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Interactive Graphic Mine Planning Work Station 

R.M. KEAR 

Mine Planning Department, Rio Tinto Management Services S.A. (Ply) Lld 

The Mine Planning Department of Rio Tinto Management Services South 
Africa has installed an interactive graphic work station to assist with the long
term mine planning of Palabora. Previously, the planning was drafted manual
ly after which digitised areas were fed to the computerised ore reserve system. 
This method was slow, tedious, prone to error and was becoming incapable 
of meeting new planning parameters. To assist the planning engineer an inter
active graphic system was developed, and subsequently a rewrite of the ore 
reserve reporting system was incorporated. 

The work station has reasonable computing power and, when not utilised 
for graphics, has been found suitable for the evaluation of various non
graphical applications, a recent example of which was the in-pit crusher in
vestigation. This project, in contrast to similar studies, was not based on a 
fixed system throughput but rather on a well designed system which would 
be operated at its own optimum capacity. In order to determine the probable. 
throughput a simple simulator was designed to model the crushing and con
veying system. 

This paper describes the investigation into the specifications for the work 
station, the selection of hardware, operating system and languages. An over
view is then given of the graphic planning system. The in-pit crushing simula
tion has been included as an example of how the work station has been ap-

plied to other, non graphical, applications. 

Introduction 

Rio Tinto Management Services S.A. 

is responsible for several services 

to the Palabora Mining Company. 

One of these services is pit plan-. 
ning, and a department is specifi-

cally responsible for this. The 

duties of this department with re

spect to Palabora can be divided 

into two areas, namely routine and 

new projects. Routine work has 

been increasing in frequency over 

the last few years leaving less 

time available for the evaluation 

of alternative projects. This 

contributed to rapid staff turn

over due mainly to the high 

drudgery component of the manual 

planning system. The system was 

also becoming unable to meet more 

stringent planning parameters. 

An investigation into various 

planning techniques identified 

computer graphics as having 

potential for improving producti

vity and reducing this drudgery 

component. 

Planning environment 

The experience of the department 

has been that it is not possible 

to split the development of long 

term mine plans between several 
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FIGURE 1. Pit planning: computer application 

engineers. Therefore to improve 

the turnaround with the planning 

and to meet the more stringent 

planning parameters some method 

other than extra staff was required. 

The only apparent method for achiev

ing this objective was the increased 

use of computers. Therefore the 

application areas for pit planning 

were identified and are shown in 

Figure 1. The areas shaded in 

figure 2 indicate the applications 

which were already computerised. 

It was seen that the outstanding 

applications were graphical in 

nature. This indicated that 

further computerisation would 

require a graphic system. 

From the above analysis it was 

seen that to reduce the initial 
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development time it would be 
advantageous to install a graphic 

front end to interface with the 

current ore reserve files and re

porting programs on the existing 

mainframe. Once this section had 

been completed the ore reserve 

system could be converted. This 

approach would avoid having large 

computer resources standing idle 
during development. Therefore 

there was a requirement for com

munication between the mainframe 

and the graphics work station. 

The graphic front end would re

quire a work station for interactive 

design with sufficient computing 

power to generate and check the 

areas advanced. These areas would 

then be passed to the mainframe for 
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FIGURE 2. Pit planning: installed applications 

EQUIPMENT 

the identification of the material 

accessed. The results would be sent 

back to the work station for summa

tion and reporting. 

bility. Once the criteria had been 

specified various vendors were 

approached for equipment. Most 

could either provide smaller or 

larger systems. Only two. vendors 

had suitable equipment for the 

immediate requirements. The results 

of the feature rating on these 

This flow is shown in Figure 3 

which indicates which applications 

run on the mainframe and which on 

the work station. 

Selection of hardware 

The criteria for the selection of 

the equipment were based on the 

above environment and following 

performance requirements. 

Selection criteria 

The selection criteria were 

enumerated and each requirement was 

given a factor representing desira-

proposals are shown in Table 1. 

It can be seen that vendor A has a 

higher feature rating than vendor 

B but when the price was taken into 

consideration vendor B appeared more 

attractive. 

Performance testing 

It was now required to test the 

equipment by devising bench mark 

programs to simulate the planning 
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FIGURE 3. Pit planning system: work station flow diagram 

system. 

