 8.6 Q.9 0.0
Prim cyc B o/f l.1 25.4 18.8 0.9 a.0
Prim cye A u/f 15.1 24.9 34.5 20.8% 4.6
Prim gye B u/f 15,1 24.9 34,5 20.9 4.6
Pab mill 1 disch 28.2 27.4 - 33.8 11.8 0.9
" Pab mlill 2 disch - - 26,4 28,2 33.7 11.9 0.8
Bec uyu'faad 81,1 29.4 17.8 6.9 0.0
fao u}'ﬂ Q,f 67-2 24;2 ‘Jtﬁ c.0 c.0
sac oyce uff . 29.8 35;3_ L T 2.2 c.0

Lt ]
POP = 572.3 m3 par hour

PCD = ).451
PEM = 57,2 % passlng 76 miorons
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Test Sa modellgd mass halancsy

Strean Solids Water

Rod mill feed 52.9 8.0 t/hr
‘Rod mill dilution 17.5 t/hr
Rod mill discharge 52.9 20,5 t/he .
Primary dilution 172.9 t/he

Prim cyclone feed 404.7 413.1 t/hx
Prim eyelons A off G54.5 1156.8 #/he
Prim oyelone B off 54,5  116.8 t/hr

Prim eyclone A u/f 147.8 89.7 t/hr

Erim eyoalone 8 u/f 147.8 89.7 t/hr

Pebble additlion 1 5.5 &/he

Pabhle addition 2 3.4 t/hr

Peb mil) 1 product 153,3 89.7 t/he
. Peb mill 2 product 151.2 9.7 t/hr

Secondary dilution 10.8 £/hx

Saa oyglone feed  108.9 244,4 t/he

fec cyclone o/f 6.7 204,1 /hre -

See oyolona u/f 47.2 40,4 t/hy

Siza enalymis

2L T . .
- Straeam ) w75 w150+75 ~250+150 ~1700+2E0 +1700
"Rod mill discharge 13.7 8.8 9.4 51.2 18.8

peim eyc fead 25.0 26.9 30.4 14.9 2,7

Brith ayq A o/t . 51,3 29.8 18,1 0.8 0.0
Prim cyc B o/f 51,3 29.8 18.1 0.8 0.0
Prim cye A u/f _ 15.2 25.9 35.0 20.1 3.7

Prim cyoc B u/f 15,2 25.9 35.0 20,1 3,7

Pab mlill 1 diech 26.0 28.2. d4.1 11.0 0.7
‘Peb mill 2 dlasah 26.3 28,9 33.9 10.3 0.6
Sac gyc faud ' 51,3 25.8 18.1 0.8 0.0
. S8t cye off 67,4 24.3 8.2 0.0 0.0
-Sac oye u/t 30.1 a7.1 31.0 - k.8 0.0

A=

. O v A
PCF = 565.8 md par houx

PCD » 1,445
psM = 87.4 % paseing 75 microns
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teat 62 npblmiaad mase balansa

HEE

Stream Bolids  Water

Rod mill feed 35.0 3.0 /by
Rod mill dilution i0.6 o/hy
Rod mill diechargs 35.0 3.6 &/hr
Primary dilutlon 233.5 tfhye

Prim ¢yolone foed 335.4 435,4 t/hy
Beim oyelone A of/f 39,3 d47.9 t/hy
Prim eyelone B off 39,3 147.9 t/hr

Prim oyelone A u/f 128.4 69,7 t/hx

Prim cyoione B u/f 128.4 69.7 t/hr

Pebhle addition 1 3.0 t/he

Pabbla additien 2 3,0 t/he

Peb mill 1 product 131.4 69.7 t/hne

Pab mill 2 product 131.4 69.7 &/he

secondary dllution 0.0 s/hre

Sac cyelone fead 78.6 295.9 £/hx

Sac pyelone o/f 41.0 24%.0 t/hx

gme cyclone u/f 37.6 48,9 t/he

Blze ahalypis

L e LT

Stragm w78 - =180475 ~3B0+150 -1700+280 #1700
L} ] o o _ " ¢ A
Red mil)l disshargs 28,1 15.6 ih.2 40.3 1.8
CBpdm aye foed an.o 36.8 5.0 8.2 0.2
Palm oye A off 63.) 29.7 7.1 G.0 0.0
Prim oyc B u/ff 63,1 29.7 7.1 0.0 0.0
Prim oyo A u/f 18.% 38.6 an.s 0.7 g.3
Prit oye B u/f 19.9 a28.6. 30.5 0.7 0.3
Pab mlill 1 disch 27.4 38,5 28.6 B.4 9
“ob nlll 2 dasch 28,7 38,8 27.9 4.8 0.0
Sac 2yo fowd 63.1 29.7 7.1 0.0 Q.0
Se¢ oyo off 8.4 18.7 1.9 0,0 0.0
Ser oyt v/ 45.4 41.8 12.8 . 0.0 0.0
i T

PCF = EG2.0 m3 per hour
Poh w 1,372
b = 79.4 % phselng 75 mioxona ,
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Test 61 optimized maoy balancae

Btrean an;idn Watexr

Rod mill fasd A3.9 3.0 t/hy
Rod mill dilution 14,0 /by
‘Rod mill discharga 43.9 17.0 t/hr
Primary dilution 215.3 &/hr

Prim cyclone fesd 398.3 45,9 t/he
Brim oydlonse A off G3.8 134.6 t/he
Prim oyolone B off H3.8 144.6 &/he
Prim oyclona A uff 145.4 B0.8 t/he
Prim oyslone B u/f 145.4 BO.8 t/hr
Pabble additien 1 = 3.0 t/he
Pobble addition 2 3.0 t/hy
Pab mill 1 product 148.4 . BO.& t/he
Pab mill 2 product 148.4 BD.8 t/he
Secondary dilution 122.5 £/he
Seg cyalone feed 107.6  411.6 t/hz
Sac syclone o/f 49,8 354,7 t/hy
Sec oyclone uff - E7.7 56,5 t/he

8ize analysle
0 T T

Stream w78  ~150475 ~2B0+180 ~17004250  +1700

]
Rod mill discharge = 22.0 13.1 12.7 47.2 4.9
prim oye fead - al1.1 3z2.9 24.8B 10.58 0.7
Prim oye A off 606 29.5 9,7 0.l 0.0
Peim eye B oft 60,6  29.8 5.7 s P ) 0.0
Prim oye A w/f 20,2 34.2 30.4 14.3 0.9
Peim oye B u/f A0.% 34.2 0.4 14,3 0.9
Pab mill 1 dimuh a5.3 34,56 28.8 7.4 0.2
Pab mll) 2 diach 306 34.8 28,0 g.8 0.2
Bet tyo fead E0.6 28.8 5.7 0.1 0.0
Bec cyoc off - 80,0 17.7 . 2.3 n.6 0.0
fan oye u/f{ 43.8 29,7 15.2 0.3 0.0
N A

POF «  G0J,2 m3 par hour
PED = 1,413
PEM = 80,0 % passing 75 micwonm
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Test 60 optimized mass balance

S8tream Bolids Water

Rod mill foed BB.B 3.0 t/hn
Rod mill dilution 19.8 t/hye
Rod mill discharyga 58.8 22.8 t/he
Primary dilution ' 215.0 /by

Prim eyclone foed 4B0.2 480.4 t/hn
Prim oyelons A o/f B6%.6 146.7 t/he
Prim cyclone B a/f 67.6 146.%7 t/hy

Prim cyelone A w/f 172.5 93.5 t/hr
Prim eyoleona 8 u/f 172,58 93.5 t/hr
Pobble addition 1 3.0 t/he

bPebbla addition 2 3.0 . &/he
Pab mill 1 product 17.5 93.5 &/hr
Peb mil) 2 product 175.5 “3.5 £/hp

Sacondary dilubion 138.3 u/he

Bau cyelona faed  LA5.2 428.7 t/he

Bxc cyclona o/f 64.8 373.% t/hr

Sec oyolone u/f 0.4 5.6 €/hy

g8ize analysis

I 0 L . . .

Stream =78 =150+78 =2B50+AIE0 ~3700+250 +1760 -
Réd mill dischavga 1.2 7.4 8.0 49,5 23,9
Prim aoye fand 1.0 25.8 24,5 14.7 4.0
Prim eyd h off : 60.6 26,1 2.7 0.5 0.0
Frim ey B o/f 60.6 26.1 12.7 0.5 0.0
Brim oya A u/f 19,4 25,86 29.2 20,2 5.5
Prim sye B u/f 19.4 25.6 28,2 20.2 Be§
Pab mill 1 disah 1.8 27.0 28.0 1.7 1.5
Pab mill 2 dinch 32,2 27.0 27.% il.5 1.4
Ber eyc feed 60,8 6.1 127 0.8 0.0
 Beg oys off 80.0 la.8 3.4 0.0 0.0
Beg oyn u/E d2.8 34,9 21.3 1.0 0.0
Sy,

PCF = 661.6 m3 pax hour
PUD w 1,452
PEM =  BO.D % pamsing 75 miorons
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Tagt B9 optlmized mass bhalunce

Straam

8ulides  Wabker

Rod mill feed

Red mill dilution
Rod mill discharga
Primary dilution
Prim oyclons femed
Prim ¢yclons A &/ff
Peim eyalens B off
Peim eyelona A u/f
Prim eyclens B u/f
Pahbie addition 1
Pabhia addltion 2
Pab mlll 1 produgi
Pob mill 2 product
Bagondary dilutlon
Bee oyelone fasd
Bev cyolona off
Sac cyclons w/f

Sive analysis

58.8
58.8

480.2
67.6
67.6
172.8
1128
3.0
3.0
175,85

175.8

138.2
64.8
0.4

3.0
i%.8
22.8

215.0
480.4
14647
146.7
93,8
93.5

83.5
938
136.3
428.%
393.1
BB.B

e/hr
t/he
t/he
t/hy

t/he

&/ he
t/he
t/he
t/he
t/hy
#/hye
t/he
t/hy
t/hr
/by
t/he
t/hy

AT A T .
Btraan =75 =~1l50+495 ~R50+150 ~A7004250 %1700
Red wmill dischagge il.z2 Iy 8.0 49.5 23.9
BPrim ayoe faod .0 24.8 24.5 2.7 4.0
Brim ayo & off 60.86 26,1 12.7 248 0.0
Prin oye B o/f B0.6 28.1 14.7 g.5 0.0
Prim &ye A w/E 19.4 25.6 29.2 ~40.2 8.5
Prim oya B u/f 19.4 25,6 29.2 20.2 8.8
Pob mill 1 diagh .8 27.0 28,0 13.7 1.5
Pob mill 2 dimech 32.2 1.0 27.9 1,5 1.4
Sac oyo feud 60.6 26,1 2.7 0.8 0.0
fae ayae o/f 80,0 18,8 - 3.4 0.0 0.0
Sead cyo w/t 42,8 4.9 23.3 1,0 Q.0

L 1] l_.ﬂ ENE

_PCP = G61l.6 m3 per houg

PaD = 1.482

PSM = 80,0 % puwsing 75 mictona

Appendix J 1 Optimized mass halances 266



Toyt B8 optimized masa balance

Straam Sollds Watar

Rod mill fead 87.8 3.0 t/he
Rod mill dilutlon 12.4 t/hre
Bod mill disshazge §7.8 22.4 §/hy
Primary dilutlen 222.,8 t/hn

Prim eyclona fapd 472.0 483.2 t/hr
Prim oyslone A off 64.9 149.8 &/hx
Brim oyelone B o/f 64.9 149.8 t/hr
Prim oyolena A u/f 171.13 91.8 t/hr
Prim cyclone B u/f 171.1 91.8 t/he

Pabble additien 1 3.0 t/he
Pebbla addition 2 3.0 t/he
Pab mill 1 praduct 174.1 91.8 t/hr
Peb mill 2 product 174.1 9l.8 t/hr
Sacondary dilution 10é.8 t/hy
Bet cyclona fasd  129.8 406.4 &/he
e eyelone off 63.8 362.0 /by

Se¢ oyclone u/f 66.0 4.5 w/he

8iza analysis

W e I ok ’

- Btresm w?h  w]50+YE ~2604150 ~17004250 #1700
Rod mlill discharge 1.4 7.6 8.2 45.8 22.8
Peim ayo foed 31.0 26.0 24,6 14,6 3.8
Prim cye A off &l.4 26.0 ©12.2 0.4 0.0
Prin oyeo B o/f Gl.4 26.9 12,2 0.4 - 0.0
Ppim oyo A u/f 19.5 26.0 2%.3 20,0 . 5.2
Prim oye B u/f 19,5 26,0 2%.3 0.0 . 8.2
Yab mikl ] disah 3y 274 28.1 11,58 1.4

“Pab mill 2 disch 32.2 27.4 1.9 11.2 1.3
Sa oye faed 6i.4 26.0 12.% 0.4 0.0
Bag aye off 80,0 167 3.3 0.0 0.0
Bac oyc u/f 43.4 38.1 20.7 . 0,9 0.0

C WD s

POF w GEL.J M3 pag hour
POp = 3,444
PM »  80.0 % passing 78 miorons
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Test 57 optlimized masa balance

Straam Salide Water

Rod Will feed 44,2 3.0 t/hre
Red mdl) dilution 14.1 t/he
Rod wmill dimsharge 44,2 17,1 g/he
Primary dilution 210.7 t/he

Brim oyclone fass 403.1 449,4 t/he
Prim cyclons A off 55,3 142.9 t/hry
Prim oyelone B o/f 5B5.3 142,98 t/he
Prim oyvolons A u/f 146.3 81.8 t/hr
Peim eyalona B u/ff 148.3 81.8 u/hy
Pabble addition 1 3.0 t/he
Pahkibla addition 2 3.0 t/he
Pob mill 1 product 149.3 Bl.8 t/hy
Pab mill £ produst 149,3 8l.8 &/hy
Sagondary dilutlon 142,23 t/he
Sec oyclons fesd 110.6 428.0 t/h2
Bou cyclons o/ F 80.2 370.1 w/h
Seu eyclone w/f 60,3 58,0 t/hx

Size analysis

T O

Streamn ' =75 ~150475 =250+150 -17004250  +1700
Rod alll discharga 21.4 12.8 12.5 47.8 B4
Prim eye feed 3%.0 2.1 24,9 10.8 0.7
‘beim eya A off 60.0 23,7 10.% 0.2 G.0
Pelm wyo 8 o/ 60.0 29,7 10.1 0.2 0.0
P2im wye A u/f 20.0 33.9 30.5 14,8 1.0
PELIN oye B uff 20,0 25,8 30.8 14,6 1.0
Pab mill 1 dlash 29.3 34.3 28.7 7.8 0.2
Pab mil)l 2 diech 30.6 4.3 284 6.9 0.2
Sec myc fasd $0.0 29,17 0.1 0.2 0,0
o aya o/f : g0.0 17.7 243 0.0 0.0
Seo oye w/ff ) : 43.4 Cd49.7 16,6 o Y 6.0
TR e

POF » 601,5 mJ par hour
POD = 1,417
PEY = BO.LO0 % p.smihy Y5 misronm
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Peet 56 optimized mass balance

Stream Solids  Water

Rod mLll fmed - 48,1 3.0 t/he
Rod mill dilution 14.9 &/hr
Rod mill dischazga 46.1 17.9 t/he
Brimary - dilution o 2)0.9 t/hx

© Prim cyclone feed 418,) 454,58 ¢/hre
Prim cyclone A off 57.4 143.4 &/he
Prim cyclone B off 57.4 1434 t/he
Prim eyclonm A u/f 150.8 83.8 t/he
Prim oyclons B u/f 150.6 83,8 t/hr
Pabble addition 1 3.0 t/hy
Pobkble addition 2 - 3.0 t/he
Pab mlill 1 product 153.: 83.8 t/hy

Pab mill 2 produst 153 83.5 t/hr
Secondary dilution 147.7 w/hr
Bao cyclone feusd  114.9 434.5 ¢/he
Ewoe cyclona o/f 8243 376.,8 t/he

Sac cyclone u/f 62,7 88,0 &/he

Size analynis

A D A M

Stream ' =75 ~ABO+YE ~250+150 ~1700+280 +1700
Rod mill dischapge . 18,9 11.7 1.7 49.8 7.9
Prim cye faad . 30w 31.& 25.0 11.5 4.1
Prim oye A off 59.9% 29.3 10.7 0.2 0.0
Prim uye B ﬁ.’f 55.9 29.3 10.% 0.2 0.0
Prlm eye A W/f 19.9 2.4 30.5 15.8 1.5
Prin eye B off 15.9 S a4 30,8 15.8 1.5
Fab mill 1 disch 29,6 23.0 28.8 5.3 0.3
Pob mill 2 disch 30.8 33.0 26.2 7.7 0.3
bse oys fead : 09.9 29.3 10,7 0.2 0.0
See ¢ye off 84,0 17.6 2.8 0.0 )

“l‘.‘i-
POF = 611.5 m3 pex hour .

PO ow 1,424
PEY = 80,0 & passing 75 miorons
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Test 56 optimized masse halﬁnaa

Stream Solide Water

hed mill feed - 48,1 3,0 t/he
Red mill dilutdon 14,9 €/hy
Rod mill dimcharge 46.1 17.8 t/hre
Primary dilutien 210.9 w/hye

Prinm syelone feed 416.1  454.5 t/hx
Prim cyelons A o/f 57.4 143.4 t/hre
CPelm oyolons B off 57.4 143.4 t/hr
Prim cyclone A w/f 180.6 B3.8 u/hr
Prdm oyclonm B u/f 1EQ.8 83.8 t/hx
Pabble addition 1 3.0 t/he
Pebble addition 2 - 3.0 t/he
Pab mill 1 product 153.8 83.8 t/hx
Pab mill 2 product 163.6 83.8 t/he

Senondary dilutien - 14%7.7 e/he

Se gyslonw fasd 14,9 434,85 t/hr

Sae cyolons o/ff 52.1 376.5 tihe

Sec cyclona ujff 62.7 58,0 ¢/

Slza analyuis _

AR I TR AR )

Straam w75 =iB04TE ~2S04280 =1700+4280 43700
" _ . L

Rod mill dischargs 18.9 1.7 11.7 45.8 7.8

“Prim oye faed 30.9 31.6 25.0 11.5 1.1

Pl‘.‘lm G}'u J\ Q;f : 59»9 2903 10-7 032 D.O

Prim oye B o/f 89,9 28.3 0.7 0.2 0.0

Brim oya A u/f 12.8 32.4 30.8 15.8 A5

Peim oye B u/f i%.9 d2.4 30.5 1E.8 1.5

Pab mill 1 diseh 9.6 3a.0 - 28.8 8.3 Q.3

Poab wmill 2 disgh 30.8 33.0 28.2 Y Q.3

Sac eyo fewd 59,9 29.3 10,7 - B2 0.0

Seo oyo o/f 80.0 176 2.5 0.0 0.0

_Bec cyc u/f 43,2 39.0 17.58 0.4 8.0

" )