Graphic speed 

As the planning system was intended 

to be interactive, the graphic 

generation speed was critical. The 

bench mark program included a pro

cedure which timed the plotting of 

100 random lines. 

Graphic resolution 

A routine was included to draw 

234 

varying numbers of concentric 

circles on the screen. The screen 

had to be able to show a minimum of 

50 circles. 

Graphic utilities 

Routines were included to test the 

ability to draw and 'undraw' lines 

in various colours. When using 

colour it is essential to have at 

least the following three line 

drawing modes: 
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Table 1 

R.T.M.S. pit planning department 

computer graphic feature summary 

Vendor A Vendor B 

S co re 

Cost 73 055 43 105 
Memory 1.5 Mb 1 0 1.5 Mb 
Bus 16 Bit 0 16 Bi t 

Expandable to 7.5 Mb No 

Pixels 390 * 510 7 256 * 720 

D is k 28 Mb 5 15 Mb 
Expanding to 1 000 Mb 5 40 Mb 

Floppy 2 * 256 Kb 5 2 * 320 Kb 

Multi-task Yes 5 Yes 

Multi-user Yes 5 Yes 

O. System Unix Unix 
Vendor 8 

Feature rating 50 

Cost weighting 1. 00 

Combined rating 50 

All costs in South African Rands. 

Score 

1 0 
0 

6 

5 
0 

5 

5 

5 

8 

44 
1 .69 

74.4 

1) Force Mode. This mode draws a 

line in the selected colour ignor

ing whatever is present in the 

window. 

needing a complete regeneration for 

each update. 

2) Compliment Mode. In this mode 

lines are drawn using the colour 

compliment of the colours in the 

display and those of the line. 

3) Over Mode. When this mode is 

selected lines are drawn when no 

line is in the display or 'un

drawn' if a line is present. 

These three modes allow for sections 
of a display to be altered without 

Computation speeds 

A large data array was dimensioned 

and a loop generated to set each 

array element to a computed real 
number. The time taken for the 

routine to execute was recorded. 

Care had to be taken here with 
optimising compiler options as 

these can, or at least should, 

quickly note the futility of the 

operation and do nothing at all. 

INTERACTIVE GRAPHIC MINE PLANNING WORK STATION 235 



This routine was also very handy 

to check the memory management of 

large arrays. Some language ver

sions do not support data arrays 

which are in excess of 64 Kb. 

Memory management 

The planning system required 

dynamic variables. A routine was 

included which tested whether the 

memory was returned to the heap 

when released. 

Results of performance testing 

After the performance testing was 

completed the results were incor

porated into the following contin

uation of Table 1. 

Vendor A B 

Feature rating 50 44 

Cost wei ghti ng 1. 00 1. 69 

Combined rating 50 74.4 

Performance 1 .43 0.07 

Overall rating 72 5 

The main reason for the poor 

performance rating of vendor B was 

the speed of graphic generation. 

The 100 random lines, which are an 

approximate equivalent of the 

planning window detail, took 25 

seconds compared to less than 1 

second for vendor A. 

By adding the various scores a 

ratio for each proposal could be 

determined and applied to the 

combined feature-cost score to give 

the overall rating. 

It is interesting to note ~ow the 

ratings had changed from favouring 
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one proposal to the other. This is 

a strong indication of the importance 

of a thorough examination of the 

proposals including bench marking. 

Economic justification 

The total installed cost of the 

equipment including a graphic 

tablet and plotter was R80 360. 

This needed to be justified against 

not replacing a technical assistant 

who had recently resigned. The 

following statistics were generated 

from a five-year cash flow: 

N.P.V. at 10% 

1. R. R. 

14 477 

16.89% 

Payback 3.2 years 

This showed an acceptable real 

rate of return and did not include 

any allowance for scrap value at 

the end of the period, credit for 

continued use nor the value of the 

software. The A proposal was ac

cepted and installed comprising the 

following equipment: 

Work station configuration 

Computer Hewlett Packard 

Model HP 9836CU 1 .5 Mb 

Disc HP 7911 25 Mb 

Tablet HP 9111 A A3 

Printer HP 2934A 1 32 Char 

Plotter HP 7585B AD 

Selection of operating system and language 

With the decision to install a work 

station the pit planning department 

had embarked on a radical new step 

into a new computer environment. 
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The equipment installed would have 

a significant effect on the selec

tion of all future equipment and 

have some impact on the organisa

tion as a whole. It was therefore 

very important to consider these 

points as well as the immediate 

requirements of the planning system. 