PCF = 611,5 m3 par houx
PCD = 1.424 _
PEM =  BD.O % pausing 75 miorony
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Tapt 55 optimized mass balanee

" gtream _ Solids Water
Red mill foed 48.2 3.0 &/he
Rod mill dllutlen - 18,6 t/hx
Rod mill dischapge 48,2 18.6 t/hre
primary dilution 213.7 tfhye

Prim ayolona feed 427.2 460.7 t/hr
Prim vyclona A of/f 58.9 144 . £/hn
Prim ey ‘lons B of/f 58.9 144 8 £/he
"Prim eyelona A u/€ 154,77  fa.4 t/hy
Prim oyelona B u/f 154.7 83.4 t/he
~ Pebble addition 1 3.0 t/hr
Pabbla addition 2 4.0 t/he
Pab mill 1 product 15%.7 85.4 t/br
Beb mill 2 product 157.7  B85.4 t/hy

Sacondary aflubtien 40,9 t/hy
Sen cyelona fead 117.8 430.8 t/he
a0 ayclone o/f 54,2 373.3 &/he
- Smo eyclona w/f 63,6 57.4 t/hr

. 8iz¢ wnalysis

WO

Strenm ) ~75  «lBQ478 «250+1E0 ~1700+280  +1700
Rod miil dischargs - 10.7 10,8 5L.0 i10.6
Prim oye faad .9 .4 25.0 12.2 1.5
Prim oye A off 60,1 28.86 1.0 0.2 g.0
Prim cye B off 80,1 28.6 11.0 0.2 0.0
Prim oye B w/f 19.8 33,1 30,3 16.7 2.1
Peim oye B u/f - 19,8 al. 30.3 16.7 4.
Pab mill 1 diasch a0 3l.8 28.4 8.9 0.4
Pab mill 2 dimsch 31,1 . 31,9 28,3 8.4 Q4
Sec gyo famd 60,1 28.6 .0 0,2 0.0
Beo cye off BO.0 - 17.4 2.6 Q.0 0.0
Bgg oya w/f 43.2 38,2 18.2 0.5 0.0
M o o
e N

. PUP w  £21.9 m3 per hour
POb = 1,428 o '
PSM »  20.0 % paesing 75 miovrone

Appendix J : Optimized mass balanees _ 262



Test 54 optimized mass balanoe

Straam Solids Water

Rod mill feed 52.7 3.0 t/he
Rod mill dilution _ 17.4 t/he
Rod mild) discharge 52.7 20.4 t/he
Primary dilutien 217.3 &/hye

Peim cyclong feed ASTO 471.5 &/hy
Prim ayalona A off 62.¢ 147.0 t/hr
Prim eyalona B off 62,2 147.0 t/hy

Prim vyclone A u/f 162.8 BE.B t/he
Prim cyolone H u/f 162.8 B8.B t/hy
Pabble addition 1 3.0 t/he
Pabblie addition 2 3,0 _ . t/he
Pab mill 1 product 165.8 B8.8 t/hr

Pab mill 2 product 145.8 88,8 t,/hr
geoondary dilubion ¢ 129.9 t/hr
Sa¢ oyolone femd  124.4 423.8 &/hy
Bag cyalona off 58.7 367.6 t/hr
gec oyclone u/f 65.% 6.3 t/hy

Slze anﬁlyuiu

O T LA ’ ) )
Straam _ wih 450478 -RB04150 ~17004250  +170D
Rod mill dimcharga 12.8 g.0 8.4 81,2 16.6
Drim oyoe fand ap,n a8.2 24.9 13,8 2,5
Prim cyo A off ©. &0.8 27.4 1.7 0.3 D.0
Peim oyc B o/f 80,6 27.4 11.7 0.3 0.t
Prim eye A w/f 19,8 28,5 %9.9 18.5 3.5
Prim oyo B u/ff 19,8 28.5 - 29,0 18.5 3.5
?ﬂb mill 1 ui.Bﬂh 30&5 291\6 28.5 10:2 0-8
bab mil) 2 diseh a1z 29,6 28,2 9.8 0.8
Set ayc Femd - €0.8 27,4 13,7 0,3 0.0
Seo cyc o/f 80.9 1743 2,9 D.0 c.0
Bac oyo w/E 43,2 as.7 19,5 0,6 e.0
i )

POF = 641.3 m3 pax hour
BOD = 1,427 o
PSH »  80.0 % pasaing 75 micerens
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: APP EN DIX J Simulated mass balances {or

optimization

Task 53 optimized mass balance

Stvean 8olids Water

Rod mlll feed . . 38,0 3.0 /e
Rod mill dilution . 10.6 t/hy
Rod mill discharga 35,0 13.6 t/hr
Primary dilutien 233.5 t/hye

prim eyclona faed 335.4 435.4 t/hy
Prim cyelone A off 39,3 147.9 t/hx
Prim cyelone B o/f 392.3 14,9 t/he
‘PBrim cyolone A u/f 128.4 §9.7 t/hy
Prim cycleone B u/f 128.4 69.7 t/hy

Pebble addition 1 3.0 t/he
Pabble sddition 2 3.0 t/he
- . Pab mill 1 produect 131.4 69.7 t/hy
Pab mill 2 product 131,4 9.7 t/hr
Sacondary dilution .0 t/he
Ses eyelons feed  78.6  295.9 t/hr
Swg oyolone off 4.0 24%7.0 u/hye
v~ eyolone u/f 37.6 48,9 t/hr
8lze analysln
e e . . .
gtrean =75 =)504+75 ~250+180 ~1700+250 +1700
hod mill dissharge 28.1 16.6 14,2 40,3 1.8
Brim gyo feed 3o, 0 36,8 25.0 8,2 0,2
Prim eya B o/t : 63.1 29.7 AT 0.0 0.0
" Prim aye B off 63,1 29,7 (S 6.0 0.0
Prim aye B u/f 19,9 38.6 30.5 0.7 0.3
Prim oye B ujf 19.9 38.6 30,8 10,7 0.3
P mill L disgh 27,4 38,5 28.6 G.4 0.0
Pab mill 2 disah 28.% 38,5 27.9 4.8 0.0
Sac cye fewmd _ 63.1 28.7 7.1 0.0 0.0
F=1-1ud Uyc Qlf 79.4 18.7 1.9 0.0 D.0
HSau oyo u/f 45.4 41.8 12.8 0.0 0.0
B Lt L]

el e e T
POF = 562.0 md per hour

PCD » 1.372
PEM = 79.4 % passing 75 mlcrons
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Test 13c modelled mass balance

stream Solide  Water

Rod mill fesd 62.3 3.0 &/hy
Rod mil) dilution 2l.1 t/he
Rod mill discharge 62.3 24,1 t/nx
Primary dilutien 202.9 t/hr

- Prim cyclone feed 443.4 405.4 t/he
Prim ecyclone A o/f 62,0 134.5 w/he
Prim eyelane B off 62.0 134.5 t/he
Prim eyclone A uff 159.6 6d.1 t/hy
Brim oyclone B u/f 158.8 68,1 t/he

Pabble addition i 2.8 t/hr
Pebhle addition 2 2.3 t/he
Psb mill 1 product 162.4 68.1 t/hx
Peb mill 2 product 161.9 68.1 t/hx
Sacendary dllukion 7.8 b/he.
“Berc cyclone faed 124.1 277.0 t/hr
Seo coyelona off 67.2 234.8 &/hy
Ban oyclons u/ff 56.9 42.2 t/he
Size analysis
\‘I"ﬁtﬁ*‘ﬂ_ﬂﬂal
Styream ) =75 =18047% ~2504+150 =1700+4250  +1700
Rod mll) dischargs 16.1 6.8 T 4B8.1 27.6
Peim ayc foed: ' 22.2 25,17 30,6 16.6 5.0
Prim oye A off 48.6 .1 19.6 D.7 o.0
Puim cye B off 48.8 31.1 19,8 0.7 0.0
Prin aye A w/f 11.8 23.6 4.9 22,7 6.9
Peim cyo B u/f 11.8 23.6 34.9 22.17 6.9
Fab mill 1 diach 23.0 27.0 34.9 13.8 1.6
Peb mill 2 dimch - 23.8 27.3 34.5 12.8 1.%
Beu oye feard 48.6 3.1 19.6 8.7 ‘0.0
fa0 oya ij . BB.8 25.5 8.7 o.0 0.0
. Baw cya w/E . 28.3 37.7 32.4 1.6 0.0

0
PCF w  B72.7 m3 par hour

Pop = 1.482 _
PSM w  §5.8 & paasing 75 microns
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Pegt 70 aptimized mase balance

Btrasn : Selids  Watgr

Rod mill fael 40.0 3.0 £/he
Rod mill dlilution 12,6 t/hr
Rod mill diecharge 40.0 15.5 &/he
Primary dilution 228.3 t/hy

Prim cyeleone foad 352.2 439,86 &/hye
Prim oyclone A o/f 44.1 ° 146.8 4/he
Prim oyelona B off 44.14 146.8 t/hx
Peim eyolone A w/f 132.0 73.0 t/he
Prin cyolone B off 132,0 73.0 t/he

Pabhla addition 1 a,0 t/he

Pabbla additien 2 3.0 t/hr

Peb mill 1 product 135.0 73.0 t/hr

rab mill 2 produst 135.0 3.0 t/he

Emcondary dilution i8.8 t/he

Sec oyelone feod BB.2 218.,3 &/he

sSec ¢yolone off 46,0 262.6 t/hx

Bac gyelone v/f 42.2 49.8 £/he

Bize analysis

el 39 s o 2 4 . .
Straam =78 =150+75 ~250+4180 -1700+280 #1700
Rod mill discharge 31.0 i6.8 4.6 36.7 1.1
frim ays famd al.s - 35,9 24.8 8.1 0.l
Prim aye A off 62.9 29.5 1.5 0.0 0.0
Prim oyo B o/f 62.8 29.5 7.8 B.C 0.0
Prlm eye A u/f 20.7 ip.1 0.2 0.8 0.2
prim oye 8 u/f 20.7 38,4 30,2 10.8 0,2
pab wmill 1 diach . 28,5 38.0 2B.1 5.4 0.0
pab mil) 2 disech 25.8 a71.8 27.3 4.8 0.0
Bec oyo faad 62.9 28.5 . 748 0.0 0.0
By oy off 7%.2 8.7 . 2,1 Q.0 0.0
Sac oyo w/f 4541 41,3 13,5 0.1 8.0
PR

C PCF = 572,4 m3 per hour
Bop = 1,383
PSM = 79.2 % passipg 75 miurons
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Tast 87 optimlzed mase balance

Btream Solide  Watey

Rod mill fasad 37.9 3.0 t/hy
Hod mill dilution 1i.7 &/he
Rod mill discharge 37.9 14,7 t/hy
Primary dilution . 235.9 t/he

Brim cyclons feed 350.6 445.2 u/he
Prim oyclone B aff 42.4 180.4 ¢/hy
Prim cyelons B off 42,4 150,4 t/he
Prim oycione A u/f 132.9 72+2 £/he
Prelm cyeclons 83 u/f 132.9 2.2 t/hr

Fabble addition 1 3.0 t/he
Pabble additien 2 3.0 t/he
Pab mill ) product 138.9 T2.2 t/hr
Pab mill) 2 product 135.9 72,2 t/hy

Sacondary dilution 13.1 t/hy
Sat cyolons foad 84.8 314.0 t/hy
sae gyclonw off 43,9 63,7 e/hr

Saw oyolone u/f 40.9 50.3 t/hr
Size &nalysik _ :
I ) : .
Styman =75 «180+78 ~280%150 ~1700+R80  +1709
Rod miil dischange . 28,1 45,8 i4.2 - 40,3 1.8
Prim cyd f'ﬂd al.v 35.7 24,5 : 8.5 0.2
Prim oye A o/f 83.7 29.1 7.2 9.0 0.0
Prim oye 8 o/f 63.7 25,1 7.2 0.0 0.0
Pelm oye A u/f 20,6 37,8 30,1 1.2 0.3
Peim cye B u/f . 20,6 - 37.8 30.1 11.2 g.2
pab mill 1 dipch 28.5 7.7 8.1 E.7 0.
Pab mil) 2 disoh 28,8 37.7 0 21.4 B.+l - 0.0
Se¢ aye fead 63.7 29.% - 7.2 0.0 0.0
-] Te] oye Q/f a8b.0 18‘1 1.9 0.0 0.0
Bat &y u,’f 46,1 40!9 12-9 0.1 0:0

2T
“POF w  577,5 m3 psr hour

rop = 1,378
PSHM =«  8G.0 % pameing 75 miorone
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Tast 75 optimized mass balanee

Straan Solids  Water

Rod mill feed 66,1 3.0 &/he
Rod mill dilution 22,6 t/hy
Rod mill dlsvharga B56.1 28.6 g/he
Primary dilutien 217.5 t/he

Prim oyclone feed 529.7 481.5 t/hr
Brim oyolona A off 83,1 151.7 w/he
Prim oyolons B o/f B83.1 181.7 t/he
Prim evclote A u/f 181.7 79,0 t/hr
Frim oyelona B u/f 181.7 79,0 t/he
Pebble aodition 1 3.0 t/he
Pabbsle addition 2 3.0 t/he
Pab will 1 product 184.7 . 7%.0 &/hy
Pab mlll 2 product 184.7 79.0 t/he
Sagondary dilution 237,4 t/hy
e oyclone feed 166.3 @ 540.8 t/he
San wyclona o/f 2.3 480.5 t/he

Bauo cyclone u/f - 94,1 6.3 t/hr

Size anaiyals .

A T 0 T

Strasm B ~7% . ~AB0+75 ~250+150 =17004250  +1700
LR L - roperey
Rod wiill dlscharge 9.2 6.2 &.8 46.5 31.3
Prim oy fawd 29,7 24,5 24.8 15.8 5.6
mn ayg A o 57.9 26,7 14. 8 0.8 0.0
Peim aye B off 7.8 26,7 14.6 0,0 0.0
peinv oyn A u/f 16.6 3.8 25,2 2.3 8.2
Frim eya B u/f 16.8 3.5 29.2 22.3 8.2
‘Pab mil) 2 disoh 0.4 25.% 28,2 13.7 2.5
Bac ayc feag 57.9 5.7 14,6 0.8 0.0
gaq oyr off 9.9 18.6 J9.8 0.0 0.0
Gau gy u/ft 43,0 348 23,1 1.3 0.9
A

BOP & BEL.4 m3 por houy
PCD = 1,499 :
PEM = 79,9 % pasalng 75 wmicxene
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‘agt 72 aptimized magy balance

T,

Btraam Solids Water
Rod mill faed 35.4 3,0 £/hye
Rod mill ddlution 0.7 £/hr

Rod mill discharge 35.4 13.7 t/he
Primary didl.kion . . 285,85 $/he
Prim oyelene faed 338.1 422,11 t/he
Prim oyelone A off 40.8 180.8 t/he
Prim oyelons B a/f 40.8 160.8 t/he
Prim eyclona & u/f 128.2 50.3 £/hr
Prim pyclone B u/f 128.2 50.3 t/hy

Pabble addition i 3.0 t/he

Pebble addition 2 3.0 /e

Pab mill ! product 13l.2 50,3 ¢/hy

Peb mill 2 product 131.2 50,3 t/hy

Sacondary dilution ~ 0.7 t/he

Sac cyclone fead B1.7 22,2 t/hye

Sue cyclona off 41.4 270.9 ¢/he

Sec cyclons uw/f 40.3 51,3 &/he

Sien analyalinm

A O S 0 R,

Btream w78 =1B0+78 ~2B0+4150 ~1700+280 +1700

Rod mill discharge 28.1 15.86 14.2 40,3 1.8

Prim gyo Famdl 28.8 a7.6 25.2 8.2 0.2

Prim oye A off B3.3 30,58 6.2 0.0 - 0.0

Prim cyo B o/f 63.7 30.8 1Y 0.0 0.0

Brim oye A u/f 17.8 33.8 al.2 lu.® 0.3

Prim oye B u/ff i7.8 39.8 3l.2 10,2 0.3
- Pab mill 1 disch 268 39,7 @ 29.2 5.5 . 0.0

Pab mill 2 disch 26.9 359.7 - 2B.5 4,9 0.0

Sas oy Faed 63,3 0.5 6.2 g.0 0.0

Sme eyo off 79.9 18.8 1.6 0.0 2.0

Sag oya w/f 46.2 42.7 11,0 0.0 0.0 -

Tl
BOF w  849.7 md per hour

Pe w 1,383
PSM = 79.9 % pasaing 75 microns
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Test 71 eptimized mass balance

Straam Sollds Water

Rod mill fead 38.6 3.0 &/l
Rod mill dilution 10.8 t/hr
nad mill dischagge 35.6 13.8 #/he
Poimayy dllution 246.1 t/hy

Prim syclone feed 343.7 41%.8 &/he
Brim cyclone & of/f 42.3 157.1 ¢/hy
Brlt eyclona H ofF 43.3 157.1 &/he
Peim oyolona A w/f 128.6 81.8 t/hye
#rim oyslone B uff 12B.8 81,8 t/hy
Pabhle addicion 1 3,0 t/he
Bablle addition 2 a.0 t/he
Pab mill 1 produckt 131.6 1.8 #/he
Pak mil) 2 produst 131.8 El:8 t/hr
Sacondapy dilution 44.9 &/hy
Sue coyelone faed 86,6 - 3b9.2 t/hy
Sar cycloss o/f 41,6 IN4g.8 t/hre
Eeac ayelone uw/f 45.0 54.4 t/hr

Size analywis
3G 2 o Y e

Etrwam . «75 «lE0478 =250+150 =1700+280 41700
Rod mill discharge 28.2 15.86 14.2 40,3 1.8
_Prim cyy foad 28,9 37.8 251 B.2 0.2
Prim oye A o/f 62.0 3l.z2 6.8 0.0 0.0
Prim oye B off 6%.0 Ar.z2 6.8 6.0 0.0
Peim oye A w/f 17.8 3%9.8 3.2 10.9 0.3
Beim oye B u/ff : 17.8 39.8 31,2 10.9 0.3
rab mill )1 disch 25.8 - 89,7 28,2 B.S 0.0
Falr nlll 2 diach ' 26.9 bci- P 28.5 4.9 0.0
Seg vye fewd 62.0 2l.2 6.8 0.0 0.0
San Qye Uff 80.0 18.5 1.6 e.0 0.0
Sec oyo u/f 45.4 ' 43.0 11.6 0.0 0.0
T T