The pit planning department is a 

technical department with certain 

D.P. characteristics which can be 

broadly divided into the following 

areas. 

Computing power 

The typical technical user requires 

in today's terms medium computing 

power which was traditionally only 

available on the mainframe. 

However, a mainframe is normally 

configured for many terminals using 

enquiry-type programs and is thus 

not always suited to technical 

applications. Therefore the facili

ty of a dedicated computer for 

technical applications is sometimes 

a better solution. 

Ease of use 

The technical user needs fairly 

sophisticated software which, more 

often than not, is being constantly 

upgraded to cater for changes in 

projects and requirements. There

fore the operati ng system should be 

as unobtrusive as possible, allow

ing maximum effort to be spent on 

solving the problem at hand. This 

is obviously true for all disci

plines but is especially so where 

complex applications are run by 

staff who are often not D.P. 

professionals. 

Diversity of equipment 

With the varied demands of technical 

users it is more than probable that 

the total user environment will 

require several differing types of 

computer. It is also likely that 

the range of equipment would not be 

available from one vendor. 

This raises problems of adapting 

to different systems and being 

aware of the uti 1 i ti es and features 

available on each machine. It 

would therefore be desirable to 

have uniformity between the various 

systems. 

Because of this environment and 

the inherent requirements the 

following operating system and 

language were selected. 

Unix 

In South Africa considerable 

interest has been shown in the Unix 

operating system and the system is 

making great inroads especially in 

the graphics area. 

The Unix operating system is 

suitable for a technical user en

vironment. The in-built utilities 

are easy to use and access. Should 

additional equipment be installed, 

and be Unix based, the amount of 

relearning would be minimal. 

Pascal 

The language Pascal was selected as 

it has the ability to handle dyna

mic variables w~ich were deemed 

essential for holding pit data in 

an efficient manner. 

Pascal has many other advantages 

for the technical user, the main 

areas being: 
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1) the richness of data types, 
allowing the engineer more 

realistically to match the ap

plication to the problem, and 

~) the structured concepts making 

for easily maintained and under
stood code. 

Although the core of standard 

Pascal is extremely portable one 
extension is required for most 
technical applications. This is 

the facility to handle random ac
cess files which, to a certain 

extent, reduces the portability of 

applications. Another Pascal ex

tension which is useful but not 

mandatory is the addition of the 

COORDINATE 
DATA TYPE 

coord=record 
x,y 

end; 

string data type. Both these 

extensions are found in virtually 

all the major versions of the 

language. 
To illustrate the data type and 

dynamic variable concept consider 

the allocation of a pit plan into 

a data structure. Figure 4 is a 

plot of a typical pit shell for 

Palabora. It can be seen that the 

plan is a series of coordinates of 

bench contours. The bench contours 

are in places on surface and in 
others hidden within a ramp struc

ture. At certain points the bench 

may be traversed by a ramp. A 

bench contour is therefore a data 

: real; 

POINTER 
TYPES 

bench_ptr= bench_coord; 
ramp_ptr= ramp_coord; 

BENCH 
RECORD 

RAMP 
RECORD 

bench coord=record 

end; 

xy 

in_ramp,on_surface 

ramp 
next,prev 

ramp_coord=record 
xy 

end; 

z 
bench 

next_prev 

:coord; 

:boolean; 
:y'amp_ptr; 

:bench_ptr; 

:coord; 

:real; 
:bench_ptr; 

:ramp_ptr; 

FIGURE 5, Pit planning system: major data types 
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structure containing information 

of position in space and an inter

relation to a ramp structure. 

Each bench contour will also com

prise a different number of points. 

In the case of Palabora the upper 

benches have many more coordinate 

points than the lower benches. 

The data structures used in the 

Pit Planning System are shown in 

Figure 5. The coordinate pair of 

X and Y comprise the data type 

'coord' whi ch is a record of two 

numbers. The bench coordinate data 

type is also a record of a coor

dinate record, boolean or logical 

XY 

POINTER 

ARRAY 

[BENCH] 

SURFACE 
IN RAMP 

RAMP 

NEXT 

PREY 

XY 

SURFACE 
IN RAMP 

RAMP 

NEXT 

PREY 

XY 

SURFACE 
IN RAMP 

RAMP 

NEXT 

PREY 

XY 

SURFACE 
IN RAMP 

RAMP 

NEXT 

PREY 

BENCH 

XY 

variables (to take a true or false 

value when the line is in a ramp 

or on surface) and three pointer 

variables. The poi nter vari ables, 

'prev' and 'next', point to the 

adjacent bench coordinate records 

whilst the ramp pointer, if not 

nil, points to a series of ramp 

coordinates. 

Figure 6 shows how the bench data 

structures are linked by pointers, 

creating a data structure within 

memory. All that is required to 

access the benches is an array of 

pointers, one for each bench. 

These pointers are linked to any 

SURFACE XY XY 

IN RAMP 

RAMP 

NEXT 

PREY 

XY 

SURFACE 
IN RAMP 

RAMP 

NEXT 

PREY 

Z 

BENCH 

NEXT 

PREY 

XY 

Z 

BENCH 

NEXT 

PREY 

RAMP 

Z 

BENCH 

NEXT 

PREY 

XY 

Z 

BENCH 

NEXT 

PREY 

FIGURE 6. Bench and ramp contour: schematic relationship of data structure 
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one of the coordinate records of 

that bench, and hence the complete 

bench can be processed. The list 

size is determined solely by the 

number of coordinates, and the 

insertion or deletion of any point 

within the list is made extremely 

easy by changing the pointer 

values. This has allowed for higher 

level coding with obvious benefit 

to productivity. 

There are many other advantages 

to using Pascal but it should be 

appreciated that the dynamic 

variable was mandatory for the 

successful development of the 

current pit planning system. Con

ventional arrays and matrices would 

have dictated huge hardware and 

software overheads. This comprised 

the overriding reason for the choice 

of Pascal. 

Graphic library 

There are many graphic packages on 

the market. These 1 i brari es were 

carefully inspected and bench

marked as to the processing over

heads, especially time. 

All calls to the graphic routines 

were coded into special procedures 

and functions and then placed in a 

standard users' library. This has 

given some measure of portability 

as graphics are always the least 

portable of systems. 

The minimum requirements for this 

library were the utilities to draw 

lines in the various modes as 

described previously. The library 

selected (HP DGL) allows for the 

setting of windows and has the 

ability to clip lines to the window 

limits. 

Graphic mine planning system 

The pit planning system installed 

at R.T.M.S. makes use of the 

computer to interact with the 

engineer on a one to one basis. 

Because of the interaction and the 

amount of data involved, high 

computational speeds are required 

to prevent the engineer waiting for 

the computer. As graphics are 

core-i ntensi ve and show speed de

gradation very quickly it is best 

if the computer is not multi-tasking 

during graphic design. 

During the investigation special 

attention was given to the possi

bility of purchasing a complete 

planning system. It was found that 

most systems available were suited 

to feasibility studies and pit 

limit definition. Palabora is in 

the mature stage of 1 i fe and re

quires high levels of production 

from small mining areas. Both 

these factors impose stringent 

practical constraints which dictate 

very detai 1 ed hi gh reso 1 uti on, long

term mine plans. 

This makes Palabora unique in 

many aspects, and no system i nvesti

gated could remotely cater for the 

mine requirements notwithstanding 

the enormous computing power these 

relatively simple systems require. 

This had already priced most of the 

systems out of consideration for 

the mine. 

For these reasons it was decided 

to develop the planning system 

in-house. 

The graphic system covers the 

applications shown in Figure 7. 

The system comprises 6 000 lines of 
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FIGURE 7" Pit planning: graphic system applications 

code and took 45 man-days to 

develop. This includes the days 

required to learn the operating 

system and graphic libraries. Sub

sequent development has been much 

quicker as the system was understood 

and many basic graphic and other 

routines had been developed. 

It should be stated here that at 

no time has the Unix operating 

system been a hindrance. In fact, 

there are several additional 

utilities which have made develop

ment even easier. These observa

tions perhaps underline the 

importance of using one operating 

system so as to enable reasonable 

levels of expertise to be developed. 
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System overview 

The process of long-term mine 

planning for Palabora comprises the 

development of a sequence of mining 

plans to move from the current 

start faces to the final shell. 