POF w  547.5 m3 per hour
- PCD = 1,351 .
‘BN = B80.0 & paoaing 75 wiorons
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Test 69 optimlzed masa balance

Straam Solide  Watar

rod mil) faad 38,8 3.0 t/hr
" Red mill dilation © 16,9 &/he

Red mill discharge 38,8 13.9 t/hr

Peimary dilution 233.3 ¢/hy

Prim cyslone femd 341.7 439.1 t/hy
Prim cyclona A off 40.8 148.7 t/hy
Prim eyolona B o/f 40.8 148.7 t/hkr
Prim cyclone A u/f 130.1 70.8 t/hy

Prim cyolone B u/f 130.1 70.8 t/hy
Pabble sdditien 1 0 t/he
Pabihle addition 2 3,0 - t/he

Peb wmill 1 product 133,31 70.8 t/hr
Pab mill 2 product 133,1 70,8 t/he
Sevondary dilutien 15,0 t/hy
Eer oyclone faed al.5 12,5 t/hy
gaw ayclons o/f 41.8 = 262.1 t/hr
Bac oyolona u/f 39.7 BO,3 t/he

Size analysin

BEraan w75 =15047H =250+160 «1700+250 . 41700
Rod mlill discharge 28,1 i5.6 14.2 = 40.3 1.8
"Prim cye fesd ao.s 36,3 24,7 8.3 C DR
Prim cyec A off 63.4 29.% Tl 0,0 0.0
Prim cye B D!f B3.4 29,5 Tl 0.0 0.0
Peim oyo A u/f _ 20,3 38,4 30.2 10.8 6.3
Peim oyo B u/f 20.4 8.4 30.2 10.8 0.3
Pab mill 1 diech 27.9 38,3 28,3 B.5 4.0
Pab mLll 2 dimeh 29,2 3B.3 27.5 4.9 0.0
‘Sac cye feed : 63.4 29,5 1 .0 0.0
Bac cyy o/ff 79,9 18,2 1.8 0.0 0.0
12.8 D.1 0.0

Sa¢ aye u/E _ 48,9 41.4

A
PCF % 568.0 m3 par houg

PCD » 1,378
BSH = 79,9 % pasaing 7% wmigrons
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Tast 68 optinized mass balange

gtreamn ' follds  Watex

Rod mill faed  35.0 3.0 £/hy
Red will dilution 10.6 %/he
Rod mill discharxga 35.0 13.6 t/hr
Primary dilutlon 234.0 t/hy-

Brim ayclone fead 335.8 436,0 #/hxe
Beim ayclons A o/f 39,3 148,2 t/he
Prim ayelens B o/f 39.3 l48.2 t/hy
Prim oyclone A u/f 128.5 69,7 t/he
Prim oyclone B u/f 128.5 69.7 t/hre

Pabbla additien ) 3,0 t/hr

Febble addition 2 3.0 t/hr

Pab mill )1 produst 131.5 £9.7 t/hr

Fab mill 2 product 131.5 69,7 t/hr

Secondary dilutlon 0,0 t/hp

Seo oyolone faad 78,7 296.4 &/hy

Ssa cyelone off 41.0 247.5 t/hr

Sa¢ oyolone u/f a7.6 44,9 &/he

Aize analymip

0 o S .

Heraam . =75 =180+75 -250+i50 ~1700+260  +170Q
Rod mill diaahﬂ.‘ge 28.1 15.6 a2 40.3 1.8
Peim eye faad 30.4 36.5 25.0 8.2 0.2
Prim sya A o/f 63.2 29.1 7.l T 8.0 0.0
Pzim eys B o/f 3.2 29.7 7,1 0.0 0.0
Prim ayd A u/ff 19,8 38.6 0.5 10.% 0.3
Pelm ayo B /£ 17,9 38.46 30,8 10.7 0.3
Balk mill 1 diluh N - 38.5 28.6 6.4 G.0
Pa¥ mlil 2 disch 8 38,5 27.8 4.8 0.0
Sac cyo flewd 63,2 29,7 Tl 6.0 ¢.0Q
saq vyo off 79,8 18.6 1.9 0.6 0.0
Saiz ﬂyﬂ uff B . 45,8 41,7 1.7 0.0 N+«

. Iﬂ'.’.‘l
PUF = 582.5 m3 par hour

PeD w  3,37)
Pa¥ = 79,5 % passing 75 mlowonm
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Test 65 optlmized mass balance

sérsam ’ Solide  Hater

Rod mill feed 35,0 3.0 &/hr
Rod miill dilution 10.6 t/he
Rod mill discharga 35.0 13.6 t/ht
Primary dilution . 2335 t/hre

Prim cytlone fead 1335.4 438.,4 t/hr
Brim oyclons A o/f 39.3 147.9 t/hy
Prim cyclone B o/f 39,3  147.9 t/hx
Peln eyolone B u/¥ 128.4 C69.7 t/ne
Prim gyclone B u/f 1 8.4 69.7 t/hy

Pebble addition 1 3.0 t/he
Pebble addition 2 3.0 &/he
Pab mill 1 produst 131.4 69.7 t/hr
Feb mill 2 produst 131.4 89,7 t/he
Smoondary dilutlon 0.0 t/hr
Bac oyclone feed 78.6 298.9 t/hr

~ Bag oyalone off 4.0 247,0 t/he
Bac ayalone u/f 37.6 48,9 t/hx

.8lza analyeis
WA RO 3 N I 3R T
Strwam ' ' . =18  =1R0+7H ~280+150 ~1700+250 +3700
Rod mill discharge 28.1 15.6 14,2 40.3 1.8
Prim aye famd - . an.o 36.5 25.0 8.2 o.2
Prim cyo A off . - 63,1 29.7 7.1 0:0 0.0
Peim oya B off §3.1 29,7 741 0.0 0.0
Prim oye A u/f 19,9 38.6 30.5 0.7 0.3
Brin oyo B w/f 19,9 38,6 30.5 o 1047 0.3
Fab mill 1 disoh 27.4 38.5 28.6 8.4 0.0
Pab mill 2 disch : 28.% 38.5 27.9 4.8 0.0
Saa ayc foed 63,1 29.7 7.1 0.0 0.0
gae aye off 79.4 1a." 1,9 6.0 0.0
Bea gyo u/ff . ~45.4 41.8 2.8 2.0 Q.0

ALl A
BOF = 562,0 m3 per haux

pop W 1,373 S
PEN =« 78.4 % paseing 75 miarons
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Past 64 optimized masa balance -

styream _ solide  Water

Rod mill fead - 35.8 © 5.0 vty
hod mill dilution 10,9 ¢/he
Rod mil) dischargae 35,8 13.9 &/hr
Primary dllution 243,53 t/hy

Prim oyclone faad 41.7 439.1 ¢/he
Prim syclona A off 40.8 148.7 t/ne
Prim oyclons B o/f 40.8 148,7 t/hr
Peim oyolong A u/f 130.1 70.8 t/he
Prim ayclona B u/f 130.1 0.8 t/hy

Pabbla addition 1 3.0 t/he

Pabble addition 2 3,0 t/hr

rab mill 1 produst 233.1 0.8 t/he

Pab mill 2 product 133.1 70.8 t/hy

Sacendary dilutisn 15.0 ¢/hx

Sac gyolons faoed al.s 412,85 t/he

sex cyclons off 4%.8 262,1 /h»

Sac cyclona u/f 39.7 . B0.3 t/hy

Eize analysis

WL el B . . X

Btream w38 =180475 ~3B0+160 =1700+250 +1700

Rod mill dischargs 18.1 15.8 14.2 40,3 1,8
- Pgim oyd feed 30.8 35,3 24,7 8.3 0.2

Brim oye A o/f 63.4 29,5 7.1 0.0 0.0

Peim oye B o/f 63,4 29.% 7.1 0.0 0.0

Brxim oyoc A u/f 20,3 8.4 ag.2 10.8 0.3

Peim eye B u/f 23,3 36,4 30.2 10.8 0.3

Pab mill 2 dissch 2%.2 38.3 2%.8 4.9 0.9

Bago uye fead 3.4 29.5 7.1 0.0 0.0

Sac cyo o/ : 78,9 18.2 1.8 b.o 0.0

Bec oyr u/f 45,9 41.4 L1248 9.2 0.0

. '

POF w» EGB,0 m3 per hour
PCD = 1,375
PSH » 75,9 % pamsing 75 mlogons
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Test 54 optimized mass balance

Gerasan solide Watar

Rod mill fead 35.8 3.0 t/hy
Red mil) dilutlon 10,9 t/hr
Red wmill discharge 35.8 13.9 £/hy
Primary dilution 233.3 t/hr