Because of the high density of 

production at Palabora these plans 

must be done in three-month inter

vals for 4 to 5 years then to six

month plans and finally annual plans 

to the end of mine life. This en

tails the planning of up to 30 

plans for a series. 
Prior to the graphics system the 

long-term mine planning was accom

plished by the engineer estimating 

the faces for the next period of the 
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mine plan. A separate plan was then 

drawn of the advances occurring 

between the start faces and the end 

faces. This plan was then digitized 

on punched cards and fed into the 

computer where the areas were com

pared to the ore reserve. The 

resulting hard copy reported on the 

tonnages of ore, copper and waste 

for each section on each bench in 

that plan. These figures were then 

manually totalled for each mining 

area. Adjustments were then made 

to the faces and the advances, then 

re-digitized. The process was 

repeated until the plan was within 

acceptable tolerances. The new 

faces then became the start faces 

for the next mine plan. This 

interative process is shown in 

Figure 8. The completed plan was 

then given to the drafting assis-

tant for drafting. U po n completion 

of a set of plans the drafted p 1 an s 

were photo reduced to the scales 

required. 

In practice the planning was slow 

and tedious. No easy checking 

could be done on the plans for 

mining backwards, areas missed or 

mined twice nor for any digitizing 

errors. The plans could only be 

checked on completion by checking 

bench totals with the total pit, 

and even this was not infallible. 

The graphic system has been 

designed to duplicate the manual 

system except that the faces are 

edited on the screen. Full facili

ties are incorporated to show the 

spatial relationship between the 

benches above and below the current 

bench, and the engineer is allowed 

to develop new face positions, 

determine distances for access and 

shovel standing room. The grades 

of the ore body can also be shown 

by a colour coded display to assist 

in the grade control of the plan. 

On completion the advances are 

checked for mining backwards and 

complex areas. The advances are 

then transmitted to the ore reserve 

system for evaluation. 

The results are returned to the 

planning system where they are 

totalled, compared to calls and 

reported. The report details the 

variance per mining area from call 

and also automatically changes the 

ex-pit ore call during high grade 

plans to allow for the total tons 

milled to remain constant but for 

the copper not to exceed the smelter 

capacity. This is achieved by 

reducing the in-pit ore and blending 

low grade surface stockpiles to 

lower the head grade and maintain 

the mill throughput. As the total 

face position of the mine is kept 

at all times it is easy to check 

whether areas have been missed 

during planning, and diQitizing 

errors are eliminated. On the 

completion of each plan the face 

positions are written to a file 

and copied to the start faces. 

Plots at any scale and at any time 

are available. The whole process 

is controlled by one engineer. 

The system is now being used for 

the development of mine plans and 

has reduced the time involved for 

a complete set of mine plans from 

5 weeks to 7 days. 
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FIGURE 8. Long-term mine plans 

YES 

PLANS COMPLETED 

Once the graphic front end to the 

existing system had been completed 

it was then possible to re-write 

the ore reserve reporting system. 

This was required as the old system 

had been in existence for in excess 

of seven years and was saturated 

with patches. The system was also 

wri tten in CaBal whi ch was not 

suited for maintenance. The work 

station was upgraded by the addi-
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tion of 50Mb of disc plus one 

terminal for the development. The 

whole system was re-designed at all 

levels allowing for greater accu

racy and for higher resolution input. 

The ore reserve system basically 

allows for the determination of the 

ore reserve blocks accessed within 

an area defined by a series of co

ordinates. The old system had 

several problems in this determina

tion, the main constraint being 

the inability to allow two conse

cutive points to lie in the same 

ore reserve block. 

Once the blocks accessed have 

been identified the contents are 

then classified into various 

categories. In the case of Pala

bora this becomes highly complex 

owing to the intersection of the 

mine by various property boundaries. 

These constraints also dictate very 

complex and detailed reports. 

During the re-write period the 

graphic planning system could 

access the old system. The re-write 

has now been completed and has now 

been incorporated into the planning 

system. 

This section took another 50 

man-days and comprises some 2 800 

lines of code. It must be 

emphasised that the planning system 

is engineer-based and acts only as 

a work mate to the planner. It is 

the author's considered opinion that 

an intelligent planning system, 

which could plan a complete mine 

alone, may only become feasible with 

artificial intelligence. Therefore 

the planning system requires to be 

'driven' by a competent engineer. 

Enhancements 

Within the system the routine work 

is done by the system automatically 

until it can go no further. At this 

point the system asks for informa

tion on how to proceed, and the 

cycle is repeated until the plan

ning is completed. 