Prim oyalonye faed 341.7 438.1 t/he
Prim cyclone A o/f 40.8 148.7 £/he
Peim oyelona B off 40,8 148,7 t/he
Prim eyolone A u/f 130.1 70,8 tfhe
Prim syclene B w/f 130.1 70,8 g/

pabble additlon } 3,0 t/hx
Paebble addition 2 3,0 t/he
Pab mlll 1 predust 133,31 70.8 t/hr
Pab mlll 2 preduct 133,13 70.8 t/he
Bacondary dilution ’ 15,0 ¢/he
Sac cyelena £:.°d 81.5 312.5 t/hr
S8ao oyclone o/t 41.8 262.) t/hr

Beo oyolona u/f 38,7 80,3 w/hr

Siza snalynis

ﬂlﬂﬂﬂ‘ﬁ_ﬂﬂﬂ!'. : .
Straam ' ~75 =~iB04+75 ~250+160 ~1700+250 +1700
Red mill diecharys 28,1 15.6 14.2 40.3 1.8
Prim ocye fsed 30.5 36.3 24.7 8.3 0.2
Prim cye A off 63.4 29,5 7.1 0.0 0.0
Prim &ya B of. - 83.4 29,5 7.l 0.0 0.0
Prim cye A u/f 20,3 3B8.4 an.2 0.8 0.3
Prim oye B u/f 20,3 38,4 30.2 10,8 0,3
Pab mill 1 disch 27.9 3B, 3 2B.3 5.5 2.0
Pab mill 2 diasgh 29.2 38.3 27.5 4.9 Q.0
Sac oyu fasd 63.4 29.5 Tl 0.0 0.0
gae oya off 9.9 18.2 1.8 0.0 0.0
{14 cye uff - 45,9 41.4 12.6 0.1 0.0
[T '

PCPF w  568.0 m3 per hour
POL » 1,375
PEM =  79.9 % pamsing 75 microns
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Tepl 63 optlmized mass balance

e

Stresm salides Water

Red mlill fesa | 35.0 3,0 t/hy
Rod mill dilution 10.8 t/hx
Rod mil) dischargae 35.0 13,6 t/he
Primary dilutien 235.8 t/hr

Prim cyclone feed 335.4 435.4 t/hr
Peim pyclona A off 39.3 147,9 t/he
Prim eyclona B o/f 39.3 147.9 t/hy
Peim o tlone A w/f 128.4 89.7 t/hr
Prim eyelone B u/ff 128.4 9.7 t/hr

Pabbls addition } 3.0 t/he

Pabble addition 2 3,0 t/hr

Pabh mill 1 product 131.4 69,7 t/he

Pab mill 2 predugt 131.4 £9.7 ¢#/he

Smcondaxy dilution 0.0 :/hx

Beg cyclone faed 78.6 295.9 t/he

8wy wyelone ofF 41.0 247.0 t/hr

Bec cyclone u/f 37.6 48,9 &/he

Rizoe analyais

A Y .

Btream : =75 =~150+%5 =250+150 ~1700+250 41700

Rod mill dischagge 28.1 15.6 14.2 40.3 1.8

Prim cye famd a0.0 18- 25.0 8,2 0.2

Prim eyw A o/f 83,1 = 29.7 1 0,0 0.0

Prim cyo B off 63.1 29,7 7,1 0.0 0.0

Pein cye A u/f 1%,9 38.6 30.5 10.7% 0,3

brim oye B u/f 19,8 38,6 30.5 10.7 0.3

Pab mill 1 disuh 274 38.8 48,6 5.4 - 0.0
~ Pab wmil) 2 diech - 28.7 38.5 27.9 4.8 0.0

gac oyc fagd 63.1 28.% 7.1 0.0 8.0

Sac ayc o/ff 79.4 18.7 1.9 0.0 0.0

saee aye u/f 4b. 4 1.8 2.8 0.0 0.0

e
BOF = 582.0 m3 psr heur

PCH » 1,372
PEM w 79,4 % posaing 75 mioxons
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Tegk 66 optimized mage balance

e o

styaan . Solids  Watar

Rod mill fead a7.2 3,0 t/hr
Rod nill dilution 11.4 ¢/he
Rod miil dimchayxge 37.2 14.4 ¢/he
Prinary dilution 237.8 t/he

Prim cyclone feed 347.1 0 444.9 t/hx
Prim eyclona A ¢/f 41.5 150.9% ¢/hy
Prim cyelona B off 41.8 150.9 &/hx
Prim oyelena B u/f 132.1 1.8 t/he
Beim cyglone B u/f 132.1 1.5 t/hx

- Pebble additlon 1 3.0 s/he
Pablle addition 2 4,0 t/he
Pab mill 1 produpt 138.1 71.5 &fhx
Peb mill 2 produet 135.1 71.5 t/hy
Secondery dilutlion 7.0 &/hy
fet gyolene fead 81,0 308.8 t/hr
Sa¢ oyslonas o/f 43.2 258.9 t/hy
R-11-] uyclana u;"f 39.8 49.9 t!hl‘.‘
Biza analysis _
W o D ke .
Stream =76 ~l80+78 ~250+150 ~1700+250 +1700
Rod mill dischsvge  28.1 15.6 14.2 4Q.3 l.8
prim eye fead 0.9 35.9 24,5 8.4 0.2
Prim eyo A off 63.9 29.0 7.0 g.0 0.8
- Prim tya B Q!f . 63.9 29.0 . 7.0 0.0 0.0
Brim oya A u/f 20,5 38.0 0.0 .1 0.3
Poim oyl a ll!f 20,58 38.0 30.0 1.1 0.3
Fab mlill 1 disah 28.4 37.9 ag.1 5.6 0.0
Peb will 2 dlwch 29,7 37.9 274 5.0 0.0
gec cye Fead 63.2  29.0 740 0.0 0.0
Sec cye off 80.1 18,1 1.8 0.0 0.0
Sac oye u/t 46,4 41,0 12.6 0.1 p.0
D e

POF w E785.9 m3 per houx
POD m 1.3%S
- PEM = BO.1 % pasxing 75 microna
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Test B2 aptimlzed mass balance.

Stream B6lide  Water

Rod mill feed 44,0 3.0 t/hy
Rod mill dilution 14.0 t/hr
Rod mill discharge 44.0 17.0 €/hr
Primary dilution 217.8 t/hr

Prim cyclone feed 4I11.B 4258.6 #/he
Prim oyclone X off 61.5 14%.5 t/hr
Prim cyclone B off &1.5 149.5 £/hy
Prim cyclons A a/f 144.4  &3.3 t/hye
Prim oyclona B u/f 144.4 63.3 t/hx

Pebble addition 1 3.0 t/hy

Pabble addition 2 3.0 B Y

Pab mill 1 produckt 147.4 63.3 t/hr

Pab mill 2 product 147.4 63.3 t/hy

Secondary dilution 227.6 t/hx

Bas syclena feed  122.9 526.% &/hr

gSec gyolona off 50.0 462.3 t/hr

Be¢ oyolone w/f 72.9 64.4 t/hy

Size analysls

AEChHFERDEaENE

Btroam =78 =150475 ~250+150 ~1l700+250 1700
Rod mill discharge 21.7 13.0 2.6 47,5 5.2
Prim cye faad C29.8 34.3 25.2 10.3 - 0.7
Prim cyec & &5/8 . 876 31.9 10.3 0.1 0.0
Peim oye b o/f 8748 31.9 1c,.3 0.1 0.0
Pab mill 1 diseh 290 35.7 29.7 7.5 0.2
Pap mill 2 diech 28.a as.7 29,0 6.9 0.2
Saq oye foad < BlaB al.9 10,3 0.1 a.0
Sec tyc off 0.0 i8.0 2.0 0.0 0.0
et oyd u/ff 42.3 458 16,0 0.2 0.0
.

PQF = 581.0 m3 per hour
BOh =  1.441
. PSM w  B80.0 % paasing 75 miorens

289



Tast Bl optimized mass balante

Stroam Bqlida- Water

Fod mill fead 53.1 3.0 t/hy
Rod mill dilution 17.6 t/he
Rod mil)l disgharge 53.1 20.6 t/he
Frimary -Llution 220.7 t/hry

Frim cyclens fead 466.4 445.3 t/he
Prim cyelone A off 71.3 182.2 ¢/hy
Prim cyclone B u/f 71.3 152.2 t/he
Peim cyclene A u/f 161.8 0.4 t/he
Prim syclone B u/f 161,9 10.4 4/

Pabble additlon 1 3.0 t/he
Pabble additlon 2 3.0 t/he
Peb mill 1 product 1£4,9 70.4 t/hr

Pab mill 2 predust 164.% 70,4 £/he
Sacondary dilution 237.9 &/hy
Sex oyclone fesed 142.8 542.4 t/hx
Sac cyclone o/f 89,1 479.2 t/hr
Sac cyaolone u/f B3.4 63,2 t/hr

8izm analysis

00 0 1 A L

Strean 718 «150+YE ~280+180 ~1700+250 #1700
Rod mill discharge 13.6 8.8 §.3 851.2 1743
Prim cyo food %9.6 29,5 26.3 13,4 2.5
Prim oyo A off §7.6 29,8 12.4 0.3 0.9
Prim eyo B o/f 7.6 - 23.6 12.4 6.3 © 0.0
Brim oye A u/f 17.2 29.4 - 3l1.0 18.7 3.7
Prim'ﬂYQ B uff 17.2 : 29:4 3i.0 18,7 3.7
Pab mill 1 disoh 28,6 30,8 29,6 10.4 0.8
Pel mill 2 diseh 28.6 30.58 29.2 §.9 0.6
Beo oyo fasd 87.6 29,6 12.4 0,3 0.0
Sat vye off 80.0 17.4 2.6 0.0 0.0
Seu cyo W/f 41,7 38,4 19.4 0.5 0.0

i
POF = 521.3 md per hour

POD = 1,467
PEM = BO,O % passing 76 micrans

Appendix J » Qptimized mass balances 288



Tagt B0 optimized masu balance

Straam Bolide  Water

Rod mill fasd . 58.9 3.0 t/he
Rod mill dilution 19,8 t/hy
Rod mill dischargse 58.9 22.8 t/hx
Primazy dilution 224.1 t/he

Prim oyclens fead 492.8 465.4 t/hr
peim gyslona 3 off 75.5 154,1 ¢/he
Prim eyclona B o/f - 75,5 154,% &/hr

Prim cyolone 2 u/f 170.9 3.7 &fhe
Brim cyclona B u/f 170.9 73,7 t/he
Pebble addition 1 3.0 . t/hx
Pebble addition 2 3.0 t/he
Pol mill ) product 173.9 73.7 t/hy
Pab mill 2 product 173.9 74,1 t/hre

Sactpdary dilution 219.4 4/l
gac oyclona feed  150.9 528.6 t/hy
Sac vyalans off 64.9 466,7 /hr
See cyclons u/f 86.0 81,2 t/hre

8lze analysis

Straam ~78 ~150475 ~2B04150 =-1700+250 #1700
Rod mill dischazga 31.3 Tl 8.0 49,4 24,0
Prin oye faead - 29,7 21,1 28.0 14,3 1.4
brim ayo & off 8.2 28.2 13,2 Qe 0.0
Prim Uyﬁ B fo 58;2 28,2 13.2 0.4 0.0
Prim oye A u/f 17.1 2648 30,3 20.4 5.6
Prlm oye B u/f 17.1 26.5 - 30,3 - 20.4 B.§
Pab mill 1 disch 29.6 28.0 25.1% 11.8 1.5
Pab mill 2 dieech - 3Dp.1 28.0 28.% 11,58 1.4
Bec oyu faed 88.2 28,2 i3.2 0.4 0.0
Stc ﬂyu l:l/f SDQD 17&0 3»0 0!0 OIO
Sac oyo u/f 4.7 3G, 20,9 0.8 0.0
i e iy 2

PCF # 641,4 m3 per hour
b oW 1.474 .
PSM = . 80,0.% pasaing 75 mioronn
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Test 79 aptimieped mass balaneca

Stream Solids  Watex

Rod mll)l faed 39.8 3.0 t/hy
Rod mlll dilution 12,3 t/hye
Rod mill discharge 38.6 15.3 &/hy
Primary dilution 209.2 t/he

Prim cyclons feed 351.6 464,7 t/hy
Prim goyclone A off 44,5 137.6 t/hr
Prim eyelone 8 off 44.38 137.6 t/hr
Prim oyclone A w/f 136.3 84.7 t/br
¥rim eyclone B u/f 136.3 94.7 &/hy

Pebble additlon 1 3.0 t/he
Pebhlae addition 2 3.0 t/he
Peb miil 1 product 139.3 94.7 t/hy
Pab mill 2 product 139.3 94,7 t/hr
Sacondary dilution : 47.9 £/he

- 8eo cyclona feed B8.9 - 323,2 ¢/hy
See cyelona o/f 45.6 272.4 t/he
Bac ayelons u/f 43.3 50,8 t/he

Slze analysls

ui@ngnnunu-uu- .
Stiream ) w756 =150+75 -250+1B0 -1700+250 +1700
Reod mlll dischargs 28.1 15.6 14.2 40.3 1.8
Prim oyo fued 32.9 - 34,3 24.0 8.7 0.2
Pelm eyc A o/f 63.2 28.4 8.3 0.1 0.0
Prim ovyc B o/t B3.2 28.4 8.3 0.1 0.0
BPrim vye A u/f 23.0 36.2 29.1 1.5 e.3
Prim oya B u/f . 23,0 36.2 29,1 11.5 0.3
Pab milil 1 diech 30.9 36,1 27.1 5,8 0.2
Pal mill ¢ Jdisch 32,2 36.1 26.4 5.2 0.0
Sac cyc famd 63.4 28,4 8.3 0.4 0.0
=1 1.3 ﬂyc U/f 80.0 17.8 2.2 0.0 0.6
Sau cyc u/f 45.5 39.6 14.8 0,2 .0

THE
FCF = 601.2 m3 per hour

PCD = 1.375 _
PSM = BO,0 % passlng 75 microns
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Tagt 78 eptimized mass balance

Straam Solids Water

Rod mill fead 49.8 3,0 t€/he
Rod mill dilution 16.5 £/hy
Rog mill discharge 45.8 18,3 t/hr
Primary dilutlion 220.3 t/he

Prim oyclone faed 424.3 500,7 t/he
Prim oyulones A off B52.7 it4.7 t/he
Brim tyulona B off 52.7 144,7 t/he
Prim oyelone A u/ff 159.5 105.6 E/hg
. Prim oyolone B u/f 159.5 106,686 ¢/hx
Pabble addition 1 3.0 t/he
Pebbla additien 2 . t/he
Fab mill 1 product 182.5 105.8 &/he
Pab mill 2 prodwa 162.5 105.6 t/he
Becondary diludlaen a8.5 t/hy
Sep cyclonw feed  105.4 328,0 t/hy
Bec oyelona o/f 5.8 278.% &/hy
Bab vyslona u/f 49,6 49,9 t/hr

Sire analysis
T I 0 0 e

Btresm : =75 ~lB50+78 ~250+180 -1700+4250  +1700
Rod mill discharge 15.86 1¢.0 10,3 51.3 12.8
Prinm oye fowd. - 33.4 28.2 24.4 13.1 1.9
Prim esye A o/f B3.5 25.8 10.4 0.3 0.4
Prim gya B o/f 63.5 25,8 10.4 0.3 0.0
Brim oye A u/f 22.1 29.0 29.1 17.3 2.8
Prim gyg B u/f 22.1 28,0 29,1 17.3 2.6
Pab mill 1 disgh 2.6 2%.8 27.7 9.4 Q.6
Fab miil 2 dlmah 33.5 23,8 a7.3 8.8 0.5
sag ayo Seed 53,8 25.8 19.4 0,3 0.0
Bat cye off 80,0 16,9 b ) 0.0 0.0

B.7 0.6 0.0

Bag oye u/f _ 44.9 35.9 1
Lt l- iy
JPCF & E60.B m3 pawr houp

POD w  1.400
PEM »  BO.0 Y passing 75 microns
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Test 77 optimized mase balance

K 1)

Stream Solide  Water

fod mill feed 51.0 . 3.0 t/he
Rod mill dilution 16.8 t/hr
Red mill dischaygs 51.0 18.8 t/hr
Primary dilution 213.4 t/hx

Prim syelone feed 433.2 498.9 t/hrx
Prim ecyelone A off B85.0 142,31 t/he
Prlm gyclone B o/f 855.0 142.1 t/he
Prim oywlona A u/f 161.6 107.3 t/hx
Prin cyclone B w/f 161.6 10%.3 t/hr
Pebbla addition 1 3w &/ hy
" Paobblae addition 2 3.0 t/hy
Pab mill 1 product 164.6 107.3 t/ur
Pab mill 2 product 1&4.6 107.3 t/he

Sacondary dllution 61.6 t/he
Se¢ cyclona fasd 110,11 345.9 t/he
- Bao eyelona aff £7.0 294.8 t/he
Bag cyalone u/f 3.0 BL.i gfhe

Gize analysais

W

Styanm : : =78 ~150+78 —-250+150 =1700+250 +1700
Red mill discharge 14.8 9.8 8.% Bl:4 14.4
Prim cyc feed 3z.a 277 24.4 13,3 2.2
Prim “va B &/f 2.8 A5.9 11,0 0.4 0.0
Prim oye A u/f 2.9 26.3 29.0 17.8 3.0
Prim eye B u/f 21.9 28,3 25,0 17.8 3.0
rah mill 1 disch 32.7 25,2 27.7 9.7 0.7
Pab mill 2 diach 33,6 29.3 27.3 9,2 0.6
Saou cyo fead é2,8 25.9 31.0 0.4 0.0
Sec ouyg off : BO.0O 8.8 3.2 0.0 0.0

~ Sec oyo u/f 44,3 35.6 19.3 0.7 0.0

_ ] nw

.--&.Hﬂuu
PCF »  662.4 md per houpr

POD o= 1.407
PEM w  B0.0 % pasaing 795 mioxena
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Peet 77 optimized mass balanoe

stream ' Bolids  Water

Rod mill feed 51.0 3.0 t/hr
Rod mill dilution 16,8 t/hr
Rod mill dlescharge &1.0 19.8 t/hr

Primagy dilutlion 213.4 t/hr
Peim wyelona feed 433.2 498.9 t/he
Prim ayclene h o/f 55.0 42,1 t/he
Seim oyclone B o/f 55.0 142.% t/he
Prim cyclene A u/f 161.6 107.3 t/he
Prim qyclona B u/f 161.5 10%.3 ¢/he
Pebble addition 1 3.0 t/hr