Investigation of these interaction 

break points has revealed that some 

of the required information can be 

computed by the system. When this 

has been the case the system has 

been upgraded to include these 

routi nes. Thi s is a conti nui ng 

process. 

Other graphic systems 

Subsequent to the completion of the 

planning graphic system an inter

active shell design program has 

been developed. 

This program allows for the 

incorporation of a ramp system to 

be controlled by the engineer 

whilst the slope angles and berms 

are computed by the system. 

Thi s program is useful when, 

after using a pit-optimising 

routine and an optimum shape has 

been developed, the evaluation of 

the different ramp geometries is 

required. This program still 

requires refining but already has 

assisted in the evaluation of 

several different shell designs. 

Manually, the finalisation of a pit 

shell takes in the region of 2 

weeks. The program allows the 

design to be done in 2 to 3 days. 

On completion of the shell no 

digitizing is reyuired, and co

ordinate lists are Civailable for 

the sur v e y 0 r s . T his s y s t e m co ve r s· 
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FIGURE 9. Pit planning: interactive graphic shell design applications 

the applications shaded in Figure 
9. 

Other systems 

The work station has proved to be 

a most useful tool for many non

graphic applications. It has 

assisted in the evaluation of many 

studies one of which is the in-pit 

crushing study recently completed. 

This crushing system is at present 

"being installed at Palabora. 

Various routines have been developed 

for this project to ascertain the 

effect of the crusher throughput 

on the truck fleet size. This was 

required as the crusher design was 

not arranged around the total 

material but rather through a well

matched system which would operate 
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at its optimum capacity with the 

remaining tonnage being trucked to 

surface. Therefore various possible 

throughputs had to be considered 

which would in turn affect the 

truck fleet size. 

Obviously the probable throughput 

of the system was a key factor in 

the evaluation of the project and 

a simulator was designed to 

determine these expected values. 

This simulation may be of interest 

to the reader, and the following 

overview is included. 

In-pit crusher simulation 

During the initial investigations 

into an in-pit crusher for Palabora 

it soon became apparent that to 

handle all the ore ex pit would 
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probably require two crushers, 

inclines and belt. This system 

would have had a lot of idle 

capacity and, because of the mul

titude of destination points for 

the various categories of waste, 

would not be able to be used for 

waste hoisting. Therefore a single 

system was considered which would 

operate at its maximum capacity. 

The single system, even at low 

throughputs, appeared economi ca lly 

attractive. The greater the 

throughput the more attractive the 

returns became. 

Therefore to assist in the design 

of the system it was required to 

determine whether certain design 

and operating parameters would im

prove the throughput. To assist 

in answering these questions a 

simple simulator was developed 

which allowed for changes in these 

parameters to be evaluated. The 

simulator was designed around the 

in-pi t crusher system only as re

presented in Fi gure 10. The mai n 

need for the simulator was to 

determine the interaction of the 
vari ous components and del ays wi th

in the system. For this reason 

the simulator had to be a discrete 

model. The parameters for the 

input to the system are: 

1) The number of blast days and 
the blasting delay. 

2) The shift change delay. 

3) The tons per truck. 

4) The period waiting for trucks. 

5) Tons remaining in dump pocket 

when the next truck is tipped. 

6) Truck tipping time (expected 

to be zero assuming a proficient 

operator). 

7) The time that the crusher would 

have an oversize stoppage and the 

likely duration of the stoppages. 

8) The time that the crusher would 

be available and the likely 

duration of the breakdowns. 

9) The crusher instantaneous 

throughput. 

10) The crushed rock pocket live 

capacity. 

11) The time that the belt would 

be available and the likely 

duration of the breakdowns. 

12) The belt maximum capacity. 

All of these inputs are likely 

to vary between limits and are 

input as the best, worst and ex

pected values. If the expected 

value does not lie halfway between 

the two other values it is assumed 

that the distribution is lognormal. 