FPebble addition 2 3.0 /e
Fab mill 1 product'lsd.g 107.3 /hre

4‘

Peb mill 2 produsckt 16 107.3 t/hr
Sexondary dilution 61.6 t/hr
" Bae oyglone fesd  110.1 348.9 t/he
Sed gyclone o/f 7.0 294.8 t/hr
Sag cyclona u/f 83,0 Bl.1 t/hy
size analyals _
2 bt N 0 g g 0 R . .
Streamn ) =75 «l50+75 ~250#+150 ~172004+250° +1700
Rod will dischargs _14.8 9.5 8.9 1.4 14.4
Brrim oye foed _ az.3 - 2 24.4 13.3 2.2
Prim oye b o/f 62.6 25.9 11,0 D.4 a.0
Prim cyc B off 62.8 25.9 11.0 0.4 ¢.0
Priw vyas A u/f . 2L.9 28.3 29,0 17.8 3.0
Prim oya B u/f 21.%9 28.3 29,0 17.8 3.0
Pab mill 2 disch 32.7 29.2 27.7 &7 0.7
Pab mill 2 diesch 33.8 29.3 27.3 9.2 D.8
Ban oye feed 62,8 25.9 i1.0 0.4 0.0
Sac vyo off 86.0 16.8 3.2 c.0 0.0
Set cye uff ] 44,3 35,6 19.3 o.7 ©.0

[ 1 1 5 Tt 3
POF = 62,4 m3 par houx

S ponow 1,407
DY »  BO.O & pasalug 78 miorons
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Tegt 76 optimized mass balanoe

gtream Solids Water

Rod mill feed 37.4 3.0 t/hr
Rod mill dilution 11.5 t/Br
Rod wlill discharge 37.4 14.5 t/hy
Primary dilution 173.86 ¢/hr

Prim gyeclons faad 2364,7 438.4 t/he
Prim ¢yclone A off 48.2 123.3 t/hr
‘Prim eyclone B off 49.2 123.3 t/h2
Prim cyclone A u/f 133.1 95,9 t/jhr

Prim acyslone B o/f 133.1 85.9 t/hr

Pehble additiun 1 3.0 t/hr

Pebble addition 2 3.0 t/he

Pab wmill I nroduet 136.1 95,9 t/hr

Peb mill 2 product 136.1 95,9 t/hx

Secondary dillution 174.9 t/hr

Sac¢ cyclona feed 98.5 421.6 t/hy

Sau cyclone off 43,4 363.0 t/hy

Sec cyclons /¥ BE,1 E8.6 :/he

Biza analypiz

SR Il R )

Strdam =75 =150+75 ~250+1l50 -1700+250  +1700
- Rod mill discharge 28.1 5.6 14,2 40,3 1.8

Prim ¢ye faad _ 32,2 35.3 24.1 B.1 0.2

Prim oyec B o/f 59,2 30,8 5.9 0,2 0.0

Prim oyo A n/f 22.2 37.0 29,4 i1.1 0.3

Prim cye B w/f _ 22.2 37,0 29.4 1.1 D.3

Pab mill 1 disch 28.9 36.9 27.5 5.6 0.1

Peb mlill 2 disch 1.2 36.9 26.B 5,0 p.o

sac oye fead 59.2 an.s 9,9 0.2 0.0

Sec oye a/f 79.8 18.0 2.1 0.0 0.0

6o aye w/f 42.9 40,8 6.0 0.3 0.0

-_-ﬂ“-"

POF = 5§76.0 m3 par hour
POD = 1,304
PEM »  79.8 % passing 78 miorons
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Test 75 opkimized mass balance

Straam golids Watexr

Rod mill feed 42.5 - 3.0 £/l
Réd mill dilution 13.4 t/hy
Rod mill dischariy 42.5 16.4 t/hr
Primary dilution 225.9 t/he

Prim cyclone feed 375.8 484.2 t/he
Brim cyclons & o/f 44.7 145,2 t/hr
Prim eyolona B off  44.7 145.2 t/hr

Prim cyclone A u/f 143.2 -96.9 t/hr
Prim gyclone B uff 143.2 = 96.9 t/hr

" Fabble addition % 3.0 t/he
Pebble addition 2 3.0 t/he
Pab mill 1 product 146.2 96.9 t/hy
Peb mikl 2 product 146.2 96.9 t/hx
Secondary dilution T . 4.2 /fhr
S8ec oyoclone feed B9.4 294,68 t/hy
Bet gyolone o/f 48.5 246.6 t/hr

. Ben eyclone u/f -40.9 48.0 &/hre
size snalyals
FRoRoangsaeEan .
Bhream o =15 =150+75 -2504+150 -1700+280 +1700
Rud m.Lll dischﬁrg‘e 24.4 14a2 13.4 4417 3.4
Prim cye feed 32.8 32,4 24.2 10.1 0.5
Prim wyc A off 84.5 27,0 &,4 4.1 Q.0
Pudm ctye B off 64.5 27.0 8,3 0.1 0.0
Prim gva A u/f 23.0 34.1 29.2 13.2 8.6
Prim eye B u/ff 23.0 34.1 29.2 13.2 0.6
Pub mill 1 dipch 31.8 34.2 27.4 C 8.7 0.1
Pap mill 2 disch 32.8 34.2 26,7 C 84l 0.1
Sec oya fawd 64.5 27.0 8.3 0,1 Q.0
Sad oyn off #80.0 17.8 2,5 0.0 0.0
Sec oye u/f. 46,2 3a.3 25.3 0,2 0.0
BHWmEED

PCF = . 628.0 m3 per houz
BCh = 1!374
PSM w 80,0 % passing 75 micyons
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Test §4 aptinized mass balance

Btream Bolids Water

Rod mill fesd . 66.3 3.0 t/hr
Rod mill dilution 22.7 t/he
Rod mill discharge 66.3 25.7 t/hy
Primary. doilution 217.6 t/he

Prim eyclone feed 530,8 ° 461.9 t/hr
Prim cyclope A off 83.3 i5L.B t/hy
Prim cycleone B off 83.3 151.8 % /hy

Prim oyalone A uw/f 182,1 79.1 £/he
Prim cyclone B u/f 162.1 9.1 t/hx
Pabble addition 1 3.0 t/hr
Pebble woddition 2 3.0 t/hye
Pab mill 1 product 185,1 79.1 t/hx
. Peb mill 2 produci 185.1 79.1 t/hre
Secondary dilution 237.7 tf/he

Sen pyclone feed 166.7 . B4l.3 t/he

Seg cyclone off 12,3 480,9 t/hy
Bec oyelone w/f = 94.3 B0.3 t/hr
Zise analysia
0 T .
. Btream =75 ~15Q+78 ~250+150 ~1700+23%0 +1700
Rod mill dlscharge 9.1 6.2 6.8 46.4 31.4
Prim ope femd - 29.8 24.4 24.6 15,6 5.7
Prim aye A o/f 57,9 26.7 14.6 0.8 . B.0
Prim oya B off 57.9 26,7 14.6 0.8 6.0
Prine cye A u/f 16,8 23.4. 29.2 22,53 8.3
Erim oye B u/f 16.8 - 234 29.2 22.3 8.3
Pab mill 1 diech 30.8 25,2 28,1 13.8 1,8
Seec oyt fesd 57.9 26.7 14.6 0.8 0.0
Bag oyu off 80.0 16,5 3.5 8.0 g.0
B aye u/f . 41,2 34.5 23.1 1.4 0.0
ARy

YOF = 662.2 m3 per hour
PCD = 1.459% .
PeM = 80,0 % pasalng 75 minxons
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Test 74 optimlized mase balance

Stream Solids Water

" Rod mill feed - 66.3 3.0 t/hr
Rod mill dllution 22.7 t/hy
Rod mill diseharge 66.3 25.7 t/he
Primary. dilution 217.6 t/hr

Prim oyolone feed 530.8  461.9 t/hr
Prim cyclone K /f B3,3 151.8 t/hr
Prim ayclone B off 83.3 151.8 t/hr

Prim ¢yclone A u/f 182.1 79.1 t/hy

Prim uyclone B u/f 182.1 79.1 t/hr

Pebble addition 1 3,0 t/hy

Pabble addition 2 3.0 t/hr

Peb mill 1 product 185.1 79.1 t/hr

Peb mill 2 preduct 185.1 79.1 t/hr

Sacondary dilutien 237,7 t/he

See cyolone feed 166.7 541.3 t/hr

Bec cyclone off 2.3 480.9 t/he

Sev cyolona u/f 94.3 60.3 t/hr

Site analysis

ot ek T o g S e e . .

Strean w78 =150475 ~250+4150 ~1700+250 +31700

Rod mill diechayge 9.1 6.2 6.8 46.4 a1.4

Prim uye feed 29,8 24.4 24.6 15.6 5.7

prim eyc A olf 57.9 26.7 i4.6 D.B 0.0

Prim cyc B off 57,9 26.17 14.6 - 0.2 0.0

Prim eye A u/f 16,8 23.4 29,2 22.3 8.3

Peim oyo B u/f 16.8 23.4 29.2 22.3 8.3

Peb mill 1 disch a0.8 25,2 28.1 i3.5 2.5
" Pab mill 2 disah 30,4 25.1 28.2 - 313.8 2,5

Sec oyo foed B7.9 26.7 14.8 0.8 6.4

Sec dyd off BU,O 16.58 3.8 0.0 0.0

e oyo u/f 41.1 34,8 23.1 1.4 0.0

B ERT R
PCR- 662,2 m3 per hour

bop = 1,499
PEM =  BO,D % pamsing 75 microns
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