The simulator reads the input, 

calculates the statistical para

meters, sets the clock to zero and 

seeds the random number generator. 
The time unit used is 1/4 of a 

minute, and for each time increment 

the system is examined as to the 

status of the components. Should 

a component be free a random number 

exhibiting the required distribution 

fer that item is generated. Should 

this be a breakdown or a stoppage 

the time at which the component 

would be free is calculated and held 

for comparison to the clock until 

the time is completed. Should all 

the components be clear and tipping 

can occur then the instantaneous 

crusher throughput is calculated 

and the tons contained in the truck 

to be tipped. An audit trail is 
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FIGURE 10. In-pit crusher simulation flow 

kept of the maximum and minimum 

values obtained for each component 

and is reported at the end of the 

run with the number of calls, mean 

and standard deviation. This allows 

for a check on the simulator al

though the standard deviation is 

not of much use for parameters with 
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skewed distributions. 

Once the simulator had been 

developed it was required to deter

mine the best estimates for the 

inputs. Palabora had many historical 

statistics on the current surface 

crushers and also had run two re

cent tests on these crushers, 
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measuring many of the required 

parameters. The crusher manufac

turers could factor the crushing 

performance of the current crushers 

and the data from various tests to 

give the expected instantaneous 

throughputs. The simulator was 

checked against one of the current 

surface crushers to determine the 

accuracy of the model by comparing 

the output with the historical 

data. The comparison was: 

Tons per Day 

Historical 

41 200 

Simulated 

40 802 

These figures show a difference 

of less than 1% and were an indi

cation that the simulator was re

porting results within the expected 

range. 

Many different simulations were 

done which would be too detailed 

for this presentation but the 

following are a few examples of some 

of the uses of this model. 

Belt capacity 

There was some concern that the 
belt, as designed, may become a 

bottleneck and restrict the 

crusher. The belt was designed 

for 5 800 TPH. The crusher was 

expected to work at an instan

taneous throughput varying between 

3 214 and 8 904 TPH with a mean 

of 5 100 TPH. Therefore the 

simulator was run using belt 

capacities of 5 800 and 7 000 TPH. 

Belt capacity 

Fo recas t TPD 

5 800 

82 989 

7 000 

82 988 

The above figures showed that 

the belt would probably not be a 

constraint under the current 

operating practices. Further runs 

were done changing the operation 

and downtime figures so as to 

minimise the delays within the 

system. The belt remained non

critical until the system capacity 

was well above the total ore 

figure required which was in the 

region of 92 000 TPD. 

Surge capacity 

A further area which required 

clarification was the match of the 

surge below the crusher to the 

throughput. If this surge was 

too little then there would be 

constant stoppages due to the 

operation of the high-level warn

ing cut-out, Again these figures 
were input and the live surge 

increased by 1 000 tons which 

resulted in the following fore

casts: 

Surge capacity 590 590 

Forecast TPD 82 960 82 960 

The results indicated that the 

currently designed surge capacity 

was probably sufficient for the 

system. 

Shift change 

All simulations had been performed 

using the current distribution for 

shift change times. To ascertain 

the effect of a staggered shift 

c~ange on the thoughput the delays 

were made zero. 
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Shift Change 

Mi nutes 

Forecast TPD 

Oversize delays 

28 

82 960 

o 
87 139 

With the current surface crushers 

the percentage time lost due to 

oversize blockages is 20%. The 
surface crushers are 54 inch and 

the in-pit crusher is to be a 60 

inch. It would therefore be 

probable that the oversize delays 

would be a lesser percentage than 

that experienced on the smaller 

crushers. A reduction in this 

time to 10% gave the following 

results: 

Oversize Delays 

Percentage 

Forecast TPD 

20% 10% 

82 960 91 046 

This indicated that the oversize 

delays will probably have a major 

impact on the throughput and 

should be monitored closely after 

installation. 

The above are examples of the 

many permutations that were 

investigated to help improve the 

feel for the project. 
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Conclusion 
This paper has attempted to give 

an overview of the methods used for 

the selection of a suitable work 

station and how this work 

station has been incorporated into 

the planning department. It is also 

hoped that the use of in house 

models has been seen to be of great 

assistance in the ~valuation of 

projects. These models can quickly 

indicate the sensitivity of the 

project to the unknowns and can 

also point to the need or not of 

more sophisticated packages. The 

important issue is to define the 

model correctly, and the intelli

gent evaluation of the results. 

The integration and implementa

tion of a graphic work station 

into the pit planning environment 

has proceeded extremely smoothly. 

The only problem has been alloca

ting time for the initial develop

ment without affecting normal 

production. 

The success of the implementation 

can largely be ascribed to the 

thorough investigation of the 

requirements and what facilities 

were needed to match these require

ments. 
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